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Abstract: Neuronal cell death can occur in a tissue or organ, including the brain, which affects memory. The objectives of this study were to determine the dose of bee venom that causes neuronal death and analyse the alteration of mouse behaviour, focusing in particular on spatial memory. Fifteen male mice of Deutsche Denken Yoken (DDY) strain were divided into control and treatment groups. Bee venom was injected six times for two weeks intraperitoneally with 1.88 mg/kg, 3.76 mg/kg, 5.6 mg/kg, and 7.48 mg/kg doses of venom. Brain histology was studied using haematoxylin-eosin stained paraffin embedded 5 µm coronal sections. A Y maze test was used to assay behaviour. Parameters observed were the number of dead neurons and the percentage of mice with altered behaviour. ANOVA showed that the effects of bee venom were significantly different in the case of the neuronal death parameter but were not significantly different in the case of the mice behaviour parameter. Duncan’s Multiple Range Test (DMRT) demonstrated that P4 (7.48 mg/kg) gave the highest effect of bee venom to promote neuronal death.
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INTRODUCTION

Cell death in multicellular organisms plays an important role during development. Cell death controls the number of cells and protects the organism by removing all cells damaged by disease, ageing, infections, genetic mutations, and exposure to toxic substances. Cell death in nature is categorised into two types: necrosis and apoptosis (Saikumar & Venkatachalam 2009).

Necrosis and apoptosis in response to external factors such as toxic substances and allergens are commonly induced responses (Cudrici et al. 2006). Morphologically, necrosis is indicated by shrinkage, fragmentation, or fusing the nucleus of the cells. In contrast to necrosis, apoptosis is characterised by the presence of blebs on the plasma membrane and separation of cytoplasm and organelles of cells (apoptotic body) (Majno & Joris 1995). Necrosis and apoptosis can occur in the same tissue or organ, including in the hippocampus that affects memory.

Memory has an important function for humans, particularly related to intellectual performance and human behaviour. Memory is used for repeating previously performed activities and information retrieval, such as time, directions, purposes, or other important data (Langley 2012; Banikowski 1999). There is a product alleged to affect memory that it is not reported yet scientifically: bee venom.

Bee venom is used as an alternative medicine as well as for the prevention of various diseases, such as arthritis, rheumatism, pain, cancer and neurodegenerative diseases (Kwon et al. 2001; Yang et al. 2010; Worlitzer et al. 2012; Bellik 2015). Bee venom contains a complex mixture of compounds, including polypeptides, enzymes, lipids, and amino acids. Some of these contents provide anti-inflammatory and anti-cell damage effects (Ovcharov et al. 1976; Ownby et al. 1997; Truskinovsky et al. 2001; Raghuraman & Chattopadhyay 2006; Ali 2012; Abdu & Alahmari 2013; Bogdanov 2015; Eze et al. 2016; Lee & Bae 2016). Bee venom is produced by two glands in a worker bees sting. Bee venom production increases during the first week of an adult bee worker life and reaches a maximum amount when the worker bee is involved in nest defence and forage. However, bee venom production decreases with age (Krell 1996). There are several studies demonstrating that bee venom can cause cell death.

Bee venom induces cell death in human lymphocytes (Gajski & Garaj-Vrhovac 2011). Bee venom also contains Phospholipase A, which has been shown to induce cell death by inactivating p38 MAPK (Jeong et al. 2011). Associated with bee venom’s mode of action as an allergen, there are few studies on allergens resulting in cell death, such as NFAT (Nuclear Factor of Activated T Cell), which triggers inflammation in the skin and can cause cell death (Kwon et al. 2016). Mice were injected with 2.4-dinitrofluorobenzen, which induces keratinocyte apoptosis due to the expression of First Apoptosis Signal (FAS) (Hedrych-Ozimina et al. 2011). Nevertheless, bee venom has not been reported yet scientifically to cause neuronal cell death, affecting the behaviour of mice. The objectives of this study are to determine the dose of bee venom that causes neuronal cell death and analyse the alteration of the behaviour of mice, particularly spatial memory.

MATERIALS AND METHOD

Time and Place

The study was conducted at the Division of Biological Function and Animal Behaviour, Biology Department, Faculty of Mathematics and Natural Sciences and Pathology Laboratory, Faculty of Veterinary Medicine, Bogor Agricultural University. The study conducted from October 2015 until March 2016.


Research Animal

Mice used in this study were three-month old male Deutsche Denken Yoken (DDY) mice, approximately 20–30 g in weight. Mice were obtained from the Non-Ruminant Laboratory and Animals Prospect, Faculty of Animal Sciences, Bogor Agricultural University.

Experimental Unit

Fifteen mice used in this study were divided into control and treatments groups. Each treatment group consisted of three mice. Mice were reared in different cages, according to the group.

The Treatments of Animals

This study was approved by the ethics committee of Bogor Agricultural University (No. 6-2016 RSHP FKH-IPB).Mice were acclimatised for a week before the treatment. Mice were maintained in the laboratory at room temperature with wood chips. Mice were given water ad libitum throughout the study (Clark et al. 2008). Bee venom was injected intraperitoneally after acclimatisation. Bee venom was injected for two weeks (days 1, 4, 7, 10, 13, and 16) with the following doses: 1.88 mg/kg, 3.76 mg/kg, 5.6 mg/kg, and 7.48 mg/kg, respectively (Bogdanov 2015). The bee venom doses used in this study were varied from a minimal dose, an optimal dose, and an exceeds optimal dose to allow study of its effect on cell death. The highest dose selected was considered high enough to cause cell death. It was possible to see a dose dependency of neuronal cell death at higher concentrations. However, the doses administered were sufficient to observe the effect of bee venom on neuronal cell death. Bee venom was obtained from an apitherapy clinic. Morphological examination of brain tissue was performed using sectioned tissue, stained with haematoxylin-eosin (HE). Behaviour test was performed after injection. The purpose of the behaviour test is to examine the spatial memory of mice using a Y-maze (Onaolapo et al. 2012). Behaviour tests were performed between 1.30 to 4.30 pm (Juliandi et al. 2015). This study is designed as preliminary screening study. This research is expected to provide early information allowing further research using additional behaviour tests and to determine optimal doses of bee venom. Brain tissue isolation was performed three days after the last injection of bee venom using the perfusion method (Matsuda 2007; Erwin et al. 2013).

Experimental Design and Data Analysis

This study used a completely randomised design method that consisted of five treatments and three repetitions. The parameters observed were the percentage of mice to explore the Y maze correctly and the number of dead neurons. Data were analysed using analyses of variance (ANOVA).


RESULTS

Mice Brain (Dentate Gyrus) Histology

Based on observation on histological sections, there was neuronal cell death in the dentate gyrus (Fig. 2). The results showed differences in the average number of dead neuronal cells in each dentate gyrus section. The average number of dead neuronal cells fluctuated in each treatment compared to control. The highest average of dead neurons was 1510 cell/mm2, and the lowest average was 220 cell/mm2. The fluctuation of the average number of dead cells demonstrated that bee venom can lead to neuronal cell death in the dentate gyrus. The fluctuation of these averages can be seen in Fig. 1.
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Figure 1: Mean of neuronal cells death in dentate gyrus after 2 weeks of bee venom injections with the following doses P1 = 1.88 mg/kg, P2 = 3.76 mg/kg, P3 = 5.6 mg/kg, and P4 = 7.48 mg/kg



Fig. 2 demonstrated that neuronal cells death in the dentate gyrus. Dead neurons were marked by cells with dark staining and the absence of a nucleus. ANOVA showed that the effect of bee venom lead to a significantly different number of dead neuronal cells in the dentate gyrus. This suggests that bee venom has a role in the regulation of neuronal cell death in the dentate gyrus. Thus, the Duncan’s Multiple Range Test (DMRT) was required to further examine the effect of treatments on the regulation neuronal cell death in the dentate gyrus.

The DMRT results demonstrated that P4 was significantly different from other treatments. Treatment with this highest dose of bee venom led to the highest number of neuronal cell deaths in the dentate gyrus. Based on this study, many doses of bee venom gave the significant effect on neuronal cells death. Furthermore, the effect of bee venom on neuronal cell death was significant using P4 (7.48 mg/kg).
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Figure 2: Representative image of brain sections containing dentate gyrus in each treatment stained by HE. Bee venom doses P1 = 1.88 mg/kg, P2= 3.76 mg/kg, P3=5.6 mg/kg, and P4=7.48 mg/kg. Dead neurons are shown by arrow (bars: 50 μm)




Mice Behaviour

The movement of mice through the Y-maze arm was tracked in this study. The results displayed differences in the average percentage of alteration in mice behaviour. The percentage of alteration in mice behaviour in the Y-maze fluctuated in each treatment compared to control. The highest average of alteration after 24 h bee venom injection was 74.57%, and the lowest was 61.07%. The highest average of alteration after 72 h bee venom injection was 76.03%, and the lowest was 57.50%. The fluctuation of the average showed that bee venom has an influence on altering the behaviour of mice in the Y-maze. This fluctuation can be seen in Fig. 3.

Analysis of variance (ANOVA) showed that the effect of bee venom was not significantly different between mice treatments. Thus, bee venom has no influence on mice behaviour. Although bee venom did not significantly alter mice behaviour, the percentage of alteration mice behaviour in the Y-maze, in addition to the number of neuronal cell deaths in the dentate gyrus indicates that bee venom has an effect.

DISCUSSION

Neuronal Cell Death in the Dentate Gyrus

Based on this study, bee venom affects neuronal cell death in the dentate gyrus. The DMRT test showed that the highest dose of bee venom was significantly different from other treatments on neuronal cell death in the dentate gyrus. A dose of 4 mg/kg body weight in rats is the maximum dose of bee venom required to stimulate an anti-inflammatory effect, while the higher dose shows neurotoxic effects (Bogdanov 2015). Fig. 2 demonstrates that neuronal cell deaths can be found in the subgranular zone (SGZ). According to the study, we proposed that the dead neurons are neural progenitor cells (NPC) because they were found in the innermost layer of SGZ. However, special markers would be needed to confirm these cell types.

The increase in the number of neuronal cell deaths in the dentate gyrus after P4 treatment suggested that there may be an influence of inflammatory compounds in the bee venom. Previous studies have demonstrated the role of melittin, phospholipase A2, apamin, and adolapin in high doses contained in bee venom to cause allergies, lysis of erythrocytes, myonecrosis, and other neurotoxic effects (Ovcharov et al. 1976; Ownby et al. 1997; Raghuraman & Chattopadhyay 2006; Ali 2012; Abdu & Alahmari 2013; Elhakim et al. 2014; Bogdanov 2015; Eze et al. 2016; Lee & Bae 2016). Therefore, bee venom can affect the peripheral tissues.

The influence of bee venom in peripheral tissues could be expected to produce cytokines that signal the brain, causing neuronal cell death in the dentate gyrus. Dantzer et al. (2008), Dilger and Johnson (2008), and Maier and Linda (2012) demonstrated that cytokines from peripheral tissues transported to the brain via the endocrine system can induce neuronal cell death. Palombella and Vilcek (1989) reported that melittin and phospholipase A2 can activate cytokines, in particular TNF. Although this still needs further confirmation, the administration of bee venom is also supposed to indirectly effect neuronal cell death in the dentate gyrus via cytokine signalling.

Another suggestion about the mechanism of neuronal cell death induced to bee venom, is the ability of bee venom compounds to pass through the blood brain barrier (BBB). The BBB plays an important role in regulating the molecules that can pass into and out of the brain (Ransohoff & Engelhardt 2012; Takeshita & Ransohoff 2012). Oller-Salvia et al. (2013) and Mourre et al. (1997) reported that apamin, a compound of bee venom, can pass through the blood brain barrier and cause neuronal cell death. Other compounds of bee venom, however, have not been reported yet to pass through the BBB. Therefore, apamin could be the causative agent of neuronal cell death in the dentate gyrus.

There was no linear relationship on neuronal cell death in the dentate gyrus with an increasing dose of bee venom. The higher doses of bee venom did not lead higher numbers of neuronal cell deaths in the dentate gyrus. In this study, P2 showed a higher number of dead neuronal cells compared to control, P1, and P3. This anomalous result of P2 does not affect the conclusions from this study. This may be due to the efficiency of bee venom utilisation in P1 treatments. P1 had the lowest amount of neuronal cell death in the dentate gyrus compared to the other treatments. These results provide straightforward information about the efficiency of administration for the apitherapy clinic and the people who want to utilise bee sting therapy.

The Spatial Learning Ability of Mice

The spatial learning ability of mice is shown by the correct-arm alternation in Y-maze. The Y-maze was first used to examine the spatial learning underlying mice exploring a new environment. Wolfe (1969) reported that mice prefer to investigate new objects and environments compared with known objects and environments. This study showed that bee venom administration tended to effect the spatial learning ability of mice (Fig. 3). The tendency of these effects can be caused by neuronal cell death in the dentate gyrus. The dentate gyrus plays a role in memory formation, in particular related to cognitive function and spatial memory (Silva et al. 1998; Eichenbaum et al. 1999). Our results demonstrated that the treatment that induced the most dead neurons had the lowest correct-arm alternation in the Y-maze (Fig. 3). We hypothesize that NPCs made up the bulk of dead neurons in the SGZ. Dead or damaged NPCs will cause mature neurons to be reduced in size while the remaining mature neurons will undergo programmed cell death. This will affect the process of learning and spatial memory in mice.
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Figure 3: Mean of correct alteration in Y-maze arms. Bee venom doses P1 = 1.88 mg/kg, P2 = 3.76 mg/kg, P3 = 5.6 mg/kg, and P4 = 7.48 mg/kg.



The ANOVA test showed that the number of neuronal cell deaths was not significantly different with respect to altered mice behaviour, particularly spatial memory. The number of neuronal cell deaths in the dentate gyrus induced by bee venom was still under the threshold level, so it could not affect mice behaviour yet. This is consistent with Conrad and Roy (1993), who reported that as much as 80% of neuronal cell death in the dentate gyrus does not affect spatial memory. Although the ANOVA test showed that there was no significant difference, there was a downward trend in the percentage of correct-arm alternation in the Y-maze.

CONCLUSION

Based on the study, bee venom has neurotoxic effect because it caused neuronal cell death in the dentate gyrus and behaviour alteration in mice. The dose of bee venom that caused the highest neuronal cell deaths in the dentate gyrus was P4 (7.48 mg/kg). The percentage of mice with altered behaviour in a Y-maze test along with the number of neuronal cells death in the dentate gyrus corroborates this.
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Abstrak: Indonesia merupakan tempat kediaman kepada beberapa taksa pokok yang dituai untuk kayu gaharu. Oleoresin yang sangat berharga ini secara ironinya telah menyebabkan beberapa spesies pokok penghasil gaharu terancam akibat ketamakan dan kerakusan manusia. Walau bagaimanapun, maklumat mengenai kepelbagaian genetik pokok-pokok terancam ini amatlah terhad. Dalam kajian ini, sebanyak 28 spesimen yang mewakili lapan spesies dari dua genera iaitu Aquilaria dan Gyrinops telah dikumpulkan dari populasi ex-situ dan in-situ di Indonesia. Analisis filogenetik yang dijalankan pada jujukan rantau penjarak transkripsi dalaman (ITS) ribosom nuklear dan rantau penjarak intergenik trnL-trnF telah menunjukkan bahawa Aquilaria dan Gyrinops adalah parafiletik apabila Aquilaria cumingiana dikecualikan. Analisis filogenetik untuk ITS dan trnL-trnF juga menunjukkan keupayaan untuk mengkategorikan spesies pokok penghasil gaharu berdasarkan kawasan masing-masing: Indonesia Timur dan Indonesia Barat, dengan menggunakan Garisan Wallace sebagai garisan pembahagi. Tambahan, kami juga turut membincangkan cabaran dalam pengenalpastian spesies dan taksonomi genera penghasil gaharu serta usaha dalam pemuliharaannya di Indonesia.

Kata kunci: Aquilaria, Gyrinops, Kepelbagaian Genetik, Penjarak Transkripsi Dalaman (ITS), trnL-trnF

Abstract: Indonesia is home to several tree taxa that are harvested for agarwood. This highly valuable oleoresin ironically was the cause for some species to become vulnerable due to gluttonous human activity. However, information on the genetic diversity of these endangered trees is limited. In this study, 28 specimens representing eight species from two genera, Aquilaria and Gyrinops, were collected from ex-situ and in-situ populations in Indonesia. Phylogenetic analysis conducted on DNA sequences of the nuclear ribosomal internal transcribed spacer (ITS) and the trnL-trnF intergenic spacer regions, revealed that Aquilaria and Gyrinops are paraphyletic when Aquilaria cumingiana is excluded. The phylogenetic analysis for ITS and trnL-trnF showed capability to categorise agarwood-producing species based on their regions: East Indonesia and West Indonesia, using Wallace’s Line as the divider. In addition, we discuss challenges in species identification and taxonomy of agarwood-producing genera, and their conservation efforts in Indonesia.
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INTRODUCTION

Agarwood is one of the non-timber forest products (NTFPs) collected from the wild since several decades ago (Edy Komar et al. 2014). In more recent time, it receives much attention as one of the most important NTFPs with unbelievably high prices broadcasted for its premium quality (Karlinasari et al. 2015). In Indonesia, agarwood has been reportedly produced by seven genera: Aetoxylon, Aquilaria, Enkleia, Gonystylus, Gyrinops, Phaleria and Wikstroemia (Roemantyo & Partomihardjo 2010, Leksono & Widyatmoko 2012, Edy Komar et al. 2014). Aquilaria and Gyrinops are the major genera with a total of six and seven species, respectively (Table 1). Aquilaria is mostly distributed in the western part of Indonesia, while Gyrinops dominates the eastern part (Fig. 1). Plantations of Aquilaria are widespread in Indonesia when compared to Gyrinops. Aquilaria is a preferred agarwood source in large-scale plantations compared to Gyrinops because Gyrinops is slow-growing. Wild populations of Gyrinops are still present in the eastern part of Indonesia but information on this species is hard to obtain due to the difficulty to access the natural populations and underdeveloped civilisation, therefore it is less studied. Species identification is difficult as their main differences are contributed by their reproductive structures, mainly flower and fruit (Susilo et al. 2014). Hou (1960) separated the two genera based on a single morphological characteristic, the number of stamens. Gyrinops has a series of five stamens, while in Aquilaria the number doubled (Eurlings & Gravendeel 2005). Consequently, it would be challenging to identify the trees with confidence, when relying on vegetative characteristics alone, while identifying the right species of agarwood-producing tree is important as different species produce different agarwood quality (Rimbawanto & Widyatmoko 2011). Agarwood employs a high price tag and thus receives substantial publicity from the media and marketing strategists. This drives local people in Indonesia to venture into agarwood tree cultivation. In order to come out with an effective breeding system for these species, the identification of the species and gene pool is an essential step.

Molecular approaches using DNA gene markers have been widely applied to identify the genetic variation of plant species and were first reported in agarwood-producing tree species in 2005. Several genes such as the intergenic spacer region psbC-trnS and the nuclear ribosomal internal transcribed spacer region 1 (ITS1) (Ito & Honda 2005), internal transcribed spacer region (ITS) (Lee & Mohamed 2016a) and the intergenic spacer region trnL-trnF (Eurlings & Gravendeel 2005, Lee & Mohamed 2016a) have been utilised on various Aquilaria and Gyrinops species. Although DNA-based identification is feasible, verification on species identity via conventional techniques maybe hindered when the reproductive parts are absent. This is exacerbated by the lack of reliable sequences in public DNA databases. Expanding the database with sequences from authentic sources may help in providing a fast and efficient identification support. In Indonesia, information on the genetic diversity of both Aquilaria and Gyrinops species is non-existence except for one published report on the genetic variations of cultivated species using Amplified Fragment Length Polymorphism (AFLP) markers (Toruan-Mathius et al. 2009).


Table 1: An updated list of native agarwood-producing tree species distributed in Indonesia.



	Agarwood-producing species
	Geographical locationa



	A. beccariana
	Kalimantan, Sumatra



	A. cumingiana
	Kalimantan, Maluku Islands, Sulawesib



	A. filaria
	Lesser Sunda Islandsb, Maluku Islands, Papua Island



	A. hirta
	Kalimantanb, Sumatra



	A. malaccensis
	Kalimantan, Sumatra



	A. microcarpa
	Kalimantan, Sumatra



	G. caudata
	Papua Island



	G. decipiens
	Sulawesi



	G. ledermannii
	Maluku Islandsb, Papua Island



	G. moluccana
	Maluku Island



	G. podocarpus
	Papua Island



	G. salicifolia
	Papua Island



	G. versteegii
	Sulawesi, Lesser Sunda Islands, Maluku Islandsb, Papua Island




aSource: Tropicos, botanical information system at the Missouri Botanical Garden (http://www.tropicos.org)

bReported here through this study

Note: A = Aquilaria; G = Gyrinops

In this study, we utilised the trnL-trnF and ITS regions to determine the genetic diversity and phylogenetic affinities among eight agarwood-producing species from Indonesia. We identify the challenges in species identification and conservation of agarwood-producing species in Indonesia. The information we produced can be used in assisting conservation efforts of these threatened species in Indonesia.
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Figure 1: Geographical separation for Indonesia based on the Wallace Line. East Indonesia covers the area on the right side of the separating line, which includes Sulawesi, Lesser Sunda Islands, Maluku Islands and Papua Island, while West Indonesia is on the left side and it includes Sumatra, Java and Kalimantan.



MATERIALS AND METHODS

Samples Collection

Plant samples were collected from 31 individuals representing nine species. Whenever possible, samples in the form of fresh leaves were collected and used directly in genomic DNA extraction. Otherwise, they were oven-dried at 60°C overnight before being transported back to the laboratory. Samples were provided by the Forestry and Environmental Research Development and Innovation Agency (FOERDIA), Bogor, Indonesia (Table 2).

Molecular Methods

Genomic DNA was extracted using the DNeasy Plant Minikit (Qiagen, Germany). The quantity and quality were determined by spectrophotometry (Nanophotometer, IMPLEN, USA). Genomic DNA extracted from leaf samples were considered yielding DNA of good quality with A260/A280 ratio between 1.700 and 1.900 (Sambrook & Russel 2001). PCR amplification of the trnL-trnF intergenic spacer region was carried-out using primer E: 5’-GGT TCA AGT CCC TCT ATC CC-3’, and primer F: 5’-ATT TGA ACT GGT GAC ACG AG-3’ (Taberlet et al. 1991), while the nuclear ribosomal ITS region was amplified using primer ITS-p5: 5’-CCT TAT CAY TTA GAG GAA GGA G3’, and ITS-u4: 5’-RGT TTC TTT TCC TCC GCT TA-3’ (Cheng et al. 2015). PCR reaction was prepared in a 25 µl volume containing 12.5 µl of PCRBioTaq Mix Red (PCR Biosystems, UK), 0.4 µM of each primer, 5 – 25 ng of genomic DNA. PCR amplification was carried-out in a SpeedCycler2 (Analytik Jena, Germany) as follows: denaturation at 95°C for 1 min, 40 cycles of 95°C for 15 s, 55°C for 15 s, and 72°C for 15 s, and a final extension of 72°C for 3 min. PCR products were sent for direct sequencing at First BASE Laboratories Sdn Bhd, Selangor, Malaysia, on an ABI PRISM 3730xl Genetic Analyzer (Applied Biosystems, USA).


