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FOREWORD

This special issue of the Tropical Life Science Research (TLSR) brings together papers presented at the 9th Regional IMT-GT UNINET Conference 2014, held at Penang, Malaysia from 3rd – 5th November 2014. The meeting was organised by the staff of School of Biological Sciences, Universiti Sains Malaysia. With the theme “Integrated Multidisciplinary & Transboundary Research for Global Transformation”, this conference provided a platform for all researchers to interact and share their research findings and ideas to foster long-term collaboration as a way forward through endeavour that stretches across multi disciplines.

The three-day conference attracted over 119 participants, with 94 oral and 43 poster presentations, encompassing the fields of biodiversity, environment and conservation, biotechnology and food technology, biomedical and health sciences, pharmaceutical and natural resources, and agriculture. These topics reflect the advances in the research and knowledge of these fields. The sessions were all well supported.

This conference and its selected papers are not only an outstanding example of sub-regional collaboration among scientists—in an important ecoregion of the IMT-GT countries and beyond—the resulting studies and reviews are, at the same time, a much needed and welcome contribution to the knowledge base especially in biological sciences.

This special issue is a combined effort of the editors of this issue, the authors, the many referees, and the editorial assistants of TLSR who worked tirelessly and within a tight timeline. The guest editors wish to thank the enormous contribution by all the colleagues and friends. We would like to thank Universiti Sains Malaysia and the School of Biological Sciences for the continued support. It is due to the persistent effort of the team in Penerbit Universiti Sains Malaysia and the editors, that this volume is published without further delay.
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Abstract: To date, the ivermectin resistance in nematode parasites has been reported and many studies are carried out to determine the causes of this problem. A free-living Caenorhabditis elegans is used as a model system for this study to investigate the response of C. elegans to ivermectin exposure by using larval development assay. Worms were exposed to ivermectin at concentration from 1 ng/mL to 10 ng/mL and dimethyl sulphoxide (DMSO) as a control. The developments of the worms were monitored for 24, 48, 72, and 96 hours until the worms become adults. Results indicated that worms’ growth began to be affected by ivermectin at a concentration of 5 ng/mL, while at the concentration of 6, 7, 8, 9, and 10 ng/mL, the growth of worms were inhibited compared to control worms. Further study of the protein expression in C. elegans should be done to investigate the up-regulated and down-regulated proteins involve in ivermectin resistance.
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INTRODUCTION

The macrocyclic lactone ivermectin (IVM) is a complex compound, derivative of soil microorganisms belonging to the genus Streptomyces with high parasiticidal efficacy for the control of human and animal parasites. IVM also known as endectocides because of its ability to treat infections of endo- and ectoparasites in a wide range of hosts. It has been the mainstay of livestock parasite control since the early 1980s and has been increasingly used in community wide treatment programs over the last decade (Laing et al. 2012).

After over 30 years of intensive use, ivermectin resistance is now widely spread around the world. It was detected when the previously effective drug is no longer killing the worms at the therapeutically recommended dosages (Jabar et al. 2006). However, the mechanism of ivermectin resistance in nematode parasites at the moment remains unsolved. The lack of suitable functional assay limiting the study of interest genes in nematode parasites (Britton & Murray 2006).

Introduction of Caenorhabditis elegans as a model organism by Sydney Brenner in 1965 gave a new life to the study of nematode parasite (Riddle et al. 1997). C. elegans has been chosen as a model system for parasite nematodes due to it being an important model system for biological research in many fields including genomics, cell biology, and neuroscience (Ankeny 2001). The characteristics of this worm contributed to the success of nematode parasite study as its ability to be genetically manipulated, invariant and fully described developmental program, well-characterised genome, ease of maintenance, short and prolific life-cycle, and small in body size (Ankeny 2001). Besides that, C. elegans has been categorised in Clade V of nematodes which is the same group with nematode parasite (Blaxter et al.1998). Until there is an appropriate method to study parasitic nematodes, C. elegans will remain as the suitable model system where putative homologous exist in the free-living nematode (Britton & Murray 2006).

In this study, C. elegans was used to investigate the response of the worms on egg-hatching and larval development when exposed to ivermectin.

MATERIALS AND METHODS

Caenorhabditis elegans strains, DA1316 and N2, were obtained from the Caenorhabditis Genetics Centre (CGC), USA. Worms were cultured at 20°C on Nematode Growth Medium (NGM) agar (3 g NaCl, 17 g agar, 2.5 g peptone in 975 mL deionised water, with 1 mL 1 M CaCl2, 1 mL 5 mg/mL cholesterol in ethanol, 1 mL 1 M MgSO4 and 25 mL 1M KH2PO4 added after autoclaving) seeded with Escherichia coli strain OP50 as a food source (Stiernagle 2006). Ivermectin (IVM) plates were prepared with concentration ranging from 1 ng/mL to 10 ng/mL and dimethyl sulphoxide (DMSO) was added into the control plates. For larval development assay, synchronised eggs of both strains were isolated by hypochlorite treatment of gravid adults followed by 4× washing off with M9 buffer (Stiernagle 2006). A total of 25 eggs were spot onto IVM plates for each strain and the plates were incubated at 20°C for 4 days. Worm development was observed at 24 hours (L1 larvae), 48 hours (L3 larvae), 72 hours (L4 larvae), and 96 hours (adult) throughout the incubation period. The experiment was repeated three times.

RESULTS AND DISSCUSSION

Results in Figures 1–3 showed the percentage of worm growth for DA1316 and N2 at a ivermectin concentration of 1 ng/mL to 10 ng/mL. DA1316 is a mutant strain which is highly resistance to ivermectin and was used as control, whereas N2 is a wild-type strain and is sensitive to ivermectin.

After 24 hours of incubation on IVM plates, the synchronised eggs of DA1316 and N2 were hatched to L1 larvae for all ivermectin concentrations. These results showed that ivermectin does not affect the embryo growth during the egg stages. Ivermectin was prevented from passing through the eggshell layer and thus the embryo growth was not interfered by ivermectin. This is because the presence of impermeable eggshell gives mechanical supports to the embryo and prevent the entry of foreign molecule from the outside (Olson et al. 2012). When the embryo was maturing, the eggs hatched and L1 larvae were released.

Without the eggshell, worm began to be exposed directly to ivermectin. After 48 hours of incubation, the L1 larvae of DA1316 had developed into L3 larvae at all ivermectin concentrations. On the other hand, the L1 larvae growth of N2 was inhibited by ivermectin at 5 ng/mL as compared to control (Fig. 1). After 72 hours, worms showed slow growth at 6, 7, 8, 9, and 10 ng/mL as shown in Figure 2. This could be due to the response of the worms toward ivermectin. According to Laing et al. (2012), ivermectin has caused paralysis of the worm body and pharyngeal muscles that affect the rate of food intake. These may cause of stunted growth on the worms.

Figure 3 showed that after 96 hours of incubation, all DA1316 worms have become adult worms as the worm’s growth was completed 100%. For N2 strain, the worm’s growth was completely inhibited by ivermectin at the concentration of 6, 7, 8, 9, and 10 ng/mL. The worm’s growth ceased at the larval stage and not become an adult compared to control. However, suprising result was observed at 5 ng/mL ivermectin concentration, where at 48 hours, the worms were growing slowly but managed to develop into the adult stage in 96 hours. This indicates that the worms were able to acclimatize to this concentration and continue to grow into adults. On the contrary, a study by Dent et al. (1997) showed that, worms that are sensitive to ivermectin will remain as larvae and do not become adults.
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Figure 1: Percentage of worm growth of C. elegans DA1316 and Bristol N2 after 48 hours exposed to ivermectin at different concentrations from 1 ng/mL to 10 ng/mL. After 48 hours, the larvae should be in stage L3. All larvae of DA1316 have grown to L3 larvae. For N2, the larval development was distracted at 5 ng/Ml; (N=25).
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Figure 2: Percentage of worm growth of C. elegans DA1316 and Bristol N2 after 72 hours exposed to ivermectin at different concentrations from 1 ng/mL to 10 ng/mL. After 72 hours, the larvae should be in stage L4. All larvae of DA1316 have grown to L4 larvae. For N2, 70% of worms at a ivermectin concentration of 5 ng/mL have grown to L4 larvae. However, worms were slowly growing at 6 to 10 ng/mL, and no L4 larvae were observed; (N=25).






[image: art]

Figure 3: Percentage of worm growth of C. elegans DA1316 and Bristol N2 after 96 hours exposed to ivermectin at different concentrations from 1 ng/mL to 10 ng/mL. After 96 hours, the larvae should become an adult and be able to lay the eggs. Worms of DA1316 were grown to adults completely. For N2, no adult was observed at a ivermectin concentration of 6 ng/mL and above; (N=25).



CONCLUSION

The growth of N2 strain was significantly reduced due to the increase of ivermectin concentration. However, there is evidence that N2 strain can survive and proceed to adult worms at 5 ng/mL of ivermectin. Further study in protein expression should be conducted to investigate the existence of ivermectin resistance in C. elegans.
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Abstract: The association of arbuscular mycorrhiza fungi (AMF) and roots undoubtedly gives positive advantages to the host plant. However, heavily fertilised soil such as in oil palm plantation, inhibit the growth of mycorrhiza. Thus, the aim of this research is to distinguish and quantify the availability of AMF population and propagules at different sites of an oil palm plantation by Most Probable Number (MPN) assay. In addition, root infection method was employed to observe host compatibility through the propagation of AMF using two different types of hosts, monocotyledon (Echinochloa cruss-galli) and dicotyledon (Vigna radiata). Three different locations at an oil palm plantation were chosen for sampling. Each location was represented by a distinctive soil series, and were further divided into two sites, that is canopy and midway area. Midway site had a greater population of AMF compared to canopy. The result showed that different environments affect the availability of AMF in the soil. Higher number of AMF infection observed in monocotyledon host suggests that the fibrous root system provide a better association with mycorrhiza.

Keywords: Arbuscular Mycorrhiza Fungi, Mycorrhiza, Oil Palm

INTRODUCTION

Arbuscular mycorrhizal fungi (AMF) are mutualistic symbiotic association between the roots of most plant and fungi in the new phylum Glomeromycota (Schüßler et al. 2003). The association between AMF and root gives many advantages to the host plants, including improvement of plant growth and intake of nutrients, enhance tolerance to diseases and stress (Meharg & Cairney 2000). Oil palm has been one of the most important cash crops in Malaysia. An estimation of the increase in the growth of oil palm draws a big concern as the demand is correlated to the amount of fertiliser being applied to the crops. As suggested by Phosri et al. (2010), the root morphological limitation of oil palm, signify that oil palm are mycorrhizal dependent. Owing to that the growth of mycorrhiza will degenerate as more fertilizers are being applied to the soil. Thus, the objectives of this research are to distinguish and quantify the availability of AMF population and propagules using Most Probable Number (MPN) assay and observation for host compatibility through the propagation of AMF by root infection method using soil collected from an oil palm plantation.

MATERIALS AND METHODS

Soil Sampling

Sampling was done using randomised complete block design (RCBD). Three different locations at Ladang Bukit Kota 2, Setiawan, Perak, were chosen and each block represented different types of soil: Block 35 (B35) chat soil, Block 39 (B39) peat soil, and Block 40 (B40) local alluvial. The locations were further divided into 2 different sites; canopy-C and midway-M.

Experiment 1: Most Probable Number (MPN) Assay

The experiment used a 2-fold dilution series of soil. There were 3 treatments represented by the block of each soil samples and were replicated 3 times. The host Echinochloa cruss-galli was grown for six weeks. Roots from each dilution factors were divided equally into 5 petri dishes for propagule observation. A plus (+) sign was assigned for mycorrhizal propagules, whereas minus (-) for nonmycorrhizal propagules. Calculation of most probable number was done according to Table VIII of Fisher (1965). Calculation was done using formula according to Sieverding (1991).

Experiment 2: Propagation of Two Types of Hosts for Mycorrhizal Root Infection

Two different types of host, E. cruss-galli (monocotyledon) and Vigna radiata (dicotyledon) were grown in pot culture for six weeks. After harvested, roots were soaked in 0.05% w/v trypan blue in lactoglycerol overnight. The percentage of infection was quantified by counting the amount of infected roots intersecting horizontally and vertically with grid lines on a 9 cm diameter petri dish. The sum of overall infection was then divided by the total amount of roots.

Statistical Analysis

Data collected from both experiments were analysed using a two-way ANOVA analysis on PASW 18 software, IBM® SPSS® Statistics. Post hoc analyses were performed using Tukey’s multiple comparison test at 95% confidence interval (p<0.05).

RESULTS AND DISCUSSION

MPN Assay

B35 recorded the greatest number of infective propagules with 43.9 meanwhile B39 with the lowest number of infective propagules with 19.6. Number of infective AMF propagules was similar in all sites except in canopy soil of B39 where it was significantly lower than midway soil of B40 (Fig. 1).

There was a clear indication of higher infective AMF propagules in midway area using MPN assay. This could be due to the lesser exposure to fertilisers compared to the canopy area. In this study, canopy is regarded as the area surrounding the basal of oil palm trees where it is a common region for the application of chemical fertilisers and herbicides. A study by O’Connor et al. (2002) showed that mycorrhizal colonisation was significantly reduced in field plots with application of benomyl. Therefore similar practices could be the reason for the low amount of AMF found in this study. Consequently, according to Ortega (2001), soil with high available P has a lower AMF population as can be referred to Figure 1.
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Figure 1: Number of infective AMF propagules through MPN assay in soil sample at two different sites from three different blocks using roots of E. cruss-galli.

Note: Bars represent mean; different letters showed significant difference at p<0.05 by Tukey multiple comparison test.



Mycorrhizal Root Infection

There was a higher preference of infection in the monocotyledon than dicotyledon host (Fig. 2). Nonetheless, in monocotyledon there was a significant difference in percentage of root infection between B35 and B40. Root infection on monocotyledon host ranged from 20% to 60% meanwhile, root infection on a dicotyledon host ranged from 14% to 26%. It was prominent that the monocotyledon host plant has a higher percentage of root infection then dicotyledon host plant could be due to the root system. According to Sieverding (1991), plant species with fibrous root system are highly dependent on AMF. This result is in agreement with Tahira et al. (2012) stating that the degree of infection and development of symbiotic agents dominantly affected by plant signals and root geometry.
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Figure 2: Root infection (%) of E. cruss-galli (monocotyledon) and V. radiata (dicotyledon) as host plant in different types of soil.

Note: Bars represent mean; different letters showed significant difference at p<0.05 by Tukey multiple comparison test.



CONCLUSION

In conclusion, the population of AMF is greater in the midway than the canopy area thus justifies that different sites and environment affects the infectivity and availability of AMF. Moreover, E. cruss-galli (monocotyledon) is a better host than V. radiata (dicotyledon) and has the potential to maximise the propagation of AMF. However, the method of spore propagation needed to be improved in future and further optimised for application involving the beneficial roles of AMF.
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Abstract: The terrestrial Ludisia discolor, also referred to as the jewel orchid is prized for the quality of its leaves. L. discolor is known as a medicinal herb and is touted for its heat-and pathogen-resisting qualities. L. discolor is valuable in the production of both flavonoids and anthocyanins, antioxidants that are exalted in the health industry. Plant cell cultures have emerged as alternative sources of anthocyanin production. Plant protoplast cultures are used frequently in transient gene expression studies and in the establishment of callus and cell suspension cultures. Benefits of plant protoplast system include similarity to cells found in plant tissues, reproduction under controlled conditions, and prevention of masking of stress responses to previous handling techniques. A study was conducted to assess the amenability of the stem and leaves of L. discolor to protoplast isolation. The stem and leaf segments were weighed, sliced into thin layers, immersed in a digestion medium, washed and then cultured onto a recovery medium. Results indicated that the production of plant protoplasts from L. discolor may be viewed as an alternative in the generation of cell cultures and ultimately in the production of anthocyanins from the cell cultures.

Keywords: Anthocyanins, Cell Culture, Jewel Orchids, Ludisia discolor, Protoplast Isolation

INTRODUCTION

The terrestrial and medicinal Ludisia discolor, a jewel orchid, is prized for the quality of its leaves. L. discolor is used for its heat- and pathogen-resisting qualities, attributed partly to its amino acids and anthocyanin content (Shiau et al. 2002). Studies have indicated that anthocyanins help protect chloroplasts against high light intensities and prevent photoinhibition by masking the chlorophyll-containing plant organelles (Pietrini et al. 2002; Stintzing & Carle 2004).

Protoplasts are plant cells in which the cell wall has been degraded enzymatically or mechanically. Protoplasts are theoretically totipotent, having the ability to dedifferentiate, re-enter cell cycles, undergo repeated mitotic divisions, and proliferate or regenerate into various organs (Johnson & Veilleux 2001; Eeckhaut et al. 2013). Protoplasts are good models to study physiological processes in plant cells (Horváth 2009).

The objectives of this study were to assess the amenability of stem and leaves of L. discolor to protoplast isolation, and to enumerate the effects of various isolation parameters on protoplast harvest rates.

MATERIALS AND METHODS

The leaves and stem of 6 month old in vitro plantlets of L. discolor (Fig. 1) were used in this study. One gram of excised stem and leaves were either directly sliced into 0.5–1.0 mm parts and placed in digestive medium composed of 2% (w/v) cellulose and 0.5% (w/v) macerozyme (Yoo et al. 2007); or placed in an osmotic medium prior to slicing and placement in the digestive medium (Nagy & Maliga 1976; Horvát 2009). The plant tissue segments were digested for between 15 to 20 hours. The protoplast mixture was then centrifuged at either 750 or 1000 rpm, and the pellet suspended twice in a washing solution. After the final rinse, the pellet was suspended in a buffer solution, and incubated at 4°C for 30 minutes. Protoplast number and viability were enumerated in this period using Evans Blue solution. Means were analysed through one-way ANOVA and differentiated with Tukey’s test, with the probability value set at 0.05.
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Figure 1: An in vitro L. discolor plant.

Note: Bar = 1.0 cm.



RESULTS AND DISCUSSION

Protoplast isolation was observed to be successful when performed on in vitro segments as opposed to ex vitro segments, and on leaves compared to stems. Many of the leaf protoplasts contained anthocyanins, detected as a rich shade of red in the cytoplasm of the cells (Fig. 2). In the case of Brassica oleracea, protoplasts could be isolated from the mesophyll tissues of all accessions tested. Anthocyanins in the bright green and purple colour ranges were detected in protoplasts isolated from red-coloured B. oleracea cultivars (Kiełkowska & Adamus 2012). Protoplasts from white forms and Savoy cabbage were spherical and rich in chloroplasts that were randomly distributed in the cytosol (Kiełkowska & Adamus 2012), as observed in this study (Fig. 2). However, isolated stem protoplasts of L. discolor were observed to be lysed during cell counting, possibly due to the penetration of raphides during the centrifugation steps. Stem protoplast harvest improved with increased stem fresh weight.
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Figure 2: Viable protoplasts isolated from in vitro leaves of L. discolor.

Note: Bar = 20 µm.



The protoplast yield in this study varied between the explants used, and the parameters assessed, with higher yields obtained from leaf explants. Initial experiments indicated that the centrifugation speeds selected did not affect protoplast yield significantly; hence 750 rpm was used in subsequent experiments (data not shown). Protoplast yield improved with a pre-isolation osmotic treatment and the use of K3 medium, when compared to direct digestion in a digestive medium (data not shown). No significant difference was detected among the digestion periods tested. A harvest of up to 7.7×106 cells could be obtained when the leaves were digested for 15 hours (Table 1), with viability percentages in all treatments ranging from 46%–57%, as assessed through the Evans Blue assay. This number is comparable to that obtained from B. oleracea, in which the average yield of protoplasts obtained from all accessions was 2.0±0.1×106 per gram of fresh tissue. The protoplast yield was attributed to the cultivar tested and the age of the leaf tissue sources.


Table 1: Effect of various digestion hours on the viability and number of protoplasts harvested from in vitro leaves of L. discolor.



	Digestion period (hours)

	Total cells harvested

	Total viable cell harvested

	Percentage of viable cells




	15

	7.7±4.0×106

	3.7±2.0×106

	46.6±7.4




	16

	5.0±0.0×106

	2.9±0.0×106

	57.0±0.0




	18

	2.9±0.7×106

	1.5±0.6×106

	51.6±8.4




	20

	5.6±0.4×106

	2.8±0.6×106

	49.2±7.4





CONCLUSION

The study indicates that in vitro plantlets of L. discolor are amenable to protoplast isolation. This presents a viable option in the generation of cell cultures targeting the production of anthocyanins. More parameters need to be assessed in order to improve protoplast isolation and regeneration rates for this wild orchid.
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Abstract: The effects of salinity on the embryonic and larvae stage of Crassostrea iredalei were investigated. Fertilised eggs and one day old D-larvae were subjected to salinities ranging from 0 to 30 ppt at temperature of 30±2°C. At salinity lower than 10 ppt, 100% mortality was observed. For embryo development, the highest survival was observed at salinity 25 ppt with 80.9±2.2% survival with no significant difference compared to 15 and 30 ppt. Shell height and length were both greatest at salinity 30 ppt. Throughout the 11 days culture, the highest larval survival occurred at salinity 15 ppt with no significant difference compared to all other salinities except 10 ppt. Larval shell sizes showed no significant differences between salinities, except for 10 ppt. Optimum culture condition for larvae growth are salinities ranging from 15 to 30 ppt whereby the larval of this species can tolerate wider range of salinity compared to other oyster species and thus, making it a competitive species to be cultured.

Keywords: Salinity, Tropical Oyster, Development, Survival

INTRODUCTION

The early life stage is the most sensitive stage in the life cycle of a bivalve and its tolerance towards various environmental conditions increases as they develop into a benthic juvenile (Bayne et al. 1976; Chapporo et al. 2008). Carry-over effects from early life stage stresses as such from embryonic stages. It would influence subsequent metamorphosis stages that expense high energetic cost as they begin with energetic shortfall (Gimenez 2010; Hettinger et al. 2012). Hence, the sensitivity of the early larval stage determines the bottleneck for species persistence and ecological success via successful settlement (Byrne 2011). Significant roles played by low salinity still uncertain due to lack of research conducted as compared to other extensive environmental study in ocean acidification and warming (Albright et al. 2008).

It is vital to conduct environmental tolerance study particularly for the complex-life stages of a species, so that species stock can be replenished through optimum condition for hatchery produced high quality seeds. Known publication for the salinity tolerance for early larvae of tropical oyster was limited. Hence, this paper aims to investigate the effect of different salinity regimes on embryonic and early larval development and survival of Crassostrea iredalei, one of the commercially important species.

