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Abstrak: Reservoir Bukit Merah ialah salah satu takungan air yang tertua di Semenanjung Malaysia dan menjadi lokasi masyarakat tempatan menjalankan kegiatan penangkapan ikan. Aktiviti perikanan daratan penting bagi individu, masyarakat dan juga persekitaran kerana kegiatan ini dapat menjana sumber pendapatan dan memberi jaminan makanan. Nilai nutrisi ikan yang ditangkap di lokasi ini, terutamanya kandungan asid lemak, penting untuk diketahui, agar potensi terhadap peningkatan kesihatan manusia secara am dapat didemonstrasikan. Daripada senarai asal yang mengandungi 47 spesies ikan yang dijumpai di Reservoir Bukit Merah, sejumlah tujuh spesies ikan air tawar yang boleh dimakan telah dikenal pasti, iaitu lampam sungai (Barbonymus schwanenfeldii), lampam jawa (Barbonymus gonionotus), sebarau (Hampala macrolepidota), temperas (Cyclocheilichthys apogon), lalang (Oxygaster anomalura), haruan (Channa striata) dan pasir (Acantopsis dialuzona), dan kandungan asid lemak otot telah dianalisa untuk menentukan nilai nutrisi masing-masing. Otot ikan siprinid mengandungi lebih jumlah asid lemak politaktepu rantai panjang omega-3 (LC-PUFA) berbanding ikan daripada famili Channidae dan Cobitidae. Kandungan gabungan asid eikosapentaenoik (EPA) dan dokosaheksaenoik (DHA) yang tertinggi telah direkod pada otot ikan lampam jawa dan lampam sungai, ini menunjukkan kandungan nutrisi tertinggi berbanding spesies lain. Ikan haruan, iaitu sejenis pemangsa bersifat karnivor, mengandungi tahap LC-PUFA yang rendah berbanding ikan yang bersifat detrivor/herbivor. Hal ini menunjukkan bahawa kandungan asid lemak politaktepu (PUFA) omega-3 dalam otot ikan berbeza dan mengikut tabiat pemakanan mereka. Walaupun terdapat saranan bahawa memakan ikan laut dapat meningkatkan kesihatan kepada suatu tahap, namun demikian, masih terdapat manfaat daripada memakan ikan air tawar kerana terdapat beberapa spesies yang mengandungi PUFA omega-3 yang tinggi.

Kata kunci: Asid Lemak Politaktepu, Perikanan Daratan, Ikan Air Tawar, Reservoir Bukit Merah


Abstract: One of the oldest reservoirs in Peninsular Malaysia, Bukit Merah Reservoir, is a place in which locals participate in fishing activities. Inland fisheries are important to individuals, society and the environment; whereby they generate a source of income and food security. It is essential to gauge the nutrition value of fish caught in this location as food source, especially in terms of fatty acid composition, to better demonstrate its potential towards the betterment of human health and general well-being. From an initial list of 47 fish species available in Bukit Merah Reservoir, a total of seven edible freshwater fish species were identified, namely tinfoil barb (Barbonymus schwanenfeldii), Javanese barb (Barbonymus gonionotus), hampala barb (Hampala macrolepidota), beardless barb (Cyclocheilichthys apogon), glassfish (Oxygaster anomalura), striped snakehead (Channa striata) and horseface loach (Acantopsis dialuzona), and muscle fatty acid content was analysed to determine their nutritional value. Muscle of cyprinid fish contained substantial amount of omega-3 long-chain polyunsaturated fatty acids (LC-PUFA) compared to fish from Channidae and Cobitidae families. Javanese and tinfoil barbs muscle recorded the highest levels of combined eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA) indicating the highest nutritional value comparatively. Unexpectedly, the striped snakehead, a predatory carnivore, contained lower levels of LC-PUFA compared to detrivorous/herbivorous fishes. This further justifies that the omega-3 polyunsaturated fatty acids (PUFA) content in fish muscle varies according to their feeding habits. Even though it has been recommended that marine fish be consumed to improve health to a certain extent, there still are benefits of consuming freshwater fish, as there are several species which contain considerable amounts of beneficial omega-3 PUFA.
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INTRODUCTION

There are several benefits of incorporating polyunsaturated fatty acids (PUFA) in human diet, as they are capable of reducing atherosclerosis, lowering blood pressure and diminishing depression. Recommendations have also been made to replace saturated and trans-fatty acids with PUFA to assist in cardiovascular disease prevention (Erkkila et al. 2008). Plants, oil seeds and fatty fish consumption can contribute towards obtaining natural sources of PUFA. PUFA such as α-linolenic acid (ALA, 18:3n-3) and linoleic acid (LA, 18:2n-6) are essential dietary components for all vertebrates, as they are unable to be synthesised de novo from monounsaturated fatty acids (MUFA) (Bell & Tocher 2009). Long-chain polyunsaturated fatty acids (LC-PUFA) such as eicosapentaenoic acid (EPA, 20:5n-3), docosahexaenoic acid (DHA, 22:6n-3) and arachidonic acid (ARA, 20:4n-6) are usually found in abundance in fish. It has been shown that LC-PUFA contributed beneficially towards diseases such as inflammatory and cardiovascular disorders, neural development and neurological conditions (Calder 2006; Horrobin 1993; Simopoulos 1991). LC-PUFA such as ARA and EPA are precursors of docosanoids and eicosanoids, a group of fatty acids which are vital components in cell membranes and also mediate and control several cellular activities (Ahlgren et al. 2009).


Synthesis of LC-PUFA from shorter chained fatty acid precursors in humans are limited, therefore consuming fish has become a significant source of dietary LC-PUFA (Leaver et al. 2008). The requirement of fish for consumption does not only cater to the increasing human population, but also to fulfil the nutritional requirements and reap the health benefits. It was also recognised that fish were the optimal source of the LC-PUFA, and also combats several human health pathologies stemming from imbalance or a lack of these fatty acids, demand for fish remained high (de Silva et al. 2011). In order to satisfy the nutritional demand of health beneficial LC-PUFA, humans are heavily relying on the aquatic ecosystem. To date, the request for seafood continues to rise even though wild fisheries are being fully exploited and overharvested. Marine fish such as salmon, sea bass, cod and barramundi may have more than four times the omega-3 content of freshwater fish such as carp, and are becoming more popular after for their positive health benefits (Schipp 2008). However, this does not mean that freshwater fish aren’t captured and consumed. In Malaysia and neighbouring countries such as Thailand and Indonesia, freshwater fish consumption is high, especially in areas where inland water bodies are a main source of fish, be it for food or recreation. Based on the Annual Fisheries Statistic Report for the year 2016, inland fisheries landing is 5847.97 metric tonnes, which includes catch landing from rivers, ex mining pools, reservoirs and lakes (Department of Fisheries Malaysia 2017).

Marine fish species are generally characterised with lipids containing low levels of linolenic acid (18:3n-3, ALA) and linoleic acid (18:2n-6, LA), but having high levels of omega-3 LC-PUFA such as EPA and DHA (Özogul et al. 2007; Ugoala et al. 2008). Further comparison of marine fish with freshwater fish species reveals the higher content of the omega-6 series fatty acids in freshwater fish and higher levels of omega-3 fatty acids in marine fish (Gutierrez & da Silva 1993; Steffens 1997). However, the variation of fatty acid composition can differ vastly even within the same species sampled at different time and locations for either marine or freshwater fish species. Regardless of the environment in which the fish is sourced from, consumption of fish contributes as an important protein and essential nutrient source. Benefits of fish consumption also extends beyond omega-3 LC-PUFA content, whereby fish as a whole food provides protein and vitamins and minerals inclusive of vitamin A, D, zinc, selenium and iodine (McManus et al. 2011).

Reservoirs in Malaysia are predominantly constructed for irrigation, hydroelectric power generation, drinking water supply and reduce floods. However, there are some communities which rely on lakes, reservoirs and the associated rivers for their livelihoods (Ambak & Jalal 2006). Bukit Merah Reservoir is one of the oldest man-made reservoirs, was constructed in 1902 and is located in the state of Perak in Peninsular Malaysia (Mohd. Shafiq et al. 2014). It functions mainly as water irrigation for paddy fields in the locality of north Kerian rice agro-ecosystem. This reservoir is also frequented by local people who capture available fish either to be sold as food source or for recreational activities. Studies conducted in Bukit Merah Reservoir encompassed the rich diversity of freshwater fish present, whereby early surveys dates back to the 1930s. The most recent checklist available in Bukit Merah Reservoir revealed a number of 47 fish species (Mohd. Shafiq et al. 2014). Inland fisheries are an important source of fish to some communities which have limited access to consuming marine fish, be it geographically or economically challenged. It is also estimated that around 90% of fish from inland captures are for human consumption purposes, contrary to marine fisheries whereby a substantial amount is contributed for the production of fish meal (Welcomme et al. 2010). The importance and contribution of inland fisheries towards human consumption is usually overshadowed by marine fisheries comparatively because of its magnitude (Lynch et al. 2016). Besides this, it has also been suggested that inland fishes are more diverse than what has been estimated due to the difficulty in assessment especially in developing countries and in remote areas (Cooke & Cowx 2004). The harvest from small scale or artisanal fishing rarely affects the market economy and is usually not well documented. However, it is undeniable that the inland fisheries contribute significantly to food and economic security by provision of primary sources of animal protein, essential nutrients and income (Bartley et al. 2015). This is even more so to the rural poor and strengthens global food security. Better understanding of the significance of inland fisheries or small scale fishing resource is crucial as the importance of their contribution is paled in comparison with fisheries from larger water bodies.