Table 2: Origins and sources of the agarwood-producing species used in this study. The trnL-trnF and ITS sequences obtained from this study are deposited in the GenBank.
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aex-situ trees planted at the arboretum of the Forestry and Environmental Research Development and Innovation Agency (FOERDIA), Bogor, Indonesia

bex-situ trees planted at the Bogor Botanical Garden (BBG), Bogor, Indonesia

cin-situ trees planted at Buru Island, Maluku Islands, Indonesia (collected and identified by Dr. M. Turjaman)

Note: A = Aquilaria; G = Gyrinops

Phylogenetic Analyses

DNA sequence contigs were edited using the program Gene Runner version 3.05 (Hastings Software Inc., USA) with subsequent manual adjustments. Sequences obtained from this study were deposited into the GenBank (Table 2). A local DNA sequence database was set-up by mining through the GenBank for related known sequences. All sequences were aligned using the program ClustalW implemented in the software MEGA 6 (Tamura et al. 2013) and intra-specific genetic variation was analysed for tree species with more than one sample. DNA substitution models which are suitable for the two genes were assessed using the “find best DNA/Protein Models (ML)” function embedded in the software MEGA 6 by implementing the maximum likelihood statistical method to test the goodness of fit to several models of evolution. According to the estimated values of all parameters for each model, the model best fitting to the dataset from the sequence trnL-trnF was Hasegawa-Kishino-Yano (HKY) model, while the dataset from sequence ITS was Kimura two-parameter (K2P) model and invariable sites (+I) model (=K2P+I). Phylogenetic tree was constructed based on the maximum likelihood criteria implemented in MEGA 6. Inter- and intraspecific pairwise distances was calculated based on Kimura two-parameter model (Kimura 1980), and all positions containing gaps and missing data were included for analysis. Clade supports were calculated based on 1000 bootstrap resamplings. Gonystylus bancanus, G. macrophyllus and Phaleria macrocarpa were included as out-groups in the trnL-trnF tree, while for the ITS tree only Gonystylus bancanus and Phaleria macrocarpa were included as out-groups. These species were selected as out-groups because they are closely-related to Aquilaria and Gyrinops (Lee & Mohamed 2016b). The two genes were not analysed together as they are from two different inheritance systems.

RESULTS

DNA Sequences

A total of 62 sequences were obtained from this study, however intraspecific variation was not observed among individuals from the same population. Therefore, only 24 sequences (12 from each gene) were selected from the different populations as representative sequences and deposited in the GenBank (Table 2). When comparing the trnL-trnF sequences from all the eight species studied, the lengths of the sequences were between 496 bp to 500 bp. No genetic variation was observed within each species. The final alignment of the trnL-trnF sequences had a total of 501 bp, with four polymorphic sites and six indels, and four parsimoniously informative sites. The interspecific pairwise distance was greatest between A. microcarpa and G. caudata (0.0081), and no genetic differentiation was observed between A. beccariana and A. malaccensis, and between A. cumingiana, G. ledermannii, G. moluccana, and G. versteegii (Table 3(a)).

The ITS sequences on the other hand were of the same length, 683 bp, for all species except G. versteegii from Lombok (682 bp). No genetic variation was observed within each species, except for G. versteegii (0.0316) from four different populations (data not shown). The final alignment had a total length of 687 bp, with 72 polymorphic sites and seven indels, and had six parsimoniously informative sites. The interspecific pairwise distances for ITS sequences ranged from 0.0286 to 0.0551, with only one species pair, A. beccariana and A. malaccensis, showing no genetic differences (Table 3(b)).


Table 3: Interspecific pairwise distances of sequences between several agarwood-producing species used in this study.
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Note: A. = Aquilaria; G. = Gyrinops


Table 4: GenBank references of the selected species included in phylogenetic tree construction.



	Region
	Species
	GenBank Acession No.

	Reference




	trnL-trnF
	A. beccariana
	AY216740,
AY216741

	Eurlings & Gravendeel (2005)



	 
	 
	KT364473

	Lee et al. (2016)



	 
	A. malaccensis
	AY216745,
AY216746,
AY216747

	Eurlings & Gravendeel (2005)



	 
	 
	KT364473

	Lee & Mohamed (2016a,b)



	 
	 
	KU244037,
KU244038,
KU244039

	Lee et al. (2016)



	 
	A. microcarpa
	KT364474

	Lee & Mohamed (2016a,b)



	 
	 
	KU244040,
KU244041

	Lee et al. (2016)



	 
	G. caudata
	AY216751,
AY216752

	Eurlings & Gravendeel (2005)



	 
	G. ledermannii
	AY216753,
AY216754,
AY216755

	Eurlings & Gravendeel (2005)



	 
	G. podocarpa
	AY216756

	Eurlings & Gravendeel (2005)



	 
	G. salicifolia
	AY216757

	Eurlings & Gravendeel (2005)



	 
	G. versteegii
	KU244054

	Lee et al. (2016)



	 
	Phaleria macrocarpa
	AY216760,
AY216761

	Eurlings & Gravendeel (2005)



	 
	Gonystylus bancanus
	KT896550

	Lee & Mohamed (2016a,b)



	 
	Gonystylus macrophyllus
	AJ308653

	Van der Bank et al. (2002)



	ITS
	A. beccariana
	KT364477

	Lee & Mohamed (2016a,b)



	 
	A. malaccensis
	KT364480

	Lee & Mohamed (2016a,b)



	 
	 
	KU244089,
KU244090,
KU244091

	Lee et al. (2016)



	 
	 
	KT347172,
KT347174,

	Lee et al. (2017)



	 
	A. microcarpa
	KT264481

	Lee & Mohamed (2016a,b)



	 
	 
	KU244092,
KU244093,
KU244094

	Lee et al. (2016)



	 
	G. ledermannii
	AY920331

	Kiet et al. (2005)



	 
	G. versteegii
	KU244106

	Lee et al. (2016)



	 
	Gonystylus bancanus
	KU244107

	Lee et al. (2016)





Phylogenetic Analysis

The trnL-trnF tree was constructed using DNA sequences obtained in this study, as well as sequences downloaded from GenBank (Table 4). The tree formed two clusters, mainly separating Aquilaria and Gyrinops, with moderate bootstrap support (63% and 87%) (Fig. 2), except for A. cumingiana. The ITS tree was constructed using only sequences obtained in this study. Generally, Gyrinops and Aquilaria were clustered separately, apart from A. cumingiana, which was clustered together with Gyrinops (Fig. 3). The branching of Aquilaria and Gyrinops also showed moderate (66%) bootstrap support.


[image: art]

Figure 2: Maximum likelihood tree constructed using the intergenic spacer region trnL-trnF sequences obtained from this study and from the NCBI GenBank. The origin of each species used in this study is listed in Table 2. G. versteegii populations are annotated to their respective origins: (1) Lombok, (2) Lesser Sunda Islands, (3) Papua Island, and (4) Maluku Islands. Sequences with accession numbers following species names are from the NCBI GenBank and as listed in Table 4. Gonystylus bancanus, G. macrophyllus and Phaleria macrocarpa is treated as out-group. Bootstrap values (1000 replicates) are shown at the branches.
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Figure 3: Maximum likelihood tree constructed using the nuclear ribosomal ITS sequences obtained from this study and from the NCBI GenBank. The origin of each species used in this study is listed in Table 2. G. versteegii populations are annotated to their respective origins: (1) Lombok, (2) Lesser Sunda Islands, (3) Papua Island, and (4) Maluku Islands. Sequences with accession numbers following species names are from the NCBI GenBank and as listed in Table 4. Gonystylus bancanus and Phaleria macrocarpa is treated as out-group. Bootstrap values (1000 replicates) are shown at the branches.



DISCUSSION

Aquilaria and Gyrinops are Paraphyletic

This is the first report on molecular phylogeny of Aquilaria and Gyrinops species distributed in Indonesia. If A. cumingiana is excluded, the phylogenetic analysis using the trnL-trnF sequences showed Aquilaria and Gyrinops are paraphyletic, similar to Eurlings and Gravendeel (2005). Furthermore, based on the Wallace Line, the general clustering in the phylogenetic tree from trnL-trnF and ITS sequences (Fig. 2) correctly placed the agarwood-producing species into their respective regions, i.e. East Indonesia and West Indonesia. The eastern region comprises of Sulawesi, Lesser Sunda Islands, Maluku Islands and Papua Island, and the western region comprises of Sumatra, Java and Kalimantan (Fig. 1). In this study, the agarwood-producing species that clustered in the eastern region were all the Gyrinops species except for A. cumingiana, while the rest of the Aquilaria species clustered under the western region (Fig. 2 & 3). Unlike the trnL-trnF tree, the ITS tree showed Gyrinops to be ancestral to Aquilaria (Fig. 3). The ITS region has been reported as a useful tool in plant phylogenetic studies (Baldwin et al. 1995, Alvarez & Wendel 2003). Its biparental inheritance characteristic can be utilised to differentiate their respective populations. Application of the ITS region for genetic diversity studies has been proven successful in Aquilaria. Several studies on A. sinensis showed that ITS was able to distinguish populations from various provinces in China, and a recent finding on that showed ITS was able to tell apart populations of different countries (Lee et al. 2017). Genetic isolation and genetic fragmentation due to urbanisation at early times led to high genetic variations among the A. sinensis at various locations (Shen et al. 2008, Niu et al. 2010). Similarly, ITS was able to discern G. versteegii populations from three provincial islands: 1) Lombok, 2) Maluku, and 3) Lesser Sunda and Papua. These populations are distantly separated and genetically isolated by the sea. Due to biparental inheritance in the nuclear ribosomal ITS region, the G. versteegii populations did not cluster together under the same branch. As Gyrinops is closely related to Aquilaria, we conclude that the high intraspecific genetic variation in the ITS sequence among G. versteegii caused populations from Lombok and Maluku Islands to cluster with Aquilaria and not with those from Lesser Sunda and Papua.

Taxonomy Challenges between Aquilaria, Gyrinops and Gyrinopsis

Interestingly, based on both sequences, A. cumingiana appeared to nestle under the Gyrinops clade. We cannot rule out the possibility that A. cumingiana may be closer to Gyrinops as it was previously identified as Gyrinopsis cumingiana (The Plant List 2013). The genus Gyrinopsis was first reported by Decaisne (1843) with G. cumingiana found in the Philippines as the type specimen. Later, Ridley (1901) addressed it as A. cumingiana when he reported the discovery of A. hirta, which is highly similar to A. cumingiana. The latter has a long perianth tube and fruit that develops by breaking the side of the perianth tube. This characteristic is also shared by A. hirta, only that it is puberulous on the leaf abaxial and fruit surface, which A. cumingiana is lacking. The debate to retain the genus Gyrinopsis was raised by Quisumbing (1946) when he reported a critical study on the Philippine species under the Aquilarieae tribe. Quisumbing (1946) pointed out that the distinct perianth tube of Gyrinopsis is a major distinguishing feature that should not be ignored. Eventually all Gyrinopsis species, except G. cumingiana, were reported as endemic to the Philippines. The genus Gyrinopsis was then officially synonymised with Aquilaria because they shared the same number of stamens (10 stamens); while Gyrinops only had five stamens (Hou 1960). From our observations in the field, we found that the two genera Aquilaria and Gyrinops can be separated by a distinct characteristic - the colour of the mature fruit. Aquilaria often has green fruits, while those of Gyrinops are orange or yellowish in colour. Surprisingly, A. cumingiana has orange to brownish mature fruit instead of green mature fruit (http://www.tropicos.org/Name/50314049). This may lead to the proposal that A. cumingiana be retained as Gyrinopsis as it has 10 stamens like Aquilaria, and orange fruits like Gyrinops. In addition, unlike the other two genera, Gyrinopsis has a long perianth tube. Other Aquilaria species that has orange mature fruit and 10 stamens is A. filaria (formerly known as Pittosporum filaria) (http://www.tropicos.org/Name/50314819). However, the colour of a mature fruit is seldom taken as a main key in plant taxonomy. Yet to differentiate between Aquilaria and Gyrinops using a single characteristic, which is the number of stamens, can as well be disputed (Eurlings & Gravendeel 2005).

Challenges in Species Identification and Conservation of Agarwood-Producing Species In Indonesia

According to the Tropicos (http://www.tropicos.org), an established online botanical database maintained by the Missouri Botanical Garden, there are 13 agarwood-producing species from two genera being distributed over six geographical locations in Indonesia (Table 1). For the past several years, FORDA has conducted extensive field explorations and observed occurrence of other species in several islands such as Sulawesi, Lesser Sunda and Maluku. However, because the taxonomy of Aquilaria of Indonesian origin has not been revised for a long time, the identity of these species and the status of previously reported ones could not be ascertained. Among the main islands in Indonesia, only Java does not have a native species although popular plantation species like A. malaccensis, A. microcarpa and G. versteegii are currently being introduced from other parts of Indonesia into Java. Being the country with the richest diversity of agarwood-producing species, we found that there is a limitation in performing species identification even when using DNA as evidence. Generic delimitation between the genera in the Aquilarieae tribe is based on the number of stamens. In our opinion, it should not be emphasised as the sole characteristic for supporting genus level. Quisumbing (1946) suggested that stamen numbers be regarded as one of the distinguishing features. There are other characteristics such as the calyx lobes, perianth tube and fruit shape, that can be used as major features to differentiate species. In our study, a few species were inseparable by DNA evidence. For example, A. malaccensis and A. beccariana can be clearly distinguished from the distinct structure of their calyx lobes (the former is often reflexed and the latter is cylindrical), but DNA sequence was not able to resolve their identities. The two species are highly identical in vegetative morphology, which explains why they can be mis-identified when the fruits are not available. Given their high similarity in morphological and ecological aspects, we may consider them as a single evolutionary unit. In another case concerning G. ledermannii and G. moluccana, both phylogenetic trees were not able to separate them. While we suggest this could be due to the slow molecular evolution rate in the chloroplast DNA, they could be also experiencing shared ancestral polymorphism. Similar finding was also reported in Araucaria species (Gaudeul et al. 2014). While molecular identification using DNA sequences is a potential supporting tool in species identification, it was not consistent in several genera. Other DNA-based method such as amplified fragment length polymorphisms (AFLP) has been suggested to tackle this problem (Després et al. 2003, Gaudeul et al. 2012). However, for agarwood, which is often traded in wood or wood products, the only other option is through wood anatomy. Its major limitation is the technique can only disclose down to the genus level (Gasson 2011). The current practice of identifying agarwood source of origin through wood anatomy is based on the presence of included phloem (Kim & Park 2011), which is present only in members of the Aquilarieae tribe under the family Thymelaeaceae, and is absent from the other tribes (Asdar 2007). A preliminary study on the anatomy structure of five different agarwood-producing species (A. beccariana, A. malaccensis, A. microcarpa, A. cumingiana (previously known as Gyrinopsis cumingiana) and G. versteegii,) found that the genera under the Aquilarieae tribe could be distinguished using other anatomical features (Andianto 2010). For example, Aquilaria’s vessels are arranged in radial multiples of two to three common cells, while Gyrinops and Gyrinopsis have two to eight common cells. Gyrinops and Gyrinopsis have differences in ray width, G. versteegii has uniseriate width, while A. cumingiana has uni-to bi-seriate width. This shows that A. cumingiana is more similar in its anatomical feature to G. versteegii than Aquilaria species. Our results in the form of phylogenetic trees (Figs. 3 and 4) also displayed similar findings. Should there be any efforts to revise the species names, we suggest one of the followings to be taken into consideration: 1) the genus Gyrinopsis to be retained due to its distinct anatomical feature in ray width, 2) to merge Gyrinopsis species having 10 stamens with Gyrinops instead of Aquilaria if they share identical number of vessels in radial multiples or having a yellow/orange mature fruit, or 3) to consolidate all the three genera under Aquilaria as they all possess included phloem. We also suggest including anatomical features as another reference point in taxonomical classification, at genus level the least, due to the diversity of these agarwood-producing species.

CONCLUSION

The chloroplast trnL-trnF sequences displayed capability in discerning the many species of the agarwood-producing trees and clustered them to their respective geographical origin. However, the moderate bootstrap support level reflects the limitation of the trnL-trnF region in differentiating each species with confidence. On the other hand, the ITS region may not be a suitable gene to characterise both genera due to high genetic variation observed within the same species. The utilisation of ITS region to identify wood samples may be promising under the condition that large sampling area from various populations were carried out to include all possibilities in sequence variation. Considering the threatened status of several species in their natural population, effort in sampling may be difficult and sensitive. Therefore, this study may serve as a reference in establishing a systematic conservation program in preserving the genetic diversity of these agarwood-producing species in Indonesia.
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Abstract: Cross-breeding is a method of producing progeny with better resistance to pathogens. Resistance to pathogens usually involves pathogenesis-related (PR) proteins. Class II chitinase is an example of a defensive PR protein in plants. The class II chitinase in chilli is coded by the CaChi2 gene. In this study, we crossed susceptible with resistant chilli cultivars, analysed the F1 resistance response against pathogenic F. oxysporum, and analysed the level of CaChi2 gene expression in the F1. Data were collected using disease severity index (DSI) determination and gene expression analysis by qRT-PCR (quantitative Reverse Transcriptase Polymerase Chain Reaction). Results showed that the DSI of F1 was not significantly different from the resistant ancestor. The relative CaChi2 expression level of F1 was higher than the susceptible ancestor but not significantly different from the resistant ancestor. We concluded that the F1 can be categorised as resistant to F. oxysporum, and the CaChi2 gene is involved in the molecular defense response.

Keywords: Chitinase, Cross-Breeding, Disease Severity Index (DSI), qRT-PCR

INTRODUCTION

Chilli (Capsicum annuum L.) is an important commodity in Indonesia, but its yield has decreased due to pathogen infections. Fusarium wilt caused by F. oxysporum is a common pathogen in chilli plantations in Thailand and a potential pathogen in India, China and Indonesia (Ali 2006). Fusarium wilt in Thailand can destroy chilli plantations, with disease severity of 26%–79% (Wongpia & Lomthaisong 2010). The pathogen enters the plant through the roots, but the effects can be seen as wilting of leaves, vein clearing in younger leaflets, epinasty, stunting, and yellowing of older leaves (Agrios 2005). F. oxysporum is host-specific, so chilli pathogens cannot infect other plants. However, spores of the pathogen survive in the soil and can infect chilli plants in the future.

The Indonesian Convention for Plant Protection has an integrated plant disease management system that includes plantations of resistant cultivars. Resistant cultivar development is an effective and efficient method in plant cultivation. The resistant cultivars can be individually screened to produce a pure grove, or they can be produced through hybridisation of a resistant and a susceptible cultivar, to make resistant progeny with good characters. Semangun (2006) stated that local cultivars have good pathogen defense, so they are used as parental plants in cultivation. Cross-breeding between resistant and susceptible cultivars would increase the F1 resistance compared to the susceptible parents.

One defense mechanism in plants is the production of pathogenesis-related (PR) proteins. For example, chitinase is a PR protein produced by plants to respond to pathogenic infection. Plant chitinase can degrade chitin in the pathogen’s cell wall or enhance the chitinase gene expression in many plant tissues. Plant chitinase is expressed in cabbage, pea, strawberry and tobacco (Amian et al. 2011; Ntui et al. 2011; Ahmed et al. 2012). Chitinase expression increases in resistant plants and inhibits pathogen infection in grape and acacia (Vasanthaiah et al. 2010; Rushanaedy et al. 2012).

There are many classes of chitinase gene based upon structure, including class I, II, III, IV and V. Class II chitinase has about 250 amino acids with no cysteine-rich domain (Collinge et al. 1993; Buhler et al. 2007). One of the class II chitinase genes is the CaChi2 gene, which is found in Capsicum annuum. The CaChi2 gene is expressed highly in response to Phytophthora capsici and Colletotrichum coccodes (Hong & Hwang 2005). CaChi2 expression also increases in resistant chilli as a response to F. oxysporum (Ferniah et al. 2015). However, CaChi2 expression levels in F1 progeny of the resistant and susceptible crosses are not yet known.

The objectives of this research were to analyse the resistance response of F1 from cross-breeding a susceptible chilli cultivar with a resistant cultivar and to analyse the CaChi2 expression of the F1 progenies.

MATERIALS AND METHODS

Pathogenic F. oxysporum was isolated from Fusarium wilting chilli plants, which was found in Tawangmangu, Central Java, Indonesia (Ferniah et al. 2014). The two cultivars of C. annuum used in this research were Branang, a resistant cultivar, and Lembang-1, a cultivar susceptible to pathogenic F. oxysporum (Ferniah et al. 2015).


Cross-Breeding

Branang and Lembang-1 were cross-bred in a greenhouse. Male flowers were complete blooming flowers but female flowers were selected as the bud flowers. Pollen was collected from male flowers and then wiped onto the stigmas of female flowers. Crossing of chilli plants was performed between 6:00 pm and 8:00 pm.

Hybrids of male (♂) Lembang-1 and female (♀) Branang were named as LB, and hybrids of ♂ Branang and ♀ Lembang-1 were named as BL genotypes. Both LB and BL were grown in a greenhouse with watering every day.

Fungal Inoculation and Disease Severity Index

F. oxysporum was grown in potato dextrose broth (PDB) for four days. Conidia densities were calculated using a hemocytometer and were adjusted to 106 conidia/mL. The conidia were inoculated on 30-day-old chilli plants by root dip method (Herman & Perl-Treves 2007; Karimi et al. 2010). Disease symptoms were observed every other day post-inoculation for 25 dpi. Symptoms were recorded using the following system: Score 0 = no symptom, 1 = lower height compared to control, 2 = lower height and chlorosis, 3 = 10% chlorosis and/or 10% wilting, 4 = 11%–25% wilting, 5 = 26%–50% wilting, 6 = 51%–100% wilting and dead. The disease severity index (DSI) was determined with the following equation (Wongpia & Lomthaisong 2010):

[image: art]

Based on their DSI, plants were categorised as highly resistant (HR) if 0% < DSI ≤ 2%, resistant (R) if 2% < DSI ≤ 10%, susceptible (S) if 10% < DSI ≤ 30%, and highly susceptible (HS) if 30% < DSI ≤ 100% (modified from Nsabiyera et al. 2012).

Measuring CaChi2 Expression by qRT-PCR

RNA isolation and gene expression analyses of 5 plants from F1 and 5 plants from each of the parental plants were completed at 0, 4, 15 and 25 dpi. RNA was isolated from 30–50 mg of chilli leaves using the Plant Total RNA Mini Kit (Geneaid, UK) according to the protocol. The quantity and quality of the RNA were measured using a NanoVue spectrophotometer (GE Healthcare, UK).

The RNA was amplified by one-step qRT-PCR using the KAPA SYBR FAST One-Step qRT-PCR Kit (KAPA Biosystems, Africa) according to the protocol. The 18S rRNA gene was used as the normalized gene (Norm) because its expression level was stable between in treated and non-treated plants (unpublished). The CaChi2 gene as the gene of interest (GOI) was amplified based on GeneBank database (Hong & Hwang 2005). Primer pairs for qRT-PCR were 18n for the Norm and c2p for the GOI, which were designed using Primer3Plus software (https://primer3plus.com). Sequence of the 18n forward primer was 5’-GGGCGACTAATGAACCCCAA-3’ with reverse sequence 5’-AAGCACACGTCCGCTTGATA-3’ and 103 bp PCR product. The c2p forward primer was 5’-CACCAGCAGATAGGTCAGCA-3’ with reverse sequence 5’-TCCAGTGGGAACATTCAACA-3’ and 158 bp PCR product. PCR was performed with a Rotor-Gene Q 5-Plex (Qiagen, Germany). One-step qRT-PCR was programmed for 5 min at 42°C for cDNA synthesis, 3 min at 95°C for inactivation of RT, and 40 cycles of amplification with 3 s at 95°C for denaturation, 20 s at 55°C for annealing, and 30 s at 72°C for extension.

Chitinase gene expression in the treated plants was compared to expression in the control plants. Analyses of the expression was based on the Ct value of the GOI and normalised gene. Ct is defined as the number of cycles required for the fluorescent signal to cross the threshold. The Ct values were analysed by the delta-delta Ct method (Livak & Schmittgen 2001) with Rotor-Gene Q Software version 2.1.1 (Qiagen, Germany).

RESULT AND DISCUSSION

Cross-breeding between Branang and Lembang-1 produced many genotypes, as described in Table 1 and Table 2. Not all of the seeds were able to grow, and many seeds grew dwarfs or died after few days.


Table 1: Genotype hybrids of Branang and Lembang-1 chilli cultivars.