MATERIALS AND METHODS

The experiment was conducted at a research hatchery located at Pulau Betong, Pulau Pinang, Malaysia. Eight test salinities (0, 5, 10, 15, 20, 25, 30, and 35 ppt) were used in this experiment. Respective salinities were prepared and determined using refractometer (ATAGO Ltd.).

The oyster broodstock were stripped spawned. The gametes were sieved and pooled to fertilise in 25 ppt filtered seawater. Fertilised eggs were transferred to different test salinities in tanks containing 30 L seawater at stocking density of 10 embryo mL–1 in triplicates. No aeration was supplied throughout the experiment. At the end of 24 hours, the samples were collected in 35 µm mesh sieve and concentrated to 1 L volume. Three 1 mL subsamples were collected and the number of normal D-hinged larvae was recorded and shell size measured (n = 30) using compound microscope. The normal D-hinged larvae were defined according to His et al. (1997).

For larval experiment, 24 hour old D-larvae harvested were added into 30 L culture tank with respective salinities in triplicates at density 10 embryos per mL–1. Slow aeration was supplied throughout the experiment. Larvae were fed daily with phytoplankton Isochrysis galbana with initial feed concentration of 5000 cells mL–1 and increased progressively as the larvae developed (Tan & Wong 1996). Mixture of Chaetoceros calcitrans and I. galbana were given starting Day 5. Culture seawater was replenished every two days during which samples were sieved and concentrated to 1 L for survival count and size measurements. The experiment were terminated when survival in all culture less than 50% at Day 11.Temperature during the experiment ranged within 30±2°C, dissolved oxygen 6.0±0.5 mg/L and pH 7.9±0.1. All data were test for normality using Shapiro-Wilk normality test and analysed with one way ANOVA and LSD significant test to examine the effects of salinity on development and survival of C. iredalei.

RESULTS AND DISCUSSION

Percentage of C. iredalei eggs that developed into normal D-hinged larvae at salinity 5 to 30 ppt are shown in Figure 1. More than 70% normal D-hinged larvae were developed at salinity 15 to 30 ppt. The highest survival yield was recorded at 25 ppt (80.9%) and significantly different (p>0.05) compared to other salinities except 15 and 30 ppt. Total mortality was observed at salinities 0 and 5 ppt. Figure 2 shows the highest growth was recorded at salinity 30 ppt with mean shell height of 58.96±3.48 µm and shell length of 68.36±2.12 µm. No significant differences (p< 0.05) were observed in shell height between embryo developed at salinity 30 ppt, with 20 and 25 ppt. As for shell length, there were no significant differences with all other salinities except for 10 ppt. Most embryos of tropical oyster species including C. iredalei, as shown in Table 1, thrive well at salinity around 25 ppt. An important aspect in determining the tolerance towards salinity variation for embryo is the broodstock condition and spawning environment (Chin & Lim 1975). The oyster broodstock used in this study were collected from oyster farm cultured at salinity ranging from 25 to 30 ppt, therefore justify the optimal salinity for this species.
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Figure 1: Percentage of C. iredalei eggs that developed into normal D-hinged larvae at different salinities.

Note: Bars with same alphabet(s) were not significantly different (p>0.05).
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Figure 2: Mean shell size of C. iredalei normal D-hinged larvae at different salinities

Note: Bars with same alphabet(s) were not significantly different (p>0.05).




Table 1: Optimum salinities and tolerance range for development of eggs to D-larvae of various commercial oysters.



	Species
	Salinity (ppt)

	References



	Tolerance range

	Optimum




	Crassotrea iredalei
	10–30
10–40

	15–30
25

	This study
Sudrajat (1990)



	Crassotrea belcheri
	12–30

	24–30

	Tan and Wong (1996)



	Crassotrea rhizhophorae
	16–40

	25–37

	Dos Santhos and Nascimento (1985)



	Saccostrea cucullata
	15–40

	25

	Sudrajat (1990)



	Crassotrea iredalei
	10–30

	15–30

	This study




The highest larval survival occurred at salinity 15 ppt throughout the 11 days experiment with exception of day 5 (Fig. 3). At day 7, larvae in all salinities except 10 ppt showed early umbo formation. Larval survival at salinity 10 ppt plummeted 62.3% to only 27.3% at day 7 and eventually less than 1.0% at day 11. High amount of ciliated trochophores were observed at salinity 10 ppt after 24 hours of fertilisation indicating a delay in embryonic development for this species at salinity lower than 15 ppt. This study result agrees to previous studies findings that exposure to low salinity delays the larval growth and reduce survival rate of the species (Madrones-Ladja 2002; Dove & O’Connor 2007). During termination on day 11, the highest survival observed at 15 ppt (50.9±8.45%). Upon termination, the greatest size was observed at salinity 20 ppt (SH: 136.07±27.07 µm; SL: 108.64±21.77µm) (Fig. 4). Larvae size has no significant differences with all salinities except for 10 ppt. Nevertheless, early larvae of C. iredalei is expected to survive better in natural estuarine due to variation of high and low salinity throughout the day compare to continuous submergence in low salinity as in this experiment (Qiu et al. 2002).
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Figure 3: Percentage of C. iredalei larval survival at different salinities.
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Figure 4: Mean shell height of C. iredalei larvae at different salinities.



CONCLUSION

Overall, this study suggests that lower salinity exhibited negative consequences on survival and performance of oyster, C. iredalei. This study provides salinity data to improve successful embryonic and larvae development through optimising conditions for the hatchery culture of the species and evaluate the possibility of oyster natural recruitment in the estuarine. The extent of broodstock habitat influencing the salinity tolerance range of this species needs to be further studied.
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Abstract: The distribution and abundance of zooplankton species of Harapan and Aman Lakes were investigated in relation to physical parameters and chlorophyll-a content. Both lakes were characterised by the occurrence of algal bloom problem. The composition of zooplankton was collected at monthly intervals from November 2013 to February 2014. The total number of taxa in Harapan and Aman Lakes were 23 and 27, respectively. Rotifera was the highest abundance group represent 64% of the total species recorded followed by Copepoda (29%) and Cladocera (7%). Three dominant zooplankton that been recorded in both the lakes are Brachionus forficula, Brachionus nilsoni, and Trichocerca sp. High abundance of these species indicates that the lakes are eutrophic water bodies. Overall, zooplankton species distribution and abundance in the study sites are influenced by various environmental factors such as water transparency and chlorophyll-a content.

Keywords: Zooplankton, Harapan Lake, Aman Lake, Rotifera, Brachionus

INTRODUCTION

Zooplankton are considered as one of the most important food source to the aquatic organisms particularly to planktivorous fish. Zooplankton community is the major route for energy flux in the plankton based food web causes them to become an important element in functioning of aquatic ecosystems (Santos-Wisniewski et al. 2006). In general, the characteristics of zooplankton community structure are characterised by the intrinsic factors including surface area, depth, trophic level, colour of water, and the biological community of the lake (Rahkola-Sorsa 2008). Thus, these creatures can be a useful tool for the determination of ecological status of a lake.

Industrialisation and human activities are the main causes of water pollution. Polluted water contained chemical substances induce algal bloom which indirectly causes problem to aquatic ecosystem such as eutrophication. Zooplankton have close links with the surrounding environment throughout their life cycles and they demonstrate rapid changes in their populations when disturbance occurs such as eutrophication. Therefore, they are potential indicator species for water pollution (Jakhar 2013).

In this context, the present study was devoted to identify the three most common types of freshwater zooplankton; cladocerans, copepods, and rotifers in the eutrophic man-made lakes. We also aim to establish the degree of association between physical environmental variables and the species abundance in the zooplankton assemblages.

MATERIALS AND METHODS

Harapan and Aman Lakes were constructed in 1990 as retention ponds and for flood mitigation in Universiti Sains Malaysia (Fig. 1). The surface area of Harapan and Aman Lakes were approximately 7200 m2 and 5800 m2, respectively, while the average depth for both lakes were about 4 m. Both lakes are characterised by their greenish water colour due to rapid growth of algae and stagnant water conditions.
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Figure 1: Sampling locations of Harapan and Aman Lakes.



Field sampling was conducted from November 2013 to February 2014 at monthly intervals and three stations at the littoral zone were selected as sampling locations for each lake (Fig. 1). Zooplankton sampling was carried out by filtering 40 L of surface lake water through a conical plankton net with mesh size of 35 μm. Three sample replicates were collected at each sampling station and all filtered samples were preserved with 70% ethanol. In situ parameters including dissolved oxygen, temperature, and pH were measured using YSI Multiparameter (Model 556 MPS) prior to zooplankton sampling. Water transparency was determined with a Secchi disc while water samples for chlorophyll-a analysis were measured in the laboratory.

Sorting, identification, and counting was carried out under a dissecting microscope (Olympus model SZ61TR-CCD) and a compound microscope (Olympus model BX41-CCD) equipped with a camera at various magnifications (10×, 20×, 40×, and 100×). One mL of a sub-sample was randomly taken from the bottle by using an adjustable volume of pipette. The sub-sample was placed into a Sedgewick Rafter counting cell and slowly covered with a cover slip. Zooplankton identification was analysed at the lowest possible taxonomic level according to the standard taxonomic references (Idris 1983; Shiel 1995). Pearson correlation analyse was performed between physical parameters and zooplankton abundance to determine whether the two variables are associated.

RESULTS AND DISCUSSION

The mean values of physical characteristics of water samples in both lakes are given in Table 1. According to Vollenweider and Kerekes (1980), lakes are considered to be oligotrophic, mesotrophic, and eutrophic when chlorophyll-a concentrations are around 5, 16, and > 25 mg/m3, respectively. Therefore, the content of chlorophyll-a indicated that Harapan and Aman Lakes are eutrophic lakes with the measurement of 0.16 mg/L and 0.14 mg/L, respectively. Hasan et al. (2011) also indicated that both lakes are eutrophicated.


Table 1: Environmental characteristics of study sites.



	Variables
	
Average ± SE




	Harapan Lake

	Aman Lake




	Area (ha)
	0.72

	0.58




	Average depth (m)
	4.00

	4.00




	Temperature (°C)
	30.89 ± 0.04

	31.60 ± 0.06




	Dissolved oxygen (mg/L)
	4.21 ± 0.17

	4.51 ± 0.13




	Water transparency Depth (m)
	0.22 ± 0.02

	0.27± 0.01




	pH
	8.88 ± 0.15

	9.58 ± 0.22




	Chlorophyll-a (mg/L)
	0.16 ± 0.02

	0.14 ± 0.03






Table 2: Occurrence of zooplankton species in Harapan and Aman Lakes during the study period.



	Order/Taxa
	Family
	Species
	Harapan Lake

	Aman Lake




	Diplostraca
	Sidiidae
	Diaphanosoma aspinosum
	–

	+




	
	
	Diaphanosoma excisum
	+

	+




	
	
	Diaphanosoma sarsi
	+

	+




	Anomopoda
	Chydoridae
	Aloninae cf. anthalona
	–

	+




	Bdelloidea
	
	
	++++

	++++




	Flosculariacea
	Chonochilidae
	Conochilus sp.
	++

	+++




	
	Testudinellidae
	Testudinella patina
	+

	+




	Ploimida
	Asplanchnidae
	Asplanchna sp.
	++

	++




	
	Brachionidae
	Anuraeopsis sp.
	++

	+++




	
	
	Brachionus caudatus
	+++

	+




	
	
	Brachionus falcaltus
	++

	+




	
	
	Brachionus forficula
	++++

	++++




	
	
	Brachionus nilsoni
	++++

	+++




	
	Dichranophoridae
	Dicranophorus sp.
	+

	++




	
	Lecanidae
	Lecane bulla
	++

	+




	
	
	Lecane closterocerca
	–

	+




	
	
	Lecane papuana
	+

	++




	
	
	Lecane ungulata
	+

	+




	
	
	Lecane hamata
	–

	+




	
	Lepadellidae
	Lepadella sp.
	++

	++




	
	
	Colurella uncinata
	++

	++




	
	Mytilinidae
	Lopocharis sp.
	++

	+




	
	Notommatidae
	Notommata sp.
	++

	–




	
	Synchaetidae
	Polyarthra sp.
	–

	+




	
	Proalidae
	Proalides sp.
	+++

	+++




	
	Trichocercidae
	Trichocerca sp.
	++++

	++++




	Cyclopoida
	
	
	++

	++




	Calanoida
	
	
	++

	++




	
	Total

	23

	27





Notes: ++++: abundant (76%–100%), +++: common (51%–75%), ++: occasional (26%–50%), +: rare (1%–25%), –: absent (0%).

The total number of zooplankton taxa in Harapan and Aman Lakes were 23 and 27 taxa, respectively as listed in Table 2. With regard to the abundance, overall average is 78 ind/L in Harapan Lake while 62 ind/L in Aman Lake were recorded (Fig. 2). Rotifers were the most rich species group in both lakes followed by cladocerans and copepods (Fig. 3). This present study was in agreement with other studies (Barrabin 2000; Saler 2004) that rotifers are the most dominant group in freshwater ecosystems. Rotifer composition can be used as biological indicator and water quality assessment as they respond to the changes of environmental variables (Sladecek 1983). According to Aboul-Ezz et al. (1996), rotifers are the most important zooplankton in eutrophic waters. In the present study, rotifers were dominating the zooplankton in both lakes with 16 and 19 species were recorded in Harapan and Aman Lakes, respectively. Ceirans (2007) also indicated that rotifers particularly species of Brachionus are better trophy indicators than crustaceans as they are less affected by algae bloom. Therefore, the presence of some other taxa of this micro-crustaceans is not so unequivocal.
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Figure 2: The abundance of zooplankton (ind/L) in Harapan and Aman Lakes during the sampling period.
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Figure 3: Percentage of zooplankton groups in Harapan and Aman Lakes.



The occurrence of rotifers at high species number and abundance in the present study was expected as both lakes are eutrophic lakes. Such trophic state is often favourable for rotifers (Cajander 1983). Rotifers are not really visible to predatory fish due to the low water transparency in the study sites and their small size. As pointed out by Attayde and Bozelli (1998), rotifers Asplanchna, Brachionus, Filinia, and Polyarthra were good indicators of eutrophic conditions. They also proposed that Brachionus can be considered a target taxon for more intensive monitoring of water quality and conservation planning on aquatic environment. Further experimental work by Dadhich et al. (1999) demonstrated that among the other genera, Brachionus and Trichocerca are reported to occur in eutrophic environment. In the present study, Brachionus forficula and Trichocerca sp. were the most dominant rotifers in both Harapan and Aman Lakes.

Other groups of zooplankton, cladocerans and copepods accounted of 29% and 7% of total abundance, respectively (Fig. 3). Both groups are larger in size compared to rotifers which are smaller than 250 µm (Shiel 1995). The large size of cladocerans and copepods will decrease their abundance due to fish predation (Karus 2014). Based on the survey by Shah and Othman (2013), the most common types of fish in the Harapan and Aman Lakes are Oreochromis mossambicus and Oreochromis niloticus which might be predators to both groups. Planktivorous fish is probably a major factor for the decreasing of cladocerans and copepods abundance in the study sites. Therefore, the low composition of larger zooplankton size resulted in higher smaller species particularly rotifers.

Based on the output of Pearson correlation coefficients between mean zooplankton abundance and physical parameters in all sampling stations (Table 3), water transparency showed a strong significant negative correlation (p<0.05) with zooplankton abundance. This is good evidence that eutrophication in the both lakes is altering water transparency and has the potential to affect zooplankton community dynamics.


Table 3: Pearson correlation coefficients between zooplankton abundance and physical parameters in all sampling stations during the study period.



	
	Zooplankton

	Temperature

	DO

	Transparency

	pH

	Chlorophyll-a




	Zooplankton
	1

	–.009

	–.187

	–.269*

	–.181

	–.071




	Temperature
	–.009

	1

	.771**

	–.087

	.575**

	–.266*




	DO
	–.187

	.771**

	1

	–.094

	.634**

	–.140




	Transparency
	–.269*

	–.087

	–.094

	1

	–.218*

	–.006




	pH
	–.181

	.575**

	.634**

	–.218*

	1

	–.153




	Chlorophyll-a
	–.071

	–.266*

	–.140

	–.006

	–.153

	1





Notes: *: Correlation is significant at the 0.05 level (1-tailed).
**: Correlation is significant at the 0.01 level (1-tailed).

CONCLUSION

Rotifers are important group of zooplankton which can be considered as a valuable component of freshwater ecosystem. Their community structure can be used as bio-indicator of water quality assessment whereas their long-term changes need to be monitored. Presumably, the abundance of rotifers is strongly dependant on the trophic state of the water bodies.
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Abstract: Land reclamation in Penang began two decades ago and is still rampant with large reclamation projects planned to be executed in the near future. The present study provides the first information on effects of land reclamation in Penang towards the coastal macroinvertebrates. This study assessed the abundance, diversity, and evenness of coastal invertebrates assumed to be the foremost affected when land is reclaimed. Three kinds of areas were focused on: reclaimed, unclaimed (adjacent to reclaimed), and undisturbed. A total of 53 species of macroinvertebrates from 10 classes (Gastropoda, Bivalvia, Polychaeta, Malacostraca, Maxillopoda, Echinoidea, Polyplacophora, Branchiopoda, Scaphopoda, and Holothuroidea) were sampled. Reclaimed areas were moderately rich in species averaging 11 species compared to 7 species in adjacent and 14 in undisturbed areas. Species richness was the highest in Teluk Aling (an undisturbed area) with 22 species, and was the lowest in Gurney Drive (an adjacent area) with 2 species. The average species diversity and evenness on reclaimed land was the lowest with values of 1.9974 and 0.5787, respectively. The diversity was higher by 5.07% in adjacent areas and by 22.92% in undisturbed areas compared to reclaimed areas. Species evenness was 29.75% higher in unreclaimed areas and 17.87% higher in undisturbed areas compared to reclaimed areas. Land reclamation reduces species diversity and evenness, and to a lesser extent, species richness.

Keywords: Land reclamation, Coastal Biodiversity, Macroinvertebrate

INTRODUCTION

In cases where land is limited such as small islands like Penang Island, land developers build upwards (high-rise buildings) and outwards (via land reclamation) to cater for the rise in human population. Land reclamation in Penang began two decades ago and is still rampant with large reclamation projects planned to be executed in the near future. The effects of land reclamation on the coastal macroinvertebrates in Penang are poorly understood and resources are limited. However, baseline data is crucial in order to chart past and predict future paradigms. The present study provides the first information on effects of land reclamation in Penang towards the coastal benthic macroinvertebrates in terms of species diversity, abundance, and evenness. The findings of this research can be used to predict and foresee the potential effects as well as assist decision-making in future coastal development and mitigation plans in the Penang and beyond.

MATERIALS AND METHODS

Twelve sampling sites along the coast of Penang were sampled; four sites were on reclaimed areas: (i) Queensbay [5°19′55.28″ N; 100°18′33.02″ E], (ii) Lebuhraya Lim Chong Eu [5°23′56.85″ N; 100°19′54.87″ E], (iii) North Butterworth Container Terminal [5°25′12.43″ N; 100°22′19.32″ E], (iv) Bagan Ajam R&R [5°25′57.44″ N; 100°22′32.62″ E]; four were adjacent to reclaimed area: (i) Jambatan Pulau Pinang [5°21′27.97″ N; 100°18′59.28″ E], (ii) Tanjung Tokong [5°27′36.38″ N; 100°18′52.42″ E], (iii) Kuala Muda [5°34′33.09″ N; 100°20′19.68″ E], (iv) Gurney Drive [5°26′13.53″ N; 100°18′43.58″ E]; and four were in less disturbed areas: (i) Teluk Aling [5°28′04.05″ N; 100°11′59.81″ E], (ii) Kem Bina Negara [5°17′47.27″ N; 100°11′03.11″ E], (iii) Sungai Burung [5°20′17.20″ N; 100°11′41.56″ E], (iv) Pulau Gazumbo [5°21′52.00″ N; 100°19′30.49″ E]. Macroinvertebrates were collected from July to September 2014 during low tide via transect and coring methods. Three transect lines about 20 m apart were marked perpendicular to the sandy shores. A PVC corer was forced 20 cm into the sand and the contents were removed using a trowel into a 500 µm sieve. Samples were collected randomly and in three replicates at low, middle, and high tide levels. The values of species richness, species diversity (Shannon-Weaver Diversity Index, H’) and species evenness (Pielou, J’) for each sampling site were calculated and analysed.

RESULTS

A total of 56 species from 47 families were collected. Forty four species from 28 families were collected from reclaimed areas. Twenty nine species from 24 families were collected from adjacent areas. Fifty three species from 28 families were collected from undisturbed areas. Maxillopods and polychaetes can be found in all sampling sites whereas, Nerita spp., Ischinocerithium rostratum, Solen sp., Stichopus sp., Umbonium sp., and Zeuxis sp., were found only in undisturbed sites. The results of species richness, diversity and evenness are presented in Figure 1. Species richness was the highest in Teluk Aling (undisturbed area) with 22 species and the lowest in Gurney Drive (adjacent area) with 2 species. Adjacent areas had both the highest and lowest readings for species diversity: Jambatan Pulau Pinang had the highest species diversity (3.0798) and Gurney Drive had the lowest (0.8113). Species evenness was the highest in adjacent area, Kuala Muda (0.8796), and the lowest in reclaimed area, Bagan Ajam R&R (0.4126). In average, species richness was the highest in undisturbed areas and the lowest in adjacent areas. Species diversity was the highest in undisturbed areas and the lowest in reclaimed areas. Contrastingly, species evenness was the highest in adjacent areas and lowest in reclaimed areas.

