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    Abstract: In order to manage blue swimming crabs in Pangkajene Kepulauan, management measures are required. Since the environment which affects the abundance of the blue swimming crab varies seasonally, it is necessary to take into account the seasonal nature with the aim of developing a management strategy. The objectives of this study are to define the abundance of and fishing season of blue swimming crabs in the Pangkajene Kepulauan waters, South Sulawesi, Indonesia. The fishing season was analysed using seasonal index analysis, while fish abundance was analysed by means of Equilibrium-Schaefer. The result of this study demonstrated that fishermen allocate their fishing gear all year, although the fish catch is seasonal. Based on analysis of the result, the fishing season for the blue swimming crabs is short. The peak fishing season starts in May and finishes in June. However, in order to enable their families to earn a living, fishermen operated their fishing gear throughout the year. As a result, both catch landing and effort were close to maximum sustainable yield (MSY). In order to reduce fishing pressure, it is necessary to reduce fishing gear and have a seasonal arrangement regarding fishing gear allocation.


    Keywords: abundance, blue swimming crabs, fishing season, Pangkajene Kepulauan


    INTRODUCTION


    The blue swimming crab (Portunnes pelagicus) is one of the major commodities for export with regards to the Indonesian fisheries sector. In 2012, the export value of the blue swimming crab reached USD329.724 and was the third largest fisheries export product (excluding other fish) in total value, in Indonesia (Ministry of Marine Affairs and Fisheries, Indonesia, 2012). However, research reported that the blue swimming crab faced several problems in Indonesian waters concerning stock (Kembaren et al. 2012; Muhsoni & Abida 2009; Wiyono & Ihsan 2015; Zairion et al. 2014). Increases in the type, number, size and efficiency of gears have significantly increased the fishing pressure on available stocks. Additionally, stocks of the blue swimming crab have drastically reduced and the average catch size is becoming smaller, whilst fishing grounds are becoming more distant from fishing bases. Conversely, fishermen are finding it increasingly difficult to catch blue swimming crabs. In 2010, the Indonesia Ministry of Marine Affairs and Fisheries (MMAF) reported that the number of fishermen at 2,1 million and the number of fishing boats at 588,390. Due to increasing in size and number of fishing boat, number of fisherman in 2014 increased to 2.74 million to operate 625,633 fishing boats (MMAF Indonesia 2015). MMAF also reported that 26% of fishing boats in 2014 were ‘unmotorised’, down from 30% in 2010. Conversely, fishing boat with inboard machine increased from 26% in 2010, to 30% in 2014.


    A number of the warnings mentioned above indicate that stocks of the blue swimming crab in Indonesian waters have several problems concerning overfishing and an excess of effort capacity. In order to stop the decline, it is important to take action by implementing appropriate management mechanisms. Seeing as the environment can vary substantially over time, the population dynamics of fish populations are also dynamic seasonally. Growth rates, recruitment, natural mortality rates vary from season to season and affect the availability of fish resources (Cochrane 2002). Besides being characterised by great spatio-temporal variation, diversity of gears, diversity of target species and the scattering of fishing activity along coasts, small scale fisheries in tropical areas also consist of high uncertainty in relation to catch landings (van Oostenbrugge et al. 2002). Hence, fisheries managers require management measures to consider the impact of the seasonal variation of the population dynamics regarding fishing activity.


    In this research, we studied the abundance and seasonal fishing seasons in the waters of Pangkajene Kepulauan, South Sulawesi. Statistics issued by the Indonesian Fisheries (Ministry of Marine Affairs and Fisheries 2011) reported that the waters of South Sulawesi make a significant contribution (9.3%) to national blue swimming crab production and moreover, that Pangkajene Kepulauan contributes in the region of 20% to South Sulawesi. The blue swimming crabs fisheries sector is typically small scale and operates gillnets, traps and mini trawler nets in shallow waters. In 2010, from 2317 fishing boats which operated fisherman, gillnets were dominated about 48% of total fishing gear, while traps and mini trawler nets contributed 3% and 2,8%, respectively. As respons to the annual dynamic and decreasing catch, proportion of gillnets to total fishing gears (3,767 units) were decreased (about 26%) of total fishing gear in 2014, while traps and mini trawler nets were increased 7.2% and 3.0%, respectively.


    The aim of this study is to define the fishing season and the abundance of blue swimming crabs in the waters of Pangkajene Kepulauan, South Sulawesi, Indonesia. More precisely, the objective is to study 1) the annual dynamics of effort, fish catch and fish productivity; 2) the seasonal dynamics related to the seasonal pattern of fishing; and 3) stocks of blue swimming crabs. We subsequently use these results to recommend management strategies for the reduction of excessive fishing efforts.


    MATERIAL AND METHODS


    Fisheries in the Study Area


    The data used in this paper are from the fisheries statistical data for Pangkajene Kepulauan from 2009–2015 and moreover, from record collector’s books from 2013–2015. The abundance of fish and annual fisheries dynamics were analysed based on fisheries statistical data, which contains reports regarding catches and effort by trips for gears annually. Prior to data analysis, the data were already separated into blue swimming crab fisheries and others. The seasonal fishing season and monthly dynamics related to the fisheries were analysed based on record collector’s books. Generally, fishermen in Pangkajene Kepulauan sell their catches to the collectors every day. Due to social relationship reasons, fishermen sell their catches to certain collectors, which provide them with an advantage.


    The fishing gear was a one day fishing trip operated around the Pangkajene Kepulauan coast (Fig. 1). The vessel’s trips and data on catches were used as the basis for the data. Data was collected from the fisherman every day, and subsequently aggregated into total catch per day. Furthermore, based on the total catch per day, data was aggregated to a monthly amount.


    Beside fisheries data, the study also collected data on the climatic variables as potential external factors that may influence monthly fish abundance and fishing activities by fishermen. The data were obtained from the Pangkajene dan Kepulauan Regency Statistics Office.
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      Figure 1: Map of Pangkajene Kepulauan, South Sulawesi Indonesia (Geospatial Information Agency of Indonesia 2014)

    


    Data Analysis


    The dynamics of the blue swimming crab’s abundance were analysed by catch per unit of effort (CPUE) both on a monthly and annual basis. In view of the fact that fishing gears used to capture blue swimming crabs are more than one fishing gear, we standardised each fishing gear by using the Fishing Power Index value. According to the objectives of the research, the data were aggregated on a monthly and yearly basis. Based on the monthly standardised gear operations (trips/month) and landing (kg/month) of gears, the monthly CPUE (kg/trips/month) of the gear were generated. Meanwhile, annual CPUE were generated by aggregated total catch (kg/year) and effort (trips/year) on a yearly basis.


    The fishing seasons were analysed by means of the seasonal index (SI) method. Based on the monthly CPUE, the seasonal index for blue swimming crabs was computed by the decomposition moving average procedure (Makridakis et al. 1983).


    [image: art]


    where SIm is the seasonal index for the month m (m = 1 to 12), k = {0,1,2…, K-1} K being the number of seasons for the whole time series, xm+12k is the raw data for the CPUE (kg/trips) in months m+12k, and Tm+12k is the corresponding trend value estimated by centred 12 moving average procedures. By applying the maximum numbers of consecutive seasonal index (CSI), the lengths of the fishing seasons were estimated. CSI is a number which demonstrates consecutive values with regards to the seasonal index ≥ 100%. If the number is closer to 12, this indicates that the patterns related to the fishing season for species were relatively stable throughout the year; however, an index closer to 1 indicates that gears species landing were more seasonal (Ulrich & Andersen 2004).


    Furthermore, using the yearly effort and CPUE data, fish stocks were estimated by applying two models (Sparre & Venema 1998):


    1. The Equilibrium Schaefer model


    The mathematical equation estimation of the biological parameters with the Schaefer Equilibrium model is as follows:
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    The effort (Et) and catch (Yt) at the maximum value and the Maximum Sustainable Yield (MSY) level were estimated as follows:
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    2. The Fox model


    The mathematical equation estimation of the biological parameters with the Fox model is as follows:


    [image: art]


    The effort (ft) and catch (Yt) at the maximum value and the Maximum Sustainable Yield (MSY) level were estimated as follows:
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    where ft = effort in year t, t = 1,2,…,7; CPUEt = yield (catch in weight) per unit of effort in year t; a = the intercept; and b = the slope. Both models conform to the assumption that CPUE declines, as effort increases, nevertheless they differ in the sense that the Schaefer model implies one effort level for which CPUE equals zero, specifically when f = -a/b, whereas in the Fox model, CPUE is greater than zero for all values related to effort.


    RESULTS


    Monthly Rainfall and Number of Rainy Days


    As in other parts of Indonesia, climate in Pangkajene Kepulauan is mostly determined by rainfall that is related to monsoon winds (Table 1). Climate seasons were categorised into two categories, specifically dry season (June – October) and wet season (November–May). During dry season, the climates were marked by lowest rainfall and number of rainy days. Monthly average of rainfall and number of rainy days during dry season were 85.0 mm and 7.0 days, respectively. Conversely, during wet season were marked by highest rainfall and number of rainy days. Monthly average of rainfall during wet season was 442.9 mm and number of rainy days during wet season was 17.1 (days).


    Table 1: Rainfall and rainy days in Pangkajene Kepulauan.


    
      
        	
          Month

        

        	
          Rainfall (mm)

        

        	
          Number of rainy days (days)

        
      


      
        	
          January

        

        	
          940

        

        	
          30

        
      


      
        	
          February

        

        	
          496

        

        	
          21

        
      


      
        	
          March

        

        	
          444

        

        	
          13

        
      


      
        	
          April

        

        	
          223

        

        	
          14

        
      


      
        	
          May

        

        	
          119

        

        	
          6

        
      


      
        	
          June

        

        	
          85

        

        	
          7

        
      


      
        	
          July

        

        	
          -

        

        	
          -

        
      


      
        	
          August

        

        	
          -

        

        	
          -

        
      


      
        	
          September

        

        	
          -

        

        	
          -

        
      


      
        	
          October

        

        	
          -

        

        	
          -

        
      


      
        	
          November

        

        	
          199

        

        	
          12

        
      


      
        	
          December

        

        	
          679

        

        	
          24

        
      

    


    Monthly Dynamic of Effort


    Although the weather fluctuates seasonally, the average numbers of monthly trips of effort (879 ± 48.7 trips/month) are relatively stable seasonally. With regards to the fishing season, the majority of gears that capture blue swimming crabs (gillnets, mini trawls and mini trawls) were operated every day (25–28 trips/month). Although it did not have a drastic influence from March – December, except for July, the number of fishing trips (in average) tended to increase (Fig. 2). The range of fishing trips was approximately 777 trips (January) and 944 trips (December). In contrast, when comparing the years, average fishing trips illustrates an increased trend. The average trips in 2013 were in the region of 875 trips/month. This increased to 909 trips in 2015.
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      Figure 2: Monthly variation of effort in Pangkajene Kepulauan Monthly dynamic of catch.

    


    Monthly Dynamic of Catch


    In general, catch landings of blue swimming crabs have varied temporally in the last three years (Fig. 3). Comparing this to other years, the total catch in 2015, which ranged from 19.08kg /trips (in February) to 99.47kg /trips (in November), was the highest among gears. Meanwhile, the range of catch regarding lowest total catch (2014) varied between 435.4kg (January) – 2578.6kg (May). Comparing the years, the dynamics pattern in relation to catches reveals a similar pattern. On average, from January (634 kg) to July (2,233 kg) catches tend to increase. Then in the August (1,596 kg) – December (1.006 kg) periods the catches tend to decrease.
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      Figure 3: Monthly dynamics of blue swimming crabs landings.

    


    Abundance


    Monthly dynamic for CPUE


    Three major types of fishing gear were employed to capture blue swimming crabs in Pangkajene Kepulauan, i.e., gillnets, traps and mini trawlers. Seeing as the productivity of the gillnets was highest in contrast to the other fishing gears, the fishing gears were standardised to gillnets. On average, the CPUE for blue swimming crabs in 2013 (3.33 kg/trips) was at its highest in contrast to other years (Fig. 4). During 2013, the CPUE fluctuated seasonally from 202kg/trips (January) – 4.67kg/trips (July). Meanwhile, the lowest CPUE occurred in 2014. During 2014, the CPUE fluctuated between 1.93kg/trips (January) – 4.63kg/trips (July). The average monthly CPUE for blue swimming crabs fluctuated seasonally. In total, the average monthly CPUE for blue swimming crabs was 3.27±0.79 kg/trips/month. The CPUE reached its lowest value (2.02 kg/trips) in January, whereas productivity increased and achieved its highest value (4.72 kg/trips) in July. After attaining the highest value (in July), productivity decreased until it reached its lowest value (in January).
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      Figure 4: Monthly dynamics of CPUE

    


    Annual dynamics of CPUE


    The total fishing effort which was already standardised into gillnets showed that the allocation of fishing efforts was dynamic annually. During the 2009–2011 periods, the fishing effort increased and attained its peak number in 2011 (2826 trips/year). However, after the increasing effort did not respond with significant catches, the fishing effort tended to decrease from 2010–2015 (Fig. 5). Conversely, catches during 2009–2015 were stable and had a tendency to decrease. The increase in catches in 2011 was expected, as a response to a dramatic increase in effort, which indicated a rise in the number of catches (Fig. 5).


    In view of the fact that the effort and catches were dynamic, productivity (CPUE) was also dynamic. Furthermore, from 2009–2015, productivity was dynamics although was inclined to decrease (Fig. 5). In 2009, the fishermen were able to catch roughly 1,520 ton/trips/year of fish; however, productivity decreased to 0,971 ton/trips/year in 2015.
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      Figure 5: The dynamic effort, catches and CPUE in relation to blue swimming crabs in Pangkajene Kepulauan, South Sulawesi

    


    Fishing Seasons


    The result of the seasonal index (SI) analysis confirms that the fishing season for the blue swimming crab in Pangkajene Kepulauan consists of two periods (Fig. 6). The first peak fishing season occurred between May (SI = 170.01) and July (SI = 120.74), whilst the second fishing season took place from August (SI = 97.52) to November (SI = 113.21). Thus, the blue swimming crab fishing season can be categorised as seasonal. The longest consecutive seasonal index (CSI) analysis for blue swimming crabs was 3 (May – July). This signifies that the length of the fishing season for blue swimming crabs is 3 months.
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      Figure 6: Blue swimming crab fishing season in Pangkajene Kepulauan.

    


    Maximum Sustainable Yield


    Furthermore, in order to understand fish stocks, two models were selected. As a result, it was determined that the Schaefer model provides the best fit for the data. According to the Schaefer model the maximum sustainable yield (MSY) is 2,099,155 kg, whereas the effort level (fMSY) is 2179 standard efforts. In addition, based on the MSY and fMSY values, using the precautionary principle (80% of MSY) the total allowable catch (TAC) for blue swimming crabs was 1.679.324 kg and the level of effort was 1.743 trips/year.
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      Figure 7: Plot catch and effort level for blue swimming crabs in Pankajene Kepulauan.

    


    DISCUSSION


    The result of this study demonstrated that monthly catch and abundance (CPUE) of blue swimming crab were dynamic seasonally. The catch and abundance of blue swimming crab increased from May–July and coincided with the dry season (Table 1). After reaching its peak (in June) catches were inclined to decrease, until reaching the lowest amount in December. The dynamic related to catches in tropical small scale fisheries were as expected, influenced by the weather (Wiyono et al. 2006; Pet-Soede et al. 2001). Both values for catches and abundance (CPUE), which were higher in the dry season than the rainy season indicated that catches were more abundant in the dry season. During the dry season, the mixed layers of the seas surface near the coast become shallower and caused the fishing grounds to be scattered in several locations (Wiyono et al. 2006). Conversely, during the rainy season, when rainfall increases, the mixed layers of the seas surface near the coast become deeper and cause both species landing and abundance to decrease.


    Furthermore, the result of the seasonal index analysis indicated that the fishing season, with regards to blue swimming crabs is seasonal. The fishing season for blue swimming crabs reaches its peak from May–June (during the dry season), coinciding with peak catches and abundance. Additionally, changes to the salinity of the water and temperature drives the abundance of blue swimming crab (Kamrani et al. 2010) in Pangkajene Kepulauan. Juwana (2002) stated that blue swimming crabs live in salinity of 11–53 ppt. Given that the monsoon season is believed to influence water circulation seasonally, the water salinity and temperature influence and drive the abundance of blue swimming crabs (Potter et al. 1998). During the rainy season, when the water run-off increases, salinity in the coastal water reduces; therefore, the crabs are expected to migrate to the open ocean, which consequently causes the fishing activity of the fishermen who operate small scale fishing boats to face several challenges. Conversely, during the dry season, when the water run-off decreases, the salinity of the coastal waters becomes normal, and the crabs migrate to the coastal zone. This provides fishermen with plenty of opportunities to capture the crabs.


    However, although fish catches and fish abundance were influenced seasonally, fisherman continued their fishing strategy by operating their fishing gear throughout the year (Wiyono et al. 2006). Less variation in fishing effort allocation during the year indicates that most fishers tended to operate their fishing gears at practically the same intensity throughout the year. It is believed that the primary reason as to why fishermen operate their fishing gear throughout the year is the responsibility to meet the needs of their families (Hilborn & Walters 1992; Pope 2002). Regarding to catch landing, depending on the fleet types, the fishermen response to the landing dynamics by different way. In short-term periods, besides reducing fishing trip during low season, the less variability of monthly fishing effort indicated that fishermen tend to change fishing ground temporally. In wet season, when fish catch reach low season, gillnet and traps fisherman waiting the good weather to operate their fishing gear by migrate to other fishing ground, while mini trawler change their fish target to capture shrimps. In long-term periods case, fisherman tend to increased their fishing boat capacity by changing their small scale fishing boat to inboard motorized medium size boats.


    According to the Schaefer model, the result of the analysis revealed that the maximum sustainable yield (MSY) level is 2,099,155 kg/year, while the effort level (fMSY) is 2179 standard efforts/year. By using the precautionary principle (80% 0f MSY), the total allowable catch (TAC) for blue swimming crabs was 1,679,324 kg/year and the level of effort was 1.743 trips/year. Since the fishing pressure on blue swimming crabs has increased, catch and effort were indicated by the critical point in relation to total allowable catch (TAC). It is worth noting that over the last 7 years, fishing activity exceeded the sustainable catch on 3 separate occasions (in 2009, 2011 and 2013). This appeared to be for the reason that they want to increase the amount of catches and make more money. In 2015, the fisheries sector was in a better condition; consequently, actual catches (1,676,488 kg/year) and effort (1,726 trips/year) were under the MSY. However, if compared to TAC, the catch and effort practically exceeded the TAC value (Fig. 7).


    CONCLUSION AND MANAGEMENT STRATEGY


    The result of this study demonstrated that fishermen allocate their fishing gear along year, although fish catches are seasonally dynamic, seeing as the fishing season for blue swimming crabs is very short. However, in order to continue to earn, fishermen operate their fishing gear throughout the year. As a result, both catch landing and effort are close to the maximum sustainable yield (TAC). In order to reduce fishing pressure, a reduction is required in relation to fishing gears and temporal allocation arrangements.


    However, some management strategies of blue swimming crabs in the last decade was focused merely on fish biology (Kunsook et al. 2014; Josileen & Menon 2007; Sawusdee & Songrak 2009; Afzaal et al. 2016), and give little attention to the dynamic of gear. In practice, fishermen allocate or redistribute their effort (spatially or temporally) by modifying fleet, increasing technology, expanding fishing grounds to response the changing of catch and economic in fisheries (Hilborn & Walters 1992). Considering the operational needs of fisheries management, effort dynamics approach is proposed.


    Given that the fishing gear was operated throughout the year, the fishing effort needs to be reduced. Fishing effort is a function of the number of fishing gear (vessel) and efficiency of the fishing gear. Therefore, the management of the fishing effort should consider both aspects. Additionally, the number of fishing gear (vessel) allocated by the fishermen depended on when and where they wanted to fish. Since the fishing effort operates all the way through the year, it should take account of seasonal fishing gear allocation throughout the year. Referring to fishing effort numbers (when fish are captured on MSY) and the seasonal index in relation to fish abundance, the monthly fishing effort allocation is proposed in (Table 2). Moreover, the fishing effort allocation fluctuates, depending on the fishing season. It is recommended that January is the minimum allocation (91 trip/month), whereas July is the maximum allocation (208 trips/month).


    In contrast, fishing effort management can also be arranged by limiting the efficiency of the fishing gear. This is for the reason that the efficiency of the fishing gear will modify the fishing effort. The efficiency of fishing gear can be influenced by the size of the fishing gear, fishing tools and the ability of the fishermen. On this occasion, restrictions to the efficiency of the fishing gear can be undertaken by limiting the size of the fishing gear. For example, the number of fishing traps can be limited based on analysis of the result related to the maximum distance between fishermen’s fishing operations. Furthermore, the management objectives can also be simulated based on the fishing efficiency. If the objectives of fisheries management are to maximise the number of fishermen who work in the fisheries sector, the management alternative is to reduce efficiency, and vice versa.


    Table 2: Fishing effort allocation per month.


    
      
        	
          Month

        

        	
          Seasonal index

        

        	
          Maximum allocation of fishing effort

        
      


      
        	
          January

        

        	
          63.4

        

        	
          91

        
      


      
        	
          February

        

        	
          93.4

        

        	
          134

        
      


      
        	
          March

        

        	
          77.6

        

        	
          111

        
      


      
        	
          April

        

        	
          75.9

        

        	
          109

        
      


      
        	
          May

        

        	
          106.2

        

        	
          152

        
      


      
        	
          June

        

        	
          121.0

        

        	
          174

        
      


      
        	
          July

        

        	
          144.7

        

        	
          208

        
      


      
        	
          August

        

        	
          119.6

        

        	
          172

        
      


      
        	
          September

        

        	
          109.8

        

        	
          157

        
      


      
        	
          October

        

        	
          106.3

        

        	
          153

        
      


      
        	
          November

        

        	
          100.6

        

        	
          144

        
      


      
        	
          December

        

        	
          81.0

        

        	
          116

        
      


      
        	
          Total

        

        	

        	
          1726

        
      

    


    In order to implement the result of management tool above, we proposed co-management as management system approach. This is because, blue swimming crabs fisheries in Pangkajene Kepulauan is characterised by small-scale fisheries that there are linkages between human and natural systems. In implementing co-management, governments cannot solve all fishery problems, but communities (fishers, government, researchers and other stakeholder) share the responsibility and authority for the management of the fishery. Community-based fisher groups are mainly pushed to participation in planning, design, implementation, monitoring and evaluation of co-management activities, while the roles of the national government and national agencies are mainly to provide technical assistance and financial assistance.
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    Abstrak: Peranan tabung karbon nano berdinding banyak (MWNTs) dan functionalised tabung karbon nano berdinding banyak (fMWNTs) dalam meningkatkan keberkesanan baja urea (UF) untuk pertumbuhan MR219 padi tempatan diselidiki. MWNTs dan fMWNTs telah digabungkan dengan UF untuk menghasilkan baja urea-tabung karbon nano berdinding banyak (UF-MWNTs) dengan tiga keadaan yang berbeza, dikodkan sebagai FMU1 (0.6 wt.% fMWNTs), FMU2 (0.1 wt.% fMWNTs) dan MU (0.6 wt.% MWNTs. Padi MR219 telah ditanam secara sistematik mengikut prosedur yang dilakukan oleh Institut Penyelidikan dan Kemajuan Pertanian Malaysia (MARDI). Prosedur ini dijalankan di dalam pot di bawah pendedahan cahaya matahari secara semula jadi dengan teknik pembajaan sebanyak tiga kali, selepas tabur (HLT) iaitu pada 14, 35 dan 55 hari. Menariknya, didapati bahawa pertumbuhan padi dengan pembajaan FMU1 dan FMU2 telah meningkat dengan ketara sebanyak 22.6% dan 38.5% berbanding pertumbuhan padi dengan pembajaan MU. Juga, padi yang dibaja dengan FMU 1 menghasilkan 21.4% bilangan tangkai yang lebih tinggi dan hasil bijirin 35% lebih tinggi daripada MU, manakala padi yang dibaja dengan FMU 2 memberikan nilai 28.6% dan 36% lebih tinggi jumlah tangkai dan hasil bijirin daripada MU. Ini telah menunjukkan kelebihan fMWNTs ke atas MWNTs untuk digabungkan dengan UF sebagai baja. Komposisi kimia dan kajian morfologi UF-MWNTs yang telah dicirikan oleh FTIR dan FESEM menunjukkan kejayaan dan kesebatian campuran gabungan UF dengan fMWNTs.


    Kata Kunci: Functionalised, Tabung Karbon Nano Berdinding Banyak, Baja Urea, Padi


    Abstract: The roles of multi-walled carbon nanotubes (MWNTs) and functionalised multi-walled carbon nanotubes (fMWNTs) in enhancing the efficacy of urea fertilizer (UF) as plant nutrition for local MR219 paddy variety was investigated. The MWNTs and fMWNTs were grafted onto UF to produce UF-MWNTs fertilizer with three different conditions, coded as FMU1 (0.6 wt. % fMWNTs), FMU2 (0.1 wt. % fMWNTs) and MU (0.6 wt. % MWNTs. The batches of MR219 paddy were systematically grown in accordance to the general practice performed by the Malaysian Agricultural Research and Development Institute (MARDI). The procedure was conducted using a pot under exposure to natural light at three different fertilization times; after a certain number of days of sowing (DAS) at 14, 35 and 55 days. Interestingly, it was found that the crop growth of plants treated with FMU1 and FMU2 significantly increased by 22.6% and 38.5% compared to plants with MU addition. Also, paddy treated with FMU1 produced 21.4% higher number of panicles and 35% more grain yield than MU while paddy treated with FMU2 gave 28.6% more number of panicles and 36% higher grain yield than MU, which implies the advantage of fMWNTs over MWNTs to be combined with UF as plant nutrition. The chemical composition and morphology of UF-MWNTs fertilizers which is further characterised by FTiR and FESEM confirmed the successful and homogeneous grafting of UF onto the fMWNTs.


    Keywords: Functionalised, Multi-walled Carbon Nanotubes, Urea Fertilizer, Paddy


    INTRODUCTION


    The landscape of modern technology in agriculture has been reshaped through recent development in nanomaterials (NMs) as a smart delivery system for efficient plant growth. NMs as smart delivery systems are well documented in the field of medicine, particularly for drugs and gene delivery (Panyam & Labhasetwar 2003; Kam et al. 2005; Zharov et al. 2005; Roco 2003; Lu et al. 2008). In agriculture, research on smart delivery systems are reported on the delivery of pesticides encapsulated in NMs for UV-shielding (Li et al. 2007) and assisted delivery of genetic material for crop improvement (Vijayakumar et al. 2010). Ghormade et al. (2011) and Wilson et al. (2008) have shown potential applications of NMs in agriculture to reduce the use of fertilizers by assisting in the controlled and slow-release of fertilizers. The NMs smart delivery system has led to the advancement of agriculture technology due to unique properties such as time control, specific targets, highly controlled, remotely regulated/pre-programmed/self-regulated and multifunctional characteristics avoiding biological barriers for effective targeting (Nair et al. 2010). In addition, the application of NMs reduces fertilizer use and increases agriculture yields through an optimized nutrient management (Srilatha 2011; Bhattacharyya et al. 2010; Garcia et al. 2010; Rashidi & Khosravi-Darani 2011; Sharon et al. 2010). NMs delivery system targets the plant to take up nutrients efficiently and enhance the germination rate of plants by improving the intake of water as well as oxygen (Zheng et al. 2005; Khot et al. 2012). Hence, leaching and losses of nutrients to unintended targets like soil are reduced.


    Owing to MWNTs special physicochemical properties, which is the unique ability as molecular transporter for plant cells walls (Liu et al. 2009) that stimulates crop growth, improves the soil environment and promotes crop growth metabolism (Lu et al. 2002; Liu et al. 2007; Xiao et al. 2008). This ability makes MWNTs a great promise for progress in agricultural activities. The findings of the research on the impacts of carbon-based NMs combined with fertilizer on plants was reported by Liu et al. (2008) indicating the saving of nitrogenous fertilizer for winter wheat. Besides, they also found an increase of the yield and quality of the crop. A study of the effects of carbon NMs fertilizer on late rice by Qian et al. (2010) in the double rice season area of Southern China revealed that the use of carbon NMs fertilizer increases the number of glume flowers per year, fertility and the rice yield. Concurrently, the carbon NMs fertilizer was observed to slow down the rate of fertilizer release, hence reducing the amount of fertilizer used and improving the nitrogen uptake efficiency (NUE). This positive result agreed well with the role of carbon NMs in fertilizer for the enhancement of plant growth and yield. It encouraged researchers to explore the potential of combined carbon NMs with fertilizers in agriculture.


    These findings are important in improving nitrogenous fertilizers which are mainly contributed by the urea fertilizer (UF) efficiency especially for paddy growth. Nitrogen (N) plays a critical role in paddy growth and productivity as it is required for the synthesis of many essential molecules including nucleic acids (DNA and RNA), amino acids and proteins (Fan et al. 2014; Lea & Jean-Francois 2001; Epstein 1972). Referring to the International Fertilizer Industry Association’s (IFA) Fertilizer Outlook 2013–2017, global N fertilizer demand would grow slightly to 107.5 million metric tons of N. The data presented showed a large volume of fertilizers used by the agricultural sector, especially the N fertilizer. However, it is not easy to increase the efficiency of mineral N fertilizers because plants normally take up N as nitrate or ammonium ions. It was reported that between 50% and 70% of the nitrogenous fertilizer is lost through leaching and gas emission of ammonia and nitrogen oxides to the atmosphere (Maene 1995). These may contribute to unfavourable environmental impacts and higher operational costs to farmers. Uncontrolled applications of UF also have adverse effects to aquatic life due to eutrophication causing excessive algae growth.


    However, nanotoxicology of pristine MWNTs used with UF had raised great concerns regarding the side effects, biodegradability and their translocation into the food chain (Fiorito et al. 2006). Sayes et al. (2006) reported a high degree of CNTs functionalization would lead to a significant reduction in toxic effects, and this is important to eliminate cross contamination in the food chain during crop agricultural activities. Furthermore, functionalisation is important for further modification of MWNTs. Thus, functionalisation on MWNTs is essential in order to use them in the agricultural field. The main aim of this work is to study the different effects of pristine MWNTs and functionalised MWNTs combined with UF on paddy growth rate. In this study, we exposed the MR219 local paddy variety to MWNTs combined with UF in soil and observed the effects on their growth rate.


    MATERIALS AND METHODS


    Preparation of UF-MWNTs Fertilizer


    Commercially available chemical vapour deposition-grown MWNTs with purity of >95% were used. The fMWNTs with 4 wt. % of carboxyl (-COOH) functional groups were purchased from Cahaya Tech, Malaysia. Various amounts of MWNTs and fMWNTs were sonicated before stirring with urea fertilizer for 6 hours at room temperature and 150 rpm. Samples were then dried in the oven at 70°C for 280 minutes.


    Plant Materials and Growth Conditions


    The Malaysian local paddy variety (MR219) rice seeds were rinsed thoroughly and soaked for 24 hours in water. The seeds were then left to germinate on plastic containers for 24 hours. Uniform seedlings were selected and then transferred to differently labelled pots containing soil samples collected from agricultural field for wet rice (Oryza sativa L.) with field capacity of 32% and N content of 0.2%. All seedlings were grown for 110 days with variable UF-MWNTs fertilizer treatments. Ordinary fertilizers such as phosphorus (DAP) and potassium (muriate of potash) were applied in one time application at a rate of 50 kg ha−1. The paddy was grown in a pot under natural light conditions. The fertilizer was applied three times, that is, 14, 35 and 55 days after the sowing period at a rate of 120 kg ha−1 and following a standard procedure set by (MARDI). The experiments were performed for 110 days after sowing.


    Characterization of Fertilizer


    Imaging was performed using a field emission scanning electron microscope (FESEM), Hitachi SU8000 for morphological observation on samples.


    Plant Growth Analysis


    The height of the plants were recorded weekly after the first application of fertilizer and used to plot the growth trend. Fresh plants were harvested after 110 days, and the number of panicles and filled grains were recorded. The plants were dried in the oven at 100°C for 24 hours, and their weights were recorded as TDW. Consequently, they were grounded for Total N content analysis. Total nitrogen content was measured according to the Kjeldahl method (Li et al. 2008).


    RESULTS AND DISCUSSION


    Total Nitrogen (N) Evaluation


    Total N content of different UF-MWNTs fertilizer (FMU1 with 0.6 wt. % fMWNTs, FMU2 with 0.1 wt. % fMWNTs, and MU with 0.6 MWNTs), that bind on the surface of MWNTs and paddy straw treated with different UF-MWNTs fertilizers were shown in Table 1. UF is used as the main fertilizer for paddy due to high value of N content which is 46%. This means that any process to enhance the efficiency of UF should maintain the N content. Obviously, total N content in MU was much lower than the original N content of UF, which was 44.8%. Fortunately, total N content of FMU1 and FMU2 were still within the acceptable limit, which was 45.3% and 45.1% respectively. This indicates that the amination process to introduce N from UF onto the surface of fMWNTs successfully prevented any losses of N from UF compared to the amination process with MWNTs. Functional groups on the surface of fMWNTs activated their surfaces active enabling them to retain more N during the amination process than non-active sidewalls of MWNTs.


    Table 1: Total N content of different UF-MWNTs fertilizer and paddy straw treated with different UF-MWNTs.


    
      
        	
          UF-MWNTs fertilizer

        

        	
          Total N (%) of UF-MWNTs fertilizer

        

        	
          Total N (%) bind on the surface of MWNTs

        

        	
          Total N (%) of paddy straw

        
      


      
        	
          FMU 1

        

        	
          45.3

        

        	
          1.40

        

        	
          0.93

        
      


      
        	
          FMU 2

        

        	
          45.1

        

        	
          1.27

        

        	
          0.99

        
      


      
        	
          MU

        

        	
          44.8

        

        	
          0.28

        

        	
          1.7

        
      

    


    After removing the excess UF through washing all the samples of UF-MWNTs fertilizer with deionised water, a small percentage of N content in UF were found to bind on the surface of fMWNTs. It has been discussed earlier that the advantages of MWNTs to have a unique ability as molecular transporter for walled plant cells is essential to promote crop growth and enhance soil environment. Thus, to realise this application, N from UF must be bound to MWNTs. Hence, further investigation on Total N content, which had successfully bounded on the surfaces of MWNTs and fMWNTs, was done and the data were shown in Table 1. MU gives the lowest bonded N content with only 0.28%, while FMU1 provides the highest N content that binds with the functional group on the surface of fMWNTs with 1.4%, followed by FMU2 with 1.27%. High amounts of fMWNTs (0.6 wt. %) will provide more functional groups and have wider active sites available for N to bind onto the surface of fMWNTs compared to low amounts of fMWNTs (0.1 wt. %) used. However, MU doesn’t have any functional groups provided on their surface, thus almost no N is available on their non-active surface after ensuing the removal process. Functionalisation or chemical modification of CNT—that is, the covalent attachment of carboxyl groups to the surface—has been used to introduce chemical specificity and process ability in different environments. This makes the sidewalls of MWNTs active for further amination processes to occur. The amination process on the surface of fMWNTs is described in scheme 1 of Fig. 1.
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      Figure 1: Scheme1 shows amidation process.

    


    Treatment with different UF-MWNTs fertilizer also resulted in different total N content in the paddy straw harvested at 110 days after sowing. According to Table 1, paddy straw treated with MU showed higher N content at 1.7%. On the other hand, lower N content was recorded for the paddy straw treated with FMU1 and FMU2 at 0.93% and 0.99% respectively. On the contrary, high growth, TDW and grain yield were recorded for paddy applied with FMU1 and FMU2, which will be discussed later. Low N content of paddy straw by the end of the grain filling stage treated with FMU1 and FMU2 might imply better N utilization during this stage. Most plants take N from the soil continuously throughout their growth period, and N demand usually increases as plant size increased. Providing suitable N allows an annual crop such as paddy to grow to full maturity rather than delaying it. During the maturity stage—where the grain filling process are completed—about 40 percent of the N taken up by paddy will remain in their vegetative plant parts such as straw (Singh et al. 2013). Hence, low values of N remain in the straw indicating better utilisation of N for plant growth. This explains the low N content for paddy treated with FMU1 and FMU2. It was clearly observed that at the end of grain filling stage, the paddy treated with MU still had high N content remaining in the straw, thus suggesting low N utilisation for growth throughout their lives.


    Chemical Composition Identification using Fourier Transform Infrared Spectroscopy (FT-IR)


    FT-IR aims to study the chemical composition of samples and the distribution of frequencies used to identify the presence of functional groups (Queiroz et al. 2003; Yu et al. 2004). Fig. 2 (a-d) shows the FT-IR spectra of fMWNTs, FMU1, FMU2, and MU. The outer walls of MWNTs are chemically inactive and can be activated through the chemical functionalisation process. Chemical functionalisation is based on the production of covalent bonds between the functional groups with the carbon of MWNTs (Jeon et al. 2011). It can be performed at the end caps of nanotubes or at their sidewalls, which may have many defects. Hence, upon reactions between UF and fMWNTs, it is strongly suggested that covalent bonding had occurred between the NH2 groups of UF and the carboxyl groups of fMWNTs.


    The spectra mainly characterised by bands at 3300-2500 (O-H stretching vibration), 1700–1725 cm−1 (C=O stretching vibration) and 1210–1320 cm−1 (C-O stretching vibration) correspond to the vibration of the carboxylic acid groups (Wei et al. 2010). In the IR spectra of UF-MWNTs, the bands around 1640–1690 cm−1, 1510–1600 cm−1, 1376–1388 cm−1 and 1120–1290 cm−1 could be assigned to C=O stretching vibration, N-H bending, CH2 bending and C-N stretching. These characteristic spectral are attributed to amide (Wei et al. 2010).
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      Figure 2: FTiR spectra of (a) fMWNTs, (b) FMU1, (c) FMU2 and (d) MU.

    


    Any changes in peak position or shape reveal that a change has happened in the distribution of frequencies in that particular vibration mode. By comparing the FT-IR spectra of MWNTs, fMWNTs and UF-MWNTs, it could be seen that the transmission peak of O-H stretching vibration at 3018 in the IR spectrum of fMWNTs (Fig. 2(a)) disappeared in the IR spectrum of UF-MWNTs (Fig. 2(b) and Fig. 2(c)), indicating that the O-H groups in fMWNTs might react with the amino groups in the urea fertilizer during the functionalisation process. Also, C=O (1739 cm-1) and C-O (1219 cm−1) stretching vibration attributed to fMWNTs were observed to have been replaced with new shapes of transmission peaks that appear, to correspond to N-H bending and C-N stretching vibration at 1519 and 1219 cm−1 respectively, after fMWNTs was further functionalised with UF. The NH2 groups from UF can react with the carboxyl groups (COOH) on the surface of fMWNTs and produce amide groups (Gao et al. 2005). Thus, the results from the FTiR spectra confirmed that chemical functionalisation has occurred between fMWNTs and UF instead of physical functionalisation (non-covalent) only.


    The results obtained supported the Total N content data reported earlier, which revealed that a small percentage of N are bonded on to the surface of fMWNTs for FMU1 and FMU2 samples.


    Crop Growth


    The trend of crop growth for different UF-MWNTs fertilizers was illustrated in Fig. 3. There were significant differences between the three types of UF-MWNTs fertilizers (FMU1, FMU2, and MU) above 45 DAS. Crop growth increased to the maximum until the flowering stage (83 DAS) and maintained constancy at the grain filling and physiological maturity (PM) stage. Finally, the grains were harvested at the PM stage when the grains were firmed and turning brown, two weeks before the full maturity stage. The crop growth percentage of paddy supplied with FMU1 and FMU2 was higher than MU by 38.5% and 22.6% respectively. The results might signify that fMWNTs in FMU1 and FMU2, enables N from UF to be absorbed efficiently by the plant and lead to a better growth rate. The results agreed with the explanation by Ghormade et al. (2011) on the interaction between plant cells and the fMWNTs that leads to the modification of the plant gene expression as well as associated biological pathways which increase N absorption and utilization by plants. This eventually enhances the plant growth and developments because efficient utilization of nitrogenous fertilizer by paddy is essential due to the role of N in the cell division (Marschner 1988; Timothy & Joe 2003). Thus, an efficient nitrogenous fertilizer including UF will significantly increase growth rate of paddy due to sufficient N supply.


    Meanwhile, the low crop growth observed for paddy treated with MU can be explained by the toxicity properties of pristine MWNTs when interacting with plant cells. They will lead to plant cell apoptosis and increases the response oxidative stress (ROS), which results in cell viability reduction and cell death (Tan et al. 2009). This kind of toxicity effects might correlate with aggregation formations of pristine MWNTs (De La Torre-Roche et al. 2013) suspended in UF. Researchers claim that the paddy cells in the suspensions were found to demonstrate a self-defence response when exposed to pristine MWNTs, by sacrificing a small population of cells that aggregates with the MWNTs and precipitates (Tan & Fugetsu 2007; Rico et al. 2011). Similarly, Shen et al. (2010) also reported on the induction of a self-defence response through apoptosis in rice cells by SWNTs. This will eventually delay the plant growth.


    Hence, fMWNTs revealed an advantage over pristine MWNTs that increases the paddy growth due to their unique and non-toxic properties which then increases the efficiency of UF and prevent cell death. This is important to eliminate cross contamination in the food chain when MWNTs are applied as plant nutrition.
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      Figure 3: Crop growth trend in different UF-MWNTs fertilizer.

    


    Total Dry Weight (TDW)


    There were significant differences in the values of TDW for FMU1, FMU2 and MU as shown in Fig. 4. The value of TDW for FMU1 and FMU2 increased by 61.2% and 27.2%, respectively compared with the value for MU. The TDW and crop growth data shows good correlation, which shows the advantage of fMWNTs over pristine MWNTs to be incorporated with UF as plant nutrition. Since both TDW and CGR data were associated with N content in plants (Fageria & Baligar 2007), it is strongly suggested that efficient absorption and utilization of N occurred through the application of fMWNTs in UF. The correlation of N content with photosynthetic activity was widely discussed (Fritsch & Jung 1984; Thomas et al. 1978). Efficient absorption and utilisation of N will enhance the process of photosynthesis and eventually result in high TDW production because N is a vital part that builds chlorophylls that absorbs the sunlight and convert light energy into sugars that fuel plant growth. Interestingly, Wu (2013) reported increment in chlorophyll content for paddy with application of fertilizer incorporated with carbon NMs.


    Besides, the photosynthesis might also be enhanced due to the unique mobile and electrical properties of MWNTs in FMU, which have the potential to translocate from the soil into the plants and localize within the leaf cells (Giraldo et al. 2014). Giraldo et al. (2014) showed that MWNTs can passively transport and irreversibly localize within the plant chloroplasts and promote photosynthetic activity over three times higher than that of controls due to enhancement of maximum electron transport rates between MWNTs and chloroplasts. A few studies have demonstrated electron transfers between CNTs and photosynthetic machinery (Boghossian et al. 2011). The assembly of MWNTs within photosynthetic machinery was strongly suggested to modify the chloroplast activity of carbon capturing by promoting chloroplast solar energy harnessing and electron transport rates. Translocation capabilities of fMWNTs into the plant cells had been revealed in a few studies (Serag et al. 2011; Chen & Yada 2011). It is highly probable that hydrophilic, covalently functionalised and short fMWNTs give them an advantage to transport into the plant cells as compared to hydrophobic, pristine, agglomerate and long MWNTs. Thus, the significantly higher values of TDW for paddy with FMU treatment as compared to MU treatment might be explained by the localization of MWNTs in the chloroplast, which improves the process of photosynthesis. Obviously, this observation reveals the importance of functionalisation on MWNTs surfaces in enhancing the interaction between UF-MWNTs and plant cells.
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      Figure 4: Total Dry Weight of paddy for three types (FMU1, FMU2 and MU) of UF-MWN Ts fertilizer.

    


    Evaluation of Yield Components


    The effects of different UF-MWNTs fertilizers on yield components of paddy, specifically the number of panicles and the grain yield are shown in Table 2. Referring to Table 2, again the paddy under FMU1 and FMU2 treatments contributed a higher number of panicles, which lead to higher grain yield compared to paddy under MU treatment. Specifically, FMU1 and FMU2 treatment produced 21.4% and 28.6% increase in the number of panicles and 35% and 36% higher grain yield than MU treatment, respectively. The application of fertilizer containing carbon NMs were reported elsewhere to increase the grain yields of paddy by more than 10% (Liu et al. 2008; Liu et al. 2009; Wu 2013). Similar to crop growth and TDW, higher levels of available N is the likely explanation for the high yield of components including the number of panicles and grain yield produced (Azarpour et al. 2014).


    Table 2: Number of panicles and grain yield of paddy for different UF-MWNTs fertilizer.


    
      
        	
          UF-MWNTs Fertilizer

        

        	
          Number of panicles

        

        	
          Grain yield

        
      


      
        	
          FMU 1

        

        	
          17

        

        	
          743

        
      


      
        	
          FMU 2

        

        	
          18

        

        	
          748

        
      


      
        	
          MU

        

        	
          14

        

        	
          550

        
      

    


    This observation was strongly correlated with efficient delivery and utilisation of N by paddy through application of fMWNTs in UF. The efficient delivery might be due to translocation of fMWNTs into the plant roots, providing new pores and enhancing the uptake of soil water, which is saturated with nutrients by plants (Ma et al. 2009). The movement of water into the root cells brings together nutrients including N in the soil. MWNTs were reported earlier to create new pores through direct penetration into the seed coat of tomato (Khodakovskaya et al. 2009). The penetration was claimed to support water uptake inside the seeds and enhance plant growth. MWNTs penetration into the plant cells to promotes water uptake was also addressed by Tripathi et al. (2011). Besides, fMWNTs could also enter the plant cells via endocytosis instead of penetration and preferentially localized within the cells (Liu et al. 2009; Yaron et al. 2011). These fMWNTs will possibly be incorporated within the xylem in the plant roots, acting with them to form several new capillaries that encourage the water uptake potential in the plant in addition to the natural flow. This concept which is known as “large capillary” formation could enhance the delivery of N in the plants through enhanced water uptake capabilities. The fMWNTs in individual tubes were suggested to be easily translocated into the root cells and form several new capillaries in the xylem to enhance delivery of N compared to bundles of pristine MWNTs. This explains the low yield production for paddy treated with MU and implies fMWNT as an emerging technology in agriculture that encourages the plants to absorb nutrients and water.


    Morphological Observation of Fertilizer using Field Emission Scanning Electron Microscopy (FESEM)


    In order to investigate the interaction of pristine and functionalised MWNTs with UF, FESEM images were captured to reveal their morphology properties. Fig. 5 illustrates the FESEM images of the distribution of fMWNTs and MWNTs FMU1 and MU, respectively. There was a strong correlation between the resulting properties of produced UF-MWNTs fertilizer with the morphological characteristics of the samples. The tubular structure of both MWNTs and fMWNTs in MU and FMU1 respectively (Fig. 5) are clearly shown. However, fMWNTs in FMU1 were found to be shorter due to the functionalisation process which results in erosion of their structure and shortening of the MWNTs (Wang et al. 2009). This observation supports a high percentage of crop growth, TDW and yield production observed for paddy treated with fMWNTs in FMU because shorter MWNTs had a stronger ability to penetrate protoplast plasma membranes of plant cells (Serag et al. 2011) and improve delivery of N as well as alleviate the toxicity observed for long CNTs (Ali-Boucetta et al. 2013).
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      Figure 5: FESEM micrograph of (a) MU and (b) FMU.

    


    The formation of pristine MWNTs and fMWNTs in UF were significantly different. Referring to Fig. 5(a), it is clearly observed that pristine MWNTs agglomerated with each other among the UF particles, which implies only physical interaction occurred between them and produced a non-homogeneous mixture of UF-MWNTs fertilizer. This observation was supported by the FT-IR results discussed earlier. Owing to their geometry and hydrophobic surface, pristine MWNTs have a tendency to form agglomerates with a bundle-like form in aqueous media (Wick et al. 2007). Cheng and Cheng (2005) addressed the accumulation properties of pristine MWNTs in aqueous environments where they tend to clump together and form aggregates in the micrometre range. MWNTs dispersed in a solvent fluid (UF solution) will rotate according to the Brownian motion theory. This rotation creates a large effective hydrodynamic radius and each nanotube sweeps out a spherical volume. Then, MWNTs will interact with each other’s hydrodynamic radius and result in entanglement and the creation of large agglomerates.