In the array of studies conducted of fish species available in Bukit Merah Reservoir, data on the nutritional contribution towards human health or well-being in the perspective of fatty acid profiles of these fish are still lacking. It is also interesting to gauge if freshwater fish are able to supply sufficient LC-PUFA to a community which has limited access to marine fish. Thus, this study aims to evaluate the nutritional value of the fatty acids in flesh of edible fish sampled from this location.

MATERIALS AND METHODS

Study Area

Bukit Merah Reservoir is formed by dam construction within the Kurau River and is located at 05°01’35.42”N, 100°39’42.92”E. Fish were sampled from locations as elaborated in Mohd. Shafiq et al. (2014) and are marked as S1-S4 in Fig. 1. For present study, edible species identified and were most abundant in availability were selected to further evaluate their nutritional content.

Sample Collection

Experimental gill nets (2.5–13 cm mesh size) were used for fish sampling. Taxonomic keys were used to identify all fish specimens to the lowest taxation (Kottelat et al. 1993; Rainboth 1996; Ambak 2010). Fish were identified based on morphometric and meristic methods. Measurements of fish body lengths, number of gill rakers and number of dorsal fin spines were taken into consideration for fish identification. Freshly caught fish were subjected to cold shock by subjecting them to ice slurry. They were kept cool during transportation and immediately transferred to −80°C freezer upon arrival. Fish were dissected to obtain muscle tissues for fatty acid profile analysis. Analysis of an initial sample set of representative samples were conducted utilising three individual fish per species. Each fish was considered as a single replicate and the mean of three individual fish were utilised as final data.

Fatty Acid Methyl Ester Extraction and Analysis by Gas Chromatography

Fish muscle tissues were subjected to total lipid extraction and fatty acid methyl esters (FAME) were prepared through methylation and transesterification using boron trifluoride in methanol (Cuniff 1997). Tissues (0.5 g–1.0 g) were mechanically homogenized in chloroform/methanol (2:1, v/v) solvent to obtain total lipid (Folch et al. 1957). Gas chromatograph (GC-2010, Shimadzu) equipped with a flame ionization detector and a fused silica highly polar cyanosiloxane column, SP-2380 (30 m length, 0.25 mm inner diameter, 0.20 µm film thickness; Supelco, USA) was used to separate the FAME. The temperature was programmed to increase from 100°C to 230°C at 1.5°C/min with split ratio of 1:50, and nitrogen was utilised as the carrier gas. The injector and detector temperature were set at 250°C and 260°C respectively. Individual FAME were identified based on retention times comparison from commercially available standards, 37 Component FAME Mix (Supelco) and PUFA No. 3 from Menhaden Oil (Supelco).

Statistical Analysis

Statistical comparison between the FAME in different fish species was determined using one- way analysis of variance (ANOVA), followed by Tukey’s post hoc test at a significance level of p < 0.05 using the SPSS software version 20 (SPSS, USA).

RESULTS

Sample Collection

There were 47 species of fish identified at the Bukit Merah Reservoir (Mohd. Shafiq et al. 2014). Out of this list, only seven species were considered suitable for human consumption. These seven edible fish species were from three different families and were selected for muscle fatty acid content analysis. Table 1 displays the family, common and local names of the selected fish species.


Table 1: Selected edible fish species identified from Bukit Merah Reservoir



	Family
	Species
	Common Name
	Local Name



	Cyprinidae
	Barbonymus schwanenfeldii
	Tinfoil barb
	Lampam sungai



	 
	Barbonymus gonionotus
	Javanese barb
	Lampam Jawa



	 
	Hampala macrolepidota
	Hampala barb
	Sebarau



	 
	Cyclocheilichthys apogon
	Beardless barb
	Temperas



	 
	Oxygaster anomalura
	Glassfish
	Lalang



	Channidae
	Channa striata
	Striped snakehead
	Haruan



	Cobitidae
	Acantopsis dialuzona
	Horseface loach
	Pasir




Fatty Acid Profiles

Table 2 shows the percentages of total fatty acids of the selected fish species. Species such as the horseface loach recorded the highest total saturated fatty acids (43.1%), while the highest MUFA and PUFA were recorded in the striped snakehead and beardless barb, 38.4% and 26.8% respectively. The total of EPA and DHA of these fish species are summarised in Fig. 2. The highest total of EPA and DHA was recorded in the Javanese barb followed by tinfoil barb, beardless barb/glassfish, hampala barb, horseface loach and striped snakehead.

DISCUSSION

Seven different species of edible freshwater fish were identified for further nutritional evaluation from the initial sampling from the Bukit Merah Reservoir. Cyprinids such as tinfoil barb, Javanese barb, hampala barb, beardless barb and glassfish were the most abundant species obtained from the reservoir. Several independent factors such as physiological status, reproductive cycle, water temperature and aquatic environment have the capacity to influence the lipid composition of fish (Vasconi et al. 2015). The fatty acid composition of fish was also shown to be determined by their trophic position, which is either being piscivorous, herbivorous or omnivorous (Czesny et al. 2011).

All species of fish analysed contained high levels of the saturated fatty acid (SFA), palmitic acid (16:0), which has been indicated to be a major fatty acid in freshwater fish (Rahman et al. 1995). Palmitic acid obtained in this study is in the range of 21% to 27%, whereby several other studies have reported varying levels from 14% up to 35% (Gutierrez & da Silva 1993; Rahman et al. 1995; Cengiz et al. 2010). Another SFA which is also relatively ubiquitous in freshwater fish habitat is 18:0, which are reported to be present in most classes of microalgae. This is also true for monounsaturated fatty acid (MUFA) 18:1n-9 (Guedes et al. 2011). The occurrence of both these fatty acids is higher in the omnivorous and detrivorous fish species compared to striped snakehead and hampala barb, which are both carnivorous and predatory fish.


Table 2: Fatty acid (% of total fatty acids) profile in muscle of edible fish species from Bukit Merah Reservoir.

[image: art]

Notes: Mean values in similar row with different superscript letters are significantly different (Tukey’s HSD, p < 0.05)

A notable observation from the results obtained was that the lowest EPA and DHA values were recorded in the striped snakehead fish. As a carnivorous fish, it would be assumed that these fish would be getting sufficient or high LC-PUFA levels from their natural piscine diet. Even though they mainly eat fish, they are also known to consume crustaceans, frogs, or small reptiles. In food deprived conditions, they are also capable of becoming cannibalistic towards their young (Qin & Fast 1996; 1997). On top of that, striped snakeheads have been reported to possess a series of desaturase and elongase enzymes required in the fatty acid conversion pathway of essential fatty acids such as α-linolenic acid (ALA, 18:3n-3) and linoleic acid (LA, 18:2n-6) into LC-PUFA (Kuah et al. 2015; 2016). In reference to other studies, fatty acid composition of striped snakeheads, especially LC-PUFA can vary drastically. Several studies stated that striped snakeheads have a good range of LC-PUFA and essential amino acid (Mat Jais et al. 1998; Samantaray & Mohanty 1997). Contrastingly, other studies have shown reduced amounts or no detection of EPA and DHA to 15%, and 0–19% for ARA (Zuraini et al. 2006; Rahman et al. 1995).


[image: art]

Figure 1: Location of Bukit Merah Reservoir in Peninsular Malaysia and fish sampling stations (S1–S4).

([image: art] = submerged vegetation (Ca bomba sp.), ▲ = dead tree).



Tinfoil barbs are native to Malaysia, Borneo, Sumatra, Cambodia, Laos, Thailand and Vietnam. They are largely herbivorous, feeding on aquatic and terrestrial plants, or algae but are occasionally known to feed on invertebrates like insects and small fish (Gante et al. 2008). This fish are both popular in the ornamental fish trade and also commercial aquaculture, they are utilised in local food production (Rainboth 1996). Levels of DHA were highest in Javanese barbs and tinfoil barbs, but not significantly different compared to other cyprinids. A possible avenue of further research could be conducted in investigating the availability of short chain PUFA conversion enzymes in both mentioned species. The low levels of ALA in tinfoil barb and Javanese barb muscle, along with high levels of DHA, could potentially indicate conversion activity. High levels of shorter chain PUFA can be related to the feeding habits of fish which eats more plant matter which is rich in these essential fatty acids (Du et al. 2008).
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Figure 2: Total EPA and DHA (% of total fatty acids) in muscle of selected fish species from Bukit Merah Reservoir.