DISCUSSION

Reclaimed areas were moderately rich in species compared to adjacent and undisturbed areas. Land reclamation changes the natural shape and soil characteristics of the coast which in turn changes current movement and water quality (Ramly 2008). Alteration of current movement could have carried debris away from the reclaimed areas post-development creating unfavourable conditions for some species to thrive in adjacent areas. The clearing of debris could have renewed the conditions in reclaimed areas and encouraged repopulation of benthic macroinvertebrates giving rise to higher values in species richness compared with adjacent areas. The average species evenness in reclaimed land was lower compared with adjacent and undisturbed areas. Coastal developments directly disturb the substrates and microenvironments that benthic macroinvertebrates depend on to survive. Evidently, land reclamation does cause disjunctions in the consistency of suitable habitats for these organisms which we predict will affect organisms higher in the food chain. Species richness and diversity was the lowest in Gurney Drive. This site is situated just 0.5 km from reclaimed land towards its north. In a coastal development project which commenced 12 years ago, 240 acres (971, 000 sqm) of land was reclaimed to pave the way for retail outlets and luxury condominiums there (Tee 2014). The first DEIA of this project cited no adverse environmental impacts but consequences such as siltation has been detected in areas adjacent to it namely, Gurney Drive (Jalleh 2013). Although other views exists regarding the cause of this siltation (such as the tsunami in 2004); conservationists, environmental organisations, and consumers’ associations still believe land reclamation was the main cause for the large amounts of mud accumulating on the once sandy beach. The results of this study supports the views of the latter two parties as species richness in Gurney Drive was at least 4 times lower than the species richness in reclaimed land and at least 5 times lower than undisturbed sites.

Based on the discussion above, an area which is predominantly disturbed by development activities is oftentimes expected to have lower values of species diversity, richness, and evenness, compared to an area minimally affected these activities. Threats to coasts could also encompass a wide ambit of processes, ranging from widespread habitat loss and modifications, to over-extraction of resources, and shore armouring (Schlacher & Thompson 2012). However, this was not the case in the current study where species diversity and evenness was the highest in sampling sites adjacent to reclaimed areas.
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Figure 1: Benthic macroinvertebrate species richness, diversity and evenness along the coasts of Penang.



The sampling site at Kuala Muda produced the highest value for species evenness. Species evenness here was higher than species evenness in undisturbed sites. Species evenness is affected by habitat fragmentation and the degree of vegetation cover (Symonds & Johnson 2008). Habitat fragmentation can be caused by several factors including nutrient availability, environmental stress, and landscape patterns (Hensgen et al. 2014). Because landscape patterns of all sampling sites were almost the same (all were muddy, sandy, and occasionally rocky beaches), we discount the fact that the evenness was due to this factor. The abundant and continuous availability of nutrients is most likely the cause. Kuala Muda possesses mangrove forests which not only provide food and nutrients but also suitable breeding and hiding grounds for its organisms making it suitable for macrobenthic organisms to thrive and provide optimal conditions for the recovery of species under stress hence, increasing species evenness.

Polychaetes and amphipods were found in almost all sampling sites. This indicates the organisms’ robustness in tolerating and adapting to variant conditions from the highly disturbed to undisturbed environments. Macroinvertebrates such as the Nerita spp., Ischinocerithium rostratum, Solen sp., Umbonium sp., and Zeuxis sp., were only found in undisturbed areas indicating their sensitivity to stressful surroundings. These species can be used as indicator species in this region in the future.

CONCLUSION

Land reclamation at shore areas undoubtedly affects the benthic macroinvertebrate richness, diversity, and evenness. In some cases, adjacent areas are more affected than the reclaimed areas themselves. However, given the right conditions, most of the organisms can re-populate these areas.
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Abstract: A small scale laboratory study was conducted to determine the effects of salinity ranging from 15, 20, 25, 30, 35, 40, and 45 ppt on the filtration rates of juvenile oyster Crassostrea iredalei with 25 ppt as the control. Three juvenile oysters (shell weight: 1.04 ± 0.12 g; shell length: 1.9 ± 0.2 cm; shell height: 1.9 ± 0.1 cm) were used to test the filtration rates in each salinity over the course of 8 hours. The hourly filtration rates were determined from the exponential decrease in algal (Chaetoceros calcitrans) concentration as a function of time. The oyster in 35 ppt salinity produced the highest overall filtration rate (FR2) with 134.06 ± 15.66 mL–1 hr–1 oyster–1 and the lowest overall filtration rate (FR2) occurred in oyster exposed to 15 ppt and 45 ppt with 31.30 ± 6.90 mL–1 hr–1 oyster–1 and 32.11 ± 7.68 mL–1 hr–1 oyster–1 respectively throughout the 8 hours. The result from this study can be useful for optimum oyster culturing and the oysters can be employed as a natural biofilter in marine polyculture farming.

Keywords: Oyster Filtration Rate, Crassostrea iredalei, Salinity

INTRODUCTION

Oysters belong to Class Bivalvia under Phylum Mollusca. The commercial oyster species which are normally found in Malaysian waters are Crassostrea iredalei and Crassostrea belcheri (Nawawi 1993). Crassostrea spp. oysters are known to thrive in estuarine conditions and usually produce abundant spatfall (Angell 1986).

In Wilson and Seed’s (1974) laboratory experiments, it was found that particulate matter present in water stimulates and maintains the pumping rate in mussels. In the same experiment, it was shown that mussel pumping rate stopped at 15 and 50 ppt. In terms of food selection, Shumway et al. (1985) found that bivalves have preferences of algae cell selection. Food rejection also exists once the animals’ digestive capacity reaches a certain threshold concentration whereby the surplus filtered particulate is rejected as pseudofeces (Bayne & Newell 1983).

This study focuses on determining salinity ranges affecting oyster filtration rates for culturing C. iredalei in Malaysian estuaries which are subjected to mixed and semi-diurnal tides and monsoons with variable precipitation rate. This study is of importance to produce higher quality oysters to market in the multimillion Ringgit export industry and also its possible application as a biofilter in polyculture farming with animals who thrive in similar salinities to minimise the need of constructing new culture pens and possibly doubling the income of culturists.

MATERIALS AND METHODS

Acclimatisation of Sample

Single celled diatom, C. calcitrans with an average cell size of 5 µm were cultured in 1000 L tank and were used for this experiment. Juvenile oysters of species C. iredalei with the shell weight of 1.04 ± 0.12 g, shell length of 1.9 ± 0.2 cm and shell height of 1.9 ± 0.1 cm were acclimatised in 20 L plastic aquariums containing filtered seawater of salinity between 25 and 26 ppt for 4 days. Aeration was provided throughout the acclimatisation period and the oysters were fed twice daily with cultured algae.

Experiment Preparation

Filtered seawater with salinity between 30 to 32 ppt were either diluted with distilled water to achieve lower salinity (15, 20, 25 ppt) or added with sodium chloride (NaCl) to achieve higher salinity (35, 40, 45 ppt) and measured with a refractometer (Vee Gee STX-3) The temperature was monitored to be in the range of 26°C–28°C. The pH level was monitored to be at a range of pH 7.8 to pH 8.3 throughout the experiment with a portable pH meter (Hanna HI 8424).

Twenty one aquaria measuring 10 × 20 × 15 cm each were set up with aeration for the experiment with each aquarium containing 2 L seawater of a different salinity (15, 20, 25, 30, 35, 40, 45 ppt with 25 ppt being the control) added with an average of 58.57 ± 2.96 × 104 cells mL–1 of C. calcitrans. There were three replicates for each salinity. A total of 63 juvenile oysters were picked from the acclimatisation aquarium and introduced into each aquarium containing three oysters. Seawater sample from each aquarium was sampled hourly over the period of 8 hours and the algal concentration was counted with a haemocytometer under a light microscope with ×100 magnification.

Determination of Filtration Rate

The filtration rate (FR) was obtained via the indirect method of measuring the decrease in algae concentrations in the oyster aquarium using the formula (Coughlan 1969) below:

FR = (V/nt) ln (C0/Ct)

where,


V = volume of water per aquarium (mL)

n = number of animals per aquarium

t = time (hour)

ln = log base e

C0 and Ct = algal concentrations (cells) at time 0 and at time t (hour), respectively.



This formula was used to calculate the hourly filtration rates (FR1) and overall filtration rate (FR2) in each salinity.

Statistical Analysis

The filtration rates by different salinities were analysed with SPSS version 22. Independent sample analysis consisting of the Kruskal-Wallis test and the Dunn-Bonferroni post hoc test was applied to the data as it was found not to be normally distributed in nature.

RESULTS AND DISCUSSION

Throughout the experiment, no mortality was reported on the experimented individuals of C. iredalei. This could be contributed by the fact that Crassostrea oyster were able to tolerate in a salinity range of 0–42 ppt (Shumway 1996). Current study only reported survival of oyster juvenile after 8 hours and the effects of prolonged high and low salinity exposure could not be concluded.

Figure 1 shows the hourly filtration rates trend of the C. iredalei juvenile at different salinity. Dips and peaks in different hours were observed, suggesting that at the dips, juvenile oyster slowed down its filtration and increased its filtration during the peaks.
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Figure 1: The hourly filtration rate (FR1) of C. iredalei juvenile cultured in different salinities.



The lowest filtration rates were reported in 15 and 45 ppt (Fig. 1) as these were extreme salinity values. This could be contributed by a mechanism to tolerate salinity where bivalves close their valves to isolate themselves from the external environment and osmolarity differences, lessening filtration. As a result, normal physiological processes are inhibited (McFarland et al. 2013). Being able to withstand the large salinity difference, Carregosa et al. (2014) inferred that there is an osmoregulation correlation with the increased Venerupis philippinarum clam’s inner sodium availability with external salinity of 7, 14, and 42 ppt. Coughlan et al. (2009) suggests that survival of marine organisms at low salinities could be contributed by higher energy consumption of the organism to regulate and maintain intracellular osmolarity.

The highest average filtration rate in this study was reported in 35 ppt water whereby the C. iredalei juveniles cleared the most algae from the water column (Fig. 2). In a related study, Enríquez-Ocaña et al. (2012) reported the highest filtration rate in mangrove oyster, Crassostrea corteziensis, to be under the conditions of 35 ppt and 32°C. O’ Connor et al. (2008) concluded in his study on the survival and growth of Saccostrea glomerata, that the optimal growth salinity for juveniles was found to be at 35 ppt in 30°C, which could also be said about the juveniles in this study that in the short exposure to 35 ppt. C. iredalei juvenile could optimally grow until a certain period of time where survivability becomes more important than growth, where the same study by O’ Connor et al. (2008) reported the optimal survival salinity was found to be at 30 ppt in 23°C.
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Figure 2: C. calcitrans hourly clearance trend.



The Kruskal-Wallis test showed that the filtration rates in control salinity 25 ppt and 30 ppt were statistically similar, suggesting that juvenile oyster culture within the range of 25 to 30 ppt would yield almost similar results.

If short periods of low salinity exposure during rainfall happens, the oysters could still survive, as it would continue to feed but at a slower rate (Sutton et al. 2012). However if rainfall persists for a longer period of time, death of oyster due to starvation or hypoxia from prolonged valve closure could happen. Besides that, glycogen storage in the oyster would be depleted during times of low salinity exposure, suggesting that the oyster would be less firm, less springy, less creamy, and less appealing to consumers (Tan et al. 2016).

With its ability to filter in a wide range of salinity, oyster could be deployed into aquaculture farms such as fish or shrimp farms to maximise the space usage of the culture infrastructure. Its filtration mechanism could naturally lessen luminous bacteria linked with shrimp culture (Tendencia 2007) and lessen pollution index in shrimp ponds (Su et al. 2011) reducing the need of manual human filtration, added chemicals, and ultimately lowering production costs. However, constant aeration is still needed to circulate the water body so as to avoid oxygen deficient layers which might affect both the main culture organism and the oysters. Also, the stocking density should be taken note of so as to not subject both the main culture organism and oyster for space competition.

CONCLUSION

C. iredalei juvenile are able to continue filtering in at least 8 hours of exposure in the salinity range of 15–45 ppt where the highest filtration rate occurred in 35 ppt. This study has shown that the juveniles did not stop filtering even in lower or higher than normal salinity, but the filtration rate just slowed down. Further studies on the tipping point of growth versus survivability could be called upon to understand the life priority of different stages of oyster.
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Abstract: Songkhla Lake is known as the most popular area for gammarid amphipod studies in the Gulf of Thailand. The first gammarid amphipod study was investigated in 1925 by Chilton. After that, there are various studies including diversity, ecology, and biology. In this study, gammarid amphipod in Songkhla Lake were collected from year 2010 to 2014. In this study, three newly recorded amphipods had been reported namely Hyale dollfusi Chevreux, 1911, Grandidierella megnae (Giles, 1888), and Hourstonius japonica (Hirayama, 1983) which had not been previously reported from the Thai waters. The gammarid amphipods had been catalogued. Their characteristics had been described and illustrated. All specimens were deposited at Princess Maha Chakri Sirindhorn Natural History Museum, Prince of Songkla University, Thailand.

Keywords: Amphipod, Songkhla Lake, New Records

INTRODUCTION

Songkhla Lake is the largest natural lagoon located in southern of Thailand. The lake contains brackish water and the salinity varies by season from 0–30 psu. Songkhla Lake covers an area of 1,042 km2, is divided into three parts: the upper, middle, and lower Songkhla Lakes. There are varieties of ecosystems including mangrove forest, estuary, mud flat, and wetlands. It is not only important as habitats for aquatic organisms but also for human uses i.e. fisheries, aquaculture, and recreation place.

Amphipod is one of major benthic fauna group, which plays an important role in trophodynamics (De Broyer et al. 1999). In Songkhla Lake, amphipod was reported as a major food for Spotted Catfish (Arius maculatus), a common economic fish in this area (Angsupanich et al. 1999). Amphipod diversity study has been carried out since 1925 by Chilton. Chilton (1925) had reported 12 species of amphipods from 11 genera. Following to that, amphipods diversity studies were investigated in separate areas of Songkhla Lake. Currently, the total number of amphipod in Songkhla Lake is 28 species from 20 genera. From that, 13 species from 13 genera were reported from upper Songkhla Lake (Ruensirikulet et al. 2007), nine species from eight genera and nine species from nine genera were reported from middle and lower Songkhla Lake respectively (Bussarawich 1985; Angsupanich & Kuwabara 1995; Ariyama et al. 2010; Wongkamhaeng et al. 2013). This study aims to gain knowledge of marine amphipod diversity in Songkhla Lake.

MATERIALS AND METHOD

Amphipods were collected from different substrates namely algae, mud, debris, and wood in lower and middle Songkhla Lake during 2010–2014 (Fig. 1). The upper Songkhla Lake was not included in this study which focused on marine amphipod. The samples were collected in plastic bags and washed through an 0.5 mm mesh sieve. The remaining amphipod specimens were sorted, fixed in 4% formalin for one week, and then stored in 70% alcohol. In the laboratory, the specimens were examined using a compound microscope and later selected for dissection. The appendages were examined and illustration was produced using an Olympus CH30 light microscope with a camera lucida. The following abbreviations are used: A, antenna; G, gnathopod; HD, head; LL, lower lip; MD, mandible; MX, maxilla; MP, maxilliped; P, pereopod; Pl, pleopod; T, telson; U, uropod; UR, urosome; UL, upper lip; r, right; l, left; ♂, male; ♀, female. The material are deposited at Prince of Songkla University Zoological Collection (PSUZC).

RESULTS

Family Amphilochidae

Hourstonius japonica (Hirayama, 1983) (Fig. 2).

Gitanopsis japonica (Hirayama, 1983: 125).

Material examined: Lower Gulf of Thailand, Songkhla Lake (7°9′55″N 100°32′14″E) 21 July 2014. Wongkamhaeng, K. PSUZC-CR-0184 (1♂; 12♀).

Type locality: West Kyushu, Japan.

Distribution: Northwest Pacific and Songkhla Lake, Thailand (current study).

Discussion: The material in this study is similar to the original description of Hirayama (1983) except the dactylus of gnathopod 1 is curved and smooth while those of Hirayama’s is serrate on grasping margin.
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Figure 1: Map of Songkhla Lake and the study sites.
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Figure 2: Hourstonius japonica (Hirayama, 1983).

Notes: Scale bars for A1 and G2 represent 0.5 mm; for MX1, MX2, MD, and MP is 0.1 mm.



Family Aoridae

Grandidierella megnae (Giles, 1888) (Fig. 3).

Microdeutopus megnae (Giles, 1888: 231, pl. 7, fig. 14).

Grandidierella megnae (Tattersall, 1922: 455, pl. 19, fig. 1–12; Asari & Myers, 1982: 243, figs. 3–4).

[non Grandidierella megnae Chilton, 1925: 535, fig. 2].

Material examined: Lower Gulf of Thailand, Songkhla Lake (7°9′55″N 100°32′14″E), 22 September 2010, Puttapreecha, R. PSUZC-CR-0185 (1♂; 5♀).

Type locality: Indian Coast.

Distribution: India and Songkhla Lake, Thailand (current study).

Discussion: The original description of Giles (1888) was brief and hard to compare with present material. However, it resembles the description and figure of Asari and Myers (1982) in India except the shape of carpus male gnathopod 1 slightly posteriodistally produced while Indian specimens are strongly produced.
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Figure 3: Grandidierella megnae (Giles, 1888).

Notes: Scale bars for ♂♀ G1 and G2 represent 0.5 mm; U1–3 represent 0.1 mm.



Family Hyalidae

Hyale dollfusi (Chevreux, 1911) (Figs. 4–5).

Hyale dollfusi (Chevreux, 1911: 238, pl. 16, figs. 13–19. Chevreux & Fage, 1925: 287, fig. 298. Iwasa, 1939: 280, fig. 18, pl. 18. Ren et al. 2012, pl. 27, fig. 10).

Material examined: Lower Gulf of Thailand, Songkhla Lake (7°9′55″N 100°32′14″E), 22 October 2012, Buatip, S. PSUZC-CR-0186 (5♂; 15♀).

Type locality: Tunisia.

Distribution: Mediteranean Sea, Northwest Pacific, China Sea and Songkhla Lake, Thailand (current study).
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Figure 4: Hyale dollfusi (Chevreux 1911) (Giles, 1888).

Notes: Scale bars for A1, A2, G1, and G2 represent 0.5 mm; U1–3 represent 0.1 mm.






[image: art]

Figure 5: Hyale dollfusi (Chevreux 1911).

Note: All Scale bars represent 0.5 mm.



DISCUSSION

Our specimens are similar to the original description of Chevreux (1911) in Mediterranean Sea except uropods 3 rami subequal to peduncle while the original description shorter than peduncle and telson of Songkhla Lake amphipod is subglobular while the telson lobes of original description are point.

The amphipod diversity in Thailand coast recorded 77 species, in which 30 species has been recorded from the Gulf of Thailand mainly from Songkhla Lake. Most of them are soft bottom benthos which the aorids dominate the amphipod component. According to this report, there are other amphipod groups which are not investigated, i.e. the algal-dwellers, demersal scarvengers, commensals, and epiparasites. Further studies are needed to fulfill the whole picture of amphipod diversity in this area. All specimens were deposited at Princess Maha Chakri Sirindhorn Natural History Museum, Prince of Songkla University, Thailand.

CONCLUSION

Although the diversity of gammarid amphipod in Songkhla Lake has been carried out for 90 years but the biodiversity of gammarid amphipod is still largely unknown. The discovery of these three new records represents the poorly information of amphipod in Songkhla Lake. According to this report, there are also other amphipod groups that have not been investigated, i.e. algal-dwellers, demersal scavengers, commensals, and epiparasites, all of which require more study in order to obtain a more holistic understanding of diversity in this area.
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Abstract: Like many other countries, reservoirs in Malaysia are primarily built for various functions such as hydroelectric power generation, drinking water supply, flood mitigation and irrigation for agricultural purposes. Artisanal fisheries activities were also performed in these reservoirs. The freshwater fish are a requisite source of protein for the rural population. Consequently, the fish resources in reservoirs should be carefully maintained at sustainable level. Present study elucidates the preliminary assessment on autecological studies of beardless barb, Cyclocheilichthys apogon as a model of fish biota in Muda Reservoir. This research investigates the growth pattern of C. apogon using length-weight relationship and their condition factor. A total of 307 specimens were captured using cast net for six consecutive months from March 2014 until August 2014. The growth coefficient (b) from the length-weight equation (W = aLb) for male and female of C. apogon were 3.150 and 3.185, respectively, indicating positive allometric growth. The condition factor values of male and female of C. apogon were 1.023 ± 0.111 and 1.026 ± 0.100, respectively, suggesting that C. apogon is in good condition in Muda Reservoir. The paucity of research on the autecological study in the Muda Reservoir contributes to the main reason of performing this research. The findings will serve as baseline information of this species in Muda Reservoir, as well as for comparative study in the future.

Keywords: Cyclocheilichthys apogon, Autecological, Length-weight, Condition Factor

INTRODUCTION

Muda Reservoir is a man-made lake located at the northeastern part of Kedah, serves as water catchment for agricultural, domestic, and industrial usage for areas in Perlis, Kedah, and Penang. It is ecologically and economically important for the livelihood of the people that live near to the reservoir. As reported by Amir Shah et al. (2006) and Lee et al. (2013), Muda Reservoir is inhabited by more than 30 species of fishes. Lee et al. (2013) reported that the fish landing in Muda Reservoir increased by year 2010. This increment will negatively affect the fisheries resources via overfishing besides water pollution. Thus, fisheries activities in Muda Reservoir need to be more ecologically friendly and sustainably planned.

Cyclocheilichthys apogon or locally known as “ikan temperas” is an attractive coloured cyprinid fish, living mainly in Southeast Asian river systems (Zakaria-Ismail 1994). According to Lee et al. (2013), this species is one of the artisanal wide capture fish by the people near to the Muda Reservoir. This species also has been processed as fermented fish or “ikan pekasam” and their price may reach up to RM 20 per kilogram. C. apogon has been chosen for further study on length-weight relationship (LWR) and condition factors. LWR and condition factors are important to provide information on the general well-being and estimates the growth patterns of a fish population (Patel et al. 2014). The study on the length-weight relationship of C. apogon in Peninsular Malaysia was only reported by Mohd-Shafiq et al. (2012) from Kerian River Basin, Perak and Muzzalifah et al. (2012) from Temengor Reservoir and Bersia Reservoir, Perak. Thus, objective of this study is to compare the findings of present study with previous reports.

MATERIALS AND METHODS

This study took place at Muda Reservoir and its tributaries. Five sampling stations were chosen namely Sg. Labua, Sg. Sira Jawa, Sg. Nyeh, Sg. Debu, and Sg. Teliang (Fig. 1). Fish samples were collected monthly from March to August 2014 by using cast net (9 feet height, 4 m diameter and 2 cm mesh size). The fishing operation was conducted by one skilled fisherman by randomly casting for 20 times per sampling station. Captured fish were sexed, measured, and weighted. Further extent, the length-weight relationships (LWR) of C. apogon were estimated using the equation W = aLb (Le Cren 1951; Ricker 1973), where W = body weight (g), L = total length (cm), a = constant (intercept), and b = growth exponent. Then, the condition factor was calculated using Fulton’s condition factor (K) equation; K = 100W/L3 (Pauly 1983), where K = condition factor, W = body weight (g), and L = total length (cm).