	Type of ♂ × ♀

	Number of crosses

	Pollinations

	Mature fruits

	Seeds




	♂ L1 × ♀ Br

	52

	13

	9

	154




	♂ Br × ♀ L1

	98

	5

	2

	38





Hybridisation of male Lembang-1 with female Branang generated 13 pollinations from 52 crosses, produced 9 mature fruits contained 154 viable seeds. It produced 89 plants named as LB genotypes. Hybridisation of male Branang with female Lembang-1 only generated 5 pollinations from 98 crosses, produced 3 mature fruits contained 38 viable seeds, and then produced 20 plants named as BL genotypes.

The BL genotypes grew dwarfs, and most of them died before treatment. Fungal treatment was applied to 30-days-old LB genotypes by the root dip method, and treated plants were then compared to the parental plants. The DSI of F1 (5.7%) was not different significantly from Branang (2%), so the F1 was determined to be a resistant cultivar (Table 3).


Table 2: Seed viabilites of genotype hybrids of Branang and Lembang-1 chilli cultivars.



	Genotype
	∑ seeds

	Viable seeds

	% viability

	Note




	LB1
	15

	6

	40

	




	LB2
	26

	21

	81

	




	LB3
	30

	11

	37

	




	LB4
	6

	4

	67

	




	LB5
	20

	17

	85

	




	LB6
	10

	6

	60

	




	LB7
	10

	0

	0

	Damaged seed




	LB8
	19

	15

	79

	




	LB9
	18

	9

	50

	




	∑ LB
	154

	89

	

	




	Ẋ LB
	17.1

	9.9

	55.3

	




	BL1
	14

	8

	57

	




	BL2
	24

	12

	50

	




	∑ BL
	38

	20

	

	




	Ẋ BL
	19

	10

	53.6

	





Notes: LB: ♂ Lembang-1 × ♀ Branang, BL: ♂Branang × ♀ Lembang-1


Table 3: Comparison of F1 and ancestor (P) Disease Severity Index (DSI) in response to F. oxysporum infection at 15 dpi (days post-inoculation).



	Cultivar
	DSI (%)*

	Resistance




	LB (F1)
	5.7 b

	Resistant




	Lembang-1 (P)
	17 a

	Susceptible




	Branang (P)
	2 b

	Resistant





*Values in this column with the same letter are not statistically significantly different at P < 0.05.

Expression analysis of the CaChi2 gene in F1 is shown in Fig. 1. Molecular response of the chilli plants in this study has shown that the more resistant plants expressed higher levels of CaChi2 than the susceptible plants. The relative expression levels of CaChi2 gene in the resistant plants (Br and LB) were higher than those of the susceptible plant Lembang-1 after 4 dpi. Plants need time to increase their relative expression level as a response to pathogen attack. The time required ranges from a few minutes to several hours after inoculation, and the expression can be maintained for few days to inhibit pathogen sporulation (Schickler & Chet 1997). Resistant cultivars of wheat needed 72 hpi (hours post-inoculation) to enhance their expression level after Puccinia striiformes attack (Mohammadi et al. 2001).
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Figure 1: Relative expression levels of CaChi2 after F. oxysporum infection in F1 hybrid (LB) and ancestors Branang (Br) and Lembang-1 (L1). Note: Values in this bar with the same letter are not statistically significantly different at P < 0.05.



Plants have developed many mechanisms to resist pathogen attack, including physical defense, chemical defense, and behavioural avoidance of the pathogen (Agrios 2005). Chitinase is a chemical defense that is coded for by chitinase genes, one of which is CaChi2 in Capsicum annuum. Chitinase acts as a PR protein by degrading the fungal cell wall directly (Hong & Hwang 2005) or by releasing an endogenous elicitor that stimulates systemic acquired resistance (SAR) in plants (Vallad & Goodman 2004). Results in this study showed that expression of CaChi2 in the context of SAR occurred in the leaves of the chilli plants although leaves are not the target tissues (root of chilli plants) of pathogen attack. This was demonstrated by the differences in gene expression level of the leaves between resistant and susceptible plants. The expression profile of resistant and susceptible plants in this study confirms the findings of previous research (Ferniah et al. 2015).

Hybridisation of plants is aimed at finding new and better properties, including resistance to pathogens. Cross-breeding between Branang and Lembang-1 generated F1 progenies that had resistance to F. oxysporum, at similar levels to Branang. The resistance of F1 was also noted by Keller et al. (2000) that plant resistance is usually a dominant phenotype. Inheritance of plant resistance could be monogenic, oligogenic or polygenic (Keller et al. 2000; Chahal & Gosal 2002).

Relative expression level of the CaChi2 gene was higher in F1 than in its susceptible ancestor. Based on the relative expression level, the F1 could be categorised as an incompatible or resistant cultivar to F. oxysporum. According to Su et al. (2015), many chitinase gene expression levels were increased in incompatible sugarcane cultivars in response to sugarcane smut (Sporisorium scitamineum). The increasing level of chitinase expression varied over 24–168 hpi (hours post inoculation).


Analyses of F1 plant defense and relative expression level of the CaChi2 gene showed that the plant defense was affected by the CaChi2 gene. Previous studies have demonstrated that the chitinase gene must work synergistically with another gene to express plant defense against fungal pathogen. Hong and Hwang (2005) stated that the chitinase gene must be expressed with the class I pathogenesis-related protein CaBPR1 and glucanase (CaBGlu) to activate chilli defense against pathogenic fungi. Research on the pea (Amian et al. 2011) found that it required chitinase and glucanase genes to convey plant defense. Most recently, research on chilli’s chitinase gene showed that chitinase expression increases in response to Xanthomonas campestris pv. vesicatoria (Xcv) but needs to interact with a cytoplasmic kinase protein (PIK-1) to give rise to defense. The main resistance gene involved in plant defense is cytoplasmic kinase protein, while the chitinase gene is an enhancer (Kim et al. 2015).

Based on the DSI, cross-breeding between resistant and susceptible cultivars can produce a resistant cultivar in F1. The molecular response of F1 was to increase the CaChi2 expression level to inhibit an F. oxysporum pathogen attack. This study concludes that the F1 can be categorised as resistant to F. oxysporum, and the CaChi2 gene is involved in the molecular defence response.
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Abstract: Antibacterial activity of indigenous Dayak onion (Eleutherine palmifolia (L.) Merr) was investigated. The Dayak onion was solvent extracted with n-hexane, ethyl acetate, and ethanol 96% consecutively. Each extract was tested its antibacterial activity towards methicillin-resistant Staphylococcus aureus (MRSA), Bacillus cereus, Shigella sp., and Pseudomonas aeruginosa using disc diffusion method. The test results showed that the n-hexane, ethyl acetate, and ethanol 96% extracts positively inhibited the growth of MRSA, B. cereus, Shigella sp., and P. aeruginosa. The highest inhibition activity of each extract was obtained with 10 mg/mL of extract concentration; whereas the minimum inhibitory concentration (MIC) of each extract was 2 mg/mL. Extract with the highest inhibition activity was ethyl acetate extract against B. cereus (139.58%). TLC evaluation of ethyl acetate extract showed four spots and bioautography indicated that ethyl acetate extract contained four types of compounds with inhibition activity against B. cereus, in which two compounds have higher antibacterial activity than the other two.

Keywords: Antibacterial, Bioautography, Inhibition Activity, Dayak Onion

INTRODUCTION

Dayak onion (Eleutherine palmifolia (L.) Merr) is an indigenous plant from Kalimantan Indonesia, which has been used for generations as folk medicine in Dayak community. Empirically, Dayak onion has been used by local people to cure various types of diseases such as high blood pressure, high cholesterol, diabetes, ulcers, constipation, stroke and also as an herbal drink for postpartum mothers. The main part of Dayak onion widely used is its bulb in the form of fresh, dried onion bulb, pickles, or powder (Galingging 2009). Indeed, the potency of Dayak onion as natural multi-function medicine has widespread healing practices. Recently, Couto et al. (2016) published an excellent review of Eleutherine bulbous as folk medicine. Thus, it is essential to explore Dayak onion for more therapeutic benefits.

The healing effects of Dayak onion are probably due to its active compounds. The bulb of Dayak onion has been reported to have several bioactivities, including antiacne (Syamsul et al. 2015), antimitotic (Efendi et al. 2015), antifungal (Diana et al. 2014), and also antioxidants (Nur 2011; Kuntorini et al. 2016). Phytochemical screening on ethanol extract of Dayak onion has indicated that it contained secondary metabolites such as flavonoids, naphthoquinones, anthraquinones, alkaloids, saponins, tannins, triterpenoid and steroid (Kuntorini & Laurentius 2010; Mierza et al. 2011).

Antimicrobial activity of Dayak onion has also been reported. Puspadewi et al. (2013) have investigated the effectiveness of ethanol extract in inhibiting the growth of bacteria Staphylococcus aureus. Different studies showed that the ethanol extract from the bulb of Dayak onion was able to inhibit the growth of Streptococcus pyogenes (Kamillah 2014), Salmonella typhi (Naafi’ah 2014), and Escherichia coli (Amanda 2014). However, those studies mainly used ethanol extract from the bulb. Since not all bioactive compounds which have antibacterial activities dissolve in a polar solvent such as ethanol, thus it is necessary to explore the extraction method using different solvents polarities. Selection of different polarity of solvents is expected to obtain the best solvent for the extraction of antibacterial compounds from the Dayak onion.

Hence, the purpose of this research was to extract the antibacterial compounds from Dayak onion with different polarity of solvents which were non-polar (n-hexane), semi-polar (ethyl acetate), and polar (ethanol 96%); to determine the antibacterial activity of all extracts towards pathogenic bacteria namely methicillin-resistant Staphylococcus aureus (MRSA), Bacillus cereus, Shigella sp. and Pseudomonas aeruginosa; and to determine the minimal inhibitory concentration (MIC) of all extracts.

MATERIALS AND METHODS

Plant Identification

Dayak onion plant was collected from Samarinda, East Kalimantan Indonesia in 2016. The specimen of the plant was identified and authenticated by Dr. Pudji Widodo, MSc from the Laboratory of Plant Taxonomy, Faculty of Biology, Universitas Jenderal Soedirman Purwokerto, Indonesia.


Sample Preparation

The sample was prepared following Galingging (2009). The whole plant of Dayak onion was washed thoroughly with tap water. The leaves were trimmed off; the bulbs were thinly sliced about ±1–2 mm of thickness and then dried in an oven at 50°C for several hours until constant weight. The dried onion was ground into a powder form, and filtered with 60 mesh sieve. The fine powder obtained was then weighed, sealed, and stored in a dry place.

Extraction of Antibacterial Compounds

Extraction of antibacterial compounds was carried out by modifying procedure reported by Ahmad and Ramadhan (2014). Dayak onions in powder form were extracted using fractionation method with redistilled n-hexane, ethyl acetate, and ethanol 96% sequentially. Firstly, powder Dayak onions were extracted with n-hexane (1:2 w/v) for 3 × 24 hours with occasional stirring. After three days, the mixture was filtered to give n-hexane filtrate and the residue-I. The n-hexane filtrate was evaporated using a rotary evaporator at 50°C and then concentrated to give n-hexane extract. Using the residue-I, the procedure was repeated with ethyl acetate to give ethyl acetate extract. Finally, the residue-II from ethyl acetate extraction was extracted with ethanol 96% to give ethanol extract. Each extract was weighed and stored in a dry and tightly closed container.

The preliminary phytochemical analysis of each extract was performed following the standard method (Harborne 1987). Each extract was qualitatively screened to identify the presence of various active compounds like flavonoid, alkaloid, saponin, triterpenoid, steroid and tannin.

Determination of Antibacterial Activity

Antibacterial activity of each extract (hexane, ethyl acetate, ethanol 96% extracts) was determined by disc diffusion method or Kirby-Bauer method (Bauer et al. 1966). Each extract consisted of five different concentrations (2, 4, 6, 8 and 10 mg/mL). The pathogenic bacteria used were MRSA, B. cereus, Shigella sp. and P. aeruginosa. The test bacteria used were obtained from the Laboratory of Microbiology, Universitas Jenderal Soedirman, Purwokerto Indonesia. Each anti-bacterial assay was carried out in four replicates. As a positive control was cefadroxil 30 μg/mL in sterile aquadest, and as a negative control was a sterile aquadest.

All test organisms were cultured in Nutrient Broth (Merck, Germany) for overnight at 37°C before being used in the antibacterial assay. Antibacterial assay was carried out as follow. Paper discs (ø 6 mm, thickness 0.5 mm) were impregnated with 15 µL of each extracts solution with specific concentrations, air dried, and put on agar plates inoculated with test bacteria. The plates were incubated at 37°C for 24 h. Then, the diameter of the inhibition zone was measured to the nearest millimeter (mm). The inhibition activity was calculated by the equation (Ashshobirin et al. 2014):
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where d1 = diameter of paper disc (6 mm) and d2 = diameter of inhibition zone (mm).

All data were analysed using analysis of variance (ANOVA). The results from ANOVA analysis which showed significant diversity was analysed further with Duncan’s Multiple Range Test (DMRT) with a 95% confidence level (α = 0.05).

The lowest concentration of each extract capable of inhibiting the growth of test bacteria was recorded as the minimum inhibitory concentration (MIC).

Extracts with the highest antibacterial activity towards MRSA, B. cereus, Shigella sp., and P. aeruginosa have then calculated its antibacterial effectiveness by comparing the diameter of inhibition zone from extract with that of a positive control, antibiotic cefadroxil 30 μg/mL. The antibacterial effectiveness of extract to the antibiotic was calculated by the equation (Orho et al. 2015):
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where, D = diameter of inhibition zone from extract (mm) and Da = diameter of inhibition zone from positive control (mm).

Assignment of Antibacterial Compounds

Extract with the highest antibacterial activity was assigned via Thin Layer Chromatography (TLC) on silica gel GF254 plate. The extract was eluted with chloroform, and the elution profile was detected under UV light (254 nm and 366 nm). Furthermore, an efficient technique namely Bioautography was also employed (Oedjijono 1992). The developed TLC-plate was put on test agar inoculated with the most inhibited bacteria tested. The plate agar was incubated at 37°C for 2 x 24 h, and then the inhibition zone was measured. The corresponding Rf value was compared to a parallel developed TLC plate.

RESULTS AND DISCUSSION

Plant Identification

Dayak onion is an annual herb plant with 30–40 cm of height. The leaves are green, single, pointed like ribbons with flat or un-serrated edges. It has tiny white flowers and bright-red bulb resembling of red onions (Fig. 1). The results of plant identification certified the sample (191/FB.Unsoed/TaksTumb/XI/2015) as follow:



[image: art]

Figure 1: Dayak onion (a) the whole plants, (b) the bright-red bulbs, and (c) the dried slices of the bulbs.



Extraction of Antibacterial Compound

The fresh bulb of onion was sliced and dried to reduce water content. The dried slices were grounded to produce a fine powder with the aim of expanding the surface for the extraction process to occur effectively. The yield obtained was 15%, based on the comparison between the weight of the resulting dried sample and the weight of fresh sample used.

The extraction process was performed gradually using three different polarities of solvents. In doing so, the bioactive compounds could be extracted based on its polarity level to maximise the extraction process. The use of n-hexane solvent was aimed to extract nonpolar compounds; ethyl acetate solvent to extract the semi-polar compound, and ethanol 96% solvent to extract the polar compound. After extraction, the solvent was evaporated to give a dried extract. The yield of dried extract for each solvent is presented in Table 1. Based on the extraction yield, it was apparent that the bulb of Dayak onion mostly contained polar compounds (1.85%) compare to semi-polar compounds (1.41%) and non-polar compounds (0.67%).


Table 1: The yields of dried extract



	Solvents

	Extract (gram)

	Yield (%)




	n-hexane

	6.03

	0.67




	Ethyl Acetate

	12.73

	1.41




	Ethanol 96%

	16.67

	1.85




	Total Yield

	 
	3.93






The qualitative phytochemical analysis was done to identify chemical components in each extract. The results of preliminary phytochemical assay indicated that Dayak bulb contained flavonoid, alkaloid, triterpenoid, steroid and tannin (Table 2). Based on the qualitative tests, ethanol extract positively indicated the presence of flavonoid, triterpenoid, and tannin. Ethyl acetate extract showed positive results indicated the presence of alkaloid and steroid; whereas n-hexane extract gave a positive result for steroid only. The chemical compounds contained in each extract most likely would act as antibacterial with a different mechanism.


Table 2: The results of qualitative phytochemical screening



	Chemical component
	
Extract




	n-hexane

	Ethyl acetate

	Ethanol 96%




	Flavonoid
	−

	−

	+




	Alkaloid
	−

	+

	−




	Saponin
	−

	−

	−




	Triterpenoid
	−

	−

	+




	Steroid
	+

	+

	−




	Tannin
	−

	−

	+





Notes: + = presence of chemical component; − = absence of chemical component

Flavonoid is the largest group of phenol compounds that effectively inhibit the growth of viruses, bacteria, and fungi. Flavonoids inhibit the growth of bacteria by inhibiting the synthesis of nucleic acid, the function of the cell membrane, and energy metabolism (Cushnie & Lamb 2005). Alkaloids act as an antibacterial by inhibiting the synthesis of the cell which causes lysis of the cells (Lamothe et al. 2009). Triterpenoid as an antibacterial reacts with the porin (trans-membrane protein) in the outer membrane of the bacterial cell wall and forms a strong polymer bond resulting in the destruction of the porine. Damage to the porine will reduce the permeability of bacterial cell walls, decrease the nutrients uptake, and inhibit bacterial growth (Cowan 1999). Steroids can interact with phospholipid cell membranes that are permeable to lipophilic compounds that decrease membrane integrity as well as the morphology of cell membranes. Cells become brittle and lysis, eventually (Ahmed 2007). The mechanism of action of tannin as an antibacterial is by contracting the cell wall or cell membrane, thus disrupting the permeability of the cell itself. Due to disruption of the permeability, the cell cannot perform life activities so that its growth is hampered or even dead (Ajizah 2004).

Antibacterial Activity of Extracts

The results from antibacterial activity test indicated that n-hexane, ethyl acetate, and ethanol 96% extracts positively inhibit the growth of MRSA, B. cereus, Shigella sp., and P. aeruginosa (Fig. 2). Different type of extracts and different concentration gave different inhibition activities. Increasing the concentrations of all extract was directly correlated with the increasing inhibition activities. Thus, the higher the concentration of extract used, the higher the inhibition activity (Fig. 3). Increasing concentrations would result in the higher composition of bioactive compounds in the extract, so the ability to inhibit bacterial growth was also getting stronger.
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Figure 2: Inhibition zone from antibacterial activity assay (a) ethyl acetate extract (10 mg/mL) against MRSA, (b) ethyl acetate extract (10 mg/mL) against B. cereus, (c) hexane extract (10 mg/mL) against Shigella sp., and (d) ethyl acetate extract (10 mg/mL) against P. aeruginosa.



The results from analysis of variance showed that the type of extracts, the variation of extract concentrations, and the interaction between the two significantly inhibited the growth of MRSA, B. cereus, Shigella sp. and P. aeruginosa inhibition at 95% confidence level (α = 0.05). Further Duncan tests indicated that the interaction between the extracts and concentration of 10 mg/mL gave the highest inhibition activity. The highest inhibition activity against MRSA was ethyl acetate extract (10 mg/mL, 91.67% inhibition, Fig. 3a); against B. cereus was ethyl acetate extract (10 mg/mL, 139.58% inhibition, Fig. 3b); against Shigella sp. was n-hexane extract (10 mg/mL, 125% inhibition, Fig. 3c); and against P. aeruginosa was ethyl acetate extract (10 mg/mL, 116.67% inhibition, Fig. 3d). These findings were summarised in Table 3.

The antibacterial effectiveness was then calculated using antibiotic cefadroxil as a positive control. The research results showed that the antibacterial effectiveness of 10 mg/mL of ethyl acetate extract against cefadroxil antibiotics 30 μg/mL on the growth of P. aeruginosa and B. cereus was higher than that of Shigella sp. and MRSA. This result suggested that ethyl acetate extract was more effective in inhibiting the growth of P. aeruginosa and B. cereus compared to 30μg/mL cefadroxil antibiotics (Table 3).

Based on the antibacterial activity tests, the ethyl acetate extract of Dayak onion gave significant effect in inhibiting most bacteria tested. Probably, the extracted bioactive compounds affect bacterial cell walls which are known to have two solubility properties: hydrophilic and lipophilic. The semi-polar compounds in ethyl acetate extract were thought to have a higher affinity so that they could interact better with the cell wall. The hydrophilic properties are necessary to ensure the soluble compounds in the water phase which are the microbial life spans, and the compounds are acting on the hydrophobic cell membrane require lipophilic properties. This explanation was in accordance with the statement of Kanazawa et al. (1995) which stated that a compound having an optimum affinity would have an optimum antimicrobial affinity because antimicrobial compounds require hydrophilic-hydrophobic balance in their interactions with bacteria.
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Figure 3: The profile of inhibition activities (%) from n-hexane, ethyl acetate, and ethanol 96% extracts against the growth of pathogenic bacteria (a) MRSA, (b) B. cereus, (c) Shigella sp., and (d) P. aeruginosa. The concentration of each extract used were 2, 4, 6, 8, and 10 mg/mL. The higher concentration used gave higher inhibition activity. The highest inhibition activity (139.58%) was 10 mg/mL.




Table 3: Antibacterial effectiveness of the extract with the highest inhibition activity towards tested bacteria



	Test bacteria
	Extract

	Extract conc. (mg/mL)

	Inhibition activity (%)

	Antibacterial effectiveness (%)*




	MRSA
	Ethyl acetate
	10

	91.67

	76.67




	B. cereus
	Ethyl acetate
	10

	139.58

	110.61




	Shigella sp.
	n-hexane
	10

	125.00

	79.41




	P. aeruginosa
	Ethyl acetate
	10

	116.67

	162.50





*positive control: cefadroxil 30 μg/mL

Phytochemical analysis indicated the presence of alkaloids in ethyl acetate extract. The alkaloids are known to have potential as antibacterial because they can damage the cell wall. Lamothe et al. (2009) stated that the alkaloids compound served as antibacterial by inhibition of cell wall synthesis which can cause lysis of the cell, and eventually lead to the cell death. Harborne (1987) stated that alkaloids could interfere with the formation of peptidoglycan components in bacterial cells, thus causing the loss of cell wall function as an osmotic pressure protector. The lack of peptidoglycan components causes the bacterial cell to become sensitive to osmotic pressure, and the high osmotic pressure in the bacterial cell will cause lysis of the bacterial cell. The highest inhibition activity was obtained from ethyl acetate extract against B. cereus (139.58%) which indicated that B. cereus was the most sensitive bacteria towards Dayak onion than other bacteria tested. The inhibition activity toward Gram-positive bacteria (B. cereus) was higher than Gram-negative bacteria (Shigella sp. and P. aeruginosa). This observation was in agreement that Gram-positive bacteria tend to be more sensitive to antibacterial compounds than Gram-negative bacteria (Radji 2009). This is due to the differences in the structure of bacterial cell wall. In particular, the cell wall of Gram-positive bacteria is simpler than Gram-negative cell wall bacteria. Gram-positive bacteria have cell walls consisting of peptidoglycan layers with thick and rigid structures. Oppositely, Gram-negative bacteria have thinner cell walls, consisting of one or more peptidoglycan layers and high lipid content (Pelczar & Chan 1986). Another perception is that the permeability of the outermost membrane of the bacterial cell wall is determined by the presence of protein molecules in the form of porin (Radji 2009). Porins contained in the outer membrane is thought to hamper bioactive molecules entering bacterial cells. This is due to the difference in properties between the porin and the components contained in the extract, in which the porin is nonpolar, and the Dayak bulb extract is more polar. The difference in properties probably caused the antibacterial compounds in Dayak onion extracts was more difficult to enter the bacterial cells of Shigella sp and P. aeruginosa (Gram-negatives), so the resulting inhibition zone was smaller than that of B. cereus (Gram-positive).

It is interesting to note that MRSA could be affected by ethyl acetate extract of Dayak onion with inhibition activity of 91.67%. MRSA is a Staphylococcus aureus which resistant to antibiotic Methicillin. The pathogenicity of MRSA is higher than that of S. aureus, due to its resistance which causes the severity of the disease because of MRSA infections. This particular result emphasised the important of Dayak onion as an alternative antibacterial to deal with microorganisms that have been resistant to commercial antibiotics.