From the perspective of human nutrition, it has been recommended that fish be consumed for sufficient LC-PUFA intake. In general, fish are valued for their high omega-3 fatty acid content. Omega-3 fatty acids play a role in prevention and management of cardiovascular diseases (Connor 2000). They are also important components in membrane phospholipids in tissues which are essential for proper functioning (Holub & Holub 2004). Marine fish in particular have the reputation of being a good source of omega-3 fatty acids, whilst freshwater fish have been known to be higher in omega-6 fatty acids (Ugoala et al. 2008). In line with this, comparison of the seven fish species muscles reveals that the LA content is indeed higher than the ALA content in all. LA is equally an important essential fatty acid in human nutrition, as it is not synthesised by the body but required for proper development.

Another omega-6 component, ARA, was richer in beardless barb, striped snakehead and horseface loach compared to their respective total sum of EPA and DHA content. Though, the highest ARA content amongst the seven Bukit Merah species was recorded in the beardless barb and also Javanese barb. The high content of ARA in the striped snakehead fish has been a highlighted feature, as ARA is a precursor for prostaglandins which plays a major role in wound healing (Baie & Sheikh 2000). Striped snakeheads are revered as an important food to be consumed for its medicinal properties by certain members of the community here in Malaysia (Mohd & Abdul Manan 2012).


Sum of EPA and DHA has been recommended to be used as an indicator of nutritive value of fish for humans (Kris-Etherton et al. 2009). Fig. 2 indicates that tinfoil barb and Javanese barb has the highest EPA+DHA comparatively which suggests higher nutritive value to the rest of the species. The least EPA+DHA content was found to be in the muscle of the striped snakehead. No significant differences were observed in the n-3/n-6 ratio amongst all of the species analysed as well. The imbalance of n-3/n-6 ratios in human nutrition has been highlighted with the rise in consumption of lower omega-3 fatty acid rich foods which could lead to poor health conditions in certain individuals (Strobel et al. 2012).

Feeding habits and availability of organisms in the freshwater food web affects the fatty acid composition of individual fish regardless of species. Fatty acid deposition in muscle of fish is also dependent on the possession of the PUFA conversion enzymes of the organism (Tocher 2003). Of two piscivorous species, the hampala barb and the striped snakehead, they seem to reflect different patterns in some of the fatty acid components. For instance, as mentioned, striped snakehead showed the lowest amount of EPA and DHA, however this was not seen in the hampala barb. The differences were not statistically significant due to the high standard error obtained in the analysis of the hampala barb. This could be due to the varying food which was consumed by each individual fish which contributed to its vast difference amongst replicates. This was unavoidable and is reported as true obtained data.

The perception from the consumer is also of importance when it comes to selecting fish for purchase. In a review on consumer fish and seafood purchasing behaviour in several developed countries, the driving factors and also barriers towards eating fish were identified (Carlucci et al. 2015). Amongst the factors, the country of fish origin, preserving methods, packaging and personal values played significant roles in fish consumption. Consumers tended to show concerns about the distance of fish production which alters the utilisation of preservation treatments. Locally caught fish were preferred as they required less preservation, and reduced transport cost (Birch & Lawley 2012). Majority of consumers also perceive wild caught fish to be better compared to farmed fish in terms of flavour/taste, safety, nutritional and health value (Carlucci et al. 2015). The preference and fish purchasing behaviour of the community which has access to the fish of Bukit Merah Reservoir could not be evaluated in further detail as a study as such has yet to be conducted in this area. It was also revealed that the older generation seemed to have a more positive attitude towards eating fish. Alongside this group, those who are well educated and have a better understanding towards the nutrient contents in fish tend to lean more towards including fish in their diets (Olsen 2003).

The objective of this study was to investigate the nutritional value of freshwater fish in the Bukit Merah Reservoir. Based on this initial fatty acid profiling in muscle of selected fish species from the said reservoir, it can be concluded that in general, the cyprinid fish contain substantial amount of omega-3 LC-PUFA compared to members from family Channidae and Cobitidae. Tinfoil barb and Javanese barb recorded the highest levels of combined EPA and DHA indicating the highest nutritional value comparatively. Even though it was expected that fish in the higher trophic level such as striped snakehead to contain higher levels of LC-PUFA compared to the detritus/plant eating fishes, it was not reflected in this study. The omega-3 PUFA content of fish varies depending on the fish species and is affected by their feeding habits. Predominantly, the evidence of health benefits is usually associated with marine sourced omega-3 LC-PUFA, with a lack of consumer understanding in alternative omega-3 sources. It is recommended that consumers should be better informed that a consumption of diet that included moderate levels of seafood within a balanced diet is the best way to obtain the omega- 3 LC-PUFA related health benefits (McManus et al. 2011). According to a study comparing marine and freshwater fish species conducted in Turkey, even though the omega-3 PUFA of marine fish were higher than those of freshwater fish, most of the freshwater fish were primarily comparable to those of marine fish as sources of PUFA. They deduced that both marine and freshwater fish were capable of being good supply of EPA and DHA (Özogul et al. 2007). This also goes to show that consuming any one type of fish does not necessarily fulfil LC-PUFA requirements in humans. In order to maintain a wholesome health condition, it is recommended that consumption of fish be widened to varieties of different species not only constricting to either fish from marine or freshwater habitats.

ACKNOWLEDGEMENTS

We would like to express deep sense of gratitude to Universiti Sains Malaysia for the funding of the project under the Research University grant (1001/PBIOLOGI/815092). Finally, we would like to thank individuals who are directly and indirectly involved in this research, particularly those who assisted in fish collection and related data in the field.

REFERENCES

Ahlgren G, Vrede T and Goedkoop W. (2009). Fatty acid ratios in freshwater fish, zooplankton and zoobenthos – Are there specific optima? In: Arts M T, Brett M T and Kainz M. (eds.), Lipids in aquatic ecosystems. New York: Springer, 147–178. https://doi.org/10.1007/978-0-387-89366-2_7

Ambak M A. (2010). Fishes of Malaysia. Terengganu, Malaysia: Penerbit Universiti Malaysia Terengganu.

Ambak M A and Jalal K C A. (2006). Sustainability issues of reservoir fisheries in Malaysia. Aquatic Ecosystem Health & Management 9: 165–173. https://doi.org/10.1080/14634980600701468

Baie S H and Sheikh K A. (2000). The wound healing properties of Channa striatus cetrimide cream–tensile strength measurement. Journal of Ethnopharmacology 71(1–2): 93–100. https://doi.org/10.1016/S0378-8741(99)00184-1

Bartley D M, De Graaf G J, Valbo-Jørgensen J and Marmulla G. (2015). Inland capture fisheries: Status and data issues. Fisheries Management and Ecology 22(1): 71–77. https://doi.org/10.1111/fme.12104


Bell M V and Tocher D R. (2009). Biosynthesis of polyunsaturated fatty acids in aquatic ecosystems: general pathways and new directions. In: Kainz M, Brett M T and Arts M T. (eds.) Lipids in aquatic ecosystems. New York: Springer, 380 pp. https://doi.org/10.1007/978-0-387-89366-2_9

Birch D and Lawley M. (2012). Buying seafood: Understanding barriers to purchase across consumption segments. Food Quality and Preference 26(1): 12–21. https://doi.org/10.1016/j.foodqual.2012.03.004

Calder P C. (2006). n-3 polyunsaturated fatty acids, inflammation, and inflammatory diseases. American Journal of Clinical Nutrition 83(6): 1505S–1519S. https://doi.org/10.1093/ajcn/83.6.1505S

Carlucci D, Nocella G, De Devitiis B, Viscecchia R, Bimbo F and Nardone G. (2015). Consumer purchasing behaviour towards fish and seafood products: Patterns and insights from a sample of international studies. Appetite 84: 212–227. https://doi.org/10.1016/j.appet.2014.10.008

Cengiz E İ, Ünlu E and Bashan M. (2010). Fatty acid composition of total lipids in muscle tissues of nine freshwater fish from the River Tigris (Turkey). Turkish Journal of Biology 34: 433–438.

Connor W E. (2000). Importance of n-3 fatty acids in health and disease. The American Journal of Clinical Nutrition 71(1): 171s–5s. https://doi.org/10.1093/ajcn/71.1.171S

Cooke S J and Cowx I G. (2004). The role of recreational fishing in global fish crises. BioScience 54(9): 857–859. https://doi.org/10.1641/0006-3568(2004)054[0857:TRORFI]2.0.CO;2

Cuniff P A. (ed.) (1997). Official methods of analysis of AOAC International. (16th ed.). Arlington, VA: Association of Official Analytical Chemists (AOAC) International.

Czesny S J, Rinchard J, Hanson S D, Dettmers J M and Dabrowski K. (2011). Fatty acid signatures of Lake Michigan prey fish and invertebrates: Among-species differences and spatiotemporal variability. Canadian Journal of Fisheries and Aquatic Sciences 68(7): 1211–1230. https://doi.org/10.1139/f2011-048

De Silva S S, Francis D S and Tacon A G J. (2011). Fish oils in aquaculture: In retrospect. In: Turchini G M, Ng W-K and Tocher D R. (eds.) Fish oil replacement and alternative lipid sources in aquaculture feeds. Boca Raton, FL: CRC Press, 551 pp.