[image: art]

Figure 1: Map of Muda Reservoir, Kedah, Malaysia (modified from WWF-Malaysia Project Report; Lee et al. 2013).



RESULTS

A total of 307 of C. apogon specimens were collected during the study period which comprised of 166 males and 141 females. The range of total length and body weight of males and females C. apogon from Muda Reservoir is shown in Table 1. The highest total length and body weight was recorded by the female and the lowest total length and body weight was recorded by the male. The regression analysis yielded higher values of a for male compared to female. Female gives greater values of b and regression coefficient (r2) compared to males. The average condition factor for male and female of C. apogon in Muda Reservoir, Kedah is shown in Table 2. The male recorded greater condition factor value compared to female. However there were no significant differences of condition factor between male and female.


Table 1: Length-weight parameters of C. apogon in Muda Reservoir, Kedah.
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Notes: n = total samples, a = constant (intercept), b = growth exponent (slope), Cl = confidence level.


Table 2: Condition factor of C. apogon in the Muda Reservoir, Kedah.



	Sex

	Minimum

	Maximum

	K (mean ± SD)




	Male

	0.744

	1.588

	1.023 ± 0.111




	Female

	0.746

	1.509

	1.026 ± 0.100





DISCUSSION

Generally, the growth pattern of fish can be estimated by using the length-weight relationship (LWR). The LWR of fishes are vital in population assessment (Ricker 1968; Khaironizam & Norma-Rashid 2002) and can be time-consuming in the field sampling (Sinovcic et al. 2004). Froese (2006) and Mansor et al. (2012) divided the growth pattern using b value from LWR equation (W = aLb) into three; b = 3, isometric; b > 3, positive allometric; and b < 3, negative allometric. In this study, the b value for male and female C. apogon were 3.150 and 3.185, respectively, indicating positive allometric growth pattern. Similar growth pattern were found from the study by Mohd-Shafiq et al. (2012) and Muzzalifah et al. (2012) as tabulated in Table 3. However, variations in growth pattern for other cyprinid species were reported by Mansor et al. (2010). The variations are mainly due to the differences in length and weight, food availability, and other environmental conditions.


Table 3: The length-weight relationship (LWR) of C. apogon in the Muda Reservoir, compared to other locations.



	Location

	LWR (W = aLb)

	Reference




	Kerian River Basin, Perak

	Unsexed: W = 0.002L3.623

	Mohd-Shafiq et al. (2012)




	Temengor Reservoir, Perak

	Unsexed: W = 0.004L3.363

	Muzzalifah et al. (2012)




	Bersia Reservoir, Perak

	Unsexed: W = 0.002L3.414




	Muda Reservoir, Kedah

	Female : W = 0.007L3.150

	This study




	
	Male : W = 0.006L3.185

	




Pervin and Mortuza (2008) investigated that b value may range from 2.5 to 4.0, which corroborates the result of this study. Nevertheless, there were variations in the b exponents for the different sex of C. apogon. The b value of male C. apogon was slightly less than the females because the females were heavier than the males for any given length, which is in agreement with studies by Hossain et al. (2008) and Miranda et al. (2009). Generally the allometric growth for fish was influencing by factor of areas, habitats, seasons, stomach fullness, preservation techniques, sexes, gonadal maturity, and health (Tesch 1971).

The correlation coefficients (r2) calculated from the data were significant (p<0.001), suggesting that length and weight were highly correlated. The condition factor (K) is usually used to exemplify the general well-being or fitness of a fish stock (Bolger & Connoly 1989). In this study, the K values between the male and the female C. apogon were almost the same. However, the K values may vary among species. This is probably because the K value may be affected by feeding intensity and spawning cycle (Shabir et al. 2012). Le Cren (1951) stated that K larger than one indicates better condition of fish. Low K value indicates slow growing fish. This is because energy is also transferred and used for activities such as growth and emptying of ovaries (Samat et al. 2008). There was no significant difference in the K values between male and female of C. apogon. The K values in this study were greater than one, indicating that the condition C. apogon in the Muda Reservoir is good.

CONCLUSION

The growth pattern of C. apogon in Muda Reservoir was found to be positive allometric. The condition factor value showed that C. apogon in Muda Reservoir is in comparatively good condition and conducible for their optimum growth. Hopefully this preliminary baseline information will be useful for future comparison in other localities.
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Abstract: Benthic faunal communities are important components in the intertidal zones. The diversity and abundance of the benthic communities are subjected to different natural and anthropogenic disturbances. The study was conducted as one off sampling on 6th November 2013 (1) to investigate the abundance and distribution of soft sediment communities in relation to environmental variables and (2) investigate the changes of population structure and diversity using spatial scales of 1 m, 10 m, and 100 m. Results indicated a total of 110 individuals of macrobenthos consisting of 7 different groups (Annelida, Bivalvia, Crustacea, Gastropoda, Nematoda, Nemertea, Polychaeta) and 4 different groups of meiobenthos (Copepoda, Nematoda, Ostracoda, Polychaeta) consisting 920 individuals were recorded. Dissolved oxygen played the most significant role in affecting the distribution of soft sediment communities while ammonia concentrations only affected marcobenthic organisms. However, sediment grain size did not show significant correlation (p>0.05) on soft sediment communities. Hence, understanding how different properties of benthos respond to changes in environmental variables is crucial in determining how the impacts on the sediment are tolerated by the benthic organisms.

Keywords: Macrobenthos, Meiobenthos, Environmental Factor, Sediment Grain Size

INTRODUCTION

The structure of benthic communities in intertidal areas is determined by the biological, chemical, and physical factors of the environment. This interaction determines the final community structure and the biodiversity in the benthic communities (Chapman & Tolhurst 2007). They act as an environmental indicator which is widely used to detect any marine environment disturbance caused by anthropogenic sources. Benthic faunal communities are important components in the intertidal zones as the presence or absence of benthic communities provide valuable information about a marine ecosystem’s health over time.

Very little is known about the distribution of soft sediment communities in the tropical countries, particularly Malaysia. Previous studies mainly focused on the temperate regions and even then few have studied the spatial variation, abundance, and distribution of soft sediment communities. The objectives of this present study of soft sediment communities is to gather information about the benthic interactions and their relation to marine environments. They are complex communities and are often affected by abiotic factors such as sediment grain size, sediment organic content, pore water content, water quality, current velocity, and water depth (Thurman & Trujillo 2002).

Tanjung Bungah beach is an intertidal area located in the North Coast of Pulau Pinang. Originally a fishing village, it has become a commercially important asset for the country especially in the tourism sector. This area is considerably polluted due to high human settlements and activities, hence the reason for our sampling location. This study was conducted to investigate the abundance and distribution of soft sediment communities in Tanjung Bungah, Pulau Pinang, in relation to environmental variables, and to determine the spatial variability of soft sediment communities at three different scales within 1 m, 10 m, and 100 m along horizontal shore of Tanjung Bungah. Spatial scale was used to avoid bias during sampling and to show the relationship between benthic communities and their environment.

MATERIALS AND METHODS

Pulau Pinang is located within latitudes 5°12′ to 5°30′ N and longitudes 100°09′ to 100°26′ E. It is bounded on the North and East by the state of Kedah, to the South by the State of Perak and to the West by the Straits of Malacca and Sumatra (Indonesia). Sampling was conducted at Tanjung Bungah (N05°28.048′ E100°16.730′), Pulau Pinang intertidal area on the 6th November 2013 at different spatial scales of 1 m (sites A1 and A2), 10 m (sites B1 and B2), and 100 m (sites C1 and C2).

All field samplings and analyses of soft sediment communities were carried out during low tide and were based on Ranasinghe et al. (2012) methods. Sediment samples (n=3) were collected for macrobenthos and meiobenthos analysis using a PVC corer (10 cm diameter × 10 cm depth) and a modified syringe (3 cm diameter × 5 cm depth) respectively. In situ physical parameters for pore water were taken during the field sampling at each site. Soil temperature (n=3) was taken using a soil thermometer (Thermo, KTJ, TA-288), salinity was taken using a refractometer (Atago, S/Mill-E), pH was taken using a pH meter (Hanna Instruments, HI98129), dissolved oxygen was taken using a DO meter (YSI Pro20), and light intensity was taken using a light meter (Li-COR Biosciences). Pore water samples (n=3) were collected using 500 mL polyethylene bottles for pore water quality analysis.

In the laboratory, macrobenthic sediment was sieved using a 0.5 mm mesh sieve (Tagliapietra & Sigovini 2010). Meiobenthic sediment was sieved using 0.45 mm and 0.042 mm mesh sieves (Rosa & Bemvenuti 2005). The samples were preserved using 70% ethanol and stained using Rose Bengal. The level of taxonomic identification was conducted until species level whenever possible. Main reference was based on Barnes et al. (2001) and Giere (2009) for macrobenthos and meiobenthos, respectively. Sediment was classified according to Folk (1954). Pore water quality analyses such as chlorophyll a, nitrite, nitrate, ammonia, and ortho-phosphate were carried out by using standard titration method based on Strickland and Parsons (1972).

Statistical Analysis

Kruskal-Wallis test was used to determine the significance of the results. Spearman’s correlation coefficient was used to determine the significant relations between sediment compositions, environmental parameters such as salinity, pH, dissolved oxygen, and soil temperature with population density and benthic groups.

RESULTS AND DISCUSSION

Diversity, Abundance, and Distribution of Soft Sediment Communities

Macrobenthos were distributed unequally displayed by J’<0.5 while meiobenthos were distributed equally displayed by J’>0.5 (Table 1). Soft sediment communities displayed significant difference (p<0.05) for Shannon-Wiener index (H’), Margalef’s richness index (d), and Pielou’s evenness index (J’) within all scales. Figure 1 shows the relative abundance of macrobenthos and meiobenthos in Tanjung Bungah.


Table 1: Shannon-Wiener diversity (H’), Margalef’s richness (d), and Pielou’s evenness (J) indices of microbenthic (macro-) and meiobenthic (meio-) communities at three spatial scales (1 m, 10 m, and 100 m) in Tanjung Bungah.
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Figure 1: Relative abundance of (a) macrobenthos and (b) meiobenthos in Tanjung Bungah. The highest abundance for macrobenthos and meiobenthos were recorded for crustaceans (29.1%) and nematodes (77.7%), respectively.



Macrobenthos

A total of 110 individuals belonging to 7 groups of macrobenthos (Annelida, Bivalvia, Crustacea, Gastropoda, Nematoda, Nemertea, and Polychaeta) were recorded in this study. Crustaceans represent 29.1% of the total individuals and it has the highest relative abundance compared to other groups of macrobenthos. This was probably due to a relatively high salinity (30 psu) and high dissolved oxygen (7.40 mg/L) at Site C1 (Table 2) which was a suitable habitat for crustaceans. In Southern African lakes, chironomids and ostracods (Crustacea) are capable of occurring in hypersaline lagoons (Boltt 1975).


Table 2: Mean ± SE of soil temperature, salinity, pH, and dissolved oxygen (n=3) in Tanjung Bungah at different scales and sites.



	Scale (m)

	Site

	Parameter




	Soil temperature (°C)

	Salinity

	pH

	Dissolved oxygen (mg/L)




	1

	A1

	28.90 ± 0.06

	16.00 ± 0.58

	7.79 ± 0.01

	4.27 ± 0.07




	A2

	28.93 ± 0.09

	15.00 ± 0.00

	7.78 ± 0.00

	5.60 ± 0.35




	10

	B1

	29.20 ± 0.00

	25.67 ± 0.33

	8.06 ± 0.02

	8.23 ± 0.57




	B2

	29.63 ± 0.09

	20.00 ± 0.00

	7.86 ± 0.01

	5.97 ± 0.62




	100

	C1

	30.37 ± 0.07

	30.33 ± 0.33

	8.43 ± 0.01

	7.40 ± 0.58




	C2

	31.67 ± 0.09

	30.00 ± 0.00

	7.82 ± 0.01

	5.47 ± 0.07





Meiobenthos

A total of 927 individuals belonging to 4 groups of meiobenthos namely Nematoda, Copepoda, Polychaeta, and Ostracoda were identified. Nematoda was the dominant group found at almost all sites with relative abundance of 77.7%. Present results also show that nematodes were found to dominate all types of sediments, hence, sediment grain size probably played a major role. According to Giere (2009), they have many features that enable them living in sands and muds.

In-situ Physical Parameters

Dissolved oxygen played the most significant role in affecting the distribution of soft sediment communities as almost all macrobenthic and meiobenthic groups were affected by dissolved oxygen concentration. There was a moderate positive significant correlation between distribution of annelids (r=0.491, p<0.05), crustaceans (r=0.565, p<0.05), and nemerteans (r=0.528, p<0.05) with dissolved oxygen while nematodes show a moderate negative significant correlation in dissolved oxygen (r=–0.543, p<0.05) in Tanjung Bungah.

This study will provide a detailed baseline of the composition, abundance, and diversity of the benthic community in the intertidal zone in Tanjung Bungah, vital for long term monitoring as well as providing information needed to answer fundamental questions concerning benthic fauna.

CONCLUSION

Benthic community studies are generally considered good environmental indicators. Hence, further investigations are needed to confirm the factors affecting the soft sediment communities’ diversity and abundance of Tanjung Bungah. Projects with monthly sampling and larger scale (>100 m) may be carried out to further investigate the effects of sediment type, spatial variability, and physical parameters on the abundance and composition of soft sediment communities. Therefore, this current study will provide a baseline data for further research in monitoring and assessing the health ecosystem of Tanjung Bungah.
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Abstract: A study was conducted at five selected rivers around Bukit Merah Reservoir, Perak, Malaysia for eight weeks in order to determine the fish diversity and distribution. A total of 28 species comprised of 9 families were identified. The study depicted that there were significant changes to the fish composition when compared to previous study which had captured 36 species due to different areas covered and different types of sampling gear used between both studies.

Keywords: Freshwater Fishes, Diversity, Distribution, River, Bukit Merah Reservoir

INTRODUCTION

Bukit Merah Reservoir (BMR), which is located in Perak, Malaysia is one of the oldest reservoirs in Malaysia and has officially operated in 1906 for irrigation purpose (Talib et al. 2012). There are several main rivers that flow into Bukit Merah Reservoir (BMR), such as Sungai Merah, Sungai Jelutung, and Sungai Kurau. These rivers play crucial roles in maintaining the number of fish population in this reservoir by assuring spawning and breeding habitats, by acting as fish refuge areas, and providing natural food sources to the fishes. The previous fish study around and within BMR was carried out by Yap (1982). Since the study by Yap (1982), there are a lot of changes in BMR catchment areas such as expansion of oil palm and rubber plantation areas, upgrading the existing road, railways and bridge, and introduction of sand mining activities. All these activities were directly or indirectly affecting the water quality of the nearby rivers and hydrology therein. Therefore, this study was carried out to evaluate the present status of fish diversity in the selected river feeders of BMR and compare it with the results obtained by Yap (1982).

MATERIAL AND METHODS

Eight sampling stations namely Sungai Merah (upstream and downstream), Sungai Jelutung (downstream), Sungai Kurau (upstream and downstream), Sungai Ara (upstream and downstream) and Sungai Jelai around BMR basin were chosen for the study (Fig. 1). Two units of cast nets with 2.5 cm diameter of mesh sizes each were used by two operators along the study period started from November 2012 to March 2013 (eight weeks). Fish were captured for an average of 15 casts per operator for one hour at each sampling stations in every sampling excursion. The captured fishes from each sampling stations were identified up to the species level by using standard taxonomic keys by Rainboth (1996), Ambak et al. (2010), and Kottelat (2013). Each specimen was then measured for its total length and weight. Several specimens were kept as voucher specimens at the School of Biological Sciences, Universiti Sains Malaysia.
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Figure 1: Location of fish sampling stations around Bukit Merah Reservoir during the study period (November 2012–March 2013).



RESULTS AND DISCUSSION

A total of 28 fish species comprising of 9 families were recorded during the study period (Table 1). Cyprinidae was the dominant fish family representing 60% of total species caught (Fig. 2) followed by Channidae (11%), Mastacembelidae (7%), and Bagridae (7%). Cyprinids are the most common species found in Malaysian freshwater bodies (Mohd Shafiq et al. 2014). The number of species captured in this study is low compared to Yap (1982), who had recorded 36 fish species from 15 families. Out of 28 species recorded, only 10 species namely Osteochilus vittatus, Hampala macrolepidota, Cyclocheilichthys apogon, Oxygaster anomalura, Barbonymus schwanenfeldii, Barbonymus gonionotus, Notopterus notopterus, Channa lucius, Mystus castaneus, and Hemibagrus capitulum were recorded as common species in both studies (Table 1). Twenty six species recorded by Yap (1982) were not recorded in the present study while 18 fish species were recorded for the first time to the existing fish checklist of BMR catchment areas. Therefore, the total numbers of fish species that was recorded in BMR catchment areas is 54 (Table 1).
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Figure 2: Percentage of fish species by family captured based on data collected from November 2012 until March 2013 at 8 sampling stations of selected rivers around Bukit Merah Reservoir, Perak, Malaysia.




Table 1: A comparative fish species checklist recorded in this study compared to Yap (1982) at Bukit Merah Reservoir, Perak, Malaysia.



	Family
	Species
	Present study

	Yap (1982)




	Anabantidae
	Anabas testudineus
	–

	+




	Bagridae
	Hemibagrus capitulum
	+

	+




	
	Mystus planiceps
	–

	+




	
	Mystus castaneus
	+

	+




	Chandidae
	Parambassis siamensis
	+

	–




	Channiidae
	Channa gachua
	+

	–




	
	Channa striata
	–

	+




	
	Channa marulioides
	+

	–




	
	Channa micropeltes
	–

	+




	
	Channa lucius
	+

	+




	Clariidae
	Clarias batrachus
	–

	+




	
	Clarias macrocephalus
	–

	+




	
	Clarias leiacanthus
	–

	+




	Cobitidae
	Acanthopsis dialuzona
	+

	–




	Cyprinidae
	Barbodes binotatus
	+

	–




	
	Barbonymus gonionotus
	+

	+




	
	Barbonymus schwanenfeldii
	+

	+




	
	Crossocheilus oblongus
	+

	–




	
	Cyclocheilichthys apogon
	+

	+




	
	Cyprinus carpio
	–

	+




	
	Devario regina
	+

	-




	
	Hampala macrolepidota
	+

	+




	
	Labiobarbus fasciatus
	+

	–




	
	Labiobarbus festivus
	–

	+




	
	Labiobarbus leptocheilus
	+

	–




	
	Mystacoleucus obtusirostris
	+

	–




	
	Neolissochilus soroides
	+

	–




	
	Osteochilus vittatus
	+

	+




	
	Oxygaster anomalura
	+

	+




	
	Puntius fasciata
	–

	+




	
	Puntius strigatus
	–

	+




	
	Rasbora borapetensis
	–

	+




	
	Rasbora caudimaculata
	+

	–




	
	Rasbora einthovenii
	–

	+




	
	Rasbora heteromorpha
	–

	+




	
	Rasbora paviana
	+

	–




	
	Thynnichthys thynnoides
	+

	–




	Eleotridae
	Oxyeleotris marmorata
	–

	+




	Helostomatidae
	Helostoma temminkii
	–

	+




	Mastacembelidae
	Mastacembalus armatus
	+

	–




	
	Mastacembelus favus
	+

	–




	Megalopidae
	Megalops cyprinoides
	–

	+




	Nandidae
	Pristolepis fasciata
	–

	+




	Notopteridae
	Notopterus chitala
	–

	+




	
	Notopterus notopterus
	+

	+




	Osphronemidae
	Betta pugnax
	–

	+




	
	Osphronemus goramy
	–

	+




	
	Trichopodus pectoralis
	–

	+




	Osteoglossidae
	Scleropages formosus
	–

	+




	Siluridae
	Wallago leeri
	–

	+




	Sisoridae
	Glyptothorax major
	+

	–




	Synbranchidae
	Monopterus javanensis
	–

	+




	Syngnathidae
	Doryichthys deokhatoides
	+

	–




	Tetraodontidae
	Tetraodon kretamensis
	–

	+




	Total family
	
	9

	15




	Total species
	
	28

	36





The changes in land use of BMR catchment areas might have significant contribution to the results. In early 80’s, most of the BMR catchment areas were considered as virgin forests where there were no sand mining activities. However, from personal observation during the study, it was observed that several areas such as Pondok Tanjung Forest Reserve are converted to farm areas. Moreover, the expansion of palm and rubber plantation was also remarkable. The flood mitigation activity, especially along downstream of Sungai Ara and Sungai Kurau may pose negative impacts to the existing fish population in near future. According to Hasan et al. (2012), the changes of land use increased the sediment yields of BMR river feeders which might exacerbate the BMR operation problem. However, different number of fish species recorded in this study might be due to different of sampling strategies. Different sampling gears used also might contributed to the variation in results, as Yap (1982) used variety of sampling gears such as gillnets, fish traps, and cast nets whereas the present study depended solely on cast nets. In this study, samplings were carried out for five months focusing at various sites, mainly upper part of the BMR, while Yap (1982) took two years covering the upstream (Sungai Kurau), within and downstream of BMR (Selinsing canal/spillways). Yap’s (1982) study recorded only 24 fish species at Sungai Kurau and number of fish recorded is bit lower when compared to the present study which recorded 28 species at Sungai Kurau.

In conclusion, changes of land use in terms of human intervention (e.g., expansion of oil palm and rubber plantation, upgrading the existing road, railways and bridge, and introduction of sand mining activities) in BMR catchment areas may pose negative impacts to the existing fish population in long term. Oil palm plantation or any plantation can be a leading cause of tropical deforestation, biodiversity loss, and water pollution (Dayang Norwana et al. 2011). Moreover, upgrading the existing road, railways, and bridge activities would have negative impacts to the ichthyodiversity because all these activities intercepts natural flow routes of water, change flow regime, and increase surface runoff which has direct impacts on fish (Toews & Brownlee 1981). Apart from that, sand mining adversely distorts the natural equilibrium of a stream channel (Department of Irrigation and Drainage Malaysia 2009). In-stream mines also interrupt the continuity of sediment transport through the river system. Therefore, further study should be carried out to gain more detail information on fish biodiversity and population of BMR river feeders.
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Abstract: Coral reefs in the northern region of the Straits of Malacca have a diverse group of octocorals growing on its bed. The octocorals identified in this study are from islands along the Straits. In this study, 23 specimens were identified, belonging to 4 sub-orders, which have been subdivided into 8 families. From these 8 families, 15 different genera have been identified. The identification process for this research was conducted based on five important keys; the external form and colouration, polyps or colonial and fundamental structure of colonies, monomorphic or dimorphic, the arrangement of polyps, and the arrangement of sclerites.