The minimum inhibitory concentration (MIC) of the extract was determined to know the minimum concentration required to inhibit or kill bacterial growth. The results showed that the minimum concentration of Dayak onion extracts against all bacteria tested was 2 mg/mL. The inhibition activity (%) at MIC (2 mg/mL) of hexane, ethyl acetate, and ethanol 96% extracts against MRSA, B. cereus, Shigella sp. and P. aeruginosa is shown in Fig. 4. The result of variance analysis indicated that the type of extracts, the type of test bacteria, and the interaction between the two with the minimum inhibitory concentration had a significant effect (p > 0.05) on the inhibition activity. The 5% DMRT test results showed a marked difference to each type of extracts. The 5% DMRT test against the mean of inhibition activity for bacteria of B. cereus, Shigella sp. and P. aeruginosa at a concentration of 2 mg/mL showed no significant difference. This means that those three bacteria have the same susceptibility to the inhibition process using Dayak bulb extracts at a concentration of 2 mg/mL. On the contrary, MRSA bacteria showed significant differences with other bacteria. This means MRSA has a different susceptibility to the inhibition process using Dayak bulb extracts at a concentration of 2 mg/mL.
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Figure 4: The inhibition activity (%) at MIC (2 mg/mL) of hexane, ethyl acetate, and ethanol 96% extracts against MRSA, B. cereus, Shigella sp., and P. aeruginosa. MRSA bacteria showed significant differences in inhibition activity with other bacteria.




Assignment of Antibacterial Compounds

Based on the bacterial inhibition assay, it was found that ethyl acetate extract has the highest inhibition activity against B. cereus with inhibition activity 139.58%. Accordingly, ethyl acetate extract was further analysed by thin layer chromatography (TLC) to preliminary separate the compounds. The results from TLC showed four spots at 254 nm wavelength and four spots at 366 nm wavelength. The Rf values were 0.29, 0.42, 0.62, and 0.84 at 254 wavelengths; whereas the Rf values at the 366 nm wavelength were 0.18, 0.36, 0.67, and 0.90 (Fig. 5).
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Figure 5: TLC chromatogram of ethyl acetate extract with silica gel GF254 as the stationary phase and chloroform as the mobile phase. (a) direct observation; (b) observation at λ254, and (c) observation at λ366 nm. The results showed four spots with different Rf.



After TLC, the four spots obtained were further analysed with a bioautography method to identify which spot that has antibacterial activity against B. cereus. The bioautography result showed that the ethyl acetate extract could inhibit the growth of bacteria B. cereus, which was characterised by the formation of clear zone in the spots on the chromatogram plate. It could be seen that the extract contained four types of active compounds with Rf values of 0.13 (spot 1), 0.18 (spot 2), 0.37 (spot 3), and 0.56 (spot 4) respectively. It was observed that spots 3 and 4 have larger inhibition zone than spots 1 and 2. This might indicate that the compounds with Rf values of 0.37 and 0.56 have higher inhibition activity against B. cereus than compounds with Rf values of 0.18 and 0.13 (Fig. 6).
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Figure 6: Bioautography of ethyl acetate extract against B. cereus with varying amounts of samples dropped on the TLC plate, (a) 3 mL, (b) 6 mL, and (c) 9 mL of ethyl acetate extract. The formation of clear zone indicated the inhibition activity of ethyl acetate extract against B. cereus. The highest inhibition activity was observed from a compound with Rf of 0.56.



CONCLUSION

Based on phytochemical screening, secondary metabolite present in the n-hexane extract was steroids, in ethyl acetate extract were alkaloids and steroids, and in ethanol 96% extract were flavonoids, triterpenoids, and tannins. Extracts n-hexane, ethyl acetate, and ethanol 96% of Dayak onion have antibacterial activity against pathogenic bacteria, specifically MRSA, B. cereus, Shigella sp., and P. aeruginosa with the highest inhibition activity was achieved at a concentration of 10 mg/mL. The minimum inhibition concentration of the extracts against MRSA, B. cereus, Shigella sp. and P. aeruginosa was 2 mg/mL. The highest inhibition activity was obtained from ethyl acetate extract against B. cereus with 139.58% of inhibition activity. Ethyl acetate extract gave four spots in TLC eluted with 100% chloroform. The Rf values were 0.29, 0.42, 0.62, 0.84 at λ254 nm; and 0.18, 0.36, 0.67, 0.90 at λ366 nm. Bioautography results showed that all four spots have antibacterial activity against B. cereus. Compounds with Rf values of 0.37 and 0.56 have higher bacterial inhibition activity than compounds with Rf values of 0.18 and 0.13.
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Abstrak: Apoptosis makrofaj merupakan mekanisme yang berkesan dalam mengawal jangkitan intrasel semasa gerak balas imun semulajadi terhadap pelbagai patogen termasuk parasit malaria. Kajian ini dijalankan untuk menentukan aktiviti apoptosis dalam sel makrofaj mencit J774A.1 yang dijangkiti klon Mycobacterium bovis BCG dan BCG rekombinan yang mengekspreskan terminus C protein permukaan merozoit-1 (BCG-MSP1C) daripada Plasmodium falciparum selama 48 jam. Kajian ini menggunakan sel BCG sebagai kawalan. Pewarnaan nukleus menggunakan Hoest 33342 menunjukkan bahawa sel BCG-MSP1C berupaya meningkatkan kondensasi nuklear dan peringkat morfologi apoptosis dalam sel makrofaj yang dijangkiti secara signifikan berbanding sel yang dijangkiti oleh sel BCG dan sel yang dirangsang dengan LPS. Analisis flow sitometri menggunakan pewarnaan Annexin-V dan PI membuktikan bahawa sel BCG-MSP1C meningkatkan peratusan aktiviti apoptotik awal didalam sel makrofaj mencit yang dijangkiti berbanding sel yang dijangkiti oleh BCG dan dirangsang dengan LPS. Gerak balas apoptosis yang ditunjukkan ini seiring dengan pengurangan pengekpresan protein anti-apoptotik Bcl-2 dan peningkatan pengekspresan protein p53. Ujian permeteran warna menunjukkan sel BCG berupaya meningkatkan mengekspreskan aktiviti kaspase-1, -3, -8 dan -9 manakala sel BCG-MSP1C hanya mengaktifkan pengekspresan kaspase-1 and -9 di dalam sel makrofaj yang dijangkiti, mencadangkan penglibatan laluan apoptosis mitokondria (intrinsik). Sebagai kesimpulan, kedua-dua sel BCG dan BCG-MSP1C berupaya meningkatkan aktiviti apoptosis di dalam sel makrofaj mencit, J774A.1. Mekanisme ini adalah penting untuk menyingkirkan patogen seperti parasit malaria semasa aktiviti fagositosis makrofaj. Walaubagaimanapun, sel BCG-MSP1C menunjukkan aktiviti apoptosis yang lebih tinggi berbanding sel BCG.

Kata kunci: Apoptosis Makrofaj, Malaria, MSP-1C, BCG Rekombinan


Abstract: Macrophage apoptosis exerts an efficient mechanism in controlling intracellular infection during innate immune response against various pathogens including malaria parasites. This study was carried out to determine the apoptosis activity in mouse macrophage cell line J774A.1 infected with a Mycobacterium bovis bacille Calmette-Guerin (BCG) clone and a recombinant BCG clone expressing the C-terminus of merozoite surface protein-1 (BCG-MSP1C) of Plasmodium falciparum for 48 h. In this study, a parent BCG cells was used as a control. The nuclear staining with Hoechst 33342 showed that the BCG-MSP1C cells was capable of increasing the nuclear condensation and morphological stages of apoptosis in the infected cells compared to the BCG- infected cells and the lipopolysaccharide (LPS)-stimulated cells. The flow cytometric analysis using Annexin-V and Propidium iodide (PI) staining confirmed that the BCG-MSP1C cells significantly increased the percentage of early apoptotic activity in the infected macrophage higher than the one stimulated by the parent BCG cells and LPS. This apoptotic response corresponded with the reduction of the anti-apoptotic Bcl-2 protein expression and higher p53 expression. The colorimetric assay demonstrated that the BCG cells capable of stimulating higher production of caspase-1, −3, −8 and −9 while the BCG-MSP1C cells stimulated the expression of caspase-1 and -9 in the infected macrophages, suggesting the involvement of mitochondrial-mediated (intrinsic) pathway of apoptosis. In conclusion, both the BCG and BCG-MSP1C cells are capable of inducing macrophage apoptosis activity in the mouse macrophage cell line J774A.1. This mechanism is important for the elimination of pathogens such as malaria parasite during the phagocytosis activity of macrophage. However, the BCG-MSP1C cells showed higher apoptosis activity than those produced by the parent BCG cells.

Keywords: Macrophage Apoptosis, Malaria, MSP-1C, Recombinant BCG

INTRODUCTION

Malaria remains the public health concerns owing to the high rate of mortality and morbidity (Wiwanitkit 2011). It annually affects millions of people throughout the world, especially older people and pregnant ladies. Mostly, children under the age five years are vulnerable to life-threatening anaemia and cerebral malaria (World Health Organization 2015). The obligate intracellular parasite, Plasmodium is the causative agent of malaria disease. The infection is transmitted to humans through the saliva of the female Anopheles mosquitoes (Sinden & Gilles 2002). Plasmodium falciparum causes the most serious pathologies of malaria disease in human due to its capability to multiply rapidly in the blood. Infections with this parasite can be lethal in the absence of quick detection of the disease (Sinden & Gilles 2002; Snow et al. 2005; Ministry of Health Malaysia 2014; World Health Organization 2015).

The development of a safe and effective vaccine that elicits lasting immune responses against malaria has been a major agenda for controlling the disease due to the spread of drug- resistant parasites and insecticide-resistant mosquitoes in many parts of the world (Brogdon & McAllister 1998; Phillips 2001; Cravo et al. 2015). The clinical symptoms and pathologies associated with malaria occur during the blood stage infection. At this stage, the parasites express various antigens. Among these, the 19 kDa C-terminus of the merozoite surface protein-1 (MSP-119) or also known as MSP-1C has been extensively studied as a blood-stage malaria vaccine candidate. A previous study showed that antibodies produced against the MSP-1C have been reported to be associated with protection from symptomatic malaria disease (Wan Omar et al. 2007).

Mycobacterium bovis bacilli Calmette-Guerin (BCG) is the only vaccine used for tuberculosis. It represents one of the most promising live vectors for the delivery of foreign antigen to the immune system, including malaria parasites (Bloom 1989). Previously, our group has constructed a recombinant BCG clone that consists the MSP-1C of Plasmodium falciparum (Nurul et al. 2010). Rigorous studies in mice have shown that our constructed vaccine represents a promising candidate to prevent malaria infection by inducing appropriate humoral and cellular immune responses.

The vaccine candidate is also capable of stimulating the production of a strong pro- inflammatory cytokines such as tumor necrosis factor (TNF-α), interleukin-1β (IL-1β) and nitric oxide (NO) and the expression of toll-like receptors in mouse macrophage cell line J774A.1 better than the parent BCG cells. Indeed, the previous finding had demonstrated that the phagocytic activity of macrophage infected with the BCG-MSP1C cells was increased, resulting in a significant reduction of macrophage viability as well as the viability of the BCG-MSP1C cells itself (Rapeah et al. 2010).

The recognition of mycobacteria such as BCG by macrophage involves the interaction of pattern recognition receptors such as toll like receptors (TLRs) with pathogen-associated molecular patterns (PAMPs) (Medzhitov & Janeway 2000; Akira & Takeda 2004; Akira et al. 2006). Signalling through TLRs may also activate a programmed cell death (apoptosis) response (Aliprantis et al. 2000) which is an important mechanism during the innate immune response. Apoptosis exerts protective activity against mycobacteria by preventing the release of intracellular components. Also, apoptosis prevents the dissemination of mycobacteria through sequestering the pathogens within apoptotic bodies leading to a reduction in bacterial viability (Behar et al. 2011).

Previous studies have shown that the pro-inflammatory response of macrophage induced by BCG was associated with apoptosis activity (Keane et al. 2000; Riendeau & Kornfeld 2003; Vanzembergh et al. 2011). However, information on the ability of the BCG-MSP1C cells to induce apoptosis activity in macrophage is still lacking and requires more study. Therefore, we hypothesized that this phenomenon involves macrophage apoptosis mechanism. To prove this hypothesis, this study was carried out to investigate the apoptosis activity in mouse macrophage cell line J774A.1 following the BCG and BCG-MSP1C infection. Macrophage apoptosis is an essential mechanism which exerts protective effects against mycobacteria during innate immune response (Schorey & Cooper 2003; Raja 2004; Briken & Miller 2008). We hope this study will provide a better understanding of the key immunological processes during a mycobacteria infection, and it helps in designing a safe and effective malaria vaccine.


MATERIALS AND METHODS

Preparation of Macrophage Culture

Mouse macrophage cell line J774A.1 (ATCC® TIB67™) was cultured in Dulbecco’s Modified Eagle’s Medium (DMEM) (Sigma, USA) supplemented with 1% of 100U/mL penicillin, 100 μg/ml streptomycin (Gibco,USA) and 10% fetal bovine serum (Gibco,USA). 5 × 105 cells/ml were grown in a 25 cm2 tissue culture flask and incubated at 37°C in the presence of 5% CO2 in a humidified incubator.

Mycobacterium Culture

Mycobacterium bovis BCG was generously given by Professor Norazmi Mohd Nor from the School of Health Science, Universiti Sains Malaysia. The BCG-MSP1C containing the MSP-1C of Plasmodium falciparum was constructed by Nurul (2007) using assembly Polymerase chain reaction (PCR) in the previous study.The stability of the MSP-1C gene of Plasmodium falciparum in BCG-MSP1C cells was determined using PCR and the protein expression was determined by immunocytochemistry (ICC) analysis using specific antibody against MSP-1C (Dhaniah et al. 2014). The BCG and BCG-MSP1C cultures were grown on 7H11 agar supplemented with Oleic acid, albumin fraction V, dextrose and catalase (OADC) at 37°C. But, 15 µg/mL of kanamycin was added for BCG-MSP1C culture. After two weeks, a single colony of BCG and BCG-MSP1C from 7H11 agar was transferred into the 7H9 broth supplemented with OADC. 15 μg/mL of kanamycin was also added into the 7H9 broth for the BCG-MSP1C culture. The broth was incubated for one week (A600= ~0.8).

Infection of Mouse Macrophage Cell Line J774A.1 with BCG and BCG-MSP-1C cells

After culturing for overnight, the mouse macrophage cell line J774A.1 (5 × 105 cells/mL) were infected with the BCG or BCG-MSP1C cells (1 × 107 cfu/ml) at a multiplicity of infection (MOI) of 1:20 in complete DMEM at 37°C in the presence of 5% CO2 for 48 h. Cells treated with LPS (100 ng/ml) were used as a positive control while untreated cells were used as a negative control.

Detection of Cell Viability using Colorimetric MTT

Cell viability of infected and uninfected cells was performed in a 96 well flat bottom microplate using a colorimetric MTT (3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) (Molecular Probes, USA) assay as described by the manufacturer.


Detection of Apoptotic Cells using Hoechst 33342 Nuclear Staining Assay

In brief, the uninfected and infected cells were detached using a scraper and the detached cells were harvested by centrifugation at 125 × g for 5 min at room temperature. The pellet was washed twice with cold phosphate-buffered saline (PBS) (Amresco, USA) and dissolved in 1 mL PBS. The cell suspension was layered on poly-L-lysin slide (Thermo scientific, USA) and dried. Next, the slides were fixed with cold methanol (Merck, USA) for 15 min at room temperature. 0.2% of triton-x solution (Sigma, USA) was later added for 2 min. After that, the slides were rinsed three times with PBS and incubated with Hoechst stain (1 µg/mL) (Pierce Biotechnology, USA) for 30 min in a dark condition at room temperature. The slides were washed again for three times with PBS. The slides were examined using a fluorescence microscope to detect apoptosis.

Detection of Apoptotic Cells using Flow Cytometer

The apoptotic cells were quantified using FITC Annexin-V Apoptosis Detection Kit II (BD, USA) using a flow cytometer according to manufacturer’s instructions. Briefly, the uninfected and infected cells were detached using a scraper and the detached cells were harvested by centrifugation at 125 × g for 5 min at room temperature. The cells pellet was washed twice with cold PBS and resuspended in 1X Binding Buffer at a concentration of 1 × 106 cells/mL. Then, 100 µl of the solution (1 × 105 cells) were transferred to a flow cytometer tube followed by the addition of five µl FITC Annexin-V and five µl Propidium iodide (PI). The cells were gently agitated and incubated for 15 min at room temperature in the dark. Subsequently, 400 µl of 1X Binding Buffer was added to each tube. The stained cells were analysed using BD FACS Canto II flow cytometer (BD, USA) within one hour. The BD FACSDiva version 6.1.2 software (BD, USA) was used to analyse the data.

Detection of Caspases Activity using Colorimetric Assay

The enzymatic activity of caspase-1, -3, -8 and -9 (R&D System, USA) class of proteases in the apoptotic cells was carried out using colorimetric reaction as described by the manufacturer. Briefly, the uninfected and infected cells were detached with a scraper and the detached cells were harvested by centrifugation at 125 × g for 5 min at room temperature. The supernatant was discarded while the cell pellet (2 × 106 cells) was lysed with the addition of 50 μl Lysis Buffer. The cell lysate was incubated on ice for 10 min and then centrifuged at 10,000 × g for 1 min. The supernatant was transferred into a new tube and kept on ice. The protein concentration of the cell lysate was estimated using NanoDrop UV-Visible spectrophotometers. The enzymatic reaction for caspase activity was carried out into a 96 well flat bottom microplate that measured using a microplate reader. One ml of 2X Reaction Buffer was freshly prepared by adding 10 μl of fresh DTT stock. Then, 50 μl of 2X Reaction Buffer was added to 50 μl of the cell lysate. Five μl of the caspase colorimetric substrate was added to each well. The plate was incubated at 37°C for 1 h and measured using a microplate reader at a wavelength of 405 nm. The result was expressed as fold increase in caspase activity of apoptotic cells over that of non-induced cells.

Detection of p53 Protein Expression using a Flow Cytometer

The apoptotic protein such as p53 (Cell Signalling Technology, USA) was analysed by flow cytometer. Briefly, the uninfected and infected cells were detached with a scraper and the detached cells were harvested by centrifugation at 125 × g for 5 min at room temperature. Supernatant was discarded and the cells were washed twice with 1X PBS by centrifugation at 125 × g for five minutes. Cells were fixed with iced-cold 70% ethanol for less than one hour at 4°C and subsequently the cells were washed twice in PBS. After that, cells were incubated in blocking buffer (2% bovine serum albumin) for ten minutes and later, the cells were washed again in PBS. The cells were resuspended in PBS and subsequently, 5 × 105 cells were aliquot into a new tube. Then, the cells were incubated with 20 µl of conjugated primary antibody for 1 h at room temperature and washed twice in PBS. For the unconjugated primary antibody, the cells were incubated with 5 µl goat anti-mouse IgG-PE for 30 min at room temperature. The cells were washed again in PBS and then resuspended with 0.5 ml PBS. The stained cells were analysed by BD FACS Canto II flow cytometer within 1 h. BD FACSDiva version 6.1.2 software was used to analyse the data.

Detection of Bcl-2 and Bax Protein Expression using Western Blot

Briefly, uninfected and infected cells were detached with a scraper and the detached cells were harvested by centrifugation at 125 × g for 5 min at room temperature. After discarding the supernatant, the cell pellet (2 × 106 cells) was lysed by the addition of 100 μl RIPA buffer (Nacalai Tesque, Japan) and incubated overnight at 4°C. On the next day, the supernatant was collected using centrifugation at 1650 × g for 20 min and kept at −80°C. The protein concentration of the cell lysate was estimated using the NanoDrop UV-Visible spectrophotometers. Approximately 120 µg of total protein per sample was mixed with sample loading buffer and heated for 5 min at 95°C. Acrylamide gel (10%) stacking gel (5%) was used to separate proteins with molecular weight of 15 to 100 kDa. After the sample loading, the gels were electrophoresed with the running buffer at 90 V for 2 h. The resolved protein samples from SDS-PAGE were transferred onto a polyvinylidene difluoride (PVDF) membrane using electroblotting. After assembling the gel and the sandwich membrane, the semi-dry transfer was performed with Towbin transfer buffer for 3 h at 15 V. Once the electroblotting was complete, the membrane was incubated in blocking solution (1% skimmed milk in Tris-buffered saline-Tween-20 (TBST)) for one hour at room temperature and subsequently, was washed three times with TBST. Then, the membrane was incubated with diluted primary antibody for Bcl-2 and Bax (Santa Cruz Biotechnology, Europe) in blocking solution for 1 h at 37°C or overnight at 4°C. The unbound antibody was removed by washing the membrane with TBST for 30 min; the TBST buffer was replaced every 10 min. The membrane was incubated with diluted secondary antibody conjugated to horseradish peroxidase (HRP) in blocking solution for 1 h under agitation and followed by washing step with TBST for 30 min. Chemiluminescence signal was visualised by chemiluminescence documentation system using the enhanced chemiluminescence (ECL) Western blot detection reagent (Nacalai Tesque, Japan), as described by the manufacturer. An antibody specific to β-actin (Sigma, USA) was used as a control. The intensity density value (IDV) of the targeted protein expression bands and β–actin bands was quantified by Image J 1.42.

Statistical Analysis

Statistical analyses were performed using the Statistical Package of Sosial Sciences (SPSS) software, version 20. The data were obtained from three independent experiments (n = 3) and presented as the means ± standard error of the mean (SEM). Then, the data were analysed by repeated measures analysis of variance (RM ANOVA). A p-value of < 0.05 was considered statistically significant.

RESULT

Viability of Mouse Macrophage Cell Line J774A.1 in Response to BCG and BCG-MSP1C Cells

MTT assay was carried out to determine the viability of the mouse macrophage cell line J774A.1 in response to LPS, BCG or BCG-MSP1C cells at 48 h of incubation times. The viability of mouse macrophage cell line J774A.1 was significantly reduced when stimulated with LPS as well as infected with BCG and BCG-MSP1C cells in comparison with the untreated cells (100.00 ± 0.00%). However, amongst these cells, the BCG-MSP1C-infected cells showed the highest reduction in cell viability (51.63 ± 0.60%) followed by LPS-stimulated cells (64.24 ± 0.58%) and BCG-infected cells (72.45 ± 1.70%) (Fig. 1).

Nuclear Staining of the Apoptotic Cells in Mouse Macrophage Cell Line J774A.1 in Response to BCG and BCG-MSP1C Cells

The apoptotic cells in infected mouse macrophage cell line J774A.1 were detected by the nuclear staining with Hoechst 33342. All mouse macrophage cell line J774A.1, either stimulated with LPS or infected with the BCG and BCG-MSP1C cells for 48 hours exhibited an enhanced fluorescence compared to the untreated cells (Fig. 2(A)). The enhanced fluorescence represents the condensed chromatin of apoptotic cells. The apoptotic cells were counted with at least 200 cells in ten random fields and the results were summarised in Fig. 2(B). In comparison with the untreated cells (13.93 ± 0.03%), apoptotic cells in the mouse macrophage cell line J774A.1 were significantly increased after LPS stimulation or BCG and BCG-MSP1C infection. Nevertheless, the highest percentage of apoptotic cells can be observed in the BCG-MSP1C-infected cells (62.73 ± 0.38%) compared to the LPS-stimulated cells (36.03 ± 0.55%) and the BCG-infected cells (29.87 ± 0.09%).
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Figure 1: The viability of mouse macrophage cell line J774A.1 infected with BCG or BCG-MSP1C clones for 48 h. The untreated cells and the LPS-stimulated cells were used as a negative control and positive control respectively. The data are expressed as the mean of J774A.1 cell viability ± SEM of three independent experiments. The data were analysed using RM ANOVA and *p < 0.05 was considered as significantly different.
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Figure 2(A): Hoechst 33342 nuclear staining of apoptotic cells in mouse macrophage cell line J774A.1 after being infected with BCG or BCG-MSP1C clones for 48 h. The untreated cells and LPS-stimulated cells were used as a negative control and positive control respectively. The stained cells were examined using fluorescence microscopy and photographed at 40× magnification.
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Figure 2(B): The percentage of apoptotic cells in mouse macrophage cell line J774A.1 infected with BCG or BCG-MSP1C clones for 48 h. The untreated cells and the LPS-stimulated cells were used as a negative control and positive control respectively. The cells were scored as apoptotic if they exhibited unequivocal nuclear chromatin condensation. The data are expressed as the mean percentage of apoptotic cells ± SEM of ten different fields. The data were analysed using RM ANOVA and *p < 0.05 was considered as significantly different.