    Surprisingly, researchers found that these aggregates did not change in size distribution with increasing salinity and temperatures that make them retain existence in the soil. This implies the correlation between the tendency to agglomerate and toxicity of MWNTs as have been widely reported (Wick et al. 2007; Poland et al. 2008; Patlolla et al. 2010). Pristine MWNTs which clump together and form aggregates were considered a biologically unfavourable form because when they reach living cells, they cause cell apoptosis and increased response oxidative stress (ROS), which can result in cell viability reduction and cell death even in low concentrations (Tan et al. 2009). Therefore, the toxicity issue has been alarming for the usage of pristine MWNTs in agriculture, especially when incorporated in fertilizers.


    FMU1 in Fig 5(b) were observed to separate into individual tubes and homogeneously dispersed into UF. Here, functionalisation proved to eliminate aggregate formations of the fMWNTs successfully due to ionisable group productions on their sidewall. The carboxyl group, COOH, loses its hydrogen and becomes COO- when suspended in UF solution during preparation of samples. The repulsive forces between COO- groups will hold the nanotubes apart and prevent agglomeration. In agreement, Helland et al. (2007) reported in their review on environmental and human health knowledge of CNTs that MWNTs formed stable aggregates whereas fMWNTs showed a great dispersion variability due to looser structures and separation nanotubes at large-length scales. This clarifies significant reduction in toxic effects reported for high degree of CNTs functionalisation and promotes safer usage than pristine MWNTs.


    FESEM images of UF-MWNTs with EDX analysis are depicted in Fig. 6. The EDX analysis of the area highlighted in Fig. 6(a) for MU revealed low carbon content. This indicates the absence of homogeneous pristine MWNTs in UF. This result supports earlier arguments which revealed that non- homogeneous pristine MWNTs in UF were due to accumulation. However, the increasing content of carbon from 16.92 atomic% of MU to 53 atomic% of FMU1 (Fig. 6(b)) can be clearly observed through EDX analysis, which shows good distribution of fMWNTs in the UF. Elements N and O were indication of UF. These are essential findings regarding pristine MWNTs and fMWNTs properties for further application in agriculture especially to be incorporated with fertilizers. The observations from FESEM and EDX analysis strongly suggest a good interaction between fMWNTs and UF as compared to pristine MWNTs.
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      Figure 6: FESEM micrograph with EDX analysis of (a) MU, and (b) FMU.

    


    CONCLUSION


    In this article, our data demonstrate essential growth characteristics for paddy treated with different UF-MWNTs fertilizers. The use of functionalised MWNTs (fMWNTs) in UF shows significant higher growth, yield components (number of panicles and grain yield) and TDW for paddy compared to pristine MWNTs. Total N content of paddy straw at PM stage was recorded to be lower for UF combined with fMWNTs than pristine MWNTs, indicating good N absorption and utilisation for producing high grain yield and high TDW. The advantages of fMWNTs over pristine MWNTs for plant nutrition were supported by FESEM images which show homogeneous and non-agglomerate fMWNTs in UF. Meanwhile, pristine MWNTs showed toxicity properties as they agglomerate with each other when combined with UF.
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    Abstrak: Malaysia merupakan salah sebuah negara yang kaya dengan kepelbagaian biologi, termasuk komuniti mikrob. Faj adalah komponen utama di dalam komuniti mikrob tetapi bilangan faj yang ditemui sehingga kini hanyalah sebahagian kecil dari keseluruhan populasi faj dalam biosfera. Memandangkan jumlah faj yang belum diemui adalah banyak, satu faj baharu telah berjaya dipencilkan dengan menggunakan Eschrichia coli ATCC 11303 sebagai perumah. Faj baru ini dinamakan Eschrichia phage YD-2008.s. Faj ini mempunyai kepala berbentuk ikosahedra berukuran 57nm diameter dengan struktur ekor yang fleksibel dengan panjang berukuran 107nm diameter; membuktikan ia adalah dari Siphoviridae family dibawah Caudovirales order. Analisis jujukan genomik menunjukkan phage YD-2008.s mempunyai genom dsDNA yang linear bersaiz 44,613bp dengan kandungan 54.6% G+C. Dengan menggunakan perisian anotasi bioinformatik (RAST), sebanyak enam puluh dua kerangka bacaan (ORFs) telah dikenal pasti dalam genom phage YD-2008.s. Diantara ORFs yang dikenalpasti, dua puluh lapan dikodkan mempunyai protein berfungsi. Malah, 32 ORFs diklasifikasi sebagai protein hipotetikal dan dua lagi ORF baru belum dikenal pasti. Walaupun, majoriti protein berkod yang diduga menunjukkan persamaan asid amino yang tinggi dengan faj dari genus ‘HK578likevirus’ dari Siphoviridae family, tetapi phage YD-2008.s mempunyai keunikan tersendiri. Oleh itu, faj ini merupakan satu lagi penemuan baharu dalam Siphoviridae family serta tambahan virus baru di dalam pangkalan data Jawatankuasa Antarabangsa Taksonomi Virus (ICTV).


    Kata kunci: Siphoviridae, Penjujukan Genom Penuh, Hk578likevirus, ICTV


    Abstract: Malaysia is one of the countries that are loaded with mega biodiversity which includes microbial communities. Phages constitute the major component in the microbial communities and yet the numbers of discovered phages are just a minute fraction of its population in the biosphere. Taking into account of a huge numbers of waiting to be discovered phages, a new bacteriophage designated as Escherichia phage YD-2008.s was successfully isolated using Escherichia coli ATCC 11303 as the host. Phage YD-2008.s poses icosahedral head measured at 57nm in diameter with a long non-contractile flexible tail measured at 107nm; proving the phage as one of the members of Siphoviridae family under the order of Caudovirales. Genomic sequence analyses revealed phage YD-2008.s genome as linear dsDNA of 44,613 base pairs with 54.6% G+C content. Sixty-two open reading frames (ORFs) were identified on phage YD-2008.s full genome, using bioinformatics annotation software; Rapid Annotation using Subsystem Technology (RAST). Among the ORFs, twenty-eight of them code for functional proteins. Thirty two are classified as hypothetical proteins and there are two unidentified proteins. Even though majority of the coded putative proteins have high amino acids similarities to phages from the genus Hk578likevirus of the Siphoviridae family, yet phage YD-2008.s stands with its’ own distinctiveness. Therefore, this is another new finding to Siphoviridae family as well as to the growing list of viruses in International Committee on Taxonomy of Viruses (ICTV) database.


    Keywords: Siphoviridae, Complete Genome Sequencing, Hk578virus, ICTV


    INTRODUCTION


    Escherichia coli is one of the well studied gram negative bacteria. E. coli strains are group of bacteria that are commonly found which are important to microbiology, as well as, biotechnology field (Abeles & Pride 2014). Among of its importance in microbiology would include serving as the hosts for many phages. In fact, the well studied groups of phages are those infecting E. coli (Dessel et al. 2005). Phages are non-pathogenic viruses to human, animals and plants. Phages are very specific to bacteria or in other words bacteria are the natural preys to bacteriophages (Duck & Park 2012; Klumpp & Loessner 2013). Due to its host specificity, phages are excellent agents to control bacteria populations, as well as, maintaining bacteria diversities (Chang & Kim 2011). In phage therapy, phages show very promising results in dealing with multi-resistant antibiotic bacteria (Chang & Kim 2011; Cannon et al. 2013; Klumpp & Loessner 2013). Being the most abundant biological entity on biosphere with an estimation of 1031 particles (Ackermann 1998; Li et al. 2010) and nanometre measured sized microbe phages have been used as useful model systems in various molecular research work. Besides, phages are ubiquitous and could be found wherever hosts reside. Thus, this would make them as diversed as their hosts (Ackermann 1998; Valera et al. 2014; Yu et al. 2016). Even though phages are huge in number but the total number of phages that have been discovered and examined under electron microscope are only in the range of 6,300. Over 96% of discovered phages are tail phages, under the order Caudovirale and thus formed the biggest group in prokaryote viruses (Ackermann 1998; Ackermann & Prangishvili 2012; Yu et al. 2016). Tail phages are divided into three major families: Siphoviridae (57.3%), Myvoviridae (24.8%) and Podoviridae (14.2%) as reported in Ackermann and Prangishvili (2012).


    Isolation and propagation of novel phages are facilitated by phage abundances in the biosphere. However, to fully characterise the phage isolate up until the genomic level is costly and time consuming (Valera et al. 2014). Nevertheless, to advance our understanding on phages and their bacteria hosts’ evolution, then, the necessity for phage genome sequencing is vital. Therefore, the development of a high throughput, next generation sequencing (NGS) technology in 2005 has given the chances to virologists to identify more of those yet to be revealed phages (Forrester & Hall 2014; Valera et al. 2014). As of August 2015, more than 1500 phage genomes have been completely sequenced and deposited in the National Centre for Biotechnology Information (NCBI) database, compared to the year 2007 where only ~400 phage genomes were deposited in NCBI GenBank (Savalia et al. 2008). Therefore, without doubt, there are a lot more phages are waiting to be discovered and characterised. This paper would discuss on a new phage that has been designated as Escherichia phage YD-2008.s. The phage was successfully isolated from goat faeces using E.coli ATCC 11303 as the host and its genome was fully sequenced with the aid of MiSeq system (Illumina). Phage YD-2008.s full genome sequence could be accessed from NCBI GenBank using accession No. KM896878.1 or accession No. NC_027383.1.


    MATERIALS AND METHODS


    Isolation and Propagation of Phage


    Fresh goat faecal samples were collected from a goat farm in Kampung Batu Putih, Balik Pulau, Penang, Malaysia (GPS coordinates: latitude – 5° 24′ 18.515″; longitude – 100° 12’ 17.254’’). Phage isolation was carried out according to previous report but with modifications (Chang et al. 2011). Briefly, 20 g of goat faeces was mixed with 100 ml of TS buffer (8.5 g NaCl and 1 g tryptone per liter). A volume of 10 ml overnight E. coli ATCC 11303 culture was mixed with 10 ml of faeces suspension and added into 20 ml of double strength LB broth (20 g bactotryptone, 10 g yeast extract and 10 g NaCl per liter). The mixture was incubated at 37°C with shaking at 160 rpm for 24 hours to enrich phage population. Subsequently, large debris was filtered through a filter paper and the filtrate was centrifuged at 4000 x g for 15 minutes. The filtrate was passed through a 0.45 μm syringe filter (Minisart, Sartorius Stedim Biotech, Germany) and stored at 4°C. The filtrate was used in standard protocol of soft agar overlay method (Pearson 2013) with E. coli ATCC 11303 as the host for phage isolation. Plaques (clear zone) that formed on the soft agar overlay were due to the lysis of the bacterial cells infected by the phages. Following that, phages were purified using single plaque purification method as describe previously (Jones & Portnoy 1994).


    Transmission Electron Microscope (TEM)


    Phage observation using transmission electron microscope (TEM) (Philips CM12 equipped with analysis system, Philips Electron Optics) was according to Ackermann (2007) with modifications. A drop of phage sample (approximately 5 × 1010 pfu/ml) was applied onto carbon-coated grid (400 mesh copper grid) and left for three to five minutes. Then, a drop of 2% methylamine tungstate was applied to negatively stain the phage sample and after one minute. The prepared phage sample was ready to be viewed under TEM (Philips CM12 equipped with analysis system, Philips Electron Optics).


    Phage Genome Extraction


    The phage genome was extracted using phenol: chloroform technique as reported previously (Sellvam & Arip 2012). A volume of 2 µl of RNase A and DNase I each at final concentration of 1 mg/mL were added into phage sample and incubated at 37°C for 30 min. After incubation phage genome was extracted with phenol:chloroform:isoamyl solution (25:24:1). Then, the phage genome was precipitated by adding ice cold isopropanyl alcohol and incubated at −20°C overnight. After an overnight incubation, the mixture was spin at 14,000 rpm for 20 minutes at room temperature. The supernatant was decanted and the pellet was washed with 0.7 mL of ice cold 70% ethyl alcohol. Following centrifugation at 14,000 rpm for 10 min, the pellet was air-dried and dissolved in 30 µl of nuclease free water and stored at -20°C.


    Complete Genome Sequencing


    The phage genome was sequenced using Next Generation Sequencing (NGS) method using MiSeq Illumina technology. Briefly, in the process of sequencing, Nextera XT DNA sample preparation kit (Illumina) was used to prepare the purified genome sample and sequenced was proceed using paired end 2 X 150 bp reads on the MiSeq system (MiSeq reagent; Nano kit v2, 300 cycles). The data was analysed using the Assembly workflow of the MiSeq reporter for quality control purpose.


    Bioinformatics Analysis


    The paired-end reads obtained by Illumina MiSeq sequencing were assembled into a full genome sequence using de novo assembly of CLC Genomic Workbench 6.0 (CLC Bio, Denmark) and compared using Geneious R8 as well. The length of phage YD-2008.s genome, formation of DNA, GC contents and nucleotide (A, T, C, G) compositions details were obtained from CLC Genomic Workbench 6.0. Predictions of open reading frames (ORFs) were carried out using GeneMark. hmm v3.25 (Chang et al. 2011; Lee et al. 2013) and confirmed with RAST server (Chang & Kim 2011). Nucleotide and protein sequences were subjected to search against NCBI BLAST (Basic Local Alignment Search Tool) tools to search for homologues similarities as described in previous work (Pan et al. 2013; Yu et al. 2016). The complete genome sequence of phage YD-2008.s was subjected to BLASTn against non-redundant nucleotide collection (nr/nt) (https://blast.ncbi.nlm.nih.gov/Blast; accessed in 15 August 2014). Each of the predicted ORFs functions’ were cross checked against non-redundant protein databases; BLASTX, BLASTP, as well as, BLAST against phage proteins database on with cut off e-value > 10-5. (https://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastx; https://blast.ncbi.nlm.nih.gov/Blast.cgi?PROGRAM=blastp, accessed in September 2014) (Dessel et al. 2005; Chang & Kim 2011; Lee et al. 2013; Pearson 2013).


    Nucleotide Sequence Accession Number


    The complete genome sequence of Escherichia phage YD-2008.s was deposited in GenBank under (Accession No. KM896878.1 or NC_027383.1).


    RESULTS AND DISCUSSION


    Isolation and Morphological Study of Escherichia phage YD-2008.s


    Phage YD-2008.s was isolated from goat faeces in Penang, Malaysia, using Escherichia coli ATCC 11303 as the host. The phage poses typical features belonging to Siphoviridae family of Caudovirales order. Phages in this family would have a capsid with diameter about 50–60 nm and long non-contractile tail that could reach up to 750 nm in length (Matsuzaki et al. 2005; King et al. 2012). The transmission electron micrograph (TEM) pictures show that phage YD-2008.s has an icosahedral capsid measured 57nm in diameter with a flexible long non-contractile tail measured at 107nm in length (Fig. 1).


    Basic Genomic Identity of Escherichia phage YD-2008.s


    The complete genome of phage YD-2008.s was successfully sequenced using NGS method. Paired reads assembly with de novo assembly tool (CLC Bio 6.0, Denmark) indicates that phage YD-2008.s is a linear double stranded DNA. The phage composes of 44,613 base pairs with nucleotide composition of A (22.2%), T (23.2%), G (26.8%) and C (27.8%). Overall, it has G+C content of 54.6%, which is a slightly higher than G+C content found in other E.coli phages (50–51%) (Matsuzaki et al. 2005; Li et al. 2010; Chang & Kim 2011). However, the G+C content of phage YD-2008.s is very much similar to phages from genus Hk578virus, a member of Siphoviridae family.


    Bioinformatics studies on full genome of phage YD-2008.s have identified a total number of 62 ORFs, where 96.8% of them encoded for functional and hypothetical proteins. The range of the ORFs is between 39-1139 amino acids (aa) with an average of 216 aa. Majority of the ORFs are located on the bottom strand with 62.9% of them and the balance of 37.1% of the ORFs is coded on the upper strand. Each of the coding DNA sequence (CDS) function was subjected to BLASTP programme and re-confirmed with NCBI BLAST against phage protein programme as well. Among the sixty-two ORFs, 28 putative coded proteins were annotated with known functions. Thirty-two were conserved hypothetical proteins which shared similarities to unknown function of other registered phage proteins in NCBI database. Genome of phage YD-2008.s also contain two ORFs with no hits (no significant similarity search) against the NCBI non-redundant protein database (BLASTP) and BLAST phage protein database. The two ORFs could be coded for new phage proteins or might derived from the host genome. The complete details of each of the predicted coding ORFs of phage YD-2008.s are listed in Table 1 with the schematic picture shown in (Fig. 2). Majority of the ORFs show confident hits against proteins of the phages from genus Hk578virus with 76–100% amino acids identity at E-value cut off >10−5. Hence, Escherichia phage YD-2008.s could be grouped together with the member of genus Hk578virus, another new phage in Siphoviridae family (Adriaenssens et al. 2014).
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      Figure 1: Transmission electron micrographs (TEM) of Escherichia phage YD-2008.s. The purified phage sample was negatively stained with 2% of methyl tungstate [3]. The phage has an icosahedral head of 57nm diameter and a noncontractile long tail of approximately 107nm. The scale bar represents 200nm.
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      Figure 2: Schematic representation of the linear dsDNA genome of Escherichia phage YD-2008.s; 62 predicted proteins are represented by arrows.

    


    Table 1: ORFs of Escherichia phage YD-2008.s and predicted protein functions.
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    *no significant similarity search


    **Predicted functions of the deduced hypothetical/putative proteins were made against the following databases: RAST, NCBI and GeneMark.


    Sequence Analysis of Predicted Proteins of Escherichia phage YD-2008.s


    A total of 45% of the CDS from the full genome of phage YD-2008.s hit sequence similarities to known proteins with known molecular functions. These predicted proteins of phage YD-2008.s could be categorised into five main functional groups; structural, DNA replication and recombination, lysis, packaging and additional functions including host interaction and nucleotide metabolism. For the structural proteins, phage YD-2008.s composes of all essential proteins typically found including tail fiber protein, tail assembly protein, minor tail protein, tail length tape-measure protein 1, major tail protein, structural protein and major head protein. Most of the proteins coded for structure components are arranged at middle of the genome and all of them are on the bottom strand in reverse orientation. The major capsid protein (ORF33) and the major tail protein (ORF27) have 366 and 214 of amino acid respectively. Whereby, the tail fiber protein (ORF19) has the largest size gene with 1139 amino acids among all the coded ORFs.


    The phage encodes proteins, such as DNA polymerase, helicase, endonuclease and helicase-primase for DNA replication/recombination process. It also encodes few proteins categorised under nucleotide metabolism that includes DNA cytosine C5 methyltransferase, DNA N-6 adenine methyltransferase, phosphoesterase and transposase. Proteins that encodes for DNA replication/recombination and nucleotide metabolism that are resided in phage genome are produced with the aid of host’s machinery since phages are known to be host dependent living microorganisms (Savalia et al. 2008; Li et al. 2010; Chang & Kim 2011).


    Theoretically, phages need to lyse their host cells in order to release their progeny virions out of the bacteria intracellular as the final step of the virus life cycle. For this purpose they need to have encoded lysis protein (Li et al. 2010; Gan et al. 2013; Klumpp & Loessner 2013). To accomplish this function phage YD-2008.s has proteins that encode for lysozyme, holin-like class I protein and holin-like class II protein. These lysis encoded genes lies next to each other in the genome. Furthermore, these proteins substantiate that phage YD-2008.s is a lytic phage. The phage genome also encodes proteins for packaging as well, such as head morphogenesis protein, terminase large subunit and terminase small subunit where all of these proteins are needed for the assembly of viral particles.


    Besides, phage YD-2008.s poses host interaction protein denoted as superinfection exclusion protein. This protein would prevent secondary infections from other phages of the closely related family. This viral protein has the capability to prevent the entry of DNA from other phages or modify the entry receptor on the host cell. Hence, the infected host would be dominated with only a specific phage at a time (Chumby et al. 2012; Lee et al. 2013). The predicted ORFs that coded for functional phage proteins are summarised into different protein clusters as tabulated in Table 2.


    Table 2: Functional groups of putative genes in Escherichia phage YD-2008.s


    
      
        	
          Protein cluster

        

        	
          ORF number

        
      


      
        	
          Structural

        

        	
          gp 15, 19, 20, 21, 22, 23, 24, 27, 29, 30, 33, 40

        
      


      
        	
          DNA replication / recombination

        

        	
          gp 1, 5, 7, 54, 62

        
      


      
        	
          Nucleotide metabolism

        

        	
          gp 6, 10, 43, 55

        
      


      
        	
          Lysis

        

        	
          gp 45, 46, 47

        
      


      
        	
          Packaging

        

        	
          gp 39, 41, 42

        
      


      
        	
          Host interaction

        

        	
          gp 16

        
      

    


    CONCLUSION


    To conclude, we have sequenced and analysed a lytic phage; Escherichia phage YD-2008.s of E.coli ATCC 11303 that was isolated from goat faeces. Although nucleotide search against (BLASTn) of the whole genome of phage YD-2008.s shared 91–94% DNA similarity with phages from genus Hk578viruses but there are evidences to prove that phage YD-2008.s has its own identity made it different from phages of the same genus. The Escherichia phage YD-2008.s morphological dimension, complete genome length, number of ORFs, the genes arrangement in the genome and host are different from Hk578likevirus. In addition, phage YD-2008.s does not share 100% DNA similarity with any other registered phages in NCBI database as well as, International Committee on Taxonomy of Viruses (ICTV) database. So far, there are five phages under the genus of Hk578virus: Enterobacteria phage SSL-2009a (Accession No. FJ750948.2) shared 94% DNA similarity with phage YD-2008.s, Enterobacteria phage JL1 (Accession No. JX865427.2) shared 94% DNA similarity with phage YD-2008.s, Enterobacteria phage Hk578 (Accession No. JQ86375.1) shared 92% DNA similarity with phage YD-2008.s, Shigella phage Ep23 (Accession No. JN984867.1) shared 92% DNA similarity with phage YD-2008.s and Sodalis phage SO-1 (Accession No. GQ502199.1) shared 91% DNA similarity with phage YD-2008.s (King et al. 2012; McNair et al. 2012; Adriaenssens et al. 2014). Therefore, Escherichia phage YD-2008.s (Accession No. KM896878.1) could be claimed as new phage in genus of Hk578viruses of Siphoviridae family. It will be another new finding to Siphoviridae family that contribute to the growing list of phages in ICTV database since there are still a lot of phages waiting to be discovered.
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    Abstrak: Satu kajian kepelbagaian kelawar telah dijalankan di hutan dipterokarp Hulu Terengganu dan hutan Beach Ridges Interspersed with Swales (BRIS) tanah lembap Setiu di Terengganu untuk mengkaji kepelbagaian spesies, komposisi dan stratifikasi kelawar dari bawah hingga ke kanopi hutan. Jaring kelawar telah di pasang di bawah kanopi, sub-kanopi dan kanopi, manakala perangkap harp telah diletak pada lapisan bawah kanopi. Kami merekodkan 170 individu daripada enam keluarga dan 21 spesies dari hutan dipterokarp Hulu Terengganu dan lima spesies dari hutan BRIS tanah lembap Setiu sepanjang tempoh pensampelan. Megaerops ecaudatus dan Cynopterus brachyotis adalah spesies yang paling dominan dalam hutan dipterocarp Hulu Terengganu dan hutan BRIS tanah lembap Setiu. Kajian kami juga telah mencatatkan dua spesies yang mempunyai rekod penyebaran baru di pantai timur Malaysia, iaitu Rhinolophus chiewkweeae dan Chaerephon johorensis daripada hutan dipterokarp Hulu Terengganu. Faktor-faktor yang berpotensi mempengaruhi keputusan adalah dari segi litupan kanopi, kepelbagaian struktur kanopi, ketersediaan makanan dan ciri-ciri ruang. Kajian ini dapat meningkatkan pengetahuan mengenai kepelbagaian spesies dan komposisi kelawar di hutan dipterokarp Hulu Terengganu dan hutan BRIS tanah lembap Setiu. Dengan itu, kajian lanjut diperlukan dalam usaha pemuliharaan kelawar di kedua-dua kawasan tersebut.


    Kata Kunci: Kelawar, Diversiti, Stratifikasi, Hutan Dipterokap, Hutan BRIS


    Abstract: A study of the bat diversity was conducted in Hulu Terengganu dipterocarp forest and Setiu Wetland Beach Ridges Interspersed with Swales (BRIS) forest in Terengganu, to study the species diversity, composition and stratification of fruit bats from the understorey to the forest canopy. Mist nets were set up at the understorey, sub-canopy and canopy layer while harp traps were set up at the understorey layer. We recorded 170 individuals from six families’ compromised 21 species from Hulu Terengganu dipterocarp forests and four species from Setiu Wetland BRIS forests throughout the sampling period. Megaerops ecaudatus and Cynopterus brachyotis were the most dominant species in Hulu Terengganu dipterocarp forest and Setiu Wetland BRIS forests. Our study also recorded two species with new distributional records for the east coast of Peninsular Malaysia, namely, Rhinolophus chiewkweeae and Chaerephon johorensis in Hulu Terengganu dipterocarp forests. Potential factors that might influence the results were in terms of the canopy covers, the structural complexity of canopy, food availability and spatial characteristics. This study was able to increase the knowledge on the species diversity and composition of bats in Hulu Terengganu dipterocarp forest and Setiu Wetland BRIS forest, thus, further aid in the effort of bat conservation in both areas.


    Keywords: Bat, Diversity, Stratification, Dipterocarp Forest, BRIS Forest


    INTRODUCTION


    Bats performed many significant ecological services and often regarded as a keystone species. In agricultural and natural ecosystems, they deliver some ecological regulating services such as pest suppression, seed dispersal and pollination that benefits human economically (Kunz et al. 2011). Globally, bats are the second most diverse mammals on earth after with 1,116 species currently, have been described (Kunz & Parsons 2009). Currently, in Malaysia, there are 133 species of bats in Malaysia (Kingston et al. 2012). In Peninsular Malaysia, the study on bats has been studied very well in Krau Wildlife Reserve, Peninsular Malaysian east-coast state of Pahang and also in Peninsular Malaysian west-coast states. However, the study of bats in Peninsular Malaysian east-coast despite being studied very well in Pahang, in other states namely Kelantan and Terengganu is still understudied. We also studied the vertical stratification of Pteropodid bats to increase the bat’s species checklist that forages in a higher level. The vertical stratification study of bats in Malaysia has been conducted by Francis (1994), Zubaid (1994), Abdullah and Hall (1997), and Hodgkison et al. (2004). The study on bats ecology in Malaysia has been concentrated at ground level due to easy deployments of mist nets and harp traps. The study on vertical stratification on bats is still understudied in Malaysia with only five known published information.


    This study has been conducted in Hulu Terengganu district which is part of Central Forest Spine (CFS) Project and Setiu Wetland in Setiu district. The habitat and forest types in these two study sites are different and contrasting where Hulu Terengganu is a dipterocarp forest and Setiu Wetland consisting of various forest types. Currently, there are some established forest reserves (FR) in Terengganu, namely, Lata Belatan FR, Lata Tembakah FR, Lata Paying FR, Bukit Kesing FR, Sekayu FR, Chemerong FR, Jambu Bongkok FR, Rimba Bandar Bukit Bauk FR, Air Menderu FR, Rasau Kertih FR, and Besul FR. Other than that, dipterocarp forests in Hulu Terengganu also serve as a part of the CFS, which is the seventh, out of 17 linkages in Peninsular Malaysia. The CFS is one of the government efforts to create a broad adjoining forest corridor through the combination of interconnecting forests in 17 habitat linkages (Hedges et al. 2013). Due to the discovery of unique floral and faunal composition in Setiu Wetland (Tamblyn et al. 2006; Pesiu et al. 2015), this area is proposed to be the first state park of Terengganu along with the motion of establishing Tasik Kenyir in Hulu Terengganu and its surrounding forests as a Geopark (Che Aziz et al. 2015). Perhaps the information from this study will assist the government and non-governmental agencies in conservation planning and decision making.


    MATERIALS AND METHODS


    Description of the Study Area and Sampling Site


    The sampling period was done from January to March 2015. The sampling sites and sampling duration within those study areas are as shown in Figure 1 and described in Table 1.
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      Figure 1: Study sites of bats in Terengganu. Hulu Terengganu dipterocarp forest: SBW- Sungai Buweh Waterfall, SDES- Sungai Deka Elephant Sanctuary, TM- Tanjung Mentong and BB- Belukar Bukit. Setiu Wetland BRIS forest: KLN- Kampung Limau Nipis, KF- Kampung Fikri, KGB- Kampung Gong Batu and TB- Tasik Berombak.

    


    Table 1: List of study areas, forest types, date of studies and locations.


    
      
        	
          Study Areas

        

        	
          Forest Types

        

        	
          Date

        

        	
          Locations

        
      


      
        	
          Hulu Terengganu dipterocarp forest

        
      


      
        	
          Sungai Buweh Waterfall

        

        	
          Lowland riparian forest

        

        	
          19 to 23 January 2015

        

        	
          N 05° 08’52” E 102° 46’00”

        
      


      
        	
          Sungai Deka Elephant Sanctuary

        

        	
          Lowland and old secondary forest

        

        	
          9 to 12 February 2015

        

        	
          N 05° 02’58” E 102° 33’57”

        
      


      
        	
          Tanjung Mentong

        

        	
          Hill dipterocarp forest

        

        	
          7 to 13 March 2015

        

        	
          N 05° 00’39” E 102° 42’13”

        
      


      
        	
          Belukar Bukit

        

        	
          Old secondary forest

        

        	
          15 to 21 May 2015

        

        	
          N 04° 53’25” E 102° 59’ 33”

        
      


      
        	
          Setiu Wetland BRIS forest

        
      


      
        	
          Kampung Limau Nipis

        

        	
          BRIS forest

        

        	
          21 to 27 February 2015

        

        	
          N 05° 40’58” E 102° 42’58”

        
      


      
        	
          Kampung Fikri

        

        	
          BRIS forest

        

        	
          23 to 29 March 2015

        

        	
          N 05° 39’19” E 102° 44’08”

        
      


      
        	
          Kampung Gong Batu

        

        	
          BRIS forest

        

        	
          30 March 5 April 2015

        

        	
          N 05° 39’23” E 102° 43’18”

        
      


      
        	
          Tasik Berombak

        

        	
          BRIS forest

        

        	
          7 to 13 March 2015

        

        	
          N 05° 39’19” E 102° 43’37”

        
      

    


    BRIS = Beach Ridges Interspersed with Swales


    A vegetation survey was done following Soepadmo (1971) on the plant diversity in the study areas. The vegetation surveys were done in Hulu Terengganu dipterocarp forests (Appendix A) and Setiu Wetland BRIS forests (Figure 1; Appendix B). The most of the common tree species observed were recorded. Descriptions of the habitat types and their coordinates are listed as in Table 1.


    Field Methods


    Due to the limited resources and difficulty of canopy access and deployment, only eight mist nets and three four-banks harp traps were deployed in the understorey level whereby two to five mist nets were set up at the canopy layer for six consecutive nights. Each mist nets and harp traps below the canopy layer were set up at various locations, such as, across trails and water streams which were believed to be the flyways for bats (Kunz & Kurta 1988; Khan et al. 2007). The understorey mist nets were relocated after two days to cover more area and increase the chances of catching more individuals and species (Mohd-Hanif et al. 2015) and to prevent the “net shyness” (Kunz & Kurta 1988). The canopy mist nets were deployed by using two methods; sets of scaffolding towers with an approximate of 12 m height from the ground floor level and another using rope and pulley systems. All of the mist nets and harp traps were checked regularly with an interval of 15–30 minutes after dusk until 9.00 pm and were continued in the following mornings from 5.00 am to 6.30 am.


    The stratification of Hulu Terengganu dipterocarp forest followed the method by Abdullah and Hall (1997) as; forest floor (S1: <7 m), understorey level (S2: 7 to 15 m), canopy level (S3: 15 to 20 m) and emergent (S4: >20 m; Figure 2). Meanwhile, the stratification of Setiu Wetland BRIS forest can be generalised into ground level (T1: <5 m) and canopy level (T2: 5 to 10 m; Figure 2) due to the relatively lower height as compared to Hulu Terengganu dipterocarp forest.


    The species identification followed the keys by Francis (2008) and Kingston et al. (2009). The morphological measurements were taken using digital vernier calliper. The weight for each individual was weighted using a spring balance and selected species were photographed for future references. Representative species (maximum of five individuals for each species) were preserved in 70% ethanol solution and deposited in the Museum of Zoology Kenyir (MZK), Universiti Malaysia Terengganu (UMT) for future references.


    Paleontological Statistic (PAST) v2.17 software (Hammer et al. 2012) was used to calculate Shannon’s diversity index. To perform diversity comparison with unequal sampling effort among sampling sites, we used rarefaction curve constructed by using EcoSim v1.2d software (Entsminger 2014) and Microsoft Excel. We also constructed species accumulation curve using EcoSim software. In addition, a taxonomic list of bats was compared with previous studies done within Hulu Terengganu dipterocarp forest and Setiu Wetland BRIS forest.
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      Figure 2: The canopy stratification level in Hulu Terengganu dipterocarp forest and Setiu Wetland BRIS forest.

    


    RESULTS


    Vegetation Survey


    Following the classification by Saw (2010), several characteristics of the forest formations and vegetation were gathered in order to describe the forests of Hulu Terengganu. Generally, Hulu Terengganu is occupied by lowland evergreen rain forest with per-humid (a seasonal) climate having elevations ranging from sea level to 1,200 m above sea level. The lowland evergreen rainforest has three tree layer characteristics, mainly upper layer with emergent trees as tall as or greater than 70 m, the main stratum at about 24 m until 36 m and a lower layer with smaller, shade-tolerant trees and immature trees. Meanwhile, the forest floor or ground vegetation often sparsely occupied by small trees, shrubs, herbs and understorey palms (Saw 2010).


    In Peninsular Malaysia, the lowland evergreen rainforests can be described further into three sub-forest types based on the changes in species composition that occur with altitude (Symington 1943; Wyatt-Smith 1963; Saw 2010). The three sub-forest types, namely lowland dipterocarp forest (<300 m), hill dipterocarp forests (300–750 m) and upper hill dipterocarp forests (750–1200 m) and these can be found in Hulu Terengganu. However, in this research, more evidence was found on the lowland dipterocarp forest giving an indication that the study site is located within the extensive stands of lowland dipterocarp forests. Moving into the species compositions, the common tree species in lowland dipterocarp forests of Hulu Terengganu include Hopea dyeri, Shorea leprosula, and Dipterocarpus grandiflorus from the major timber family, Dipterocarpaceae. The other tree species include Baccaurea parviflora and Croton laevifolius (Euphorbiaceae); Pometia pinnata (Sapindaceae), Monocarpia marginalis (Annonaceae), and Saraca thaipingensis (Caesalpiniaceae) (Pesiu et al. 2015). This description is also consistent to the distributions of the tree species by Turner (1995).


    Setiu Wetland is well-known for its unique soil formation called Beach Ridges Intersped with Swales (BRIS). Recent studies by Jamilah et al. (2013) on the natural vegetation of BRIS soil ecosystem on the coastal dune of Terengganu has described three distinct natural vegetation formations on the BRIS soil ecosystem as lowland mixed dipterocarp forest, melaleuca swamp and heath vegetation. Our extensive study has been done in some parts of Setiu Wetland revealing similar vegetation types that made up the land. Small patches of peat swamp forest, mangrove forests, and beach vegetation occupied the land of Setiu. The mangrove forests and beach vegetation generally made up the coastal framework of Setiu Wetland with small patches of beach vegetation interval with the mangrove forests decorating the continuous coastal region along Setiu Wetland. The mangrove forest generally dominated by species from family Rhizophoraceae. Common species that can be found in mangrove forest are Rhizophora apiculata (Rhizophoraceae), Heritiera littoralis (Malvaceae), Pouteria obovata (Sapotaceae), Excoecaria agallocha (Euphorbiaceae), and Hibiscus tiliaceus (Malvaceae) (Pesiu et al. 2015).


    Meanwhile, predominant species found with beach vegetation was Casuarina equisetifolia (Casuarinaceae). Other tree species, including Terminalia catappa (Combretaceae), Pandanus odoratissimus (Pandanaceae) and Cycas litoralis were commonly found. Other vegetation types that can be found in Setiu is the peat swamp forest. This type of forest is not too notable due to its adaptations on permanently waterlogged site; often hidden by the large scale of heath vegetation and Melaleuca swamp forests. However, the tree species within this forests are distinctive and easily identified. Some of the frequently encountered species were Alstonia spatula (Apocyaceae), Campnosperma sp. (Anacardiaceae), Macaranga hypoleuca (Euphorbiaceae), Cratoxylum arborescens (Hypericaceae) and Ilex cymosa (Aquifoliaceae) found to be scattered throughout the forests (Pesiu et al. 2015).


    Chiropteran Survey


    A total of 170 individuals of chiropterans representing 21 species from six families were recorded in Hulu Terengganu dipterocarp forests and Setiu Wetland BRIS forests (Appendix C). From the total of species captured, eight species were frugivorous and the rest were insectivorous. We identified Sungai Buweh Waterfall as sampling site with the highest recorded species (14 species), whereas Kampung Limau Nipis site with the least recorded species (one species). The highest number of individuals recorded was at Sungai Buweh Waterfall (45 individuals) and the least, was at Kampung Fikri (three individuals). Cynopterus brachyotis was encountered in all study sites and were the most abundant in Setiu Wetland BRIS forest. Moreover, Megaerops ecaudatus was the dominant species in Hulu Terengganu dipterocarp forest. Our study also highlighted the two new distributional record species in Sungai Buweh Waterfall and Belukar Bukit, which were Rhinolophus chiewkweeae (Morni et al. 2016) and Chaerephon johorensis (Roslan et al. 2016).


    The taxonomic diversity of chiropterans based on stratification level shows that pteropodid bats utilised each forest stratum in Hulu Terengganu dipterocarp forests and Setiu Wetland BRIS forests. In Hulu Terengganu dipterocarp forest, we netted five species in the canopy layer of Belukar Bukit forest, namely, Penthetor lucasi (20.34 m height) M. ecaudatus, C. johorensis and Megaderma spasma (20.65 m); and Balionycteris maculata (22.65 m). Only C. brachyotis was netted at canopy level (T2) in Setiu Wetland forests at 12 m from the ground floor in Tasik Berombak. The rest of the species dominantly occurred on a much lower elevation in both study areas.


    Figure 3 shows unique and shared species between two contrasting ecosystems; Hulu Terengganu dipterocarp forest and Setiu Wetland forest. The insectivorous bats were captured in ground level except for C. johorensis. Within the Family Rhinolophidae, R. affinis, R. chiewkweeae, and R. luctus are confined to the dipterocarp forest while R. lepidus is found in both ecosystems. Meanwhile, C. brachyotis was observed to be present in all sampling sites of two contrasting ecosystems in Terengganu.


    Figure 4 shows unique and shared species between four forest strata in both Hulu Terengganu dipterocarp forest and Setiu Wetland BRIS forest. The understorey layer recorded the highest number of species followed by the canopy layer and sub-canopy layer. Species that are shared between the understorey and canopy layer showed that those species, namely, B. maculata, C. brachyotis, P. lucasi and M. spasma can be found in both lower and upper elevations. Meanwhile, C. brachyotis was found in the understorey, sub-canopy and canopy layer.
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      Figure 3: Venn diagram showing numbers of unique and shared species between Hulu Terengganu dipterocarp forest and Setiu Wetland BRIS forest. Sampling sites were pooled to represent each ecosystem of dipterocarp and BRIS forest. The number of species is shown in each of the subsets and the total number of species for each sampling sites are given in parentheses. SBWSDES is combination of Sungai Buweh Waterfall and Sungai Deka Elephant Sanctuary; TMBB- combination of Tanjong Mentong and Belukar Bukit; KLNKF- combination of Kampung Limau Nipis and Kampung Fikri; TBKGB- combination of Kampung Gong Batu and Tasik Berombak.
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      Figure 4: Venn diagram showing numbers of unique and shared species between forest strata; understorey, sub-canopy, canopy and emergent layer in Hulu Terengganu dipterocarp forest and Setiu Wetland BRIS forest. The number of species is shown in each of the subsets and the total number of species for each sampling sites are given in parentheses.

    


    Sungai Buweh Waterfall has the highest diversity compared to the other sites with the highest number of Shannon index is 2.123 (Table 2). Meanwhile, Kampung Limau Nipis has the lowest diversity (Shannon index = 0.000). Overall, Hulu Terengganu dipterocarp forest hold the highest diversity of bats (Shannon index = 2.619) compared to Setiu Wetland BRIS forest (Shannon index = 0.314; Table 3). The individual rarefaction curve of bats in Hulu Terengganu dipterocarp forest and Setiu Wetland BRIS forests is shown in Figure 5. The 95% confidence intervals showed that the species richness between the two areas is significantly different.


    Table 2: Diversity and species richness of chiropteran in each study sites.


    [image: art]


    SBW: Sungai Bewah Waterfall; SDES: Sungai Deka Elephant Sanctuary; TM: Tanjung Mentong; BB: Belukar Bukit; KLN: Kampung Limau Nipis; KF: Kampung Fikri; KGB: Kampung Gong Batu; TB: Tasik Berombak


    Table 3: Diversity and species richness of bats in Hulu Terengganu dipterocarp forest and Setiu Wetland BRIS forest.


    
      
        	
          Station

        

        	
          Hulu Terengganu dipterocarp forest

        

        	
          Setiu Wetland BRIS forest

        
      


      
        	
          n

        

        	
          110

        

        	
          60

        
      


      
        	
          Shannon Index

        

        	
          2.619

        

        	
          0.314

        
      

    


    n = number of individuals
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      Figure 5: The individual rarefaction curve of bats in Hulu Terengganu dipterocarp forest and Setiu Wetland BRIS forest. The highest diversity of both sites after rarefaction curve analysis 2.46 in Hulu Terengganu dipterocarp forest.
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      Figure 6: The individual rarefaction curve of each study sites at Hulu Terengganu dipterocarp forest and Setiu Wetland BRIS forests. Study sites at and Tanjung Mentong (Hulu Terengganu dipterocarp forest), and Kampung Fikri and Tasik Berombak (Setiu Wetland BRIS forest) are excluded due to the low number of species captured. The highest species diversity was observed in Sungai Buweh Waterfall. SBW- Sungai Buweh Waterfall, SDES- Sungai Deka Elephant Sanctuary, BB- Belukar Bukit, KLN- Kampung Limau Nipis, KGB- Kampung Gong Batu.
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      Figure 7: Species accumulation curve showing the species increasing trend. Study sites at Tanjung Mentong (Hulu Terengganu dipterocarp forest) and, Kampung Limau Nipis, Kampung Fikri and Tasik Berombak (Setiu Wetland BRIS forest) are excluded due to the low number of species captured. SBW- Sungai Buweh Waterfall, SDES- Sungai Deka Elephant Sanctuary, BB- Belukar Bukit and KGB- Kampung Gong Batu.

    


    DISCUSSION


    From the result, the bat diversity of Hulu Terengganu dipterocarp forest is higher than Setiu Wetland BRIS forest. There were many factors that contributed to the higher number of bats in Hulu Terengganu dipterocarp forest. Dipterocarp forest holds up more niches for higher numbers of unique species compositions (Hill & Hill 2001; Bruhl et al. 2003; Okuda et al. 2003; Podong & Poolsiri 2013) due to a denser forest area with higher structural diversity, and higher food availability (Molles 2005). Meanwhile, Setiu Wetland BRIS forest recorded the lower diversity of bats due to the forest clearance by anthropogenic activities such as human settlements, agriculture, aquaculture, and land conversion into palm oil plantations that caused forest fragmentation (Tamblyn et al. 2006; Mohd Azmi 2014; Suratman et al. 2014). Fragmentation followed by deforestation had caused serious impact towards the loss of bats habitats in Southeast Asia (Lane et al. 2006; Sodhi & Brook 2006). Fukuda et al. (2009) reported that chiropterans were one of the most susceptible taxa affected by anthropogenic activities. However, the high abundance of C. brachyotis in Setiu wetland forest shows that this species is able to thrive in most areas including those in the disturbed vicinity. This species is a strong flyer and is cosmopolitan species (Abdullah, 2003). This species has cryptic forms, the small-sized and the large-sized where the small-sized C. brachyotis inhabit the forested area whereas the large-sized C. brachyotis preferring the open areas (Abdullah et al. 2010; Abdullah, 2003).


    The results of this study were compared with previous studies conducted in various habitats in Hulu Terengganu dipterocarp forest and Setiu Wetland BRIS Forest and Jambu Bongkok FR BRIS Forest (Appendix D). The present study done in Hulu Terengganu recorded the higher number of bat species compared to Norfarhana et al. (2015); Shahrul Anuar & Mohd Hifni (2001), Nor Zalipah et al. (2010) and Nor Zalipah et al. (2015) due to the longer sampling periods, covering more areas, and the usage of canopy mist nets. The effective usage of canopy mist nets resulting more capture on species that commonly forage in a higher level such as R. amplexicaudatus, E. spelaea, and M. ecaudatus. Francis (1994) noted that the capture rates for the bats above the ground level are more than 100 times. This study also recorded the new distributional records namely R. chiewkweeae and C. johorensis. The R. chiewkweeae were captured in Sungai Buweh Waterfall forest marked the seventh records in Malaysia (Morni et al. 2016) after Lubuk Sembilang, Langkawi Island, and Ulu Muda FR in Kedah, Asahan FR in Melaka, Gunung Ledang and Labis FR in Johor, and Wang Kelian State Park in Perlis (Yoshiyuki & Lim 2005; Jayaraj et al. 2011). Meanwhile, C. johorensis was the first record in Terengganu in Belukar Bukit forest and forth record in Malaysia (Roslan et al. 2016) after Hutan Lipur Air Terjun Batu Hampar, Kedah (Jayaraj et al. 2013) and Krau Wildlife Reserve, Pahang, Malaysia (Francis 2008).


    Meanwhile, for the vertical stratification of fruit bats, the abundance of fruit bats in sub canopy level and canopy level in Hulu Terengganu dipterocarp forest is comparable with the study done by Francis (1994); Zubaid (1994); Abdullah & Hall (1997) and Hodgkison et al. (2004). High distribution of species from family Pteropodidae at the canopy layer shows that higher food source is available and the tropical rain forests’ canopy layers provide more fruits to animals such as bats (Harrison 1962; Francis 1994; Abdullah & Hall 1997; Mohd-Azlan et al. 2000). Although we used mist nets to capture fruit bats, we also managed to capture insectivorous bats in canopy level namely C. johorensis. This species is known to forage at the canopy level (Francis 2008). In Setiu Wetland BRIS forest, there was only C. brachyotis captured at the height of more than 10 m, the other species were captured at the height range of less than 10 m. This is because the forest in Setiu Wetland BRIS forest has been logged therefore many species that were generally foraging in canopy such as E. spelaea can be found at ground level.


    CONCLUSION


    The result of the bat diversity in contrasting ecosystems shows that the species diversity of bats in Terengganu is still understudied. There are still many areas need to be explored to obtain comprehensive bat data. More species recorded in Hulu Terengganu dipterocarp forest were due to the higher structural complexity of the vegetation that fulfills the needs of the bat’s niche compared to the less complex composition of Setiu Wetland BRIS forest. Particular species that were found and dominated certain forest strata implies that the species adaptations complemented the structure and features of the certain strata they inhabit. For improvement in doing further research, sampling period and the number of nets deployed particularly at canopy levels should be increased to get more recorded species and number of bats. Lunar phase needs to be avoided during the sampling period because the nocturnal animals are passive during the full moon phase. The bat detector and camera traps can be deployed at canopy level to detect more bat species.


    ACKNOWLEDGEMENTS


    We would like to express our appreciation to the former Director of Kenyir Research Institute (now Institute of Tropical Biodiversity and Sustainable Development, ITBSuD), Universiti Malaysia Terengganu (UMT), Professor Emeritus Dr. Faizah Shahrom for her permission to conduct the research. In addition, we would like to thank the Department of Wildlife and National Parks (DWNP) for their logistic supports during the research. We also like to thank staffs and post-graduate students of ITBSuD, and Mr. Tarmizi Abdullah for their help throughout the field works. Our study was partially funded by Geran Galakan Penyelidikan (GGP/UMT/68007/2014/127) and Niche Research Grant Scheme (NRGS/2014/53131) awarded to M.T. Abdullah and colleagues.


    REFERENCES


    Abdullah M T and Hall L S. (1997). Abundance and distribution of fruit bats and other mammals in the tropical forest canopy in Borneo. Sarawak Museum Journal 72: 63–74.