Keywords: Octocorals, Taxonomy, Straits of Malacca

INTRODUCTION

Habitat of octocorals ranges from intertidal area up to the open oceans at abyssal zones (Fabricius & Alderslade 2001). Hakim et al. (2011) mentioned that soft corals are one of the main groups of marine organisms which occur in many coral reefs across the world, especially in tropical waters at depths between 5 m and 30 m. Among the octocorals, the Alcyonacea group is mostly found in the warmer and shallower water of tropical oceans (Benayahu 2013).

Octocorals comprise of soft corals, sea fans, and sea pens. Soft corals belong to the phylum Coelenterata, which is made up of invertebrates with tentacles, stinging structure (nematocysts), have radial symmetry, and only one main internal cavity with a single mouth opening. Soft corals can be formed either by solitary polyp or many polyps arranged in a colonial order as building blocks (Fabricius & Alderslade 2001).

Fabricius and Alderslade (2001) classified that the shape and the size of the colony can be broadly different from one species to another. The growth development of a colony is divided into several categories; membranous, encrusting, massive, lobate, digitate, arborescent, fan-shaped, bushy, and unbranched (whip-like).

The study of soft coral taxonomy in Malaysia is progressing, however, it is still very much in its infancy. The study of soft corals is important as there are many implications to the environment, medicine, and pharmaceutical areas. The objective of this paper is to identify and record octocoral species found in the northern part of the Straits of Malacca.

MATERIALS AND METHODS

Study Site

The study was conducted in the northern region of the Straits of Malacca which is approximately 800 km long and 65 km wide (Britanicca-“Strait of Malacca,” 2005). The octocorals were sampled from several islands; Pulau Payar, Pulau Segantang, Pulau Songsong, Pulau Bidan, Pulau Kacha, and Pulau Lembu. All samples were collected by SCUBA diving, between depths of 5 m to 20 m. Samples were brought back to the laboratory and preserved in Beatson jars filled with 70% alcohol.

Sclerite Extraction

Octocoral samples were dissected at the mature basal plate and stalk to obtain bigger and clearer sclerites which are found in the octocoral tissue. They were cut into 2–3 mm sections and placed in separately labelled microtubes (1.5 mL centrifuge tubes). A 5.25% sodium hypochlorite solution was used to extract the sclerites by bleaching in microtubes for 12–24 hours. After this process, sclerites were washed several times in distilled water. They were then stored in 70% ethanol (Janes 2008). Around 100–150 sclerites were siphoned out of the microtubes using pipettes and dropped on respectively labelled microscope slides. Slides were mounted using DPX mounting medium (Zaharatul 2014).

Octocorals Identification

In identifying octocorals, firstly, morphological characteristics of the octocorals and gorgonians; such as the colour, size, shape, and form of the sampled specimens were examined and compared. Underwater images are especially important because soft corals emit different colours in the water.

Another key for identification is the examination of the sclerite shape, colour, and size. Extracted sclerites mounted on slides were observed under compound light microscope (model: Olympus CX41; camera: Olympus DP21) under 100× and 400× magnification, as well as under scanning electron microscope (SEM) (model: Leo Supra 50 VP Field Emission SEM). The shape of sclerites (refer to Fig. 1) were captured for identification.
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Figure 1: Images from scanning electron microscope of different sclerite shapes: a) thornscale, b) spindle, c) bent spindle, d) rod-shaped, e) double-club head, f) double-cone head, g) girdled spindle and h) eight-radiate.



In order to simplify the identification process, the following sequence of keys was used: (i) the identification of the external form and colouration (the soft corals are polyps or colonial); (ii) fundamental structure of colonies (membranous, encrusting, massive, lobate, digitate, arborescent, fan-shaped, bushy, and unbranched); (iii) the colonies (monomorphic or dimorphic); (iv) the arrangement of polyps; (v) the external form (colour and size of autozooids in expended and contracted conditions including form and colour of tentacles); and (vi) arrangement of sclerites (form, size, colour).

RESULTS

A total of 23 specimens were sampled, yielding 4 sub-orders, 9 families, and 15 genera of octocorals. All specimens collected were identified up to genus level except for one (sample #23) which was classified as unknown as it was hard to identify due to its unique morphology and the absence of sclerites. However, this specimen was the only specimen that changed its colour during the oxidation process. The dark reddish-brown coloured specimen turned gold and shiny. Table 1 depicts the summary of the identified genera and their associated characteristics.


Table 1: Summary of identified genera and their associated characteristics of samples collected from islands in the Northern Straits of Malacca.
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DISCUSSION

Keys to identify soft corals were adapted from Soft Coral and Sea Fans by Fabricius and Alderslade, 2001. The keys were created based on soft corals’ morphology and their unique characteristics. These keys are also been confirmed by by Hoeksema and van Ofwegen (n.d.).

Alcyoniidae is a dominant family of soft corals found in this study. A few locations in the Indo-Pacific such as the Great Barrier Reef (Fabricius & De’ath 2001), South Africa (Schleyer & Celliers 2003), southern Taiwan (Dai 1991; Benayahu et al. 2004) and Thailand (Chanmethaku et al. 2010) were reported to have a high diversity of Alcyoniidae family. Correspondingly, identified octocorals from the study region had some similarities with those found in a survey done by Chanmethaku et al. (2010). Their survey covered both the Andaman Sea and the Gulf of Thailand. Nineteen genera of octocorals were found in the Andaman Sea; with the three dominant genera being Sinularia, Dendronepthya, and Sarcophyton. Two of which were also identified in the current study. In a much earlier study done at Cape Ricardo, Port Dickson (also located along the Straits of Malacca) in 1981, Goh and Sasekumar found that hard corals dominated the reefs in the survey area with 35 sclerectinian (hard coral), 1 milliporinid and 5 alcyonaceans (soft corals). The five alcyonaceans identified were three species of Lobophytum, one species of Sinularia and one species of Sarcophyton. These studies show that the pool of soft corals in the region are similar, which shows the distribution of the soft corals in the region.
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Abstract: Paederus fuscipes Curtis is a nocturnal insect. The attractiveness of artificial light sources from residential premises eventually causes the risk of severe dermatitis effect, once Paederus is in contact with human skin. The objective of this study is to investigate whether the light and height factors of residential buildings and its’ association to rice cultivation phases are primary reasons for P. fuscipes’s mass dispersal into human residential areas. The study site was located in residential premises that were built adjacent to rice field areas (≈ 32–60 m and 164 m) north of the rice field located in Teluk Air Tawar, mainland of Pulau Pinang. Overall, both light sources and rice cultivation phases caused a significant effect for P. fuscipes beetles dispersal flight to invade human settlements. More P. fuscipes were captured near the bright light source with the highest number of beetles found during harvesting stage. Whereas, significantly higher number of P. fuscipes were captured at level 2 and 3 compared to ground and level 1 of the apartment building and P. fuscipes was also found significantly affected by the rice cultivation phases at different elevation levels. This indicates that bright light sources and higher elevation levels are the main factors in attracting P. fuscipes beetles to disperse and causes infestations in residential areas. This finding could create awareness among the public on P. fuscipes dispersal pattern.

Keywords: Rove Beetle, Rice Field, Fluorescent Light, Paederus Dermatitis

INTRODUCTION

Rove beetle from the family Staphylinidae is a large family of insects found all over the world with over 47,744 described species in 3,847 genera and 31 subfamilies (Herman 2001). About 650 described species of the Paederus rove beetles are extensively distributed globally (Willers 2003) with the exceptions of Antarctica (Frank & Kanamitsu 1987). In Asia, outbreaks of acute dermatitis were recently spotted at Egypt (Awad et al. 2013), China (Ma et al. 2009), India (Toppo et al. 2013), Nepal (Panta & Poudyal 2013), Thailand (Ekburanawat & Jakreng 2011), and Malaysia (Bong et al. 2013). The prevalent species of Paederus in Malaysia is Paederus fuscipes and it is locally known as “Charlie” which is normally found in the rice field area (Manley 1977). P. fuscipes is an insect of public health concerns as these detrimental small creatures are known to produce pederin compound (Nikbakhtzadeh & Tirgari 2008) which is more potent than cobra venom. Large numbers of P. fuscipes infestation has remarkably caused serious public health threat as they swarm during certain rice seasons and caused considerable Paederus dermatitis (PD) outbreaks, a skin blistering condition. Massive explosion of P. fuscipes into human dominated areas from their natural rice field habitat is due to their attraction towards bright lights from the cities. Not a lot of research has been done on the P. fuscipes species in Malaysia. Previous study by Bong et al. (2013) revealed that residential premises that are found close to the rice field areas have higher chances of Paederus infestation especially during harvesting stage, due to human activities in rice fields. But little are known on the attraction factors for their flight dispersal. Hence, by doing further research on the ecology, biology and behaviour of these rove beetles we could prevent or reduce serious health threat such as the erythematous skin lesion and avoid from being a victim of PD in the future.

MATERIALS AND METHODS

Study Site and Methodology

P. fuscipes sampling started in October 2013 until March 2014 that consisted of five months sampling period (10 times biweekly Paederus collection) during the main rice season (ploughing, seeding, growing, and harvesting stage) which was throughout the wet period of the year. The temperature falls between 25°C and 27°C with relative humidity of 80% and 95% at night. The study site was three land houses and in a three storey apartment which were located at Jalan Sejahtera, Teluk Air Tawar, Butterworth, Pulau Pinang (5° 29′ 9.3171″ N, 100° 23′ 1.3012″ E).

Effects of Light Intensity

Three sticky traps were placed on each selected different light sources: (1) no light source; (2) low light source; and (3) bright light source in two same level positions: land houses and ground floor of an apartment.

Effects of Building Level

Six sticky traps were fixed on each floor of the three storey apartment building (Level 0, Level 1, Level 2, and Level 3) surrounding the fluorescent light. Overall, sticky traps were fixed surrounding fluorescent lights before nightfall at 6.30 pm. After 24 hours, first reading was taken and the subsequent readings were taken daily for three consecutive day biweekly.

Statistical Analysis

All data were tested for normality using SPSS version 20.0 software. Two-way analysis of variance (ANOVA) was used to examine: (1) the effect of light sources and rice cultivation phases; (2) the effect of building levels and rice cultivation phases on the presence of P. fuscipes. Further analysis of Post hoc multiple comparisons were calculated using the Tukey’s HSD test at α = 0.05.

RESULTS AND DISCUSSION

In total, 1,279 individuals of P. fuscipes beetles were collected throughout the course of 5 months sampling period. A significant different was found among all three different light intensity sources (F = 123.393; df = 2, 48; p = 0.000). P. fuscipes showed significantly higher attraction towards the bright light source (p<0.05; Fig. 1). The number of P. fuscipes captured at the bright light was with a total mean ± SD of 20.4 ± 25.92 individuals compared to low (0.6 ± 0.84) and no (0.3 ± 0.15) light sources. Bright light captured significantly higher number of P. fuscipes for all rice cultivation phase compared to the other two light sources (p<0.05; Table 1). Beetles were commonly captured near the bright light source due to the brightness (light intensity) and illumination (light flux density) that the beetles received most in the area surrounding the bright light. Our results, also found that during growing and harvesting stages, the number of P. fuscipes was significantly increased in all types of light sources (p<0.05; Table 1). However, greatest number of beetles was captured at the bright light source with mean of 21 ± 2.14 during rice harvesting stage. In contrast, the number of captured individuals near low and no light sources at harvest was with means of 0.67 ± 0.33 and 0.17 ± 0.17 respectively. Generally, most P. fuscipes was captured during the harvesting stage due to the disturbance in the rice fields by human activities such as cutting of rice stalks and straw burning (Bong et al. 2013). As P. fuscipes are predators of leafhoppers (Manley 1977), planthoppers and other small insects found in the rice fields, disruption to the insect’s habitat causes food/prey deprivation which ultimately caused them to migrate to areas nearby in search of food supply.
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Figure 1: Attraction of P. fuscipes beetles towards three different light intensity sources. Data were given in mean ± SE; bright light (n = 24), low light (n = 12), and no light (n = 24).

Note: Scale bars with same letters are not significantly different (Tukey’s HSD; p>0.05).




Table 1: Effects of three different light intensity sources and four rice stages on the dispersion of P. fuscipes beetles.



	Rice cultivation phase
	
Mean ± SE




	No light source

	Low light source

	Bright light source




	Ploughing
	0.17 ± 0.17aA

	0.00aA

	1.00 ± 0.52bA




	Seeding
	0.00aA

	0.00aA

	0.17 ± 0.17bA




	Growing
	0.17 ± 0.17aB

	1.33 ± 0.67aB

	11.83 ± 1.38bB




	Harvesting
	0.17 ± 0.17aB

	0.67 ± 0.33aB

	21.00 ± 2.14bB





Notes: The lowercase letter refers to the comparison between three different light intensity sources, whereas the uppercase letter refers to the comparison between four rice stages on the dispersion of P. fuscipes towards human habitations.
Mean values followed by the same lowercase letter within a row are not significantly different (Tukey’s HSD test; α = 0.05).
Mean values followed by the same uppercase letter within a column are not significantly different (Tukey’s HSD test; α = 0.05).

Flight activity of P. fuscipes differed significantly towards different building level of the three storey apartment (F = 41.290; df = 3, 32; p = 0.000) with significantly higher numbers on the highest level (46.9 ± 49.04) compared with the lowest level (11.8 ± 13.08) of the apartment (p<0.05; Fig. 2). More beetles captured at the top floor of the apartment were due to the flying adults regulating their flight height to evade impending obstacles. However, P. fuscipes flights were also affected by the wind. According to Chapman et al. (2003), most insects particularly those passive fliers take benefit of the wind factor to fly at heights of more than a few hundred meters above the ground level that inadvertently involved them in high-altitude flights. The number of P. fuscipes was found affected by the rice cultivation phase on each elevation level with highest number of beetles captured was during the harvesting stage (p<0.05; Table 2).
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Figure 2: Attraction of P. fuscipes beetles towards different building level of a three storey apartment. Data were given in mean ± SE (n = 12).

Note: Scale bars with same letters are not significantly different (Tukey’s HSD; p>0.05).




Table 2: Effects of different building level and four rice stages on the dispersion of P. fuscipes.



	Rice cultivation phase
	
Mean ± SE




	Level 0

	Level 11

	Level 2

	Level 3




	Ploughing
	2.00 ± 0.58aA

	3.67 ± 1.76bA

	5.00 ± 1.00cA

	14.33 ± 0.33cA




	Seeding
	0.33 ± 0.33aB

	0.67 ± 0.33bB

	1.67 ± 0.33cB

	1.67 ± 0.33cB




	Growing
	14.67 ± 0.33aC

	28.33 ± 2.96bC

	50.00 ± 7.37cC

	50.33 ± 5.78cC




	Harvesting
	22.33 ± 3.33aD

	36.67 ± 3.18bD

	73.00 ± 10.02cD

	89.67 ± 7.31cD





Notes: The lowercase letter refers to the comparison between different building levels, whereas the uppercase letter refers to the comparison between four rice stages on the dispersion of P. fuscipes towards human habitations.
Mean values followed by the same lowercase letter within a row are not significantly different (Tukey’s HSD test; α = 0.05).
Mean values followed by the same uppercase letter within a column are not significantly different (Tukey’s HSD test; α = 0.05).

CONCLUSION

P. fuscipes dispersion from the rice field towards human residential areas was primarily stimulated during the rice’s harvesting stage. Other than that, residential premises nearby rice fields caused P. fuscipes to disperse towards the bright fluorescent light and as their flight course were found at a higher altitude to avoid impending obstacles, more beetles were captured at the higher building level. Further studies need to be conducted to determine the effects of abiotic factors on P. fuscipes onset flight period and the spectral light wavelength to which P. fuscipes is most receptive, to understand their preference for the types of artificial light sources that are commonly used by Malaysian residents.
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Abstract: Dansai District is located in Loei Province, Northeast Thailand, rich in natural resources and composes of many kinds of forests, such as evergreen forests and mixed-deciduous forests. The objectives of the study are to determine the diversity of mushrooms and investigate the values of the forest influencing the community way of life and exploration of problems and guidelines for developing the forest along with sufficiency economy theory. The study includes compilation of data from past studies, semi-structured interview with the local communities and discussion with focus group. The survey was done once a month during the rainy season from May to August in 2012 and 2013. The results of the survey revealed 56 species belonging to 26 families, 38 genera. A total of 52 mushroom species belong to Basidiomycota, while 4 species belong to Ascomycota. The community forest remains fertile due to the conservation effort by the community leaders and a group of villagers. A community forestry board were set up to conserve the forest and proposed to the government at Dansai Vocational Community College to officially declare the forest as a formal community forest. The conservation management relied upon the kinship relations, seniority, and religious belief along with the enforcing authorities. If an encroacher is found, he would be fined according to the regulations and defamed publicly. However, encroachment still exists. In general, community forest is valuable and directly affected the villagers’ ways of life in which they could generate income from the forest, particularly reducing the daily expenses and promoting their sociocultural perspective.

Keywords: Mushroom, Conservation, Sufficiency Economy, Community Forest

INTRODUCTION

The remaining forest area in Loei Province, Thailand is estimated at approximately 7,893.54 km2 or around 4,933,462.5 Rai (in 2012) which consists of dry evergreen forests and high mountains at about 300–600 m above the mean sea level (Information Center, Loei Technical College, 2012). Na Haeo District, whose border is connected to Dan Sai District of Loei Province, is rich in plants, animals, bacteria, and mushrooms. However, up-to-date research on biodiversity of wild mushrooms in this area is scanty. Thus, investigation on biodiversity of wild mushrooms and utilisation of natural resources from the forests is of great importance. Nowadays, many edible mushrooms have been scientifically tested in order to search for their bioactive compounds as free radical antioxidants, including Bod mushroom (Fangkrathok et al. 2013), Khon Khao mushroom (Attarat & Phermthai 2015), Na Muang mushroom (Gao et al. 2000; Zhao et al. 2011), Pluak mushroom (Cone mushroom) (Boonyanuphap & Hansawasdi 2011), Hing Kuek Ma mushroom (Judprakob et al. 2013) or even Lingzhi mushroom (Ganoderma sp.) (Li et al. 2013; Chen et al. 2014). Dansai is recognised as one of the areas that are noted for their greatest abundance of mushrooms, in which the villagers gain their living by foraging for wild edible mushrooms. At present, the success of the new cooperative organisations in the northeast of Thailand is based on the traditional unit of villages through communal rituals of guardian spirits, whose realm defines the community. More importantly, since Thailand emphasised economic growth through exploitation of its rich natural resources base at the expense of environmental and social consequences, Dansai has encountered a rapid decline in wild edible mushroom populations. The environmental degradation due to this exploitation has been devastating and the loss of large areas of forest has left rural people poorer, less self-sufficient, and with fewer opportunities. With this regard, sustainable development for improving the quality of life for the villagers while maintaining mushroom populations is needed. Before setting out the implementation plans for the sustainable strategy, the information pertaining to the mushroom biodiversity and the villagers’ way of life is required. Therefore, this study was carried out to investigate the existing biodiversity of wild edible mushrooms along with the villagers’ way of life and the conservation effort made by the community in Dansai to establish the strategies for sustainable exploitation of wild edible mushrooms and also to improve the villager’s quality of life.

MATERIALS AND METHODS

The Collection of Mushroom Samples

The mushroom survey was conducted with 20 replications covering 3 areas of community forest in Dansai District from May to August 2012 and from May to August 2013, coincided with the rainy season (Fig. 1). Every mushroom was collected and its habitat conditions were recorded. The samples were photographed using Canon 600D camera. The physical factors including temperature (30°C–35°C), light density (16.8–17.0 MJ/m2) and relative humidity (80%) were noted. In addition to the mushroom samples collected from the community forest during the survey, mushrooms were also gathered and bought from the villagers who went into the forest in Dansai for mushroom foraging. The details of the mushroom collection for the classification at the species level are as follows (Arora 1986; Stamets 2005; Orson et al. 2006; Webster & Weber 2007; Fereira 2010):

1)     Various characteristics of easily-perishable mushrooms were recorded, including the liquid that leaked out when the mushrooms were torn, the change of colours of each part of the mushrooms and the colours of the bruises.

2)     Other related ecological information was also recorded, including the trees that were found near the ground where the mushrooms grew, the types of forests, the nature of the mushrooms’ development as well as the photos of the mushrooms in their natural habitats. After the mushrooms were brought to the laboratory, their visible physical features were described and the photos of the mushrooms were taken.

3)     The mushroom samples were then made dried using a hot air oven at approximate temperature of 50°C. When the samples were dry, they were placed in transparent plastic boxes with silica sand inside to prevent insect infestation. The mushroom samples were labelled with their names, sources, date of survey, names of collectors, and examiners. Then, they were stored in the mushroom museum’s cabinet.

Identification of the Roles and Functions of Mushrooms in Ecosystems

Identification of the roles and functions of mushrooms in ecosystems and habitats was done by observing the substrates that each mushroom species attached to during the field survey (Sakolrak et al. 2010). The studied mushrooms can be classified as follows:

1)     Saprophytic mushrooms, which can be noticed by their attachment to dead leaves or plants.

2)     Mushrooms that have relationships with other creatures, which can be divided into:


	Ectomycorrhizal mushrooms, which grow directly on the soil.

	Termite mushrooms that have relationships with termites or Cone mushrooms, which can be noticed from their features.


3)     Plant parasitic mushrooms, which grow on living trees but in deteriorating conditions with other mushrooms growing on them.

4)     Unknown function mushrooms, which are the ones that cannot be diagnosed and their origins cannot be clearly specified.