Flow Cytometric Analysis of the Apoptotic Cells in Mouse Macrophage Cell Line J774A.1 in Response to BCG and BCG-MSP1C Cells

Apoptosis activity in mouse macrophage cell line J774A.1 in response to LPS, BCG or BCG-MSP1C cells for 48 h was then confirmed by the flow cytometric analysis using Annexin-V and PI stain. The cell populations were categorised into viable cells (AV-/PI), early apoptotic cells (AV+/PI-), late apoptotic cells (AV+/PI+) and necrotic cells (AV-/PI+) (Fig. 3(A)). The untreated cells comprise of 96.67% of viable cells, 4.23% of early apoptotic cells, 0.04% of late apoptotic cells and 0.05% necrotic cells. The addition of LPS into the macrophage decreased the percentage of viable cells (89.79%) but increased the percentage of early apoptotic cells (9.19%), late apoptotic cells (0.58%) and necrotic cells (0.77%) in comparison to the untreated cells. Apart from that, there was a reduction in the percentage of viable cells in the mouse macrophage cell line J774A.1 after the BCG infection (91.53%) and BCG-MSP1C cells infection (88.65%) in comparison with the untreated cells. However, the percentage of early apoptotic cells in the BCG-infected cells (6.37%) and BCG-MSP1C-infected cells (11.26%) was greater than untreated cells. The percentage of early apoptotic cells was further compared according to the type of infection. The percentage of early apoptotic in the infected cells was significantly increased when stimulated with LPS as well as infected with the BCG and BCG-MSP1C cells in comparison with the untreated cells (4.23 ± 0.39%). However, the BCG-MSP1C cells stimulated the highest of early apoptotic cells (11.26 ± 0.16%) compared to LPS (9.19 ± 0.21%) and BCG (6.37 ± 0.60%) (Fig. 3(B)).
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Figure 3(A): Flow cytometric analysis of apoptotic cells using Annexin-V and propidium iodide staining in mouse macrophage cell line J774A.1 infected with BCG or BCG-MSP1C clones for 48 h. The untreated cells and LPS-stimulated cells were used as a negative control and positive control respectively. The data are expressed as the mean percentage of cell population of three independent experiments. The data were analysed using RM ANOVA and *p < 0.05 was considered as significantly different.



 



[image: art]

Figure 3(B): The percentage of early apoptotic cells in mouse macrophage cell line J774A.1 infected with BCG or BCG-MSP1C clones for 48 h. The untreated cells and LPS-stimulated cells were used as a negative control and positive control respectively. The data are expressed as the mean percentage of early apoptotic cells ± SEM of three independent experiments. The data were analysed using RM ANOVA and *p < 0.05 was considered as significantly different.



Caspases Activity in Mouse Macrophage Cell Line J774A.1 in Response to BCG and BCG- MSP1C Cells

The colorimetric assay was carried out to determine the activity of caspases in mouse macrophage cell line J774A.1 after stimulated with LPS or infected with BCG and BCG-MSP1C cells for 48 h. Overall, the results revealed that the LPS-stimulated cells, BCG-infected cells and BCG-MSP1C- infected cells produced higher caspases activities in comparison with the untreated cells. The caspase-1, -3, -8 and -9 activities in the BCG-infected cells and LPS-stimulated cells were significantly higher than the untreated cells as well as the BCG-MSP1C infected cells (Fig. 4). However, the BCG-MSP1C-infected cells only stimulated higher activity of caspase-1 and -9 compared to untreated cells. For caspase-1 activity, the LPS-stimulated cells showed the highest activity (0.077 ± 0.003) followed by the BCG-infected cells (0.067 ± 0.003) and the BCG-MSP1C- infected cells (0.030 ± 0.000). Meanwhile, caspase-3 activity was significantly higher in the LPS- stimulated cells (0.120 ± 0.000) and BCG-infected cells (0.110 ± 0.000) in comparison with the BCG- MSP1C-infected cells (0.040 ± 0.000). No significant difference was observed in activity of caspase-3 between the rBCG-infected cells and the untreated cells. The highest caspase-8 activity was detected in the mouse macrophage cell line J774A.1 stimulated with LPS (0.080 ± 0.000) and followed by BCG infection (0.063 ± 0.007). However, caspase-8 activity in the BCG-MSP1C-infected cells was not significantly different (0.030 ± 0.000) with the untreated cells. Additionally, the BCG clone showed the highest level of caspase-9 activity in the infected cells (0.120 ± 0.010) followed by LPS (0.073 ± 0.007) and BCG-MSP1C cells (0.030 ± 0.000).
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Figure 4: The activity of caspase 1, 3, 8 and 9 in mouse macrophage cell line J774A.1 infected with BCG or BCG-MSP1C clones for 48 hours. The untreated cells and LPS-stimulated cells were used as a negative control and positive control respectively. The data are expressed as the mean absorbance of the activity of caspase ± SEM of three independent experiments. The data were analysed using RM ANOVA and *p < 0.05 was considered as significantly different.



Expression of p53 Protein in Mouse Macrophage Cell Line J774A.1 in Response to BCG and BCG-MSP1C Cells

p53 is a tumor suppressor protein which capable of promoting apoptosis activity and ensuring that the cell death program occurs efficiently. The expression of p53 protein in the infected mouse macrophage cell line J774A.1 was determined using flow cytometric analysis. The result obtained showed that, there was a significant induction of the expression of p53 protein when the cells stimulated with LPS as well as infected with the BCG and BCG-MSP1C cells at 48 h incubation times compared to the untreated cells (0.36 ± 0.00%). However, the BCG-MSP1C-infected cells expressed the highest level of p53 protein (14.79 ± 0.01%) in comparison with the BCG-infected cells (11.93 ± 0.05%) and LPS-stimulated cells (5.02 ± 0.56%) (Fig. 5).
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Figure 5: The expression of p53 protein in mouse macrophage cell line J774A.1 infected with BCG or BCG-MSP1C clones for 48 h. The untreated cells and LPS-stimulated cells were used as a negative control and positive control respectively. The data are expressed as the mean of p53 protein expression ± SEM of three independent experiments. The data were analysed using RM ANOVA and *p < 0.05 was considered as significantly different.



Expression of Bcl-2 and Bax Proteins in Mouse Macrophage Cell Line J774A.1 in Response to BCG and BCG-MSP1C Cells

Bcl-2 is an important anti-apoptotic protein, which inhibits apoptosis. The expression of Bcl-2 protein in the mouse macrophage cell line J774A.1 after stimulated with LPS or infected with the BCG and BCG-MSP1C cells for 48 h was determined by Western Blot. A band at approximately 26 kDa was observed in the untreated cells, BCG-infected cells, BCG-MSP1C-infected cells as well as LPS- stimulated cells when the membrane was incubated with anti-Bcl-2 antibody (Fig. 6(A)). Antibody against β-actin was used as an internal control.

The density of Bcl-2 expression was then compared with the density of β-actin. The result showed that the relative density of Bcl-2/ β-actin protein expression was significantly reduced when the cells stimulated with LPS or infected with the BCG and BCG-MSP1C cells in comparison with the untreated cells (0.214 ± 0.000). Among these cells, LPS-stimulated cells exhibited the highest reduction in Bcl-2 expression (0.136 ± 0.001) followed by BCG-MSP1C-infected cells (0.189 ± 0.002) and BCG-infected cells (0.206 ± 0.001) (Fig. 6(B)).
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Figure 6: (A) Representative result of Bcl-2 and β–actin protein expression; (B) The relative density of Bcl-2/ β-actin protein expression in mouse macrophage cell line J774A.1 infected with BCG or BCG-MSP1C clones for 48 h. The untreated cells and LPS-stimulated cells were used as a negative control and positive control respectively. The data are expressed as the mean relative density of Bcl-2/ β-actin protein expression ± SEM of three independent experiments. The data were analysed using RM ANOVA and *p < 0.05 was considered as significantly different.



Bax is a member of the Bcl-2 protein family and functions as apoptosis activator. The expression of Bax protein in mouse macrophage cell line J774A.1 after stimulated with LPS or infected with BCG and BCG-MSP1C cells for 48 h was determined using Western Blot. A band at approximately 23 kDa was observed in the untreated cells, BCG-infected cells, BCG-MSP1C-infected cells as well as LPS-stimulated cells when the membrane was incubated with anti-Bax antibody. Antibody against β-actin was used as an internal control (Fig. 7(A)).


The density of Bcl-2 expression was then compared with the density of β-actin. The result showed that the relative density of Bax/ β-actin protein expression in the infected cells was significantly reduced when stimulated with LPS as well as infected with BCG and BCG-MSP1C cells in comparison with the untreated cells (0.551 ± 0.000). However, LPS expressed the highest reduction of the relative density of Bax/ β-actin protein expression in the infected cells (0.182 ± 0.004) followed by BCG-MSP1C cells (0.249 ± 0.005) and BCG clone (0.428 ± 0.004) (Fig. 7(B)).
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Figure 7: (A) Representative result of Bax and β-actin protein expression; (B) The relative density of Bax/ β-actin protein expression in mouse macrophage cell line J774A.1 infected with BCG or BCG-MSP1C clones for 48 h. The untreated cells and LPS-stimulated cells were used as a negative control and positive control respectively. The data are expressed as the mean relative density of Bax/ β-actin protein expression ± SEM of three independent experiments. The data were analysed using RM ANOVA and *p < 0.05 was considered as significantly different.




DISCUSSION

Apoptosis is the major cell death pathway which clears unwanted and harmful cells in a clean or silent manner during embryonic development, tissue homeostasis and immune regulation. The apoptotic cells can be characterised by a set of biochemical and physical changes in the nucleus, cytoplasm and plasma membrane. This pathway is essential in the prevention of local inflammatory reactions and tissue damage (Schwartzman & Cidlowski 1993; Taylor et al. 2008; Aguiló et al. 2014). During mycobacterial infection, macrophage apoptosis exerts an innate immune defense mechanism against mycobacteria (Raja 2004). The extensive apoptosis activity of the infected macrophage provides a robust protective effect in eliminating intracellular infection including malaria parasites (Keane et al. 2000). Elucidating the activation of the intracellular signaling pathway during a mycobacterial infection will provide great insights into the key immunological processes induced by the mycobacteria and assist in the rational design of more effective vaccines (Jo et al. 2007).

An earlier study revealed that our BCG-MSP1C vaccine is capable of enhancing appropriate humoral and cellular immune responses in mice. Sera of the immunised mice contained significant levels of IgG2a subclass against the MSP1C. The sera also reactived with fixed P. falciparum merozoites as demonstrated by indirect immunofluorescence assay (IFA) and inhibited merozoite invasion of erythrocytes in vitro (Nurul & Norazmi 2011). Additionally, the vaccine candidate is able to stimulate phagocytosis activity, expression of toll-like receptors (TLRs) and production of pro- inflammatory cytokines much higher than those produced by the parent BCG cells (Rapeah et al. 2010). The BCG and BCG-MSP1C cells are capable of reducing the viability of the infected macrophage. It is suggested that the capability of the BCG-MSP1C cells to reduce the viability of the infected cells might be associated with the apoptosis signaling pathway (Rapeah et al. 2010). Therefore, the present study was performed to determine the apoptosis activity and the mitogen- activated protein kinase (MAPK) expression in the mouse macrophage cell line J774A.1 infected with the BCG and BCG-MSP1C cells.

The characteristics of the apoptotic cells include the preservation of the plasma membrane’s integrity, chromatin condensation, nuclear fragmentation, cell shrinkage and formation of apoptotic bodies (Cohen 1993; Martin et al. 1995). In this study, the fluorescence microscopy of Hoechst- stained was used as a marker of apoptosis since it stains the condensed chromatin of apoptotic cells brighter than the chromatin of normal cells (Suzuki et al. 2004). The nuclear staining with Hoechst stain showed that the apoptotic cells were detected in the BCG-infected cells and BCG-MSP1C - infected cells. This finding indicates that the BCG and BCG-MSP1C cells are capable of inducing classical apoptosis activity in the infected cells.

The early apoptosis activity in the infected cells was further confirmed by detecting the binding of Annexin-V to phosphatidylserine (PS) using a flow cytometer. At the earlier stage of the apoptosis, most mammalian cell types translocate PS from the inner face of the plasma membrane to the cell surface which mediates macrophage recognition of the apoptotic cells (Fadok et al. 1992; Zhang et al. 1997). The result confirmed that the BCG and BCG-MSP1C cells stimulated a high percentage of early apoptotic activity in the infected cells compared to the untreated cells. The finding is in line with the previous study showing that infection with attenuated mycobacterial, such as Mycobacterium bovis BCG stimulates apoptosis in the mouse macrophage and induces direct killing of the intracellular mycobacteria (Molloy et al. 1994; Keane et al. 2000; Carrie & Hardy 2003; Sly et al. 2003; Chen et al. 2006; Krzyzowska et al. 2007). This result provides an early marker for a downstream study of the apoptotic pathways (Zhang et al. 1997).

Based on the nuclear changes and PS translocation, this study revealed that the BCG- MSP1C -infected cells exhibit stronger apoptosis effects compared to the parent BCG-infected cells. This finding was supported by the previous study which reported that the recombinant tuberculosis vaccine induces apoptotic vesicles (Farinacci et al. 2012). The difference of the apoptotic response between the BCG and BCG-MSP1C-infected cells supports our hypothesis that the BCG-MSP1C is proficient to exert the best modulator role of apoptosis, contributing to a very potent innate immune response in comparison to the BCG. We hypothesized that the presence of MSP-1C in the BCG renders the BCG-MSP1C to induce apoptosis activity in the infected cells. However, the actual mechanism by which the BCG-MSP1C promotes the apoptotic response in the infected cells still remains unknown and requires more study.

There was evidence showing that the action of specific proteins belonging to the family of Bcl- 2 proteins influences the apoptotic response in the infected macrophage (Krzyzowska et al. 2007). The capability of the clones to stimulate the expression of the pro and anti-apoptotic protein was further evaluated. In this experiment, the expression of an anti-apoptotic protein Bcl-2 which inhibits the apoptosis was reduced in the BCG-infected cells and BCG-MSP1C-infected cells in comparison with the untreated cells. The result is consistent with a previous study reporting that the anti-apoptotic protein Bcl-2 was down-regulated in the human mononuclear phagocytes after an infection with Mycobacterium bovis BCG (Klingler et al. 1997). Moreover, the BCG-MSP1C-infected cells had a lower level of the anti-apoptotic protein Bcl-2 than the parent BCG-infected macrophage, indicating that the BCG-MSP1C-infected cells suppressed the actions of the anti-apoptotic activity of the Bcl-2 protein resulted in the induction of the apoptosis activity in the infected macrophage.

An earlier study reported that the down-regulation of Bcl-2 was accompanied by an upregulation of Bax in order to promote apoptosis (Decaudin et al. 1997). Conversely, the decreased expression of Bax was observed in BCG-MSP1C-infected cells compared with the BCG-infected cells, indicating that the Bax is not an apoptotic mediator during the infection. Similar results were observed in a previous study reporting there was no change in the Bax protein expression when mononuclear phagocytes were induced by the mycobacteria (Klingler et al. 1997).

p53 is a tumor suppressor protein which interacts with the multi domain members of the Bcl-2 family to induce mitochondrial outer membrane permeabilization (MOMP) leading to the macrophage apoptosis (Miyashita et al. 1994; Vaseva & Moll 2009). Notably, the cells infected with the BCG and BCG-MSP1C cells resulted in a marked increase of p53 expression compared to the untreated cells. The ability of the BCG clones to activate the expression of the p53 protein in the macrophage is well evidenced in the previous studies. In the present study, we found that the expression of p53 protein in the BCG-MSP1C -infected cells was up-regulated compared to those in the BCG-infected cells. It showed that the p53 dependant pathway is one of the possible mechanisms to promote apoptosis in the infected cells. A similar finding was also observed in a study by Danelishvili et al. (2003) who demonstrated that the p53 protein was induced after a Mycobacterium tuberculosis H37Rv infection of the human macrophages.

In order to elucidate the apoptotic pathways in the infected cells following BCG and BCG- MSP1C infections, caspase-1, -3, -8 and 9 activity were measured. It is known that the morphological alterations of apoptosis are mediated by the activation of an evolutionarily conserved and unique class of intracellular proteases known as caspases (Taylor et al. 2008). Several studies reported that apoptosis could be initiated and executed through two main pathways: the extrinsic caspase-8 dominant cascade and the intrinsic caspase-9 dominant cascade (Moffitt et al. 2010).

The extrinsic (death receptor-mediated) apoptosis pathway involves the ligation and oligomerisation of the death receptor by their cognate ligands in turn to caspase cascade (Chen & Wang 2002). Death receptors, including Fas, TNFR, tumor necrosis factor-related apoptosis-inducing ligand RI (TRAIL-RI), and TRAIL-RII, initiate apoptosis in response to ligation with their respective death ligands (Ashkenazi & Dixit 1998). Signals transduced through TNFR1 (p55) can induce an activation of proteases which are recognised mediators of apoptosis by proteolytic cleavage of the “death substrates” poly (ADP-ribose) polymerase. The activation of caspase-8 may directly activate caspase-3, which results in the apoptotic cell death (Pope 2002; Labbe & Saleh 2008; Natarajan et al. 2011). This study demonstrated that the BCG-infected cells expressed a significant increase in caspase-8 activity in comparison with the untreated cells. It revealed that the extrinsic pathway is responsible for triggering the apoptosis in BCG-infected cells. This data is in line with the previous study reporting that activity of caspase-8 significantly increased only at day 3 in BCG-infected cells (Krzyzowska et al. 2008). In our experiment, caspase-8 activity in the BCG-MSP1C-infected cells was not significantly different with the untreated cells indicating the absence of caspase-8 activation in BCG-MSP1C-infected cells. This finding revealed that BCG-MSP1C cells was not capable to induce apoptosis through the extrinsic pathway.

A significant increase in caspase-9 activity in the infected cells was observed after the BCG and BCG-MSP1C infections. This finding indicates that the infected cells undergo intrinsic pathway leading to apoptosis. The previous study done by Krzyzowska et al. (2008) reported that BCG-induced apoptosis was capable of increasing the activity of caspase-9. The activity of caspase-9 is initiated when the apoptotic signals induce the loss of mitochondrial integrity and the release of pro-apoptotic molecules, including cytochrome c. Once in the cytosol, cytochrome c binds to the apoptotic protease activating factor-1 leading to the formation of the apoptosome. This process results in the activation of caspases 9 and 3, thus triggering apoptosis (Green & Reed 1998; Imawati et al. 1999; Danial & Korsmeyer 2004). Apart from that, the level of caspase-9 activity in the BCG-MSP1C -infected cells was lower than the BCG-infected cells, indicating the presence of MSP-1C in the BCG-MSP1C construct reduced the ability of the parent BCG to activate the intrinsic pathway of the apoptosis. However, the molecular events underlying this phenomenon remain unknown and require further investigation, especially on cytochrome c activity which was not determine in this study.

Caspase-3 is an important step proceeding PS translocation and apoptotic nuclear morphology (Amarante-Mendes et al. 1998). Moreover, caspase-3 activity is dependent upon activation by an upstream, initiator caspases such as caspase-8 and -9 in an apoptotic pathway (Thornberry & Lazebnik 1998). Our observation is in line with a previous finding by Krzyzowska et al. (2007) who clearly showed that the BCG was capable of increasing the activity of the caspase-3 in the infected macrophages. However, similar to the caspase-9 activity, the caspase-3 activity of the BCG-MSP1C-infected cells was significantly lower than that of the BCG-infected cells. This finding indicates the exclusion role of caspase-3 in the apoptosis induction upon the BCG-MSP1C infection. This suggests that there could be another pathway that BCG-MSP1C adopts for inducing apoptosis in the macrophage. A previous study reported that macrophage infected with Mycobacterium bovis undergoes caspase- independent apoptosis, which is mediated by an apoptotic inducing factor (AIF) (Lee et al. 2006; Vega-Manriquez et al. 2007). AIF is an apoptotic effector which causes chromatin condensation and deoxyribonucleic acid (DNA) fragmentation (Cregan et al. 2004; Cande et al. 2002; Donovan & Cotter 2004).

Caspase-1, formerly known as interleukin (IL)-1-converting enzyme is best established as the protease responsible for the processing of the key pro-inflammatory cytokine IL-1β from an inactive precursor to an active, secreted molecule (Kostura et al. 1989; Hogquist et al. 1991; Schlegel et al. 1996; Schumann et al. 1998). Caspase-1 is an inflammatory caspase which induce the production of IL-1β (Labbe & Saleh 2008). A previous study demonstrated the ability of our BCG-MSP1C cells to enhance the production of the IL-1β in infected macrophage (Rapeah et al. 2010). Therefore, the activity of caspase-1 in the infected cells was determined in this study, to evaluate the involvement of caspase-1 activity in the cell death stimulated by the BCG-MSP1C cells. By comparing it with the untreated cells, the activity of caspase-1 was up-regulated in the BCG-infected cells and BCG- MSP1C-infected cells. This finding proves that caspase-1 plays a role in modulating the cell death during the infection. Nevertheless, the caspase-1 activity of the BCG-MSP1C-infected cells was significantly lower than BCG-infected cells, suggesting that caspase-1 may not be the sole factor involved in such cell death (Natarajan et al. 2011). In conclusion, all the objectives of this study were achieved. The presence of MSP-1C of P. falciparum in BCG increases the apoptosis activity in the infected macrophage by down-regulating the anti-apoptotic Bcl-2 protein and stimulating the expression of p53 protein. The BCG-MSP1C cells also increased the expression of caspase-1 and -9 indicating the involvement of the intrinsic (mitochondrial-mediated) apoptosis pathway during this infection. The findings are important in order to understand the mechanism of how the BCG-MSP1C cells can stimulate the elimination activity of the host macrophage during a malaria infection. However, further investigation is required to understand the actual mechanism underlying this phenomenon.
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Abstract: Habitat loss and hunting are major threats to the long-term survival of the viable orangutan population in Batang Toru. East Batang Toru Forest Block (EBTFB) is the most threatened area due to low forest cover and high encroachment. Based on a preliminary survey in 2008, Hopong forest which is located in EBTFB, had the highest orangutan density (0.7 ind/km2). However illegal logging and hunting of protected species were occuring in this unprotected forest. Since this location has been gazetted as unprotected forest from the first survey until this study was conducted, it is important to assess orangutans population trends. This study aims to provide an updated density of orangutan in Hopong forest. The study included the location of the original survey but covered a wider overall area. The line transect method was used to record orangutan nests, ficus and trees bearing fruits. A quadrat method was used to record vegetation. The encounter rate of orangutan declined from 0.7 ind/km2 to 0.4 ind/km2 between 2008 and 2015. Forest cover has also changed in the seven years between surveys and this has influenced orangutan and orangutan nest encounter rates in Hopong. Since unprotected forest is at more risk in comparison with protected forest, allocation status of the Hopong forest is critical to reduce the threats it faces.

Keywords: Batang Toru, Declining Orangutan, East Batang Toru, Unprotected Forest, Pongo tapanuliensis

INTRODUCTION

The Tapanuli orangutan (Pongo tapanuliensis) is the third species of orangutan that discovered recently. This newly great ape is isolated in small numbers of fragments forest in Tapanuli – a district in North Sumatera (Nater et al. 2017) and the last population remaining to the south of Lake Toba (Wich et al. 2008). Since 2011, Nater et al. (2011) found that compared to the north of Lake Toba population, mtDNA of the Batang Toru population is more similar to Bornean orangutan.