Department of Fisheries Malaysia. (2017). Annual Fisheries Statistic Report 2016 [Online]. Department of Fisheries Malaysia. [accessed 8 November 2017]. http://www.lkim.gov.my/en/annual-report/.

Du Z Y, Clouet P, Huang L M, Degrace P, Zheng W H, He J G, Tian L X and Liu Y J. (2008). Utilization of different dietary lipid sources at high level in herbivorous grass carp (Ctenopharyngodon idella): Mechanism related to hepatic fatty acid oxidation. Aquaculture Nutrition 14(1): 77–92. https://doi.org/10.1111/j.1365-2095.2007.00507.x

Erkkila A, De Mello V D, Riserus U and Laaksonen D E. (2008). Dietary fatty acids and cardiovascular disease: An epidemiological approach. Progress in Lipid Research 47(3): 172–187. https://doi.org/10.1016/j.plipres.2008.01.004

Folch J, Lees M and Sloane Stanley G H. (1957). A simple method for the isolation and purification of total lipides from animal tissues. Journal of Biological Chemistry 226(1): 497–509.

Gante H F, Moreira Da Costa L, Micael J and Alves M J. (2008). First record of Barbonymus schwanenfeldii (Bleeker) in the Iberian Peninsula. Journal of Fish Biology 72(4): 1089–1094. https://doi.org/10.1111/j.1095-8649.2007.01773.x


Guedes A C, Amaro H M, Barbosa C R, Pereira R D and Malcata F X. (2011). Fatty acid composition of several wild microalgae and cyanobacteria, with a focus on eicosapentaenoic, docosahexaenoic and α-linolenic acids for eventual dietary uses. Food Research International 44(9): 2721–2729. https://doi.org/10.1016/j.foodres.2011.05.020

Gutierrez L E and Da Silva R C M. (1993). Fatty acid composition of commercially important fish from Brazil. Scientia Agricola (Piracicaba, Braz.) 50(3): 478–483.

Holub D J and Holub B J. (2004). Omega-3 fatty acids from fish oils and cardiovascular disease. Molecular and Cell Biochemistry 263(1): 217–225. https://doi.org/10.1023/B:MCBI.0000041863.11248.8d

Horrobin D F. (1993). Fatty acid metabolism in health and disease: The role of Δ-6-desaturase. American Journal of Clinical Nutrition 57(Suppl): 732S–737S. https://doi.org/10.1093/ajcn/57.5.732S

Kottelat M, Whitten A, Kartikasari S N and Wirjoatmodjo S. (1993). Freshwater fishes of Western Indonesia and Sulawesi. Hong Kong: Perplus Editions.

Kris-Etherton P M, Grieger J A and Etherton T D. (2009). Dietary reference intakes for DHA and EPA. Prostaglandins Leukot Essent Fatty Acids 81(2-3): 99–104. https://doi.org/10.1016/j.plefa.2009.05.011

Kuah M-K, Jaya-Ram A and Shu-Chien A C. (2015). The capacity for long-chain polyunsaturated fatty acid synthesis in a carnivorous vertebrate: Functional characterisation and nutritional regulation of a Fads2 fatty acyl desaturase with Δ4 activity and an Elovl5 elongase in striped snakehead (Channa striata). Biochimica et Biophysica Acta (BBA) - Molecular and Cell Biology of Lipids 1851(3): 248–260. https://doi.org/10.1016/j.bbalip.2014.12.012

________. (2016). A fatty acyl desaturase (fads2) with dual Delta6 and Delta5 activities from the freshwater carnivorous striped snakehead Channa striata. Comparative Biochemistry and Physiology Part A: Molecular and Integrative Physiology 201: 146–155. https://doi.org/10.1016/j.cbpa.2016.07.007

Leaver M J, Villeneuve L A, Obach A, Jensen L, Bron J E, Tocher D R and Taggart J B. (2008). Functional genomics reveals increases in cholesterol biosynthetic genes and highly unsaturated fatty acid biosynthesis after dietary substitution of fish oil with vegetable oils in Atlantic salmon (Salmo salar). BMC Genomics 9: 299. https://doi.org/10.1186/1471-2164-9-299

Lynch A J, Cooke S J, Deines A M, Bower S D, Bunnell D B, Cowx I G, Nguyen V M, Nohner J, Phouthavong K, Riley B, Rogers M W, Taylor W W, Woelmer W, Youn S-J and Beard T D. (2016). The social, economic, and environmental importance of inland fish and fisheries. Environmental Reviews 24(2): 115–121. https://doi.org/10.1139/er-2015-0064

Mat Jais A M, Matori M F, Kittakoop P and Sowanborirux K. (1998). Fatty acid compositions in mucus and roe of Haruan, Channa striatus, for wound healing. General Pharmacology 30(4): 561–563. https://doi.org/10.1016/S0306-3623(97)00305-4

McManus A, Merga M and Newton W. (2011). Omega-3 fatty acids. What consumers need to know. Appetite 57(): 80–83. https://doi.org/10.1016/j.appet.2011.03.015

Mohd S M and Abdul Manan M J. (2012). Therapeutic potential of the haruan (Channa striatus): From food to medicinal uses. Malaysian Journal of Nutrition 18(1): 125–136.

Mohd. Shafiq Z, Shah A S R M, Zarul,H H, Mohd. Syaiful M, Khaironizam M Z, Puteh K and Hamzah Y. (2014). An annotated checklist of fish fauna of Bukit Merah Reservoir and its catchment area, Perak, Malaysia. Check List 10(4): 822–828. https://doi.org/10.15560/10.4.822


Olsen S O. (2003). Understanding the relationship between age and seafood consumption: the mediating role of attitude, health involvement and convenience. Food Quality and Preference 14(3): 199–209. https://doi.org/10.1016/S0950-3293(02)00055-1

Özogul Y, Özogul F and Alagoz S. (2007). Fatty acid profiles and fat contents of commercially important seawater and freshwater fish species of Turkey: A comparative study. Food Chemistry 103(1): 217–223. https://doi.org/10.1016/j.foodchem.2006.08.009

Qin J and Fast A W. (1996). Size and feed dependent cannibalism with juvenile snakehead Channa striatus. Aquaculture 144(4): 313–320. https://doi.org/10.1016/0044-8486(96)01299-9

_________. (1997). Food selection and growth of young snakehead Channa striatus. Journal of Applied Ichthyology 13(1): 21–25. https://doi.org/10.1111/j.1439-0426.1997.tb00093.x

Rahman S A, Huah T S, Nassan O and Daud N M. (1995). Fatty acid composition of some Malaysian freshwater fish. Food Chemistry 54(1): 45–49. https://doi.org/10.1016/0308-8146(95)92660-C

Rainboth W J. (1996). Fishes of the Cambodian Mekong. FAO species identification field guide for fishery purposes. Rome: Food and Agriculture Organization of The United Nations.

Samantaray K and Mohanty S S. (1997). Interactions of dietary levels of protein and energy on fingerling snakehead, Channa striata. Aquaculture 156(3–4): 241–249. https://doi.org/10.1016/S0044-8486(97)00140-3

Schipp G. (2008). Is the use of fishmeal and fish oil in aquaculture diets sustainable? Technical report number 124, Department of Primary Industry and Fisheries, Northern Territory Department of Primary Industry and Resources, Darwin Australia.

Simopoulos A P. (1991). Omega-3 fatty acids in health and disease and in growth and development. The American Journal of Clinical Nutrition 54(3): 438–463. https://doi.org/10.1093/ajcn/54.3.438

Steffens W. (1997). Effects of variation in essential fatty acids in fish feeds on nutritive value of freshwater fish for humans. Aquaculture 151(1–4): 97–119. https://doi.org/10.1016/S0044-8486(96)01493-7

Strobel C, Jahreis G and Kuhnt K. (2012). Survey of n-3 and n-6 polyunsaturated fatty acids in fish and fish products. Lipids in Health and Disease 11: 144. https://doi.org/10.1186/1476-511X-11-144

Tocher D R. (2003). Metabolism and functions of lipids and fatty acids in teleost fish. Reviews in Fisheries Science 11: 107–184. https://doi.org/10.1080/713610925

Ugoala C, Ndukwe G I and Audu T O. (2008). Comparison of fatty acids profile of some freshwater and marine fishes. Internet Journal of Food Safety 10: 9–17.