    Abdullah M T. (2003). Biogeography and variation of Cynopterus brachyotis in Southeast Asia. PhD Thesis, The University of Queensland, St Lucia.


    Abdullah M T, Wong S F and Ketol B. (2010). Catalogue of mammals of UNIMAS zoological museum. Kota Samarahan: Universiti Malaysia Sarawak.


    Bruhl C A, Eltz T and Linsemair K E. (2003). Size does matter- effects of tropical rainforest fragmentation on the leaf litter ant community in Sabah, Malaysia. Biodiversity and Conservation 12: 1371–1389. https://doi.org/10.1023/A:1023621609102


    Che Aziz A, Hamlee I, Razidi S A K and Norzuhairil Z. (2015). Geopark Tasik Kenyir: Keistimewaan dan cadangan membangunkan geopark kebangsaan. Paper presented at National Geoscience Conference 2015 on 31 July–1 August 2015, Kota Bharu, Kelantan.


    Entsminger G L. (2014). EcoSim professional: Null modeling software for ecologist. Version 1. Montrose: Acquired Intelligenc Kesey-Bear & Pinyon Publishing.


    Francis C M. (1994). Vertical stratification of fruit bats (Pteropodidae) in lowland dipterocarp rainforest in Malaysia. Journal of Tropical Ecology 10: 523–530. https://doi.org/10.1017/S0266467400008191


    Fukuda D, Taisen O, Momose K and Sakai S. (2009). Bat diversity in the vegetation mosaic around a lowland dipterocarp forest of Borneo. Raffles Bulletin of Zoology 57: 213–221.


    Hammer Ø, Harper D A T and Ryan P D. (2012). PAST: Paleontological statistics software package for education and data analysis. Palaeontologia Electronica 4(1): 9.


    Harrison J L. (1962). The distribution of feeding habits among animals in a tropical rain forest. Journal Animal Ecology 31: 53–63. https://doi.org/10.2307/2332


    Hedges L, Clements G R, Aziz S A, Yap W, Laurance S, Goosem M and Laurance W F. (2013). Small carnivore records from a threatened habitat linkage in Terengganu, Peninsular Malaysia. Small Carnivore Conservation 49: 9–14.


    Hill J L and Hill R A. (2001). Why are tropical rain forests so species rich? Classifying, reviewing and evaluating theories. Progress in Physical Geography 25(3): 326–354. https://doi.org/10.1177/030913330102500302


    Hodgkison R, Balding S T, Zubaid A and Kunz T H. (2004). Habitat structure, wing morphology, and the vertical stratification of Malaysian fruit bats (Megachiroptera: Pteropodidae). Journal of Tropical Ecology 20: 667–663. https://doi.org/10.1017/S0266467404001737


    Jamilah M S, Umairah H, Nur-Hanani A J, Risnayati L and Razali M S. (2013). Natural vegetation of BRIS soil ecosystem on coastal dune of Terengganu. Paper presented at the Seminar Kebangsaan Pemuliharaan Hutan Pesisir Pantai Negara, Universiti Malaysia Terengganu, Malaysia.


    Jayaraj V K, Ketol B, Marni W, Sait I, Mohamad-Jalani M, Khan F A A, Fong P H, Hall L S and Abdullah M T. (2011). Comparative distribution and diversity of bats from selected localities in Sarawak. Borneo Journal of Resource Science and Technology 1: 1–13.


    Jayaraj V K, Azhar M I and Daud S H M. (2013). A new record of Chaerephon johorensis at Mount Jerai, Kedah, Malaysia. Malayan Nature Journal 65(1): 233–235.


    Khan F A K, Sazali S N, Zaini M K, Ketol B, Ryan J R, Julaihi A M, Hall L S and Abdullah M T. (2007). Bats of Bako National Park, Sarawak, Malaysian Borneo. Sarawak Museum Journal 84: 267–300.


    Kingston T, Lim B L and Zubaid A. (2009). Bats of Krau Wildlife Reserve. Bangi, Selangor: Penerbit Universiti Kebangsaan Malaysia,.


    Kingston T, Juliana S, Nurul-Ain E, Hashim R and Zubaid A. (2012). The Malaysian bat conservation research unit: From a national model to an international network. Malaysian Applied Biology 41: 1–10.


    Kunz T H and Kurta A. (1988). Capture methods and holding devices. In T H Kunz (ed.). Ecological and behavioral methods for the study of bats. Washington: Smithsonian Institution Press.


    Kunz T H and Parsons S. (2009). Ecological and behavioral methods for the study of bats. 2nd ed. Baltimore, Maryland: Johns Hopkins University Press.


    Kunz T H, Torrez E B D, Bauer D, Lobova T and Fleming T H. (2011). Ecosystem services provided by bats. Annals of the New York Academy of Sciences 1223(2011): 1–38. https://doi.org/10.1111/j.1749-6632.2011.06004.x


    Lane D J W, Kingston T and Lee B P. (2006). Dramatic decline in bat species richness in Singapore, with implications for Southeast Asia. Biological Conservation 131: 584–593. https://doi.org/10.1016/j.biocon.2006.03.005


    Mohd-Azlan J, Sharma R S K and Zakaria M. (2000). Species diversity and abundance of understorey bats at Air Hitam Forest Reserve, Selangor, Malaysia. Malayan Nature Journal 54(1): 69–75.


    Mohd Azmi M I. (2014). Valuing the potential economic value of mangrove resources in Setiu Wetlands, Terengganu, Malaysia: A preliminary findings. International Journal of Education and Research 12(4): 487–504.


    Mohd-Hanif R M D, Nur-Aida M T, Zahirunisa A R, Mohd-Ridwan A R and Abdullah M T. (2015). Contribution of regenerated forest in conservation of bats in Peninsular Malaysia. Journal of Tropical Forest Science 27(4): 506–516.


    Molles M C. (2005). Ecology: Concepts and applications (3rd edition). New York: McGraw-Hill Companies.


    Morni M A, Tahir N F D A, Rosli Q S, Dee J W, Azhar I, Roslan A, Zahidin M A, Abdullah M T and Khan F A A. (2016). New record of Rhinolophus chiewkweeae (Chiroptera: Rhinolophidae) from the east coast of Peninsular Malaysia with new information on their echolocation calls, genetics and their taxonomy. Raffles Bulletin of Zoology 64: 242–249.


    Norfarhana M, Chin-Fang T, Mohamad-Abid K, Madinah A and Abdullah M T. (2015). Preliminary survey of small mammals in Bukit Taat, Tasik Kenyir, Hulu Terengganu, Malaysia. Borneo Journal of Resource Science and Technology 5(2): 79–83.


    NorZalipah M, Mohd-Lokman Hussain and Sulong I. (2015). Pollination importance of bats in mangrove communities of Setiu Wetlands, Terengganu. In M Faridah, M S Jamilah, M S Jarina and S Rohani (eds.). Setiu Wetlands: Species, Ecosystems and Livelihoods. Kuala Terengganu, Malaysia: Penerbit Universiti Malaysia Terengganu (UMT), pp. 73–83.


    NorZalipah M, Siti-Tafzil M S A K, Ho W C, Embong M and Mazrul A M. (2010). A brief survey of birds and bats at Jambu Bongkok Forest Reserve, Dungun, Terengganu. In M S Jamilah and M Faridah (eds.). A biological assessment of Jambu Bongkok Forest Reserve, Terengganu and nearby ecosystem. Kuala Terengganu, Malaysia: Universiti Malaysia Terengganu, pp. 30–35.


    Okuda T, Suzuki M, Adachi N, Quah E S, Hussein N A and Manokaran N. (2003). Effect of selective logging on canopy and stand structure and tree species composition in a lowland dipterocarp forest in Peninsular Malaysia. Forest Ecology and Management 175: 297–320. https://doi.org/10.1016/S0378-1127(02)00137-8


    Pesiu E, Abdullah M T, Jamilah M S and Clements G R. (2015). Comparative forest phenology in Kenyir Dipterocarp Species and Setiu Wetland, Terengganu. Unpublished information.


    Podong C and Poolsiri R. (2013). Forest structure and species diversity of secondary forest after cultivation in relation to various sources at lower northern Thailand. Proceedings of the International Academy of Ecology and Environmental Sciences 3(3): 208–218.


    Rapala-Kozik M, Kowalska E and Ostrowska K. (2008). Modulation of thiamine metabolism in Zea mays seedlings under conditions of abiotic stress. Journal of Experimental Botany 59(15): 4133–4143. https://doi.org/10.1093/jxb/ern253


    Rapala-Kozik M, Olczak M, Ostrowska K, Starosta A and Kozik A. (2007). Molecular characterization of the thi3 gene involved in thiamine biosynthesis in Zea mays: cDNA sequence and enzymatic and structural properties of the recombinant bifunctional protein with 4-amino-5-hydroxymethyl-2-methylpyrimidine (phosphate) kinase and thiamine monophosphate synthase activities. Biochemistry Journal 408: 149–159.


    Roslan A, David G, Muhamad-Aidil Z, Fathihi-Hakimi R, Nur Izzah I A and Abdullah M T. (2016). A new distributional record of Chaerephon johorensis (Chiroptera: Mollosidae) at Belukar Bukit, Hulu Terengganu, Malaysia. Journal of Wildlife and Parks 31: 65–70.


    Saw G L. (2010). Vegetation of Peninsular Malaysia. In R Kiew, R C K Chung, L G Saw and E Soepadmo (ed.). Flora of Peninsular Malaysia. Series II: Seed Plants. Kuala Lumpur, Malaysia: Malayan Forest Records, Forest Research Institute Malaysia, 21–45.


    Shahrul Anuar M S and Mohd Hifni B. (2001). Conservation of mammal and bird fauna at Hulu Kenyir, Terengganu. Proceeding of the International Conference on In-situ and Ex-situ Biodiversity Conservation in the New Millenium. Sabah, Malaysia, 20–22 June 2000, p. 279–292.


    Sodhi N S and Brook B W. (2006). Southeast Asian biodiversity in crisis. Cambridge: University of Cambridge Press.


    Soepadmo E. (1971). Plants and vegetation along the paths from Kuala Tahan to Gunong Tahan. Malayan Nature Journal 24: 118–124.


    Suratman S, Hussein A N A R, Latif M T and Weston K. (2014). Reassesment of physic-chemical water quality in Setiu Wetland, Malaysia. Sains Malaysiana 43(8): 1127–1131.


    Suyanto A and Struebig M J. (2007). Bats of the Sangkulirang limestone karst formations, East Kalimantan-a priority region for Bornean bat conservation. Acta Chiropterologica 9: 67–95. https://doi.org/10.3161/1733-5329(2007)9[67:BOTSLK]2.0.CO;2


    Symington C F. (1943). Foresters’ manual of dipterocarps. Malayan Forest Records. No. 16. Kuala Lumpur: University of Malaya Press.


    Tamblyn A, Turner C and Raines P. (2006). Malaysia tropical forest conservation project: A collaborative project between the Department of Wildlife and National Parks, Malaysia (PERHILITAN) and Coral Cay Conservation. Jaquelin Fisher Associates Ltd., pp.1–97.


    Turner I M. (1995). A catalogue of the vascular plants on Malaya. Garden’s Bulletin Singapore 47(1): 1–757.


    Wyatt-Smith J. (1963). Manual of Malayan silviculture for inland forest. Malayan Forest Records No. 23 (Volume 1). Kuala Lumpur: Forest Research Institute.


    Yoshiyuki M and Lim B L. (2005). A new horseshoe bat, Rhinolophus chiewkweeae (Chiroptera, Rhinolophidae) from Malaysia. Bulletin of the National Science Museum Tokyo, Series A, 31: 29–36.


    Zubaid, A. (1994). Vertical stratification pteropodid bats in a Malaysian lowland rainforest. Mammalia 58: 309–311.


    APPENDICES


    Appendix A


    Photographs of the habitats in Tasik Kenyir. (a) Sungai Buweh Waterfall, (b) Belukar Bukit, (c) Sungai Deka Elephant Sanctuary, (d) Tanjung Mentong.
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    Appendix B


    Photographs of the habitats in Setiu Wetland. (e) Kampung Fikri, (f) Kampung Gong Batu, (g) Tasik Berombak, (h) Kampung Limau Nipis.
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    Appendix C


    Taxonomic compositions, stratification and relative abundance in parentheses of bats in Hulu Terengganu dipterocarp forest and Setiu Wetland BRIS forest in this study.
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    Appendix D


    Comparison of taxonomic list of species recorded in this study with previous studies in Hulu Terengganu dipterocarp forest and Setiu Wetland BRIS forest.
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    Abstrak: Tiamina dikenali sebagai sebatian penting dalam diet manusia dan ia adalah kofaktor yang diperlukan untuk proses metabolisme yang penting seperti biosintesis asetil-CoA, biosintesis asid amino, dan juga kitaran Krebs dan Calvin. Selain itu, tiamina juga telah terbukti terlibat dalam perlindungan tumbuhan terhadap tekanan. Dalam kajian ini, tahap ekspresi transkrip gen THIC dan THI1/THI4, dua enzim pertama dalam tapakjalan biosintesis tiamina telah dianalisa apabila anak pokok kelapa sawit didedahkan kepada tekanan oksidatif. Primer direka berdasarkan perbandingan gen biosintesis tiamina daripada Arabidopsis thaliana, Zea mays, Oryza sativa dan Alnus glutinosa. Tekanan oksidatif telah diberikan melalui parakuat dengan pelbagai kepekatan dan sampel telah diambil di beberapa peringkat masa selepas induksi tekanan. Ekspresi transkrip gen THIC dan THI1/THI4 telah dianalisa melalui RT-PCR dan qPCR. Ekspresi transkrip gen THIC telah meningkat sebanyak dua gandaan, manakala ekspresi transkrip gen THI1/THI4 telah meningkat sebanyak empat gandaan selepas induksi tekanan oksidatif diberikan. Penemuan ini menunjukkan bahawa kelapa sawit bertindak balas kepada tekanan oksidatif dengan lebih-meningkatkan ekspresi gen-gen yang terlibat dalam biosintesis thiamine. Penemuan ini menyokong cadangan bahawa tiamina boleh memainkan peranan penting dalam perlindungan tumbuhan terhadap tekanan.


    Kata Kunci: Tiamina, Tekanan Oksidatif, Kelapa Sawit, Ekspresi Gen


    Abstract: Thiamine is known to be an important compound in human diet and it is a cofactor required for vital metabolic processes such as acetyl-CoA biosynthesis, amino acid biosynthesis, Krebs and Calvin cycle. Besides that, thiamine has been shown to be involved in plant protection against stress. In this study, the level of expression of THIC and THI1/THI4, the genes for the first two enzymes in the thiamine biosynthesis pathway were observed when oil palm (Elaeis guineensis) was subjected to oxidative stress. Primers were designed based on the consensus sequence of thiamine biosynthesis genes obtained from Arabidopsis thaliana, Zea mays, Oryza sativa, and Alnus glutinosa. Oxidative stress were induced with various concentrations of paraquat and samplings were done at various time points post-stress induction. The expression of THIC and THI1/THI4 genes were observed via RT-PCR and qPCR analysis. The expression of THIC was increased 2-fold, while THI1/THI4 gene transcript was increased 4-fold upon induction of oxidative stress. These findings showed that oil palm responded to oxidative stress by over-expressing the genes involved in thiamine biosynthesis. These findings support the suggestion that thiamine may play an important role in plant protection against stress.


    Keywords: Thiamine, Oxidative Stress, Oil Palm, Gene Expression


    INTRODUCTION


    Thiamine (vitamin B1) is essential to human because it can not be naturally synthesised by human metabolism. However, the presence of thiamine, in our diet is very important because it acts as cofactor for metabolic processes such as the biosynthesis of acetyl-CoA and amino acids as well as the Krebs and Calvin cycles (Pourcel et al. 2013; Tunc-Ozdemir et al. 2009). The active form is known to be thiamine pyrophosphate (TPP) (Pourcel et al. 2013; Tunc-Ozdemir et al. 2009). Thiamine has also been found to play an important role as a stress-response molecule. Upregulation of thiamine biosynthesis genes and overproduction of thiamine have been demonstrated when stress is present, be it abiotic or biotic (Balia Yusof et al. 2015; Tunc-Ozdemir et al. 2009).


    Oxidative stress is classified as abiotic and is triggered by environmental factors which can cause a series of changes within plants. It have been observed that oxidative stress negatively affect plant growth, development, and productivity by generating morphological, physiological, biochemical and molecular changes (Kumar & Venkateswarlu 2011).


    Oil palm is the main crop of Malaysia and it is the main producer of palm oil and palm kernel oil. Palm oil is versatile since can be used for food and non-food purposes and it acts the cheapest traded edible oil (Page & Lord 2006; Oil 2009). In 2014, Malaysia produced about 85% of the world’s palm oil (Sime Darby 2014).


    Thiamine Biosynthesis


    The thiamine biosynthesis pathway in all three kingdoms are highly conserved with two separate branches synthesizing the thiazole and pyrimidine moieties. These moieties are then coupled to form thiamine monophosphate (TMP) and the latter is then phosphorylated to form thiamine diphosphate (TDP), also known as thiamine pyrophosphate (TPP), which acts as an active cofactor (Bettendorff 2007; Croft et al. 2006). However, the precursors for the biosynthesis differ between plants and microorganisms. In bacteria, the precursors are derived from purine and isoprenoid biosynthesis, while in yeast, they are derived from vitamin B3 and B6 compounds (Pourcel et al. 2013). Unlike bacteria and yeast, plant biosynthesis pathway involves the combination of both.


    Thiamine biosynthesis in plants begins with the synthesis of pyrimidine and thiazole moieties from 5-aminoimidazole ribonucleotide (AIR) and NAD+, glycine, and sulfur respectively (Figure 1). To synthesise the pyrimidine moiety, AIR is converted to 4-amino-2-methyl-5-hydroxymethylpyrimidine monophosphate (HMP-P) by HMP-P synthase (THIC). This pyrimidine moiety synthesis is similar to the one occurring in bacteria rather than in yeast (Rapala-Kozik et al. 2008; Pourcel et al. 2013). HMP-P is phosphorylated to 4-amino-2-methyl-5-hydroxymethylpyrimidine diphosphate (HMP-PP) by HMP-P kinase (THID) (Rapala-Kozik et al. 2008). THID is a bifunctional protein which has been characterised in Zea mays as THI3 and in Arabidopsis thaliana as THI1 (Ajjawi et al. 2007; Rapala-Kozik et al. 2007; Pourcel et al. 2013). THID, a single, two-domain protein (Rapala-Kozik et al. 2008) also catalyzes the phosphorylation of HMP-PP to thiamine monophosphate (TMP). The enzyme is also known as TMP synthase encoded by the gene THIE (Rapala-Kozik et al. 2008; Pourcel et al. 2013). Interestingly in plants, the thiazole ring, 4-methyl-5-β-hydroxyethylthiazolephosphate (HET-P), formation is said to be similar in yeast (Chatterjee et al. 2007; Rapala-Kozik et al. 2008; Chatterjee et al. 2011; Pourcel et al. 2013). Precursors namely NAD+, glycine, and sulfur (from a backbone of cysteine in THI4p) were catalyzed by HET-P synthase (THI1/THI4) and subsequently THIM to produce HET-P. THI4p is a HET-P synthase known in yeast (Pourcel et al. 2013), while THI1 is a HET-P synthase known in Arabidopsis thaliana (Rapala-Kozik et al. 2008). The THI4 enzyme and its homolog, THI1, has another function other than its involvement in thiamine biosynthesis. It functions as a component involved in mitochondrial DNA damage tolerance (Machado et al. 1997), against heat stress (Ferreira et al. 2006; Tunc-Ozdemir et al. 2009), and also disease resistance (Wang et al. 2006; Tunc-Ozdemir et al. 2009). HMP-PP and HET-P are then condensed together by TMP synthase (THIE) to produce TMP. All of these occur in the chloroplast (Pourcel et al. 2013).


    TMP is dephosphorylated by the enzyme phosphatase (TPPH) to free thiamine and this reaction takes place in the cytosol (Pourcel et al. 2013). The pyro-phosphorylation of thiamine to thiamine pyrophosphate (TPP) occurs by the reaction of thiamine pyrophosphokinase (TPK). Croft et al. (2007) stated that prokaryotes could convert TMP to TPP via the thiL gene product. However in eukaryotes, dephosphorylation of TMP to thiamine occurs before the phosphorylation of thiamine to form TPP which is catalysed by TPK. Thiamine biosynthesis pathways in Arabidopsis thaliana and Zea mays have similarities with Chlamydomonas reinhardtii. In C. reinhardtii, the formation of the thiazole moiety, HET-P from NAD+, glycine, and a sulfur donor, is catalysed by THI4 as the first committed step. The pyrimidine moiety, HMP-PP is produced by AIR which is an intermediate in histidine and purine biosynthesis catalysed by THIC and THID enzyme (Croft et al. 2007). Further reaction is the phosphorylation and pyrophosphorylation of TMP to thiamine and finally, TPP by phosphatase and TPK, respectively.
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      Figure 1: The thiamine biosynthesis pathway which consists of pyrimidine branch and thiazole branch (Croft et al., 2006). Each branch moiety will be condensed together by the action of TMP synthase to produce thiamine monophosphate (TMP). This reaction occurs in the chloroplast. By the reaction of TPPH, thiamine is produced in cytosol. Thiamine pyrophosphokinase (TPK) will synthesise thiamine into the active cofactor, TPP.

    


    MATERIALS AND METHODS


    Plant Materials and Stress Treatment


    A total of 12 six-month old commercial Dura × Pisifera (DXP) oil palm seedlings were obtained from Sime Darby, Banting. The seedlings were arranged in a shaded area using randomised complete block design (RCBD) and general nursery practices were carried out. Three seedlings were used for each parameter namely control (no treatment), 0.006M, and 0.009M paraquat concentrations (Hextar Paraquat 13).


    Sampling


    Sampling was carried out at 3-, 7- and 30-days post-treatment. Spear leaves were taken as tissue samples from 4 individual seedlings at each sampling. All spear leaves were taken, cleaned and cut before being frozen in liquid nitrogen and kept in -80°C for further use.


    Data Mining and Primer Designing


    Primers for the amplification of THIC and THI1/THI4 gene fragments were designed from the consensus sequences obtained from multiple sequence alignment of sequences of genes obtained from various plant species. For quantitative polymerase chain reaction (qPCR), primers were designed based on sequence obtained from the amplified fragments. Table 1 shows all the primers designed and used in this study.


    Table 1: Primer sequences used in this study together with its reference in designing the primers.


    
      
        	
          Primer

        

        	
          Reference sequence

        

        	
          Primer sequence

        
      


      
        	
          THIC F2

        

        	
          Arabidopsis thaliana phosphomethylpyrimidine synthase mRNA, complete cds (NM_001202705.1); Arabidopsis thaliana phosphomethylpyrimidine synthase mRNA, complete cds (NM_128517.3); Arabidopsis thaliana phosphomethylpyrimidine synthase mRNA, complete cds (NM_179804.2); Zea mays clone 378320 thiamine biosynthesis protein thiC mRNA, complete cds (EU972242.1); Oryza sativa Japonica Group Os03g0679700 (Os03g0679700) mRNA, complete cds (NM_001057432.1)

        

        	
          Forward

          5’ - CTTACAGCAAAGAGAATGAC - 3’

        
      


      
        	
          Reverse

          5’ - GTGATGTGATCATAACCAGG - 3’

        
      


      
        	
          THI1/THI4 F8

        

        	
          Arabidopsis thaliana thiazole biosynthetic enzyme mRNA, complete cds (NM_124858.3); Arabidopsis thaliana Thi1 protein mRNA, complete cds (U17589.1); Zea mays thiamine biosynthesis1 (thi1), mRNA (NM_001112226.1); Oryza sativa Japonica Group mRNA for thiamine biosynthetic enzyme, complete cds, clone: 12YPR001 (AB110170.1); A. glutinosa mRNA for thiazole biosynthetic enzyme (X97434.1)

        

        	
          Forward

          5’ - GACGCTATTGTGCGGTTGAC - 3’

        
      


      
        	
          Reverse

          5’ - TCCGTCAATAGCATTCGGCA - 3’

        
      


      
        	
          GADPH F1

        

        	
          P.hortense GADPH mRNA for glycolytic glyceraldehyde-3-phosphate dehydrogenase (205481:36-1046); Cryptocercus punctulatus glyceraldehyde-3-phosphate dehydrogenase mRNA, complete cds (JQ686947.1); M. liliiflora GADPH mRNA for glycolytic glyceraldehyde-3-phosphate dehydrogenase (19565:43-1068)

        

        	
          Forward

          5’ - GTCCCACCTGCTCAAGTACG - 3’

        
      


      
        	
          Reverse

          5’ - CGGACACGACCTTGATGACC - 3’

        
      


      
        	
          THIC F3

        

        	
          Sequencing results

        

        	
          Forward

          5’ - AATGAAGGTCCAGGGCAT - 3’

        
      


      
        	
          Reverse

          5’ - GCTGAGGTGATGTGATCA - 3’

        
      


      
        	
          THI1/THI4 F3

        

        	
          Sequencing results

        

        	
          Forward

          5’ - CCTTGCTGGCTATCGGGAATG - 3’

        
      


      
        	
          Reverse

          5’ - ATGGCATCTGACGAATCTGAG - 3’

        
      


      
        	
          GADPH F1

        

        	
          Sequencing results

        

        	
          Forward

          5’ - GTCCCACCTGCTCAAGTACG - 3’

        
      


      
        	
          Reverse

          5’ - CGGACACGACCTTGATGACC - 3’

        
      

    


    Total RNA Isolation and Quantitation


    Total RNA was isolated using modified RNA extraction protocol by Li and Trick (2005). The tissue used was oil palm spear leaves. Assessments of RNA concentration and purity were done spectrophotometrically (NanoPhotometer Implen, Germany). The RNA samples were kept at -80°C until further use.


    Amplification of THIC and THI1/THI4 Genes


    Reverse transcriptase polymerase chain reaction (RT-PCR) was performed using Tetro cDNA Synthesis Kit (Bioline, USA). Complementary DNA (cDNA) was synthesised by mixing 5 µg/µl of total RNA, 4 µl of 5× Reverse Transcriptase Buffer, 1 µl of 10 mM dNTP mix, 1 µl of Oligo (dT)18 Primer, 1 µl of Ribosafe RNase Inhibitor, 1 µl of Tetro Reverse Transcriptase and DEPC-treated water to make up to 20 µl. The reaction mixture was homegenised by pipetting gently and incubated at 45°C for 30 minutes. This was followed by an incubation at 85°C for 5 minutes to stop the reverse transcriptase reaction and the holding temperature was finally held at 4°C. The cDNA was kept -20°C until further use.


    PCR was performed by using MyTaqTM Red Mix (Bioline, USA). A 25 µl reaction mixture was prepared by mixing 1 µl of cDNA template, 0.5 µl of 10 µM forward primer, 0.5 µl of 10 µM reverse primer, 12.5 µl of MyTaq Red Mix and deionised water to make up to 25 µl. The mixture was mixed gently and placed inside the thermocycler (Biometra, Germany). The PCR cycling conditions involved an initial denaturation step set at 95°C for 2 minutes, followed by 28 repetitive cycles of denaturation step at 95°C for 45 seconds, annealing step at 55°C for 45 seconds and extension step at 72°C for 1 minute. The final cycle of extension was set at 72°C for 5 minutes and then held at 4°C. The PCR product was then kept at -20°C until further use.


    Analysis of PCR Products


    PCR products were analysed using gel electrophoresis and the intensity of the bands of the amplified gene fragments were calculated using ImageJ software (http://imagej.nih.gov/ij/).


    PCR Product Purification


    The PCR products were purified using FavorPrep™ Gel/PCR Purification Kit (Favorgen). 100 µl of PCR products were transferred in to a microcentrifuge tube and mixed with 500 µl of FADF buffer by vortexing for 12 minutes. The mixture was then transferred into FADF column in a collection tube and centrifuged for 30 seconds at 16,000 x g (Heraeus, Germany). The flow-through was discarded and 750 µl of wash buffer was added into the FADF column and centrifuged briefly for 30 seconds and followed by another further 3 minutes at 16,000 x g. The column was then placed into a new microcentrifuge tube and the purified PCR product was eluted out by adding 30 µl of elution buffer to the centre of the column followed by centrifugation for 2 minutes at 16,000 x g after a 2 minute stand at room temperature. Each purified PCR product was analysed with a nano-spectrophotometer (Implen, Germany) for DNA purity and concentration prior sending for sequencing.


    DNA Sequencing


    Purified PCR products were sent for sequencing to 1st BASE DNA sequencing service centre (1st BASE, Singapore). The FASTA sequences obtained were then analysed using Basic Local Alignment Search Tool (BLAST) (https://blast.ncbi.nlm.nih.gov) for further analysis.


    qPCR Analysis


    A qPCR analysis was performed using SensiFAST™ SYBR No-ROX Kit (Bioline). 0.3 µg of cDNA template was mixed with 0.4 µl of 10 µM forward qPCR primer, 0.4 µl of 10 µM reverse qPCRprimer, 10 µl of 2 x SensiFast SYBR No-ROX Mix (containing 10 µM of dNTP mixture, 3 mM of MgCl2, SYBR® Green I dye, Taq Polymerase buffer, Taq DNA Polymerase, stabilisers and enhancers) and 8.2 µl of PCR grade distilled water. Each mixture was pipetted into a 0.2 ml PCR tube, vortexed and centrifuged for a short spin prior to placing it into the Rotor-Gene Q thermocycler (QIAGEN, Germany). Two step qPCR was performed with the cycling conditions consisting of an initial denaturation step at 95°C for 2 minutes, 40 cycles of denaturation (95°C for 5 seconds) and 65°C of annealing reaction. Each reaction was done in triplicate and the expressions of the genes of interest were analysed against the reference housekeeping gene, GADPH.


    RESULTS AND DISCUSSION


    Primer Designing and Amplification


    Primers for RT-PCR were designed based on a multiple sequence alignment analysis of genes from different plant species while qPCR primers were designed based on the amplified gene fragments sequence. Table 1 shows all the primers designed and used in this study. For THIC gene fragment, two pairs of primers were designed and fragments with the size of 410 basepairs and 156 basepairs were successfully amplified using primer pairs F2 and F3’ respectively. For THI1/THI4 gene fragment, a fragment of 180 basepair was successfully amplified using primer pair F8.


    The amplified gene fragments were sequenced and primers for qPCR were designed based on the results obtained. For the amplification of THIC gene fragment, a pair of primers (designated as THIC F3 primers) managed to amplify a 188 basepair fragment while for THI1/THI4 gene fragment, the pair designated as THI4 F3 primers managed to amplify a 104 basepair fragment. A pair of primers designated as GADPH F1 primers were designed to amplify a housekeeping gene, GADPH and they managed to amplify a fragment with the size of 110 basepair.


    Sequencing Analysis


    Prior to the designing of qPCR primers, purified PCR products of amplified gene fragments were sequenced using 1st BASE DNA sequencing service and the FASTA sequences were then analysed using BLAST. For the amplified THIC gene fragment, the sequencing result shows 98% sequence similarity to Elaeis guineensis phosphomethylpyrimidine synthase, chloroplastic (LOC105046270), transcript variant X10, mRNA (Accession number: XM_010924818.1). The E value was 1e-72. THI1/THI4 gene fragment amplified showed 99% sequence similarity to PREDICTED: Elaeis guineensis probable thiamine biosynthetic bifunctional enzyme, mRNA (Accession number: XM_010932306.1). On the other hand, amplified GADPH gene fragments shows 92% sequence similarity to PREDICTED: Elaeis guineensis glyceraldehyde-3-phosphate, mRNA (Accession number: XM_010944010.1).


    Expression of THIC and THI1/THI4 Genes under Oxidative Stress


    The expression of THIC and THI1/THI4 genes were quantified using the relative quantification approach where the expression of gene of interest was analysed against expression of the housekeeping gene, GADPH as described by Pfaffl, (2004). Both THIC and THI1/THI4 gene fragments were successfully amplified from both treated and non-treated tissue samples (Fig. 2). Amplification of the cDNA expressed housekeeping gene, GADPH was also successful and shown visually in Figure 3.


    For the expression analysis, two analyses were carried out. Based on the results obtained from the RT-PCR analysis, the difference in the level of expressions could be seen in which there was an increase in the paraquat-treated tissue samples for both gene transcripts as shown in Table 2. The non-treated seedlings act as a control which is presented as value one. For paraquat-treated seedlings, the intensity of the amplified gene transcripts showed an increase which suggested the upregulation of the expression of both thiamine biosynthesis genes, THIC and THI1/THI4, upon stress application.
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      Figure 2: The amplification of (A) THIC gene and (B) THI4 gene from oil palm spear leaves. M represents the VC 100bp DNA marker. Lanes 1, 2, 3 and 4 for (A) represents cDNA samples from control, 0.003 M of paraquat, 0.006 M of paraquat and 0.009 M of paraquat at Day 3. Lanes 1, 2 and 3 for (B) represents cDNA samples from control, 0.006 M of paraquat and 0.009 M of paraquat at Day 3.
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      Figure 3: The amplification of GADPH from oil palm spear leaves. M represents the VC 100bp DNA marker. Lanes 1, 2, 3 and 4 represents cDNA samples from control, 0.003 M of paraquat, 0.006 M of paraquat and 0.009 M of paraquat at Day 3.

    


    Table 2: The comparison of intensity between (a) control spear leaf with (b) paraquat-treated spear leaf of oil palm. The expression level or the intensity of the band, THIC and THI1/THI4 gene transcripts were measured by imageJ software.
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    However, based on qPCR analysis (Fig. 4 and 5), at all concentrations of paraquat (PQ) given (0.006M and 0.009M), upregulation of THIC and THI1/THI4 genes transcripts were observed especially on day one. For THIC gene, the highest upregulation was observed for PQ 0.006 M, day one post-treatment (Fig. 4). In general, for any given concentration, the expression levels were shown to be increasing up to a point and then started to decrease over time. For 30 days post-treatment, most of the samples showed no upregulation of the THIC gene transcript. This might be due to the fact that the seedlings had adapted to the condition applied or the plant was exercising another mechanism to cause such change.
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      Figure 4: qPCR analysis for THI1/THI4 gene expression in oil palm spear leaves under oxidative stress at different duration period.
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      Figure 5: qPCR analysis for THIC gene expression in oil palm spear leaves under oxidative stress at different duration period.

    


    For THI1/THI4 gene, it was observed that the highest expression was detected for PQ 0.009 M, day one post-treatment (Fig. 5). The same pattern was observed for PQ 0.006 M. For 30 days post-treatment, a slight upregulation in THI1/THI4 gene transcript was observed for PQ 0.009 and PQ 0.006 M. This could be due THI1/THI4 enzyme having another function other than being involved in thiamine biosynthesis, such as playing a role in DNA damage repair.


    The results obtained showed that there was an upregulation in THIC and THI/THI4 gene transcription in the earlier stage specifically at day one with up to more than 2-fold of increase after the exposure to stress. This indicated that thiamine was needed to be synthesised in order to combat the damaging effect of osmotic stress. This is not surprising as many studies have suggested that thiamine may be involved as a response molecule towards abiotic stresses in plants (Ribeiro et al. 2005; Rapala-Kozik et al. 2012). However, the decrease of the transcription level of THIC and THI1/THI4 gene transcripts along the period of stress treatment could be due to the fact that the palms are starting to adapt to the stress conditions. There is yet any proof of thiamine being directly involved in combating stresses, but thiamine is known to have major roles in carbohydrate catabolism, NADPH and ATP synthesis and in the formation of nucleic acids (Rapala-Kozik et al. 2012) which are indirectly involved in the production of compounds involved in defence mechanism.


    CONCLUSION


    In this study, THIC and THI1/THI4 primers have been successfully designed and the gene fragments coding for the enzyme (HMP-P synthase (THIC) and HET-P synthase (THI1/THI4)) were amplified and sequenced from oil palm (Elaeis guineensis). Also, the expression levels of THIC and THI1/THI4 gene transcripts showed an increase when subjected to oxidative stress induced by paraquat. The expression of THIC and THI1/THI4 gene transcripts were at the highest at day one post-treatment in all of the concentrations given. These results suggest that the upregulation of the first two enzymes in thiamine biosynthesis pathway when the plants were subjected to oxidative stress may be due to thiamine’s function in plant protection. These findings however need to be further verified but it is shedding some light on thiamine’s role in plant protection against stress in oil palm. Analysis on other enzymes involved in thiamine biosynthesis pathway will be further elucidated and the total thiamine content will be measured. It is hoped that this work will pave the way in understanding thiamine biosynthesis pathway in oil palm and its role in plant protection against stress.
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    Abstrak: Rumput laut merah Gracilaria, salah satu genus terbesar bagi spesies Rhodophyta yang mendiami pesisir pantai Sarawak. Kajian ini dijalankan untuk mengenal pasti spesies Gracilaria menggunakan pendekatan morfologi dan untuk menilai parameter kualiti air terpilih dalam habitat Gracilaria. Tiga pensampelan lapangan dijalankan di Santubong dan Asajaya, Sarawak dari November 2013 hingga Disember 2014. Secara keseluruhannya, tiga spesies telah dikenal pasti iaitu Gracilaria changii, G. blodgettii dan G. coronopifolia, yang tersangkut pada jaringan sangkar di Santubong dan akar pokok bakau di Asajaya. Di samping itu, tiga jenis makroinvertebrata akuatik (polychaete, ketam kecil, dwicangkerang) dan spesies tunggal rumput laut merah (Acanthophora sp.) diperhatikan dalam himpunan Gracilaria. Anggaran 37% hingga 40% daripada bahagian atas sangkar di Santubong dilindungi oleh rumpai laut dan hanya 16% hingga 20% di bakau Asajaya. Kajian ini telah memberikan maklumat yang lebih baik mengenai pengenalan Gracilaria dan habitat mereka di Sarawak. Kajian masa depan yang membabitkan pengkodan DNA bagi setiap spesies juga sedang dijalankan.


    Kata kunci: Sarawak, Gracilaria, Pendekatan Morfologi, Kualiti Air, Habitat


    Abstract: Red seaweed Gracilaria, one of the largest genus in Division Rhodophyta inhabits Sarawak coastal water. This study was designed to identify the species of Gracilaria using morphological approach and to assess selected water quality parameters in Gracilaria habitats. Three field samplings were carried out in Santubong and Asajaya, Sarawak from November 2013 to December 2014. Overall, three species were identified namely Gracilaria changii, G. blodgettii and G. coronopifolia, attached to net of cage culture in Santubong and root of mangrove trees in Asajaya. In addition, three different taxa of aquatic macroinvertebrates (polychaete, small crab, bivalve) and single species of red seaweed (Acanthophora sp.) were observed in Gracilaria assemblages. An estimate of 37% to 40% of the upper part of the cage net in Santubong was covered by seaweeds and only 16% to 20% in Asajaya’s mangrove. The study had provided better information on identification of Gracilaria and their habitat in Sarawak. Future work involving DNA barcoding of each species is in progress.


    Keywords: Sarawak, Gracilaria, Morphological Approach, Water Quality, Habitat


    INTRODUCTION


    Gracilaria is one of the Genus in Family Gracilariaceae with more than 100 species worldwide, inhabiting temperate and tropical seawaters, covering from intertidal to subtidal areas (Food and Agriculture Organisation (FAO) (1990); Gulbransen et al. (2012)). Gracilaria is important as source of income in country such as Chile, where they have been cultured commercially with total landings of 120,000 wet metric tons (Buschmann et al. 2001). In Sarawak, Malaysia, wild Gracilaria are collected by the local people as source of food and generate income by selling them in market (Othman et al. 2015). From ecological aspect, Gracilaria act as natural habitat for aquatic organisms and protect them from predators, waves and tides (Nyberg et al. 2009) and certain fishes, crabs and isopods prefer Gracilaria as food (Veeragurunathan et al. 2014).


    In Sarawak, effort has been done to document the seaweed resources from coastal waters (Ariffin 2006; Esa 2014; Jusoh 2012; Nurridan 2007; 2013; Wong et al. 2012; Zakaria et al. 2006; Zawawi et al. 2015). According to Nurridan (2007), there are about 87 species of marine seaweeds found along the coastal water of Sarawak, belongs to 27 species of Division Chlorophyta, 21 species of Division Phaeophyta and 39 species of Division Rhodophyta. Up to now, there are 10 species of Gracilaria recorded in Sarawak namely Gracilaria arcuata, G. articulata, G. changii, G. coronopifolia, G. blodgetti, G. salicornia, G. edulis, G. textorii and two unidentified species (Nurridan 2013).


    Gracilaria is an ambiguous species where misidentification often occur due simple morphology and high plasticity problems (Phang et al. 2001; Saunders 2009). Besides, the different features of male and female in same species as well as variation in morphologies of their life cycle also could cause difficulty during identification (Baghel et al. 2011; Robba et al. 2006). In Sarawak, the identification of Gracilaria was done by Nurridan (2007; 2013) and the study should be continued to resolve the taxonomy and create clear understanding on their morphology. Besides, the available studies of seaweed in Sarawak focusing on the species checklist and the habitat information especially Gracilaria is limited. Therefore, the objectives of this study were to: (i) describe the morphological characteristics of Gracilaria species found in Santubong and Asajaya, Sarawak and (ii) assess selected water quality parameters in Gracilaria habitats as well as the aquatic organisms associated with it.


    MATERIALS AND METHODS


    Three field samplings were carried out in cage culture area, Santubong, Sarawak (N 01° 40’42.1” E 110° 20’2.4”) and mangrove area, Asajaya, Sarawak (N 01° 35’57.8” E 110° 36’15.9”) (Fig. 1). For Santubong, the samplings were done during flooding tide while for Asajaya, the samplings were done during ebbing tide. All the samplings were done at daylight. The descriptions of the sampling sites are shown in Table 1.


    Table 1: Coordinate of each sampling sites


    
      
        	
          Sampling Sites

        

        	
          Sampling times

        

        	
          Brief descriptions

        
      


      
        	
          Santubong

        

        	
          November 2013, March 2014, October 2014

        

        	
          Located in Santubong River, near to the Santubong bridge. The cage culture is run by three local residents (En. Poli B. Pa’ee, En. Joni B. Pa’ee, En. Sudiman B. Bujang) and received guidance from Department of Fisheries Sarawak. There are 30 cages with length of 2.5 metres (m), width of 2.0 m and approximate depth of 3 m. The mesh size of the nets used is 3.5 centimetres (cm). Examples of fish culture here are grouper, red fish, yellow fish, sea bass and mud crab.

        
      


      
        	
          Asajaya

        

        	
          April 2013, March 2014, December 2014

        

        	
          Located in the mangrove area of Asajaya Laut village. Examples of mangrove trees observed in the area are Rhizophora, Sonneratia and Avicennia.
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      Figure 1: Field samplings area in Santubong and Asajaya, Sarawak.

    


    Selected water quality parameters namely dissolved oxygen (DO), temperature, turbidity, pH, conductivity and salinity were measured in-situ. DO and temperature were measured using Hanna instrument (model 9142). Turbidity was taken using Eutech instrument (model TN-100). Milwaukee instrument was used to record salinity while Hanna instrument (model HI 8424) was used to take pH reading. Other parameters such as water transparency was recorded using secchi disk while the depth of water was measured using depth finder (Speedtech instrument, model 65054). Triplicate readings of all the water quality parameters were recorded. Four litres of water samples were collected using acid wash polyethylene bottles for nutrient (nitrite, orthophosphate, silicate), chlorophyll a (chl a) and total suspended solid (TSS) analyses. In Santubong, the water samples were collected at the water surface during flooding tide while in Asajaya, the water samples were collected at water puddle during ebbing tide. The samples were kept in cooler box with ice and brought back to laboratory in Universiti Malaysia Sarawak (UNIMAS) for further analysis. Chl a analysis followed the method proposed by Aminot and Rey (2000), TSS analysis followed the method proposed by Jacobs Engineering Group (2010) and nutrients analysis followed the standard protocol Hach (2007) using spectrophotometer (Hach, DR 2010). The values obtained were compared with Malaysian Marine Water Quality Criteria and Standard (MMWQCS) (Department of Environment (DOE) 2010). In Asajaya, 30 g of subsurface sediment was collected using scope for particle size analysis. The samples were collected in triplicates, stored in plastic bag with appropriate labels and brought back to laboratory for further analysis. Sediment particle size was analysed using method proposed by Buchanan (1984). One-way analysis of variance (ANOVA) was performed to test the significant difference of water parameters among field samplings in each location. The test was significant at p < 0.05.


    The whole thallus of 15 Gracilaria individuals were collected at cage culture in Santubong and mangrove area in Asajaya consists of holdfast, blade and stipe. The samples were washed, stored in plastic bag with zipper and brought back to laboratory for further analysis. Other organisms associated with Gracilaria were also observed, collected, stored in plastic bag and brought back to laboratory for identification. At the lab, the Gracilaria samples were preserved using wet preservation and dry preservation, methods suggested by Dhargalkar and Kavlekar (2004). The other organisms were preserved in 10% formalin. Identification of Gracilaria species and other seaweed were based on the identification keys from Nurridan (2007; 2013), Dhargalkar and Kavlekar (2004), Ismail (1995) and Lin (2009).


    Percentage coverage of seaweeds were observed in four cages of Santubong cage culture using modified grid transparency quadrate (0.058 m2). In December 2014, a 100 m transect line was set up parallel to the seashore in Asajaya and a quadrate (0.25 m2) was randomly throw for every 25 m to determine the percentage coverage of seaweeds.


    RESULTS AND DISCUSSION


    A total of three Gracilaria species were found in Santubong and Asajaya, Sarawak namely G. changii, G. blodgettii and G. coronopifolia. Table 2 showed the voucher list of the seaweed specimens that were deposited in the Department of Aquatic Science Museum (Botanical Section), UNIMAS. Summary of their morphological characteristics shown in Table 3.


    G. blodgettii Harvey, 1853


    Synonyms: None


    Taxonomy Remarks: G. blodgettii had a dark red colour and the thallus could grow up to 200 mm tall (Fig. 2a). The holdfast shape was discoid while the branch shape was cylindrical with diameter between 1 to 2 mm. Primary branches were longer compare to secondary branches and could reach up between 10 mm to 90 mm long while secondary branches could reach up to 5 mm to 85 mm. The branches either secund or irregular, slightly constrict at the base, enlarged at the middle and become attenuate at the tip. Frequent formation of branches was observed at secondary branches which make this species look compact. New formation of short branches with pointed tip were observed at tertiary branches. The cross section of stipe show that the medulla was composed of 3–4 layers of parenchymatous cells and surround by 2–3 layer of small rounded cortical cells at the cortex.


    Location: Asajaya, Sarawak


    Ecology and Distribution: The specimen was found attached to root of mangrove trees in Asajaya, Sarawak. This finding was similar to report by Nurridan (2007). Other than Asajaya, G. blodgettii was also found in Muara Mengkuang, Miang Kecil, Sungai Sibu, Salak, Kuching Division.


    G. changii (Xia & Abbott) Zhang & Xia, 1991


    Synonyms: Polycavernosa changii (Xia & Abbott), Hydropuntia changii (Xia & Abbott) (Wynne, 1989)


    Taxonomy Remarks: the colour of G. changii was dark red while the thallus could grow between 180 mm to 220 mm tall (Fig. 2b). Primary branches were shorter compare to secondary branches and could reach up between 25 mm to 40 mm long while secondary branches could reach up to 40 mm to 170 mm. The species had discoidal holdfast and the branches were irregular with diameter between 1 to 2 mm. Constriction occur at base of branches, swelling at middle and tapering toward the end. The formation of branches occurs occasionally. The tip of secondary branches either pointed or divide into two short branchlets. Formation of new branches with pointed tip were observed along tertiary branches. The cross section of stipe show that the medulla was composed of 3–4 layers of parenchymatous cells and surround by 2–3 layer of small rounded cortical cells at the cortex.


    Location: Santubong, Sarawak


    Ecology and Distribution: The specimen was found attach to net of cage culture in Santubong, Sarawak. Nurridan (2007) reported that G. changii attach to net, buoys and floating net cages. G. changii could be found in other areas of Sarawak namely Pulau Salak, Kuching Division. In Peninsular Malaysia, G. changii was found in Morib, Selangor (Chan et al. 2002). G. changii can also be found in Malacca, Penang, Selangor, Negeri Sembilan, Johor, Kedah, and Sabah.