Batang Toru forest is the last habitat units for this “rediscovered” orangutans (Meijaard 1997) in southernmost of Sumatra. The forest is divided into a western and an eastern forest block and administratively covers three districts of North Sumatra (North, Central and South Tapanuli). The Tapanuli orangutan is estimated to consist of 400 individuals in the west and 150 individuals in the east/ East Sarulla (Wich et al. 2008). This estimation is based on a preliminary survey in the western forest block, while a guesstimate was made for the eastern forest block (Singleton et al. 2004). The first systematic survey of the orangutan population in East Batang Toru Forest Block (EBTFB) was carried out by Sumatran Orangutan Conservation Program (SOCP) – Batang Toru Program in 2008 (Fredriksson 2008).

Habitat availability in East Batang Toru is inadequate to harbour a large population of orangutan due to habitat loss and land conversion for settlement, geothermal and agriculture have caused the observed habitat loss (Onrizal & Perbatakusuma 2011). Another threat for long term survival of orangutan in Batang Toru is hunting (Wich et al. 2011). Hunting pressure has tended to be common in north-west of Batang Toru – including in East Sarulla, where human population is predominantly non-muslim (Wich et al. 2014). Combination of human population and hunting history have negative impact for orangutan population (Wich et al. 2016).

Higher number of orangutans in East Sarulla are found in Hopong. The forest in this area is relatively good with high level of food availability (Susanto et al. 2008). Unfortunately, this area is gazetted as unprotected forest which the deforestation rate is higher than in protected forest (Gregory et al. 2012). We assumed that orangutan population trend in unprotected forest tend to be decreasing due to high potential encroachment. This study aimed at determining an updated population density of orangutan in Hopong forest. We compare the condition of Hopong forest during the first survey (2008) with the present survey (2015) to find out the population trends in this area. These data are important as the guideline and basic data to improve the protected area of Batang Toru and establish protective management measures.

METHODS

Study Site

This study was conducted in Hopong Forest, East Sarulla, North Tapanuli, North Sumatra, Indonesia on 8–22 October 2015. The remaining forest in East Sarulla covers around 54,000 ha. The study site is in a forest around Hopong in the north of Dolok Sipirok Nature Reserve. The forest consisted of primary and secondary forest with a dense vegetation cover of Dipterocarpaceae, Sapotaceae, Fagaceae, Anacardiaceae, Lauraceae and Myrtaceae.


Data Collection

The population density was measured by nest count using the line transect method following van Schaik et al. (1995). The transect design used systematic random sampling based on landsat image using Distance 5.0 and ArcGIS 9.3 (California, United States). Twelve transects were selected, each being 500 m in length and 500 m apart from each other which laid paralelly. The number and characteristics of detected nests was recorded. Recorded characteristics included: nest stage, nest position, nest height, nesting tree height, nesting tree diameter, nesting tree species, nest position from line transects and perpendicular distance (PPD). Nest stage was categorised into a four-class system: (a) fresh, some leaves still green; (b) nest is brown but remains intact; (c) leaves missing and holes appearing in nest; (d) leaves are gone, only branch structure of nest remains (van Schaik et al. 1995). Nest position was distinguished in five basic patterns which differ with respect to how the main platform is created (Prasetyo et al. 2009).

The distribution of orangutans was identified by recording the waypoint of the nest and overlaying these on a map of the study area. Threat level was estimated by measuring the distance between an encountered nest and the nearest road, settlement and agricultural area. Food availability as well as vegetation data were recorded during the survey. Food availability was recorded by measuring fruiting tree abundance and ficus density using fruit trail method (van Schaik et al. 1995). The ficus trees and the host trees of fallen fruits along the transects were recorded. The ficus were classified into two classes: Class I (ficus tree with living host), Class II (ficus tree with death host). Vegetation data was recoerded based on direct observation in the field using a sampling quadrat method. A total of 25 plots of 10 m × 10 m and 20 m × 20 m were chosen randomly. The tree’s diameter breast height in each plot was measured.

DATA ANALYSIS

Following van Schaik et al. (1995), the basic equation for calculating nest density (D) from line transect surveys is: D = N/2wL, with nest density translated into orangutan density (d) using addition parameters: d = D/p × r × t in which: D = nest density (nest/ km2), N = number of nest observed along transect, d = orangutan density (ind/ km2), L = length of transect covered (km), p = proportion of nest builders in the population (0.9/day, van Schaik et al. 1995), r = rate at which nests are produced (1.22/day, SOCP 2016), t = time during which a nest remains visible (501.5 days, Wich et al. 2016), w = estimated width of the strip of habitat actually censused (km). w value is obtained from perpendicular distance which analysed using the computer package DistanceTM 5.0 (Buckland et al. 1993). Besides the nests within transects, nest encountered outside of transects were also recorded as additional data.


The spatial distribution map of orangutan nests was created using GPS waypoints which were overlayed on a basic map using the computer package ArcGIS 9.3. Fruit abundance was calculated with the formula: d = N/L, while ficus density was calculated with the formula: d = N/2wL. Habitat quality was analysed quantitatively for density, relative density, frequency, relative frequency, dominancy, relative dominancy, species importance value (SIV), Shannon-Wiener Diversity Index, and an orangutan food list.

RESULTS

Orangutan Distribution and Estimated Population Size

A total of 78 nests were recorded, of which 37 nests were found along a transect. This result was different from the first survey which detected orangutan directly and indirectly with 43 nests along a transects and 35 nests out of a transect (Susanto et al. 2008). Even though survey effort was improved by increasing the transects length (first survey: 4.025 km, updated survey: 6 km), number of nest encounters was less than in the first survey. This study showed a downward trend of orangutan population in Hopong. Orangutan population was declining from 0.7 ind/km2 (Susanto et al. 2008) to 0.4 ind/km2 in the past seven years. High numbers of nests were encountered beyond the transects at the edge of a ravine. A total of 42 nesting trees were detected, some of which consisted of two and three old nests. Fruit and ficus densities relatively low during this study; the previous study did not record these densities (Table 1).


Table 1: Result of first survey (2008) and updated survey (2015).



	
	2008
	2015



	Orangutan indication
	Direct and indirect
	Indirect



	Transect length
	4.025 km
	6 km



	N nests (in transect)
	43
	37



	D nests
	399/ km2
	234/ km2



	D orangutan
	0.7 ind/km2
	0.4 ind/km2



	W
	0.0134 km
	0.0132 km



	D fruit
	-
	0.89 ind/ km2



	D ficus
	-
	I: 0.11; II: 0




Nests were predominantly located in the unprotected primary forest area. 85.7% of nests were found in the unprotected forest due to most of transects were predominantly laid in unprotected forest (only one transect laid in protected forest). Virtually, the entire of East Sarulla was gazetted as production forest in 2008. This area was gazetted into protected forest in 2014, but there was no change in the gazettment of Hopong forest. From 2008 to 2015 this area was still unprotected forest (Fig. 1).
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Figure 1: Map of orangutan nests in Hopong forest, East Sarulla in: (A) 2008 and (B) 2015.




Threats

The nest distance to settlement, main road, and local agriculture was also changed in past seven years. The nest was found further from settlement, main road, and local agriculture, compared to nest distance in 2008. Result of Susanto et al. (2008), the nearest nest found from settlement and main road was at 0.1 km and 0 km respectively. On the other hand, the nearest nest found from settlement, main road, and local agriculture in the survey was 1.51 km, 1.14 km and 1.45 km.

Vegetation Composition

In total, 178 tree species were recorded in this study. Of these, 90 species were potential feeding trees for orangutan, and 39 species were potential nesting tree species. The species important value (SIV) were relatively low for each species (Table 2). The Shannon-Wiener diversity index of Hopong forest area is 4.6 for tree and 4.191 for pole. It means that this area was a high species richness1 of vegetation which potentially serve food and nest tree for orangutans. Hopong forest also serve hosts trees in all diameter classes with the most abundant class at 5 cm – 9.9 cm. The distribution of class diameters showed an exponential descending L curve (Fig. 2).


Table 2: Vegetation in Hopong.



	Species
	Family
	Important value




	Tree level



	Gymnostoma sumatrana*
	Casuarinaceae
	8.03




	Gordonia oblongifolia+
	Theaceae
	7.74




	Payena acuminata*
	Sapotaceae
	6.41




	Syzygium chloranthum*
	Myrtaceae
	4.74




	Palaquium cf. hexandrum*
	Sapotaceae
	4.65




	 
	H’

	4.5




	Pole level



	Aglaia sp.* +
	Meliaceae
	10.93




	Canarium cf. denticulatum*
	Burseraceae
	10.34




	Dacryodes costata* +
	Burseraceae
	10.08




	Gymnostoma sumatrana*
	Casuarinaceae
	8.42




	Elaecarpus cf. parvifolius
	Elaeocarpaceae
	7.73




	 
	H’

	4.39





Notes: *feeding tree; +nest tree
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Figure 2: The distribution of class diameters in Hopong forests.



DISCUSSION

This study confirmed that whilst orangutan are still present in Hopong, the population has declined in the past seven years. This downward trend might be due to human encroachment towards the forest area. Human encroachment leads habitat loss that threats the long-term survival of orangutan. Like most other primate species, orangutan populations are declining over time due to habitat loss and hunting (Estrada et al. 2017).

There was significant changing of Hopong forest from 2008 to 2015. Some of the forested areas in 2008 were cleared and converted into settlement, road construction, and agriculture. Along with this, the declining of orangutan and nest encountered was occurred. It shows that orangutan leave areas with high levels of human activity and migrate to the remaining undisturbed forest in Hopong2. Reduction of forest cover will reduce fruit availability for orangutans, which can impact the behaviour (Carne et al. 2015), in this case, orangutans migrate away from the disturbance area.

Protect the orangutan habitat is mean protect the orangutan population. Re-assesment of government land use policy is needed to protect both habitat and population of orangutan in Hopong. Unprotected forest is vulnerable and their disappearance may further negatively affect orangutan populations here in the future. Unfortunately, most of Hopong forest is gazetted as unprotected forest which vulnerable for habitat loss due to land conversion. Land conversion tends to be more common in unprotected forest which triggers habitat loss and directly impacts orangutan (Gaveau et al. 2012). Unsustainable land clearing was found around Hopong forest. The forested area along the edge of the road to main forest was cleared. The villagers cleared the land to establish an ownership claim to it which is indicated from the land that did not managed yet (Sugesty Muhammad Arif, personal communication). The land clearing is estimated to have occured about 1–1.5 years ago.

Hopong forest is a corridor which connects Dolok Sipirok nature reserve and EBTFB. The gazettment as unprotected forest will facilitate land conversion which could cause fragmentation and intrusion into the orangutan home ranges. If it continues like this, the population will disappear by 2030 (Wich et al. 2016).

Human-orangutan conflict in Hopong usually occured during the petai and durian season (Iman Siagian, personal communication). Primates which live neighbouring with agriculture land raid crops when the food availability in their natural habitat is low (Strum 1994). Human-orangutan conflicts will increase as people expand their agricultural activity and encroach orangutan habitat (Campbell-Smith et al. 2010). Crop-raiding is one of the human-orangutan conflict that frequently increased caused by land conversion (Campbell-Smith et al. 2011). The villagers consider orangutan a pest species within agricultural areas. Conflict occured because some agricultural crops are overlapped with the orangutan feeding trees, such as durian, petai, palm sugar and damar.

The deep forest of Hopong is relatively good forest with natural tree cover. Although some land was cleared at the forest edge, there has been no clearence within the forest. However, we are still concern that land clearing will occur within the forest interior. Hopong forest serve various species vegetation which very important for the orangutan sustainability. The vegetation provide a food source, nesting tree and media for arboreal locomotion for orangutan. Logging will reduce the number of fruits tree which impacted to reduction of fruit availability (Johns & Johns 1995) which at the end will reduced the orangutan density (Rao & van Schaik 1997).

The density of fruit tree and ficus tree are quite low during the study. Five species of fruiting trees were identified in study area, but none of them were fleshy-pulp fruits. Fruit density is seasonal, and varies between species. Most orangutan feed on flushy-pulp fruits, the variation of fruit density influences orangutan density in the short term (Rijksen 1978). This could be one reason why orangutan were not encountered in Hopong. Few ficus trees are present in Hopong. A cluster of big strangler ficus was found away from the transects, but they were not bearing fruits during the sampling time and no orangutan nests were encountered nearby. The trend of fruit and ficus density in this area during the first survey and this study cannot be compared because there were no data for fruit and ficus density collected during the previous survey. On the other hand, the distribution of class diameters showed an exponential descending L curve which means that Hopong potentially being balanced and sustainable forest

This study alarmed the conservation measures for Tapanuli orangutan. The small population size and isolation geographic might lead the inbreeding depression and threat the population existence of this new great apes species (Nater et al. 2017).


CONCLUSION

Orangutan population in unprotected forest tends to follow the downward trend. This indication was shown in the orangutan population of Hopong that has declined in the last seven years. The declining was primarily due to habitat encroachment and land conversion for settlement, road construction, and local agriculture. Hopong forest still has pristine forest that provides a suitable habitat for orangutans. The gazzetment of this forest is extremely required to reduce the threats facing the orangutan population at Hopong.
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NOTES

1.      Based on Shannon index: H’<1: low diversity, 1<H’<3: diversity is moderate, H’>3: high diversity (Odum, 1993)

2.      Based on interview with the local people, they know that orangutan is protected under the Indonesia Law. First survey also showed that local in this area did not hunting/poaching the orangutans.
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Abstract: Aqueous extracts prepared from the powdered entire pomaces and their parts (seeds and peels) of two Iraqi grape cultivars (Shada and Des-Alanez) were evaluated for their ovicidal, larvicidal, and pupicidal activities against housefly, Musca domestica (Linnaeus 1758) and compared them with chemical insecticide (Agita 10 WG; Austria). The highest insecticidal activity was shown by the aqueous extracts of powdered seeds followed by the entire pomace and then peels. The water extracts from the seeds, peels and pomaces were able to inhibit completely the hatching of the eggs at a concentration of 150 µg/ml while the Agita insecticide was able to inhibit the hatching process at a concentration of 50 µg/ml. The water extracts also were able to kill the L3 larvae and the activity was increasing with the increasing of the concentration. It is very interesting to note that the addition of the powdered entire pomaces, seeds, and peels on top or at the bottom of the cow manure was able to inhibit the development of up to 50% and 47.5% of L1 to pupae and to adult flies, respectively. Taking into consideration the huge amounts of grape pomaces that produced annually, the cheap price and the ease in dealing with, make them a good candidate as alternative insecticides and environmentally more friendly than the chemical insecticides.

Keywords: Botanical Insecticide, Housefly, Grape Pomace, Seeds, Peels

INTRODUCTION

Globally, grape reaches the 16th rank of the most harvested food and agriculture commodities with almost 67 million metric tonnes (Food and Agriculture Organization [FAO] 2009). In New Zealand, for example, 328,000 tons of grapes have been crushed in 2011 to produce 325,000 million litres of wine (Lee-Jones 2012). This produces 42.3 million kg of pomace (solid press remains of grapes after pressing for juice or wine and consist of skin/peel, stems, and seeds) considering 18 kg pomace/100 L wine (Rockenbach et al. 2011). It is well known that grape pomaces have high concentrations of macronutrients, high concentrations of polyphenols and low concentrations of micronutrients, as well as heavy metals contents which make the residues incompatible with agricultural requirements (Kammerer et al. 2004; Bustamante et al. 2008) and therefore the waste must be conditioned prior to use because they pose a significant disposal problem (Devesa-Rey et al. 2011).

The disadvantage of having high levels of tannins, grape pomaces and other agricultural wastes may be turned to an advantage via extraction and isolation of polyphenols before using them as animal feed or other uses. However, some tannins (especially condensed tannins) can be used positively as they have been used as anthelmintic (Molan, Alexander et al. 2000; Molan, Duncan et al. 2000; Molan, Hoskin et al. 2000; Molan, Waghorn et al. 2000; Molan et al. 2002; Molan & Farag 2010; Molan 2014) and antimicrobial agents (Molan et al. 2001).

The housefly, Musca domestica (Diptera: Muscidae), belongs to the Order Diptera which presents the biggest order within the Phylum Arthropoda and its members are vectors of a wide range of diseases and therefore they pose the greatest challenge to human and veterinary health (Malik et al. 2007; Palacios et al. 2009). In addition to its role in the mechanical transmission of infectious agents, housefly causes a nuisance, especially the adult stage (Khan et al. 2013). In addition, current method of housefly control with chemical insecticides has resulted in development of resistance (Scott et al. 2013), which warrant search for alternative insecticides such as agricultural wastes which are not used wisely and the grape pomace is a good example.

Although the biological activities of the pomaces of various cultivars of grapes have been studied (Lurton 2003, Ozkan et al. 2004, Morre & Morre 2005, Curko et al. 2014, Zhu et al. 2015), to the best of our knowledge, no previous studies have investigated the insecticidal activity of grape pomaces and/or their ingredients (peels and seeds) against the housefly, Musca domestica. Thus, the current study was undertaken to address this gap by evaluating the insecticidal activity of the entire pomaces and their ingredients of two Iraqi grape cultivars against the eggs, larvae and pupae of the housefly.

MATERIALS AND METHODS

Grape Varieties

Grape samples were obtained from local markets in Iraq. The grape varieties were Des-Alanez (white/green grape cultivar) and Shada (purple-black grape cultivar) grown in Diyala Province, middle of Iraq. All the pomace extracts were prepared from a single production lot.


Extraction of Grape Pomaces

Samples of grape (Vitis vinifera L.) of the varieties Shada and Des-Alanez were purchased from the local markets of Diyala Province, Iraq (2014/2015 harvest season) they were stored under refrigeration for 48 h at 4°C until analysis. The samples were then cleaned and de-stemmed and the green unripe and old shriveled grapes were discarded. The grapes were mashed using a domestic blender and then the mixture was strained through double layers of cheesecloth. After the extraction of grape juice, the pomace was stored in polyethylene bags at −20°C until processing. Only the pomaces were used in this study, which have been dried in oven at 50°C for 72 h. The dried pomaces were divided into three lots, the entire pomace (as is), seeds, and peels. The seeds and peels were separated manually from the dried pomaces. The dried pomaces, seeds and peels were ground using domestic coffee grinder. The powdered pomaces, seeds, and peels were stored in polyethylene bags at −20°C until being used.

The powdered pomaces, seeds, and peels were used as they are or extracted in boiling distilled water as described previously (Molan & Mahdy 2016; Molan et al. 2017). Briefly, 400 mg of the powdered samples were mixed with 40 mL of boiling distilled water in a 50 mL-centrifuge tube, vortexed for 10 min and then left overnight. All the extracts were prepared one day prior to the commencement of the experiments, centrifuged on the second day and used immediately in the experiments.

Rearing of Housefly

Adult house flies were collected from the garbage sites of the main campus of Diyala University, Iraq, using a sweep net method and reared as described by Kumar et al. (2012). The captured flies were reared in transparent cages (30 cm × 30 cm × 30 cm) with mesh screens on opposite sides and a cloth sleeve opening at the front (Farooq & Freed 2016) in the insect rearing room of our laboratory at 25°C–28°C, and 55%–60% relative humidity and fed a sugar/milk solution (50 g of powdered milk and 20 g of table sugar per litre of water) (Lohmeyer & Pound 2012). The eggs obtained from the captured flies were either used directly in the ovicidal bioassays or transferred to plastic Solo cups containing a semi-synthetic diet used by Kumar et al. (2012) with slight modification (water based paste of wheat bran: 5 g wheat bran, 3 g milk powder, and 2 g sugar mixed with 10 mL of water) which was changed every second day until larvae reached the pupal stage. The larval stages and pupae obtained via this method were used in the bioassays.

Ovicidal Activity

A stock solution of pomaces, seeds, and peels of two grape cultivars was prepared by dissolving them in boiling distilled water, and working solutions were prepared by further dilutions with distilled water. Two mL of the working solutions were pipetted into each Petri-dish together with 20 eggs and made up to 5 ml with distilled water to give final concentrations of the selected part ranging from 10 µg to 150 µg/mL.

The experiments were conducted in duplicate, and eggs in distilled water alone were used as controls. The commercial insecticide, Agita 10 WG, was used as a positive control. The eggs were incubated at room temperature (~24°C) for 24 h, after which a drop of Lugol’s iodine was added, to stop further hatching, and the numbers of unhatched eggs and L1 larvae were counted to determine the percentage inhibition of egg hatching by using the following equation:

% inhibition (ovicidal activity) = A−B / A × 100

Where A represents the number of L1 larvae in the control incubation while B represents the number of L1 larvae in the experimental incubation.

Larvicidal and Pupicidal Bioassays

The larval and pupicidal bioassays were evaluated by using dipping method (Sinthusiri & Soonwera 2013). Batches of 20 L3 larvae or pupae were immersed for 30 s in each aqueous extract containing different concentrations of the pomaces and their ingredients (seeds and peels). Three concentrations (10, 50, 100 mg/mL) of each tested extract along with control treatments free of the pomaces and their ingredients have been used. Each treatment was replicated twice while larvae and pupae in the control group were treated with distilled water only. The commercial insecticide, Agita 10 WG, was used as a positive control. After immersion, each batch of larvae or pupae was placed on filter paper to remove excess extract and then placed in Solo plastic cups and covered with facial tissue held in its place by rubber band and left for 2 h and then the larval mortality was recorded. The criterion for larval mortality was evaluated by softy touching each larva with a small paint brush and if they not responding were considered dead (Sinthusiri & Soonwera 2013) and percentage mortality was estimated using the following equation:

Percentage mortality (%) = [(A – B) / A] × 100

Where A is the number of dead larvae in the untreated (control) Petri plates and B is the number of dead larvae in the treated Petri plates.

Concerning the pupicidal activity, the pupae were left for 7 days after dipping process and the activity of the pomaces and their ingredients (seeds and peels) was determined by estimating the percentage inhibition of adult emergence by using the following equation:

Pupicidal activity (%) = [(A – B) / A] × 100

Where A is the number of emerged adult flies in the untreated (control) Petri plates and B is the number of emerged adults in the treated Petri plates.


Development of L1 Larvae to Pupae and Adult Flies using Cow Manure

Cow manure was also used as a natural medium for the development of L1 larvae to L3, pupae and adult flies (Lohmeyer & Pound 2012). The manure was collected directly from the rectum (to avoid contamination with the soil) of the cows slaughtered at the local abattoir and placed in plastic bags and was frozen until needed for bioassays.

Two treatment placement locations were selected, top of the manure and bottom of manure. For top treatment, 100 g of manure were placed in the plastic Solo cups and then 5% or 10% of the powdered pomaces, seeds or peels were sprinkled on the top of the manure. For bottom treatment, the same amounts of powdered by-products were sprinkled on the bottom of the cup and then 100 g of manure were added to the cup. A similar quantity of untreated manure was used as a control treatment. Each treatment was replicated twice. After the addition of manure and the powdered pomaces, seeds, and peels to the cups, 20 L1 larvae were placed on top of the manure and the cups were covered with facial tissue held in place with a rubber band and left at 28°C for 7 days and observed for pupation. Pupae were collected by flotation (Lohmeyer & Pound 2012) and the numbers of normal and deformed pupae were recorded. For the adult emergence experiment, all pupae were left at 28°C and a photoperiod of 12:12 (light: dark) hours for another 7 days. The number of emerged adult flies was recorded for each sample and the percentage inhibition of development of L1 larvae to adults was calculated (Lohmeyer & Pound 2012).

Statistical Analysis

Eggs, larvae, pupae and adult flies counts were expressed as mean ± standard error of the mean (SE). The significance of difference between the means was determined by one-way ANOVA using a computer software package (SPSS for Windows Release 20.0) and considered as significant when p ≤ 0.05.