Vasconi M, Caprino F, Bellagamba F, Busetto M L, Bernardi C, Puzzi C and Moretti V M. (2015). Fatty acid composition of freshwater wild fish in subalpine lakes: A comparative study. Lipids 50(3): 283–302. https://doi.org/10.1007/s11745-014-3978-4


Welcomme R L, Cowx I G, Coates D, Béné C, Funge-Smith S, Halls A and Lorenzen K. (2010). Inland capture fisheries. Philosophical Transactions of the Royal Society B: Biological Sciences 365(1554): 2881–2896. https://doi.org/10.1098/rstb.2010.0168

Zuraini A, Somchit M N, Solihah M H, Goh Y M, Arifah A K, Zakaria M S, Somchit N, Rajion M A, Zakaria Z A and Mat Jais A M. (2006). Fatty acid and amino acid composition of three local Malaysian Channa spp. fish. Food Chemistry 97(4): 674–678. https://doi.org/10.1016/j.foodchem.2005.04.031



OEBPS/images/Art_P15.jpg
(@)

f i
N e
i sttt
oot o tgit) N
B
L e
i« jro—

ane
e
skt

@

-
e






OEBPS/images/Art_P40.jpg





OEBPS/images/Art_P75.jpg
T o ® © % N o

B/ UoURIISANOD DEOT





OEBPS/images/Art_P67.jpg
Strain 107PF

| Aspergilas_fumigatus_gb KC119199_1
|Aspergilus_fumigatus_gb_EU664467_1

| Asperpills_fumigates_sb_ AY214446_1
| Aspergillus_fumigatus_gb_HQ285578_1
| Aspergillus_fumigatus_gb_HQ285569_1
| Asperpiles_fumigatus_gb_AY373851_1
| Aspergillus_famigatus_dbj_AB369897_1
| Aspergillus_fumigatus_gb_FI810502_1
| Aspergilins_fumigatas_gb_GUS66242_1
| Aspergillus_fumigatus_emb_FM999057_1
| Asperpilis_fumigatus_exmb_FM999058_1
| Aspergilins_fumigatus_em, FM999059_1
| Aspergilins_fumigatus_emh_FMS99061_1
| Aspergillns_fumigatas_eb_HQ26746_1
| Aspergillus_fumigatus_gb_JF729022_1
| Aspergillus_fumigatus_gb_JX501382_1

| Pezizomyeotina_sp DMRF_§_gb_KJ433667_1
Aspergillus_fumigatus_gh_EU664467_1_

Aspergilins_fumigatus_gb_TX501388_1

(a) Strain 107PF





OEBPS/images/Art_P24.jpg
Caspase actimy (OD)

000

—

——

—
=
s [ untestes
. T . L
T [ — W scovseic
L —— H -
- —

Cikarndit s





OEBPS/images/Art_P23.jpg
(%) 300 880 o8cadode Auea

o





OEBPS/images/Art_P41.jpg





OEBPS/images/Art_P9.jpg
(Disease severity scale Xnumber of plants in each scale )
DSI =), %100
(Highest numerical scale index x totalnumber of plants )






OEBPS/images/Art_P58.jpg
[TTCCGIAGGTGAACCTGLGGAAGGATLAT IACLGAGTGIAGGGT TLCIAGLGAGLLLAALLTLL
CACCCGTGTTTACTGTACCTTAGTTGCTTCGGCGGGCCCGCCGCAAGGCCGCCGGGGGGCATC
CGCCCCCGGGCCCGCGCCCGCCGGAGACACCACGAACTCTGAACGATCTAGTGAAGTCTGAGT
TGATTGTATCGCAATCAGTTAAAACTTTCAACAATGGATCTCTTGGTTCCGGCATCGATGAAGAAC
GCAGCGAAATGCGATAACTAGTGTGAATTGCAGAATTCCGTGAATCATCGAGTCTTTGAACGCAC
ATTGCGCCCCCTGGTATTCCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCATCAAGCACG
GCTTGTGTGTTGGGTCGTCGTCCCCCCCTCCGGGGGGGEGACGGGCCCTAAMGGCAGCGGLG
GCACCGCGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGGCGE
TTGCCGAACGCAAAACAACCATTCTTTCCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
CTTAAGCATATCAATAAGGCGGAGGAA





OEBPS/images/Art_P32.jpg





OEBPS/images/Art_P8.jpg
West
Indonesia

L Gyops steg Janusts
S ——— East
[S—— Indonesia

TRp—

Gonpts b 2T





OEBPS/images/Art_P33.jpg
e &

EPA+DHA (% of total fatty acid)
5K

onN & 0w

0
b
b
1 ab ab
‘ I I i

Tinfoil barb Javanese Hampala Beardless Glassfish Striped Horseface
barb burh barh: asakshiad  loach





OEBPS/images/Art_P68.jpg
Strain 108PF

[Aspergillus_nomius_gb_DQ467995_1

Aspergillus_nomius_gb_DQ467993_1
Aspergillus_nomius_gb_ DQ467990_1

Aspergillus_nomius_gb_KC253960_1
Aspergillus_nomius_gh_DQ467996_1

0003 (b) Strain 108PF





OEBPS/images/Art_P76.jpg
Average ‘Comparison between individual (ug/g)  Comparison between location (ug/a)

Replicate vol SD (uglg)
(uglo) Average SD Average SD
InsideKSNP1Rept 1728854
InsideKSNP1Rept 173661 1720668 0012289
InsideKSNP1Rept 171653
InsideKSNP1Rep2 2442561
InsideKSNP1Rep2 246286 2453867 0011202 20441705 0382208157
InsideKSNP1Rep2 2452754
InsideKSNP1Rep3 1951256
InsideKSNP1Rep3 1945615 Jaine e
InsideKSNP1Rep3 1.847064
InsideKSNP2Rept 1448573
InsiceKSNP2Rept 1465913 1485614 0.000776
InsiceKSNP2Rept 1453756
InsideKSNP2Rep2 1670572
InsideKSNP2Rep2 1506263 162718 0106099 1518817167 183528211 31628017 225032253
InsideKSNP2Rep2 1704705
InsideKSNP2Rep3 1776231
InsideKSNP2Rep3 1788673 177305 017035
InsideKSNP2Rep3 1754872
InsideKSNP3Rept 5669805
InsiceKSNP3Rept 5673683 5 66967 0008457
InsiceKSNP3Rept 5657415
InsideKSNP3Rep2 7.798856
InsideKSNP3Rep2 794674 7901008 0088628 5825617444 2104716403
InsideKSNP3Rep2 7.95743
InsideKSNP3Rep3 392009
InsideKSNP3Rep3 3877168 3008877 002785

InsideKSNP3Ren3 2029373





OEBPS/images/Art_P50.jpg
- s 8 W N

Marker >

50~}

250

‘Pusified PCR products






OEBPS/images/Art_P25.jpg
S

o

i uomeaidin e






OEBPS/images/Art_P42.jpg







OEBPS/css/page-template.xpgt
                       



OEBPS/images/Art_P16.jpg
Inhibition Activity (%)

B. cereus

Shigella sp.

P. aeruginosa

@n-hexane
BEthyl acetate
BEthanol 96%





OEBPS/images/Art_P59.jpg
[TCCGIAGGTGAALCTGUGGAAGGATLAT TACLGAGTGLGGETLCTTTGGGELLCLAACLTLLLAT
CCGTGTCTATTGTACCCTGTTGCTTCGGCGGGCCCGCCGCTTGTCGGCCGCCGEGEGEGCGET
TCTGCCCCCCGGGCCCGTGCCCGCCGGAGACCCCAACACGAACACTGTCTGAAAGCGTGCAGT
CTGAGTTGATTGAATGCAATCAGTTAAAACTTTCAACAATGGATCTCTTGGTTCCGGCATCGATGA
AGAACGCAGCGAAATGCGATAACTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAAC
GCACATTGCGCCCCCTGGTATTCCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAGT
CCGGCTTGTGTGTTGGGTCGCCGTCCCCCTCTCCGGGGGGACGGGCCCGAAAGGCAGCGGCG
GCACCGCGTCCGATCCTCGAGCGTATGGGGCTTTGTCACATGCTCTGTAGGATTGGCCGGCGCT
TGCCGACGTTTTCCAACCATTCTTTCCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAACT
TAAGCATATCAATAAGCCGGAGG





OEBPS/images/Art_P56.jpg
GUTCCIAAAAGGT TACLTUCACLGACTTUGGGTGTIACAAACTLTLGTGGTGIGACGLGGLGGTGT
GTACAAGGCCCGGGAACGTATTCACCGCGGCATGCTGATCCGCGATTACTAGCGATTCCAGCTTC
ACGCAGTCGAGTTGCAGACTGCGATCCGAACTGAGAACAGATTTGTGGGATTGGCTTAACCTCG
CGGTTTCGCTGCCCTTTGTTCTGCCCATTGTAGCACGTGTGTAGCCCAGGTCATAAGGGGCATGA
TGATTTGACGTCATCCCCACCTTCCTCCGGTTTGTCACCGGCAGTCACCTTAGAGTGCCCAACTG
AATGCTGGCAACTAAGATCAAGGGTTGCGCTCGTTGCGGGACTTAACCCAACATCTCACGACAC
GAGCTGACGACAACCATGCACCACCTGTCACTCTGCCCCCGAAGGGGACGTCCTATCTCTAGGA
TTGTCAGAGGATGTCAAGACCTGGTAAGGTTCTTCGCGTTGCTTCGAATTAAACCACATGCTCCA
CCGCTTGTGCGGGCCCCCGTCAATTCCTTTGAGTTTCAGTCTTGCGACCGTACTCCCCAGGCGG
AGTGCTTAATGCGTTAGCTGCAGCACTAAGGGGCGGAAACCCCCTAACACTTAGCACTCATCGTT
TACGGCGTGGACTACCAGGGTATCTAATCCTGTTCGCTCCCCACGCTTTCGCTCCTCAGCGTCAG
TTACAGACCAGAGAGTCGCCTTCGCCACTGGTGTTCCTCCACATCTCTACGCATTTCACCGCTAC
ACGTGGAATTCCACTCTCCTCTTCTGCACTCAAGTTCCCCAGTTTCCAATGACCCTCCCCGGTTG
AGCCGGGGGCTTTCACATCAGACTTAAGAAACCGCCTGCGAGCCCTTTACGCCCAATAATTCCG
GACAACGCTTGCCACCTACGTATTACCGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTT
AGGTACCGTCAAGGTGCCGCCCTATTTGAACGGCACTTGTTCTTCCCTAACAACAGAGCTTTACG
ATCCGAAAACCTTCATCACTCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTC
CCTACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCACCCTCT
CAGGTCGGCTACGCATCGTCGCCTTGGTGAGCCGTTACCTCACCAACTAGCTAATGCGCCGCGG
GTCCATCTGTAAGTGGTAGCCGAAGCCACCTTTTATGTCTGAACCATGCGGTTCAAACAACCATC
CGGTATTAGCCCCGGTTTCCCGGAGTTATCCCAGTCTTACAGGCAGGTTACCCACGTGTTACTCA
CCCGTCCGCCGCTAACATCAGGGAGCAAGCTCCCATCTGTCCGCTCGAC