    G. coronopifolia J. Agardh, 1852


    Synonyms: G. lichenoides f. coronopifolia (J. Agardh) (May, 1948)


    Taxonomy Remarks: G. coronopifolia had a purplish-red colour (Fig. 2c). The species had discoid holdfast, cylindrical and irregular branches with diameter between 1 to 2 mm. shorted pointed tip, frequent formation of branches were observed at the end of thallus where each subsequent branching was shorter than previous branches. Upper part of thallus more densely branches and form small bush. The branches had no constrict base and tapering toward the end. The last branches were bifurcate. The cross section of stipe show that the medulla was composed of 3–4 layers of parenchymatous cells and surround by 1–2 layer of small rounded cortical cells at the cortex.


    Location: Santubong, Sarawak


    Ecology and Distribution: The specimen was found attach to net of cage culture in Santubong, Sarawak. Nurridan (2007) reported that G. coronopifolia attach to net and buoy at floating net cage system. G. coronopifolia could be found in other areas of Sarawak namely Pulau Salak, Kuching Division.
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      Figure 2: (a) G. blodgettii, (b) G. changii, (c) G. coronopifolia.

    


    Table 2: Voucher lists for seaweed preservation.


    
      
        	
          Division

        

        	
          Species

        

        	
          Voucher number

        

        	
          Habitat

        

        	
          Location

        

        	
          Collection date

        
      


      
        	
          Rhodophyta

        

        	
          Order Gracilariales

        

        	

        	

        	

        	
      


      
        	

        	
          Family Gracilariaceae

        

        	

        	

        	

        	
      


      
        	

        	
          G. coronopifolia

        

        	
          SW 001-SW005

        

        	
          CG

        

        	
          Santubong

        

        	
          18/10/2014

        
      


      
        	

        	
          G. blodgettii

        

        	
          SW 006-SW010

        

        	
          E, M

        

        	
          Asajaya

        

        	
          27/11/2014

        
      


      
        	

        	
          G. changii

        

        	
          SW 011-SW015

        

        	
          CG

        

        	
          Santubong

        

        	
          18/10/2014

        
      

    


    Note: CG = cage net; E = epiphyte; M = mud


    Table 3: Summary of morphological characteristics of all Gracilaria found in this study.


    
      
        	

        	
          G. blodgettii

        

        	
          G. changii

        

        	
          G. coronopifolia

        
      


      
        	
          Locality

        

        	
          Asajaya, Sarawak

        

        	
          Santubong, Sarawak

        

        	
          Santubong, Sarawak

        
      


      
        	
          Type of habitat

        

        	
          Mangrove

        

        	
          Cage culture

        

        	
          Cage culture

        
      


      
        	
          Type of substrate

        

        	
          Mangrove root

        

        	
          Cage net

        

        	
          Cage net

        
      


      
        	
          Height of thallus (mm)

        

        	
          200

        

        	
          180-220

        

        	
          -

        
      


      
        	
          Colour

        

        	
          Dark red

        

        	
          Dark red

        

        	
          Purplish red

        
      


      
        	
          Type of Holdfast

        

        	
          Discoid

        

        	
          Discoid

        

        	
          Discoid

        
      


      
        	
          Constriction at base

        

        	
          Present

        

        	
          Present

        

        	
          Absent

        
      


      
        	
          Branching pattern

        

        	
          Secund or irregular, frequent branching

        

        	
          Irregular, branching occasionally

        

        	
          Irregular, branching shorter than previous branches

        
      


      
        	
          Shape of tip

        

        	
          Pointed

        

        	
          Pointed

        

        	
          Pointed

        
      


      
        	
          Diameter (mm)

        

        	
          1−2

        

        	
          1−2

        

        	
          1−2

        
      


      
        	
          No of parenchymatous layers (medulla)

        

        	
          3−4

        

        	
          3−4

        

        	
          3−4

        
      


      
        	
          No of cortical layers (cortex)

        

        	
          2−3

        

        	
          2−3

        

        	
          1−2

        
      

    


    Based on Table 4, the surface water temperature in Santubong had range of 28.80°C–29.90°C [F (2,6) = 273.00; p = 0.000] while Asajaya had range of 29.30°C–31.37°C [F (2,6) = 70.26; p = 0.000]. Santubong had recorded pH with range of 6.60–7.82 [F (2,6) = 16.12; p = 0.004] while Asajaya had recorded pH with range 7.41–7.80 [F (2,6) = 83.27; p = 0.000]. In Santubong, the pH probably affected by the decomposition of foods and waste products that come from culturing activities (Suratman et al. 2014). For Asajaya, the water pH possibly affected by photosynthesis rate where the presence of Gracilaria used the CO2 for photosynthesis process thus increasing the pH (Tucker & D’Abramo 2008).


    Table 4: Selected water quality parameters of cage culture site measured in-situ in Santubong and Asajaya Sarawak.
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    N/A: not available


    Santubong had recorded DO with range of 5.29 mg/L – 6.69 mg/L [F (2,6) = 19.00; p = 0.003] while Asajaya had recorded DO with range of 4.05 mg/L – 5.68 mg/L [F (2,6) = 6.36; p = 0.033]. Noraini et al. (2010). reported that abundance of aquatic plants could increase the water DO where the presence of Gracilaria and other type of seaweeds could be observed in Santubong and Asajaya. Santubong had recorded salinity with range of 20.33 PSU – 28.33 PSU) [F (2,6) = 228.50; p = 0.000] while Asajaya had recorded salinity with range of 18.33 PSU – 23.44 PSU [F (2,6) = 9.93; p = 0.013]. Water salinity in Asajaya and Santubong could be affected by tidal change, evaporation and mixing of freshwater and seawater (Wong et al. 2012; Coelho et al. 2007).


    The turbidity in Santubong had range of 10.17 NTU – 35.10 NTU [F (2,6) = 259.74; p = 0.000] while Asajaya had range of 36.63 NTU – 253.33 NTU [F (2,6) = 24.73; p = 0.001]. In Santubong, the water turbidity could be affected by water discharge from human settlement areas, aquaculture activities along the Santubong river and soil erosion due to construction at the upper part of the river. The turbidity in Asajaya was high with range of 37.63 NTU – 253.33 NTU because the readings were taken during low tide where the suspended solid had been brought by the turbid river and deposited at the mangrove area thus increasing the turbidity reading. Due to technical problems, the depth and transparency readings in Santubong were only taken during the third sampling (October 2014). The depth and transparency readings for Santubong were 7.80 m and 0.73 m respectively.


    Based on Table 5, Santubong had recorded TSS with range of 27.33 mg/L – 63.33 mg/L [F (2,6) = 2.04; p = 0.211] while Asajaya had recorded TSS with range of 161.10 mg/L – 655.57 mg/L [F (2,6) = 9.24; p = 0.015]. The TSS of Santubong river is possibly influenced by water discharge from residential areas, aquaculture and industrial activities. TSS in Asajaya was high with range of 161.10 mg/L – 655.57 mg/L because the readings were taken during low tide where the turbid river brings the particles such as silt, clay, sand, organic and inorganic matter from the upstream to the mangrove areas, trapped by the mangrove roots and deposited in the mangrove areas.


    Table 5: Selected water quality parameters of cage culture site measured ex-situ in Santubong and Asajaya, Sarawak.
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    Santubong had recorded nitrite (NO2) with range of 0.012 mg/L – 0.046 mg/L C [F (2,6) = 27.00; p = 0.001], orthophosphate (PO43-) with range of 0.050 mg/L – 0.063 mg/L [F (2,6) = 0.12; p = 0.888] and silicate (SiO2) with range of 0.579 mg/L – 3.509 mg/L [F (2,6) = 78.36; p = 0.000]. Asajaya had recorded NO2 with range of 0.005 mg/L – 0.015 mg/L [F (2,6) = 78.00; p = 0.000], PO43- with range of 0.057 mg/L – 0.173 mg/L [F (2,6) = 20.77; p = 0.002] and SiO2 with range of 1.560 mg/L – 2.740 mg/L [F (2,6) = 214.06; p = 0.000]. The runoff of sewage from residential areas, waste products from industrial activities with addition of aquaculture activities could influenced the nitrite and orthophosphate concentration in Santubong river. Leach of fertilizers and pesticides from the farms own by Asajaya’s local people may indirectly affected the nutrients. Santubong had recorded mean chl a reading with range of 2.556 mg/m3 – 7.663 mg/m3 [F (2,6) = 21.44; p = 0.002] while Asajaya had recorded chl a with range of 3.236 mg/m3 – 5.937 mg/m3[F (2,6) = 2.72; p = 0.145].


    Table 6 showed the comparison of water quality results in Santubong, Sarawak with Malaysian Marine Water Quality Criteria and Standard (MMWQCS) values. The range of DO for all field samplings in Santubong was higher compared to the standard value set for Marine life, fisheries, coral reefs, recreational and mariculture (Class 2). The mean TSS in October 2014 was lower than Class 2 of MWQCS whereas the mean TSS in November 2013 and March 2014 were higher than standard value. the range of NO2 and PO43 for all field samplings were lower compared to the standard value of Class 2.


    Table 6: Comparison of water quality results in Santubong with Malaysian Marine Water Quality Criteria and Standard (MMWQCS) values.


    
      
        	

        	
          DO

        

        	
          TSS

        

        	
          NO2

        

        	
          PO43

        
      


      
        	
          Reference value (Class 2) (mg/L)

        

        	
          5.00

        

        	
          50

        

        	
          0.055

        

        	
          0.075

        
      


      
        	
          Observed value (mg/L)

        

        	
          5.29–6.69

        

        	
          27.33–63.33

        

        	
          0.012–0.046

        

        	
          0.050–0.063

        
      

    


    Table 7 showed the comparison of water quality results in Asajaya with Malaysian Marine Water Quality Criteria and Standard (MMWQCS) values. The range of DO and TSS for all field samplings were higher compared to the standard value set for mangrove estuarine and river mouth water (Class E). In Comparison, the range of NO2 for all field samplings were lower compared to the standard value set for mangrove estuarine and river mouth water (Class E). the mean PO43 in March 2014 was lower than Class E of MWQCS whereas the mean PO43 in May 2014 and December 2014 were higher than standard value.


    Table 7: Comparison of water quality results in Asajaya with Malaysian Marine Water Quality Criteria and Standard (MMWQCS) values.


    
      
        	

        	
          DO

        

        	
          TSS

        

        	
          NO2

        

        	
          PO43

        
      


      
        	
          Reference value (Class E) (mg/L)

        

        	
          4.00

        

        	
          100

        

        	
          0.055

        

        	
          0.075

        
      


      
        	
          Observed value (mg/L)

        

        	
          4.05–5.68

        

        	
          161.10–655.57

        

        	
          0.005–0.027

        

        	
          0.057–0.173

        
      

    


    Based on the observation at the field, Gracilaria in Asajaya prefer root of mangrove trees compare to muddy sediment as their substrate. In contrast, Gracilaria found in Santubong river grow well by attaching themselves to the cage culture net which is a man-made structure. In Asajaya, the sediment comprised of high silt and clay contents (58.5%–65.8%) compare to sand (34.2%–41.5%) which make the substrate loosely arranged (Table 8). This probably the reason for Gracilaria to grow on more stable and strong mangrove roots that can protect them from incoming waves and prevent from swept away by the water current during flooding and ebbing tides. Based on studies done by Molloy and Bolton (1995), the type of sediment did influence the distribution of Gracilaria.


    Table 8: Percentage of sand, silt and clay content in Asajaya based on sampling times.


    [image: art]


    In Santubong, the estimated percentage cover of seaweeds on the cage net in October 2014 is 37% to 40% meanwhile the estimated percentage cover of seaweeds in Asajaya mangrove (December 2014) is 16% to 20%. No information on seaweeds percentage cover collected on first and second samplings due to technical problem. Gracilaria in Santubong cage culture were found living in patchy throughout the three samplings and similar case also was observed in Asajaya mangrove area. The actual percentage cover of Gracilaria in both sampling sites could not be obtained because the Gracilaria existed there probably had been collected regularly by the local people for personal consumption and selling for extra income.


    Based on Fig. 3, three different taxa of aquatic macroinvertebrates (polychaete, small crab, bivalve) and single species of red seaweed (Acanthophora sp.) found living together with Gracilaria assemblages in Santubong (Fig. 3). According to Veeragurunathan et al. (2014), various organisms such as green seaweed, brown seaweed, red seaweed, blue green algae, decapod, gastropod, bivalvia, polychaete, ophiuroidea, isopod, ectoprocta, maxillopod, ascidiacea and anthozoa were found together with G. dura. Thirteen species of green seaweeds, 8 species of brown seaweeds, 14 species of red seaweeds and single species of blue-green alga were found grow together with G. edulis cultured in Gulf of Mannar and Palk Bay, India (Ganesan et al. 2011; Kaliaperumal et al. 1993). This suggests that Gracilaria assemblages as one of the important habitat that supports wide range of living organisms including flora and fauna where it provides protection against tides, predators, waves and also as food sources.
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      Figure 3: Aquatic macroinvertebrates (polychaete, small crab, bivalve) found living together with Gracilaria assemblages in Santubong.

    


    CONCLUSION


    Based on morphological characteristics, three species namely G. changii, G. coronopifolia and G. blodgettii were found attach to net of cage culture in Santubong river and root of mangrove trees in Asajaya. In this study, it is found that Gracilaria able to grow both on man-made structure and natural habitat. Several aquatic organisms were found associated with Gracilaria assemblages such as Acanthophora, small crab, polychaete and bivalve. The actual percentage cover of seaweeds in Santubong and Asajaya could not be determine due to frequent collection of Gracilaria by the local people. Overall, the water quality in Santubong river are suitable for fisheries and mariculture while Asajaya is within normal range for mangrove in Malaysia.
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    Abstrak: Kesan pH rendah terhadap deria sentuhan pasca larva Macrobrachium rosenbergii telah ditentukan dalam makmal melalui dua ujian tingkah laku: penghunian pada substrat (jala) dan respon melompat terhadap sentuhan oleh mikropipet kaca. Pasca larva telah diaklimitasi kepada pH 4, pH 5, pH 6 dan pH 7.5 (kawalan) dalam akuaria 45 L selama 5–7 hari sebelum eksperimen. Bilangan pasca larva yang menghuni pada substrat berkurangan bersama pH dan adalah lebih rendah secara ketara pada pH 4 dan pH 5 berbanding pH 6 dan kawalan. Respon melompat yang segera terhadap 93–98% daripada jumlah sentuhan telah diperhatikan pada pasca larva dalam kumpulan kawalan, pH 6 and pH 5. Namun, pasca larva dalam kumpulan pH 4 menunjukkan jumlah bilangan respon melompat yang lebih rendah secara ketara (65%), menunjukkan penjejasan dalam deria sentuhan mereka. pH yang rendah (dalam pH 4–pH 5) mungkin menjejaskan kitin dalam seta deria dan menghalang permukaan reseptor mekanikal pasca larva udang.


    Kata Kunci: Reseptor Mekanikal, Rangsangan Sentuhan, Lompatan Pengelakan, Fotografi Bayang


    Abstract: The effect of low pH on the tactile sense of Macrobrachium rosenbergii postlarvae was determined in the laboratory by means of two behavioural assays: shelter (netting) occupancy and jumping response to touch stimuli (taps) by a glass micropipette. The postlarvae were acclimated to pH 4, pH 5, pH 6 and pH 7.5 (control) in 45 L aquaria 5−7 d before the experiments. Shelter occupancy decreased with pH and was significantly lower at pH 4 and pH 5 than at pH 6 and in the control. The jumping response instantly followed a tap 93−98% of the time in the control, pH 6 and pH 5 treatments. However, the postlarvae showed significantly lower jumping response (65%) at pH 4, indicating an impaired tactile sense. Low pH 4−5 probably degrades the chitin of the sensory setae and inhibits the surface mechanoreceptors of the prawn postlarvae.


    Keywords: Mechanoreceptor, Touch Stimulus, Escape Jumping, Shadow Photography


    INTRODUCTION


    Mechanoreceptors in crustaceans detect hydrodynamic signals that carry important abiotic and biotic information such as the presence and movements of prey, predators, aggressors, and potential mates (Douglass & Wilkins 1998; Herberholz & Schmitz 1998; Arnott et al. 1999; Prakash & Kumar 2013). The mechanoreceptors of crustaceans are cuticular hair-like projections (Garm 2004) found all over the body surface intermingled with chemoreceptors (Breithaupt & Tautz 1990). Spectrophotometry study demonstrated that the shell quality of the giant freshwater prawn Macrobrachium rosenbergii postlarvae and early juveniles was significantly affected by low pH especially at pH 4 (Kawamura et al. 2015). It is highly likely that the mechanoreceptors would be negatively affected by low pH water. Inhibition of chemosensitivity by reduced pH is well documented in crustaceans (Allison et al. 1992; de la Haye et al. 2011; Newman & Dubuque 2013), but no studies have been done on mechanoreception.


    M. rosenbergii can be found in many freshwater resources, including lakes, ponds, rivers and estuaries in the south and southeast Asia, northern Oceania, and western Pacific islands. The berried females migrate downstream to estuaries to release eggs, and the larvae hatch as zoea. After the zoea grow and reach to the postlarval stage, they migrate into rivers and lakes (Ismael & New 2000). However, the occurrence of acid rain results in acidification of river and lake waters (Sin & Agrawal 2008), and it is now recognized as a serious threat to aquatic ecosystems (Alston & Sampaio 2000). In fact, the low pond water pH due to acid rain was reported to affect the aquaculture of M. rosenbergii in Taiwan (Chen & Chen 2003).


    In Malaysia, acidification of river and lake waters also has been reported in several places, including in Chini Lake, Pahang (Shuhaimi-Othman et al. 2008), the remote Danum Valley in Sabah (Sumari et al. 2009), and the Wildlife Sanctuary Sibuti Mangrove Forest in Miri, Sarawak (Gandaseca et al. 2011). Although the aquaculture of M. rosenbergii now is depending on the hatchery-produced postlarvae and juveniles, the wild populations of M. rosenbergii can be affected by the acidification (Alston & Sampaio 2000).


    This study assessed the effects of low pH rearing water (at pH 6, pH 5, and pH 4; against the control pH at 7.5) on the tactile behaviour of M. rosenbergii postlarvae in terms of shelter occupancy and escape jumping in response to touch stimuli. The tactile sense discriminates stimuli impinging on the mechanoreceptors on the external surface of the animal; the proprioceptors within the animal’s musculature are not involved. Such knowledge can contribute to the ecological understanding and to improve management in the M. rosenbergii hatchery.


    MATERIALS AND METHODS


    Animal for Experiment


    M. rosenbergii zoeae were reared to postlarvae PL5 with a commercial diet (CP Aquaculture Limited, Thailand) at water pH 7.4−8.9; salinity 8−12 ppt; and temperature 25.7−27.4ºC at the Shrimp Hatchery of the Borneo Marine Research Institute, Universiti Malaysia Sabah. The postlarvae were gradually acclimated to fresh water (salinity 0) over 7 days in the hatchery before the pH experiment was conducted in wet laboratory. All experimental animals were cared and handled following the guidelines by the World Health Organization (WHO, Geneva, Switzerland); the Malaysian Code of Practice For The Care And Use of Animals For Scientific Purposes; and the Committee for the Update of the Guide for the Care and Use of Laboratory Animals, Institute of Laboratory Animal Research (Committee for the Update of the Guide for the Care and Use of Laboratory Animals, Institute to Laboratory Animal Research 2011).


    pH Treatments


    In total, four glass aquaria (60 cm long × 30 cm wide × 30 cm high) were randomly arranged and each of them was filled with deionised tap water to a depth of 25 cm. In every 2 d, the aquaria were randomly rearranged (by means of the table of random numbers) in order to expose the postlarvae in the aquaria to all possible ambient conditions, and to avoid nuisance factors. Each aquarium was introduced with a cubic three-layer polyethylene green netting (34 cm × 24 cm, 12 cm high, 7 mm mesh size) and an air-lift water filtration unit. One of the aquaria was maintained at the ambient water pH 7.5 (control), while the others were adjusted to pH 6, pH 5, and pH 4 by adding in 11.5 mM hydrochloric acid (HCl) so that pH 7.5 was reduced at the rate of 1 pH unit d-1. For the pH 4 aquarium, the adjustment took 7 d because after reaching pH 5, HCl was added even more slower in order to reduce pH at the rate of 0.2 pH unit d-1 until pH 4. Water in the aquaria was changed twice daily (10% of the volume in morning and 90% in afternoon) with new water of the respective pH (pH-adjusted before addition). Water pH, temperature, salinity, and dissolved oxygen were measured with a pH/ORD/EC/DO tester (Hanna Instruments, HI 9828) at about 30 min after the water replacement. Water temperature ranged 25.4–29.0ºC, dissolved oxygen 5.4–7.0 ppm, and salinity 0.06–0.14 ppt in all aquaria. Each pH aquarium with netting was stocked with 250 postlarvae (initial stage PL5; 5 d post-metamorphosis). The postlarvae were fed the same pelleted diet throughout.


    Shelter Occupancy


    Shrimp and prawn postlarvae are positively thigmotactic (Kingsford et al. 2002) and are known to cling to twigs, leaf litter, and artificial shelters used as passive fry collecting gear (Kawamura & Bagarinao 1980). Thigmotactic behaviour is driven by the tactile sense. The postlarvae of M. rosenbergii crawl at the bottom or cling to submerged objects. In the hatchery, such submerged objects, called shelters, are used to increase the surface area and maximise the stocking density. Occupancy of shelter is a normal behaviour mediated by vision and tactile sense. In our preliminary experiment, postlarvae with normal vision swam or crawled straight to the shelter and occupied it. Blinded postlarvae (whose eyes were painted with white nail polish) swam in random directions after release into the aquaria and collided with the walls and clung to the shelter only after random contact.


    Starting at 1 d after the acclimation to each pH treatment, shelter occupancy by M. rosenbergii postlarvae in the pH treatments was determined by counting every day at 14:00–15:00 h the number of postlarvae clinging to or resting on the netting. Such counts were made daily for 7 d (i.e., 7 trials). Shelter occupancy was given as the ratio of the number of postlarvae on the shelter to the total number of postlarvae in the aquarium, the latter of which decreased due to mortality over time and by pH treatments. In spite of high mortality in pH 4, the remaining larvae showed no reduction in feeding activity.


    Jumping Response


    Another experiment was conducted in which the tactile sense was reckoned as detection of mechanical stimuli by surface epidermal receptor systems. Postlarvae that had been acclimated to different pH for 7 d were assessed for the jumping response. The tests were done in a 500 ml round glass bowl (22.5 cm diameter, 10 cm high) filled 2 cm deep with water of a given pH treatment. The test procedure and the behaviour of postlarvae were recorded with a shadow photography unit that consisted of an overhead projector with a Fresnel lens (APOLLO 8205, ACCO Brands Corporation, USA), a white screen, and a video camera (Olympus digital camera, Tokyo, Japan). The Fresnel lens was covered with a grey plastic sheet (50% transmittance) to reduce the light intensity and inactivate the postlarvae and the test bowl was placed on the plastic sheet. In each test, three random postlarvae were moved from the treatment aquarium into the test bowl with the same water pH. After 20 min rest, the antennae, antennules, or abdomen were tapped with a glass micropipette (heat-pulled glass capillary with a 3 μm tip) at random time intervals >2 s. This procedure was repeated for 3 groups, 35 taps for the first and second groups and 30 taps for the third group, a total 100 taps for each treatment. When a postlarva jumped after a tap, a score of 1 was given and when the postlarva did not jump, a 0 was recorded. Video recording was done for 3–5 min for each group, and the videos were later played back for analysis.


    Statistical Analysis


    Since binary data was collected from the shelter occupancy experiment, the binomial theorem was applied to the statistical analysis of shelter occupancy ratio, and the binomial 95% confidence intervals were calculated (Clopper & Pearson 1934; Soper 2014). The Cochran Q test (Siegel & Castellan 1988) was applied to the jumping response data which were dichotomized ordinal observations.


    RESULTS AND DISCUSSION


    The shelter occupancy ratio was significantly lower at pH 5 and pH 4 than in the control and pH 6 (P < 0.05) (Table 1). The postlarvae that occupied the shelter were stationary, clinging to the netting, clearly thigmotactic, whereas those out of the shelter crawled around on the bottom and often swam up to the water surface.


    Table 1: Shelter occupancy by postlarvae of Macrobrachium rosenbergii in seven daily trials after 1 d acclimation to each pH. Each aquarium was initially stocked with 250 postlarvae.
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    * Different letters indicate significant differences at α = 0.05


    The sequence of the jumping response of the postlarvae in each pH treatment is shown in Fig. 1. In the control and pH 6 and pH 5 treatments, the jumping response almost always followed a tap, 93–98% of the time (only 2–7% no response), with no evident habituation. However, in the pH 4 treatment, the jumping response of the postlarvae was irregular and of much lower occurrence (65%). The frequency of the jumping response was significantly lower in the pH 4 treatment (Cochran Q test, Q = 71.714, P < 0.001) but not significantly different among control, pH 6 and pH 5 (Q = 5.545, 0.10 < P < 0.20).


    Sudden lowering of the pH causes shock and affects survival and growth of shrimps (Almut & Bamber 2013; Lemonnier et al. 2004; Tucker & D’Abrano 2008). In the present study, M. rosenbergii postlarvae were gradually acclimated to lower pH and found to have poorer behavioural response to tactile stimuli at pH 4. Arthropod cuticle, including setae, is largely composed of chitin (Wainwright et al. 1976), an acid-sensitive material soluble in dilute acids and degraded by several pathways leading to physical property modifications (Percot et al. 2003). The low pH water probably physically affects the structure of the setae and inhibits their function. Kawamura et al. (2015) reported a thinner carapace in M. rosenbergii postlarvae and early juveniles exposed to pH 4. Such decalcification probably impairs mechanoreception. A lower cuticle thickness and reduced cuticle calcium concentration at low pH have been observed in the crayfish Orconectes virilis and Austropotamobius pallipes (Malley 1980; France 1987; Reese 1963). Among the hermit crabs Pagurus bernhardus, a significantly higher ratio (45.7%) failed to exchange shells after exposure to reduced pH, compared to 10.7% at ambient pH (de la Haye et al. 2011). The chelar setae of the hermit crab Pagurus hirsutiusculus function as mechano- and chemoreceptors sensitive to calcium ions; contact enables it to select an optimal shell size and calcium reception allows it to distinguish shells from pebbles and other objects (Reese 1963; Mesce 1993).


    Air pollutions are emitted into the atmosphere from anthropogenic sources and travel across national boundaries. Water is a solvent and natural waters are never pure. Normal pure rainwater usually has a pH of about 6.0 or above (Tucker & D’Abramo 2008). Extreme acidic water in rivers and lakes has been reported: pH 3.2–6.3 in Tasik Chini’s Feeder River in Pahang (Gasim et al. 2006); pH 3.2–6.7 at 17 sampling sites in Langat River flowing through oil palm and rubber plantations in Selangor (Juahir et al. 2009); pH 3.8–5.4 at Nilai Industrial Park, Negeri Sembilan (Norela et al. 2009). Exposure of M. rosenbergii postlarvae to lower than pH 5 increases vulnerability to predation. An impaired tactile sense weakens escape jumping in response to touch stimuli conveyed by predators. Inability to cling to hiding or resting places leads to wandering and increased exposure to predators. Bottom substrates provide refuge to crustaceans and mitigate predation (Main 1987; Alberstadt et al. 1995). The shelter-seeking behaviour is driven by thigmotaxis (Alberstadt et al. 1995). In unstructured shelter the predation rates can be very high, more than 80% among postlarvae and early juveniles of the shore crab Carcinus maenas (Moksness et al. 1998). Thus, low pH must be avoided in aquaculture systems for M. rosenbergii and must be mitigated in natural freshwater systems to prevent adverse effects on wild prawns and other species.
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      Figure 1: The effect of water pH on the jumping response of Macrobrachium rosenbergii postlarvae (3 per group) tapped by a glass micropipette on the antennae, antennules, and abdomen. When a postlarva jumped upon contact, the score given was 1 (solid circles); if not, the score was 0 (open circles)

    


    CONCLUSION


    The effect of low pH on the tactile sense of Macrobrachium rosenbergii postlarvae was determined in the laboratory by means of two behavioural assays: shelter occupancy and jumping response to touch stimuli by a micropipette. The postlarvae were acclimated to pH 4, pH 5, pH 6 and pH 7.5 (control) in 45 L aquaria before the experiments. Shelter occupancy decreased with pH and was significantly lower at pH 4 and pH 5 than at pH 6 and in the control. The jumping response instantly followed a tap 93−98% of the time in the control and the pH 6 and pH 5 treatments. However, the postlarvae showed significantly lower jumping response (65%) at pH 4, indicating an impaired tactile sense. Low pH 4−5 probably degrades the chitin of the sensory setae and inhibits the surface mechanoreceptors of the prawn postlarvae.
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    Abstract: Nowadays, there is a rising interest towards consuming health beneficial food products. Bread–as one of the most popular food products–could be improved to ‘healthy bread’ by addition of ingredients high in protein, dietary fiber and low in calorie. Incorporating Jackfruit rind powder (JRP) as a by-product rich in dietary fiber in bread, could not only provide health beneficial bread products, but also lead to develop an environmental friendly technology by solving the problem of waste disposal of residues. In this study, addition of jackfruit rind powder (JRP) as a high dietary fiber and functional ingredient in bread was examined. The results showed that incorporation of JRP in bread improved functional properties of flour such as Oil Holding Capacity (OHC), Water Holding Capacity (WHC) and pasting properties. Addition of 5%, 10% and 15% of JRP in wheat flour caused significantly (p < 0.05) higher insoluble, soluble and total dietary fiber in flour and bread products. Results from proximate composition indicated that all breads substituted with JRP, contained significantly (p < 0.05) higher fiber, moisture and fat. Obtained results confirmed that the JRP has great potential in development of functional foods especially functional bread products.


    Keywords: Jackfruit Rind, Functional Food, Dietary Fiber, Bread, Oil Holding Capacity, Water Holding Capacity


    INTRODUCTION


    Bread is a staple food prepared from a dough of flour and water, usually by baking. Throughout recorded history it has been popular around the world and is one of the oldest artificial foods, having been of importance since the dawn of agriculture. This acceptance can be ascribed to its distinctive nutritional features related with sensorial and textural properties. Additionally, it is quite easy to prepare and store while it has a reasonably lower price than other stable foods. (Giannou et al. 2003). Now a days, consumers are very concise towards healthy foods and they want food with high fibers regarding their health benefits. Bread normally consider as a healthy food because it contains higher dietary fiber and providing lower calorie (Hsu et al. 2004; Varastegani et al. 2015). Jackfruit seeds are enclosed in a white aril surrounding a thin brown spermoderm which shelters the fleshy white cotyledons. Mostly the seeds are discarded, except sometimes they are roasted or boiled for consumption. Studied described some physico-chemical and rheological properties of the flour and isolated starch from a local jackfruit variety and its partial replacement of wheat flour in white bread (Rengsutthi & Charoenrein 2011). Bread made of composite flours consider as blends wheat after mixture of two or more flours to produce snack foods, leavened breads, unleavened baked, semibaked and porridges products. Blended or composite flours has become popular because of two main reason namely nutritional and economic benefits (McWatter et al. 2004; Santiago et al. 2015). It might be beneficial to use conposite flour if available local crops resources is utilized that will improve economic condition and accordingly to cut imports pf wheat products (Khalil et al. 2000; Murayama et al. 2015). The use of Jackfruit rind powder in the manufacture of value-added food products such as breads may profit to consumers and industries.


    Most of the earlier studies directed to the utilization of composite flour to make different types of bread were keen to defining the outcome of flours and their proportion to produce quality breads (Feili et al. 2013; Khalil et al. 2000). The composite flour is prepared using two or more other crops without or with wheat or maize flour. Generally, loaf volume and sensory quality such as texture, appreance and flavour decreased if wheat substitution increased with non-wheat flour (Dhingra & Jood 2004). Khalil et al. (2000) stated specifically that the acceptability of a fresh loaf subject to the origin of flour can be achieved by mixing of 30% of cassava flour into wheat flour. Correspondingly Feili et al. (2013) reported that the physical properties and sensorial evaluation of bread incorporated with 5% jackfruit rind powder revealed the best quality as consumer acceptance and health benefial bread. The jackfruit rind powder (JRP) can be made using jackfruit ring that presently treated as a by-products of industry handled jackfruit. Upgrading the utilisation of jackfruit by-products from animal feedstuff to functional diet will be of great advantage to the consumer and country. Incorporation of Jackfruit Rind powder (JRP) to make a bakery products might be treated as a source of dietary fiber, value added food, income generation and health benefits for the communities. Moreover the use of Jackfruit rind powder (JRP) is also an environment friendly sustainable technology since it could resolve the solid waste disposal delinquent of residues. Therefore, the aim of the present research work was to utilise the jackfruit rind as dietary fiber ingredients in bread and to determine the chemical and functional properties of the prepared bread.


    MATERIALS AND METHODS


    Preparation of Jackfruit Rind Powder


    Jackfruit rind was undergone through several processing steps prior to produce dried jackfruit rind powder. Preparation of jackfruit rind was accomplished according to the technique stated by Feili et al. (2013). Jackfruit rinds were separated from the rest of the fruit and were washed with deionised water. After soaking (for 10 min) in boiling water and rinsing the ring were seeped for 10 min in a boiling solution sodium bisulfite (0.1% w/w) and then rinsed. Another soaking step by using boiling solution (sodium bicarbonate) for 15 min were conducted and jackfruit rind pieces were rinsed three times. Then, convection dryer (AFOS Mini Kiln, England) was used to dry them at 50°C for 24 h. The dried samples were powdered using a miller and further sifted over a 355-µm mesh screen. The resulted jackfruit rind powder were preserved in containers (airtight plastic) and kept at 4°C in a fridge prior to use.


    Bread Preparation


    Jack fruit ring power (JRP) at the proportion of 5%, 10% and 15% were used with wheat flour to prepare breads as bread substituted 5% JRP (B5JRP), bread substituted with 10% JRP (B10JRP) and bread substituted with 15% JRP (B15JRP), respectively. For spong formation, 50 g wheat flour (WF), 15 g of sugar, 7.6 g instant yeast were applied in 100 mL of water. The ingredients, wheat flour (350 g), milk powder (16 g), sugar (20 g), salt (5 g), improver (9 g), shortening (28 g) and water were utilised for bread making according to the method described by Farinograph (AOAC 2005).


    Analysis of Proximate Composition


    The proximate analysis of the breads was undertaken according to the standard method of AOAC (2005). The crude protein, crud fat, crude fibre, ash, carbohydrate (by difference), moisture and calorie were determined for the prepared samples. The analysis were done triplicate and the results were calculated and expressed as gram per 100 gram of dry matter basis.


    Analysis of Total, Soluble and insoluble dietary fibre


    The total, sobulble and insoluble dietary fiber of the prepared samples was measured by the AOAC (2005). The percentage of insoluble, soluble and total dietary fibers were determined using the equation mentioned below as Equations 1, 2 and 3 respectively.
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    Where IDF, denotes for Insoluble Dietary Fiber; SDF, denotes for Soluble Dietary Fiber; TDF, symbolises for Total Dietary Fiber; R, denotes for weight (g) of average residue; P, denotes for weight (g) of average protein; A, denotes for weight (g) of average ash, W1, represents initial weight of pre dried crucible and celite (g), W2, weight of crucible plus celite plus sample after ashing (g), residue weight.


    Analysis of Total, resistant and digestible starch determination


    The total starch was determined according to the method stated by Goni et al. (1997). The absorbance of the samples standard and blank was read at 500 nm using a UV-VIS spectrophotometer (Shimadzu-USA). The total, resistant and digestible starch resistant starch (RS) was measured as shown in the Equation 4.
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    Analysis of Water Holding Capacity (WHC) and Oil Holding Capacity (OHC)


    The water and oil holding capacity were determined according to the method stated by Chau and Huang (2003) following the Equation 5 and 6 metioned below.
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    Here, W1 and W4, denotes weight of samples (g); W2 and W5, denotes weight of pre-dried centrifuged tube (g); W3 and W6 denotes weight of sample and centrifuge tube.


    Analysis of Pasting Properties


    The pasting properties were measured according to the method of AOAC (2005). For determination of pasting properties, a rapid visco analyser (Newport Scientific Pty Ltd, Australia) were used. Approximately 3g of smples were taken and dispersed in aluminum canister containing distilled water. For moisture correction the following equation were applied.
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    Where M1, denotes the weight of corrected sample (g); M2, denotes weight of sample (3 g), W1, denotes actual moisture content of sample (%); W2, denotes corrected water volume (mL), and 25 mL is the volume to suspend 3 g of sample. The suspension of flour-water was kept at 50°C for 1 min and heated up to 95°C and kept for 10 min. The parameters of starch viscosity such as Pasting Viscosity (PV), Pasting Temperature (PT), Final Viscosity (FV), Break down (BD) and Set Back (SB) were measured and the results were expressed as Rapid Visco Units (RVU).


    Statistical Analysis


    All samples were examined in triplicates and the results were analysed by using SPSS 18.0 Software (SPSS Inc., Chicago, USA). Furthermore, significant differences between the mean values were determined by using the analysis of variance (ANOVA) and Duncan’s multiple range tests were expressed at a significance level of P < 0.05.


    RESULTS AND DISCUSSION


    Soluble, Insoluble and Total Dietary Fiber


    The percentage of soluble, insoluble and total dietary fiber contents are shown in Figure 1. Total dietary fiber comprises soluble dietary fibers (SDF) and insoluble dietary fibers (ISD) respectively. The result showed that jack fruit ring powder (JRP) was significantly (p < 0.05) higher amounts of soluble, insoluble dietary fiber and consequently, total dietary fiber were compared to commercial wheat flour (WF). The most dominant fiber was insoluble either in JRP (34.56%) or WF (4.42%) presented in Figure 1. The similar trend found for total dietary fiber (TDF) percentage in JRP and WF. The study observed that the TDF contents in JRP (47.76%) was significantly (p < 0.05) higher as compared to WF (6.62%). According to Abdul-Hamid et al. (2000) reported that the TDF contents in JRP was higher significantly than that of oat bran (26.40%). The research stated by Chen et al. (1998) also found significantly higher amount of TDF in JRP (47.76%) than rice bran (27.4%) samples. The result obtained from our study found JRP are rich soucr that can be applied in bakery products as a fiber rice value added product.
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      Figure 1: Dietary fiber percentage of jack fruit ring (JRP) vs. Commercial wheat flour (WF).

    


    Digestible, Resistant and Total Starch


    The results of digestible starch (DS), resistant starch (RS) and total starch (TS) contents of WF and JRP are presented in Figure 2. From the results obtained in this study showed significantly (P < 0.05) lower TS value (32.34%) in jack fruit ring powder (JRP) as compared to wheat flour (WF) samples (76.42%). Similarly the RS content (12.76%) in JRP was also significantly (p < 0.05) lower than WF (28.18%). According to Goni et al. (1996) suggested that the resistant starch content (12.76%) in JRP and (28.18%) in WF categorised as high resistant starch content products. The resistant starch help to pass indigestible foods from human intestine through the colon. It acts as a dietary fiber and reduce transit time during digestion. Food enegy from ingested foods may be also influenced by dietary fiber termed as resistant starch with fermentation by bacterial growth in colon (Goni et al. 1997). The amount of resistant starch can be increased by heat-moisture treatment during processing.
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      Figure 2: Total and resistant starch percentage of jackfruit rind powder (JRP) vs Commercial wheat flour (WF).

    


    Oil Holding Capacity (OHC) and Water Holding Capacity (WHC)


    Oil Holding Capacity (OHC) and Water Holding Capacity (WHC) of JRP were significantly (p < 0.05) higher than those of commercial wheat flour (WF) is shown in Figure 3. The both parameters, oil holding and water holding capacity have a vital role in the functional properties and final product quality. The water holding capacity (WHC) in the study found 1.31 and 9.89 g of water/g of dry matter in WC and JRP respectively. The water holding capacity (WHC) in jackfruit ring power (JRP) was higher as compared to oat bran (2.10 g), rice bran (4.89 g), wheat bran (5.03 g) and soy flour (6.75 g) (Abdul-Hamid & Luan 2000; Heywood et al. 2002). From the result observed, the jackfruit ring powder (JRP) is proficient of binding additional water than soy, WF, rice bran, oat bran and flour. Additional boiling during processing may slightly affect the WHC in jackfruit ring powder. In addition, oil holding capacity (OHC) of JRP found 5.15 g of oil / g of dry matter which was about five times higher as compared to the wheat flour (1.12 g). This variation of oil holding capacity between whaet flour and jackfruit ring powder could be explicated by their change in chemical and physical properties. Therefore the variation in amount of insoluble fiber could be an vital factor in oil holding capacity of WF and JRP. The important of OHC is crucial for the use of flour in cooked or fried products by developing oil holding capacity and providing the cooking yield in food industry. Alternatively, the dimension of fiber elements can also influences OHC and WHC of food products. Therefore, JRP appears quite appropriate for the use in food industries as a soothing material to upturn and steady the cooking yield (Thebaudin et al. 1997).
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      Figure 3: Water holding capacity (WHC) and Oil holding capacity (OHC) of jackfruit rind powder (JRP) vs. Commercial wheat flour (WF).

    


    Pasting Properties


    The result of pasting properties with different proportion combinations of JRP and WF (C: control; wheat flour), 5JRP: wheat flour blended with 5% JRP, 10JRP: wheat flour blended with 10% JRP, 15JRP: Wheat flour blended with15% JRP) were evaluated and the findings are presented in Table 1. The results of pasting properties of WF and JRP exhibited significant variation (P < 0.05) in most of the pasting characteristics. The pasting temperature, the temperature at which initial swelling of starch granules takes place when suspended in wate, is very important to evaluate the properties of flour. (Kaur et al. 2011). Thus, it can indicate the firmness of other constituents in the formulation of the sample. The pasting temperature of the samples were not significantly different (P > 0.05). Therefore, the different sample and control showed similar resistance to rapture and puffiness (Miao et al. 2009). The highest viscosity value provides an indication of swelling properties and water-binding capacity of the flour starch. The starch granual twitch to swell in the presence of water on heating. Meanwhile some components like amylose and amylopectin diffuse out which cause particle dispersion in a continuous phase (Thebaudin et al. 1997). Therefore, the starch viscosity increases until its maximum value. Lower peak viscosity value observed in 15JRP compared to other samples implied that there are higher swelling powers in sample formulated with higher JRP. Our results (Table 1) indicated that pick viscosity value for 5JRP and 10JRP were higher than 15JRP. Meanwhile, C had the highest pick viscosity value. The ability of a sample to withstand the shear stress and heating is known as Breakdown Viscosity value (BV). The result of breakdown viscosity value of the three samples i.e. 5JRP, 10JRP, and 15JRP were significantly (P < 0.05) different from C in Table 1. Nevertheless, there was no significant difference (P > 0.05) among the samples. Their lower breakdown viscosity value in comparison with control showed that there are greater shear forces in bread samples containing JRP compared to those without JRP. Moreover, it suggests that there are robust bonding forces inside the structure of starch containing JRP during the heating in bread samples. Final Viscosity (FV) specifies the stability and quality of cooled cooked paste under low shear. The BC value was significantly higher (P < 0.05) FV value than other bread containing JRP samples are shown in Table 1. The FV value decreased (5JRP > 10JRP = 15JRP) when increasing the volume of JRP substitution. Consequently, 5JRP is more proficient of making gel after cooling and cooking as compared to 10JRP and 15JRP. Hence it could be applied in food product development e.g. puddings which are necessary to condense and form gel. The degree of the variance between final viscosity and peak viscosity is recognised as setback. The value can display the steadiness of the gel and comprises retrogradation of starch particles (Miao et al. 2009). According to our outcomes (Table 1), there was a significant difference (P < 0.05) between the control (BC) and samples and. When the amount of JRP increased it led to a decline in setback. It exhibited that JRP comprises less amylopectin and amylose than that of WF. Nimsung et al. (2007) also stated that products comprising starch with lesser level of amylose would undertake a compact retrogradation than those with high amount of amylose starch.


    Table 1: Pasting properties of different type of flour samples.


    
      
        	
          Samples

        

        	
          PT(°C)

        

        	
          PV (RVU)

        

        	
          BD (RVU)

        

        	
          FV

        

        	
          Setback(RVU)

        
      


      
        	
          C

        

        	
          65.83±0.34a

        

        	
          184.26±10.03a

        

        	
          87.31±1.24a

        

        	
          205.34±3.04a

        

        	
          102.11±2.08a

        
      


      
        	
          5JRP

        

        	
          66.45±0.65a

        

        	
          167.51±5.34b

        

        	
          79.41±3.42b

        

        	
          193.62±0.16b

        

        	
          96.54±0.23b

        
      


      
        	
          10JRP

        

        	
          66.67±0.49a

        

        	
          163.43±6.20b

        

        	
          74.35±1.03b

        

        	
          189.08±0.38c

        

        	
          89.03±0.42c

        
      


      
        	
          15JRP

        

        	
          65.53±1.95a

        

        	
          154.38±2.32c

        

        	
          75.65±0.34b

        

        	
          188.64±0.53c

        

        	
          88.46±0.48c

        
      

    


    *Data are average values of triplicate ± standard deviation. Values in the same column with different superscripts are statistically significant (P < 0.05). PT: Pasting Temperature, PV: Peak Viscosity, BD: Breakdown, FV: Final Viscosity, RVU: Rapid Visco Units, C: control (wheat flour), 5JRP: wheat flour blended with 5% JRP, 10JRP: wheat flour blended with 10% JRP, 15JRP: Wheat flour blended with15% JRP


    Proximate Composition


    Results of proximate composition of different bread samples with different level of JRP (on dry basis) are shown in Table 2. The moisture content of the samples were significantly (P < 0.05) higher when the level of JRP in bread samples are increased. This could be ascribed to high fiber content of jackfruit ring powder. According to Rodriguez et al. (2006) described, fruit fibers naturally have high level of moisture with some small amounts of vascular tissues. In addition to increase in moisture, crude fat and crude fiber also showed gradual significant increase (P < 0.05) by addition of JRP to bread samples. According to Feili et al. (2013) results of proximate composition in JRP exhibited higher content of crude fiber (11.32 g/100 g of dry matter), crude fat (0.82 g/100 g of dry matter) and ash (5.91g/100 g of dry matter) as compared to wheat flour. The study found a lower level of moisture (9.43g/100 g of dry matter), and crude protein (4.52 g/100 g of dry matter) in JRP. Therefore, higher fiber and fat content in bread made from different proportion of JRP could be due to higher content of crude fat and crude fiber in JRP. Though, carbohydrate, crude protein and ash exhibited by the addition JRP in the formulation of the bread products. Normally, WF comprises higher quantity of carbohydrate, protein and ash content than JRP (Feili et al. 2013). The calorie value also decreased significantly (P < 0.05) by the addition of JRP into the formulation of the bread products. This could be explicated by significantly lower amount of carbohydrate and protein in JRP, which provides it a low-calorie. Thus it could be a potential bakery ingredients to produce fiber rich bread.


    Table 2: Proximate composition of different type of bread samples.


    
      
        	
          % Composition

        

        	
          BC

        

        	
          B5JRP

        

        	
          B10JRP

        

        	
          B15JRP

        
      


      
        	
          Moisture

        

        	
          40.12±0.52d

        

        	
          42.24±0.32c

        

        	
          43.36±0.11b

        

        	
          44.94±0.23a

        
      


      
        	
          Crude fat

        

        	
          2.21±0.22c

        

        	
          2.24±0.42c

        

        	
          2.48±0.05b

        

        	
          2.63±0.26a

        
      


      
        	
          Crude protein

        

        	
          14.76±0.76a

        

        	
          13.04±0.32b

        

        	
          12.57±0.34b

        

        	
          11.43±0.14c

        
      


      
        	
          Ash

        

        	
          3.54±0.23a

        

        	
          3.43±0.02b

        

        	
          3.21±0.34b

        

        	
          3.06±0.04c

        
      


      
        	
          Crude Fiber

        

        	
          1.15±0.30d

        

        	
          3.36±0.46c

        

        	
          4.65±0.32b

        

        	
          6.02±0.23a

        
      


      
        	
          Carbohydrate

        

        	
          40.61±0.52a

        

        	
          35.69±0.20b

        

        	
          33.73±0.19c

        

        	
          31.92±0.09d

        
      


      
        	
          Caloriee

        

        	
          221.48± 0.62a

        

        	
          215.08±0.24b

        

        	
          207.52±0.15c

        

        	
          197.07± 0.13d

        
      

    


    *Data are average value of triplicate ± standard deviation. Values in the same row with different superscripts are significantly different (p < 0.05). e (Kcal/100 g of dry matter).