The local wise men and villagers whose daily life is involved in mushroom foraging and forest conservation were interviewed with the help of a semi-structured schedule. The subjects were asked to describe about the average consumption frequency of mushrooms, the way of getting mushrooms (forest or local market) and the number of mushroom species that were cooked for one meal. This qualitative research was conducted and data were gathered from past studies. Participatory Rural Appraisal (PRA) techniques and intensive group discussion were included in this study to gain knowledge from the villagers, who have planned to conserve the forest for sustainable exploitation of wild edible mushrooms (Fig. 2). With this regard, problems pertaining to a decline in mushroom population were identified and the strategies of natural exploitation of natural resources were established.
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Figure 1: The community forest at Dansai District, Loei Province, Thailand.
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Figure 2: The discussion between the leaders of the community with his people in the village.



RESULTS AND DISCUSSION

The results of the survey revealed a total of 56 species of mushrooms, belonging to 26 families, 38 genera. Basidiomycota comprises 52 mushroom species in total while Ascomycota comprises 4 mushroom species. Based on their roles and functions in ecosystems, the mushrooms collected from the forest of Dansai could be classified into 25 saprophytic mushrooms, 20 ectomycorrhizal mushrooms, 4 termite mushrooms, 4 plant parasitic mushrooms, and 3 unknown role and function mushrooms. The results obtained in the present study showed that the community forest remains fertile and is appropriately conserved by the community leaders and a group of the villagers who set up a community forestry board and proposed to the government at Dansai Vocational Community College to officially declare the forest as a formal community forest. Moreover, the mushrooms in the forest of Dansai were found to be diverse. Since mushrooms provide direct benefits to the forest by setting in motion of the ultimate return of the organic building blocks to the ecosystem for reuse, the mushroom diversity data are important in this research due to the fact that diverse mushrooms can build soil fertility and sustainability for the forest trees.

During the field survey and the collection of wild edible mushrooms in the community forest in Dansai in 2012–2013, the climate in both years varied constantly and discouraged the growth of mushrooms. Heavy rain in the first year caused mushrooms to grow and decompose quickly, and therefore, only a small number of mushrooms were collected for classification. In the following year, the long period of drought which lasted quite long in the rainy season was the cause of very limited amounts of mushrooms or even none. Because the mushrooms collected in 2012–2013 were quite rare due to unfavourable growth conditions, the mushrooms found are less diverse than those found in the past years, as informed by the villagers.

According to the interview, the conservation management relies upon the kinship relations, seniority, and religious belief along with law enforcement. Should any encroachers be found, they would be fined according to the regulations and publicly defamed. However, forest encroachment by the villagers is identified as the main problem despite such strict regulations. To deal with this problem, encouraging the villagers to come to realise the importance of forest and biodiversity should be one effective way to conserved to community forest for sustainable exploitation of wild edible mushrooms.

Even though the conservative forest “Community Forest” movement has become more increasingly active in Thailand, Thai society is indeed facing a turning point. Thailand is searching for a more sustainable mode of forest use than the cultivation of forest frontiers shared by most rural societies. The past protected area management system which emphasised the ownership and control of forest by the state and overlooked the interaction between human and resources has failed because the annual rate of deforestation in Thailand is still as high as 2.6%. Therefore, people in the community rather than technology should be the target and the government turns to aim at introducing a new approach for protected area management that would involve local people in the process, for example, a case of buffer zone management through collaborative efforts at the south-eastern corner of the buffer zone of community forest, in the Northeast of Thailand.

This strategy has also been introduced to conserve the community forest in Dansai, in which Participatory Rural Appraisal (PRA) techniques including secondary data study, physical survey, participatory meeting, and semi-structured interviewing were employed in data gathering throughout the project. In this context, the villagers were informed of the contribution of wild mushrooms to the forest fertility and encouraged to forage for mushrooms in the right season in order to enable sustainable exploitation of natural resources. This study suggests that there is a chance to create a better understanding among rural people of the importance of forest and nature conservation that will lead to a better management of natural resources in the future.
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Abstract: The influence of the cool and warm temperatures on early life development and survival of tropical oyster, Crassostrea iredalei was studied. D-hinged larvae (day 1 larvae) were reared to three different temperatures (20°C, 27°C, and 34°C) for nine days. Oyster larvae reared in temperature 27°C, acted as control (ambient temperature). The highest survival rate occurred when the larvae were reared in 20°C and 27°C. Larvae reared at 34°C exhibited reduced survival but increase in the growth rate. The growth rate in larvae reared in high temperature (34°C) was significantly higher compared to larvae reared in 20°C and 27°C (p<0.05). The results from the present study indicated that tropical oyster larvae, C. iredalei had faster growth rate at the high temperature (34°C). However, the larval survival was decreasing according to days. There is no significant difference in the larval growth and survival in lower temperature (20°C) and control condition (27°C).

Keywords: Tropical Oyster, Global Warming, Larvae, Early Development

INTRODUCTION

Tropical oyster, Crassostrea iredalei has been commercially culture in most of the oyster farms in Southeast Asia countries such as Malaysia, Thailand, Philippines, and Vietnam. As an intertidal and tropical species, the tropical oyster, C. iredalei is able to tolerate to varying abiotic conditions. However, the temperature range for survival and growth of this tropical oysters has not been evaluated. There is an increase in demand for hatchery produced oyster spat lately. However, the global warming and increase of seawater temperature rise had increased the energy demand of the bivalves and reduced the production (Petton et al. 2013). According to Scavia et al. (2002), the continuous increases in ocean temperatures projected to occur this century will impact marine life. Primary productivity, stratification and organism physiology will be affected by the increase of temperature in seawater. Temperature is a vital factor that influences the larval development, survival, and spawning of most of the marine invertebrate (Eversole 2001; Barber & Blake 2006). Higher temperature in the ocean can triggered bivalve larvae to be exposed to other environmental factors such as ocean acidification (Cherkasov et al. 2010). Small fluctuation of the seawater temperature will depress the rate of the survival and development of bivalve larvae (Loosanoff 1965; Fritz 2001; Cragg 2006). This study aims to investigate the tolerance level and the effects of lower and higher seawater temperatures on the growth and survival rate of the tropical oyster, C. iredalei larvae.

MATERIALS AND METHODS

Experiments were conducted at Swire Institute of Marine Science (SWIMS) located in Hong Kong on the southern part of Cape D’ Aguilar. Healthy ripe tropical oyster, C. iredalei were used for this experiment. The gametes of the oysters were obtained by “strip spawning”. Eggs were washed through a 80 µm nitex mesh to separate the debris, collected on a 30 µm nitex mesh and subsequently pooled. The sperm was washed through 20 µm to remove the debris and was pooled. Sperm was mixed with the mature eggs. The density of the embryos were calculated using a Sedgewick rafter. Feeding was started when the embryos reached the D-hinged stage in Day 1. The larvae were fed with monoculture of microalgae Isochrysis galbana.

The effects of temperature on the tropical oyster larval rearing was studied by growing the larvae in different temperatures. i.e. 20°C (maintained by using water cooler), 27°C (control, ambient water temperature), and 34°C (kept constant using immersion water heater system). These temperatures were maintained constant throughout the rearing duration. Each of the experimental unit for temperature consisted of four replicates using 5.5 L bottles with 5 L of 0.22 µm filtered seawater. Day one D-hinged larvae were stocked at an initial density of 20 larvae mL–1. Seawater in each of the bottle was changed every 48 h. From the four replicates for each treatment, 1 mL subsample were collected to estimate the larval survival every water change. Furthermore, shell area of 30 larvae were measured from the subsample by using Image J. The same procedure was conducted out for each treatment. The experiment was terminated when the larval survival was less than 10%. The growth and survival of the larvae were recorded.

Larval performances were analysed by one-way analysis of variance followed by Least Significant Difference test (LSD); where necessary data were arcsine transformed to achieve homogeneity of variance using Statistix 9.0.

RESULTS

Larval Growth and Morphology

Increased in temperature had affected the morphology and growth of the larvae. There was a significant difference between the larval size reared in higher temperature (34°C) and the control (27°C) and lower temperature (20°C). The fitted regression lines and scatter plots between the shell growth (µm) and days. The corresponding fitted equation and the r2 values for each temperature treatment was shown in Figure 1. The overall larval growth increased with the increase in water temperature. Shell growth were 191.27 ± 53.07, 260.04 ± 70.21, and 404.43 ± 54.52 µm day–1 for 20°C, 27°C, and 34°C, respectively. The overall growth rate at 34°C was significantly higher compared to other temperatures, including control (p<0.05).
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Figure 1: Regression lines of shell area for the effect of temperature on C. iredalei larval growth.



Larval Survival

Survival percentage was estimated at Day 1, 3, 5, 7, and 9. The experiment was terminated when the percentage of the larval survival was less than 10% (temperature 34°C: Day 7, <10%; temperature 20°C and 27°C: Day 11, <5%). Survival of tropical oyster larvae, C. iredalei cultured in the lower temperature (20°C) and ambient temperature (27°C) was higher than the survival of larval cultured in higher temperature (34°C) (Fig. 2). The survival of oyster larvae cultured in higher temperature decreased significantly from Day 1 to Day 3. The tropical oyster larvae showed no significant difference when cultured in lower temperature (20°C) with ambient seawater temperature (p<0.05).
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Figure 2: Effect of different temperatures on the percentage of larval survival in C. iredalei (mean ± SD; n=4).



DISCUSSION

The outcomes of the experimental larval rearing at three different temperatures demonstrated an immediate relationship between temperature and larval growth. In this study, larval growth rate increased and survival rate decreased when the larvae were cultured in high temperature (34°C). According to Widdows (1973), growth rate of bivalve larvae increases with an increase in temperature. However, Nair and Appukuttan (2003) studied on the effects of temperature on green mussel survival showed that green mussel larval cannot survived under temperature higher than 32°C. According to Nair and Appukuttan (2003), there are no study reported bivalve larvae surviving at the temperature more than 32°C. However, based on the study of Kheder et al. (2010), there are no effect of temperature was found on larval survival in oyster, Crassostrea gigas. This is different from the results of this study. Based on the study of Loosanoff and Davis (1963), the higher growth rate observed in bivalve larvae cultured in higher temperature mainly reflected on feeding, larvae have better assimilation of enzyme for feed digestion. Tropical oyster larvae are more tolerance in higher temperature compared to other bivalve larvae. According to Petton et al. (2013), the low temperature (approximately 13°C) reduced the mortality of the Crassostrea gigas larvae. There was no extensive research been conducted on the temperature impact of larval rearing of C. iredalei. No work has been carried out specifically on the temperature requirements of C. iredalei larvae for growth and survival.

CONCLUSION

The results from the present study indicated that tropical oyster larvae, C. iredalei had faster growth rate and higher tolerance level toward high temperature (34°C). However, the larval survival was decreasing according to the exposure time. There is no significant difference in the larval growth and survival in lower temperature (20°C) and control condition (27°C).
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Abstract: To understand the effects of fish predator’s kairomones on Aedes mosquitoes’ oviposition, we established an experiment using gravid Aedes females. Kairomones concentrations were established using Hampala macrolepidota. One individual fish was placed inside containers with varying water levels (1 L, 5 L, and 10 L of water). The fish were kept in the containers for 24 hours and were removed immediately at the start of each trial in order to have the kairomones remnants. Twenty gravid adult females of Aedes aegypti and Aedes albopictus were allowed to lay eggs on oviposition site with various treatments: (1) control without any kairomones; (2) kairomone remnant in 1 L of water; (3) kairomone remnant in 5 L of water; and (4) kairomone remnant in 10 L of water. There are significant differences between the numbers of eggs laid by both Aedes species for each different treatment (F = 9.131, df = 16, p<0.001). However, fewer eggs were laid by Ae. albopictus compared to Ae. aegypti in the presence of kairomone remnants. This suggested that Ae. albopictus are significantly affected by the kairomones itself and have ability to detect the residual kairomone presence from H. macrolepidota.

Keywords: Aedes albopictus, Hampala macrolepidota, Kairomone, Mosquito, Predator

INTRODUCTION

Regardless of the control efforts done by various parties, mosquitoes (Diptera: Culicidae) still plays a major role in transmitting vector borne diseases in many parts of the world, with over 1 million cases of death in children annually involving malaria (World Health Organization 1999; Breman 2001) and the outbreak of dengue fever and dengue haemorrhagic fever worldwide due to spreading of vector Aedes aegypti and Aedes albopictus with recently estimate of 390 million dengue infections per year (Bhatt et al. 2013). Reckless and unmanaged practice of chemical insecticide in pest management sector has given rise to resistance problems in insect (Rafikov et al. 2009; Wijesinghea et al. 2009; Nyamah et al. 2011). Studies showed that in Malaysia, Ae. aegypti has developed temephos resistance (Lee 1991), while Ae. albopictus was found to be resistant towards DDT and permethrin (Wesson 1990). Since chemical insecticidal approach causes much worry over increasing resistant traits in mosquitoes, not to mention the impact they posed on the environment, biological control has received much attention and interest as an alternative management action on mosquito borne diseases’ vector (Collins & Blackwell 2000; Focks 2007; Wijesinghea et al. 2009; Nyamah et al. 2011). Fish predator especially Gambusia species has been one of the interest in biological of mosquitoes and identified as significant predator with wide range of habitat (Griffin 2014). Here, we tested the effectiveness of kairomones remnant from Malaysia endemic predatory fish, Hampala macrolepidota on oviposition site choose by two species of dengue and dengue hemorrhagic fever vector; Ae. albopictus and Ae. aegypti.

MATERIAL AND METHODS

A series of experiments to investigate the effects of H. macrolepidota predatory fish kairomone on Aedes’ oviposition was conducted under field condition at School of Biological Sciences, Universiti Sains Malaysia with temperature of 30±2ºC, 65±10% RH and 12L:12D. A total of 20 full gravid females of Ae. albopictus and Ae. aegypti, aged 2–3 days old were placed separately in mosquito cages sized 30 × 30 × 30 cm. Two days after emergence, these mosquitoes were provided blood meal from white mice prior to dusk. Oviposition medium which was made of a cone-shaped filter paper fixed in Petri dish was utilised in this experiment as oviposition sites for mosquitoes. Treatments were established as follows with discrepant kairomones concentration: (1) 1 L; (2) 5 L; (3) 10 L; (4) without kairomones (only seasoned water) served as control. Kairomone were established by accommodating one predatory Hampala fish into different water levels of 1 L, 5 L, 10 L, and 10 L for 24 h prior to experiment in order to have different kairomones concentrations. Approximately of 10 mL of kairomones remnant from Hampala fish was used to moisten the oviposition medium for everyday throughout this study. A total 5 mL of kairomones was added in the morning (0900) and evening (1800). The oviposition medium was observed daily for the presence of eggs deposited and replaced with a new one until no more eggs were laid by Aedes mosquitoes. The number of eggs deposited will be counted using light microscope and recorded. These studies were replicated three times for each replicate. Data were tested for normality using a one-sample Kolmogorov-Smirnov test. All data were log transformed prior to analysis to satisfy the assumptions of ANOVA. Data were then analysed using Repeated Measure General Linear Model analysis, which within subject factors types of treatment (1 L, 5 L, 10 L, and control), mosquito species (Ae. albopictus and Ae. aegypti) and oviposition day (day 1 and day 2).

RESULTS

There were significant differences on the number of eggs oviposited by both adult females Ae. albopictus and Ae. aegypti (F = 78.35, df = 1, p = 0.000; Table 1). Similarly, significant differences were also detected in all treatment tested for both species (F = 9.13, df = 3, p = 0.000). Thus, female Ae. albopictus and Ae. aegypti appeared to choose non-treated oviposition site when laid their eggs and avoided oviposition sites with H. macrolepidota’s kairomones in it due to sense of predator. Other than that, it seemed that Ae. aegypti delayed to oviposit their eggs until day 2 in the presence of kairomone remnant from Hampala fish (Fig. 1), whereas Ae. albopictus completed their oviposition on day 1. In 10 L of kairomone, Ae. aegypti continued to lay significantly more eggs on day 2 under single bloodmeal as compared to other treatments of 1 L and 5 L kairomones (Tukey post-hoc; p<0.05). This maybe due to Ae. eagypti sense is less threatening from fish predator after the second day as the kairomones become less strong by the day which allowed mosquitoes to fully oviposit their eggs. Significant differences were also recorded between days of oviposition by female Aedes mosquitoes (F= 416.79, df = 1, p = 0.000). These results suggested that both Ae. albopictus and Ae. aegypti oviposition behaviour was altered in the presence of H. macrolepidota fish, either reduced the number of eggs oviposited or delayed their oviposition.


Table 1: Results of repeated measure ANOVA are examining the cumulative number of Ae. aegypti and Ae. albopictus in response to different types of H. macrolepidota kairomones treatments and days of oviposition.



	Source
	F

	df

	MS

	Significance




	Species (S)
	78.35

	1

	8.75

	0.000




	Treatment (T)
	11.88

	3

	1.181

	0.000




	Days (D)
	416.79

	1

	41.42

	0.000




	S × T
	9.13

	3

	1.02

	0.001




	S × D
	59.73

	1

	6.64

	0.000




	S × T × D
	13.72

	3

	1.53

	0.000




	Species × subject within groups
	

	16

	0.11

	




	Species × subject between groups
	

	16

	0.09

	





Notes: df = degree of freedom, MS = mean squared value. Significant values are in bold. Data were log transformed prior to analysis.
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Figure 1: The effects of fish predator (H. macrolepidota) on the number of eggs deposited ±SE by Ae. aegypti and Ae. albopictus.



DISCUSSION

This study has predicted that both Ae. albopictus and Ae. aegypti females will alter their oviposition behaviour in response to H. macrolepidota predatory fish’s kairomones. This prediction is based on a few studies that found evidence that alteration on mosquito oviposition may happen when facing with the presence of predators or its kairomones (Blaustein et al. 1995; Blaustein 1998; Blaustein et al. 2004; Kiflawi et al. 2003; Eitam & Blaustein 2004; Blaustein et al. 2005). A study by Barendonk (1999) also found that not only mosquito, but adult aquatic insects, Chauborus as well avoided to oviposit in waterbodies that contains fish kairomones. However, there is some anomaly to this theory sometimes. For instance, Culex pervigilans mosquitoes do not modify their oviposition pattern though the existence of a predator due to kairomones release by Anisops predator is not strong enough to mark their presence in water bodies (Zuharah & Lester 2010).

Most of the terrestrial adult insects will turn on the water to oviposit their eggs and it is important to find a suitable and safer place to oviposit their next progeny (Berendock 1999). In our recent study, we found evidence that Ae. albopictus and Ae. aegypti oviposition pattern was influenced by the presence of H. macrolepidota fish kairomones. Even 10 mL of kairomones from the lowest kairomones concentration of 10 L can reduce the number of eggs oviposited by both Aedes species. Only a small amount of kairomones may alert and give a strong alarm to the female mosquitoes in the presence of predator and avoid to oviposit in this particular oviposition site. This selection should favour Aedes mosquito female adults on alteration of oviposition behaviour to maximise the survival of their juvenile.

In regards to the kairomones, mosquitoes such as Culiseta longireolata can detect chemical from Notonecta for up to 8 days after their removal from the pools (Blaustein et al. 2004). Thus, it seems reasonable that Ae. aegypti had delayed their oviposition on day 2 for all concentration tested, but it did not happen to Ae. albopictus. The way Ae. albopictus dealt with this kairomones was different from Ae. aegypti, with less number of eggs were deposited by Ae. albopictus due to pressure from this fish predator. Therefore, modification of behaviour regarding to oviposition is very essential for mosquitoes to ensure there is a continuous flow of generation without being extinct.

In conclusion, with the presence of H. macrolepidota fish predator, the number of mosquitoes in water bodies will be decreased. Other than become a predator, the kairomones remnant from the fish is enough to reduce the number of Aedes mosquito larvae in water bodies. Therefore, this fish predator can act as one of the potential biological controls for controlling the rising of dengue fever cases in the future.
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Abstract: Spheroids have been shown to recapitulate the tumour in vivo with properties such as the tumour microenvironment, concentration gradients, and tumour phenotype. As such, it can serve as a platform for determining the growth and invasion behaviour pattern of the cancer cells as well as be utilised for drug sensitivity assays; capable of exhibiting results that are closer to what is observed in vivo compared to two-dimensional (2D) cell culture assays. This study focused on establishing a three-dimensional (3D) cell culture model using the Nasopharyngeal Carcinoma (NPC) cell line, HK1 and analysing its growth and invasion phenotypes. The spheroids will also serve as a model to elucidate their sensitivity to the chemotherapeutic drug, Flavopiridol. The liquid overlay method was employed to generate the spheroids which was embedded in bovine collagen I matrix for growth and invasion phenotypes observation. The HK1 cells formed compact spheroids within 72 hours. Our observation from the 3 days experiments revealed that the spheroids gradually grew and invaded into the collagen matrix, showing that the HK1 spheroids are capable of growth and invasion. Progressing from these experiments, the HK1 spheroids were employed to perform a drug sensitivity assay using the chemotherapeutic drug, Flavopiridol. The drug had a dose-dependent inhibition on spheroid growth and invasion.

Keywords: 3-dimensional Spheroid, Nasopharyngeal Carcinoma, HK1 Cell Line

INTRODUCTION

Nasopharyngeal carcinoma (NPC) is a cancer that affects the nasopharynx. NPC affects the nasopharynx but the common region whereby NPC develops is the posterior and superior region in the pharyngeal recess (Fossa of Rosenmüller) (Hoe 1989). Based on the Malaysian National Cancer Registry 2007, NPC is the fourth most common cancer in Malaysia and third most common cancer affecting men (Omar & Ibrahim Tamin 2011). The endemic proportion of NPC in Malaysia calls upon research into this area especially in terms NPC therapeutics. We intend to elucidate the drug sensitivity of NPC against several chemotherapeutic drugs and small molecule inhibitors, however to do so, we need to establish the 3D model which is a model that mimics the tumour architecture and phenotype as previously shown in melanoma studies (Lucas et al. 2012).

The xenograft model on the other hand, is an animal model with complex extracellular matrix and living components that allows for a more physiological environment compared to the artificial 2D platform but its complexity becomes a disadvantage especially when the multiple variables makes it difficult for researchers to evaluate the effect of particular variables on the tumour phenotypes (Smalley et al. 2006; Smalley et al. 2008) and the fundamental basis of the model being animal origin could offer different results than as seen with the preclinical tests.

The 3D model offers a solution in terms of mimicking the tumour architecture with the versatility of the artificial component and the tumour in vivo with accurate phenotypes (Smalley et al. 2006; Smalley et al. 2008). The 3D model also functions as a platform that describes the growth and invasion characteristics of a tumour. Thus there is critical need to actually have drug sensitivity assays performed on 3D models first as a pre-screening step for data and approximations before proceeding with xenograft studies for a more cost effective, time efficient and ethically accepted approach in drug sensitivity studies (Beaumont et al. 2014).