OEBPS/images/Art_P2.jpg





OEBPS/images/Art_P69.jpg
Strain 109PF

Aspergillus_niger_gb EF634376 1
|Aspaglhl7mp c £b GQ259131 1

Aspergillus niger_gb_EF661185_1
[ Asperpihs_niger_gb. 304798 1

Aspergillus_iger_gb KF737862_1

[ Asperitos_siger_gh KF737863 1
| Aspergillus_niger_gb_EF661186_1
Aspergillus_niger_gb EF634375_1
 Aspergillus_niger_emb_AM270051_1
 Asperpilus_niger_emb_AM270052_1
Aspergilus_ni 2290771
 Asperilus_niger_gb K1365316_1 e g cameT
 Aspergillus_iger_gb KC119204 1
Aspergillus_sp_6_BRO_2013_gb KF367541_1
Aspergillus niger_gb KF747362_1
| Aspergilius_niger_gb_IFE38357_1

e (c) strain 109PF





OEBPS/images/Art_P13.jpg
Family
‘Specimen
Synonym
Local name

Reference

Iridaceae

Sisyrinchium palmiolium L
Eleutherine palmiola (L.) Merr
Bawang Dayak (Dayak onion)
Mant. PL1: 122 (1767)






OEBPS/images/Art_P39.jpg





OEBPS/images/Art_P26.jpg
Bel2

VRIS DOTRRY OF SSGr-EI- MOTRY PUDTEHL ShpYe RO

o0

015

010

005

om0

bichcdaand

R

itk U

L






OEBPS/images/Art_P30.jpg
Fatty acid

Tinfoil
barb

Javanese  Hampala Beardless

barb barb barp | Classfish

Striped  Horssface
snakehead loach

140
160
18:0
SSFA

06:02
248223
129202
401225

12:03 23:05 06:00 12:03
219:10 272:13 215203 232207
134209 9507 120:02 121:04
411210 406204 40.0:03 38802

15:03 22:18
233203 255:114
98:06 121:39
384:08 43.1:186

161
18:1n9
18:1n7
SMUFA

13201
155236
26104

232227

30404 66:19 28201 29:06
7613 133:52 95:06 210:12
22103 34308 38:03 2804
165213 239226 162:04 28.1:22

31:03 50:28
232:10 137284
40:05 33:18
342£17 240130

18:3n3
18:4n3
20303
204n3
20503
22503
22603
3

09:0.1
02:00%
07:00
02:00
21105
14£03
122240
176230

1402 43£39 09:01 13:02
0 03:02% 05:0.1° 01:00°
0700 14308 12:00 1000

0300 04303 03:00 0201
39:03 30$23 24302 2100
2301 1910 28:01 1200
131206 93:07% 103£02° 106110
217205 207275 184204 166108

2707 16:13
06+0.1° 0

08:03 19:04
0100 0

09:02 19:03
22104 28304
40$09 BA4x1T®
113£02 166:39

18:2n6
18:36
20306
204n6
6
TPUFA
n3in6
EPADHA

89:08
0
01£00°
9.8:16%
188222
364:458
09:0.1
143527

4906 9045 75:01 6206

031201 02:0.1% 03:0.0%
01:00° 01:00° 02:00° 02:00°
15717 55:06° 176:04° 97+14%
207212 148253 255:05 163:18
424217 355223 439206 328222
11£00 18%12 07£00 10%0.1
17.0£05° 123£3.0° 127£03® 127112

8711 10053
05:0.1¢ .3

042010 0

60+13° 10.8+16%
155224 209261
26824 375:100
08:01 08:00
491070 103:20%






OEBPS/images/Art_P73.jpg





OEBPS/images/Art_P60.jpg
AACCTGUGGAAGGATCATIACAGIATTCT TTTGLLAGLGUTIAACTGLGLGGUGAAAAALLT TAL
ACACAGTGTCTTTTTGATACAGAACTCTTGCTTTGGTTTGGCCTAGAGATAGGTTGGGCCAGAGG
TTTAACAAAACACAATTTAATTATTTTTACAGTTAGTCAAATTTTGAATTAATCTTCAAAACTTTCAAC
AACGGATCTCTTGGTTCTCGCATCGATGAAGAACGCAGCGAAATGCGATAAGTAATATGAATTGCA
GATTTTCGTGAATCATCGAATCTTTGAACGCACATTGCGCCCTCTGGTATTCCAGAGGGCATGCCT
GTTTGAGCGTCATTTCTCTCTCAAACCCCCGGGTTTGGTATTGAGTGATACTCTTAGTCGGACTAG
GCGTTTGCTTGAAAAGTATTGGCATGGGTAGTACTAGATAGTGCTGTCGACCTCTCAATGTATTAG
GTTTATCCAACTCGTTGAATGGTGTGGCGGGATATTTCTGGTATTGTTGGCCCGGCCTTACAACAA
CCAAACAAGTTTGACCTCAAATCAGGTAGGAATACCCGCTGAACTTAAGCATATCAATAAGCGGAG
GA





OEBPS/images/Art_P43.jpg





OEBPS/images/Art_P14.jpg





OEBPS/images/Art_P57.jpg
CCTTCLCGIAGGTGAALLTGUGGAAGGATCATTACLGAGTGAGGGLLLTLTGGGTULAACLITLLL
ACCCGTGTCTATCGTACCTTGTTGCTTCGGCGGGCCCGCCGTTTCGACGGCCGCCGGGGAGGE
CTTGCGCCCCCGGGCCCGCGCCCGCCGAAGACCCCAACATGAACGCTGTTCTGAAAGTATGCA
GTCTGAGTTGATTATCGTAATCAGTTAAAACTTTCAACAACGGATCTCTTGGTTCCGGCATCGATG
AAGAACGCAGCGAAATGCGATAAGTAATGTGAATTGCAGAATTCAGTGAATCATCGAGTCTTTGAA
CGCACATTGCGCCCCCTGGTATTCCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCTCAAG
CACGGCTTGTGTGTTGGGCCCCCGTCCCCCTCTCCCGGGGGACGGGCCCGARAGGCAGCGGE
GGCACCGCGTCCGGTCCTCGAGCGTATGGGGCTTTGTCACCTGCTCTGTAGGCCCGGCCGGCG
CCAGCCGACACCCAACTTTATTTTTCTAAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAAC
TTAAGCATATCAATAAGCGGAGGA





OEBPS/images/Art_P1.jpg
“The number of neuronal cell
death (cell/mm?)

2000
1800

1600
1400
1200
1000
800
600
400
200

control

P1

P2

e

P3

P4





OEBPS/images/Art_P27.jpg
TONNVE G20y FONNP-ATIN HOTN SHpresson

Bactin

0

05

04

02

02

01

00

Untreated BCG BCG-MSP1C

oy, P

Les





OEBPS/images/Art_P61.jpg
s

Micrococeus_luteus_dbj_ ABS39843 1

Micrococeus_luteus_dbj_ ABS39843_1_

(—— Micrococcus uieus_exh_ AJA09096 1
Micrococeus_Juteus_gb EUA36932_1

Micrococcus_luteus_gb KC355291_1
Micrococcus_lutens_gb KF054881 1

Micrococcus Juteus_exh ATTIT369_1
Micrococcus s gb KF733697_1
icrococeus Juteus_emb, HGO41665_1

Micrococcus uteus_emb_AJ7IT368_1
1 icrococcus hteus g5 Fr1ss776 1

0.0003

(a) Strain 101P8.