    Dietary Fiber in Bread Samples


    The results of total, soluble and insoluble dietary fiber (TDF, SDF and IDF) contents are presented in Figure 4. According to the results obtained from this study, there were significant (p < 0.05) differences among the TDF, SDF and IDF content. The major portion was insoluble dietary fiber. By addition of JRP into the formulation of bread samples, the TDF significantly (P < 0.05) increased from 3.87% in BC to 11.39% in B15JRP (Figure 4). Likewise, the IDF content significantly increased (P < 0.05) in samples containing JRP. There was no significant difference (P > 0.05) between SDF of bread substituted with 5% JRP (B5JRP) and control bread (BC). However, addition of JRP to 10% and15% affected significant difference (P < 0.05) in their content of IDF. The reason of increase in TDF could be due to related increase in the SDF and IDF content of bread products replaced by JRP. In terms of healthiness, SDF and IDF both are important for the biological activities in human. Water absorption capacity and intestinal regulation function is more affected by the IDF, though controlling diabetic and lowering cholesterol are more ascribed to SDF (Prosky et al. 1992). According to Official Journal of the European Union (2006) reported that breads developed with JRP might be well-known as high-fiber when they added more than 6g dietary fiber/100g food. The current recommendation for fiber intakes for adults is ranged from 25 g to 30 g per day with an IDF/SDF ratio of 3:1 (Borderias et al. 2005). In the present study, the ratio of IDF/SDF found 2.14:1, 2.73:1, 2.95:1 and 2.98:1 in BC, B15JRP, B5JRP and B10JRP respectively. Therefore, breads with added JRP (especially 10%) are possibly a good source of dietary fiber food.


    Total, Resistant and Digestible Starch in Bread Samples


    The total starch content of bread samples were 74.13% in B15JRP to 81.04% in BC. After incorporation of JRP in the formulation of bread samples, the TS vale significantly (P < 0.05) decreased presented in Table 3. This could be described by the point that TS was lower level in JRP as compared to WF (Figure 2). Subsequently, partial replacement of JRP in BC to make B5JRP, B10JRP and B15 JRP produced lower TS value in the final samples. In contrary to results of TS, resistant starch (RS) of prepared bread samples presented significant increase (P < 0.05) by partially replacement of JRP in BC. This increase in RS might be explicated by the proportion of RS: TS in JRP and WF. Since it contained a higher proportion of RS: TS in JRP (39.4%) than that of WF (36.8%), by replacement of JRP in the formulation of bread products, the RS value of bread samples showed significantly (P < 0.05) higher. The digestible starch (DS) in bread samples replaced with JRP also shown improved significantly (P < 0.05). This might be ascribed to higher fiber and resistant starch in B5JRP, B10JRP and B15JRP. Digestible starch of BC found in this study was lower (67.78) than what was reported (74.2%) by Goni et al. (1997). According to Liljeberg et al. (1996) stated that the RS value may be affected by altering the temperature and time of baking, and it would upsurge by altering the conventional baking method to low temperature for longer time period during baking.


    Table 3: Total, resistant and digestible starch of different type of bread samples.


    
      
        	
          Composition

        

        	
          Total starch

        

        	
          Resistant Starch

        

        	
          Digestible starch

        
      


      
        	
          BC

        

        	
          81.04±0.53a

        

        	
          13.26±0.14a

        

        	
          67.78±0.36a

        
      


      
        	
          B5JRP

        

        	
          78.21±0.21b

        

        	
          13.83±0.06b

        

        	
          64.38±0.27b

        
      


      
        	
          B10JRP

        

        	
          75.82±0.34c

        

        	
          14.11±0.16c

        

        	
          61.71±0.29c

        
      


      
        	
          B15JRP

        

        	
          74.13±0.03d

        

        	
          14.72±0.32c

        

        	
          59.41±0.08d

        
      

    


    *BC: White wheat bread, B5JRP: Bread substituted with 5% JRP, B10JRP: Bread substituted with 10% JRP, B15JRP: Bread substituted with 15% JRP. Values in the same row with different superscripts are significantly different (P < 0.05).


    CONCLUSION


    Results acquired from functional and chemical analysis directed that JRP obtained from treated rind of jackfruit showed the potential ingrdient to be applied in bread in a partial ratio (5%) as health advantageous composite flour. This powder exhibited a rich source of nutritive fiber food which can improve the functional characteristics of flour and bread. The breads containing JRP were significantly (P < 0.05) affected the functional and chemical properties of the products. Results obtained from proximate analysis specified that all breads replaced with JRP, ensured significantly (P < 0.05) higher fiber content. The functional properties of bread made from flour partially replaced with JRP such as Oil Holding Capacity (OHC), Water Holding Capacity (WHC) and pasting properties upgraded significantly (P < 0.05). From the abovemetioned findings it is concluded that JRP may be applied as a novel ingredient to produce high quality bakery products with an optimum ratio specially bread products. Further works on biochemical and antioxidant properties with different cultivar should be carried out to produce fruit based high fiber bread.
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    Abstrak: Brachionus plicatilis digunakan untuk memberi makan ikan dan larva krustacea dalam industri akuakultur. Telah termaktub bahawa jenis mikroalga boleh mempengaruhi pengeluaran rotifer. Eksperimen ini dijalankan untuk menentukan kesan spesis mikroalga yang terdapat di Institut Penyelidikan Perikanan (FRI), Kampung Pulau Sayak, Kedah, Malaysia pada kadar pertumbuhan segera (μ) rotifer. Nannochloris sp., Tetraselmis sp., Isochrysis sp., Chlorella sp. dan Nannochloropsis sp. digunakan sebagai makanan pada kepadatan alga yang berbeza (0.1, 0.3, 0.7 dan 1.5 × 106 sel/ml) dan jumlah kultur (20, 70 dan 210 ml). Pada kepadatan alga antara 0.3 hingga 1.5 × 106 sel/ml, nilai purata μ lebih daripada 0.90 sehari dicatatkan untuk semua spesies alga. Walau bagaimanapun, pada ketumpatan 0.1 × 106 sel/ml, hanya Tetraselmis sp. menghasilkan nilai μ yang paling tinggi berbanding dengan yang lain (p < 0.05). Dari segi isipadu, isipadu kultur Tetraselmis sp. yang lebih kecil (20 ml) menunjukkan μ yang lebih tinggi berbanding dengan isipadu kultur tertinggi (kultur 70 dan 210 ml).


    Kata kunci: Brachionus placitilis, Kadar Pertumbuhan Seketika, Kultur Intensif, Nannochloris sp., Tetraselmis sp., Isochrysis sp., Chlorella sp., Nannochloropsis sp.


    Abstract: Brachionus plicatilis is used to feed fish and crustacean larvae in the aquaculture industry. It is well established that the type of microalgae may influence rotifer production. This experiment was conducted to determine the effect of five different locally available microalgae species at Fisheries Research Institute (FRI), Kampung Pulau Sayak, Kedah, Malaysia on the instantaneous growth rate (µ) of rotifer. Nannochloris sp., Tetraselmis sp., Isochrysis sp., Chlorella sp., and Nannochloropsis sp. were used as feed at different algae densities (0.1, 0.3, 0.7 and 1.5 × 106 cells/ml) and culture volumes (20, 70 and 210 ml). At algae densities ranging from 0.3 to 1.5 × 106 cells/ml, an average µ value of more than 0.90 per day were recorded for all algae species. However, at density of 0.1 × 106 cells/ml, only Tetraselmis sp. resulted in the significantly highest µ value compared with others (p < 0.05). In terms of volume, smaller culture volume of Tetraselmis sp. (20 ml) showed significantly higher µ compared with higher volume (70 and 210 ml cultures).


    Keywords: Brachionus placitilis, Instantaneous Growth Rate, Intensive Culture, Nannochloris sp., Tetraselmis sp., Isochrysis sp., Chlorella sp., Nannochloropsis sp.


    INTRODUCTION


    The rotifer Brachionus plicatilis Muller, 1786 is one of the major food sources for fish and crustacean larvae in the aquaculture industry (Hoff & Snell 2001; Sorgeloos & Laven 1996; Lubzens et al. 1997; Lubzens & Zmora 2003). The rotifer has the ability to tolerate a wide range of salinity besides having the shape, size, colour, slow mobility and rapidly reproduce to reach high density in a short time, which contribute to the utilisation as initial food for the larvae. Furthermore the body composition of B. plicatilis can be manipulated to suit the nutritional requirements of the fish and crustacean larvae feeding on them (Lubzens et al. 1989).


    The total length of B. plicatilis ranges between 100 to 400 µm and can be divided into three categories based, i.e. Type-L, 190–320 µm in length, Type-S, 140–220 µm and Type-SS, 100–160 µm (Hino & Hirano 1973). Type-SS was later known as B. rotundiformis (Segers 1995).


    B. plicatilis reproduces asexually (parthenogenesis) under suitable condition by producing one or two large eggs of 80–100 × 110–130 µm every 4 to 6 hours and hatches to become an amictic female (Liao et al. 1993). In high density reproduction, in order to obtain mass production of rotifers, it is important to ensure that only asexual reproduction should prevail by avoiding factors that contribute to sexual reproductive phase (Liao et al. 1993; Theilacker & McMaster 1971). Factors such as high density of rotifers, food type, water temperature, salinity, light penetration, water quality and the genetic composition of rotifers can contribute to the types of reproduction of rotifers whether asexual or sexual reproduction (Hino & Hirano 1976, 1977; Lubzens et al. 1980).


    One of the crucial problems in the production of fish fry in hatcheries is insufficient live food for the early stages of fish larvae and until now no alternative food can replace the use of rotifers as the initial food for larvae (Hagiwara et al. 2001; Yoshimatsu & Hossain 2014). Production of nutritious rotifers depends on the production of microalgae used to feed them. Apart from the nutritional quality, rotifer’s breeding rate is also strongly influenced by the species of microalgae given as food (Lubzens 1987; Lubzens et al. 2001).


    Many species of microalgae have successfully been used as diet for rotifers such as Tetraselmis, Nannochloropsis, Chaetoceros, Rhodomonas and Isochrysis (Dhert et al. 2001; Hoff & Snell 2001; Treece & Davis 2000; Wikfors & Ohno 2001). Kostard et al. (1989a) reported higher growth rates when they were fed on Isochrysis galbana compared with Tetraselmis, Nannochloris, or mixture of Isochrysis and Tetraselmis, Isochrysis and Nannochloris, and Tetraselmis and Nannochloris. According to Sayegh et al. (2007), differences in strains of Isochrysis galbana used as feed resulted in some differences in the rotifer parameters such as growth rate, which was even greater than the differences of different diet species. Nevertheless, rotifers have different eating habits and varied structure and size of the corona, the mastax (specific pharynx) and also the mouth, which will determine the type of food that can be taken.


    According to Yoshimatsu and Hossain (2014), various methods of microalgae cultures have been developed for successful production of rotifers, namely through batch-culture, semi-continuous culture and continuous culture system. To cater for the needs of live food for culturing fish larvae at high densities, rotifers can also be cultured under high density method. Nannochloropsis is the most common used as live food for rotifers because of its ease of culture and obtaining the yield expected with high density on time.


    Mass scale production of rotifers comes with challenges of its own, such as drastic decrease in density due to the sudden collapse of rotifer cultures. In order to achieve high density and stability of rotifer cultures, microalgae play an important role as their food source. The Comparative study of the effects of microalgae Nannochloris sp., Tetraselmis sp., Isochryris sp., Chlorella sp. and Nannochloropsis sp. as live feed for rotifer on the growth rate of rotifer B. plicatilisis has yet to be determined in the confines of the Fisheries Research Institute (FRI). This study was aimed to examine the effectiveness of these species at different concentrations as live food and compared them with Nannochloropsis sp. because this algae is normally use in the hatchery. We assessed the effect of these differences by using a quantitative indicator (Instantanous growth rate of rotifer per day) and their relationship with the utilisation of different densities of food and volume of cultures.


    MATERIALS AND METHODS


    A female amictic Brachionus plicatilis with loricae length of 110–230 µm was isolated from existing stock culture in FRI Pulau Sayak, which has been maintained for over a year. Rotifers culture was carried out using natural seawater at 30±2 psu, and fed Nannochloropsis sp. as the main food. The seawater used for culture medium was obtained from the coastal areas of Kg. Pulau Sayak, Kedah. The seawater was sterilised (autoclaved) before it was used to culture the rotifer, as well as the algae. The study was carried out entirely under laboratory conditions, at FRI Kg. Pulau Sayak, Kedah.


    Mass Culture of Brachionus plicatilis In Batch-culture System


    One ml of stock culture, at density of 20 rotifers/ml was inoculated into a test-tube of 20 × 160 mm containing seawater at salinity 30±1 psu. The rotifers were fed Nannochloropsis sp. throughout the culture process at densities of 10–20 × 106 cells/ml, which is the recommended density for intensive rotifer culture (Lee and Tamaru 1993). The rotifer culture was maintained at room temperature of 25±1°C and illumination of 150 lux. This starter cultures were then transferred to a 500 ml Erlenmeyer flasks to increase the volume, and again were fed, Nannochloropsis sp. at a concentration of 10–20 × 106 cells per ml. The high density per ml of rotifer occurred in three days after inoculation. During this period there was no aeration given. Rotifers at exponential growth phase were then introduced into a 10 L aquarium filled with 5 L of seawater. Rotifers at this phase were cultured for three to four days before they were collected using a 30 µm mesh netting to be used in the experiments. The rotifers were always kept immersed in seawater during sieving.


    Live food preparation


    Pure cultures of local strains of Nannochloris sp., Tetraselmis sp., Isochrysis sp., Chlorella sp. and Nannochloropsis sp. were obtained from FRI Pulau Sayak, and were cultured in batch-culture system. The microalgae range from 1–2 µm for Nannochloris sp., 9–10 µm×12–14 µm for Tetraselmis sp., 4–8 µm for Isochrysis sp., 2–10 µm for Chlorella sp., and 4–6 µm, for Nannochloropsis sp. The algal cultures were maintained in exponential growth phase using natural seawater at 30 psu and were enriched with Conway medium. In order to produce the inocula of pure strain algal for a larger volume, inoculum transfers were started from an axenic culture stock in a small volume culture. Contamination by bacteria normally cannot be avoided at a large volume culture, therefore the success of microalgae production depends on the inoculation procedure. The flasks cultures were kept on illuminated shelf of 3000 lux at room temperature of 24°C. Algal densities were estimated three times using a haemacytometer to obtain the average density to be used at the beginning for each feeding trials. All aseptic techniques were followed at every steps of sub-cultures transferred.


    Assessment of Live Feed for Brachionus plicatilis.


    The intensive cultures of Brachionus plicatilis were fed with Nannochloris sp., Tetrasemis sp., Isochrysis sp., Chlorella sp., and Nannochloropsis sp. separately and the instantaneous growth rate (μ) of the rotifers were determined. Prior to experiment, the rotifers were not fed for one day. Rotifers from the exponential growth phase were inoculated into a 50 ml Erlenmeyer flask filled with 20 ml of seawater at 30 psu. Assays were also performed at 70 and 210 ml volume cultures.


    Each rotifer cultures were fed different microalgae species at densities of 0.1, 0.3, 0.7 and 1.5 × 106 cells/ml. The algae densities used in this experiment were based on recommendations by Hoff and Snell (2001) for optimum feeding rate in rotifer. Test containers were exposed to fluorescent light intensity of 150 lux to maintain microalgae survival but prevent algal reproduction. No additional aeration was given. In this experiment all treatments were conducted in triplicate.


    Summary of experimental design to assess live feed for Brachionus plicatilis as follows:


    
      	Microalgae – Batch culture system


      	Isolated Amictic Rotifer – Batch culture system


      	High Density of Rotifer (exponential growth phase)


      	Assessment of Live feed for B. plicatilis

        a. Size of rotifer culture 20, 70 and 210 ml.


        b. Each trail was fed different microalgae species at densities of 0.1, 0.3, 0.7 and 1.5 × 106 cells/ml with triplicate


        c. After 24 h, Sedgewick rafter slide used for counting rotifers and their eggs

      

    


    Rotifer Density Sampling


    Triplicate of 1 ml sample from a homogenized rotifer culture were pipetted onto a sedgewick rafter slide using a micropipette. Counting of rotifers and their eggs were then conducted under a light microscope and their densities were determined. The number of rotifers and their eggs were summed up as the total number of rotifers. The instantanous growth rate (µ) was estimated after 24 h of treatments. The densities of rotifers and their eggs were determined as follows (Theilacker & McMaster 1971):


    µ = (logeNt–logeNo)/t


    No = The number of rotifers in the inoculation


    Nt = The final number of rotifers after time t (days)


    The growth rate of rotifer (µ) is calculated as the slope of loge number of rotifers against time in days on the exponential growth phase.


    Statistical Test


    SPSS package statististics 20.0 was used to examine the effects of the treatments on the parameters measured. In all analyses, the level of significance were considered at α = 0.05.


    RESULTS


    The instantaneous growth rate of rotifers fed with Nannochloris sp. showed increased value with increasing food densities (Table 1). The highest values of instantanous growth rate were obtained at a density of 0.7 × 106 cells per ml (1.53 per day) and was decreased at density of 1.5 × 106 cells per ml, but showed no significant differences with density of 0.7 × 106 cells per ml (Table 1). At density of 0.1 × 106 cells per ml, the instantanous growth rate was only 0.10 per day.


    The increment in instantaneous growth rate of rotifers fed on Tetraselmis sp. occurred by increasing food densities but had no significant effects (Table 1). The highest value of instantanous growth rate was occurred at density of 0.7 × 106 cells per ml (1.72 per day) and the mean was decreased at density of 1.5 × 106 cells per ml. At food density of 0.1 × 106 cells per ml, the mean value already exceeded the µ values for other spp. (Table 1).


    Table 1: Mean value with standard error of mean of instantaneous growth rate of rotifer (µ/day) fed on different densities of microalgae in 20 ml culture volume. The symbol (*) and dissimilar alphabet (superscript) in row denote differences at a = 0.05.


    
      
        	
          Diet

        

        	
          Density (cell/ml)

        

        	
          p value

        
      


      
        	
          0.1 × 106

        

        	
          0.3 × 106

        

        	
          0.7 × 106

        

        	
          1.5 × 106

        
      


      
        	
          Nris

        

        	
          0.10a±0.00

        

        	
          1.16b±0.21

        

        	
          1.53b±0.07

        

        	
          1.28b±0.25

        

        	
          0.01*

        
      


      
        	
          Tetra

        

        	
          1.40a±0.08

        

        	
          1.54a±0.21

        

        	
          1.72a±0.09

        

        	
          1.62a± 0.21

        

        	
          0.60

        
      


      
        	
          Iso

        

        	
          0.50a±0.10

        

        	
          1.04b±0.13

        

        	
          0.98b±0.09

        

        	
          1.11b±0.15

        

        	
          0.03*

        
      


      
        	
          Chl

        

        	
          0.24a±0.14

        

        	
          0.89b±0.09

        

        	
          1.41c±0.00

        

        	
          1.67c±0.13

        

        	
          0.02*

        
      


      
        	
          Nanno

        

        	
          0.10a±0.00

        

        	
          1.64b±0.14

        

        	
          1.27b±0.37

        

        	
          1.33b±0.22

        

        	
          0.07*

        
      

    


    Nris = Nannnochloris sp.; Tetra =Tetraselmis sp.; Iso = Isochrysis sp.; Chl = Chlorella sp.; Nanno = Nannochloropsis sp.


    The instantaneous growth rate of rotifers per day fed on Isochrysis sp., increased with increasing food densities (Table 1). Even though the result showed a slightly lowered at density of 0.7 × 106 cells per ml and the highest values of instantanous growth rate occurred at density of 1.5 × 106 cells per ml (1.11 per day), however treatments at densities of 0.3 × 106, 0.7 × 106 and 1.5 × 106 cells per ml indicated the mean values were not significant (Table 1). At density of 0.1 × 106 cells per ml was 0.50 per day.


    The instantaneous growth rate of rotifers per day fed on Chlorella sp. indicated increased value with increasing food densities (Table 1). At density of 0.1 × 106 cells per ml, the mean value obtained only 0.24 per day. At density of 0.7 × 106 cells per, showed significant increased in the mean value compared at density of 0.3 × 106 cells per ml (Table 1). At density of 1.5 × 106 per ml, showed the mean value was not significant compared to 0.7 × 106 cells per ml (Table 1).


    The instantaneous growth rate of rotifers per day fed on Nannochloropsis sp. also increased with increasing food densities (Table 1). At density of 0.3 × 106 cells per ml, the mean value was achieved at 1.64 per day, but indicated that not significant to the densities of 0.7 × 106 and 1.5 × 106 cells per ml (Table 1). At density of 0.1 × 106 cells per ml, the mean was only 0.10 per day.


    At the level of food density 0.1 × 106 cells per ml, among the five microalgae, Tetraselmis sp. resulted in significantly highest mean instantanous growth rates of rotifers (1.4 per day) (Table 2). The second highest was Isochrysis sp. (0.5 per day) and was significantly then those fed on Nannochloris sp., Chlorella sp., and Nannochloropsis sp. (Table 2). Meanwhile, no differences were observed among Nannochloris sp., Chlorella sp., and Nannochloropsis sp. for the values 0.1, 0.24 and 0.10 per day respectively. Meanwhile, at density of about 0.3 × 106 cells per ml, all treatments recorded mean values higher per day. Nannochloropsis sp (1.64 per day) was higher than Isochrysis sp. and Chlorella sp., and Tetraselmis sp. (1.54 per day) was significantly different to Chlorella sp. (Table 2).


    Table 2: Mean value with standard error of mean of instantaneous growth rate of rotifer (µ/day) fed on different diets at two different densities in 20 ml culture volume. The symbol (*) and dissimilar alphabet (superscript) in row denote differences at a = 0.05.
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    Diet at density of 0.1 × 106 cells, Tetraselmis sp. capable to produce the highest instantanous growth rate per day of rotifers than those algal diet, treatments were repeated with the larger volume cultures (70 and 210 ml). The results were indicated that the greater volumes caused slower growth rate with significantly effects on volume culture 20 ml than volume cultures 70 ml and 210 ml (Table 3).


    Table 3: Fisher LSD test results of instantaneous growth rate of rotifers per day at Tetraselmis sp. density of 0.1 × 106 cells/ml. Asterisk denote differences at a= 0.05.


    
      
        	
          Culture volume (mL)

        

        	
          p

        
      


      
        	
          20–70

        

        	
          0.001**

        
      


      
        	
          20–210

        

        	
          0.001**

        
      


      
        	
          70–210

        

        	
          0.080ns

        
      

    


    ns = Not significant; ** p < 0.01


    Experiments were conducted in larger volume cultures of rotifers at 70 ml, at the same level of food density. Statistical tests showed that the means of instantaneous growth rate of the rotifer fed on different diet species were not significantly differed (Table 4). Meanwhile, in culture volume of 210 ml, the instantaneous growth rates were 1.39 and 1.48 per day for Tetraselmis sp. and Chlorella sp. respectively showed significant difference to Isochrysis sp. (Table 4).


    Table 4: Mean value with standard error of mean of instantaneous growth rate of rotifer (µ/day) fed at 0.3 × 106 cells/ml on different diets in 70 and 210 ml culture volumes. The dissimilar alphabet (superscript) in row denote differences at a = 0.05.
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    The effects of algal species were related to the densities of diet (two-way ANOVA; p < 0.01). The impacts of food densities (partial η2 = 0.48) are stronger than food species (partial η2 = 0.17; Table 5).


    Table 5: Two-way ANOVA of diet and density effects on instantaneous growth rate of rotifers per day


    
      
        	
          Source

        

        	
          Df

        

        	
          SS

        

        	
          MS

        

        	
          F

        

        	
          Partial η2

        
      


      
        	
          Species (S)

        

        	
          4

        

        	
          3.156

        

        	
          0.789

        

        	
          10.048**

        

        	
          0.17

        
      


      
        	
          Density (D)

        

        	
          3

        

        	
          8.853

        

        	
          2.951

        

        	
          37.578**

        

        	
          0.48

        
      


      
        	
          S × D

        

        	
          12

        

        	
          3.304

        

        	
          0.275

        

        	
          3.506**

        

        	
          0.18

        
      


      
        	
          Error

        

        	
          40

        

        	
          

        

        	
          

        

        	
          

        

        	
          

        
      

    


    DISCUSSION


    Previous studies showed that the production of rotifers were affected by their food (Lubzens 1987; Lubzens et al. 2001). Sarma and Rao (1987) reported, the growth in many rotifers is a function of type of food and food levels provided. This was due to many factors that could influence the suitability of microalgae species as live food such as size, shape, mobility, digestibility and nutrient composition. However this study showed similar instantaneous growth rate when the algal densities were at the abundance level (0.3 × 106 cells per ml). According to Yufera and Pascual (1980), the highest growth rate was recorded when using Tetraselmis suecica. Meanwhile Kostard et al. (1989a) reported highest growth rate when using Isochrysis galbana compared to others such as Tetraselmis sp., Nannochloris atomus or mixture of Isochrysis and Tetraselmis, Isochrysis and Nannochloris, and Tetraselmis and Nannochloris. Isochrysis sp. is a type of motile algae species, but with slow mobility compared to Tetraselmis. Although the use of Tetraselmis sp and Isochrysis sp. are ideal for rotifer, attaining high densitiy cultures are quite difficult compared with Nannochloris, Nannochloropsis and Chlorella.


    Previous studies also reported strong correlation between rotifers growth rate and food abundance (Edmonson 1965; Hotos 2002; Snell et al. 1983). Lee and Tamaru (1993), suggest that food densities at 10 to 20 × 106 cells per ml of Nannochloropsis oculata for intensive cultures of Brachionus plicatilis. In contrary, Hoff and Snell (2001), recommend a food density at only 0.1 × 106 cells per ml for optimal nutrition values.


    This study indicated at each of the four levels of food densities tested (i.e. 0.1 × 106, 0.3 × 106, 0.7 × 106 and 1.5 × 106 cells per ml) for all species resulted in instantaneous growth rates were higher except at the lowest food density tested at 0.1 × 106 cells per ml for Nannochloris sp., Isochrysis sp., Chlorella sp. and Nannochloropsis sp.


    At food density 0.1 × 106 cells per ml, the mean instantaneous growth rates were depend on the food species. Only Tetraselmis sp. recorded significantly higher instantaneous growth rate. This indicated that at low food densities, the types of food become a limiting factor. Feature of Tetraselmis sp. that able to move faster than Isochrysis sp. gave them advantage as preferred food for rotifers. This was followed by Isochrysis sp. with a mean value of the instantaneous growth rate at 0.50 per day and then by Chlorella sp., Nannochloris sp. and Nannochloropsis sp., which were non-motile species.


    The mean instantaneous growth rates of rotifers increased significantly by increasing food densities from 0.1 × 106 cells per ml to 0.3 × 106 cells per ml, except Tetraselmis sp. Rotifers given food at density of 0.3 × 106 cells per ml showed mean instantaneous growth rates were higher for all algae species. Therefore it was assumed that in intensive rotifers culture, higher density culture can be achieved at this level of algal density. The mean instantaneous growth rates were also higher at 0.7 × 106 cells per ml and 1.5 × 106 cells per ml. This indicated that rotifers were getting enough foods. However, Tetraselmis sp. still remains the preferred food. This study generally showed that foods given at densities of 0.1 × 106 to 1.5 × 106 cells per ml contributed to higher instantaneous growth rates for rotifers. Snell et al. (1983) reported, B. plicatilis recorded a peak in growth rate using Chlorella sp. at density of 0.5 mg per ml followed by a decrease in instantaneous growth rate at a high density of algae. Hotos (2002) stated the ingestion rate of B. plicatilis increased with increasing density of algae given and decreased at density 620,000 per ml. Meanwhile, Kostard et al. (1989b), observed ingestion rate by rotifers were linearly increased with an increase in food density until a maximum level and then remained constant.


    The results indicated, when all species of food given at the abundance conditions produced higher impacts on the mean instantaneous growth rates of rotifers. But Tetraselmis showed better growth than Chlorella, Nannochloropsis showed better growth than Isochrysis and Nannochloropsis showed better growth than Chlorella. Rotifers reared at 70 ml and 210 ml culture volumes also did not revealed any significant differences, except for Tetraselmis-Isochyris and Isochrysis-Chlorella in 210 ml culture. There was no significant differences because the mean instantaneous growth rates using Isochrysis sp. was lower. The characteristic of motile preys can be ignored when at high density of food is given to rotifers, thus mobility factor of the preys only significant at low food density.


    Our study suggest that culturing of rotifers in intensive culture systems can be conducted at food densities between 0.3 × 106 cells per ml to 0.7 × 106 cells per ml except for Tetraselmis sp., which can be supplied at lower density. All algal species tested at 1.5 × 106 cells per ml showed declined pattern of rotifers growth rate, except for Chlorella sp..


    Our study also revealed that culturing rotifers at high density were better when performed in small containers. Our result demonstrated that rotifers fed with Tetraselmis sp. at 0.1 × 106 cells per ml, showed the highest mean instantaneous growth rate when culture in 20 ml volume culture (1.40 per day), and became lower in the 70 ml (0.80 per day) and 210 ml (0.60 per day) volume cultures. According to Rimatulhana et al. (2006), the growth rate for the B. plicatilis size SS, which was cultured in 750 ml at 30 psu using Nannochloropsis sp. at 3 × 106 cells per ml was 0.787 per day. Yoshimatsu and Hossain (2014), reported in high density culture, the rotifers were exposed to a high pressure conditions such as from their own excreta, a situation that did not occur in their natural environment, and therefore will make the culture unstable.


    Their study also showed the instantaneous growth rates of rotifers per day were higher when moving diets were used even at low food densities compared with the stationary food species that required higher densities for the same results. The use of Tetraselmis sp. and Isochrysis sp. at lower densities than the three other species produced a higher instantaneous growth rate of rotifers. Factor of mobility for Tetraselmis sp. and Isochrysis sp. were met with their predators become more frequent.


    Statistical test revealed that the effects of food densities on the mean instantaneous growth rate values were varied between species (p < 0.01) and furthermore the food densities dominated over food species on rotifers production. According to Theilacker and McMaster (1971), high food densities are the most important parameters needed to ensure high production of rotifer.


    CONCLUSION


    Generally, the instantaneous growth rate of rotifers per day increased with increasing food densities. All food species assayed at density of 0.3 × 106 cells per ml, showed all the mean values of instantaneous growth rates were higher when the algal densities at the abundance level (0.3 × 106 cells per ml). The type of microalgae also can become a limiting factor which at food density of 0.1 × 106 cells per ml (recommended by Hoff and Snell 2001), showed only food species have the capability to move (motile food species) such as Tetraselmis sp. and Isochrysis sp. produced the high instantaneous growth rates. This study also shown that the smaller volume culture size has a better result for mass production of rotifers.
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    Abstrak: Tarsius bancanus borneanus (kera hantu) pertama kali dicam oleh Elliot pada tahun 1990 merupakan spesies endemik yang boleh ditemui di kepulauan Borneo yang terdiri dari Sabah dan Sarawak (Malaysia), Brunei Darussalam dan Kalimantan, Indonesia. Sub-spesies ini telah disenaraikan sebagai haiwan yang terlindung sepenuhnya di bawah Ordinan Perlindungan Hidupan Liar Sarawak (1998) dan disenaraikan sebagai spesies yang terdedah kepada kepupusan oleh IUCN. Kajian ini telah dijalankan di Universiti Putra Malaysia Kampus Bintulu Sarawak (UPMKB), dari Oktober 2014 hingga Mac 2015. Menerusi persampelan tangkap-lepas yang meliputi kawasan seluas 37 ha hutan sekunder dan 7.13 ha hutan yang dipulihara, sebanyak 16 ekor kera hantu telah ditangkap menggunakan jaring kabut manakala seekor kera hantu telah berjaya ditangkap semula. Kepadatan populasi kera hantu yang ditangkap menggunakan jaring kabut di dalam hutan sekunder adalah 38 individu/km2 manakala 28 individu/km2 dicatatkan bagi hutan yang dipulihara. Dengan menggunakan kaedah penangkapan per satu unit usaha (net-jam), masa purata bagi seekor kera hantu ditangkap di dalam hutan sekunder adalah 26.6 jam/haiwan dan 30 jam/haiwan di dalam hutan yang dipulihara. Keputusan membuktikan data mengenai kehadiran kera hantu di dalam kedua-dua hutan sekunder dan hutan yang dipulihara terutamanya di kampus UPMKB sekaligus menonjolkan nilai pemuliharaan kawasan hutan tersebut.


    Kata kunci: Kelakuan, Taburan, Endemik, Morfologi, Primat


    Abstract: Tarsius bancanus borneanus was first reported by Elliot in 1990 which an endemic species that can be found on the Island of Borneo consisting of Sabah and Sarawak of Malaysia, Brunei Darussalam and Kalimantan, Indonesia. This sub-species has been listed as a totally protected animal under the Sarawak Wild Life Protection Ordinance (1998) and vulnerable by the International Union for Conservation of Nature (IUCN). The present study was conducted at Universiti Putra Malaysia Bintulu Campus (UPMKB), Sarawak from October 2014 till March 2015. Through mark and recapture sampling covering an area of 37 ha of secondary forest patches and 7.13 ha of rehabilitated forest, a total of 16 tarsiers were captured using mist nets while one tarsier was recapture. The population density was 38 individuals/km2 was captured using mist nets in the secondary forest while 28 individuals/km2 was recorded for the rehabilitated forest. Using the catch per unit effort (net hour) method, the average time for capturing tarsiers in the secondary forest patches was 26.6 net hour per animal and 30.0 net hour per animal in the rehabilitated forest. The presented results provides information on the presence of tarsiers in both the secondary and rehabilitated forests of UPMKB, Sarawak, Malaysia which underlines the conservation value of these forested areas.


    Keywords: Behaviour, Distribution, Endemic, Morphology, Primate


    INTRODUCTION


    The name ‘tarsier’ is derived from the word ‘tarsal’ meaning ankle bone (Encyclopedia Britannica 2009). The unique characteristics of a tarsier include the capability of moving the head by almost 360 degrees, large eyes, long tarsal bone and very long hind legs which gives it the ability to search for prey and perform great leaps of up to 5–6 meters to catch its prey (MacKinnon & MacKinnon 1980). Tarsiers are restricted to the Southeast Asian island nations of Brunei, Indonesia, Malaysia, and the Philippines (Brandon-Jones et al. 2004). Tarsiers are found in a broad variety of habitats, including primary and secondary habitats, as well as certain habitats under human cultivation or use (MacKinnon & MacKinnon 1980; Crompton & Andau 1986). Conservation of primates has been inadequately acknowledged especially for tarsiers (Gursky et al. 2008). Studies on Tarsius bancanus borneanus have been very slow compared to the Philippines Tarsier (Brandon-Jones et al. 2004), as the species cannot be bred well in captivity and the specimen for the capture is low in number (Hellingman 2004). The whole species range of Tarsius bancanus borneanus occurrence as recorded by Brandon-Jones et al. (2004) was estimated to be more than 100,000 km2. Gursky et al. (2008) acknowledged that data on tarsier species and populations, especially its distribution is lacking. More regional studies should be conducted to obtain accurate data so that estimations on population density and other parameters can be scientifically recorded. According to the IUCN (2015), 30% of Tarsius bancanus borneanus habitat has been lost over the last 20 years. As scientific data for this sub-species is still lacking in Sarawak, it is high time to collect such data so that the existence of the species can be documented for future references. Thus, the aim of this study was to determine the species distribution, population density, average time of capture, including morphology and behavior sampling of Tarsius bancanus borneanus in the secondary and rehabilitated forests of Universiti Putra Malaysia Bintulu Campus (UPMKB), Sarawak, Malaysia.


    METHODS


    Study Sites


    Universiti Putra Malaysia Bintulu, Sarawak Campus (UPMKB) is one of the few green lungs still left in the Bintulu Division (Norfahiah et al. 2012). Nowadays, the development in Bintulu is rapid and more forested area are being cleared for residential and industrial purposes. When the total area of primary and secondary forests decrease it may harm the population of wildlife in terms of habitat loss. Deforestation may cause wildlife to find other places for living and Nirwana Forest Reserve and the Mitsubishi Rehabilitation Forest of UPMKB is the only green place for them. Tarsius bancanus borneanus may receive a huge habitat loss impact and the population may decreased from day to day. There are several forest patches in UPMKB that can be classified as fragmented forest (secondary forest type). Fragmented forest resulted in the loss of habitat, formed isolated patches of forest and creating edge effects by breaking up forest areas (Bogaert 2000). According to Wade et al. (2003), forest fragmentation is a process that separates large areas of forest into smaller pieces. The campus area consists of three main forest patches: the Botanical Garden, Biopark, and a teaching forest known as the Reserve. The study site is located at the Nirwana Forest. Natural regeneration has occurred for years in the secondary forest of the Nirwana Forest Reserve. Species found on site are the dipterocarp (Shorea spp. and Hopea spp.) and non-dipterocarp (Macaranga spp., Mallotus spp.) species (Aiza et al. 2013). According to Aiza et al. (2013), the average diameter, at breast height, of the species ranged between 5.0 to 30.0 cm, while for the tree height, it was about 5.0 to 25.0 m. Rehabilitated forest can be defined as the renewal of forest crop through natural or artificial means (Yadav 2014). In this study, the regenerated forest area did not occur naturally but was man-made or planted. According to the Food and Agriculture Organization of the United Nations (FAO) 2010, planted forest is art of the forest regeneration which has two purposes: to protect and produce. Under the UPMKB context, the established planted forest acts as a protection instead of an area. Protective planted forest is an area that is established by way of a planting technique using native or introduced species (FAO 2010). There are four phases of rehabilitated forests in UPMKB, and only Phase I and II of the areas were used for this research. The rehabilitated forest is also known as the Malaysia Tropical Forest Regeneration Experimental Project which was a joint research project between Yokohama National University and Universiti Putra Malaysia, and sponsored by the Mitsubishi Corporation in 1990 (Aiza et al. 2013). In the rehabilitated forest several species were planted, such as Shorea macrophylla, Shorea pinanga, Shorea palembanica, Shorea ovata, Shorea stereoptera, Dryobalanops aromatica and Hopea spp. (Aiza et al. 2013). In the case of Bintulu town, the Nirwana Forest Reserve (a secondary forest) and the Mitsubishi Rehabilitation Forest (a rehabilitated forest) are the only two places available near UPMKB as alternative homes for wild life which are in close proximity to its natural habitat.


    Sampling


    This study was conducted during the rainy season from October 2014 to March 2015. The sampling area covered 37 ha (0.37 km2) of secondary forest patches and 7.13 ha (0.0713 km2) of rehabilitated forest. In order to determine the location of tarsiers, several methods were applied such as reviewing secondary data from earlier study (Mahmad Yatim & Sylvia 2007; Nur Fadzlyn & Muhammad Shahrul Anuar 2009; Muhammad Hafiz & Siti Asmah 2010), sensing of urine marks on tree trunks and scouring for suitable habitats (Yustian 2006). During one pilot study conducted one of the field assistant found a urine mark on a tree left by a tarsier before disappearing to a higher level. The urine marks scent also was confirmed when one tarsier urinated at the time it was caught in the mist net.


    Data Collection


    Tarsiers in this study were captured using mist nets via the mark and recapture method which have been used by Fogden (1974) and Crompton and Andau (1986). The size of the mist net used was 9–12 m long, 2.10–2.70 m wide with a mesh size of 16 mm2 (Yustian 2006). Nets were set up at 17:30 hours and closed after 23:30 h at the same location for at least three consecutive nights. To allocate the mist-nets, several plots have been established in the secondary and rehabilitated forests. Plots were set up randomly according to the area where the tarsiers have been captured according to previous study by Ahmad (2010). A total of 37 plots that were randomly selected near the forest edge of the secondary forest. For the rehabilitated forest, there were seven selected plots near the forest edge. The size for each plot is 20 × 50 m or 1 ha. Similar to the method used by Merker (2006), two to six mist-nets were set up inside the plot randomly after scanning the potential area to catch the tarsiers. In this research, more mist-nets were used to increase the chances of capturing the tarsiers. About 15 to 20 mist-nets were used per night in an area. Nets were inspected every 1 to 2 h to ensure that they were free from unwanted trapped birds, bats and insects (Yustian 2006). Tarsiers caught in the mist net were removed without using sedatives. Cotton gloves were used to avoid harming the tarsier. After being released from the net, tarsiers were kept in a cloth bag and parameters taken out to measure the morphology parameters. Three persons were required to assist in the measurement, recording and holding the tarsier. The tarsier was released after 10 min after all the measurement have been completed. Before being released at the place of capture, a temporary nail polish was applied to the hind leg nail for detection of recapturing. GPS reading for the capture location was recorded using GARMIN GPSmap 62s. All GPS coordinates were transferred to the Base Camp GARMIN Software for analysis. Data on elevation and distance from the main trail were also collected by using the same GPS map 62s for further analysis. There were two main trail (T1 and T2) located in this study i.e. T1 trail length was 810 m while T2 was 2694 m. Every distance where the tarsiers were captured and observed were marked to the nearest main trail. The distance of main trails depended on the accessibility to research areas. For behaviour observation, the ad libitum Sampling Method was used. Mann (2002) stated that it is possible to use more than one sampling methods for animal behaviour. In the ad libitum sampling method, the data was recorded according to the researcher encounter. Although not specific, it was useful for initial observation. It is also known as a typical field note (Mann 2002).


    Data Analysis


    The population density for the mark and recapture method was estimated according to Brower et al. (1990), by dividing the number of observed/captured animals with the total area (Di = ni /A) while, the average of catch per unit effort (net hours) was determined by dividing the capture effort hours with the number of captured animals using mist nets. The following morphological measurements were taken using a caliper and measuring tape: (1) tail length, (2) tuft length, (3) body length, (4) head and body length, (5) hindlimb length, (6) hindfoot length, (7) arm length, (8) forearm length, (9) hand length, (10) thumb diameter, (11) ear length. The morphological measurements and attachment procedure took approximately 20 minutes (Yustian 2007). Student t-tests were used to compare the means of the morphometric data. The testis volume was calculated using the formula: V = 4/3 π (0.5L)*(0.5W)2 (Fietz 1999). Morisita’s Index (Morisita 1959) was adopted to elicit the distribution pattern of tarsiers where Id = n * [(∑x2−∑x/(∑x)2−∑x)]; n is the number of sampled parcels and xi the number of ramets or genets in each sampled parcel.


    RESULTS


    Population Density


    Fourteen tarsiers were captured in the secondary forest using mist nets and only two tarsiers were captured in the rehabilitated forest. Only a single tarsier was recaptured in the rehabilitated forest during the entire research period. The population density per km2 estimation using the capture effort method for the secondary and rehabilitated forests was 38 and 28 individuals, respectively (Table 1).


    Table 1: Population density of tarsiers in the secondary and rehabilitated forests and average captured animal per capture efforts (nets-hour).
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    Average Time of Tarsiers Captured


    Differences in the coverage of the research area influenced the average number of captured animal per capture effort (net hours). Only 14 individuals were captured within the 372 h spent to cover 37 ha of the secondary forest patches. Meanwhile, in the smaller area of the rehabilitated forest (7.13 ha) a total of 60 h was spent to capture two tarsiers. Thus, in the secondary forest, the average time to capture a tarsier was quantified as 26.6 net hours/animal while for the rehabilitated forest it was 30.0 net hours/animal (Table 1).


    Distribution


    The distribution of tarsiers can be seen in Fig. 1. Morisita’s Index has been widely used to determine the dispersion of individuals in a population (Morisita 1959). Morisita’s Index for the secondary forest was Id = 4.88 (N = 14 tarsiers, n = 37 plots) and Id = 7.00 (N = 2 tarsiers, n = 7 plots) for the rehabilitated forest. The Morisita’s Index recorded an Id of more than 1.0, indicating that the distribution was patchy. Thus, in both sampling areas, the Morisita’s Index for dispersion indicated that the Tarsius bancanus borneanus was not randomly distributed.


    
      [image: art]


      Figure 1: The distribution of tarsiers

    


    Morphological Measurement


    The morphological measurement of Tarsius bancanus borneanus in the secondary and rehabilitated forests are shown in Table 2. An independent t-test was conducted to compare the morphological data between male (N = 10) and female tarsiers (N = 4) captured in the secondary forest. The measurement of the length of the hind limbs (thighs) of male tarsiers were found to be significantly longer (Mm = 71.10 mm, SDm = 4.31) than the female tarsiers (Mf = 62.30 mm, SDf = 8.85) with t = 2.586 and p = 0.024. Range survey, morphological measurements and independent t-tests were not conducted for the rehabilitated forest as only one male and one female tarsier were captured. Tarsius pumilus and Tarsius bancanus borneanus have the same preference to live nearby the main trail. According to Merker and Muhlenberg (2000), Tarsius dianae in Sulawesi, Indonesia also have been found near to the human area with the range of distance between 80–133 m. Most of the studies suggested that tarsiers can easily be observed or captured nearby the forest edges. This situation occurs because of the food resources availability such as insect which were more abundant nearby the forest edges (Grow et al. 2013).


    Morphology


    Payne et al. (1985) reported that the weight range for this subspecies were between 86.00 g–135.00 g. Mahmad Yatim and Sylvia (2007) recorded the weight of tarsiers ranging between 141.1 g–150.2 g which was more than the maximum weight recorded by Payne et al. (1985).


    Testis Volume


    A total of 11 male tarsiers were caught and measurements of testis length and width were recorded (Table 3). The testis volume of male tarsiers varies from 161.0 mm3–670.3 mm3. The r2 value was 0.828 indicating a high degree of correlation occurred between the testis volume and body weight of male tarsiers with about 81.1% of total variation for testis volume can be explained by the body weight. The relationship between the testis volume and body weight of male tarsiers in both the secondary and rehabilitated forests was highly significant (p < 0.01).


    Table 2: Morphometrics of Tarsius bancanus bomeanus in secondary forest and rehabilitated forests
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    *Note: W = weight; TLL = tail length; TFL = tuft length; BL = body length; HBL = head and body length; HLL = hindlimb length; HFL = hindfoot length; AL = arm length; FL = forearm length; HL = hand length; EL (L) = ear length; EL (W) = ear width; TD = thumb diameter.


    **Note: All measurements were in (mm) except weight (g)


    Table 3: Testis volume and body weight of Tarsius bancanus borneanus in secondary and rehabilitated forests.


    
      
        	
          No. of individuals

        

        	
          Month of capture

        

        	
          Average testis volume (TV) (mm3)

        

        	
          Body weight (BW) (g)

        

        	
          TV/BW

        
      


      
        	
          SFM1

        

        	
          October 2014

        

        	
          207.6

        

        	
          130

        

        	
          1.6

        
      


      
        	
          SFM2

        

        	
          December 2014

        

        	
          670.3

        

        	
          140

        

        	
          4.8

        
      


      
        	
          SFM4

        

        	
          December 2014

        

        	
          333.8

        

        	
          150

        

        	
          2.2

        
      


      
        	
          SFM5

        

        	
          December 2014

        

        	
          593.8

        

        	
          120

        

        	
          4.9

        
      


      
        	
          SFM6

        

        	
          January 2015

        

        	
          255.5

        

        	
          120

        

        	
          2.1

        
      


      
        	
          SFM7

        

        	
          January 2015

        

        	
          469.2

        

        	
          110

        

        	
          4.3

        
      


      
        	
          SFM8

        

        	
          January 2015

        

        	
          273.4

        

        	
          150

        

        	
          1.8

        
      


      
        	
          SFM9

        

        	
          January 2015

        

        	
          414.2

        

        	
          120

        

        	
          3.5

        
      


      
        	
          SFM10

        

        	
          February 2015

        

        	
          157.1

        

        	
          100

        

        	
          1.6

        
      


      
        	
          SFM11

        

        	
          February 2015

        

        	
          502.7

        

        	
          160

        

        	
          3.1

        
      


      
        	
          RFM3

        

        	
          December 2014

        

        	
          161.0

        

        	
          140

        

        	
          1.2

        
      


      
        	
          SD

        

        	

        	
          175.7

        

        	
          18.7

        

        	
      

    


    *Note: SF = Secondary Forest; RF = Rehabilitated Forest


    Behaviour


    Four tarsiers were spotted through the observation process. A tarsier was detected on a tree trunk at an observation height of more than two metres (25% of total observation) while three spotted tarsiers were observed below two meters (75% of total observation). The observation data also revealed the movement of the tarsiers. Observations conducted on four tarsiers recorded that the subspecies preferred small diameter trees to leap from i.e. mean 3.1 cm in the present study. Based on observation, tarsiers will take a few minutes to leap and usually they turn their heads left and right to seek for a suitable tree to escape. Such behaviour was performed by the tarsiers in the secondary forest. Tarsiers do not perform rapid disturbance behaviour when light is shown on them.