RESULTS

Effect of Water Extracts on the Viability of Eggs

In the control wells 100% of the eggs hatched. Table 1 shows that the proportion of eggs hatching decreasing with increasing concentrations of powdered pomaces, seeds, and peels. It can be seen from Table 1 that the extracts from the seeds of Des-Alanez (DA) cultivar were significantly more effective (p < 0.05–0.001) at inhibiting the egg hatching than the extracts from the seeds of Shada cultivar. At 100 µg/mL, for example, the extracts from the seeds of DA cultivar were able to inhibit 61.4% of the eggs from hatching while the extracts of the Shada seeds inhibited 44.4% of the eggs from hatching. Similarly, the extracts from the pomaces of DA cultivar were significantly more effective (p < 0.05) than their counterparts from Shada cultivar (Table 1) while no significant differences were observed between the extracts from the peels of the two cultivars. At 150 µg/mL, the water extracts from the powdered pomaces, seeds, and peels were able to inhibit completely the hatching of the eggs (100% inhibition) when compared with the eggs in the control group (exposed to water only).

In the positive control group, the commercial insecticide Agita 10 WG was able to inhibit 67.8% of the eggs from hatching at a concentration of 31 µg/mL.


Table 1: Percentage inhibition of housefly egg hatching after exposure for 24 h to aqueous extracts containing different concentrations of the powdered pomaces, seeds and peels of two Iraqi grape cultivars (Des-Alanez and Shada). The values are the means of two independent experiments ± standard error. The commercial insecticide, Agita 10 WG, has been used as a positive control.



	Concentration (µg/mL) of pomaces, peels and seeds
	
% inhibition/ grape cultivar




	Des-Alanez

	Shada




	Peels



	50

	4.4 ± 1.5a

	3.1 ± 1.1a




	75

	7.9 ± 0.7 a

	6.5 ± 1.5 a




	100

	26.4 ± 2.2a

	23.3 ± 3.3a




	150

	100.0 ± 0.0 a

	100.0 ± 0.0 a




	Seeds



	50

	11.6 ± 1.1a

	9.3 ± 0.7b




	75

	15.4 ± 0.2a

	12.2 ± 2.2b




	100

	61.4 ± 1.4a

	44.4 ± 5.6b




	150

	100.0 ± 0.0 a

	100.0 ± 0.0 a




	Pomace



	50

	7.7 ± 0.95a

	3.0 ± 0.6b




	75

	12.4 ± 2.4a

	8.0 ± 0.9b




	100

	43.1 ± 1.4a

	39.6 ± 3.2b




	150

	100.0 ± 0.0 a

	100.0 ± 0.0 a




	Negative control group
	0.0 ± 0.0

	0.0 ± 0.0




	Positive control group (Agita 10 WG)



	31 µg/mL

	67.1 ± 0.42

	67.1 ± 0.42




	50 µg/mL

	100.0 ± 0.0

	100.0 ± 0.0





The values in the same row with different superscript letters differ significantly (p ≤ 0.05).


Effect of Water Extracts on the Viability of L3 Larvae

The larvicidal activity of grape pomaces and their parts (peels and seeds) of two Iraqi grape cultivars using contact toxicity bioassay was found to be dependent mainly on concentrations used. The results of the present study (Table 2) showed that the crude water extracts of the pomaces, seeds, and peels of the two cultivars showed inhibitory effects against the viability of the L3 larvae as evidenced by their ability to kill the larvae and this ability increases significantly with increasing the concentration (p < 0.05). The results also revealed that the ability of extracts of the seeds of the two cultivars to kill the L3 larvae was significantly higher (p < 0.5-0.001) than the extracts of the pomaces and peels, especially at the higher concentrations.


Table 2: Percentage mortality of L3 2 h after dipping in aqueous extracts of powdered pomaces, seeds and peels of two grape cultivars. The values were the means of two independent experiments ± standard error. The commercial insecticide, Agita 10 WG, was used as a positive control.



	
% mortality of L3 larvae (2 h after dipping in the extracts)




	Part/ con. (mg/mL)
	Des Al-Anez

	Shada




	Peels



	10

	15 ± 5a

	10 ± 0a




	50

	15 ± 5a

	15 ± 5a




	100

	20 ± 0 a

	15 ± 5 a




	Seeds



	10

	15 ± 5 a

	10 ± 0 a




	50

	30 ± 0 a

	20 ± 0 b




	100

	50 ± 5 a

	30 ± 0 b




	Pomace



	10

	15 ± 5a

	10 ± 0b




	50

	25 ± 5a

	20 ± 0a




	100

	25 ± 5 a

	25 ± 5 a




	Negative control (water)
	0

	0




	Positive control (Agita, 31µg/mL)
	45 ± 5 a

	45 ± 5 a





The values in the same row with different superscript letters differ significantly (p ≤ 0.05).


Effect of Water Extracts on the Development of L1 Larvae to Pupae and Adult Flies

The last series of the laboratory experiments are considered the most important experiments in this study because they simulate field conditions. The results of these experiments showed for the first time that the powdered pomaces, seeds, and peels of two grape cultivars have the ability to inhibit the development of up to 50% of the L1 larvae into pupae (Table 3) and up to 47.5% of L1 larvae into adult flies (Table 4) and this ability depends on the location of the products and the grape cultivar. The results also revealed that the addition of the powdered materials of both cultivars on top of the manure inhibited significantly more (p < 0.05) L1 larvae from reaching the pupa and adult stages in comparison with their counterparts which had been added at the bottom of the manure.


Table 3: The percentage inhibition of the development of housefly L1 larvae into pupae after the addition of powdered pomaces, seeds and peels of two Iraqi grape cultivars on top and bottom of the cow manure. The values are the means ± standard errors of two separate experiments and the number of larvae was 20 in each treatment and each experiment.



	
% inhibition in development of L1 larvae into pupae




	Part/Con.
	
Des Al-Anez

	 
	
Shada




	Top layer

	Bottom layer

	 
	Top layer

	Bottom layer




	Peels



	5%

	22.5 ± 1.4a

	17.5 ± 1.4 b

	 
	19.0 ± 5.1 a, b

	20.0 ± 5.6 a, b




	10%

	32.5 ± 1.4 a

	27.5 ± 1.4 b

	 
	22.5 ± 1.4 c

	32.5 ± 1.9 a




	Seeds



	5%

	32.5 ± 1.4 a

	20.0 ± 0.0 b

	 
	27.0 ± 3.9 c

	23.0 ± 7.3 b, c




	10%

	50.0 ± 2.8 a

	50.0 ± 0.0 a

	 
	33.0 ± 1.1 b

	34.0 ± 0.6 b




	Pomace



	5%

	22.5 ± 1.4 a

	20.0 ± 2.8 a

	 
	22.5 ± 9.9 a

	26.0 ± 9.0 a




	10%

	32.5 ± 1.4 a

	27.5 ± 1.4 b

	 
	28.5 ± 4.8 a, b

	29.5 ± 5.4 a, b





The values in the same row with different superscript letters differ significantly (p ≤ 0.05).

DISCUSSION

Although the chemical control methods are very effective against flies, including the housefly, they have many disadvantages such as resistance to the chemical insecticides, toxic effects to humans and environment, and the high cost. Nowadays, the botanical insecticides have been given more attention to be alternative control methods against the harmful flies, including the housefly. The results of this study show that the powdered grape pomaces, seeds, peels, and their water extracts can disrupt the life cycle of the housefly, Musca domestica, by preventing their eggs from hatching and by preventing the development of LI larvae to L3, pupae and adult stages. As far as we know, this is the first demonstration that the grape pomaces and/or their ingredients can disrupt the life cycle of the housefly.


Table 4: The percentage inhibition of the development of housefly L1 larvae into adult flies after the addition of powdered pomaces, seeds and peels of two Iraqi grape cultivars on top and bottom of the cow manure. The values are the means ± standard errors of two separate experiments and the number of larvae was 20 in each treatment and each experiment.



	
% inhibition in development of L1 larvae into adult flies




	Part/Con.

	
Des Al-Anez

	 
	
Shada




	Top layer

	Bottom layer

	 
	Top layer

	Bottom layer




	Peels



	5%

	12.5 ± 1.4 a

	7.5 ± 1.4 b

	 
	5.0 ± 2.8 b

	5.0 ± 2.8 b




	10%

	20 ± 0 a

	17.5 ± 1.4 b

	 
	12.5 ± 1.4 c

	10.0 ± 2.8 c




	Seeds



	5%

	22.5 ± 1.4 a

	15.0 ± 2.8 b

	 
	7.5 ± 1.4 c

	2.5 ± 1.4 d




	10%

	47.5 ± 1.4 a

	32.5 ± 1.4 b

	 
	27.5 ± 1.4 c

	17.5 ± 1.4 d




	Pomace



	5%

	12.5 ± 1.4 a

	7.5 ± 1.4 b

	 
	2.5 ± 1.4 c

	2.5 ± 1.4 c




	10%

	30.0 ± 0.0 a

	20.0 ± 0.0 b

	 
	17.5 ± 1.4 c

	12.5 ± 1.4 d





The values in the same row with different superscript letters differ significantly (p ≤ 0.05).

The boiling water has been used in this study because our previous studies have shown that boiling water was a good solvent for extracting phenolic compounds and even more effective than some organic solvents (Molan & Mahdy, 2016; Molan et al. 2017). In addition, the most common extraction method in herbal medicine is to boil the herb in hot water and it has been suggested that water is one of what they are called ‘green’ solvents (Hailes 2007; Simon & Lee 2012).

Although the mechanisms by which the water extracts of the powdered pomaces, seeds and peels of grape cultivars inactivate the eggs are not identified, they may inactivate enzymes responsible for the hatching process. Polyphenolic compounds, especially condensed tannins have been shown to inhibit endogenous enzyme activities in rat intestine (Oh & Hoff 1986, Horigome et al. 1988) and they were potent inhibitors of cyclic AMP-dependent protein kinase in rat liver (Wang et al. 1996). The hatching of nematode eggs is initiated by environmental stimuli that lead to the release of so called ‘hatching enzymes’ (Sommerville & Rogers 1987) which include proteases, lipases, chitinases, 1-glycosidases and leucine aminopeptidases. The inhibition of some of these enzymes has been shown to reduce the rate of hatching or even to stop the process completely (Rogers & Brooks 1977; Arnold et al. 1993). The larvae of the housefly are morphologically similar to the nematodes infecting humans, especially Enterobius vermicularis so they have been used as experimental models for studying the anthelmintic activity of some anthelmintic drugs (Murugamani et al. 2012). Accordingly, the larvicidal activity of the aqueous extracts prepared from grape pomaces and their components (peels and seeds) against the larvae of the housefly demonstrated in the present study may be considered as an indication for the anthelmintic activity.

We believe that when the powdered pomaces, seeds, peels and/or their water soluble extracts are added to the media containing eggs, larvae, pupae, and adults of the housefly, the phenolic compounds present in powdered samples could either have internal effect when they have been swallowed by the larvae or external effect when they interact with the protein surface of the eggs, larvae, and pupae. Previously, Molan, Alexander et al. (2000), Molan, Duncan et al. (2000), Molan, Hoskin et al. (2000) Molan, Waghorn, et al. (2000), Molan et al. (2001; 2002), Molan and Farag (2010) and Molan (2014) studied the effect of condensed tannins from different sources on the viability of eggs and larvae of sheep and deer nematodes and found that the tannins affect them both internally and externally. When the viability of the trapped larvae, which could not pass through the nylon mesh sieves of the larval migration inhibition (LMI) bioassay, was checked it was found that 83% to 93% of the larvae were alive although their movements were sluggish, suggesting partial paralysis (Molan, Waghorn et al. 2000). As long as tannins can paralyse the body musculature of the nematodes, it is logical to predict that they may also paralyse the pharyngeal muscles and prevent the larvae and adult stages of the housefly from feeding.

In addition, the phenolic compounds found in the pomaces and their parts may bind with all components of the medium and make them unpalatable. This may explain the inhibitory effects of the powdered pomaces and their parts when they were added on top of the cow manure as the results showed that the powdered pomaces, seeds and peels of both cultivars showed significantly higher (p < 0.05) inhibitory effect against the L1 larvae when added on top of the manure in comparison to the control treatment which may indicate that the phenolic compounds present in the powdered by-products can mix and bind with the parts of the cow manure and affect the growth and development of the larvae into pupae and adult flies. This finding may indicate that the application of the powdered pomaces and/or their parts on the outer surface of the pens, barns and stables could be a good manure management and prevent the breeding of the flies. The hypothesis is that following sprinkling of ground pomaces on the floor (bedding material); the movement of the birds/farm animals will help and ensure the mixing of the pomace with the feces and consequently exposing the eggs and larval stages of flies and other pathogens to the negative effect of the pomaces.

Moreover, the swallowed phenolic compounds may affect negatively the absorption of nutrients via affecting the size and length of the intestinal villi (Nyamambi et al. 2007).

The insecticidal activity of the powdered pomaces, seeds, peels and their water soluble extracts against the eggs, larvae, pupae, and adults of the housefly differed significantly, with the seeds showed the highest activity followed by the pomaces and then peels. These differences in activity may be attributed to differences in the structure and molecular weight of phenolic compounds founds in the powdered samples (Waghorn et al. 2006).

All the concentrations and location placement combinations of the powdered pomaces, seeds and peels evaluated in this study reduced adult housefly emergence. The presence of deformed pupae indicated that the powdered grape pomaces, seeds and peels may have insect growth regulator (IGR) effects on the development of the housefly. Lohmeyer and Pound (2012) studied the insecticidal activity of the novaluron insecticide against three flies, including the housefly and they considered the presence of deformed pupae as an indication for the IGR effects on the development of the selected flies, resulting in larval mortality before they reached pupation or deformed pupae from which adults never emerged.

CONCLUSION

The results of this study suggest that the powdered grape pomaces, seeds, and peels and their water soluble extracts may be able to break the life cycle of the housefly and thus could help to decrease the need for insecticides as the principal method of control. Moreover, botanical pesticides offer an advantage over synthetic insecticides as they can be much less toxic, less prone to the development of resistance and more easily degraded.
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Abstrak: Reservoir Bukit Merah ialah salah satu takungan air yang tertua di Semenanjung Malaysia dan menjadi lokasi masyarakat tempatan menjalankan kegiatan penangkapan ikan. Aktiviti perikanan daratan penting bagi individu, masyarakat dan juga persekitaran kerana kegiatan ini dapat menjana sumber pendapatan dan memberi jaminan makanan. Nilai nutrisi ikan yang ditangkap di lokasi ini, terutamanya kandungan asid lemak, penting untuk diketahui, agar potensi terhadap peningkatan kesihatan manusia secara am dapat didemonstrasikan. Daripada senarai asal yang mengandungi 47 spesies ikan yang dijumpai di Reservoir Bukit Merah, sejumlah tujuh spesies ikan air tawar yang boleh dimakan telah dikenal pasti, iaitu lampam sungai (Barbonymus schwanenfeldii), lampam jawa (Barbonymus gonionotus), sebarau (Hampala macrolepidota), temperas (Cyclocheilichthys apogon), lalang (Oxygaster anomalura), haruan (Channa striata) dan pasir (Acantopsis dialuzona), dan kandungan asid lemak otot telah dianalisa untuk menentukan nilai nutrisi masing-masing. Otot ikan siprinid mengandungi lebih jumlah asid lemak politaktepu rantai panjang omega-3 (LC-PUFA) berbanding ikan daripada famili Channidae dan Cobitidae. Kandungan gabungan asid eikosapentaenoik (EPA) dan dokosaheksaenoik (DHA) yang tertinggi telah direkod pada otot ikan lampam jawa dan lampam sungai, ini menunjukkan kandungan nutrisi tertinggi berbanding spesies lain. Ikan haruan, iaitu sejenis pemangsa bersifat karnivor, mengandungi tahap LC-PUFA yang rendah berbanding ikan yang bersifat detrivor/herbivor. Hal ini menunjukkan bahawa kandungan asid lemak politaktepu (PUFA) omega-3 dalam otot ikan berbeza dan mengikut tabiat pemakanan mereka. Walaupun terdapat saranan bahawa memakan ikan laut dapat meningkatkan kesihatan kepada suatu tahap, namun demikian, masih terdapat manfaat daripada memakan ikan air tawar kerana terdapat beberapa spesies yang mengandungi PUFA omega-3 yang tinggi.

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


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

Keywords: Polyunsaturated Fatty Acids, Inland Fisheries, Freshwater Fish, Bukit Merah Reservoir

INTRODUCTION

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


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

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

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

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

MATERIALS AND METHODS

Study Area

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

Sample Collection

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

Fatty Acid Methyl Ester Extraction and Analysis by Gas Chromatography

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

Statistical Analysis

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

RESULTS

Sample Collection

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


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



	Family
	Species
	Common Name
	Local Name



	Cyprinidae
	Barbonymus schwanenfeldii
	Tinfoil barb
	Lampam sungai



	 
	Barbonymus gonionotus
	Javanese barb
	Lampam Jawa



	 
	Hampala macrolepidota
	Hampala barb
	Sebarau



	 
	Cyclocheilichthys apogon
	Beardless barb
	Temperas



	 
	Oxygaster anomalura
	Glassfish
	Lalang



	Channidae
	Channa striata
	Striped snakehead
	Haruan



	Cobitidae
	Acantopsis dialuzona
	Horseface loach
	Pasir




Fatty Acid Profiles

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

DISCUSSION

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

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


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

[image: art]

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

A notable observation from the results obtained was that the lowest EPA and DHA values were recorded in the striped snakehead fish. As a carnivorous fish, it would be assumed that these fish would be getting sufficient or high LC-PUFA levels from their natural piscine diet. Even though they mainly eat fish, they are also known to consume crustaceans, frogs, or small reptiles. In food deprived conditions, they are also capable of becoming cannibalistic towards their young (Qin & Fast 1996; 1997). On top of that, striped snakeheads have been reported to possess a series of desaturase and elongase enzymes required in the fatty acid conversion pathway of essential fatty acids such as α-linolenic acid (ALA, 18:3n-3) and linoleic acid (LA, 18:2n-6) into LC-PUFA (Kuah et al. 2015; 2016). In reference to other studies, fatty acid composition of striped snakeheads, especially LC-PUFA can vary drastically. Several studies stated that striped snakeheads have a good range of LC-PUFA and essential amino acid (Mat Jais et al. 1998; Samantaray & Mohanty 1997). Contrastingly, other studies have shown reduced amounts or no detection of EPA and DHA to 15%, and 0–19% for ARA (Zuraini et al. 2006; Rahman et al. 1995).
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Figure 1: Location of Bukit Merah Reservoir in Peninsular Malaysia and fish sampling stations (S1–S4).

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



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



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

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


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

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

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

The objective of this study was to investigate the nutritional value of freshwater fish in the Bukit Merah Reservoir. Based on this initial fatty acid profiling in muscle of selected fish species from the said reservoir, it can be concluded that in general, the cyprinid fish contain substantial amount of omega-3 LC-PUFA compared to members from family Channidae and Cobitidae. Tinfoil barb and Javanese barb recorded the highest levels of combined EPA and DHA indicating the highest nutritional value comparatively. Even though it was expected that fish in the higher trophic level such as striped snakehead to contain higher levels of LC-PUFA compared to the detritus/plant eating fishes, it was not reflected in this study. The omega-3 PUFA content of fish varies depending on the fish species and is affected by their feeding habits. Predominantly, the evidence of health benefits is usually associated with marine sourced omega-3 LC-PUFA, with a lack of consumer understanding in alternative omega-3 sources. It is recommended that consumers should be better informed that a consumption of diet that included moderate levels of seafood within a balanced diet is the best way to obtain the omega- 3 LC-PUFA related health benefits (McManus et al. 2011). According to a study comparing marine and freshwater fish species conducted in Turkey, even though the omega-3 PUFA of marine fish were higher than those of freshwater fish, most of the freshwater fish were primarily comparable to those of marine fish as sources of PUFA. They deduced that both marine and freshwater fish were capable of being good supply of EPA and DHA (Özogul et al. 2007). This also goes to show that consuming any one type of fish does not necessarily fulfil LC-PUFA requirements in humans. In order to maintain a wholesome health condition, it is recommended that consumption of fish be widened to varieties of different species not only constricting to either fish from marine or freshwater habitats.
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Abstrak: Solanum melongena L. biasanya dikenali sebagai terung adalah dari famili Solanaceae, yang sama asal usulnya dengan pokok tomato dan pokok ubi kentang. Ia adalah tanaman yang penting secara ekonomi di seluruh dunia dan dikaji untuk sifat perubatannya, nilai pemakanan dan peranannya sebagai model alternatif bagi tumbuhan. Buah terung telah digunakan sejak dahulu untuk rawatan pelbagai penyakit seperti bronkitis, asma, arthritis dan kencing manis serta sifat khasiatnya yang bermanfaat kepada diet manusia. Kajian transformasi tumbuhan pada terung telah dikaji secara meluas untuk penghasilan terung transgenik yang membawa gen yang bermanfaat untuk pertumbuhan tanaman yang optimum dan pengeluaran buah yang bermutu. Penginduksian pucuk adalah langkah penting yang diperlukan untuk penjanaan semula tisu tumbuhan yang berjaya kerana ianya merupakan prasyarat penting dalam transformasi menggunakan Agrobakterium sebagai pengantara. Terung tempatan cv. Bulat Putih adalah kultivar terung tempatan di Malaysia dengan buah putih dan bulat menjadikannya satu model potensi untuk kajian pengumpulan pigmen warna tumbuhan untuk tanaman buah-buahan. Kajian ini bertujuan untuk menyiasat potensi penginduksian pucuk menggunakan 6-benzylaminopurine (BAP) dan Kinetin dari eksplan kotiledon terung cv. Bulat Putih. Keputusan menunjukkan bahawa kedua-dua BAP dan kinetin boleh menginduksikan regenerasi kalus dari eksplan kotiledon. Selain itu, kinetin pada kepekatan 2.0 mg/L berjaya menginduksikan pucuk pada nilai 1.50 ± 0.22 pucuk untuk setiap eksplan manakala BAP sahaja tidak dapat menginduksikan pucuk. Kajian ini menunjukkan bahawa Kinetin sahaja sudah mencukupi untuk menginduksi pucuk dalam terung cv. Bulat Putih tanpa kehadiran BAP.

Kata Kunci: 6-Benzylaminopurine, Kinetin, Solanum melongena L., Induksi Pucuk

Abstract: Solanum melongena L. commonly known as the eggplant or brinjal comes from the family of Solanaceae, sharing the same ancestor with the tomato and potato. It is an economically important crop worldwide, being well studied for its medicinal properties, nutritional values and its role as an alternative model plant. The eggplant fruit has been previously used for treatments of various diseases such as bronchitis, asthma, arthritis and diabetes as well as its nutritive properties that are beneficial to the human diet. Plant transformation studies on the eggplant have been widely done for the production of transgenic eggplants harbouring genes that are beneficial for optimal plant growth and fruit production. Shoot induction is an essential step required for the successful regeneration of transformed plant tissues and therefore is an essential pre-requisite in Agrobacterium-mediated transformation. The local eggplant cv. Bulat Putih is a local cultivar of eggplant in Malaysia with white and round fruits making it a potential model plant colour pigment accumulation studies in fruit crops. The current work aims to investigate the shoot induction potential of 6-benzylaminopurine (BAP) and Kinetin from cotyledon explants of eggplant cv. Bulat Putih. Results indicated that both BAP and Kinetin were able to induce the regeneration of callus from cotyledon explants. On the other hand, Kinetin at the concentration of 2.0 mg/L successfully induced shoots at the value of 1.50 ± 0.22 shoots per explant, whereas BAP alone did not trigger any formation of shoots. This study indicated that kinetin alone is sufficient to induce shoots in eggplant cv. Bulat Putih without the presence of BAP.