OEBPS/images/Art_P74.jpg
Locaon  No. Individual Sex Body weight  Length o0 peaith status
ko) (em)
1 o1 Femae 1445 7 4 Healthyino injury
Ousiee 2 02 Mae 2830 87 4 Healthyino njury
3 03 Make 5.190 101 8 Healthyino njury
1 M Female 2830 88 7 Healthyino injury
Inside 2 2 Mae 2350 4 2 Healthyino njury
3 B Male 5120 14 6 Healthyino injury






OEBPS/images/Art_P44.jpg





OEBPS/images/Art_P31.jpg
Railway line

Ara River

Kurau River
South spillwe

Main Canal Kurau River

Selinsing Canal






OEBPS/images/Art_P10.jpg
Relative expression level

Lo

1872

3 1612
15

116
069cde 076cd
1 077¢d | 0836 079¢
062 cder it
051def GiEa

05

o . . -

0 s 15 5

Time (dpi)

a5
e
w1





OEBPS/images/Art_P62.jpg
| Stenotrophomonas_malophila_gb KF37S761_1

00004

1 Stenotrophomenzs_maliopkilia_gb HMI37729_1
Stesorophomenzs_maliophslia_gb_JQ619623 1
Stenctropbomenzs_maliophlia_gb_JQ619623 1

Stenotropbomonas_maltophilia_dbi_ABS4T223_1

(b) Strain 102PB





OEBPS/images/Art_P28.jpg





OEBPS/images/Art_P37.jpg
Strains Image Gram’s reaction

Micrococeus luteus 101PB
(Pure culture)

\ Gram positive cocci

Stenotrophomonas
matophilia 102PB
(Pure culture)

Gram negative rod

Bacillus cereus 103PB
(Pure culture)

Gram positive rod






OEBPS/images/Art_P53.jpg
TGLAGTLGAGUGAATGGAT IAAGAGLTTGLTUTIATGAAGT TAGLGGLGGALGGGTGAGIAALA
CGTGGGTAACCTGCCCATAAGACTGGGATAACTCCGGGAAACCGGGGCTAATACCGGATAACATT
TTGAACCGCATGGTTCGAAATTGAAAGGCGGCTTCGGCTGTCACTTATGGATGGACCCGCGTCG
CATTAGCTAGTTGGTGAGGTAACGGCTCACCAAGGCAACGATGCGTAGCCGACCTGAGAGGGTG
ATCGGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTAGGGAATCTT
CCGCAATGGACGAAAGTCTGACGGAGCAACGCCGCGTGAGTGATGAAGGCTTTCGGGTCGTAA
AACTCTGTTGTTAGGGAAGAACAAGTGCTAGTTGAATAAGCTGGCACCTTGACGGTACCTAACCA
GAAAGCCACGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAGGTGGCAAGCGTTATCCGGA
ATTATTGGGCGTAAAGCGCGCGCAGGTGGTTTCTTAAGTCTGATGTGAAAGCCCACGGCTCAACT
GTGGAGGGTCATTGGAAACTGGGAGACTTGAGTGCAGAAGAGGAAAGTGGAATTCCATGTGTAG
CGGTGAAATGCGTAGAGATATGGAGGAACACCAGTGGCGAAGGCGACTTTCTGGTCTGTAACTG
ACACTGAGGCGCGAAAGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCCGTAAA
CGATGAGTGCTAAGTGTTAGAGGGTTTCCGCCCTTTAGTGCTGAAGTTAACGCATTAAGCACTCC
GCCTGGGGAGTACGGCCGCAAGGCTGAAACTCAAAGGAATTGACGGGGGCCCGCACAAGCGG
TGGAGCATGTGGTTTAATTCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTGACAA
CCCTAGAGATAGGGCTTCTCCTTCGGGAGCAGAGTGACAGGTGGTGCATGGTTGTCGTCAGCTC
GTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGATCTTAGTTGCCATCATTT
AGTTGGGCACTCTAAGGTGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAATC
ATCATGCCCCTTATGACCTGGGCTACACACGTGCTACAATGGACGGTACAAAGAGCTGCAAGACC
GCGAGGTGGAGCTAATCTCATAAAACCGTTCTCAGTTCGGATTGTAGGCTGCAACTCGCCTACAT
GAAGCTGGAATCGCTAGTAATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTTGTA
CACACCGCCCGTCACACCACGAGAGTTTGTAACACCCGAAGTCGGTGGGGTAACCTTTTGGAGC
CAGCCGC
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2 Maukuldand BURU®  MTJ000S KT726328 KT779123
3 LesserSunda  BBG® MTJ0003  KT26327 KT779124
Isfands
2 Papualsand  BBG® MTJ0004  KT726328 KT779125
Phaleria 2 Papualsand  BBG® MTJ0005  KT726330 KT779126
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GTCGAGUGGIAACAGGGGAAGLTTGLITTCLLGLTGALGAGLGGLGGALGGGTGAGIAATGIAT
GGGGATCTGCCCGATAGAGGGGGATAACTACTGGAAACGGTGGCTAATACCGCATAATCTCTTAG
GAGCAAAGCAGGGGAACTTCGGTCCTTGCGCTATCGGATGAACCCATATGGGATTAGCTAGTAGG
TGGGGTAATGGCTCACCTAGGCGACGATCCCTAGCTGGTCTGAGAGGATGATCAGCCACACTGG
GACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCA
AGCCTGATGCAGCCATGCCGCGTGTATGAAGAAGGCCCTAGGGTTGTAAAGTACTTTCAGTCGG
GAGGAAGGCGTTGATGCTAATATCATCAACGATTGACGTTACCGACAGAAGAAGCACCGGCTAAC
TCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAG
CGCACGCAGGCGGTTGATTAAGTTAGATGTGAAATCCCCGGGCTTAACCTGGGAATGGCATCTAA
GACTGGTCAGCTAGAGTCTTGTAGAGGGGGGTAGAATTCCATGTGTAGCGGTGAAATGCGTAGA
GATGTGGAGGAATACCGGTGGCGAAGGCGGCCCCCTGGACAAAGACTGACGCTCAGGTGCGAA
AGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCTGTAAACGATGTCGATTTGGAG
GTTGTGCCCTTGAGGCGTGGCTTCCGGAGCTAACGCGTTAAATCGACCGCCTGGGGAGTACGG
CCGCAAGGTTAAAACTCAAATGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAA
TTCGATGCAACGCGAAGAACCTTACCTACTCTTGACATCCAGAGAATTTAGCAGAGATGCTTTAGT
GCCTTCGGGAACTCTGAGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTTGTGAAATGTTGGG
TTAAGTCCCGCAACGAGCGCAACCCTTATCCTTTGTTGCCAGCGATTCGGTCGGGAACTCAAAG
GAGACTGCCGGTGATAAACCGGAGGAAGGTGGGGATGACGTCAAGTCATCATGGCCCTTACGAG
TAGGGCTACACACGTGCTACAATGGCGTATACAAAGAGAAGCGACCTCGCGAGAGCAAGCGGAA
CTCATAAAGTACGTCGTAGTCCGGATTGGAGTCTGCAACTCGACTCCATGAAGTCGGAATCGCTA
GTAATCGTAGATCAGAATGCTACGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACAC
CATGGGAGTGGGTTGCAAAAGAAGTAGGTAGCTTAACCTTCGGGAGGE
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AGGTIAAGGLIACCIACTICTTTTGCAACLLALTULLATGGTGTGALGGGLGGTGTGIACAAGGL
CCGGGAACGTATTCACCGTAGCATTCTGATCTACGATTACTAGCGATTCCGACTTCATGGAGTCGA
GTTGCAGACTCCAATCCGGACTACGACATACTTTATGAGGTCCGCTTGCTCTCGCGAGGTCGCTT
CTCTTTGTATATGCCATTGTAGCACGTGTGTAGCCCTGGTCGTAAGGGCCATGATGACTTGACGTC
ATCCCCACCTTCCTCCAGTTTATCACTGGCAGTCTCCTTTGAGTTCCCGGCCTAACCGCTGGCAA
CAAAGGATAAGGGTTGCGCTCGTTGCGGGACTTAACCCAACATTTCACAACACGAGCTGACGAC
AGCCATGCAGCACCTGTCTCACAGTTCCCGAAGGCACCAATCCATCTCTGGAAAGTTCTGTGGAT
GTCAAGACCAGGTAAGGTTCTTCGCGTTGCATCGAATTAAACCACATGCTCCACCGCTTGTGCGG
GCCCCCGTCAATTCATTTGAGTTTTAACCTTGCGGCCGTACTCCCCAGGCGGTCGATTTAACGCG
TTAGCTCCGGAAGCCACGCCTCAAGGGCACAACCTCCAAATCGACATCGTTTACGGCGTGGACT
AACCAGGGTATCTAATCCTGTTTGCTCCCCCACGCTTTCGCACCTGAGCGTCAGTCTTTGTCCAG
GGGGCCGCCTTCGCCACCGGTATTCCTCCCAGATCTCTACGCATTTCACCGCTACACCTGGAATT
CTACCCCCCCTCTACAAGACTCTAGCCTGCCAGTTTCGAATGCAGTTCCCAGGTTGAGCCCGGG
GATTTCACATCCGACTTGACAGACCGCCTGCGTGCGCTTTACGCCCAGTAATTCCGATTAACGCT
TGCACCCTCCGTATTACCGCGGCTGCTGGCACGGAGTTAGCCGGTGCTTCTTCTGCGGGTAACG
TCAATCGACAAGGTTATTAACCTTACCGCCTTCCTCCCCGCTGAAAGTGCTTTACAACCCGAAGG
CCTTCTTCACACACGCGGCATGGCTGCATCAGGCTTGCGCCCATTGTGCAATATTCCCCACTGCT
GCCTCCCGTAGGAGTCTGGACCGTGTCTCAGTTCCAGTGTGGCTGGTCATCCTCTCAGACCAGC
TAGGGATCGTCGCCTAGGTGAGCCGTTACCCCACCTACTAGCTAATCCCATCTGGGCACATCTGA
TGGCATGAGGCCCGAAGGTCCCCCACTTTGGTCTTGCGACATTATGCGGTATTAGCTACCGTTTC
CAGTAGTTATCCCCCTCCATCAGGCAGTTTCCCAGACATTACTACACCCGTCCGCCGCTCGTCAC
CCGAGAGCAAGCTCTCTGTGCTACCG
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TCGAALGATGAAGLLLAGLTTGUTGEGTGGAT TAGTGGLGAALGGGE TGAGIAACALGGAGIAA
CCTGCCCTTAACTCTGGGATAAGCCTGGGAAACTGGGTCTAATACCGGATAGGAGCGCCCACCG
CATGGTGGGTGTTGGAAAGATTTATCGGTTTTGGATGGACTCGCGGCCTATCAGCTTGTTGGTGA
GGTAATGGCTCACCAAGGCGACGACGGGTAGCCGGCCTGAGAGGGTGACCGGCCACACTGGG
ACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCAA
GCCTGATGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCAGTAGG
GAAGAAGCGAAAGTGACGGTACCTGCAGAAGAAGCACCGGCTAACTACGTGCCAGCAGCCGCG
GTAATACGTAGGGTGCGAGCGTTATCCGGAATTATTGGGCGTAAAGAGCTCGTAGGCGGTTTGTC
GCGTCTGTCGTGAAAGTCCGGGGCTTAACCCCGGATCTGCGGTGGGTACGGGCAGACTAGAGT
GCAGTAGGGGAGACTGGAATTCCTGGTGTAGCGGTGGAATGCGCAGATATCAGGAGGAACACCG
ATGGCGAAGGCAGGTCTCTGGGCTGTAACTGACGCTGAGGAGCGAAAGCATGGGGAGCGAACA
GGATTAGATACCCTGGTAGTCCATGCCGTAAACGTTGGGCACTAGGTGTGGGGACCATTCCACGG
TTTCCGCGCCGCAGCTAACGCATTAAGTGCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACT
CAAAGGAATTGACGGGGGCCCGCACAAGCGGCGGAGCATGCGGATTAATTCGATGCAACGCGA
AGAACCTTACCAAGGCTTGACATGTTCTCGATCGCCGTAGAGATACGGTTTCCCCTTTGGGGCGG
GTTCACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAAC
GAGCGCAACCCTCGTTCCATGTTGCCAGCACGTCGTGGTGGGGACTCATGGGAGACTGCCGGG
GTCAACTCGGAGGAAGGTGAGGACGACGTCAAATCATCATGCCCCTTATGTCTTGGGCTTCACG
CATGCTACAATGGCCGGTACAATGGGTTGCGATACTGTGAGGTGGAGCTAATCCCAAAAAGCCGG
TCTCAGTTCGGATTGGGGTCTGCAACTCGACCCCATGAAGTCGGAGTCGCTAGTAATCGCAGATC
AGCAACGCTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCAAGTCACGAAAGTCG
GTAACACCCGAAGCCGGTGGCCTAACCE
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GUTTGUTCTOTGEETGEUGAGTGGLUGGALGGETGAGGAAIACATUGGAATCIACTLTGICGTGE
GGGATAACGTAGGGAAACTTACGCTAATACCGCATACGACCTACGGGTGAAAGCAGGGGACCTTC
GGGCCTTGCGCGATTGAATGAGCCGATGTCGGATTAGCTAGTTGGCGGGGTAAAGGCCCACCAA
GGCGACGATCCGTAGCTGGTCTGAGAGGATGATCAGCCACACTGGAACTGAGACACGGTCCAGA
CTCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGCAAGCCTGATCCAGCCATACCG
CGTGGGTGAAGAAGGCCTTCGGGTTGTAAAGCCCTTTTGTTGGGAAAGAAATCCAGCTGGCTAA
TACCCGGTTGGGATGACGGTACCCAAAGAATAAGCACCGGCTAACTTCGTGCCAGCAGCCGCGG
TAATACGAAGGGTGCAAGCGTTACTCGGAATTACTGGGCGTAAAGCGTGCGTAGGTGGTCGTTTA
AGTCCGTTGTGAAAGCCCTGGGCTCAACCTGGGAACTGCAGTGGATACTGGGCGACTAGAATGT
GGTAGAGGGTAGCGGAATTCCTGGTGTAGCAGTGAAATGCGTAGAGATCAGGAGGAACATCCAT
GGCGAAGGCAGCTACCTGGACCAACATTGACACTGAGGCACGAAAGCGTGGGGAGCAAACAGG
ATTAGATACCCTGGTAGTCCACGCCCTAAACGATGCGAACTGGATGTTGGGTGCAATTTGGCACG
CAGTATCGAAGCTAACGCGTTAAGTTCGCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAA
AGGAATTGACGGGGGCCCGCACAAGCGGTGGAGTATGTGGTTTAATTCGATGCAACGCGAAGAA
CCTTACCTGGCCTTGACATGTCGAGAACTTTCCAGAGATGGATTGGTGCCTTCGGGAACTCGAAC
ACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGC
GCAACCCTTGTCCTTAGTTGCCAGCACGTAATGGTGGGAACTCTAAGGAGACCGCCGGTGACAA
ACCGGAGGAAGGTGGGGATGACGTCAAGTCATCATGGCCCTTACGGCCAGGGCTACACACGTAC
TACAATGGTAGGGACAGAGGGCTGCAAGCCGGCGACGGTAAGCCAATCCCAGAAACCCTATCTC
AGTCCGGATTGGAGTCTGCAACTCGACTCCATGAAGTCGGAATCGCTAGTAATCGCAGATCAGCA
TTGCTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGGGAGTTTGTTG
CACCAGAAGCAGGTAGCTTAACCTTCGGGAGGGC
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Species  Primer sequence Sensitvty oo Genes  References