    Five urine marks were detected in several lines within the research areas. The first urine mark was found at 16:00 h during the setting up of the mist nets. The other three urine marks were detected between 19:30 to 20:30 h while one urine mark was sensed at 22:00 h. The smell of urine marks can be easily detected near the mist nets area where the calls were heard. Data on vocalisation signals was insufficient for comparison. The calls can be described in three short phrases, ‘tsit-tsit-tsit’ similar as described by Niemitz (1979).


    DISCUSSION


    Population Density


    The population density of Tarsius bancanus borneanus in the secondary forest in this study was higher (38 individuals/km2) compared to the rehabilitated forest but lower compared to other literature reports. Earlier sampling conducted in 2006 until 2009 recorded nine individuals of Tarsius bancanus borneanus in the area (Norfahiah et al. 2012) with one individual located in the Mitsubishi Rehabilitated Forest and another eight individuals in the Nirwana Forest Reserve. The number of Tarsius bancanus borneanus in the rehabilitated forest was only 28 individuals/km2. Niemitz (1979) noted that the population density of Tarsius bancanus borneanus in Sarawak was less than 80 individuals/km2. Crompton and Andau (1987) reported that the population density of the same subspecies at the secondary forest of Sepilok Forest Reserve in Sabah was merely 14–20 individuals/km2. Meanwhile, Blackham (2005) stated that the population density of Tarsius bancanus borneanus in the peat swamp forest of Central Kalimantan was 0.003 individuals/km2 using distance sampling. Another comparison which can be made was with the Tarsius bancanus saltator in small-scale plantations and logging areas of Belitung Island where Yustian (2006) reported a population density of only 25–26 individuals/km2. It was stipulated the population density of tarsiers could have been affected by the location and topography of study sites. Blackham (2005) noted that habitat types could also influence population density estimations. In this study, sampling during the wet season and dry season was not conducted. Seasonality is one of the factors affecting the presence of tarsiers. From previous study, it was shown that seasonality gave impact on insect abundance and behavior of Tarsius spectrum in Tangkoko-Dua Saudara Nature Reserve, North Sulawesi, Indonesia (Gursky 2000). However, according to Merker (2006), seasonality did not influence the ranging patterns of Tarsius dianae in Lore-Lindu National Park, Central Sulawesi, Indonesia. There were differences between the result for seasonality between Gursky (2000) and Merker (2006). According to Gursky (2000), the food resources during the dry season was lacking thus forcing tarsiers to use most of their time on foraging than other activities.


    Average Time of Tarsiers Captured


    This research recorded 26.57 net hours to trap tarsiers in the secondary forest and 30.00 net hours in the rehabilitated forest. A study by Ahmad (2010) did not state the average time for tarsiers to be captured. Distance sampling was used by Blackham (2005) but was not comparable to this research due to the use of different sampling methods. Yustian (2006) who used the same method in his research on Tarsius bancanus saltator stated that 109.18 net hours was used to catch a tarsier in a secondary forest comprising of a small pepper farm and logging activites. A total of 51.06 net hours was recorded to catch a tarsier in a secondary forest with logging activities and surrounded by oil palm plantation (Yustian 2006).


    Distribution


    Grow et al. (2013) reported that the spatial distribution of pygmy tarsiers in the highland mossy cloud forest of Mt. Rore Katimbu (2000–2300 m a.s.l), Lore Lindu National Park, central Sulawesi Indonesia showed some patchy distribution patterns (Id = 2.55) similar to the present study. The availability of pygmy tarsier (Tarsius pumilus) in the highlands and Tarsius bancanus borneanus in the lowlands, indicated that altitude does impact the distribution of tarsiers which are usually found near forest edges (Grow et al. 2013). Gursky (2000) noted that forest edges attract tarsiers because of food sources such as airborne insects which can be easily be found.


    The altitude factor did affect the distribution and both tarsiers found nearby the forest edges (Grow et al. 2013). Primates usually adapt to the effects of altitude through foraging efficiency and competition by adjusting to the distribution and size of the population (Grow et al. 2013). According to Grow et al. (2013), primates that occupy the higher altitude face different type of ecological environment than those occupying the lower altitude. Tarsiers were captured and observed within a distance of 10.0 m to 171.0 m from the main road. These distances were different from those recorded by Ahmad (2010) who noted a distance of between 36.52 m to 88.42 m from the main road. The distance range in the present study seemed to be further from previously recorded data for the same area. Such finding might be due to the land clearing activities occurring on the opposite site of the forest. Observation on the forest edge near the road side also noted more food resources such as insect (according to the sound and observation). Changes in the distance from the main trail year by year can be related to the change in food location (Ahmad 2010).


    A study by Grow et al. (2013) found that Tarsius pumilus sleeping sites in Mount Rore Katimbu, Lore Lindu National Park, Central Sulawesi, Indonesia were ranging between 30–164 m from the main road indicating that Tarsius pumilus may have the same preference to live nearby the main trail as Tarsius bancanus borneanus. Similarly, Merker and Muhlenberg (2000) indicated that Tarsius dianae in Sulawesi, Indonesia with a distance between 80 m–133 m. Most of the studies suggested that tarsiers can be easily observed or captured nearby the forest edges. This situation occurs because of the food resources availability such as insect which are more abundant nearby the forest edges (Grow et al. 2013).


    Morphology


    Payne et al. (1985) reported that the weight range for this subspecies were between 86.00–135.00 g. Mahmad Yatim and Sylvia (2007) recorded the weight of tarsiers ranging between 141.1 g–150.2 g which was more than the maximum weight recorded by Payne et al. (1985). An earlier survey by Ahmad (2010) in UPMKB recorded four tarsiers with heavier weights between 80.00 g–154.80 g. In comparison, the present study captured no tarsier below the minimum weight range as recorded by Payne et al. (1985), although nine tarsiers weighed more than 135.00 g. Higher weight recorded in this study could be related to the breeding season (Fogden 1974). According to Yustian (2007), the differences in body weight might due to the different reproductive status (pregnant, lactative or non-reproductive). With reference to the sex ratio, more male tarsiers were captured than females in this study. A research conducted in Sabah, Malaysia reported that the number of male tarsiers captured was higher as the home range size was larger than female tarsiers (Crompton & Andau 1987). Yustian (2009) further confirmed in his research of Tarsius bancanus saltator on Belitung Island, that the home range of male tarsiers was larger than the females because of differences in habitats.


    The female tarsiers used the home range only to search for food while the male tarsiers used them for territorial and mating purposes. Both captured male and female tarsiers showed a positive relationship in terms of body weight and hindlimbs (thigh). The captured female tarsiers showed a steeper line slope indicating a stronger relationship between body weight and hindlimbs (thigh). The hindlimbs of tarsiers are shaped for its locomotor behaviour such as clinging and leaping (Anemone & Nachman 2003). This relates to the home range activities of male and female tarsiers. The locomotion of male tarsiers is wider than the females according to their home range (Yustian et al. 2009). Thus, when the tarsier is moving actively, it will affect the shape and size of its hindlimbs. This is the reason why male hindlimbs are longer than female hindlimbs. According to Grow et al. (2013) there is a positive relationship between body mass and hindlimbs of lowland tarsiers which is similar in the present study.


    Testis Volume


    This study was conducted during the breeding season and the results of testis volume was quite different from a study by Wright et al. (2003) where the body weight of Tarsius bancanus borneanus can explained 0.15% of the variance in average testis volume (p < 0.91) during the non-breeding season while during the breeding season the percentage increased to 2.57% (p = 0.66). This differed from the Tarsius syrichta of the Visayan Islands, Philippines. During the non-breeding season, 36.5% body weight of Tarsius syrichta can be explained by the average testis volume (p < 0.005). However, during the breeding season, only 30.3% of body weight can be explained by the variance in average testis volume with p = 0.08 (Wright et al. 2003).


    The differences in testis volume may depend on the length of the breeding season i.e. three months (September–November) for Tarsius syrichta and six months (August–January) for Tarsius bancanus (Wright et al. 2003). The sample size for each study could also contributed to the differences i.e. only two male Tarsius bancanus were caught by Wright et al. (2003) as compared to 11 males caught in this study.


    Behaviour


    The mean for the observation height was 1.8 m. From four observations, the recorded tree diameters were 2.8 cm, 2.9 cm, 3.1 cm and 3.5 cm with a mean of 3.1 cm. The percentage of total observation for diameter size below 3.0 cm was 50% and for the diameter of more than 3.0 cm was also 50%. Crompton and Andau (1986) recorded an observation height of 0.89 meter with 76.3% below 1.0 meter. Similarly, Crompton and Andau (1986) reported that the mean diameter size used by tarsiers for leaping was 2.8 cm at the Sepilok Forest Reserve, Sabah. They also indicated that when small diameter trees were lacking in the area, tarsiers could still leap onto bigger diameter trees but their movements would be shaky and sometimes they slipped. Once the tarsiers stabilised their bodies, they will find a way to cling onto smaller trees nearby. Multiple flash photographs of leaping technique taken by Crompton and Andau (1986) in Sepilok, Sabah were also observed in the present study. The time gap for the leaping behaviour from one tree to another is fast, far enough and cannot be easily detected at night.


    Influence of Habitat Type on Population Density


    Blackham (2005) suggested that habitat can influence the population density estimation. Crompton and Andau (1986) reported that tarsier prefer the secondary forest rather than the undisturbed or primary forests. Similar findings were reported for the Dian’s tarsier in Kamarora, Sulawesi, Indonesia where higher population density was found in the secondary forest rather than the primary forest (Gursky 2015). According to Gursky (2015), tarsiers population density is known to change substantially with both altitude and habitat type. In this study, there were differences in habitat types of the secondary forest which was regenerated naturally after logging while the rehabilitated forest was planted artificially. The topographical characteristics of the secondary and rehabilitated forests were different. In terms of slopes and elevation, the secondary forest has a complex terrain compared to the rehabilitated forest which consists of huge flat area. This factor can be related to the niche of the tarsier itself. The niche was influenced by the randomly distributed vegetation of the secondary forest and the systematic plantation in the rehabilitated forest thus influencing the locomotion especially leaping technique of the tarsier (Gebo 2014). Tarsiers are known to have the ability to move in dense vegetated area (King 2015). In this study, secondary forest was denser than the rehabilitated forest.


    CONCLUSION


    This research confirms the presence of Tarsius bancanus borneanus in the secondary and rehabilitated forests of UPMKB, Sarawak, Malaysia. In order to observe Tarsius bancanus borneanus as a totally protected animal in Sarawak, efforts to conserve its natural habitat is necessary. As areas surrounding the campus are being developed, conservation measures and strategies must be put in place to prevent the extinction of the species. The secondary and rehabilitated forests are part of the of education forest for UPMKB student. Therefore, learning about this protected species should be highlighted so that more information can be channeled in order to prevent this animal from extinction. The forest boundaries within this area should be maintained to prevent any encroachment of the wildlife habitat.
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    Abstrak: Sarang penyu agar (Chelonia mydas) di pantau dari tahun 1998 hingga 2013 di sepanjang pantai Pasir Panjang, Segari, Perak. Objektif kajian ini ada untuk melihat status bersarang penyu agar di Perak, Semenanjung Malaysia dari sudut kajian jumlah sarang, telur, survival anak penyu, dan kepadatan pelawat. Jumlah sarang penyu agar yang di jumpai dalam tempoh 16 tahun adalah sebanyak 1,019 sarang, dan berbeza dari 10 hingga 220 sarang setiap tahun. Sementara itu, jumlah telur yang dikutip dalam tempoh 16 tahun adalah sebanyak 107,820 telur, dan berbeza dari 553 hingga 20,881 telur setiap tahun. Corak temporal menunjukkan Perak mempunyai taburan sarang di sepanjang tahun di kebanyakan tahun dalam tempoh 16 tahun. Musim kemuncak waktu bersarang dijangkakan berlaku di antara Mei dan Jun. Survival anak penyu berbeza dari 23.33% (2,071 anak penyu) hingga 55.03% (5,018 anak penyu) dari tahun 1998 hingga 2013. Kepadatan pelawat adalah tidak seragam antara tahun, dan menunjukkan penurunan terutamanya dari tahun 2006 dan ke atas. Penerbitan ini mengetengahkan ilmu asas berkaitan populasi sarang penyu agar di Perak, dan mungkin berguna ke arah meningkatkan program pemuliharaan di Malaysia. Di masa hadapan, kami mengharapkan 1) peningkatan jumlah tenaga pekerja semasa tinjauan di waktu malam di sepanjang pantai bersarang untuk ketepatan rekod catatan, dan 2) mengetengahkan maklumat biologi pembiakan seperti lokasi penempatan sarang, masa pendaratan, dan ciri-ciri morfologi penyu agar.


    Kata kunci: Pemuliharaan, Penyu Agar, Sarang, Survival Anak Penyu


    Abstract: The nesting of green turtle (Chelonia mydas) was monitored from 1998 untill 2013 along the beaches of Pasir Panjang, Segari, Perak. The objective of the study is to assess the nesting status of green turtles in Perak, Peninsular Malaysia in terms of total nests, eggs, survival hatchings, and density of visitors. A total number of green turtle nests found for 16 years were 1,019 nests and varied from 10 to 220 nests per year. Meanwhile, the sum of eggs collected for 16 years were 107,820 eggs, and varied from 553 to 20,881 eggs per year. The temporal pattern of nesting indicates year-round nesting in Perak in most years within the 16 years period. The peak season of nesting was estimated to occur between May and June. Survival hatchlings varied from 23.33% (2,071 hatchlings) to 55.03% (5,018 hatchlings) from 1998 to 2013. The density of visitors was not uniformly distributed among the years, and shows a sign of decline especially from 2006 onwards. This publication provides basic knowledge of green turtle nesting population in Perak, and would be helpful in upgrading the conservation program in Malaysia. In future, we hope 1) for an increase in manpower to obtain accurate nesting records along the nesting beaches during nocturnal survey and, 2) to include the breeding biology data such as nest placement, emergence hour, and morphological characteristics of green turtle.


    Keywords: Conservation, Green Turtle, Nest, Survival Hatchling


    INTRODUCTION


    In Malaysia, the green turtle is widely distributed, with the prominent nesting population being in Sabah (specifically at Turtle Islands Park), Sarawak (specifically at Talang Satang National Park), and Terengganu (specifically at Redang Island and Setiu). On the west coast of Peninsular Malaysia, there are three highlighted marine turtle nesting beaches facing the Straits of Malacca; these are Penang Island, Perak, and Melaka. The green turtle majorly resides in Penang Island (specifically in Kerachut and Teluk Kampi; Sarahaizad et al. 2012a) and Perak (Pantai Remis; Chan 2006) with minor landing of olive ridley. Meanwhile, the hawksbill species majorly resides in Melaka with no records of green turtle nesting (Mortimer et al. 1993). It was previously mentioned that only the green and olive ridley species can be found in Perak state (Pusat Pengurusan Penyu, Segari, Perak Darul Ridzuan 2007), which is similar to the adjacent state, Penang Island. However, the exact population in Perak is still vague due to minimal published information, thus difficult to compare both the states. In comparing to the other nesting sites in Malaysia, the population status of marine turtle was stated in terms of nesting per years, and published by Mortimer et al. 1993 (Melaka), Setiu, Terengganu (Aini Hasanah et al. 2014), Redang Island (Chan 2010), Penang Island (Sarahaizad et al. 2012a), Sabah (Chan et al. 1999) and Sarawak (Leh 1994). Due to the above reason, the rational of this study is to observe on the nesting status in Perak with full co-operation by the Department of Fisheries. In addition, we also would like to observe the current conservation plan implemented by the Department of Fisheries in Turtle Management Centre, Pasir Panjang (Perak) and to provide recommendations for further improvement. The objective of the study is to assess the nesting status of the green turtle in Perak, Peninsular Malaysia in terms of nests, eggs, survival hatchings and density of visitors. Currently, the green turtle is listed as Endangered or Vulnerable in the IUCN Red List of Threatened Species worldwide (Mortimer & Donnelly 2008).


    MATERIALS AND METHODS


    Study Sites


    Perak is one of the Malaysian States located on the west coast of Peninsular Malaysia. Perak borders Kedah at the north, Kelantan and Pahang to the east, and Selangor to the south, and faces the Straits of Malacca to the south. Pasir Panjang beach in Segari is the main turtle landing area in Perak (Pusat Pengurusan Penyu, Segari, Perak Darul Ridzuan 2007). The research was performed at Pasir Panjang beach, Segari (located in Perak), with the help from the staff of Turtle Management Centre.


    Realising the threat of extinction to the marine turtle species, the area of Pasir Panjang beach in Segari was develop as a research centre for marine turtles. The Turtle Management Centre (Latitude: 4.3470, Longitude: 100.5860) was initiated in 1990, developed under the management of Department of Fisheries. The centre is located on a 2.4-hectare area and has interpretative pond and exhibition gallery to disseminate information to create awareness amongst public. To date, this Turtle Management Centre has contributed in enhancing the turtle population through hatching and release programs, gathering information through research and monitoring, conducting public awareness events, and spreading the conservation to the young generations. The information of Turtle Management Centre was obtained from a booklet published by Pusat Pengurusan Penyu, Segari, Perak Darul Ridzuan (2007).


    Beach Patrol


    Nesting data from 1998 until 2013 was obtained from the Department of Fisheries with their permission to publish the results. The Department of Fisheries hired local residents and licensed eggs collectors for nocturnal beach monitoring along the beach of Pasir Panjang. The beach patrol was done daily by the local patrollers (1–2 persons), and surveyed along the Pasir Panjang beach (Fig. 1), which is approximately a 5.6 km stretch (Latitude: 4.3465, Longitude: 100.5664) between 21:00 to 06:00 hrs. Nesting activity was observed approximately at 5–10 m distance to avoid distraction to adult turtle during the process. Clutch size was only relocated after the turtle had finished nesting, compacted down the sand using flippers, and returned to the sea. This procedure was conducted to avoid disturbance to the turtle, as the creature is very sensitive to any source of light (i.e. torch light, hand phone light, camera flash) (Chan et al. 1999; Wang & Cheng 1999). Artificial lighting (Law et al. 2010) and animal disturbance (Maros et al. 2003; Donlan et al. 2004; Margaret et al. 2012; Olgun et al. 2016) such as dog, otters, pigs, and foxes also discouraged the nesting of turtles. The standard procedure of beach patrolling in accordance to the Peninsular Malaysian Standard Guidelines of Turtle Management (Sukarno et al. 2007), and similar methods can be found in the study of Chen and Cheng (1995); Wang and Cheng (1999); Cheng et al. (2009). Identification and tagging method was not implemented for adult green turtle in Perak, similar to marine turtle population in Setiu (Aini Hasanah et al. 2014). Adult turtles landed were tagged on both front flippers, and the tagging method is hoped to be included in future as it assists in tracking and identification purpose.
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      Figure 1: Research site, Pasir Panjang located in Perak, Peninsular Malaysia.

    


    Number of nests and eggs were then counted. Eggs were removed carefully with a minimal orientation from the natural nests to the pile. The pile full with eggs was then transported to the hatchery for immediate incubation. The Department of Fisheries pays RM2 per egg to the licensed eggs collector (Department of Fisheries personal communication). For hatchery monitoring, four staffs (two staffs to work at one time) were hired to look after the eggs incubation inside the hatchery from predator disturbances. The staff also looks after the new emerging hatchlings, and transfers them to a Styrofoam box, to prepare them to be released to the sea between 1–7 days. Survived hatchlings from the hatchery were counted based on the formula: [Total Hatched eggs – Total Dead Hatchlings = Survival hatchlings]. In Perak, morning surveys were performed every day to identify the overlooked or misplaced nest from the previous night. The beach was surveyed from 08:00 to 09:00 hrs. Local residents (i.e. member from Unipro Fishing Club, Segari) occasionally provided information on the nocturnal and daytime nest found. Due to the problems of limited manpower and uncontrolled eggs poaching, all nests found were relocated and in-situ method was not performed in Segari.


    Data Analysis (Between 1998 untill 2013)


    For the data analysis between 1998 until 2013, record of nesting was unavailable for years 2002–2003, 2004–2005, and 2010–2011 as the data was misplaced and also due to some technical errors (i.e. unreadable data). Due to the above reason, data of nesting, survival hatchlings, and density of visitors for year 2002–2003, 2004–2005, and 2010–2011 were excluded from the analysis. The analysis was only conducted for the survived hatchlings; because the data provided by the Turtle Management Centre was incomplete analyse the hatching success, dead hatchlings, and unhatched eggs.


    Density of Visitors


    Density of visitors was obtained from the Turtle Management Centre. Visitors entering the Turtle Management Centre, Segari were required to fill in the record book at the entrance. Total visitors per year were analysed based on the record (from year 1998 until 2013).


    Statistical Analysis


    Data was analysed using the SPSS 17.0 version and Microsoft Excel. Spearman’s rank correlation coefficient was used to analyse the correlation between nesting and eggs. Spearman’s Rank coefficient was chosen because the number of nests was small in some years and fluctuated annually. Independent sample t-test was performed to test the significant difference between the highest and lowest number of nesting, and eggs per year. One-way ANOVA was used to analyse the uniformity for nesting, eggs, and density of visitors, since the data was not normally distributed, K–S= p > 0.05. One sample chi-squared test (i.e., goodness-of-fit test) was used to analyse the uniformity of the survival hatchlings by investigating the number of eggs collected per years.


    RESULTS


    Overall Result of Nesting Distribution


    Based on the data obtained from the Department of Fisheries, the number of nesting, eggs, survived hatchlings, and density of visitors in Perak were analysed. According to Table 1, the highest number of nesting with > 300 cumulated nests reportedly occurred in the year of 1998–1999 with 352 nests (mean = 58.67 ± 46.77, median = 48.50), followed by in the year of 2000–2001 with 313 nests (mean = 52.17 ± 33.98, median = 49.00). Meanwhile, year 2008–2009 and 2012–2013 reported to have <200 cumulated nests, with 153 nests (mean = 25.50 ± 13.18, median = 22.50) and 117 nests (mean = 19.50 ± 5.88, median = 19.00). Lastly, year 2006–2007, recorded only 84 cumulated nests, which is the lowest nesting record (mean = 14.00 ± 7.21, median = 16.00). There is no data of nesting for some years due to misplaced original data and unclear data recorded. Due to the incomplete date, accurate nesting result for year 2002–2003, 2004–2005, and 2010–2011 as shown in Table 1 was unable to be added up. The highest record for the sum of nesting per-two months was 135 nesting (occurred in May–June of 1998–1999), followed by 100 nesting (occurred in March–April of 2000–2001), and 92 nesting (occurred in March–April of 1998–1999) (Table 1). The largest sum of eggs collected were 37,177 eggs (in year 1998–1999), followed by 32,231 eggs (in year 2000–2001), 16,033 eggs (in year 2008–2009), 13,794 eggs (in year 2012–2013), and lastly 8,585 (in year 2006–2007). A significant difference between the highest and lowest sum of nesting (1998–1999 and 2006–2007), t(5.238) = 2.110, p < 0.001, and for sum of eggs (1998–1999 and 2006–2007), t(5.335) = 2.122, p < 0.001 was identified. Spearman’s correlation was used to test the significant correlation between sum of nesting and sum of eggs per two-years as shown in Table 1. There was a significant correlation between them, Spearman’s rank correlation coefficient (ρ) = 0.904, n = 30, p < 0.001, which proves that there is an increase in the number of eggs by increase the nesting aborted on the beach by turtles.


    Table 1: Sum of nesting and eggs of green turtle, Chelonia mydas in Perak.
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    Meanwhile, the yearly percentage of nesting and eggs is illustrated in Figure 3. The highest nesting was collected in 1999 with 220 nests (21.59%) and 23,622 eggs (21.91%) and the lowest was collected in 2007 with 10 nests (0.98%) and 533 eggs (0.51%). In addition, a significant difference between the highest and lowest number of nesting, t(11.125) = 3.245, p < 0.001 and eggs, t(11.045) = 3.363, p < 0.001 as identified. One-way ANOVA test shows that nesting had almost similar distribution across the years [F (9, 6) = 2.342, p > 0.05] from 1998 to 2013 (Fig. 3). Similar results were found for eggs distribution per years [F (10, 5) = 1.900, p > 0.05].
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      Figure 3: Percentage of nesting and eggs of green turtle (Chelonia mydas) from 1998–2013.

    


    Survival Hatchlings


    Table 2 illustrates the record of survival hatchlings. The highest survival hatchlings produced was in 2008 with an estimate of 55.03% (or 5,018) from overall 9,119 eggs. In 1999, there was an estimated 51.06% (or 12,061) survival hatchlings produced from 23,622 eggs. Meanwhile in 2013, a total of 14.14% or 2,170 survival hatchlings were produced from 4,916 eggs collected, followed by in 2001, 2000, and 1998 with 41.98% (8,765 survival hatchlings from 20,881 eggs), 41.84% (4,749 survival hatchlings from 11,350 eggs), and 35.57% (4,821 survival hatchlings from 13,555 eggs), respectively. The least percentage was produced in 2007, 2006, and 2012 with 26.20% (145 survival hatchlings from 553 eggs), 25.76 % (2,069 survival hatchlings from 8032 eggs), and 23.33% (2,071 survival hatchlings from 8,878 eggs), respectively. The pattern of survival hatchlings (Table 2) was not uniformly distributed (χ2 = 160.00, df = 100, p < 0.001). Overall, 40.98% (44,186) survival hatchlings had been produced from 107,820 eggs collected from 1998–2013.


    Table 2: Number and percentage of survival hatchlings (1998–2013) from Turtle Management Centre, Perak.
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          1998

        

        	
          13,555

        

        	
          4,821

        

        	
          35.57

        
      


      
        	
          1999

        

        	
          23,622

        

        	
          12,061
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          553
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          9,119
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          6,914
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          0

        

        	
          0

        

        	
          0.00
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          0

        

        	
          0

        

        	
          0.00

        
      


      
        	
          2012

        

        	
          8,878

        

        	
          2,071

        

        	
          23.33

        
      


      
        	
          2013

        

        	
          4,916

        

        	
          2,170

        

        	
          44.14

        
      


      
        	
          Total

        

        	
          107,820

        

        	
          44,186

        

        	
          40.98

        
      

    


    Density of Visitors


    Fig. 4 shows the density of visitors entering the Turtle Management Centre. Visitors density recorded > 50,000 visits per-two years occurred in 2000–2001 with 55,835 visitors (mean = 9306 ± 1589), followed by 38,941 visitors (mean = 6490 ± 1789), in 2008–2009 with and 30,952 visitors (mean = 5159 ± 1122) in 2012–2013. The least visitor density to the Turtle Management Centre occurred in 2006–2007 and 1998-1999, with <30,000 visitors. Year 2006–2007 recorded 25,616 visitors (mean = 4269 ± 1372) and year 1998-1999 recorded 16,773 visitors (mean = 2796 ± 901). The fluctuating trend of visitors is shown in Fig. 4, which shows ununiformed distribution per-two years, F (7, 40) = 49.152, p < 0.001. In the beginning of 1998 to 2001, density of visitors was increasing. The entrance of visitors was stable and fluctuated between 2006 until 2009, before the obvious decline in 2012–2013. Data of visitors were not recorded in year 2002–2003, 2004–2005, and 2010–2011, therefore the graph unable to be plot.
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      Figure 4: Density of visitors in Pasir Panjang, Segari, Perak.

    


    DISCUSSION


    The nesting per year varied from 10–220 nesting (Fig. 2). The result is compared with the nesting population in Penang Island [varied from 3–73 nests (Sarahaizad et al. 2012a)] and Setiu [28–201 annual nests (Aini Hasanah et al. 2014)], and Redang Island [21–687 annual nests (Chan 2010)]. Therefore, it is concluded that green turtle on the west coast of Peninsular Malaysia (Perak and Penang Island) has slightly lesser nesting density than the east coast of Peninsular Malaysia (Setiu and Redang Island, Terengganu). Perak reports an increased yearly nesting than Penang Island; similar average of nesting with Setiu (Terengganu); and, had slightly lower nesting compared to yearly nesting in Redang Island. Beach morphology (Zavaleta-Lizárraga & Morales-Mávil 2013), natural preserved vegetation (Lopez Castro et al. 2004; Zare et al. 2012; Revuelta et al. 2013), type of vegetation (Aini Hasanah et al. 2014; Liles et al. 2015) and remoteness from human areas (Sarahaizad et al. 2012a) are the conditions that attract marine turtles to land. Perak has longer beach (approximately more than 6 km), containing natural and fringed preserved vegetation, remote locations, and exposed to minimal human disturbances, are among the reasons suggested for higher population of green turtle in Perak compared to Penang Island. It is mentioned that olive ridley (Lepidochelys olivacea) do nests in Perak (Pusat Pengurusan Penyu, Segari, Perak Darul Ridzuan 2007). Probably due to the missing records, nesting of olive ridley was not found between 1998–2013 in the data provided. Olive ridley might have nested in Pasir Panjang waters, as Penang Island (the adjacent beach) recorded the landing of olive ridley in 2002, 2004, 2005, 2007, 2008, and 2009 (Sarahaizad et al. 2012a). Both locations share the same oceans and face the Straits of Malacca. Increasing the manpower and standardising the methods of data recording may solve the problems of overlooked data. In addition, the current situation of poaching rate in Perak is unable to be estimated, as the data was not provided. Therefore, it is hoped that the poaching record could be included in the future.
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      Figure 2: Nesting density per years of Chelonia mydas from 1998 to 2013 in Pasir Panjang, Segari, Perak.

    


    The pattern of nesting in Perak is estimated to be have a year round nesting (Table 1) similar to the green turtle in Thailand (Yasuda et al. 2006). The peak in Perak was estimated between May and June, which is almost similar to graph of peak nesting season as illustrated in Penang Island (Sarahaizad et al. 2012a). Since Perak and Penang Island are located facing the Straits of Malacca, the similar peaks nesting might relate to the monsoon in Malaysia. The northeast monsoon in Malaysia occurs end of the year until beginning of the year (November until March) and the winds are stronger than Southwest monsoon that occurs from May until September (MOSTI 2017). Therefore, turtle possibly prefer nesting between May-September, and avoid nesting between November to March during extreme condition of high humidity and low temperature at nesting sites. Previous study proves that humidity at the nesting sites are the critical factors effecting nesting choices (Lopez Castro et al. 2004). The similar peak of nesting (May–July) is also reported to occur for hawksbill population in Melaka (Mortimer et al. 1993), which is located at the west coast of Peninsular Malaysia. Warmer water temperature during the inter-nesting interval (Hays et al. 2002) and temperature of sand (Godley et al. 2002) is presumed to promote nesting of marine turtles. In addition, tidal pattern, lunar, and solar are strongly linked and interact with each other as spring tide (highest tide) occurs during the full moon, and neap tide occurs during the during the first and last quarter of the lunar phase (Law et al. 2010). Turtle generally nest above the high tidal line (Lopez Castro et al. 2004) as emerging at the highest tides will minimise the distance and duration of crawls (Law et al. 2010). Even though the preference of nesting related to tidal pattern in Perak was not measured, it is believed that tidal line and lunar factors influence the nesting, because turtle in Penang Island shows a positive sign of emerging during the high tide (Sarahaizad et al. 2012b).


    The percentage of yearly survival hatchlings fluctuates (23.33% to 55.03%, Table 2). Some years had lower survival hatchlings; due to lack of manpower to control nest from natural predator disturbances that attacks nest inside the hatchery. In Perak, predators that harm lively hatchings are monitor lizard, ghost crab, and red ants. Monitor lizards (Varanus saluator) are capable to eat the newly emerged hatchling, attracted from the eggs mucous smells, while groups of red ants bite the lively hatchlings. Ghost crab (Ocypode sp.) is able to dig a hole, eats the eggs, or drags the lively hatchling into their burrow. Yearly hatchlings survival could be increased with a proper conservation method following the Peninsular Malaysian Standard Guidelines of Turtle Management (Sukarno et al. 2007). In-situ was not conducted in Perak, therefore relocated or Ex-situ nest needs to follow proper guidelines for a maximum hatching success such as incubation at standard nesting depth (suggested to be 65cm depth, Cheng et al. 2009). For example, reduce orientation during the eggs handling and incubating relocated eggs immediately (Chan et al. 1985; Sukarno et al. 2007), avoid sand temperature from exceeding 33°C during incubation as it will decrease hatching success (Matsuzawa et al. 2002), and protect nests with plastic mesh to avoid attack from predators (Chan 2010).


    In addition, equal hatchling sexes produced from the hatchery’s plot is very important for adult mating process in future when the turtle reaches maturity [approximately 20 years, Davenport (1997)]. Evolutionary theory predicts that male and female offspring should be produced at a 1:1 ratio (Hawkes et al. 2013). Higher incubation temperature (> 30°C) tends to produce more females while low incubation temperature (< 28°C) tends to produce more males (Mrosovsky & Yntema 1980). This may be based on a mechanism known as temperature-dependent sex determination, TDS (Hawkes et al. 2013) where equal sexes between males and females will be produced. It is suggested the temperature (produced at 50:50 sex ratio) is very close to 29°C (Hays et al. 2002). In future, it is hoped that the eggs survivorship results could be recorded separately, between survival hatchling produced from covered hatchery and uncovered hatchery’s plot. Sand temperate monitoring is important for the equal hatchlings sex’s production to ensure sustainability of the species.


    Rate of nesting population may show a recovery trend by following proper protection from human hazards such as exploitation of eggs and turtles at nesting site of USA, Japan, Australia, Costa Rica, and Hawaii. (Chaloupka et al. 2008) For example, turtle in Hawaii has increased dramatically over 32 years since the protection began in 1978 (Balazs & Chaloupka 2006). Turtle population has not been exposed to human exploitation (turtle harvesting at foraging grounds), harvesting of nesters and eggs, and nesting habitat destruction for a certain time. This resulted in the increase of nesting abundance in Hawaii probably from the increased female nester survival since harvesting of turtles in the foraging grounds was prohibited since the mid-1970s (Balazs & Chaloupka 2006).


    As illustrated in the graph (Fig. 4), the number of visitors is declining by years. Involvement and support from the locals is important to strengthen the awareness and conservation of marine turtles. In future, an active conservation program by the Department of Fisheries such as conducting hatchling release program, exhibition, and organize international volunteering program involving locals and foreigners such as in Chagar Hutang, Redang Island (Chan 2013) for long term benefits are conducted. From these programs, the society is educated to protect this endangered species. Conservation in Sabah Turtle Island, is one of the successful programs where the nesting sites are fully protected by the Sabah Government. This implementation was due to a recovery trend of marine turtle population in the 1980’s (Chan 2006), resulting from the right conservation methods been forced with the involvement of society in the previous years. Few recommendations are listed below to improvise the management of Turtle Management Centre, Segari, Perak.


    
      	Current patroller at Pasir Panjang beach (1–2 staffs per night) is not enough to survey the whole stretch of beach as the beach length is approximately >5 km. Therefore, it is recommended to increase the manpower at Pasir Panjang beach for accurate nesting record.


      	Besides Pasir Panjang, nesting occurrence at adjacent beaches such as Sungai Gelam, Tanjung Gemuk, Sungai Puyu, Teluk Cina, Teluk Keling, Tanah Runtuh, and Tanjung Hantu were not properly recorded. Lack of staff resulted in overlooked nesting as not all the beaches were surveyed every night. These beaches were occasionally surveyed (once in a month) based on local residents’ report. It is recommnded for sufficient patrollers to be placed per beach as it is currently done in many turtle conservation centres in Malaysia [i.e., in Melaka (Mortimer et al. 1993); Penang Island (Sarahaizad & Shahrul Anuar 2015); Terengganu (Aini Hasanah et al. 2014)].


      	In future, it is suggested to include breeding biology data such as digging attempts, false crawls, nest placement, emergence hour, and morphological characteristics. This data records may be referred to Kerachut Turtle Conservation Centre in Penang Island (Sarahaizad et al. 2012b; Sarahaizad & Shahrul Anuar 2015).


      	As eggs were relocated and incubated in hatchery, the division of eggs survivorship is important to know the eggs incubation status. The eggs survivorship can be divided into; survival hatchlings, hatched eggs, unhatched eggs, dead hatchlings, embryonic eggs, and predated eggs. These formulas of eggs survivorship is referred to Chen and Cheng (1995), and Olgun et al. (2016).


      	Garbage (i.e. plastic, styrofoam, plastic container, boxes, papers, glasses) that is obviously seen along the Pasir Panjang beach might affect the nesting due to pollution at nesting ground and feeding oceans. Regular beach cleanliness activity is able to reduce pollution at nesting ground.


      	It is hoped that adult landing could be tagged in future, so the landed adults are estimated. In addition, the migration of turtles may be detected, whether the green turtle in Perak have migrated to Penang Island, or vice versa. This co-operation can be made, as both nesting locations are located at the northern region of Peninsular Malaysia.


      	Juvenile turtles (approximately more than 7 years age) were found to be kept inside the pool with no artificial nesting ground built for them to land and perform nesting. These turtles may face difficulty to survive if released to the sea. The natural navigation may be interrupted since they were kept in the pool as soon as they were hatched. Marine turtles will move to waters in closer vicinity to nesting beaches (Bowen et al. 2005) and ready to lay eggs as they approach maturity. Therefore, it is suggested for the artificial nesting ground to be included in the pool for them to lay eggs. This may be referred to the example such as in Port of Nagoya Public Aquarium, where both males and females will mate inside the aquarium, and lay eggs at the artificial nesting ground (Sarahaizad personal observation). This project was one of the successful project in Japan.


      	Lastly, it is suggested to avoid splitting the eggs into smaller sizes for eggs incubation, as it reduces the hatchling energy reserved when they enter the sea (Rusli et al. 2016). This may have an implication to the hatchling’s survival. Whole eggs incubation with a proper nesting without splitting the eggs is recommended, as it is also able to produce high rates of hatching success (Sarahaizad & Shahrul Anuar 2014).

    


    CONCLUSION


    In this paper, the nesting density, eggs, survival hatchlings, and density of visitors in Segari Perak between 1998 until 2013 was estimated. This publication provides a basic knowledge of nesting population in Perak, and can be used as a reference for upcoming studies. By updating the current nesting status, the results might be helpful for purpose of conservation. The ideas given in this paper may provide benefit for the reason to upgrade the management of Turtle Management Centre and Department of Fisheries in future. A serious conservation in Perak is needed to prevent the species from declining by involving local and international participants.
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    Abstract: The objective of this study was to investigate the influence of spent mushroom compost of Pleurotus eous strain P-31 on the growth and yield performance of pepper and tomato seedlings under greenhouse conditions. Sandy loam soil was combined with different percentages of SMC to obtain the following combinations (0, 5, 10, 15, 20, 25 and 30) %. Lower concentrations SMC5, SMC10 and SMC15 promoted vegetative growth (plant height, leaf area, chlorophyll content, number of leaves and axillary branches) of the two test plants. Tomato seedlings grown in SMC10 recorded the highest plant height (50.3 ± 7.2cm); leaf area (378.8 ± 1.2cm2); number of floral buds (51) and flowers (28) whereas SMC5 recorded the highest chlorophyll content 34.1 ± 0.9CCI though SMC15 recorded the highest number of leaves (8). Tomato seedlings grown in SMC30 produced both the maximum number of fruits (8) with corresponding high weight (34.2 ± 7.7g). Pepper seedlings grown in lower concentrations (SMC5–15) recorded the highest plant heights (29.8–30.8cm), chlorophyll content (20.3CCI) and leaf area (53.5–66.2 cm2). Although the different combinations of sandy loam soil and SMC did not significantly (p ≥ 0.05) affect the number of axillary branches developed; different combinations significantly (p ≤ 0.05) affected the number of floral bud, flower and fruit, weight of fruits formed and value of each of these increased with increasing percentage of SMC. Pepper seedlings grown on SMC30 recorded the maximum number of floral buds (32.0 ± 3.6), number of flowers (19.4 ± 1.3), number of fruits (10.8 ± 1.2) and weight of fruits (31.9 ± 3.4g). Tomato seedlings raised on SMC100 (spent mushroom compost only) and soil only did not significantly (p ≥ 0.05) differ from each other however, was statistically significant (p ≤ 0.05) from amended sandy loam soil by all criteria investigated. The study shows that SMC provide favourable soil conditioners for the cultivation of fruits, vegetables and foliage crops as it improved growth and yield of tomato and pepper seedlings.


    Keywords: Sandy Loam Soil, Growth and Yield Performance, Pepper and Tomato Seedlings, Spent Mushroom Compost


    INTRODUCTION


    Throughout the world, mushrooms are the most popular, delicious, nutritious and medicinal vegetables considered as the most promising for crop diversification. This is due their flavour, texture and richness in proteins, minerals, vitamins, low levels of calories with an appreciable amount of unsaturated fats. Mushrooms also accumulate secondary metabolites such as phenolic compounds, polypetides, terpenes, and steroids (Karthika & Murugesan 2015; Souza et al. 2016; Thatoi & Singdevsachan 2014; Wiafe-Kwagyan 2014). Mushrooms also have lectins, polysaccharides, polysaccharide-peptides, and polysaccharide-protein complexes which are known to have immunomodulatory and anticancer properties (Sun & Liu, 2009). Mushrooms have been recognised as the alternate source of good quality protein. They are capable of producing the highest quality of protein per unit area and time from agro wastes, which are available at more than one million tonnes per annum in Ghana (FAO 2013). The usefulness of mushrooms and the subsequent production is still on the increase especially with the increase campaign on health, nutritional and medicinal benefits of mushrooms which have all contributed to the growing expansion of the mushroom industry annually (Adedokun & Akuma, 2014; Aderemi et al. 2014; FAO 2013). Generally, mushrooms are produced on natural materials taken from agriculture, woodlands, animal husbandry, and manufacturing industries such as hay, straw, horse bedding, poultry litter, corn cobs, corn stover, cotton seed meal, coffee residues (grounds, hulls, stalks and leaves), cocoa pod husk / shells, banana fronds, agave waste, soy pulp to mention but few (Adedokun & Akuma, 2014; Aderemi et al. 2014; Stamets 2000; Wiafe-Kwagyan 2014). Production of mushrooms on these agro-wastes is accompanied by the generation of million tons of residue referred to as spent or used mushroom substrates (sometimes called mushroom soil, recycled mushroom compost, or mushroom compost; (SMC) which remain after the mushroom crop has been harvested (Wiafe-Kwagyan 2014). According to many researchers e.g. (Aderemi et al. 2014; Gonani et al. 2011; Philippoussis et al. 2004; Lau et al. 2003; Wiafe-Kwagyan 2014) it is estimated that huge production of more than 10–50 million metric tonnes of spent mushroom compost is expected to be generated annually worldwide (Gonani et al. 2011; Philippoussis et al. 2004; Wiafe-Kwagyan et al. 2016). Therefore, it has become the subject of great importance as this is a great environmental challenge in terms of its effective disposal (Gonani et al. 2011; Philippoussis et al. 2004; Wiafe-Kwagyan 2014; Wiafe-Kwagyan et al. 2016). Spent mushroom compost (SMC) is often regarded an agricultural waste product with little inherent value, yet there is still value in the substrate as it is rich in nutrients and organic matter that can provide benefits to other agricultural and non-agricultural sectors. However, after suitable pre-treatment spent mushroom compost can completely or partially substitute the growing media for cultivation of different economically important horticultural crops (Roy et al. 2015). Spent mushroom compost is also a good source of carbon, nitrogen and other elements. Nitrogen content varies from 0.4%–13.7% with a C: N ratio of 9 to 15: 1 which enhances the growth of plants (Roy et al. 2015). SMC which also contains simpler form of protein-rich component formed through modification of agricultural materials by the fungus after few cycles of cultivation, can be used as very good soil conditioners for the cultivation of fruits, vegetables flower and foliage crops (Roy et al. 2015). Provision of growing media is one of the most important requirements for agricultural activities, especially for greenhouse plants. One possible solution to this problem is the use of compost which is the most economical and sustainable form of organic waste management (Gonani et al. 2011; Nair et al. 2005; Çaycı et al. 1998).


    Apart from using Spent Mushroom Compost as feeding material for vermicomposting, plant disease management, preparation of organic-mineral fertilizer and bioremediation of contaminated soils (Ahlawat et al. 2010) there are other alternatives of using SMC. However, these are without any supporting scientific data especially in Ghana and the paucity of information on its application as well as the optimum benefits of using SMC have not exploited (Quartey & Chylkova 2012; Wiafe-Kwagyan 2014). The unscientific ways of using SMC are also creating several problems which include the accumulation of salts in soils and subsequent harmful effect on some crop plants. To date fertiliser cost and the concern for sustainable soil productivity and ecological stability in relation to chemical fertiliser-use has emerged as an important issue (Shahnawaz et al. 2009). There is also renewed interest in the use of organic manures such as farmyard manure, compost and green manure as sources of plant nutrients (Roy et al. 2015; Marques et al. 2014; Uzun 2004; Çaycı et al., 1998; Aulakh 1994; Singh et al. 1988). These authors observed that manure application improved the availability of some minerals in the soil especially the transfer of nutrients from range land to the crop plants. Other reports also indicate that these materials influence crop yield and affect chlorophyll colouration due to the quantity of nutrients absorbed by the plant from the soil. They are the primary substrate for replenishment of soil organic matter, which on mineralisation supply essential plant nutrients (Walters et al.1992). Spent substrate from different types of mushrooms vary in its physical, chemical and biological properties and each one has its own specific utility. These usages include the following as feeding material for vermicomposting, plants diseases management, preparation of organic-mineral fertiliser and bioremediation of the contaminated soils (Uzun 2004; Aulakh 1994). However presently, farmers in different parts of Ghana are not conversant with the use of SMC as manure or soil conditioner for various field crops and this is because there is paucity of information and any support of the scientific data of its optimum benefits (Wiafe-Kwagyan 2014). Our present study deals with the aspects of correct dose combinations and application of SMS, the effect on vegetative growth and development of tomato and pepper seedlings under greenhouse conditions in Ghana.


    MATERIALS AND METHODS


    Materials and Experimental Methods


    This study was carried out in the greenhouse at the Department of Plant and Environmental Biology, University of Ghana Legon. Potted plastic buckets of dimensions 25 cm and 22 cm diameter were used to pot the test seedlings. Pepper (Capsicum annuum L. var. Legon 18) and Tomato (Solanum lycopersicon Fr. Lycopersicon esculentum Mill. var. Wosowoso) seeds were obtained from the Department of Crop Science, School of Agriculture, University of Ghana.


    Collection of Spent Mushroom and Soil Samples


    Soil type used for this study was sited at the Haatso soil series, a well-drained sandy loam soil described as Foric Acrisol according to the FAO/UNESCO (1998; 1997). Soil map of the world, revised legend. The experimental site about 76.0m above sea level, situated on Latitude 0ºS 40ºN and longitude 0º 13ºW in the Coastal Savanna agro-ecological zone of Ghana. The annual rainfall is less than 1000mm.


    Spent mushroom compost (SMC) derived from mushroom (Pleurotus eous Strain P-31) cultured in polyethylene bags on rice straw after a cropping period of 8 weeks. The bags were obtained from the Mycology Unit of the Food Research Institute of the Council for Scientific and Industrial Research, Ghana. Sandy loam soil used for this present study was collected from the University’s Farm in the Legon Botanical Gardens University of Ghana, Legon. The soil sample was taken to the Department of Soil Science, School of Agriculture for authentication, identification and elemental nutrient analysis.


    Experimental Design


    Pepper (Capsicum annuum L. var. Legon 18) and Tomato (Solanum lycopersicon Mil. var. Wosowoso) were used as test plants because they are among the plants most preferred for cultivation in backyard gardens and commercial farms in Ghana. To study the effect of the spent mushroom compost (SMC) on vegetative growth of the two crops, a modified method of (Önal & Topcuoglu, n.d.; Polat et al. (2009) and Gonani et al. 2011; Çaycı et al. 1998) was used. The SMC was first sun dried for 5 days in order to reduce its moisture content and eliminate undesirable resident bio-deterioration agents such as maggot, insects etc. Subsequently the dried SMC was added to loamy soil (Haatso series) collected from university farm in order to obtain the different combinations of soil and SMC in following percentages; SMC0 (100% soil; control growing medium); SMC5 (5% of SMC to 95% soil); SMC10 (10% of SMC to 90% soil); SMC15 (15% of SMC to 85% soil); SMC20 (20% of SMC to 80% soil); SMC25 (25% of SMC to 75% soil) and SMC30 (30% of SMC to 70% soil).