MATERIALS AND METHODS

Cells and Cell Culture

The HK1, EBV-negative (Huang et al. 1980) NPC cell line was maintained in RPMI-1640 medium supplemented with 10% heat-inactivated foetal bovine serum (FBS), 10 U/mL of penicillin and 10 μg/mL streptomycin (Gibco) and cultured at 37°C in a 5% CO2 humidified incubator. The cell line was authenticated using AmpFISTR profiling as described (Daker et al. 2012). Experiments were performed within 2 passages of the foundation stocks.

Generation of the 3D Spheroids from the NPC Cell Line HK1

NPC spheroids were generated using the liquid overlay method as described (Smalley et al. 2006; Smalley et al. 2008). Once the spheroids were embedded into the bovine collagen I matrix, spheroids were either monitored for growth and invasion or treated with chemotherapeutic drug Flavopiridol (Selleckchem) at the concentrations indicated. Spheroids were stained with Calcein-AM (Molecular Probes) and Ethidium homodimer I (Molecular Probes) once experiment was terminated. Spheroids growth and invasion were quantified using the ImageJ (NIH, Bethesda, MD) and Axiovision LE software (Carl Zeiss Microscopy, GmbH, Germany).

RESULTS AND DISCUSSION

Establishment and Analysis of the 3D Spheroids Generated from the HK1 Cell Line

To employ the 3D spheroids to analyse the growth, invasion and drug sensitivity, we first established the spheroids from the NPC cell line HK1. We utilised the cervical cancer cell lines HeLa and CaSki as positive controls as these two cell lines were previously shown to form spheroid (data not shown).The HK1 spheroids formed compact and uniform spheroids within 72 hours [Fig. 1(A)]. The cadherin interactions with the ECM and itself, plays an important role in forming the compact spheroid in the biochemical basis (Lin et al. 2006). After generating the model, the spheroids were embedded into the bovine collagen I matrix to determine their growth and invasion phenotypes. This takes into consideration of the need for cell–cell contact between the tumour cells and a scaffold (Smalley et al. 2006; Smalley et al. 2008; Lucas et al. 2012). The HK1 spheroids grew and gradually invaded into the collagen matrix over 3 days [Fig. 1(B), (C), and (D)]. Calcein-AM stained the invading cells green and the dead core was stained red by Ethidium homodimer I [Fig. 1(B)].

Spheroid Growth and Invasion Inhibition with Flavopiridol

The 3D spheroid assay was employed to determine the effect of Flavopiridol on spheroid growth and invasion. Compared to standard endpoint drug sensitivity assays in 2D culture, this assay allows us to study the dynamic effects of the drug (Vinci et al. 2012). Furthermore, the assay can demonstrate if a single agent is sufficient to cause inhibition of the growth and invasion of the spheroids (Vinci et al. 2012). Spheroids were treated with Flavopiridol for 10 days. Flavopiridol induced a dose-dependent inhibition of spheroid growth and invasion [Fig 1(E)]. To attain a significant inhibition of spheroid growth and invasion, a combination with another chemotherapeutic drug or small molecule inhibitor with Flavopiridol is required (Lucas et al. 2012).


[image: art]

Figure 1: (A) formation of spheroids from the HK1 NPC cells after 72 hours; (B) growth and invasion of the HK1 spheroids over 3 days. Images of spheroids were taken every 24 hours using the Axio Observer Z1 microscope with ApoTome (Carl Zeiss Microscopy, GmbH, Germany) (size bar: 200 μm). Viability of the spheroids were determined by staining the spheroids with Calcein-AM (stains viable cells) and Ethidium homodimer I (stains dead cells); graphs show corresponding quantification of spheroid (C) growth and (D) invasion, errors are SEM, n=3; (E) spheroids were treated with different concentrations of Flavopiridol for 10 days. Medium and drug were replenished every 72 hours. Note the dose-dependent inhibition of growth and invasion of the spheroids.



CONCLUSION

The HK1 cells form compact and uniform spheroids within 72 hours and exhibit gradual growth and progressive invasion into the bovine I collagen matrix over 3 days. Treatment with Flavopiridol exhibited a concentration dependent inhibition of spheroid growth and invasion. Our future endeavour will be to utilise the spheroids to conduct drug sensitivity assays using small molecule inhibitors in combination with chemotherapeutic drugs and to establish spheroids from the Epstein-Barr virus (EBV) positive NPC cell line, C666-1 to observe if the spheroids exhibit the same growth and invasion phenotypes as the HK1 or if there are any changes especially with the presence of the EBV.
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Abstract: Three composite flours were prepared by combining rice flour, potato starch, sweet potato flour, soybean flour, and xanthan gum in the ratio of 30: 15: 50: 4.5: 0.5; 30: 15: 45: 9.5: 0.5; and 30: 15: 40: 14.5: 0.5, were analysed for selected physical, chemical, functional, and rheological properties. Fat, protein, ash, and crude fibre content were found to increase with increase in the ratio of soybean flour and decrease in the ratio of sweet potato flour in the mixture. The composite flours were not significantly different in water and oil absorption capacity, swelling power, and baking expansion. There was a tendency for the relative viscosities of the composite flours to increase significantly with increasing proportion of the soybean flour and decreasing proportion of sweet potato flour in the mixture. Pasting viscosity measurements of the composite flours gave maximum (peak) viscosity values ranging from 582.00–668.67 cP. The pasting analysis results indicated increased level of setback and final viscosity, pasting temperature, setback and stability ratio while peak viscosity decreased with increasing proportion of soybean flour and decreasing proportion of sweet potato flour in the mixture.

Keywords: Composite Flour, Rheological Properties, Sweet Potato, Xanthan Gum

INTRODUCTION

In recent years, breads and other bakery products have been produced using gluten free composite flours. These flours are advantageous in developing countries such as Indonesia by reducing the importation of wheat flour and encourages the use of locally grown crops as flour. Gluten-free composite flours can be made by blending various flour with completely free of any gluten, obtained from other cereals, legumes, tubers, and root crops in appropriate mixture (Olaoye et al. 2006). Xanthan gum is added to naturally gluten-free flours to mimic the viscoelastic properties of gluten (Lazaridou et al. 2007), while soybean flour is used to improve the protein quality (Okoye et al. 2008). The aim of this study was to design a composite flour comprising rice and sweet potato flour, potato starch, soybean flour, and xanthan gum. The physicochemical, functional, and rheological properties of the resulting composite flours were determined.

MATERIALS AND METHODS

Yellow-fleshed cultivar of sweet potato and anjasmoro variety of soybeans were processed into flour, and potato tubers were processed into starch using the technique described by Singh et al. (2008), Okoye et al. (2008) and Park et al. (2009), respectively. Commercial rice flour and whole-wheat flour were procured from local market. Xanthan gum was procured by SIGMA-Aldrich.

A completely randomised design was employed. The ratio of the composite flours were the main treatments, and wheat flour (WF) was used as control. Composite flours were prepared by blending rice flour, potato starch, sweet potato flour, soybean flour, and xanthan gum in the ratio of 30: 15: 50: 4.5: 0.5 (T1); 30: 15: 45: 9.5: 0.5 (T2); 30: 15: 40: 14.5: 0.5 (T3); and 100% wheat flour as control (T4). Samples were weighed based on 100 g standard. The samples then were analysed for moisture, ash, crude fibre, protein (N *6.25), crude fat and carbohydrate (AOAC 1995). The colour of composite flours were determined by using a chromameter (Minolta Type CR-300, Japan) and considered the parameters L*, a*, and b*. The L* scale ranges from 0 black to 100 white; the a* scale extends from a negative value (green hue) to a positive value (red hue); and the b* scale ranges from negative blue to positive yellow.

Water absorption index (WAI) and oil absorption index (OAI) were determined according to the methods of Niba et al. (2001), and swelling power was determined based on a modified method of Leach et al. (1959). Rheological or pasting properties of composite flour were evaluated with Rapid Visco Analyser (RVA, Model Tecmaster Newport Scientific, Australia). The following data were recorded: pasting temperature (Ptemp); peak viscosity (PV); trough viscosity (TV); breakdown (BD) = PV–TV; final viscosity (FV); setback viscosity (SB) = FV–TV, stability ratio (SR) = TV/PV, and setback ratio (SBR) = FV/TV (AACC 2000).

Three replicates of all the experiments were carried out. Differences between the range of the properties were determined using the method of Least Significant Difference (LSD) tests at 95% confidence level (p<0.05).

RESULTS AND DISCUSSION

Table 1 showed the physicochemical, functional, and rheological properties of composite flour (T1, T2, and T3) and wheat flour (T4). There were significant differences in the colour of composite flour (T1, T2, and T3) and wheat flour (T4) in terms of lightness (L*), yellowness (b*), and greenness (a*). The composite flour had the lower lightness and greenness value but had the higher yellowness value than that in wheat flour.

There were significant differences in the moisture, protein, ash, carbohydrate, and fibre content of various composite flours. The moisture and protein content of composite flour (T1, T2, and T3) were significantly lower than that of the wheat flour (T4), while ash, fat, carbohydrate, and fibre content were significantly higher than that of the wheat flour. The protein, fat, ash, and fibre content of composite flours increased while the carbohydrate and moisture content decreased with increasing level of soybean flour. This could obviously due to the higher content of protein, fat, and ash (minerals) in soybean seed (Abioye et al. 2011).

There were no significant differences in water and oil absorption index among the composite flours (T1, T2, and T3) and wheat flour (T4), but the wheat flour samples recorded the least value. The oil absorption index of flour is important as it improves the mouth feel and retains the flavour (Igbabul et al. 2014). Swelling power increased significantly with increased of soybean flour, and wheat flour had the highest value. Swelling power is often related to their protein and starch content (Woolfe 1992).

The pasting temperature of composite flours ranged from 73.12°C to 74.22°C and increased with increasing level of soybean flour and wheat flour had the highest value. The results of rheological (pasting) properties show that increasing level of soybean flour reduced the peak and breakdown viscosity. This indicates that the flour may be suited for products requiring low gel strength and elasticity (Abioye et al. 2011). The set back and final viscosity increased with increase in soy flour level. The viscosity of composite flour was significantly lower than wheat flour. This might be due to the higher gluten content on wheat flour (Igbabul et al. 2014).


Table 1: Summary of physicochemical, functional, and rheological properties of composite flours.



	Properties
	Composite flours




	T1

	T2

	T3

	T4




	Colour:



	    L*
	90.37±0.10c

	91.52±0.06b

	91.73±0.06b

	94.49±0.77a




	    a*
	4.36±0.6a

	0.62±0.04c

	0.12±0.01d

	1.16±0.34b




	    b*
	21.60±0.40b

	24.27±0.11ab

	25.67±0.08a

	13.23±5.51c




	 



	Moisture (%)
	10.97±0.36b

	9.69±0.11d

	10.52±0.11c

	13.35±0.41a




	Ash (%)
	1.42±0.03b

	1.52±0.03b

	1.75±0.14a

	0.82±0.03c




	Protein (%)
	5.65±0.76c

	5.62±0.46c

	6.60±0.17b

	11.37±0.48a




	Fat (%)
	2.37±0.44c

	3.24±0.15b

	4.64±0.20a

	1.67±0.35d




	Carbohydrate (%)
	80.69±0.90a

	80.78±0.42a

	77.49±0.13b

	73.36±0.72c




	Fiber (%)
	0.99±0.03d

	1.63±0.12b

	1.91±0.12a

	1.37±0.15c




	WAI (g/g)
	2.81±0.17

	2.66±0.21

	2.68±0.19

	2.53±0.48




	OAI (g/g)
	2.08±0.07

	2.02±0.17

	2.09±0.17

	1.95±0.14




	Swelling Power (g/g)
	9.76±0.75bc

	9.64±0.06c

	10.52±0.15b

	11.70±0.30a




	Baking Expansion (ml/g)
	0.71±0.06b

	0.71±0.03b

	0.77±0.04b

	0.87±0.06a




	Ptemp (°C)
	73.12±0.23c

	73.38±0.23c

	74.22±0.58b

	83.97±0.23a




	PV (cP)
	582.00±20.78c

	668.67±18.72b

	566.33±17.79d

	2.472.00±49.87a




	BD (cP)
	333.33±21.96c

	372.33±13.80b

	264.33±4.16d

	1.161.00±18.52a




	SB (cP)
	178.33±3.51c

	213.00±6.08b

	230.33±13.61b

	1.329.00±24.56a




	CPV (cP)
	427.00±5.00c

	509.33±12.50bc

	532.33±35.22b

	2.640.00±56.24a




	SR
	1.72±0.01

	1.72±0.01

	1.76±0.01

	2.01±0.01




	SBR
	0.43±0.02b

	0.44±0.01b

	0.53±0.02a

	0.53±0.03a





Notes: Values with similar superscripts in a column do not differ significantly (p<0.05, n=3, least significant difference tests). T1, T2, and T3 = composite flour from rice flour, potato starch, sweet potato flour, soybean flour, and xanthan gum in the ratio 30:15:50:4.5:0.5;30:15:45:9.5:0.5; and 30:15:40:14.5:0.5, respectively, T4 = wheat flour (control).

CONCLUSION

Composite flour from rice flour, potato starch, sweet potato and soy bean flour, and xanthan gum in different proportion of sweet potato and soybean flour had the difference physicochemical, functional and rheological properties. Composite flour in the ratio of rice flour: potato starch: sweet potato flour: soybean flour: xanthan gum 30: 15: 40: 14.5: 0.5 had the highest protein, fat, ash, and fibre content. Although the viscosity of composite flour was lower than that in wheat flour, but it can be used to replace wheat flour for products requiring low gel strength and elasticity like cookies and cakes.
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Abstract: Throughout the cryopreservation process, plants were exposed to a series of abiotic stresses such as desiccation and osmotic pressure due to highly concentrated vitrification solution. Abiotic stress stimulates the production of reactive oxygen species (ROS) which include hydrogen peroxide, superoxide radicals, and singlet oxygen. Higher production of ROS may lead to oxidative stress which contributes to the major injuries in cryopreserved explants. Antioxidant enzymes in plant such as ascorbate peroxidase (APX) can protect plants from cell damage by scavenging the free radicals. This study was determined based on APX enzyme activity of Aranda Broga Blue orchid’s protocorm-like bodies (PLBs) in response to PVS2 (Plant Vitrification Solution 2) cryopreservation treatments at different stages. PLBs that were precultured at 0.25 M sucrose for 3 days were subjected to vitrification cryopreservation method. Results obtained showed that the highest APX activity was achieved at PVS2 cryoprotectant treatment prior liquid nitrogen (LN) storage. This phenomenon indicating that accumulation of osmotic and dehydrating stress throughout the cryopreservation treatment resulted in oxidative burst which in turn leads to higher APX activity in order to control the excess production of ROS. To conclude, PVS2 treatment was revealed as the most detrimental step throughout cryopreservation treatment. Thus, this research also suggested that exogenous antioxidant such as ascorbic acid can be added throughout cryopreservation procedure especially at PVS2 treatment in the future experiments to aid in regrowth of cryopreserved explants by reducing oxidative stress.

Keywords: Cryopreservation, PVS2 Vitrification, Ascorbate Peroxidase, Protocorm-like Bodies

INTRODUCTION

When plants were exposed to abiotic and biotic stresses, ROS (reactive oxygen species) generation were triggered due to the activation of plant defence responses. However, overproduction of ROS such as superoxide radicals may cause oxidation and damages to the plant cells. To overcome this phenomenon, plants are able to detoxify the harmful ROS with a series of antioxidant enzyme mechanism. Ascorbate peroxidase (APX) which is synthesised in mitochondria is the main decomposition enzyme of hydrogen peroxide (H2O2) and is widely distributed in plant organelles. APX in conjunction with glutathione reductase in the glutathione-ascorbate cycle are responsible in keeping the ROS activity in plant cells under control. Cryopreservation treatments impose the plants to a series of oxidative burst caused by freezing temperature and high osmotic stress. The damaging factor that resulted poor regeneration in cryopreserved plantlets can be identified through monitoring the antioxidant enzyme activity throughout cryopreservation process. The objective of this study is to evaluate the oxidative level of PLBs using APX enzyme as stress marker at various cryopreservation stages.

MATERIALS AND METHODS

PVS2 Vitrification Cryopreservation

Selected PLBs (3–4 mm) were precultured in 0.25 M sucrose for 3 days. Precultured PLBs were then subjected to loading treatment (2 M glycerol and 0.4 M sucrose in VW medium) (Matsumoto et al. 1994) for 20 minutes at room temperature (RT), and subsequently treated with PVS2 which contains 30% (w/v) glycerol, 15% (w/v) ethylene glycol, 15% (w/v) DMSO (Sakai et al. 1990) in VW medium at 0°C for 20 minutes. Next, PLBs were transferred to cryovial containing fresh pre-chilled PVS2 prior plunging into LN for storage (minimum 1 hour). For thawing, cryovials were thawed directly in water bath at 40°C for 90 seconds, and PLBs were subsequently treated with unloading solution (1.2 M sucrose in VW medium) for 20 minutes at RT. After unloading treatment, PLBs were transferred to growth recovery medium (VW medium with 20 g/L sucrose) (Vacin & Went 1949) with a piece of filter paper on top and maintained in dark condition.

Ascorbate Peroxidase Assay

Enzyme extraction was carried out at every stages of PVS2 vitrification cryopreservation (Control, preculture, loading treatment, PVS2 dehydration, thawing, unloading, and growth recovery for 1 Day) and 4 weeks old PLBs without any treatment was used as control. Antioxidant enzyme was extracted based on the protocol described by Elavarthi and Martin (2010). APX activity of PLBs at different cryopreservation stages were assayed using modified method of Nakano and Asada (1981). The extinction coefficient of reduced ascorbate (2.8 mM–1 cm–1) was used to calculate the enzyme activity of APX.

Experimental Design and Statistical Analysis

Each treatment contained 3 replicates and data was analysed using software IBM SPSS 21. Means of the data were analysed using one way ANOVA (p<0.05) and Tukey’s test. Figure present mean values with standard error (SD).

RESULTS AND DISCUSSION

The changes of APX activity of PLBs were examined at every stages of cryopreservation. Control PLBs in the absence of cryopreservation treatment displayed relatively low APX activity. The level of APX activity increased gradually from preculture to PVS2 treatment and the highest APX activity was recorded at PVS2 treatment (Fig. 1). Preculture, loading, and PVS2 treatment are a series of dehydration process in cryopreservation to reduce water content in PLBs in order to avoid ice crystallisation during LN storage. These steps cause the accumulation of dehydration and osmotic stress thus triggered oxidative burst and production of ROS such as H2O2 which will further damage the plant tissue. To encounter oxidative damage caused by ROS, several antioxidant enzymes in the detoxification system are required to work in synchrony and APX is known to be the main antioxidant enzymes to detoxify hydrogen peroxides (Noctor & Foyer 1998). In this study, APX activity was further enhanced throughout preculture until PVS2 stages to deliberate the toxic effect of ROS. The similar finding was obtained by Rahmah et al. (2015) during cryopreservation of Brassidium Shooting Star orchid, where the APX activity increased from preculture until PVS2 dehydration and LN storage stages. Decreasing of APX activity was observed after thawing while unloading and growth recovery stage represents the lowest APX activity significantly. Unloading treatment dilutes cryoprotectants from PLBs and replace with water to help regaining the osmotic balance in plant cells. As a result, APX activity in PLBs has been reduced due to the reduction of osmotic stress.
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Figure 1: Ascorbate peroxidase activity of cryopreserved PLBs subjected to various stages of PVS2 vitrification cryopreservation experiment.



CONCLUSION

High osmotic stress that was imposed to PLBs throughout cryopreservation led to the production of high APX activity in order to cope with high ROS production. Hence, it is very crucial to reveal the effects of cryopreservation treatment to antioxidant activity such as APX since it acts as a stress marker to indicate the stress level encountered by PLBs. The key success to avoid cryopreservation damage is through supplementation of antioxidant and at the same time reduced ROS in plants. For future research, this study also suggested the addition of exogenous antioxidant such as ascorbic acid at the dehydrating steps (preculture to PVS2) in the future experiments to aids in reducing the damaging effect caused by cryopreservation treatment.
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Abstract: We report on the cloning of the lipase gene from Bacillus licheniformis IBRL-CHS2 and the expression of the recombinant lipase. DNA sequencing analysis of the cloned lipase gene showed that it shares 99% identity with the lipase gene from B. licheniformis ATCC 14580 and belongs to subfamily 1.4 of true lipases based on amino acid sequence alignment of various Bacillus lipases. The 612 bp lipase gene was then cloned into the pET-15b(+) expression vector and the construct was transformed into E. coli BL21 (DE3) for bulk expression of the lipase. Expression was analysed by SDSPAGE where the lipase was found to have a molecular weight of about 23 kDa.

Keywords: Bacillus licheniformis, Lipase, Subfamily 1.4 Lipase, Cloning, Expression

INTRODUCTION

Lipases (triacylglycerol hydrolases, E.C. 3.1.1.3) act at the interface between a hydrophobic lipid substrate and a hydrophilic aqueous medium to catalyse the hydrolysis of ester bonds in triglyceride molecule to yield free fatty acids, diglycerides, monoglycerides, and glycerol (Verger 1997). This process is termed as interfacial activation where upon contact at a lipid-aqueous bilayer, the lid that caps the active site of the lipase opens and the active site is available for catalysis to take place. Lipases have been reported to possess diverse substrate specificity and are widely used in pharmaceutical, dairy, detergent, cosmetic, oleo chemical, fat-processing, leather, textile, and paper industries (Sharma et al. 2001). Therefore, the search for new lipases suitable to be used in the various industries mentioned is always encouraged. It is a known fact that Bacillus lipases belong to subfamily 1.4 of true lipases which encompasses the lipases from B. subtilis, B. pumilus, and B. licheniformis among others. They share similar traits like the conserved pentapeptide A-H-S-M-G, small in size, demonstrate good activity at alkaline pH and possess broad substrate specificity which are all biotechnologically valuable properties (Eggert et al. 2002). The Bacillus strain used in this research was identified using molecular approach (16S rRNA sequencing) as B. licheniformis (Noor Mazuin et al. 2009) and is referred to as B. licheniformis IBRL-CHS2. In this study, the lipase gene belonging to B. licheniformis IBRL-CHS2 was cloned and the recombinant lipase was consequently expressed in soluble form to lay foundation for future structure-function studies of the enzyme, its characterisation and to exploit its potential as a biocatalyst.