Porcine  5-ATT TCC ATC CCA CAG CCC-3' 1% MPRE42  Caietal (2012)
5-AAC AGATGC TGA CTC AGA GAG-3'

Bovine  5-CTAAGATCATGG CAT CAG GTC C-3'
5-CCC CAAAAT AAA GTC AGC CAC-3'

Bovine  5-GCCTAAATCTCCCCTCAATGGTA-3' NA 271bp Cytb  Shabanietal (2015)
5-ATGAAAGAGGCAAATAGATTTTCG-3

Porcine  5-GCCATATACTCTCCTTGGTGACA-3 212bp Cytb
5-GTAGGCTTGGGAATAGTACGA-3'

Porcine  5-GAC CTC CCA GCT CCATCAAAC ATC TCATCTTGATGAAAS  025ng 398 Cytb  Mutalb et al. 2015)
5-GCT GAT AGT AGATTT GTG ATG ACG GTA-3'
5-GCC TAAATC TCC CCT CAATGG TA-3' 01ng 212 Cytoxidasell
5-ATG AAA GAG GCAAAT AGATTT TCG-
5-CTA CCT ATT GTC ACC TTA GTT-3' 00001 ng 8 ATPG
5-GAG ATT GTG CGG TTA TTAATG-3'

Porcine  5-CGT ATG CAAAAAACC ACG CCA-3' 5pg D-Loop 108 Sudjadi et al. (2015)
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(a) trnl_trnF A beccariana A cumingiana A malaccensis A microcarpa  G. caudata G ledermannii _G. moluscana
A beccariana - - - - - -

A cumingiana 00040 - - - - -

A malaccensis 0.0000 00040 - - - -

A microcarpa 00020 00081 00020 - - -

G. caudata 0.0061 00020 0.0061 00081 - - -

G. ledermannii 00040 00000 0.0040 00061 00020 - -

G. moluccana 00040 00000 0.0041 00061 00020 0.0000 -

G. versteegii 00040 00000 0.0040 00061 00020 0.0000 00000
(b) ITS A beccariana___A. cumingiana A malaccensis _A. microcarpa ___ G. caudata__G. ledermannii _G. moluccana
A beccariana - - - - - -

A. cumingiana 00456 - - - - -

A malaccensis 00000 00457 - - - -

A. microcarpa 00300 00393 00301 - - -

G caudata 00502 00504 00503 00423 - - -

6. ledermannii 00534 00472 00535 00486 00284 - -

G. moluccana 00550 00425 00551 00502 00300 0.0074 -

G. versteegii 0.0484 0.0286 0.0485 0.0414 0.0344 0.0394 0.0382
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