    SMC in the following ratios SMC5, SMC10, SMC15, SMC20, SMC30, SMC100 were added to sandy loam soil to obtain a total weight (w/w) 6.5 kg for each plastic bucket. Thoroughly mixed of SMC and sandy loam soil the growth medium in each plastic bucket was irrigated with 1 l running tap water. Three weeks old seedlings of either pepper or tomato from a wooden tray were transplanted into each plastic bucket. (5 seedlings per bucket). The potted plants in the plastic buckets were arranged in a randomised complete-block design (RCBD) with five replicates for each of the treatments afore-mentioned above. Five replicates plastic potting buckets of the same size and dimension each was filled with either 6.5 kg SMC, or soil medium served as controls for comparison purposes. Soil: SMC combinations/mixtures served as treated medium. Seedlings were watered every other day with equal volumes of 500 ml of tap water. The following parameters were recorded on weekly intervals: plant height, number of leaves, floral buds, flowers, fruit, axillary branches, leaf area, and chlorophyll content of leaves, stem girth and no. of fruits and weight of fruits.


    Total Chlorophyll Content of Leaves


    This was determined after 8 weeks of transplanting seedlings using a chlorophyll meter (Optic Sciences CCM-200 plus Model USA) by attaching the chlorophyll meter knob to five randomly selected leaves of equal age and size and average chlorophyll recorded as Chlorophyll Content Index (CCI).


    Number of Leaves and Total Leaf Area


    The number of leaves formed was counted manually per week during the 12 weeks growing period. Leaf area in mm2 was determined using a digital leaf area meter (LI-3000C) via attaching five randomly selected leaves of same age and size.


    Plant Height


    This was estimated by using a meter rule placed firmly on the surface of substrate to determine the height of the plant in centimeters.


    Determination of Moisture Content, pH of Soil and SMC


    Moisture content of loamy soil and spent mushroom compost served as controls was determined using the conventional gravimetric method. 1 g of the sample was weighed in a can using a Digital Computer Scale (ACB plus Adams, Equipment Company Ltd. Milton Keynes, UK). Drying was done in a hot oven (Gallenkamp oven, 300 plus series, England) at 105°C for 3 h allowed to cool in a desiccator and was re-weighed. The cooled sample was returned to the oven for further drying and cooling until no further reduction in weight was obtained. The moisture was expressed as a percentage. The pH of the sandy loam soil and spent mushroom compost served as controls using a pHM92 pH meter (MeterLabTM, Radiometer Analytical A/S Copenhagen, Denmark).


    Dry Matter


    After 12 weeks of vegetative growth in the potting buckets, the plants were carefully removed from the compost to avoid breakage and were thoroughly washed in running tap water followed by three changes of clean water in order to recover all the roots. The plants (pepper and tomato) were dismembered into shoot and roots, placed in brown paper envelopes for each species before weighing each separately and placing them in an oven (Gallenkamp oven, 300 plus series, England) at 100°C for 24 h and then re-weighed after cooling.


    Mycoflora Profile of Soil and SMC


    This was determined using the decimal serial dilution technique up to 1:104 dilutions. One millitre aliquots of the serially diluted 1 g per 100 ml of 0.1% peptone water was mixed with either 20 ml of Cooke’s medium or Dichloran Rose Bengal Chloramphenicol Agar (DRBC) in 9.0 cm sterile petri plates and the plates swirled to obtain uniform distribution of spores. There were three replicates at each dilution level. The plates were incubated at 28 ± 2°C for 7 days after the total number of colonies were calculated in log10 CFU/g sample. The species of fungi appearing were identified according to their colour, morphological cultural characteristics as outlined by Barnett and Barry (1972); Samson and Reenen-Hoekstra (1988); Von-Arx (1970). The percentage of individual fungal species resident in the soil and SMC was calculated and represented graphically.


    Proximate Analyses of the SMC


    Percentage crude protein, hemicellulose, cellulose and lignin were determined by the conventional Kjeldahl’s method (AOAC 2005) and James (1995). The nutrient detergent fiber and acid detergent fiber were estimated using the method of Van Soest et al. (1991).


    Determination of Mineral Element Content


    The following elements (N, Ca, Mg, K, P, Cu, Zn, Mn, Pb, Na and Fe) were estimated in the soil and SMC using the conventional methods (Atomic absorption spectrometry, Flame Atomic Emission Spectrometry and Kjeldahl). 250 mg of powdered air dried sample was weighed into a beaker was then placed in ignition muffle furnace (Vectar-furnace, PS3-Sweden) for drying at 400°C for 24 h. Five millitres of hydrochloric acid (HCl) was added to the sample and the solution was dried again; subsequently 5 ml of nitric acid (HNO3) was added. After evaporation, the sample was diluted to 50 ml with water. Sodium (Na) and calcium (Ca) content of the ashed sample were determined by flame photometer. K, P, Mg, Cu, Zn, Mn, Fe, and Pb were determined by Unicam 929 Atomic Absorption Spectrophotometer (AAS) (Model PinAAcle 900T). Nitrogen was estimated using the micro Kjeldahl method (Cunniff 1995).


    Statistical Data Analysis


    Data obtained were subjected to statistical analyses using the Statistical Package for Social Sciences (SPSS version 20 for Windows). Significant differences between vegetative parameters measured among plants in treated media (soil: SMC) and controls media were determined using Duncan’s Multiple Range Test (DMRT) at 5% probability.


    RESULTS


    Vegetative Growth


    Plant height


    Height of tomato seedlings grown in loamy soil amended with SMC at all the different concentrations of SMC (SMC5-30) were significantly (p < 0.03) higher when compared to that of the control (i.e. those grown in loamy soil only) (Fig. 1A); the height growth of the seedlings planted in SMC10 was the highest (69.9 cm) (Fig. 1A & Plate 1).


    Height of pepper seedlings in pots in all the treatments approximated sigmoid curves (Fig. 2A). There were no statistical differences (p > 0.05) in the height of pepper plants grown in sandy loam soil amended with SMC5-25 after 8 weeks of growth. Growth of pepper seedlings in unamended loamy soil (control) was the lowest (18.2 cm) and was statistically (p < 0.05) different from data obtained in the sandy loam soil medium amended with SMC5-30 (Fig. 2A and Plate 2 shows the growth habit of pepper seedlings in pots).
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      Figure 1 (A-D): Influence of varying percentages of SMC in soil on the growth and development of tomato seedlings using varying proportions of soil: SMC under greenhouse conditions at 30 ± 2°C for 8 weeks
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      Plate 1: Vegetative growth of tomato seedlings in the indicated Soil: SMC mixtures growing in greenhouse at 30 ± 2°C for 4 weeks after transplanting. (Mg. × 1/10).


      Key: Control = Soil only; 5% = SMC5; 10% = SMC10; 15% = SMC15; 20% = SMC20; 25% = SMC25; 30% = SMC30
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      Figure 2 (A–D): Influence of SMC on the growth and development of pepper seedlings grown in varying proportions of soil: SMC mixtures under greenhouse conditions at 28°C
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      Plate 2: Photographs showing comparative height and leaves formation by pepper plants grown in the indicated mixture of soil and SMC after 6 weeks’ growth at 30 ± 2°C in greenhouse (Mg. × 1/10)


      Key: Control = Soil only; 5% = SMC5; 10% = SMC10; 15% = SMC15; 20% = SMC20; 25% = SMC25; 30% = SMC30

    


    Number of Leaves and Leaf Area


    Number of leaves and leaf area of tomato seedlings grown in loamy soil medium amended with various concentrations of spent mushroom compost (i.e. SMC5–30) were also significantly (p ≤ 0.05) larger when compared to the values of those grown in the control planting medium (Fig. 1B). Sandy loam soil was amended with SMC at different concentrations (i.e. SMC5, SMC10, SMC15 etc.) also had significantly (p ≤ 0.05) higher effect on the growth / expansion of leaf area in the tomato seedlings (Fig. 1C) whence the leaf area in the seedlings grown in SMC10, SMC15 and SMC20 were the largest with SMC25 having the least influence on leaf area expansion; although its effect was significantly lower than the mean leaf area of tomato seedlings grown in only loamy soil planting medium (Fig. 1C).


    Leaf formation by pepper plants grown in both control medium (soil only) and loamy soil amended with SMC5–30 also followed a near sigmoid curve similar to tomato seedlings. Loamy soil amended with SMC ranging from SMC5–25 proportionately increased the number of leaves up to 70–80 per seedling. However, at SMC30 there was a dramatic decline in the number of leaves to about 50 in 8 weeks (Fig. 1D). The difference observed were statistically (p ≤ 0.05) significant. The differences in the stimulation of leaf production by SMC5–20 were initially indistinguishable after 2–6 weeks and remained so until 8 weeks at least for concentration of SMC5–20 (Fig. 1D). Leaf area measurements of developing seedling followed the same trend as the plant height. Plants grown in the control medium attained an average area of about 250 mm2 in 8 weeks as compared to seedlings grown in pots with 15 and 20% SMC (Fig. 2C) with a leaf area of 700 – 720 mm2 (near 3 times). The differences observed after 8 weeks were statistically significant (p ≤ 0.05). Maximum net photosynthetic area of the leaf was obtained in plants grown in 10% SMC and was similar to what was obtained for 15 and 20% SMC. Data on leaf area of pepper seedlings grown in soils amended with 5%–30% SMC is presented in Fig. 2B. Mean leaf area of plants cultivated in soil amended with 5%–25% SMC were initially not significantly different (p > 0.05) after 2–4 weeks but was significantly different (p ≤ 0.05) after 8 weeks. The largest leaf area was obtained in soil amended with 5% SMC which was statistically (p ≤ 0.05) different from the leaf areas of plants grown in soil amended with 15% SMC. As the SMC: soil ratio increased the leaf area declined (Fig. 2B). Interestingly, the smallest leaf area ≤ 20 mm2 was recorded in plants growing in the unamended native soil.


    Chlorophyll content of leaves of approximately uniform and chronologically at metabolic ages


    Chlorophyll content of tomato plants significantly (p ≤ 0.05) decreased with increasing levels of SMC in soil in the following descending order 5% >10% >15% >20% >25% >30%. However, the lowest chlorophyll content recorded in soil amended with SMC was still superior statistically (p ≤ 0.05) to that of the control (Fig. 1D). Chlorophyll content of leaves of pepper plants grown in soil amended with 5% – 30% SMC was erratic, albeit these potted plants produced the highest recorded chlorophyll content ranges from 18 – 22 CCI in 8 weeks. Chlorophyll levels in leaves of pepper plants sown in unamended soil (control) was 11–15 CCI and which never approximated those in the amended soils (18–22 CCI) throughout the 8 weeks growth. The difference observed were statistically significant (p < 0.05) (Fig. 2C).


    Dry matter


    The lowest dry matter of tomato plant was obtained in the unamended soil which recorded shoot weight of 90.3 ± 5.9 g and roots weight of 45.3 ± 2.9 g (Table 2). There was commensurate increase in dry weight of shoot and roots as the concentration (%) of SMC increased from 5%–25% and thereafter declined to 94.9 ± 3.90 g for the shoot and 48.9 ± 2.48 g for the roots in pots containing spent mushroom compost only (100% SMC). Dry matter accumulation by pepper shoots followed similar a trend as that of the tomato plant. Accumulation of dry matter by pepper plants increased with increasing % SMC (5%–30%) potting medium. The highest dry matter of the shoot system of pepper plants recorded (146.6 g) was obtained in 30%SMC whereas the least (27.1 g) was recorded on unamended soil (only loamy soil) (Table 1). Although, pepper plants grown in soils amended with different levels of SMC (5%–30%) increased the dry matter of pepper seedlings, it did not follow a similar trend as observed in the shoot system. In the case of tomato there was positive correlation between dry weights of shoot and root in all the growing media (0 – SMC100) (Table 3). On the contrary, increased in dry matter accumulation of pepper seedlings shoot only commensurate with increased in dry weight roots of seedlings grown on (soil only/SMC0, SMC5 and SMC10). Thereafter increased in dry weight of shoot did not correspond with increased dry weight of root (SMC15-30) Table 1 as was observed for tomato seedlings. The highest dry matter of root system recorded was 46.9 g (10% SMC) while it decreased to 45.2 g for 15% SMC and further declined to 40.7 g for 30% SMC. The lowest (24.7 g) dry matter of pepper was recorded in soil only (unamended soil) (Table 1). Dry matter accumulation obtained by both tomato and pepper plants grown in soil amended with different levels of SMC were statistically higher (p ≤ 0.05) than that obtained in loamy soil only (Tables 1 & 2).


    Table 1: Dry matter accumulation by pepper seedlings after 12 weeks of growth in pots containing different indicated percentage of Soil: SMC mixtures in the greenhouse at 28°C–32°C


    
      
        	
          Substrate treatment (%SMC)

        

        	
          Mean dry weight (g) ±SE

        
      


      
        	
          Shoot system

        

        	
          Root system

        
      


      
        	
          0*

        

        	
          27.1 ± 1.25a

        

        	
          24.7 ± 2.66a

        
      


      
        	
          5

        

        	
          70.0 ± 1.65 b

        

        	
          41.5 ± 2.13b

        
      


      
        	
          10

        

        	
          89.5 ± 5.38c

        

        	
          46.9 ± 2.39b

        
      


      
        	
          15

        

        	
          98.7 ± 3.92d

        

        	
          45.2 ± 3.12b

        
      


      
        	
          20

        

        	
          103.8 ± 2.66e

        

        	
          44.4 ± 3.86b

        
      


      
        	
          25

        

        	
          133.8 ± 16.44f

        

        	
          42.4 ± 3.81b

        
      


      
        	
          30

        

        	
          146.6 ± 13.56g

        

        	
          40.7 ± 1.88b

        
      

    


    Key 0*: Unamended Loamy Soil (soil only; control)


    Figures with same letter in a column are not significant (p ≥ 0.05)


    Mycoflora profile of soil and SMC


    The total fungal population in the soil using two media (Cooke’s medium and DRBC) varied between 4.2–4.3 log10 CFU/g sample; in the SMC the fungi population estimated in the two-media varied from 4.3–4.5 log10 CFU/g. There was therefore no statistically significance difference (p > 0.05) between the mycoflora population recorded on the two media (Fig. 3).


    The use of two isolation media enabled a wider spectrum of fungi to be detected. Eighteen (18) different fungi belonging to 9 genera (Aspergillus, Cladosporium, Fusarium, Mucor, Penicillium, Rhizopus, Rhodotorula, Trichoderma, Scopulariopsis) other yeasts and Mycelia sterilia were encountered in both samples (Fig. 4). Aspergillus flavus, A. niger, Penicillium citrinum, Rhizopus stolonifer and Trichoderma harzianum were dominant in the soil sample while Rhodotorula, T. harzianum, P. citrinum, Aspergillus candidus and A. alutaceus, A. flavus were prominent residents (Fig. 4). A. flavus constituted 5%–48% of the population while T. harzianum contributed 20%–30% of the total mycoflora. On the other hand, Rhodotorula provided 33%–47% while the population of P. citrinum was low (8%–9%) (Fig. 4).
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      Figure 3: Initial mycoflora population resident in raw soil and raw SMC used for the cultivation of cowpea, pepper and tomato.
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      Figure 4: Mycoflora profile of soil and SMC estimated on two mycological media at 28 ± 2°C for 7 days.


      Key: C Soil: Cooke’s Medium (Soil); C SMC: Cooke’s Medium (Spent Compost)


      D Soil: DRBC Medium (Soil); D SMC: DRBC (Spent Compost)

    


    Mineral Elements in Loamy Soil and SMC Samples


    The soil sample did not contain Cu and Fe, although Zn, Mn, Pb, Ca, Mg, Na, P, K and N (Table 2) were detected in low concentrations. The SMC did not also contain Fe though it contained Zn, Cu, Mn, Pb, Ca, Mg, Na, P, K and N all of which were detected in low concentrations. The pH of the soil and SMC were pH 6.8 and 6.6 respectively and therefore well within the favourable range for growth of tomato and pepper.


    Table 2: Physicochemical properties and elemental content of soil and spent compost used as growing medium.


    
      
        	
          Physical and Chemical Properties

        

        	
          Growing Medium

        
      


      
        	
          Mineral Concentration (mg/kg)

        

        	
          Soil

        

        	
          SMC

        
      


      
        	
          Zn

        

        	
          0.016

        

        	
          0.017

        
      


      
        	
          Cu

        

        	
          0.000

        

        	
          0.003

        
      


      
        	
          Mn

        

        	
          0.137

        

        	
          0.013

        
      


      
        	
          Pb

        

        	
          0.137

        

        	
          0.013

        
      


      
        	
          Ca

        

        	
          0.471

        

        	
          0.597

        
      


      
        	
          Mg

        

        	
          0.444

        

        	
          0.773

        
      


      
        	
          Fe

        

        	
          0.000

        

        	
          0.000

        
      


      
        	
          Na

        

        	
          0.217

        

        	
          0.196

        
      


      
        	
          P

        

        	
          0.890

        

        	
          0.795

        
      


      
        	
          K

        

        	
          0.118

        

        	
          0.281

        
      


      
        	
          N

        

        	
          0.819

        

        	
          0.978

        
      


      
        	
          % Dry Matter

        

        	
          0.98

        

        	
          11.51

        
      


      
        	
          pH

        

        	
          6.80

        

        	
          6.60

        
      

    


    DISCUSSION


    SMC is currently disposed of as waste and constitutes an environmental waste problem in Ghana. However, there can be economic benefit from its use in agriculture as bio-fertiliser, if properly harnessed. Maher et al. (2000) showed that SMC increased soil organic matter content and improved soil structure. It is also effective source of K and P and provides trace elements for plant growth and as well as contribute to nitrogen nutrition. Other researchers have also shown that SMC can be used with beneficial effect in field crop production. For example; Peksen and Uzun (2008) and Crecchio et al. (2001) have shown that SMC is rich in organic matter and constitutes an important source of macro and micro nutrients for plants and microorganisms thereby increasing the soil microflora, soil biological activity and enhance soil enzyme activity. SMC also contains calcium carbonate which provides short time buffering of acid waters and elevates soil pH (Gonani et al. 2011; Rupert 1994). Earlier studies by Alsadon et al. (2006) show that leached SMC could significantly (p ≤ 0.05) increase plant height and number of fruits produced by cucumber (Cucumber sativus c.v. Super dominos at the level of sandy-loam soil with 15% of 20% SMC. Peksen and Uzun (2008) investigated the effect of chemical composition of seedling media prepared by SMC on seedling growth and development of kale (Brassica oleraceae L. var. acephale D.C. cv. Temel) and broccoli (Brassica oleracea L. var. italica L. cv. Greenpeace F1). Their results revealed that SMC and peat or SMC could be used as seedling media for both kale and broccoli. Kadiri and Mustapha (2010) reported the effect of SMC from the cultivation of Lentinula subnudus as soil conditioner for cowpea and tomato. Their findings revealed that composted spent mushroom substrate mixed with loamy soil produced greater vegetative growth and yields of both vegetables than loamy soil (controls). Studies by Ogbonna et al. (2012) demonstrated that SMC could be used to improve growth and yield of maize (Zea mays) in Nigeria.


    Data from the present studies show that the SMC of P. eous contained the following: 90.8 ± 1.79% dry matter, 7.76 ± 0.48% crude protein, 32.34 ± 1.97% cellulose, 7.26 ± 1.94% lignin, 53.3 ± 6.0% NDF and 50.42 ± 4.64% ADF (Wiafe-Kwagyan 2014), calcium, potassium, nitrogen, sodium (Table 1) and some heavy metals such as copper, iron, manganese, lead and zinc (Table 1) which could influence the growth of the two test plants either positively or negatively.


    These results confirm that SMC at 10% mixture with soil was the best in stimulating plant height of tomatoes. The height of plant growing in 5%–25% SMC were similar and did not differ significantly (p ≥ 0.05) although it did not approximate the best growth in height in 10% SMC after 8 weeks (Fig. 1A, Plate 1). The poorest growth was obtained in plants grown in soil only. Similar trends were obtained for number of leaves, leaf area, per plant and dry weight of shoot and root (Table 3; Fig. 1B–C). Chlorophyll content in the leaves however, decreased with increasing percentage of SMC mixture with soil. Although beneficial, increased concentration of SMC beyond 20% may be inhibitory and may also limit growth beyond a threshold value.


    Pepper plants responded differently in a near sigmoid growth curve. As concentration of SMC increase from 5%–20% there were no statistically significant differences (p ≥ 0.05) between the performances of the plants in terms of height, number of leaves and leaf area produced per plant (Fig. 2A–C). However, a concentration of 30% SMC severely depressed height, number of leaves and leaf area and was statistically significant (p ≤ 0.05) from pepper seedlings grown on SMC5–25. Albeit it performed better than seedlings grown in sandy loam soil only. Growth of pepper plants in soil only medium (control) was lower by all criteria than plants grown in soil media amended with (5–30) % SMC (Fig. 2A–C). Total chlorophyll content in pepper plants recorded in unamended soil (soil only) was the lowest (11–16 CCI) as compared to 18–22 CCI obtained for soil amended with SMC (5–30) %. Changes in total chlorophyll content of plant grown in potting media containing SMC (5–30) % was erratic over the 8 weeks period. Photosynthesis occur in two phases, a light and dark reactions in what is termed photosystem I and II within the chloroplasts. Reaction sites for light and dark reactions could have been influenced by the levels of mineral elements and nutrients and chlorophylls ‘a and b’. It is conjectured that; total growth of the plant could be affected by the efficiency of the coordinated reactions in photosystems I and II. Although only total chlorophyll was determined in this study, future studies could follow up changes in chlorophylls ‘a and b’ content of the plants in the variously formulated substrate for growth of both tomato and pepper which may provide information to elucidate the changing fortunes of chlorophyll as concentration of SMC increases. Guo and Chorover (2004) stated that high concentrations of elements may limit or inhibit growth beyond a threshold concentration.


    Table 3: Dry matter after 12 weeks of growth in pots containing indicated percentage of Soil: SMC mixtures under greenhouse condition at 28°C–32°C


    
      
        	
          Substrate Treatment (%SMC)

        

        	
          Mean dry weight (g) ±SE

        
      


      
        	
          Shoot system

        

        	
          Root system

        
      


      
        	
          0*

        

        	
          90.3 ± 5.86a

        

        	
          45.3 ± 2.99a

        
      


      
        	
          5

        

        	
          160.6 ± 6.3b

        

        	
          83.6 ± 5.13b

        
      


      
        	
          10

        

        	
          185.5 ± 3.8c

        

        	
          92.3 ± 2.20c

        
      


      
        	
          15

        

        	
          185.2 ± 4.0c

        

        	
          84.1 ± 1.37b

        
      


      
        	
          20

        

        	
          167.9 ± 2.8d

        

        	
          82.1 ± 2.52b

        
      


      
        	
          25

        

        	
          165.4 ± 5.7d

        

        	
          78.8 ± 4.10d

        
      


      
        	
          30

        

        	
          159.0 ± 7.3e

        

        	
          77.0 ± 2.79d

        
      


      
        	
          100

        

        	
          94.9 ± 3.9a

        

        	
          48.9 ± 2.48a

        
      

    


    Key 0*: Unamended Loamy Soil (soil only; control)


    Figures with the same letter in a column are not significant (p ≥ 0.05)


    Recent studies shows the influence of SMC from oyster and button mushroom on growth yield of Capsicum annuum L. and Solanum tuberosum L. by Roy et al. (2015); Altindal and Altindal (2015) recorded growth promotion in terms of height of plant, number of branches, yield and overall growth. It was conjectured that SMC had a role in the mobilisation of soil phosphate which was evident by decrease in soil phosphate level and increase in root and leaf phosphate (Roy et al. 2015; Altindal & Altindal 2015).


    Marques et al. (2014) used 42%–48% spent mushroom compost substrate for the cultivation of lettuce seedling (Lactuca sativa L) and showed that it provided the most adequate conditions for the growth and development of crisp head lettuce seedlings. Idowu and Kadiri (2013) used the SMC of P. ostreatus to cultivate okra (Abelmoscus esculentus Moench) and found that the growth and yield of okra (fresh and dry weight of fruits and number of okra fingers) was significantly enhanced. Data from this study suggest that spent mushroom compost of P. eous used as a soil conditioner to a certain level can be used as a bio-fertiliser for the enhancement of growth and yield of tomato and pepper at least under greenhouse conditions in Ghana.


    Furthermore results of this study also show that, SMC of P. eous contained high dry matter (90.8 ± 1.79%), protein (7.76 ± 0.48%), cellulose (32.34 ± 1.97%), lignin (7.2 ± 1.94%), NDF (53.3 ± 6.07%), and ADF (50.42 ± 4.64%) rich enough for utilisation by the resident fungi for lignolytic, cellulolytic, pectinolytic, and proteolytic metabolic activities ‘‘in situ’’ (Figs. 1 and 2) thereby releasing nutrients to augment the presence of mineral such as K, Na, Ca, N, P, Fe, Mg, Mn, P and Zn in the soil: compost mixtures to support growth of the tomato and pepper seedlings (Table 3). In addition, SMC contains calcium carbonate which provides short-term buffering of acid waters which elevates soil pH (Gonani et al. 2011; Wiafe-Kwagyan 2014).


    CONCLUSION


    Current findings indicate that both tomato and pepper seedlings raised on different concentrations of SMC (5, 10, 15, 20, 25 and 30) % amended with sandy loam soil supported vegetative growth (plant height, number of leaves, leaf area, chlorophyll content) and fruit yield. SMC10: sandy loam soil medium (0.6 kg SMC: 5.85 kg sandy loam soil combination) was the best suitable medium to support optimum vegetative growth of both test plants. These nutrients acted in concert to promote growth of the two plants in the greenhouse at least to a certain level of concentration of soil with SMC. The pH of the soil and spent mushroom compost were within the pH ranged of 6.6 and 6.8 which are well pH’s suited for growth of both tomato and pepper. Therefore, application and use of SMC in cultivation of these vegetables for field trial is highly recommended.
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    Abstrak: Kajian ini dijalankan untuk menentukan komposisi fizikal dan kimia susu kambing yang dihasilkan oleh lapan ladang tempatan yang terletak di kawasan tengah Malaysia. Ladang 1 hingga 4 (F1-SC, F2-SP, F3-SP, F4-SBC) menternak kambing jenis Saanen sementara ladang 5 hingga 8 (F5-JK, F6-JPEC, F7-JTC, F8-JC) menternak kambing jenis Jamnapari. Bahan makanan biasa yang digunakan di semua ladang terdiri daripada rumput segar atau silaj dari rumput Napier, feed pellets, dan bran sementara dua ladang lagi, F5-JK dan F6-JPEC menambah makanan dengan produk berasaskan kacang soya. Kandungan pepejal, bahan kering dan komposisi susu kambing serta bahan makanan dari ladang yang berbeza telah ditentukan dan keputusan dianalisis dengan menggunakan analisis komponen utama. Kandungan pepejal susu kambing dari kacukan Jamnapari mempunyai kandungan pepejal tertinggi iaitu 11.81% hingga 17.54% berbanding susu dari ladang dengan Saanen dan kacukan Saanen (10.95% hingga 14.63%). Kambing jenis Jamnapari dari F5-JK, F6-JPEC, dan F8-JC mempunyai kandungan lemak dan protein susu (p < 0.05) yang lebih tinggi (7.36%, 7.14% dan 6.59% protein; 5.08%, 6.19% dan 4.23%) daripada susu dari ladang lain tetapi susu yang dihasilkan oleh kambing jenis Saanen dari F4-SBC mengandungi kandungan protein yang sama (4.34%) dengan F8-JC. Kandungan abu dan karbohidrat dalam susu adalah di antara 0.67% hingga 0.86% dan 3.26% hingga 4.71%, tanpa mengira baka kambing. Memberi makan produk berasaskan kacang soya dilihat mempunyai pengaruh positif terhadap kandungan lemak susu dan protein dalam kambing jenis Jamnapari.


    Kata kunci: Baka, Susu Kambing, Komposisi Fisikokimia, Analisis Komponen Utama, Ladang


    Abstract: This study was conducted to determine the physical and chemical composition of goat milk produced by eight local farms located in the central region of Malaysia. Farms 1 to 4 (F1-SC, F2-SP, F3-SP, F4-SBC) reared Saanen-type goats while farms 5 to 8 (F5-JK, F6-JPEC, F7-JTC, F8-JC), Jamnapari-type goats. The common feedstuffs used in all farms comprised of fresh or silage from Napier grass, feed pellets, and brans while two farms, F5-JK and F6-JPEC supplemented the feeds with soybean-based product. The total solid content, dry matter, and proximate composition of goat milk and feedstuffs from the different farms were determined and the results analysed using principal component analysis. Total solid content of goat milk from the Jamnapari crossbreed had the highest solid content ranging from 11.81% to 17.54% compared to milk from farms with Saanen and Saanen crossbreed (10.95% to 14.63%). Jamnapari-type goats from F5-JK, F6-JPEC, and F8-JC had significantly higher (p < 0.05) milk fat and protein contents (7.36%, 7.14%, and 6.59% fat; 5.08%, 6.19%, and 4.23% protein, respectively) than milk from other farms but, milk produced by Saanen-type goats from F4-SBC contained similar protein content (4.34%) to that from F8-JC. Total ash and carbohydrate contents in milk ranged between 0.67% to 0.86% and 3.26% to 4.71%, respectively, regardless of goat breed. Feeding soybean-based products appear to have a positive influence on milk fat and protein content in Jamnapari-type goats.


    Keywords: Breed, Goat Milk, Physicochemical Composition, Principal Component Analysis, Farm


    INTRODUCTION


    Goat and goat milk production is a fast-growing industry and is now considered an important economic commodity in many countries. Between 1991 and 2011 goat production increased by 55% and that of goat milk was 70% (Garcia et al. 2014) indicating a high demand for goat, goat milk, and its products. The expansion of goat farming in the last decade is probably due to the ability of goat to provide high quality food under diverse climatic conditions and its resilience to the extreme and capricious environment (Silanikove et al. 2010). In Malaysia, farmed goat population was estimated to increase from 429,398 to 439,667 goats between year 2014 to 2015 (Department of Veterinary Services 2016). However, the dairy goat production is still considered as a small entity with no local breed specifically bred for milk production, and it is reported that only about 8,195 heads of dairy goats are reared in Peninsular Malaysia until year 2014 (Sithambaram & Nizam 2014).


    The major nutrient composition of goat milk is comparable to cow milk as it possesses an average of 3.4% protein, 3.8% fat, 4.1% lactose, and 0.8% ash content (Park et al. 2007). Indeed, milk from goat has also been found to contain beneficial nutrients and is a viable alternative to cow milk as it is less allergenic and has better digestibility (Haenlein 2004; Park et al. 2007). In addition, goat milk contains a high proportion of medium chain fatty acids (C6:0, C8:0, and C10:0) which partly contribute to the specific “goaty” flavour of goat milk (Silanikove et al. 2010). The medium chain fatty acids are also known to be antibacterial (Johny et al. 2009; Batovska et al. 2009), antiviral (Hornung et al. 1994; Thormar et al. 1987), inhibit development and dissolve cholesterol deposits (Shingfield et al. 2008).


    Quality of milk and its composition varies according to breed, diet and feeding practices, management system, lactation stage, parity, and animal health (Park et al. 2007; Goetsch et al. 2011). In the study of milk affected by breed factor, Sung et al. (1999) evaluated the milk quality from four dairy goat breeds include Alpine, Nubian, Saanen, and Toggenburg which reared in Taiwan and reported that Nubian goats had a higher percentage of fat and protein content than the other three breeds. The study by Mayer and Fiechter (2012) however showed that there was no significant difference in milk composition among the six dairy breeds in Austria. This indicated that, although similar breeds were reared in several countries, the content of milk composition could vary according to the places.


    For the effect of diet on milk quality, Rego et al. (2008) observed that the inclusion of soybean meal concentrate in the cow feed tend to increase the milk fat concentration. Besides, Aplocina and Spruzs (2012) reported that the addition of fodder yeast, sunflower cake, and wheat bran into basic feed ration significantly (p < 0.05) increased the fat content of goat milk and wheat bran also significantly (p < 0.05) increased the milk protein content. These showed that the different types of feedstuffs contribute to the different effect on the milk composition. Therefore, the different farms with different goat breeds and type of feedstuffs available will have different milk nutrient content.


    Recently, Alyaqoubi et al. (2015) determined the physicochemical properties and antioxidant activity of milk from five different goat breeds and Lai et al. (2016) studied the physicochemical and microbial qualities of raw goat milk locally produced in one farm in Malaysia. However, Lai et al. (2016) stated there is a lack of current data regarding goat milk properties in Malaysia and more study is needed to obtain the updating data as a reference. Although numerous studies of goat milk composition and its quality affected by various factors had been done worldwide, there is a lack of local studies information regarding the nutritional composition of goat milk produced at the farm level. The study on the composition of locally produced goat milk can provide the range of the nutrient content data and can be compared with the other parts of the world as well as assessments can be made on the milk quality to extend its benefits. Therefore, the purpose of this study was to profile the composition of goat milk locally produced from different farms in Negeri Sembilan and Selangor. The objective of this study was to determine the physicochemical composition of goat milk collected from different farms and evaluate the relation of feedstuffs nutrient on the milk quality using Principal Component Analysis (PCA).


    MATERIALS AND METHODS


    Sample Collection


    Goat milk samples were collected from eight farms raising Saanen (Saanen pure, Saanen cross, and Saanen-Boer cross) and Jamnapari (Jamnapari Koplo, Jamnapari Peranakan Etawa cross, Jamnapari-Toggenburg cross, and Jamnapari cross) goats indoors, in Negeri Sembilan and Selangor, Malaysia. Milk samples collected were from the type of dairy breed Saanen, dual-purpose (meat and milk) breed Jamnapari, and crossbreed goats. At each farm, milk from 5 goats in their second to fourth lactation month, were collected during their morning milk time (between 7am to 9am), stored at 4°C in an icebox and brought to the laboratory in USIM, Nilai, Negeri Sembilan. The milk samples from each farm were divided into few portions then immediately stored at −20°C until further analyses. The types of forage, animal feed, and supplements used in each farm were carefully recorded and samples collected for analysis. The respective farm locations, goat breeds, and feed types are listed in Table 1.


    Table 1: Goat breeds and feed types from different farms.


    
      
        	
          Farm location

        

        	
          Goat breed

        

        	
          Feed type

        
      


      
        	
          Farm 1 (F1), Hulu Langat, Selangor

        

        	
          Saanen cross (SC)

        

        	
          Napier grass silage

          Barley sprouts

          Dates

          Mulberry leaves

          Corn grain

          Goat pellet

        
      


      
        	
          Farm 2 (F2), Banting, Selangor

        

        	
          Saanen pure (SP)

        

        	
          Napier grass fresh

          Dairy bran

        
      


      
        	
          Farm 3 (F3), Hulu Langat, Selangor

        

        	
          Saanen pure (SP)

        

        	
          Napier grass fresh

          Goat pellet 1

          Goat pellet 2

        
      


      
        	
          Farm 4 (F4), Sungai Buloh, Selangor

        

        	
          Saanen–Boer cross (SBC)

        

        	
          Napier grass fresh

          Grower pellet

          Breeder pellet

          Rice straw

        
      


      
        	
          Farm 5 (F5), Nilai, Negeri Sembilan

        

        	
          Jamnapari Koplo (JK)

        

        	
          Napier grass silage

          Wide leaves

          Soy-bran mixture

        
      


      
        	
          Farm 6 (F6), Sungai Buloh, Selangor

        

        	
          Jamnapari Peranakan Etawa cross (JPEC)

        

        	
          Napier grass fresh

          Soy waste

          Goat pellet

        
      


      
        	
          Farm 7 (F7), Shah Alam, Selangor

        

        	
          Jamnapari–Toggenburg cross (JTC)

        

        	
          Napier grass fresh

          Mix grasses

          Dairy bran

        
      


      
        	
          Farm 8 (F8), Jeram, Selangor

        

        	
          Jamnapari cross (JC)

        

        	
          Sarang Buaya grass (Ischaemum timorense Kunth)

          Mix bran

        
      

    


    Sample Preparation


    A portion of the milk sample collected was freeze dried to turn to solid form for use in proximate analysis of fat and ash content. The milk sample that was frozen in freeze drying flask at –20°C for 24 h was freeze dried using Labconco FreeZone 4.5 L Freeze Dry System (Missouri, USA) with auto refrigeration mode and vacuum set to 0.770 mbar until sample completely dried. The weight of flask and sample were recorded before and after freeze drying process. Dried sample was then stored in airtight container, labelled, and placed in a chiller. The mean difference of milk solid content between the oven and freeze drying method was 0.12% ± 0.10 (p > 0.05).


    Total Solid Content and Proximate Analysis of Milk


    Goat milk total solid content (TSC) was determined by the gravimetric method according to the method of IS 12333-1997/ISO 6731:1989 (Bureau of Indian Standards 1997). Percentage of moisture content of milk was determined by the difference between hundred and the determined percentage of TSC.


    The fat and ash proximate compositions of goat milk were carried out on freeze dried samples while that of protein was performed using the liquid samples. Total fat content was determined using a Soxtherm (Gerhardt, Germany) automatic system according to the method of AOAC (2005). Total N content of milk samples was determined using a Kjeldatherm (Gerhardt, Germany) digestion system followed by automatic distillation and titration using a Vapodest50s (Gerhardt, Germany) according to the method of AOAC (2005). Non-protein N was analysed in samples of milk filtrate after precipitation with 12% (w/v) trichloroacetic acid (Friendemann Schmidt Chemical, Western Australia) according to the method of ISO 8968-4 (2001). Protein content of milk was calculated as the difference between total N and non-protein N as described by Molina-Alcaide et al. (2010) and final values of N were converted to the corresponding protein by a factor of 6.38 (AOAC 2005). Total ash was determined using a muffle furnace (Carbolite, United Kingdom) at 550°C according to AOAC (2005) method. Total carbohydrate content of milk was calculated as the difference between the amount of milk total solid and the sum of fat, protein, and total ash. Analyses were performed in triplicate and results were expressed as wet weight basis.


    Analysis of Feedstuffs Composition


    Dry matter (DM) of feed samples was determined according to the method described by Undersander et al. (1993). Analysis of ether extract (crude fat), crude protein (CP), crude fibre (CF), and total ash was carried out according to the AOAC (2005) method and percentages of the nutrients were calculated following the formulas stated by Undersander et al. (1993) for forage analyses. Ether extract (EE) of feed samples was determined by petroleum ether extraction using a Soxtherm followed by evaporation to a constant weight. Total N content was determined using Kjeldatherm and Vapodest 50s instruments then, N values were converted to crude protein by multiplying by a factor of 6.25 (AOAC 2005; Undersander et al. 1993). Crude fibre of feed samples was analysed using a Fibertherm (Gerhardt, Germany) instrument programmed with two washing phases include 0.13 M sulphuric acid and 0.313 M sodium hydroxide solution (R&M Chemicals, United Kingdom). The total ash content was evaluated by dry ashing at 550°C in a muffle furnace. Analyses were performed in triplicate and results were expressed as dry weight basis.


    Statistical Analysis


    The data obtained were statistically analysed using Minitab 16 software program for analysis of variance, one-way ANOVA and the mean differences were determined using Tukey’s range test with the level of statistical significance set at p < 0.05.


    Principal component analysis using The Unscrambler X10.3 software (CAMO Software, Norway) was performed on the data in order to visualise the underlying data structure. The PCA is one of the tools for data analysis which used to gather an overview and identify patterns in the data as well as expressing the data in such a way as to emphasise their similarities and differences (Benincasa et al. 2008; Shin et al. 2010). Shin et al. (2010) stated that the PCA can compress the data by reducing the dimensionality of the data without much loss of information based on their similarities and differences, and define a limited number of principal components (PC) which describe independent variation structure in the data. According to Oliveira et al. (2014), the first principal component (PC1) is determined in the direction of greatest data variance while second principal component (PC2) is defined to be orthogonal to PC1 and represents the maximum variance not explained by PC1. The remaining PCs are obtained in the same way in decreasing order of variance. In the PCA model, samples that are close to each other present similarities and samples that are projected on the same side with variables in the plot are considered to have high values of those variables. Benincasa et al. (2008) stated that the absolute value of the loading (variable) in a component (between 0 and 1) describes the importance of its contribution to the variation of the PCA model generated. The variables that are far away from the origin contribute the most variation to the principal component. Besides, variables that are near each other in the loading plot are positively correlated whereas variables that opposite to each other are negatively correlated (Benincasa et al. 2008).


    RESULTS AND DISCUSSION


    Total Solid Content and Proximate Composition of Goat Milk


    The physicochemical composition of milk from different farms is shown in Table 2. Milk moisture content ranged from 82.46% to 89.05% and TSC was between 10.95% to 17.54%. All farms raising Jamnapari-type goats except the Jamnapari-Toggenburg cross from farm 7 (F7-JTC), had significantly higher (p < 0.05) total solid, fat, and protein content compared to all Saanen-type goats. The milk of F7-JTC contained significantly highest (p < 0.05) moisture content among the Jamnapari-type goats similar to the other Saanen-type goats. Milk produced from Saanen-Boer cross from farm 4 (F4-SBC) had significantly lower moisture content (p < 0.05) compared to the other Saanen-type goats. The trend of similarity in the total solid and protein content was also observed between milk from F7-JTC with other Saanen-type goats except for F4-SBC. Results of the present study on TSC of goat milk from Saanen-type goats were within the range reported by Žan et al. (2006) and Sung et al. (1999) but the TSC of Jamnapari-type goats were much higher than those reported by Ramadhan et al. (2013) and Singh et al. (2014). The low TSC content of Saanen milk is consistent with its high moisture content and characteristic of Saanen as dairy goats (Mayer & Fiechter 2012; Almeida et al. 2013).


    Table 2: Physicochemical composition of milk from different farms (% wet basis).


    [image: art]


    *F1-SC = Farm 1 with Saanen cross, F2-SP = Farm 2 with Saanen pure, F3-SP = Farm 3 with Saanen pure, F4-SBC = Farm 4 with Saanen-Boer cross, F5-JK = Farm 5 with Jamnapari Koplo, F6-JPEC = Farm 6 with Jamnapari Peranakan Etawa cross, F7-JTC = Farm 7 with Jamnapari-Toggenburg cross, F8-JC = Farm 8 with Jamnapari cross goats.


    Mean ± standard deviation


    Means in the same row with different superscripts are significantly different (p < 0.05)


    The content of fat in milk from the farms ranged from 2.49% to 7.36%. Milk from farm 5 with Jamnapari Koplo goats (F5-JK) had the highest fat content followed by farm 6 (Jamnapari Peranakan Etawa cross, F6-JPEC) and farm 8 (Jamnapari cross, F8-JC). The results were higher than reported by Singh et al. (2014) for Jamnapari goats (4.61% to 5.17%) and Ramadhan et al. (2013) for Etawa goats (5.98% to 6.98%). However, milk fat from F7-JTC showed lower value than the Jamnapari-type goats that reported by Singh et al. (2014) and Ramadhan et al. (2013). There were no significant differences (p > 0.05) between fat content of all Saanen-type goats except from F4-SBC milk. Percentage of milk fat for Saanen-type goats were in the range reported by Žan et al. (2006) (2.28% to 6.20%), but lower compared to Mayer and Fiechter (2012) (3.73% ± 0.46), da Costa et al. (2014) (3.55% ± 0.21) and Razzaghi et al. (2015) (3.36% to 3.57%) of the different locations.


    Protein content in all milk samples ranged between 3.10% to 6.19%. Results of milk protein for the farms with Saanen-type goats were consistent with those reported by Sung et al. (1999) and Žan et al. (2006) but higher than values reported by Razzaghi et al. (2015). In the case of Jamnapari-type goats, milk protein of F7-JTC was similar to that reported by Singh et al. (2014) while that of F5-JK, F6-JPEC, and F8-JC were higher than those reported by Agnihotri and Prasad (1993) and Hassan et al. (2010). Differences in milk constituents compared to the literature can be attributed to several factors such as season (Morand-Fehr et al. 2007; Chen et al. 2014), lactation stage (Agnihotri & Rajkumar 2007; Singh et al. 2014), parity of goat (Agnihotri & Rajkumar 2007; Goetsch et al. 2011) as well as quality and level of nutrient in the feed ration (Sanz Sampelayo et al. 2007; Molina-Alcaide et al. 2010).


    Total ash and total carbohydrate content of the milk varied considerably, regardless of goat breeds. Milk ash content ranged from 0.67% to 0.86% and was in agreement with that reported by Mahmood and Usman (2010) (0.56% to 0.99%). The milk carbohydrate values were between 3.26% to 4.71% and were in the range with the findings of Žan et al. (2006) and Mayer and Fiechter (2012) but were lower than reported by Almeida et al. (2013) and Hassan et al. (2010).


    Principal component analysis was used to determine the correlation between the nutrients in milk (dos Santos et al. 2013). By using the milk composition data from Table 2, the PCA model of milk composition was plotted as shown in Figure 1. The PCA model shows the distribution pattern of samples from the different farms and the milk compositions in the first two principal components. The first two PCs (PC1 and PC2) showed 86% of the variances in the data set. The PC1 accounted for 68% of the total variation in the data contributed mainly by four variables namely total solid, fat, protein, and moisture content. All these variables were positively correlated, except moisture content which was located at the negative loading of PC1. The PC2 accounted for 18% of the total variance, with carbohydrate as the dominant variable.
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      Figure 1: PCA model of milk composition.

    


    Position of samples in the positive quadrant of PC1 showed milk from F5-JK and F6-JPEC goats contained the highest total solid, fat, and protein content compared to other farms. In contrast, among the Jamnapari breed, milk from F8-JC goats had high carbohydrate and total ash in addition to high total solid and fat. Milk from F4-SBC goats had high values of total ash, total solid, and fat content. The negative quadrant of PC1 showed milk from F1-SC, F2-SP, and F3-SP which raised Saanen pure and crossbreed goats contained high values of moisture but were low in total solid, fat, and protein content. Further, milk from F7-JTC goats differed from the other Jamnapari breeds and contained high moisture and carbohydrate content but low total solid, fat, and protein values. These differences in milk composition could be contributed by the different types of goat breed. For instance, crossing Saanen with Boer which is a meat producing breed, could explain the variation in milk composition while, the milk from F7-JTC which raised Jamnapari crossed with Toggenburg, a milk producing breed, produced milk that closely resembled that of the Saanen breed. Mayer and Fiechter (2012) reported that despite considerable seasonal variations, there was no statistical significant differences in milk chemical composition between the six dairy goat breeds include Saanen, Toggenburg, White, Strahlen, Coloured, and Pinzgau (11.93% to 12.47% total solid, 3.51% to 3.86% fat, 3.29% to 3.44% protein, and 0.819% to 0.843% ash). Park (2010) also recorded that dairy breeds include Toggenburg, Alpine, Oberhasli, and LaMancha produce milk yield and composition in between the Saanen and Nubian breed.


    Chemical Composition of Feedstuffs and its Relation to Milk Quality


    Differences in composition of milk samples between farms might be due to genetic variation between type of Saanen and Jamnapari breeds while differences within the similar breeds could be contributed by factors such as feed or diet given to goats. In this study, the feedstuffs available for goats at each farm were analysed for its nutrient composition to observe the relationship between the feedstuffs used to the milk quality. Table 3 shows the average chemical composition of the different feedstuff types and the data were used to generate the PCA model that shown in Figure 2. Figure 2 shows the distribution pattern of the feedstuffs nutrients of the different farms. The first two PCs (PC1 and PC2) showed 73% of the variances in the data set. The PC1 accounted for 44% of the total variation in the data contributed mainly by three variables namely crude protein, ether extract, and crude fibre content while, PC2 accounted for 29% of the total variance, with dry matter as the dominant variable.
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      Figure 2: PCA model for chemical composition of the different feedstuff types.

    


    Analysis showed that the high concentration of fat in F5-JK and F6-JPEC milk could be due to the diet containing high EE or crude fat content given by the respective farms (Fig. 2; points located farthest in positive quadrant of PC 1). The high EE content in diet was contributed by feedstuffs soy-bran mixture and soy waste which contained 6.53% and 10.39% EE, respectively (Table 3). Other than the green forage used as a source of fibre in goat feed, the soy-bran mixture and soy waste each contained high CF content of 27.36% and 25.66%, respectively.