MATERIALS AND METHODS

Cloning of Lipase Gene

The genomic DNA of the bacterium was extracted and the lipase gene was amplified by polymerase chain reaction (PCR) using suitable primers with incorporated restriction sites for NdeI and BamHI (underlined) in the forward: 5′-CGC CGG CAT ATG  CGT CGT CAT TCA TTT TTA-3′ and reverse: 5′-TCT ATT GGA TCC TTA TTT CCC GCT GGC GGT-3′ primers, respectively. The PCR conditions were as follows: 1 initial denaturation step at 94°C for 1 minute, 30 repeated cycles of thermal denaturation at 94°C for 30 seconds, annealing at 58°C for 45 seconds, and extension at 72°C for 1 minute followed by a final extension for 10 minutes at 72°C. The PCR product was purified, ligated into pGEM®-T Easy vector system (Promega®, USA), and transformed into E. coli JM109 competent cells. The transformants were spread on LB agar plate supplemented with 100 µg/mL ampicillin, 1 mM IPTG, and 20 µg/mL X-Gal. After overnight incubation at 37°C, a white clone containing the lipase insert was identified with the aid of blue-white screening where positive clones were white while negative clones appeared blue. For further confirmation, the recombinant plasmid (pGEM-lip) was extracted from the clone and sent to First Base Laboratories for DNA sequencing. The sequence obtained was aligned with other Bacillus sp. lipases and analysed using MEGA 6 (Molecular Evolutionary Genetics Analysis) software. The nucleotide and amino acid sequences of this gene can be accessed in GenBank (accession numbers: KU984433 and AOT80658)

Over-expression of the Lipase Gene

The lipase gene was digested out from pGEM-lip using the restriction enzymes NdeI and BamHI, ligated into a similarly digested pET-15b(+) vector, and transformed into E. coli BL21 (DE3) host cell. A clone carrying the expression construct (pET-lip) was picked and grown in LB broth supplemented with 100 µg/mL ampicillin and 1% glucose (v/v) at 37°C. When the OD600nm reached 0.8, IPTG was added to a final concentration of 1 mM and the incubation was continued at 15°C and 180 rpm for another 24 hours. Cells were harvested and re-suspended in 0.1 M Tris-Cl buffer, pH 8.0 and the suspension was subjected to sonication to release intracellular proteins. The fractions were analysed by SDS-PAGE using 12% polyacrylamide gel to observe the expression of the lipase.

RESULTS AND DISCUSSION

Cloning of Lipase Gene

The lipase gene is 612 bp long which codes for 204 amino acids. The size of the protein is deduced to be 23 kDa. Based on the analysis performed by using the MEGA 6 program, the sequencing results revealed that the lipase gene shares 99% similarity with the lipase gene from B. licheniformis ATCC 14580 (NCBI accession number CP000002.3). The aligned amino acid sequence of the cloned lipase with other subfamily 1.4 lipases showed that this lipase shares 74% homology with the lipase of B. sonorensis (WP006636517.1), 67% homology with lipase A of B. subtilis (BAP19127.1), 67% homology with the lipase of B. amyloliquefaciens (AGO17775.1), and 63% homology with the lipase of B. pumilus (ACA60975.1). The catalytic triad is formed by Ser-107, Asp-159, and His-182. Sequence analysis also suggests that this lipase belongs to subfamily 1.4 of true lipases because aside from being small, it has the conserved pentapeptide unique to this subfamily, Ala-His-Ser-Met-Gly with Ser being part of the catalytic triad (Fig. 1). The nucleotide and amino acid sequences of this gene can be accessed in GenBank (accession numbers: KU984433 and AOT80658).

Over-expression of the Lipase Gene

The expression system in this study is T7 promoter driven where the expression of protein is repressed until the addition of IPTG. However, the key issue in the expression stage was leaky expression of the recombinant lipase that turned out to be toxic to the host. Hence, 1% of glucose was added to overcome the toxicity which led to good expression of the recombinant lipase. Incubation of the culture after induction at a low temperature, i.e., 15°C for a longer period of time (24 hours) also favoured the expression system. Most of the expressed recombinant lipase is in the soluble fraction which is desirable as it makes purification easier (Fig. 2). The size of the recombinant lipase corresponds to the deduced size of 23 kDa. The lipase’s small size could be attributed to the lack of lid domain that covers its active site which is typically present in other lipases. This means that the lipase does not undergo interfacial activation and its active site is solvent exposed (Eggert et al. 2001).
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Figure 1: Alignment of B. licheniformis IBRL-CHS2 lipase with B. sonorensis lipase (NCBI accession number: WP006636517.1), B. amyloliquefaciens lipase (AGO17775.1), B. subtilis lipase A (BAP19127.1), and B. pumilus lipase (ACA60975.1). The conserved pentapeptide is boxed and the catalytic residues of Ser (S), Asp (D), and His (H) are labelled in bold and underlined. Similar amino acid residues in the sequences are marked with asterisk (*).
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Figure 2: Expression of recombinant lipase by E. coli BL21 (DE3) harbouring pET-lip. Expression conditions were at 15°C for 24 hours after induction with 1 mM IPTG. Arrow indicates the recombinant lipase, deduced size of 23 kDa. M: BenchMark™ Protein Ladder; 1: uninduced; 2: induced-crude cell extract; 3: induced-total protein after sonication; 4: soluble fraction; 5: insoluble fraction.



CONCLUSION

The lipase gene was cloned and expressed as a 23 kDa protein. Amino acid sequence analysis of the recombinant lipase revealed that it belongs to subfamily 1.4 of true lipases and suggests that it possesses certain biotechnologically important traits that make the study of this enzyme crucial. Purification and characterisation studies of this lipase are underway to further determine its efficacy as a biocatalyst.
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Abstract: A lipase producer psychrophilic microorganism isolated from Arctic sample was studied. The genomic DNA of the isolate was extracted using modified CTAB method. Identification of the isolate by morphological and 16S rRNA sequence analysis revealed that the isolate is closely related to Arthrobacter gangotriensis (97% similarity). A. gangotriensis was determined as positive lipase producer based on the plate screening using specific and sensitive plate assay of Rhodamine B. The PCR result using Arthrobacter sp.’s full lipase gene sequence as the template primers emphasised a possible lipase gene at 900 bp band size. The gene is further cloned in a suitable vector system for expression of lipase.

Keywords: Arctic, Psychrophiles, Lipase

INTRODUCTION

Psychrophiles are defined as organisms having an optimal temperature for growth at 15°C or lower with a maximum temperature for growth at about 20°C (Morita 1975). They produce enzymes which are adapted to work at low temperature. Obligate psychrophiles are organisms that prefer temperature close to zero for growth. The term psychrotrophic used refers to “organisms previously known as facultative psychrophiles” or psychrotolerant, with maximum temperature above 20°C (Gounot 1986). Previous studies have it have shown that cold-adapted microorganisms are potential sources of cold-active enzymes that can exhibit higher catalytic activity at low temperature (Gerday et al. 2000; Giudice 2006).

One of the enzymes produced by psychrophilic microorganisms includes lipases. Triacylglycerol hydrolases (E.C.3.1.1.3), also recognised by its common name as lipases, are enzymes that catalyse the hydrolysis of long-chain acylglycerols in aqueous emulsions (Svetlana 2010). Lipases normally catalyse heterogenous reactions at the interface of water and insoluble systems (Eltaweel et al. 2005). The versatility of these enzymes with multiple approaches towards its utilisation contributes to high interest in lipases. With broad range of substrate and reaction specificity and the ability to catalyse reaction in the absence of a cofactor, lipases’ largest industrial use still remains the hydrolysis of fats and oils (Leonov 2010).

MATERIALS AND METHODS

Isolation of Psychrophilic Bacterium

Psychrophilic bacterium used in this study was obtained from Arctic soil sample collected by the Polar Research Group of Universiti Sains Malaysia (USM) Pulau Pinang. Sampling took place in August 2011, on the northern coast of Hornsund, Wedel Jarlsberg Land, West Spitsbergen (°00′04″N, 15°33′37″E).

Temperature Studies

Isolate was incubated at three different temperatures of 4°C, 27±2°C, and 37°C to test whether the isolate fits the definition of an obligate psychrophile or facultative psychrophile (psychrotolerant).

Identification of Psychrophilic Bacterium

Morphological and molecular approaches such as Gram’s staining and 16S rRNA sequencing were conducted to identify isolate. DNA extraction following modified CTAB method was conducted prior to 16S rRNA sequencing. 16S’ universal primers with sequence of 27F(5′-AGA GTT TGA TCM TGG CTC AG-3′) and 1492R(5′-TAC GGY TAC CTT ACG ACT T-3′) were used in gene amplification. Purified PCR product was sent to First Base Laboratories Sdn. Bhd. for sequencing and the sequence was applied to Basic Local Alignment Search Tool (BLAST).

Screening of Lipolytic Activity

Nutrient agar supplemented with 0.5% (v/v) of olive oil and 0.01% (w/v) of Rhodamine B and 0.5% (v/v) tributyrin were used to test for lipolytic activity. Formation of halo zone surrounding colony showed lipolytic activity. The best lipase producer was chosen to be used in further studies.

Cloning of Lipase Gene

A primer was first designed based on full lipase gene’s sequence obtained from NCBI. The primer with sequence P3F(5′-GCA GCA TAT GAG CGT GAG TG-3′) and P3R(CGG ATA ACC CAC GCA ACA AA-3′) was used in PCR. Possible lipase gene at expected size observed via gel electrophoresis was further purified and cloned into a suitable vector system for expression of lipase.

RESULTS AND DISCUSSION

A total of three isolates were obtained originally labelled as ARB 1A, ARB 1B, and ARC 8B. Table 1 shows the plates for ARB 1B observed in temperature studies where incubation took place in three different temperatures 4°C, 27±2°C, and 37°C. Based on the plates observed, a conclusion was made that all isolates were able to grow at room temperature thus they were classed as psychrotolerant or facultative psychrophiles microorganisms. Obligate psychrophiles and psychrotrophs or psychrotolerant both have the ability to grow at or close to zero, but they differ in the optimum and upper temperature limits for growth in which psychrophiles are lower (Russell et al. 1990). In identification of isolate via morphological approach, both ARB 1A and ARC 8B were identified as rod-shaped Gram negative bacteria while ARB 1B was a coccus-shaped Gram positive bacteria (figure not shown). Based on 16S rRNA sequencing, it was proven that all three isolates did not belong to the same species. Table 2 shows the BLAST results of 16S rRNA sequencing.

With 99% similarities, ARB 1A was determined as Pseudomonas gessardii, while ARC 8B was Janthinobacterium lividum. The ARB 1B shared 97% similarities with A. gangotriensis. These results were tally with Gram’s staining as Pseudomonas sp. and Janthinobacterium sp. are both Gram negative bacteria and Arthrobacter sp. is Gram positive.

In choosing the best lipase producer for further studies, tributyrin test was conducted. Formation of clear zone surrounding colonies indicated lipolytic activity. Figure 1 shows formation of clear zone on tributyrin agar plate. Tributyrin agar is often used as preliminary screening of lipase activity (Glogauer et al. 2011). Tributyrin agar was prepared as emulsions that will make the agar appear opaque. When a lipase-positive organism was streaked, clear zones will be formed around the growth as evidence of lipolytic activity. The organism is termed lipase-negative if no clear zones observed (Leboffe et al. 2011). Arthrobacter sp. was chosen for further study based on this test.

A lipase primer with forward and reverse’s sequences P3F(5′-GCA GGA TAT GAG CGT GAG TG-3′) and P3R(5′-CGG ATA ACC CAC GGA ACA AA-3′) was designed based on Arthrobacter sp. HW08 GDSL-like lipase gene’s full sequence obtained from NCBI as a template. The primer was used in lipase gene amplification (PCR). Figure 2 shows the gel electrophoresis of PCR product using the designed primer with annealing temperature of 54°C.

Lane 1 is by default the lane for Gene ruler + 1kb DNA ladder. In Figure 2, lane 2 and 3 was the PCR product. Both replicates for PCR product showed band sizes of ~900bp in lane 2 and 3. The bands were excised and further purified. Figure 3 shows the gel electrophoresis of purified PCR product also with the same expected size. The bands were consistent in both replicates and they showed the expected band size of approximately 900 bp. Purified PCR product will then be digested and transformed into suitable vector system for lipase expression.


Table 1: Plates observed for ARB 1B (Arthrobacter gangotriensis) at three different incubation temperatures. Colonies were seen growing at both 4°C and 27±2°C which deduced that the isolate is a facultative psychrophile (psychrotrophs). Facultative psychrophiles have higher maximum temperature for growth which can exceed 20°C.
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Table 2: BLAST results of 16S rRNA sequencing for ARB 1A, ARB 1B, and ARC 8B.



	Isolate

	Description
	Max score

	Total score

	Query coverage (%)

	E value

	Max identity (%)




	ARB 1A

	Pseudomonas gessardii strain CIP 105469 16S ribosomal RNA, partial sequence
	2402

	2402

	97

	0.0

	99




	ARB 1B

	Arthrobacter gangotriensis strain Lz1Y 16S ribosomal RNA partial sequence
	2263

	2263

	98

	0.0

	97




	ARC 8B

	Janthinobacterium lividum strain DSM 1522 16S ribosomal RNA, partial sequence
	1996

	1996

	93

	0.0

	99
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Figure 1: Formation of halo zone on tributyrin screening plate.
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Figure 2: Gel electrophoresis of PCR product using specifically designed primer to amplify lipase gene. Lane 1: gene ruler + 1kb DNA ladder; Lane 2–3: PCR product.
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Figure 3: Gel electrophoresis of purified PCR product with bands showing expected size of ~900 bp. Lane 1: gene ruler + 1kb DNA ladder; Lane 2–3: purified PCR product.



CONCLUSION

A coccus-shaped Gram positive psychrotrophic Arctic bacterium was successfully isolated and was identified as A. gangotriensis. This isolate was determined as positive lipase producer based on the preliminary screening test for lipolytic activity. The lipase gene was amplified and will be cloned and expressed in appropriate vector to further characterise the enzyme. Enzyme that is of high interest is the one that has distinct characters that can tolerate wide pH range, exhibit good stability in extreme temperature, maintain active in various organic solvents and can be produced in bulk production (Bornscheuer et al. 2002).
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Abstract: Purwoceng (Pimpinella alpina Molk) is a traditional medicinal plant used for its aphrodisiac values. This plant was originated Dieng Plateu, Central Java, Indonesia. Purwoceng has been reported to contain steroid, flavonoids, glycoside, saponins, tannins, and phenolic. Based on secondary metabolite compounds of Purwoceng herbs, a research need to be done to determine the other potential free radicals scavenger and antibacterial activities of Purwoceng. The objectives of this research are to screen the potential free radicals scavenger activity of in vitro using DPPH (1,1 diphenyl-2-picrylhydrazil) radicals and NO• (nitric oxide) radicals, and antibacterial activity of Purwoceng. The extraction is done by a maceration method with petroleum ether, ethyl acetate, and ethanol solvent, respectively. Free radicals scavenger test was performed using DPPH radicals and NO• radicals, while antibacterial activity screening was performed using agar diffusion test. The results showed that ethyl acetate extract of Purwoceng has free radical scavenger activity with IC50 53.07 ppm lower than butylated hydroxytoluene. Ethyl acetate extract and ethanol extract of Purwoceng have antibacterial activity against Staphyloccus aureus, Escherichia coli, and MG42 bacterial isolate.

Keywords: Purwoceng, Radical Scavenger, Antibacterial

INTRODUCTION

Purwoceng (Pimpinella alpine Molk) is one of traditional medicinal plant that has an androgenic effect and used as aphrodisiac. Purwoceng is an endemic plant of Indonesia (Usmiati 2010), that grows at Dieng plateu, Central Java. Purwoceng has been reported to contain steroid, flavonoids, glycoside, saponins, tannins, and phenolic (Ma’mun et al. 2011). Based on secondary metabolite compounds of Purwoceng herbs, research needs to be done to discover the other potential activities i.e. free radicals scavenger and antibacterial activities of Purwoceng.

Many studies had reported the androgenic effect of Purwoceng. Treatment of Purwoceng extract could enhance vitality which is indicated with increasing testosterone and luteinizing hormone (LH) (Nasihun 2009). A chloroform extract of this plant showed the highest aphrodisiac activity compare to other extract and the roots of Purwoceng contain stigmasterol (Suzery et al. 2005). Unfortunately, this plant does not have estrogenic activity (Susanti & Dhiani 2012).

Flavonoid and phenolic compounds in this plant may result antioxidant and antibacterial activities. In this research, the antioxidant activity of ethyl acetate extract and the fraction were evaluated in DPPH and nitric oxide assay. The antibacterial activity of these extracts and fractions were accessed using the agar diffusion method.

MATERIAL AND METHODS

Plant Material

Pimpinella alpina Molk (Purwoceng) was collected from Dieng, Wonosobo, Central Java, Indonesia. The herbs (all parts of the plant) were collected manually and then dried using drying cabinet at 60°C.

Microorganism Strain

Staphylococcus aureus and Escherichia coli used in this study were obtained from Microbiology Laboratory University of Muhammadiyah Purwokerto. MG42 bacterial isolate was a Gram positive-isolated bacterial from soil that IS resistant to amoxicillin, cotrimoxazole, and oxytetracyclin.

Extraction of Plant Material

The powder of P. alpina herbs (530 g) were macerated in petroleum ether for 3 days. The residue was then macerated in ethyl acetate for 3 days. Lastly, residue was macerated in ethanol 96%. Each filtrate was evaporated using rotary evaporator and yielded 3 extracts namely petroleum extract, ethyl acetate extract, and ethanol extract.

DPPH Radical Scavenging Assay

The radical scavenging ability of extract was measured using stable free radical DPPH (Gulluce et al. 2006). Methanol solution (5 mL) of extract in various concentration was added to 1 mL (0.4 mM) methanol solution of DPPH. The decrease of absorbance at 516 nm was noted after 30 minutes. The percentage of radicals scavenging was determined the following formula:

[image: art]

Nitric Oxide Scavenging Assay

A total of 2 mL 10 mM sodium nitroprusside solution was added with 500 µL phosphate buffer saline (pH 7.4), followed by extract and fraction solution in different concentrations in methanol and incubated in 25°C for 150 minutes. The samples from the above were reacted with Griss reagent (1% sulphanilamide, 0.1% naphthyl ethylenediamine dihidrochloride, and 3% phosphoric acid). The absorbance of the chromophores formed during the diazotisation of nitrite with sulphanilamide and subsequent coupling with naphthyl ethylenediamine dihidrochloride was read at 478 nm.

Antibacterial Screening

The antibacterial screening was conducted with agar diffusion technique. A total of 100 µL of each species (1 × 108 CFU/mL) was poured in 20 mL NA. Ten microliter (10 μL) of extract solution in various concentrations was applied to plate. To compare the activity with standard antibiotic, ciprofloxacin (2.5 μg/disc) was used. Disc containing 10 μL dimethylsulfoxide was used as a negative control. The discs were then incubated at 37°C for 24 hours to allow bacterial growth, after which the zones of inhibition of desired growth could be easily measured. The zone of inhibition was considered as an indicator for the antibacterial activity. At the end of the incubation period, the antibacterial activity was evaluated by measuring the inhibition zones in mm.

RESULTS AND DISCUSSION

Radical Scavenging Assay

Two methods have been used to measure the radical scavenging of Purwoceng: DPPH radical scavenging assay and nitric oxid. In these two assays, ethyl acetate extract of Purwoceng had lower activity than the positive controls BHT and quercetin. DPPH radical has been widely used to evaluate the radical scavenging of antioxidant. DPPH is nitrogen centred free radical. The colour is violet and it is converted to yellow colour because of hydrogen or electron donating ability of antioxidants present in tested extract (Sadiq et al. 2015). Flavonoid, polyphenol, and tannins were compounds that have antioxidant activity as radical scavenger because these compounds have hydroxyl group in their aromatic structure. Recently, many research reported that compounds in fruits, vegetables, and herbs have antioxidant activity.

Nitric oxide because of its unpaired electron, is classified as a free radical and displays important reactivity with certain types of proteins and other free radicals. In vitro inhibition of nitric oxide radical is also a measure of antioxidant activity. This method is based on the inhibition of nitric oxide radical generated from sodium nitroprusside in buffer saline and measured by Griess reagent (Joseph et al. 2010). Colour complex is formed due to the reaction of nitric oxide and Griess reagent and diazotisation of nitrite with sulfanilamide and subsequent coupling with naphthyl ethylenediamine. The radical scavenging is measured based on IC50 (Tharun & Pindi 2013).

Qualitative identification using thin layer chromatography showed that ethyl acetate extract had flavonoid group compound. The results of radical scavenging activity using two assay were showed in Table 1. The data showed that ethyl acetate extract had antiradical activity but lower than BHT and quercetin.


Table 1: The radical scavenging activities of Purwoceng extract.



	Sample
	
IC50 (µg/mL)




	DPPH assay

	NO




	Ethyl acetat extract of Purwoceng
	53.07

	52.60




	BHT
	5.97

	4.31




	Quercetin
	0.84

	1.11





Notes: DPPH = 1,1 diphenyl-2-picryl-hydrazil; NO = nitric oxide.

Antibacterial Activity Screening

The antibacterial activities of different extract were tested by agar diffusion method were shown in Table 2. All of the three extracts showed weak antibacterial activity and had lower zone inhibition than positive control ciprofloxacin. Among the three extracts, ethyl acetate extract showed the strongest antibacterial activity against all microorganism tested.

Screening of chemical groups in the extract of Purwoceng revealed presence of alkaloid, tanin, flavonoid, triterpenoid, steroid, dan glycoside (Ma’mun et al. 2006). Based on the results of chemical composition, this study showed that antibacterial activity of the three extracts especially the ethyl acetate extract is apparently related to these compounds. Flavonoids is the family compound that is the subject of much antibacterial research. Specific intracellular or surface enzymes are the targets of flavonoid in antibacterial activity (Cushnie & Lamb 2011).


Table 2: The antibacterial activities of Purwoceng extracts.

[image: art]

CONCLUSION

It can be concluded from this study that ethyl acetate extract of Purwoceng (Pimpinella alpina Molk) had free radical scavenger activity and also showed weak antibacterial activity against S. aureus, E. coli, and MG42 bacterial isolate.
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