    Table 3: Chemical composition of feedstuffs from different farms (% dry basis).
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    Mean ± Standard deviation


    According to Cannas (2004) and Zenou and Miron (2005), inclusion of soybean hulls in goats feed increased milk yield and milk fat concentration due to the high content of digestible fibre in the hulls. It is suggested that digestible fibre increases the acetic acid availability for milk fat synthesis and stimulates energy partitioning towards milk synthesis instead of body fat reserve deposition (Sanz Sampelayo et al. 2007). Sources of fibre used by farmers in this study include Napier grass, barley sprouts, rice straw, mix grasses, and Sarang Buaya (Ischaemum timorense Kunth) grass. Fibre content of Napier grass (36.21%) in F6-JPEC may also contribute to the high milk fat value. Thus, this indicates that a mixture of feed with high lipid and fibre content may lead to the increased of milk fat content.


    The PCA model also shows a cluster of feedstuffs of the different farms plotted in the negative quadrant of PC1. The feedstuffs were mainly from the type of forages of grasses variety which contained high CF and TA content but low in DM (Table 3). Next, the cluster of feedstuffs plotted in the positive quadrant of PC1 showed feedstuffs samples that contained high DM in addition to high EE and CP content. These feedstuffs were from the type of concentrate feeds include feed pellets and brans which had DM ranged from 87.23% to 90.57%, 3.35% to 5.64% EE and 12.95% to 24.72% CP content (Table 3). According to Morand-Fehr et al. (2007), concentrate feeds were given to animals both in outdoor and indoor farming systems with a variety of forage to concentrate ratios in the feed ration to compensate the dietary nutrient required by the animal as well as to manipulate the composition and quality of the ruminant milk. Similarly, the local farmers may also use the concentrates to support the dietary nutrient in the feed rations thus contribute to the variation of the milk composition. While, the differences in nutrient content of the pellets and brans were due to the different ingredients or raw materials of commercial concentrates produced by the manufacturers.


    Besides, the high milk protein content in F5-JK and F6-JPEC might also be contributed by the high CP in the feedstuffs of both farms (Fig. 2; points located farthest in positive quadrant of PC 1). Soy-bran mixture and soy waste used in the farms showed the highest CP content compared to the other feed types, 38.57% and 35.08%, respectively. Further, the inclusion of different feed types like foliage and concentrates including feed pellets and brans that are high in CP might influence the milk protein concentration. According to Zervas et al. (1998), protein content was significantly (p < 0.001) increased in ewes milk when soybean hulls were used as a replacement for maize in concentrate diet. However, Cannas et al. (1998) reported that substitution of concentrate in feed ration with soybean hulls and beet pulps decreased the protein concentration in ewes milk while, Vasta et al. (2008) stated that the decreased in milk protein concentration observed with the use of soybean hulls and beet pulps was probably due to a dilution effect. Morand-Fehr et al. (1991) also reported that the protein and casein contents do not appear to be particularly sensitive to changes in the protein source although the goats were given isoenergetic and isonitrogenous diets. In contrast, Goetsch et al. (2011) stated that the effect of dietary CP level on the composition of milk depends on the nature of nitrogenous compounds in the feed as it will influence the metabolisable protein intake. Besides the differences in type, level, or dietary nutrient of feedstuffs in a feed ration contribute to the variation of milk composition, the effectiveness was affected also by factors including DM and nutrient intakes (Molina-Alcaide et al. 2010; Steinshamn et al. 2014), nutrient degradability (Sanz Sampelayo et al. 1999; Morand-Fehr et al. 2007), and nutrient digestibility (Gwayumba et al. 2002; Molina-Alcaide et al. 2010; Kholif et al. 2014) in the ruminant.


    Farms F2-SP, F3-SP, F6-JPEC, and F7-JTC showed high ash content in the feed composition (Fig. 2; close to total ash point) however, the trend of ash content in milk did not reflect the dietary intake. Agnihotri and Rajkumar (2007) found that although ash content of goat milk ranged between 0.76% to 1.11% for different varieties of goat breeds, these values were not significantly different. Mech et al. (2008) reported that ash content was found to be the least variable milk constituent and did not vary significantly among different lactation stage. However, a different result was reported by Voutsinas et al. (1990) which recorded that ash content progressively increased as lactation proceeded. Although total ash shows least variation, the specific constituents of ash like minerals and trace elements may vary due to factors including environmental condition, animal feed and nutrition, lactation stage, animal species or breed, and contaminants (Zain et al. 2016; Singh et al. 2015).


    In this study, there was variation of milk total carbohydrate in which lactose is considered as the main milk carbohydrate (Aplocina & Spruzs 2012; Sanz Ceballos et al. 2009), regardless of the different goat and feed types among farms. According to Aghsaghali and Fathi (2012), high lactose production is accompanied by high milk volume production whereby this could be seen in goats of dairy breed which produces high milk yield (Aghsaghali & Fathi 2012). However, the milk lactose content is also affected by the level of blood glucose in ruminant as glucose is the main precursor for the synthesis of lactose in mammary gland and epithelial cells (Bauman & Currie 1980; Aghsaghali & Fathi 2012). In the study of goat in South Africa, Pambu (2011) reported that indigenous goat breed had higher lactose content (average of 8 weeks, 4.6%) than dairy goat breeds (4.1%) because indigenous does had higher blood glucose concentration than the dairy does. Besides, Molina-Alcaide et al. (2010), Almeida et al. (2013) and Razzaghi et al. (2015) found no significant differences in the content of milk lactose although goats were fed with different dietary treatments and there was only a low tendency (0.05 < P < 0.10) for the differences in lactose yield (Razzaghi et al. 2015). Therefore, it could be suggested that the different lactose content in milk of the different goat breeds might be due to the genetic variation in manipulating the glucose source in lactose production mechanisms and the differences were less influenced by the dietary factor.


    CONCLUSION


    The physicochemical composition of goat milk differed among the different farms. Data from the analysis of milk composition and PCA model showed that milk of Jamnapari-type goats from F5-JK, F6-JPEC, and F8-JC had higher total solid, fat, and protein content compared to the Saanen-types goat. While, the physical and chemical composition of milk from Jamnapari-types goat from F7-JTC was much similar to the other Saanen-type goats and this might due to the crosses with dairy breed which its moisture content was much higher than the solid content. Besides the genetic variation between goat breeds, the feeding of feedstuffs which high in lipid and fibre content, for instance, the soybean-based products may lead to the increased of fat content in the goat milk.
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    Abstrak: Berlakunya wabak denggi, dan lain-lain penyakit bawaan vektor seperti chikungunya dan Zika di kawasan tropika dan subtropika telah menjadikan kawalan penyakit-penyakit tersebut sebagai keutamaan di negara-negara yang terjejas termasuk Malaysia. Kawalan nyamuk vektor Aedes aegypti dan Aedes albopictus melalui pengurangan tempat pembiakan dan penggunaan racun serangga untuk membunuh jentik-jentik dan nyamuk dewasa adalah usaha utama kawalan bagi memerangi penyakit-penyakit ini. Kajian ini menerangkan tentang hubungan di antara Ae. albopictus dan Ae. aegypti di dalam tempat pembiakan yang dikongsi bersama. Kajian ini penting memandangkan apa jua langkah kawalan yang diambil terhadap satu spesies boleh menjejaskan spesies yang lain. Tinjauan jentik-jentik selama setahun telah dijalankan di empat kawasan endemik denggi di Pulau Pinang. Indeks pekali Sorenson menunjukkan bahawa tiada perkaitan di antara jumlah jentik-jentik bagi kedua-dua spesies tanpa mengira saiz bekas dan lokasi kajian. Oleh itu, min bilangan jentik-jentik Ae. albopictus tidak menurun dengan kehadiran Ae. aegypti di dalam bekas pembiakan yang sama. Walau bagaimanapun Ae. aegypti lebih gemar membiak di habitat yang tidak diduduki oleh Ae. albopictus, kedua-dua spesies hanya berkongsi tempat pembiakan apabila bilangan bekas yang ada adalah terhad. Dalam usaha kawalan, menghapuskan bekas pembiakan yang digemari oleh satu spesies mungkin tidak memberi kesan atau mengurangkan populasi spesies lain.


    Kata kunci: Aedes albopictus, Aedes aegypti, Asosiasi Pembiakan Bersama, Habitat Pembiakan Dikongsi


    Abstract: The occurrence of major outbreaks of dengue, and other vector borne diseases such as chikungunya and zika in tropical and subtropical regions has rendered control of the diseases a top-priority for many affected countries including Malaysia. Control of the mosquito vectors Aedes aegypti and Aedes albopictus through the reduction of breeding sites and the application of insecticides to kill immature forms and adults are the main control efforts to combat these diseases. The present study describes the association between Ae. albopictus and Ae. aegypti in shared breeding sites. This study is important given that any measure taken against one species may affect the other. A yearlong larval survey was conducted in four dengue endemic areas of Penang Island. Sorenson’s coefficient index indicated that no association between number of the immatures of the two species regardless of container size and study location. Therefore, the mean number Ae. albopictus immature was not decreased in the presence of Ae. aegypti in shared breeding container. However Ae. aegypti appeared to prefer breeding in habitats not occupied by Ae. albopictus, the two species sharing breeding sites only where available containers were limited. In control efforts, eliminating the preferred breeding containers for one species might not affect or reduce the population of the other species.


    Keywords: Aedes albopictus, Aedes aeypti, Co-Breeding Association, Shared Breeding Habitat


    INTRODUCTION


    A species would not be able to survive on its own but lives together with other organisms to form a community in the same habitat. Co-existence of multiple species of mosquitoes in a habitat at a given time indicates positive interaction among them (Pemola Devi & Jauhari 2007). Interspecific associations among mosquitoes are often related to physicochemical and biological composition of mosquito breeding waters (Reisen et al. 1981; Almiron & Brewer 1996; Rajnikant et al. 1998). Often, interspecific association shows similarity of habitat requirements and interactions between species (Cole 1949). However, past research on the breeding of different species under field conditions have been based mainly on the frequency of co-occurrence of the immature stages without rigorous statistical analysis to validate the strength of association or repulsion between them (Cole 1949; Bhat 1975a; Bhat 1975b; Malhotra et al. 1987; Bhat et al. 1990).


    Aedes albopictus, is believed to have originated from the tropical forests of Southeast Asia (Smith 1956). Meanwhile, Ae. aegypti originated from Africa (Mousson et al. 2005). In Malaysia, the first occurrence of Ae. aegypti was recorded by Leicester in 1908 and Stanten in 1914 (Lee & Cheong 1987). Population of Aedes albopictus and Ae. aegypti are common in urban and rural areas of Malaysia (Nazni et al. 2009; Saifur et al. 2013; Basari et al. 2016). Both are sympatric species, and coexist in similar habitat (Klowden 1993; Gilotra et al. 1967; Sprenger & Wuithirsnysgool 1986; O’ Meara et al. 1993; Chen et al. 2006a). Whenever, two species try to coexist in same ecological niches, species replacement or displacement tend to occur. Hawley (1988) reported that species replacement occurred in particular in the North of America, where Ae. aegypti abundance had been reduced as a result of competition with Ae. albopictus. Whereas, Juliano (1998) reported displacement of Ae. aegypti by Ae. albopictus which might due to larval competition on available food resource. Others reported replacement of Ae. albopictus by Ae. aegypti in the peripheral areas of towns of India (Kalra et al. 1997).


    On the contrary, others reported Ae. aegypti has completely replaced the indigenous Ae. albopictus in urban areas (Pant et al. 1973; Service 1992). In Bangkok, Thailand and Calcutta, India, Ae. albopictus had decreased in population, while Ae. aegypti has become more pronounced (Rudnick & Hammon 1960; Gilotra et al. 1967). In addition, experiments conducted in controlled environment support the proposition that Ae. aegypti can out-compete and displace Ae. albopictus (Moore & Fisher 1969; Sucharit et al. 1978; Black et al. 1989). Lambrechts et al. (2010) hypotesize, Ae. aegypti is gradually replacing Ae. albopictus as the dominant day-biting mosquito in Asian cities because it is better adapted to the urban environment.


    In Penang Island, Malaysia, during the year 1970’s, Ae. aegypti was not documented beyond the city limit of Georgetown to the rest of the island (Yap 1975). However, recent studies, shows that the species is observed in rural and urban residential areas of the island (Saifur et al. 2013). Compared with field study done in Northern Queensland, Australia, it was noted that Ae. notoscriptus container distribution was affected by the presence or absence of Ae. aegypti although they found no association in the relative abundance of both species (Tun Lin et al. 1999). In summary, researchers noted Ae. aegypti and Ae. albopictus do mix-breed in large-sized water containers regardless whether it is an indoor or outdoor environments (Hwang & Hsu 1994; Chen et al. 2006a).


    Therefore, for an effective mosquito control regime, the relationship between habitats, environmental factors and occurrence of immature mosquitoes must be well understood. The association between species of mosquitoes can provide clues to better understanding of their biology and roles in the transmission of the vector borne viruses such as dengue. Therefore, it is important to determine the strength of association of these two species, in respect of positive association (overlapping), negative association (repulsion) or zero association (the species is independent). This study sought to determine if there was co-breeding association between Ae. aegypti and Ae. albopictus in shared breeding containers in the Southwest district of Penang, Malaysia.


    MATERIALS AND METHODS


    Study Sites


    Four areas within Southwest district of Penang Island were selected for this study (Fig. 1). The areas were: Pantai Jerjak (urban residential area) located at 5.337681° N, 100.302187° E (12 m.a.s.l.), Bayan Lepas (urban residential/industrial area) located at 5.298113° N, 100.262276° E (14 m.a.s.l.), Batu Maung (suburban residential area) located at 5.274604° N, 100.267525° E (8 m.a.s.l.) and Balik Pulau (rural area) located at 5.325033° N, 100.212108° E (18 m.a.s.l). Climatological data for Penang Island including rainfall, mean relative humidity and mean temperature were obtained from the Malaysian Meteorological Station located at Penang International Airport.


    
      [image: art]


      Figure 1: Location of sampling sites, Pantai Jerjak, Bayan Lepas, Batu Maung and Balik Pulau, Penang.


      Source: https://www.google.com.my/maps

    


    Larval Survey


    Larvae collection was done for 12 months (January 2009 to December 2009). The sampling were performed on monthly basis in each study area stated above by three two-person collection teams (between 0900 h and 1500 h). A total of 720 houses in each study area were inspected for mosquito breeding sites. During sampling, an inspection of the domestic and peri-domestic area of each house in study areas for water holding containers was performed. The containers were categorised into three sizes: small (capacity < 1 litre), medium (1 litre < capacity < 15 litres) and large (capacity > 15 litres). Due to the different sizes of the containers, sampling methods for the three container categories also differed. For small containers, all the contents of the containers were poured into zip-lock plastic bags, while for medium and large containers only the Aedes immatures (pupae and larvae) were collected using pipette or sieves and placed into zip lock plastic bags. All the water samples (in plastic bags) were labelled with house description and container name so that samples could be linked to the exact container and household of origin. The containers with mosquitoe’s larvae were also classified into three categories:


    
      
        	i.

        	

        	Single container – with either Ae. albopictus or Ae. aegypti
      


      
        	ii.

        	

        	Shared container – Ae. albopictus and Ae. aegypti together
      


      
        	iii.

        	

        	Other container – other mosquito species, Aedes absent
      

    


    The samples were transported to the laboratory at the School of Biological Sciences, Universiti Sains Malaysia on the same day they were collected for further processing. For the purpose of identification, pupae were reared and identified when they developed into adults. The 1st and 2nd instar larvae were allowed to moult to the 3rd and 4th instar to facilitate identification; 3rd and 4th instar were identified to the species level using taxonomic keys provided by Rueda (2004) under a dissecting microscope (Olympus CX41, Olympus, Tokyo, Japan).


    Data Analyses


    The Chi-square test was used to analyse differences in container abundance, immature abundance, immature species and container sizes using the SPSS version 21.0.


    Coefficient of Interspecific Association


    The method of Fager (1957) as detailed by Southwood (1978) was used to explain the independence or association of the two species. An association between Ae. albopictus and Ae. aegypti would be determined from the proportion of positive containers containing Ae. albopictus in the presence or absence of Ae. aegypti in the same containers. If there is no association, the same proportions of Ae. aegypti should be observed irrespective of whether Ae. albopictus was present or not (Tun Lin et al. 1999).


    To calculate the coefficient of association, 2 × 2 contingency tables were drawn up where a, b, c and d were the number of occurrences of the two species in water containers as shown in the table below, where species A is the more abundant species.


    
      
        	

        	

        	
          Species A

        
      


      
        	

        	

        	
          present

        

        	
          absent

        

        	
          Totals

        
      


      
        	
          Species B

        

        	
          present

        

        	
          a

        

        	
          b

        

        	
          a + b

        
      


      
        	
          absent

        

        	
          c

        

        	
          d

        

        	
          c + d

        
      


      
        	
          Total

        

        	
          a + c

        

        	
          b + d

        

        	
          n = a + b + c + d

        
      

    


    Where, a = the presence of both species (A and B) in shared containers, b = the presence of species A but species B absent, c = the presence of species B but species A absent, d = samples of other mosquito species but species A and B absent.


    In this case, counts for the more abundant species, Ae. albopictus (species A) occupy cells a and c, whereas counts for Ae. aegypti (species B) occupy cells c and d. Accordingly, (a+b) < (a+c). Cell d (neither Ae. albopictus nor Ae. aegypti present) was calculated on the basis of the positive containers only and not on the total number of wet negative containers. The table was constructed in Microsoft Excel workbook (version 2010) and statistically significant differences were calculated by the Chi square test as corrected by Pielou (1977):
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    Where, m = (a+b), n = (c + d), r = (a + c), s = (b + d) and N = m + n + r +s


    Index of Association (I)


    The proportion of individuals occurring together was calculated using Sorensen’s Coefficient Index (1948) as modified by Southwood (1978). The formula was as follows:


    I = 2 [J / (A+B) – 0.5]


    where J = the number of Ae. albopictus and Ae. aegypti immatures where the two species shared positive containers,


    A = the number of Ae. albopictus immature found in all positive containers


    B = the number of Ae. aegypti found in all positive containers.


    An Index value of +1 indicates complete association while −1 indicates no association.


    Dominance Index (D)


    Species dominance, D, using May’s (1975) index was calculated for each study site and container size:


    D = Ymax/Yt


    Where Ymax = the number of larvae of the most common species (Ae. albopictus) in the each study site or each container size, Yt = the total numbers of larvae of all species in the habitat.


    RESULTS


    During the larval survey, the monthly mean temperature and mean relative humidity in Penang Island ranged between 26.0°C to 28.0°C and 59% to 89% respectively. Overall, Penang received a total rainfall of 2407.6 mm.


    Table 1 shows co-breeding association between Ae. albopictus and Ae. aegypti in the four study areas. The distribution of Ae. albopictus positive containers combined for the four sampled areas was significantly different χ2(1,1567) = 558.52, p < 0.05 in the presence or absence of Ae. aegypti. There was also significant co-breeding interaction between Ae. albopictus and Ae. aegypti container distribution at each area [Pantai Jerjak, χ2(1,296) = 147.97, p < 0.05; Bayan Lepas, χ2(1,387) = 151.29, p < 0.05; Batu Maung, χ2(1,388) = 122.48, p < 0.05; Balik Pulau, χ2(1,496) = 52.29, p < 0.05].


    Table 1: Distribution of Ae. albopictus and Ae. aegypti from positive containers found in Penang Island.
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    Note: *significant, p < 0.05, Where, a = the presence of both species (A and B) in shared containers, b = the presence of species A but species B absent, c = the presence of species B but species A absent, d = samples of other Aedes species but species A and B absent, bc = single containers for both species, ad = both species in shared containers and negative containers, positive association when ad-bc = +ve, negative association/repulsion when ad-bc = −ve


    When the mosquitoes population were compared by container sizes, it showed significant co-breeding interaction between Ae. albopictus and Ae. aegypti distribution in containers of different sizes [Small, χ2(1,818) = 94.51, p < 0.05; Medium, χ2(1,521) = 211.55, p < 0.05; Large: χ2(1,228) = 107.20, p < 0.05] (Table 2).


    Table 2: Distribution of Ae. albopictus and Ae. aegypti from positive containers of different sizes.
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    Note; *significant, p < 0.05, Where, a = the presence of both species (A and B) in shared containers, b = the presence of species A but species B absent, c = the presence of species B but species A absent, d = samples of other Aedes species but species A and B absent, bc = single containers for both species, ad = both species in shared containers and negative containers, positive association when ad–bc = +ve, negative association/repulsion when ad–bc = −ve.


    However, when comparison were made, in terms of the abundance of immatures, there was no co-breeding association between Ae. albopictus and Ae. aegypti in each study area (Table 3). Similarly, the analysis between Ae. albopictus and Ae. aegypti immature relative abundance in three different sizes of containers indicated no co-breeding association between both species in each container size (Table 4).


    Table 3: Sorenson coefficient of interspecific association between Ae. albopictus and Ae. aegypti immature in four survey areas on Penang Island.


    
      
        	
          Survey Areas

        

        	
          J

        

        	
          A + B

        

        	
          I

        
      


      
        	
          Pantai Jerjak

        

        	
          1735

        

        	
          14828

        

        	
          −0.77

        
      


      
        	
          Bayan Lepas

        

        	
          1257

        

        	
          21306

        

        	
          −0.88

        
      


      
        	
          Batu Maung

        

        	
          2533

        

        	
          16045

        

        	
          −0.68

        
      


      
        	
          Balik Pulau

        

        	
          61

        

        	
          24196

        

        	
          −0.99

        
      


      
        	
          Combined (all sites)

        

        	
          5586

        

        	
          76375

        

        	
          −0.85

        
      

    


    Note: Significant association when I = +1, No association when I = −1


    Table 4: Sorenson coefficient of interspecific association between Ae. albopictus and Ae. aegypti immatures in containers of three different sizes.


    
      
        	
          Size

        

        	
          J

        

        	
          A+B

        

        	
          I

        
      


      
        	
          Small

        

        	
          1508

        

        	
          22499

        

        	
          −0.87

        
      


      
        	
          Medium

        

        	
          2599

        

        	
          25877

        

        	
          −0.8

        
      


      
        	
          Large

        

        	
          1479

        

        	
          27999

        

        	
          −0.89

        
      


      
        	
          Combined

        

        	
          5586

        

        	
          76375

        

        	
          −0.85

        
      

    


    Note: Significant association when I = +1, No association when I = −1


    Tables 5 and 6 shows the species dominance index calculated for each study area and container size, respectively. The results showed that Ae. albopictus was the dominant species (> 90%) for all study areas. Thus, Ae. albopictus is the dominant Aedes species in the Southwest district of Penang Island, regardless whether it is urban, suburban or rural area.


    Table 5: Species dominance index in the four survey areas on Penang Island.


    
      
        	
          Survey Areas

        

        	
          Ymax

        

        	
          Yt

        

        	
          D

        
      


      
        	
          Pantai Jerjak

        

        	
          13275

        

        	
          14828

        

        	
          0.90

        
      


      
        	
          Bayan Lepas

        

        	
          20250

        

        	
          21306

        

        	
          0.95

        
      


      
        	
          Batu Maung

        

        	
          14468

        

        	
          16045

        

        	
          0.90

        
      


      
        	
          Balik Pulau

        

        	
          23880

        

        	
          24196

        

        	
          0.99

        
      


      
        	
          Combined

        

        	
          71873

        

        	
          76375

        

        	
          0.94

        
      

    


    Notes: Ymax = the number of immatures of the most common species (Ae. albopictus) in each survey areas, Yt = the total number of immatures of all species in the areas.


    Table 6: Species dominance index in containers of three different sizes.


    
      
        	
          Size

        

        	
          Ymax

        

        	
          Yt

        

        	
          D

        
      


      
        	
          Small

        

        	
          21769

        

        	
          22499

        

        	
          0.97

        
      


      
        	
          Medium

        

        	
          24608

        

        	
          25877

        

        	
          0.95

        
      


      
        	
          Large

        

        	
          25496

        

        	
          27999

        

        	
          0.91

        
      


      
        	
          Combined

        

        	
          71873

        

        	
          76375

        

        	
          0.94

        
      

    


    Where Ymax = the number of immatures of the most common species (Ae. albopictus) in each survey areas, Yt = the total number of immatures of all species in the areas.


    DISCUSSION


    According to Hurlbert (1969), the analysis of presence-absence data is preferable to that of the relative number of immature stages for measuring the degree of association between two species. However, Southwood (1978) suggested to employ both methods. Positive association means two species interact in such a way as to favour mutual presence. Negative association is to be anticipated when one species exclude the other from the habitat.


    In the present study, Ae. albopictus and Ae. aegypti were found in single and shared containers regardless of the geographical characteristics (urban, suburban) and container size (small, medium, large). Negative value for (ad–bc) (Table 2) indicated that there was a negative association between the two species which indicated that Ae. aegypti preferred to fill in habitats which were not occupied by Ae. albopictus. It is possible that after entering houses to blood-feed, Ae. albopictus found indoor containers which had been occupied by Ae. aegypti when water holding containers outdoor dried out during the dry season. Past research observed Ae. albopictus do oviposit indoors in human dwellings (Sulaiman et al. 1991; Chen et al. 2006b; Lian et al. 2006; Wan-Norafikah et al. 2010; Dieng et al. 2010) and the most anthropophilic mosquito in Malaysia (Parker et al. 1983).


    Negative co-breeding association between the two species in all container sizes confirmed that Ae. albopictus would fill out niches unoccupied by Ae. aegypti. The latter prefers to breed in both indoor and outdoor containers where vegetation in the areas are less. Previous studies showed Ae. aegypti to be the dominant indoor species (Surendran et al. 2007; Singh et al. 2008; Wan-Norafikah et al. 2010). According to Gilotra et al. (1967), Ae. aegypti is the superior competitor in domestic premises, whereas Ae. albopictus has the advantage in outdoor or silvatic surroundings.


    The Sorenson’s Coefficient Index showed there was no significant association between individual immature for the two species and no association in relative abundance between individual species. Similar results were obtained in all the study areas and each container size. The index value for urban and suburban was similar suggesting dominance of Ae. albopictus in small and medium size containers. The mean immature densities of Ae. albopictus were not depressed significantly in the presence of Ae. aegypti. Aedes albopictus continued to be the dominant Aedes species in the Southwest district of Penang Island despite the spread of Ae. aegypti out of the city limit. Similarly, Tun-Lin et al. (1999) found that there was a significant co-breeding association in the distribution of positive containers for Ae. notocriptus depending on the presence and the absence of Ae. aegypti in Australia. They also found that there was little or no association between the two species in their relative abundance of immatures in shared containers.


    Being the dominant Aedes species in the Southwest district of Penang Island, Ae. albopictus might play an important role in the transmission of dengue and chikungunya viruses. According to Lounibos (2002), though Ae. aegypti is the main dengue vector, Ae. albopictus is also a competent vector and may be locally important. Interspecies competition between larvae change Ae. albopictus behaviour. In shared breeding habitat, the larvae adapted by swimming faster, increased their movement and feeding rate. Breeding containers with high larvae density tend to have limited space and resource. Therefore, Ae. albopictus larvae that have less food during development will emerge as an adult smaller in size which was reported to affect its fitness, reproductive rate and capacity as a vector (Blaustein et al. 2005; Preisser et al. 2005; Bara et al. 2015).


    For Ae. albopictus, competition increases the probability of obtaining arboviruses (Alto et al. 2005; Alto et al. 2008) and competition among larvae may affect the probability of vector-borne virus transmission (Alto et al. 2008). Furthermore, effects of competitive interactions among larval stages may be carried over to the adult stage and affect vector competence, which describes the ability to become infected and subsequently to transmit a pathogen after imbibing an infectious blood meal (Hardy 1988).


    When comparing larval competition in co-exist populations, Ae. aegypti stand a better chance as it requires shorter developmental time than Ae. albopictus (Chan et al. 1971). However, Phon (2007) indicated the competitive advantage of Ae. albopictus in situations of limited resources could be the reason for the dominancy of this mosquito in Penang Island. Barrera (1996) noted the presence of rapidly decaying detritus (e.g., animal detritus) tends to yield competitive equality or advantage for Ae. aegypti, whereas refractory plant detritus (deciduous or coniferous leaves) tends to yield competitive advantage for Ae. albopictus. He also emphasized the interspecific differences in starvation resistance of larvae of these species also depended on type of food resource. Aedes albopictus and Ae. aegypti were found to withstand starvation when reared on oak leaves and liver powder, respectively, suggesting a physiological basis for the detritus-type-dependence having an impact on co-breeding competition of these two species.


    In Australia, Tun-Lin et al. (1999) proposed the association between Ae. aegypti and Ae. notoscriptus could be due to competitive displacement of immature stages, different adult ovipositional stimuli or pheromonal repellents. However, competitive displacement of Ae. albopictus by Ae. aegypti in Penang Island is unlikely to happen. Shared breeding between Ae. albopictus and Ae. aegypti encountered in the present study was very low. The present study demonstrated that there was negative co-breeding association between the two species in their container distribution (number of container) and no association existed between the number of immatures of both species. Therefore, statistically, the interaction was significant only in the number of containers occupied by both species but there was no interspecies association from the perspective of individual mosquitoes.


    The spread of Ae. aegypti in Penang Island could be due to several factors such as the rapid and extensive urbanisation of the city, the difference in fecundity between Ae. aegypti and Ae. albopictus and the difference in the duration of the life cycle of the two species. Favourable environment for the highly domesticated Ae. aegypti has been created with rapid and extensive urbanisation, and this condition leading to the rapid spread and increase in numbers of the species. However, Ae. albopictus probably has never been displaced by Ae. aegypti from the urban areas since the current trend of urban development is towards a ‘garden city’ where habitats would still be available for Ae. albopictus (Chan et al. 1971).


    CONCLUSION


    Negative interspecific association was observed between Ae. albopictus and Ae. aegypti in breeding containers in four survey areas of Southwest district on Penang Island suggesting Ae. aegypti distribution is restricted by Ae. albopictus. In addition, though Ae. albopictus and Ae. aegypti share the same breeding habitat, both prefer different environments (indoor or outdoor). The two species would avoid breeding in the same containers. Therefore, as the two species have different preferences in the selection of breeding environment, mosquito control should be emphasised in both inside and outside areas.
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    Abstrak: Kajian terbaru mencadangkan bahawa pendekatan gabungan rawatan boleh digunakan untuk meningkatkan potensi antikanser dan menghindari batasan pemberian tocotrienol dos tinggi. Acalypha wilkesiana adalah tumbuhan ubatan yang telah digunakan sebagai rawatan tambahan untuk kanser dalam perubatan tradisional. Di sini, kesan rawatan tunggal dan gabungan β-, γ- dan δ-tocotrienols dan ekstrak etil asetat (9EA) daripada Acalypha wilkesiana pada paru-paru (A549) dan sel-sel kanser otak (U87MG) telah disiasat. γ- dan δ-tocotrienols menunjukkan kesan antiproliferatif yang lebih tinggi terhadap A549 (12.1 μg/ml dan 13.6 μg/ml) dan sel U87MG (3.3 μg/ml dan 5.2 μg/ml) berbanding β-tocotrienols (9.4 μg/ml), masing-masing. Sedangkan, 9EA merangsang kesan antiproliferatif yang kuat terhadap sel U87MG sahaja (2.0 μg/ml). Rawatan terapi tocotrienols dan 9EA mencetuskan perencatan pertumbuhan sinergis sehingga pengurangan 8.4 kali ganda dalam dos yang kuat dari β-, γ- dan δ-tocotrienols pada sel A549. Ciri-ciri apoptotik juga dibuktikan pada sel-sel A549 yang menerima rawatan tunggal dan gabungan. Sinergi ini boleh meningkatkan hasil terapeutik untuk kanser paru-paru.


    Kata kunci: Tocotrienol, Apoptosis, Acalypha wilkesiana, Sinergi


    Abstract: Recent studies suggested that combined treatment approaches can be used to improve anticancer potency and circumvent the limitations of high-dose tocotrienols administration. Acalypha wilkesiana is a medicinal plant that has been used as an adjunct treatment for cancers in traditional medicine. Herein, the effects of single and combined treatments of β-, γ- and δ-tocotrienols and ethyl acetate extract (9EA) of Acalypha wilkesiana on lung (A549) and brain (U87MG) cancer cells were investigated. γ- and δ-tocotrienols exhibited higher potent antiproliferative effects against A549 (12.1 μg/ml and 13.6 μg/ml) and U87MG cells (3.3 μg/ml and 5.2 μg/ml) compared to β-tocotrienols (9.4 μg/ml and 92.4 μg/ml), respectively. Whereas, 9EA induced potent antiproliferative effects against U87MG cells only (2.0 μg/ml). Combined treatments of tocotrienols and 9EA induced a synergistic growth inhibition with up to 8.4-fold reduction in potent doses of β-, γ- and δ-tocotrienols on A549 cells. Apoptotic features were also evidenced on A549 cells receiving single and combined treatments. The synergism may greatly improve the therapeutic outcome for lung cancer.


    Keywords: Tocotrienol, Apoptosis, Acalypha wilkesiana, Synergism


    INTRODUCTION


    Cancer is a group of disease caused by internal and external factors characterised by uncontrolled growth and spread of abnormal cells, resultant predominantly of dysregulation of cellular signalling. Cancer is the second major cause of death after cardiovascular diseases in the United States. In 2015, a total of 1,658,370 new cases and 589,430 deaths are expected (Siegel et al. 2015). Medicinal plants have continuously been explored as potential sources of new anticancer drugs. In fact, over 60% of approved chemotherapeutic agents are derived from natural sources. However, drug resistance and toxicity to non-cancerous cells have limited the potential application of chemotherapeutic agents. Tocotrienols are a group of vitamin E isomers isolated from non-medicinal oil palm plants with remarkable anticancer potency. However, the potency has been limited owing to high dosage which leads to metabolic degradation and subsequent reduction in available therapeutic doses (Shirode & Sylvester 2010). Synergistic drug combinations which are especially aimed at reducing dosage with improved potency could circumvent these limitations (Constantinou et al. 2008).


    On the other hand, Acalypha wilkesiana is a medicinal plant used as a powdered mixture with other plants for treatment of breast cancer. Studies have reported that A. wilkesiana possesses several bioactivities including cytotoxicity against human cancers (Büssing et al. 1999; Lim et al. 2011). In fact, we recently showed that A. wilkesiana could be used as an adjunct treatment against brain and lung cancers (Lim et al. 2013). Hence, in this study, we investigated the synergistic potency of the combined treatments of tocotrienol isomers and the most potent ethyl acetate extract of A. wilkesiana (9EA) at lower dose, i.e. its minimum inhibitory concentration (MIC).


    MATERIALS AND METHODS


    Cell Culture Conditions and Plant Sample Preparation


    Human lung adenocarcinoma (A549), glioblastoma (U87MG) and lung fibroblast (MRC5) cells were purchased from the American Type Culture Collection (ATCC, USA) and maintained in cell culture conditions as previously described (Abubakar et al. 2016). The collection and extraction details of the plant species, A. wilkesiana (voucher number: UNMC9) had been previously described (Lim et al. 2011). The most potent ethyl acetate extract of the A. wilkesiana whole plant (named as 9EA thereafter) tested by Lim and co-workers (Lim et al. 2011) was used in the study. Tocotrienol isomers (β, γ, δ) were supplied in kind by Davos Life Sciences Pte Ltd, Singapore. A stock solution of 100 mg/ml in dimethyl sulfoxide (DMSO) was prepared for 9EA. For tocotrienol isomers, a final stock concentration of 42.5 µg/ml was prepared as previously described (Lim et al. 2014b).


    Cell Viability Studies


    A total of 5 × 103 A549, U87MG and MRC5 cells were seeded in 96-well plates (SPL Life Sciences, Korea) and incubated overnight to facilitate attachment. Cells were treated with β-, γ- and δ-tocotrienols (0.4–42.5 µg/ml) and 9EA (0.1–1000 µg/ml) individually and incubated for 72h. For combined treatments, the minimum inhibitory concentration (MIC) of 9EA (0.1 µg/ml) was combined with these doses (0.4–42.5 µg/ml) of tocotrienols. On the other hand, cells receiving plain media with DMSO were served as untreated control. The cell viability was determined using the neutral red uptake assay according to a previously described protocol (Lim et al. 2014b). The IC50 values were determined using the nonlinear regression curve fit of the GraphPad Prism 5 software and results were presented as mean ± standard error of mean (SEM) of triplicates obtained from three independent experiments. Analysis of variance using completely randomised design was used to compare between treatment groups and the level of significance was set at p < 0.05.


    Determination of Synergism and Dose Reduction Index


    The pharmacological interaction between potent tocotrienol isomers and 9EA was determined using the combinational index (CI) method as previously described (Wali & Sylvester 2007). The fold decrease in potent doses of β-, γ- and δ-tocotrienols and 9EA of the combined treatments was determined accordingly to the established dose reduction index (DRI) method (Wali & Sylvester 2007).


    Morphological Assessment of Apoptosis


    Guided by the cell viability data, 5 × 103 A549 cells were seeded in 2-well chamber slides (SPL Life Sciences, Korea) and treated with IC50 doses or combined lower doses of tocotrienols with MIC of 9EA for 72h. Cells treated with plain media containing DMSO served as untreated controls. Changes on the cellular morphology were observed by using fluorescence dyes, namely the acridine orange (Nacalai Tesque, Japan) and propidium iodide (Invitrogen, USA) which were prepared accordingly to the described protocol (Lim et al. 2013) under an epifluorescence microscope (Nikon, Japan).


    RESULTS


    In the present study, the antiproliferative effects of three different tocotrienol isomers comprising β-, γ- and δ-tocotrienols were tested on human lung (A549) and brain (U87MG) cancer cells. Results from cell viability test showed that γ-, and δ-tocotrienol isomers exhibited greater potency especially towards U87MG cells with IC50 values of 3.3 µg/ml and 5.2 µg/ml, respectively (Table 1). Similar growth inhibitory effects were also evident on 9EA-treated U87MG cells with IC50 value below the 20 µg/ml potency level for plant extract as established by the national cancer institute (NCI) (Suffness & Pezzuto 1990). In contrast, less toxicity was evident on A549 cells (IC50 value of 90 µg/ml) treated with 9EA (Table 1). Meanwhile, both tocotrienols and 9EA were also tested on normal lung fibroblast (MRC5) cells for comparison purpose. As shown in Table 1, the IC50 values obtained were above 200 µg/ml indicating non-toxic effects towards the non-cancerous cells as opposed to cancer cells. Guided by CI values of less than 1 (Table 2), combined treatments of 0.1 µg/ml (MIC) of 9EA with β-, γ-, and δ-tocotrienols synergistically inhibited the proliferation of A549 cells with considerable fold reduction in the required potent dose for tocotrienol isomers. The greatest synergism was evident on A549 cells receiving the combined low-dose treatment of δ-tocotrienol with MIC dose of 9EA causing up to 8.4-fold reduction of potent δ-tocotrienol dose. In contrast, although single treatments of β-, γ-, and δ-tocotrienols and 9EA were evident possessing more potent effects on U87MG than A549 cells, synergism was only found on such U87MG cancer cells receiving the combined treatment of δ-tocotrienol and 9EA (CI = 0.20) as shown in Table 2. Pleasingly, the combined treatments of tocotrienols with MIC of 9EA did not induce toxic effects on non-cancerous MRC5 cells with IC50 values above 200 µg/ml for tocotrienols (Table 3) in contrast to toxicity demonstrated by previously tested control drug, vinblastine (Lim et al. 2011).


    The effect of single and combined treatments on the morphology of A549 cells was also evaluated. As shown in Fig. 1, both individual IC50 doses and combined low-dose treatment of tocotrienols with 9EA MIC caused changes in cellular morphology with apoptotic features evidenced including the chromatin condensation and nuclear chromatin fragmentation. The merged AO/PI images for single and combined treatments stained either in red or orange indicating a later stage of apoptosis. These are consistent with the previously described morphological features of apoptosis (Saraste & Pulkki 2000).


    Table 1: Antiproliferative effects of tocotrienol isomers and ethyl acetate extract of A. wilkesiana (9EA) on A549, U87MG and MRC5 cells.


    
      
        	
          No.

        

        	
          Treatment

        

        	
          A549

        

        	
          U87MG

        

        	
          MRC5

        
      


      
        	

        	

        	
          Mean ± SEM, IC50 Values (µg/ml)

        
      


      
        	
          1

        

        	
          β-Tocotrienol

        

        	
          92.4 ± 0.66

        

        	
          9.4 ± 0.05

        

        	
          >200.0#

        
      


      
        	
          2

        

        	
          γ-Tocotrienol

        

        	
          12.1 ± 0.11

        

        	
          3.3 ± 0.08

        

        	
          >200.0#

        
      


      
        	
          3

        

        	
          δ-Tocotrienol

        

        	
          13.6 ± 0.50

        

        	
          5.2 ± 0.07

        

        	
          >200.0#

        
      


      
        	
          4

        

        	
          9EA

        

        	
          90.3 ± 0.25

        

        	
          2.0 ± 0.16

        

        	
          >200.0#

        
      

    


    The doses required to induce 50% cell growth inhibition (IC50) were determined after 72h using the neutral red uptake assay. The concentration range used was 0.4–42.5 µg/ml for tocotrienol isomers.


    # IC50 value obtained was greater than the maximum dose.


    Table 2: Combinational index (CI) and dose reduction index (DRI) of combined treatments of low-dose β-, γ- and δ-tocotrienols with MIC of 9EA on A549 and U87MG cells.
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    MIC of 9EA was combined with β-, γ- and δ-tocotrienols. The IC50 doses of tocotrienols following the combined treatments were determined after 72h using the neutral red uptake assay. CI values indicate synergism (< 1, bolded), antagonism (> 1) and additive (= 1) pharmacological interaction between tocotrienol isomers and A. wilkesiana 9EA.


    Table 3: Antiproliferative effects of combined treatments of tocotrienols with MIC of 9EA on MRC5 cells.


    
      
        	
          No.

        

        	
          Treatment

        

        	
          Tocotrienol (IC50, µg/ml)

        

        	
          9EA (MIC, µg/ml)

        
      


      
        	
          1

        

        	
          β-Tocotrienol

        

        	
          200#

        

        	
          0.1

        
      


      
        	
          2

        

        	
          γ-Tocotrienol

        

        	
          200#

        

        	
          0.1

        
      


      
        	
          3

        

        	
          δ-Tocotrienol

        

        	
          200#

        

        	
          0.1

        
      

    


    The IC50 values were determined after 72h using the neutral red uptake assay. # IC50 value obtained was greater than the maximum dose.
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      Figure 1: Representative merged AO/PI images of A549 cells treated with individual IC50 doses of tocotrienols and A. wilkesiana 9EA as well as combined low-dose treatments of tocotrienols with MIC of 9EA (0.1 µg/ml). Morphologies of (a) untreated cells, cells receiving treatments of (b) δ-tocotrienol (13.6 µg/ml), (c) γ-tocotrienol, (12.1 µg/ml), (d) β-tocotrienol (92.4 µg/ml), (e) 9EA (90.3 µg/ml), (f) δ-tocotrienol + 9EA MIC (1.6 + 0.1 µg/ml), (g) γ-tocotrienol + 9EA MIC (5.0 + 0.1 µg/ml), (h) β-tocotrienol + 9EA MIC (12.0 + 0.1 µg/ml) are shown. Morphological features of apoptosis including nuclear chromatin condensation (yellow arrows) and chromatin fragmentation (blue arrows) are evident with majority cells stained either red or orange indicating a later stage of apoptosis. Images were captured at 40× magnification under the epifluorescence microscope (Nikon, Japan).

    


    DISCUSSION


    Natural products from plants are continuously developed as potential anticancer agents due to the history of medicinal uses of plants as well as lower side effects as compared to synthetic drugs. However, drug resistance and low availability of therapeutic dose have limited the potency of some anticancer candidates such as tocotrienols. Combination treatment approach has persistently been explored as an alternative for improving potency of tocotrienols (Akl et al. 2012; Sylvester et al. 2010; Abubakar et al. 2014). Herein, the antiproliferative potency can be ranked in a descending order as δ->γ->β-tocotrienols, conforming to the findings of previous studies (Constantinou et al. 2008; Lim et al. 2014b). On the other hand, the selection of A. wilkesiana in the current study was rationalised based on a previous suggestion which had stated its feasibility in the combined treatment (Lim et al. 2013). Furthermore, evidence from traditional medicine showed that the powdered mixture of A. wilkesiana combined with four other plants has been used in southwest Nigeria for treating breast cancer (Büssing et al. 1999). In the present study, 9EA exhibited potent antiproliferative effects against U87MG only but not A549 cells. This is in line with the previous findings on A. wilkesiana 9EA (Lim et al. 2011).


    Drug resistance and low bioavailability of therapeutic doses limit the potency of chemotherapeutic drugs in vivo and in clinical trials. For instance, orally delivered high-dose tocotrienol is associated with metabolic degradation and low therapeutic dose that jeopardise its potential in cancer treatment (Shirode & Sylvester 2010). As such, following the antiproliferative screening of individual doses of tocotrienols and 9EA, the lower dose at MIC of 9EA was combined with tocotrienols in hope to minimise the required potent doses and improve the potency of tocotrienols. Indeed as shown in Table 2, combined low-dose treatments induced synergistic growth inhibition against A549 cells with considerable reduction of up to 8.4 and 900 folds for potent tocotrienol isomers (β, γ, δ) and 9EA doses, respectively. In contrast, only combined low-dose treatment of δ-tocotrienol with 9EA (MIC) induced synergistic antiproliferative affects against U87MG cells. This is surprising as single treatment of 9EA induced higher potent effects against U87MG (IC50 = 2.0 µg/ml) than A549 cells (IC50 = 90.3 µg/ml). The potency of 9EA as single treatment and in combination with tocotrienols might be affected differently by the types of cancer cells tested. For instance, γ-tocotrienol triggered caspase dependent and independent apoptosis in prostate cancer cells (Constantinou et al. 2012, 2009) in contrast to activation of caspase dependent pathway which was only occurred in murine mammary cancer cells (Shah et al. 2003). Furthermore, considering that 9EA contains numerous bioactive compounds in the extract which could also account for the observed difference in potency for single doses of 9EA. Previous studies have demonstrated that the potencies and mechanisms of action of chemotherapeutic agents are dependent on a cellular microenvironment. Hence, the type of pharmacological interaction for combined low-dose treatment with tocotrienols is largely dependent on the microenvironments of A549 and U87MG cells. The present results suggest that whilst single treatment of 9EA possesses a higher potency against U87MG brain cancer, the combined low-dose treatment with tocotrienols is however most suitable for treatment against A549 lung cancer.


    The present study has corroborated previous findings that demonstrated the synergistic cytotoxic potency of tocotrienols. For instance, the combined treatment of δ-tocotrienol with jerantinine B caused up to 2-fold reduction of potent δ-tocotrienol doses and improved potency of tocotrienol via disruption of microtubules (Abubakar et al. 2016). Similarly, combined treatments of tocotrienols at lower dosages with alkaloid crude extract of Ficus fistulosa, sesamin and statins have effectively caused dose reduction and improved potency (Abubakar et al. 2014; Akl et al. 2012; Wali & Sylvester 2007). Unlike tocotrienols, very scarce studies have demonstrated the synergistic potency of A. wilkesiana. For instance, a previous study had stated that A. wilkesiana extract enhanced the potency of α-tocopherol (Lim et al. 2013) but without investigating the dose reduction index and type of pharmacological interaction between A. wilkesiana and α-tocopherol. Nonetheless, the present study has supported this previous finding on the synergistic potency of A. wilkesiana.


    Considering more interesting CI values (Table 2) were obtained from A549 cells, further cellular morphological assessment on all combined low-dose treatments of tocotrienols with MIC of 9EA that induced synergistic antiproliferative effects in such cells was conducted. Apoptosis is characterized by morphological features that include cell shrinkage, nuclear chromatin condensation and fragmentation, membrane blebbing and formation of apoptotic bodies (Elmore 2007; Saraste & Pulkki, 2000). In this study, the combined low-dose treatments of tocotrienols with 9EA (MIC) induced chromatin condensation and fragmentation suggesting a possible induction of apoptosis in A549 cells. In fact, the confirmation of apoptosis induction by tocotrienol isomers (β, γ, δ) and 9EA had been separately reported (Lim et al. 2011, 2014a, 2014b).


    CONCLUSION


    This study exhibited the antiproliferative potency of A. wilkesiana demonstrating its suitability as an adjunct treatment, thus supporting the common practice of combining A. wilkesiana with other plants for cancer treatment by traditional healers. Furthermore, the combined treatments with tocotrienols caused a reduction in required potent doses which would minimise toxicity to non-cancerous cells, thus reducing side effects; improve anticancer potency and potentially circumvent limitations associated with high-dose tocotrienols. This preliminary finding of bioactive synergism also provides an insight on the development of value-added chemotherapeutic regimen against lung cancer in future.
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