Keywords: 6-Benzylaminopurine, Kinetin, Solanum melongena L., Shoot Induction

INTRODUCTION

Solanum melongena L. with the common name brinjal or eggplant is an economically well-known crop grown in many countries particularly at regions with tropical and temperate conditions (Collonnier et al. 2001). It belongs to the Solanaceae (Nightshade) family and shares the common ancestor with other well-known members in this family such as the tomato, potato, peppers and tobacco (Fukuoka et al. 2010). Generally, the eggplant is divided into three main categories according to the shape of their fruits. They are the egg-shaped (S. melongena var. esculentum), dwarf (S. melongena var. depressum) and long slender shaped (S. melongena var. serpentium) (Kashyap et al. 2003). Eggplant can grow well in regions with high rainfall as well as high temperature whereby conditions as such induces higher yield (Bhatti et al. 2013). The flowers of the eggplant are purplish, reddish or white in colour depending on the cultivar producing fruits either globular or long in shape, ranging from purple, white, green, brown or yellow in colour (Daunay et al. 2008). The eggplant is commonly known for its nutritive values as well as its medicinal properties to the human diet. Eggplant are used in cuisines worldwide especially in Asia, and also a popular ingredient in vegetarian dishes. The eggplant is packed with high soluble fiber and mineral contents as calcium, iron, potassium and phosphorus. Vitamins such vitamin C, vitamin B-6, vitamin K, folate and choline are also considerably high in the fruits making it beneficial to the human health (Bhatti et al. 2013). The low calorie and fat content of the eggplant fruit also contributes to weight loss and lowering risks of cardiovascular diseases (Robinson & Saranya 2013). The consumption of the eggplant fruit has also been linked to prevention of several diseases such as bronchitis, asthma, diabetes and arthritis, whereby this is mainly due to the presence of phenolic compounds such as chlorogenic acid in its fruit (Pratap et al. 2011; Scalzo et al. 2016). Previous investigations have indicated the importance of chlorogenic acid in increasing glucose tolerance in human body and subsequently reducing the risk of diabetes and obesity in human (Rodriguez & Hadley 2002; Niggeweg et al. 2004; Van Dijk et al. 2009).

Several approaches including conventional plant breeding and biotechnological methods have been employed to increase the resistance of eggplant against pest and pathogen attack. However, the introduction of resistance gene into the plant either via traditional cross breeding methods or protoplast fusion brings alongside the issues of plant sterility in progenies (Fári et al. 1995). Previous attempts such as in-vitro selection, embryo rescue, somatic hybridization and genetic engineering have greatly improved the varieties of eggplant (Swamynathan et al. 2010; Rattan et al. 2015). Intensive studies on in-vitro regeneration of eggplant have been successfully performed on cell suspension culture (Wang et al. 2013), anther culture (Salas et al. 2012; Rotino 2016) and in-vitro shoot organogenesis (Bhat et al. 2013; Bhatti et al. 2014). As reviewed by Magioli and Mansur (2005), the efficiency of in-vitro organogenesis of eggplant is greatly dependent on the type of explants used and the combinations of plant growth regulators supplemented.

Cytokinin and auxin are the commonly known plant growth regulators being widely used in explant regeneration as different combination ratios of these two would bring significant difference in regeneration processes. Cytokinins are commonly used in plant tissue culture to initiate cell growth and also to induce the formation of shoots whereby the are actively take part in various plant physiological processes (Davies 1995). This includes shoot multiplication (Kaviani et al. 2013; Bhat et al. 2013; Abu-Romman et al. 2015), tuberous root production (Deshwal & Trivedi 2011), callus induction (Borjian & Arak 2013), leaf senescence (Riefler et al. 2006) and shoot apical meristem activity regulators (Tucker & Laux 2007). Cytokinin such as kinetin is known to initiate cell division in the presence of auxin and is widely used together with auxins for callus formation or to induce shoots where low levels of auxin is available. Cytokinin like 6-Benzylaminopurine (BAP) or benzyl adenine on the other hand is used for growth acceleration.

Genetic transformation of crops through Agrobacterium mediated transformation have been utilised to introduce pest resistant genes in eggplant to increase plant survival rate and product yield (Rotino & Gleddie 1990). The establishment of in-vitro regeneration protocol for transformed tissues is an essential stage required of the production of transgenic plants (Billings et al. 1997; Franklin et al. 2004; Rahman et al. 2006). Previous transformation attempts of transformation in eggplant include introducing the genes linked to resistance to the Colorado Potato Beetle and tolerance to abiotic stresses (Arpaia et al. 1997; Prabhavathi et al. 2002; Sidhu et al. 2014).

Up to the current knowledge, there are no reports on the regeneration protocol for the local Malaysian white eggplant cv. Bulat Putih, particularly in in-vitro shoot regeneration. This white cultivar is a suitable model for transformation and genetic studies linked pigment accumulation. The current study functions as a preliminary study to assess the regeneration potential of cotyledons using cytokinins such BAP and kinetin. The current findings aim to aid future transformation studies for this cultivar particularly in genetic investigations of pigment accumulation in eggplant.

MATERIALS AND METHODS

Seed Surface Sterilization and in-vitro Germination

The seeds of round white Solanum melongena L. cv. Bulat Putih were obtained from Soon Huat Seeds Co. Sdn. Bhd. Penang, Malaysia. The seeds were washed with 70% ethanol for one minute, followed by rinsing with sterile distilled water for three times. Next, the seeds were washed with 50% Clorox® (commercial bleach solution) for 20 min and rinsed with sterile distilled water. Sterilised seeds were dried on sterile filter paper and placed in solid half-strength MS (Murashige & Skoog 1962) media. The sterilised seeds left to germinate in the culture room with 16 h light/8 h dark photoperiod at 24°±1°C.

In-vitro Shoot Regeneration

Cotyledons obtained from 3-week-old seedlings were used as explants for shoot regeneration. The cotyledons were first excised from the seedlings and cut at both ends. The cotyledons were then cultured on solid full-strength MS medium supplemented with 6-benzylaminopurine (BAP) and Kinetin. Kinetin (0.5, 1.0, 1.5, 2.0 mg/L) and BAP (1.0, 2.0, 3.0, 4.0 mg/L) were used singly or in combinations and maintained in the culture room under 16 hours light/8 hours dark photoperiod at 24°±1°C. The explants were sub-cultured every three weeks. The percentage of callus, shoot induction and the average number of shoots induced per explant were observed and recorded after six weeks of culture.

Statistical analysis

The experiment was performed according to the Complete Randomized Design and data were analysed using one-way analysis of variance (ANOVA) followed by comparison of means using Duncan’s multiple range test at p < 0.05.

RESULTS AND DISCUSSION

The present study describes the regeneration potential of cotyledon explants of eggplant cv. Bulat Putih. The in-vitro seeds germinated two weeks after surface sterilisation. In the current study, all treatments of 6-Benzylaminopurine (BAP), Kinetin and the combinations of both induced white, friable callus (Fig. 1). The calluses were able to proliferate on the same treatment medium after the first subculture. Treatments with BAP alone induced only callus but no shoot formation (Figs. 1C and 1D), indicating that media supplemented with BAP is more suitable for callus induction in the cultivar Bulat Putih. As reported by Sarker et al. (2006), cotyledon explants were identified to be the most suitable explant for shoot regeneration for eggplant as compared to the shoot tip, hypocotyl and roots. Previous studies on Solanum melongena cv. Larga Negra and Black Beauty reported the induction of callus in the treatment MS media supplemented with 0.5 mg/mL BAP + 2.0 mg/mL NAA whereby this combination favours the highest callus induction in cotyledon (90.0%) and hypocotyls (63.3%) (Zayova et al. 2008). On the other hand, Huda et al. (2007) also reported the combination of NAA and BAP initiated the formation of callus of Solanum melongena cv. Loda. In their research, MS media fortified with 0.05 mg/L BAP and 2.0 mg/L NAA had the highest response of callus formation from cotyledonary explants (100%). The same observation was reported by Ashrafuzzaman et al. (2009), whereby callus induction was the highest (95%) in MS medium supplied with 5.0 mg/mL BAP in combination with 0.1 mg/mL of NAA for hypocotyl of Capsicum annuum as compared to cotyledons (80%). In this study, hypocotyl explants treated with 4.0 mg/mL BAP were producing callus after 18 days of culture indicating BAP was able to induce callus for different types of explant of different Solanaceae species. Shah et al. (2015) also reported the formation of callus from hypocotyl explants of Solanum lycopersicum Mill. cv. Rio Grande in MS media supplemented with 2.0 mg/L Indole-3-acetic acid (IAA) and 2.5 mg/mL BAP (67.48 ± 0.7%).


[image: art]

Figure 1: Shoot and callus formation in cotyledon explants of Solanum melongena L. cv. Bulat Putih. (A) MS medium + 1.5 mg/L kinetin. (B) MS medium + 2.0 mg/L kinetin. (C) MS medium + 3.0 mg/L BAP. (D) MS + 4.0 mg/L BAP after six weeks of culture. Scale bars represent 1 cm.




Shoot formation was induced only in Kinetin supplemented media either alone or in combination with BAP. Kinetin at the concentration of 2.0 mg/L induced the highest percentage of shoot formation (65%) from the cotyledon explants with an average number of shoots of 1.50 ± 0.22 shoots per explant (Figs. 2 and 3). Shoot formation was also observed in treatments with lower concentrations of kinetin (1.5 mg/L) or in combination with BAP such as, 2.0 mg/L kinetin + 2.0 mg/L BAP and 1.0 mg/L kinetin + 3.0 mg/L BAP with average number of 0.80 ± 0.25, 0.80 ± 0.36 and 0.60 ± 0.40 shoots per explant, respectively (Fig. 3). In the current study, it was evident that the use of kinetin alone was sufficient to induce shoots from the cotyledon explants. There were no shoot and callus formation observed in full-strength MS basal medium without any plant growth regulators whereby only the formation of roots was noted. Root formation has been successfully induced on MS basal medium without plant growth regulators in other eggplant cultivars such as cv. Pusa Purple Long, cv. Black Jack and cv. Loda (Chen et al. 1995; Rahman et al. 2006; Pratap et al. 2011) suggesting that MS basal medium without plant growth regulators can be used for root regeneration. These results also indicated that this cultivar of Solanum melongena L. does not require auxins for root production.
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Figure 2: Percentage of callus and shoots induced on MS medium supplemented with different concentrations and combinations of cytokinins.



Previous regeneration studies in Solanum melongena L. reported the use of kinetin in combination with other plant growth regulators to induce shoots. Sarker et al. (2006) used a combination of kinetin and BAP to induce a high number of shoots, ranging from 0.75 to 4.4 shoots per explant in the cultivar Singhnath and Kazla. Jamil et al. (2013) reported that kinetin is necessary to be included together with other plant growth regulators in inducing shoots for eggplant cultivar NS-797. They reported in their investigation the use of MS medium added with 25% of coconut milk, 1.5 mg/L of kinetin and 0.5 mg/L IAA induced shoots, whereby 70% of the total embryogenic calli produced turned green. Robinson and Saranya (2013) also reported a high number of shoot induction (5.9 ± 2.5 shoots per explant) with a percentage of 90% of shoot formation was achieved by supplementing 1.5 mg/L BAP in the culture media indicated the efficiency of BAP in shoot induction for a different cultivar. Other cytokinin such as Thidiazuron (TDZ) has also been used for shoot organogenesis of eggplant from other cultivars producing as high as 20 shoots per explant (Sharma & Rajam 1995; Magioli et al. 1998; 2000).
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Figure 3: Average number of shoots regenerated on medium supplemented with different concentrations and combinations of cytokinins. Means marked by the same letters were not significantly different (Duncan Test, p < 0.05). Data represent mean ± standard error, n = 10.



Eggplant has been used as the model plant in various fruiting plant developmental studies and the establishment of biotechnological new approaches such as embryo rescue, somatic hybridisation and in-vitro selection, indicated the importance of this plant species (Magioli & Mansur 2005). Up to now, various studies on eggplant has been reported mainly on the common purple variety and not much being conducted on the white cultivar. The white eggplant cultivar is an important cultivar for gene expression studies especially the expression of genes associated to the accumulation of colour pigments or phytochemicals such as carotenoids and anthocyanins. This study aids the establishment of regeneration protocol for the Malaysian local cultivar of white eggplant as a tool for future plant genetic studies on pigment accumulation in eggplant.


CONCLUSION

MS basal medium supplemented with 2.0 mg/L of kinetin was found to induce the highest number of shoots in comparison to other treatments applied. BAP was found to be suitable for callus induction of this cultivar of eggplant instead for shoot induction. The current study is a preliminary assessment to investigate the induction shoots from the local white eggplant cultivar in Malaysia. Future studies will involve gene expression studies in this cultivar particularly colour pigment genes for quality enhancement.
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Abstrak: Kajian ini bertujuan untuk mengenal pasti mikroorganisma asli daripada efluen kilang minyak sawit (POME) dan untuk menentukan beban mikrob. Pengasingan dan pengenalpastian mikroorganisma asli tertakluk kepada kaedah piawai mikrobiologi dan penjujukan gen 16S rRNA dan 18S rRNA. Penjujukan daripada gen16S rRNA dan 18S rRNA untuk strain mikrob menunjukkan bahawa mereka dikenali sebagai Micrococcus luteus 101PB, Stenotrophomonas maltophilia 102PB, Bacillus cereus 103PB, Providencia vermicola 104PB, Klebsiella pneumonia 105PB, Bacillus subtilis 106PB, Aspergillus fumigates 107PF, Aspergillus nomius 108PF, Aspergillus niger 109PF dan Meyerozyma guilliermondii 110PF. Keputusan menunjukkan bahawa jumlah populasi bakteria heterotropik (THB) berkisar antara 9.5 × 105 – 7.9 × 106 cfu/mL. Jumlah heterotopic fungi (THF) berkisar antara 2.1 × 104 – 6.4 × 104 cfu/mL. Jumlah populasi mikrob asli heterotropik pada medium agar CMC masing-masing berkisar antara 8.2 x 105 – 9.1 × 106 cfu/mL (bakteria) dan 1.4 × 103 – 3.4 × 103 cfu/mL (fungi). Penemuan mendapati bahawa mikroorganisma berkembang dengan baik di dalam efluen kilang minyak kelapa sawit (POME). Oleh itu, ini menunjukkan bahawa pengasingan mikroorganisma asli dari efluen kilang minyak sawit (POME) adalah penting untuk bioremediasi, rawatan bio dan biodegradasi sisa industri yang berkesan.

Kata kunci: Biodegradasi, Industri, Malaysia, MALPOM Sdn. Bhd., Microbiota, Efluen Kilang Minyak Sawit (POME), Sisa Air

Abstract: This study was aimed at identifying indigenous microorganisms from palm oil mill effluent (POME) and to ascertain the microbial load. Isolation and identification of indigenous microorganisms was subjected to standard microbiological methods and sequencing of the 16S rRNA and 18S rRNA genes. Sequencing of the 16S rRNA and 18S rRNA genes for the microbial strains signifies that they were known as Micrococcus luteus 101PB, Stenotrophomonas maltophilia 102PB, Bacillus cereus 103PB, Providencia vermicola 104PB, Klebsiella pneumoniae 105PB, Bacillus subtilis 106PB, Aspergillus fumigatus 107PF, Aspergillus nomius 108PF, Aspergillus niger 109PF and Meyerozyma guilliermondii 110PF. Results revealed that the population of total heterotrophic bacteria (THB) ranged from 9.5 × 105 – 7.9 × 106 cfu/mL. The total heterotrophic fungi (THF) ranged from 2.1 × 104 – 6.4 × 104 cfu/mL. Total viable heterotrophic indigenous microbial population on CMC agar ranged from 8.2 x 105 – 9.1 × 106 cfu/mL and 1.4 × 103 – 3.4 × 103 cfu/mL for bacteria and fungi respectively. The microbial population of oil degrading bacteria (ODB) ranged from 6.4 × 105 – 4.8 × 106 cfu/mL and the oil degrading fungi (ODF) ranged from 2.8 × 103 – 4.7 × 104 cfu/mL. The findings revealed that microorganisms flourish well in POME. Therefore, this denotes that isolating native microorganisms from POME is imperative for effectual bioremediation, biotreatment and biodegradation of industrial wastewaters.

Keywords: Biodegradation, Industry, Malaysia, MALPOM Sdn. Bhd., Microbiota, Palm Oil Mill Effluent (POME), Wastewater

INTRODUCTION

Industrial wastewaters are essential habitat for diverse microbes. Generally, some of the microorganisms have been used for biotreatment of wastewaters (Abdel-Raouf et al. 2012; Bala et al. 2014a, 2014b, 2014c; Bala et al. 2015a, 2015b; Bala 2016). Microorganisms domiciled in diverse wastewaters can also cause diseases such as tuberculosis, cholera, typhoid, dermatomycosis, hepatitis and dysentery (Shaaban et al. 2004).

Palm oil industry has become one of the most important agricultural based industries in Malaysia that produce colossal amount of oily liquid wastewater universally named as palm oil mill effluent (POME) (Ahmad et al. 2005; Rupani et al. 2010; Mohammed et al. 2014). Palm oil mill wastewater is produced during oil extraction processes in palm oil mill industries. POME is an extremely polluting wastewater that contaminates the environment when released directly into rivers, streams or lakes devoid of treatment.

POME; in addition include large amounts of solids, both suspended solids and total dissolved solids in the range of 18,000 mg/L and 40,500 mg/L correspondingly. These solids are usually named palm oil mill sludges (POMS). The solid waste that are formed in the process of extraction are the leaves, trunk, decanter cake, empty fruit bunches, seed shells and fibre from the mesocarp (Rupani et al. 2010).

Raw POME is a warm, acidic (pH between 4 and 5), brownish colloidal suspension having lofty concentrations of organic matter, elevated amounts of total solids (40,500 mg/L), oil and grease (4,000 mg/L), chemical oxygen demand (COD) (50,000 mg/L) and biochemical oxygen demand (BOD) (25,000 mg/L) (Ma 2000). The wastewater from palm oil mill can cause significant ecological problems, if released untreated (Singh et al. 2010). The chemical oxygen demand (COD) and biochemical oxygen demand (BOD) values of palm oil mill wastewater are high enough to cause serious pollution and environmental problem to the rivers. Chemical oxygen demand and biochemical oxygen demand of palm oil mill wastewater are very high and COD values greater than 60,000 mg/L are often reported (Bala et al. 2015a; Bala 2016). Accordingly, the adverse environmental impact from the palm oil industry cannot be overlooked. Consequently, the challenge of converting POME into an environmental friendly waste necessitates a well-organised treatment and effectual removal method.

The physicochemical properties of POME are well documented. Conversely, the microbiological aspect is overlooked; as such there seem to be dearth of information on the microbiota been documented proving that a well-developed understanding of these is needed. Therefore, this study represents one of the few studies in Malaysia. The diverse microbiota communities are known to participate effectively in the biodegradation and bioremediation of POME. Consequently, the study on the microbiological characteristics of POME lays a basis to promote better understanding of the types and nature of microorganisms domicile in POME. This will provide evidence of the microbiota characteristics of POME. Their involvement in biodegradation and biotreatment of POME may possibly abet in achieving higher reduction of organic load present in POME. This study was designed to explore the microorganisms associated with palm oil mill wastewater and to establish the microbial load from MALPOM Sdn. Bhd. in Pulau Pinang, Malaysia.

MATERIALS AND METHODS

Sample Collection and Preservation

Raw POME was collected aseptically from MALPOM Sdn. Bhd., Pulau Pinang, palm oil mill industry in a sterile microbiological container (20 L) and brought back to the laboratory. In collecting raw POME sample from the POME holding tank, the mouth of the tap connected to the holding tank was swabbed with cotton wool soaked in ethanol. This was done in order to disinfect the mouth of the tap. The tap was allowed to run for few minutes and the container was used to collect the POME sample and quickly corked. Prior to sample collection, the POME sample inside the container was inverted a few times in ordered to rinse the inside wall of the container. The sample was later poured out into the surrounding. This step was done three times and the container was finally placed to collect the POME sample. The POME sample was kept in an ice box while transporting to School of Industrial Technology laboratory, Universiti Sains Malaysia and preserved at 4°C until further experiment in order to stop the wastewater from undergoing biodegradation due to microbial action (American Public Health Association [APHA] 2005). Sample was brought out from the refrigerator and left at room temperature before use.


Isolation and Enumeration of Total Heterotrophic Indigenous Palm Oil-Utilising and Cellulose Utilising Bacteria From POME

The populations of microorganisms in the raw POME sample was enumerated using standard spread plate method (APHA 2005; Bala et al. 2015a; Bala 2016). The POME was well shaken to homogenised suspension and thereafter, ten-fold (10-fold) serial dilution was made by aseptically transferring one milliliter (1 mL) of the homogenised suspension into a sterile test tubes containing nine milliliter (9 mL) of sterile, distilled water. Then, using a sterile pipette, 0.1 mL aliquots of the dilutions were aseptically removed with a sterile pipette and separately spread plated with flamed-sterilised glass spreader (bent glass rod) on well-dried Nutrient Agar (NA), oil agar (Palm Oil Agar [POA]) Mineral Salts Medium (MSM) for bacteria and Carboxymethyl cellulose (CMC) agar plates for bacteria in triplicates for the enumeration of viable heterotrophic bacteria, palm oil utilising and cellulose utilising bacteria respectively. The plates were inoculated using spread plate technique (APHA 2005; Bala et al. 2015a; Bala 2016). The culture plates were incubated at 37°C for 24–48 h. Three uninoculated plates were used as control. After incubation, plates that contained 30–300 colony forming units (cfu) were selected and counted with the aid of a colony counter. Viable numbers of colonies on each plate were enumerated and expressed or recorded as colony forming units per milliliter (cfu/mL) of the sample. Colonies were purified by repeatedly subcultured aseptically on to fresh NA, oil agar and CMC agar and incubated at 37°C for 48 h to obtain discrete pure colonies. Pure colonies were then stored on NA, oil agar and CMC agar slants at 8°C to maintain viability for subsequent analysis and identification. Gram staining was performed for all the isolates. The medium was incorporated with Ketoconazole antifungal (known as funginox) to inhibit fungal growth.

Preparation and Composition of Mineral Salt Medium (MSM) for Palm Oil Utilising Bacteria

The MSM (oil agar medium) for palm oil utilising bacteria was prepared according to the MSM composition of Zajic and Supplisson (1972). The composition of the medium was NH4Cl (4.0 g), K2HPO4 (1.8 g), KH2PO4 (1.2 g), MgSO4.7H2O (0.2 g), NaCl (0.1 g), FeSO4 (0.01 g), 15 g agar and distilled water, 1 L). The medium was used for isolation, enumeration and identification of palm oil-utilising bacteria (oil degraders). The medium was prepared by the addition of 1% (v/v) palm oil as sole source of carbon and energy, sterilized with 0.45 µm pore size Millipore filter paper to sterile MSM, which has been cooled to 45°C under aseptic condition. 200 mg ketoconazole antifungal (known as funginox) was added to prevent fungal growth. The MSM and palm oil were then mixed thoroughly and dispensed into sterile Petri dishes to solidify.


Isolation and Enumeration of Total Heterotrophic Indigenous Palm Oil-Utilising and Cellulose Utilising Fungi from POME

The standard procedures for serial dilution aforementioned for bacterial isolation were followed for fungal isolation. Thereafter, using a sterile pipette, 0.1mL aliquots of the dilutions were aseptically removed with a sterile pipette and separately spread plated with flamed-sterilised glass spreader (bent glass rod) on well-dried Potato Dextrose Agar (PDA), oil agar (POA) MSM for fungi and Carboxymethyl cellulose (CMC) agar plates for fungi in triplicates for the enumeration of viable heterotrophic fungi, palm oil utilising and cellulose utilising fungi respectively. The plates were inoculated on the surface using the standard spread plate technique (APHA 2005). The plates were allowed to remain undisturbed for 25 min in the laminar flow before been inverted and incubated.

The culture plates were incubated at 28°C for 5–7 days (APHA 2005). Three uninoculated plates were used as control. After incubation, viable numbers of colonies on each plate were enumerated and expressed or recorded as colony forming unit per milliliter (cfu/mL). Colonies were purified by repeatedly sub culturing aseptically on to fresh PDA, oil agar and CMC agar and incubated at 28°C for 5–7 days to obtain discrete pure colonies. Pure colonies were then stored on PDA, oil agar and CMC agar slants at 8°C to maintain viability for subsequent analysis and identification. Staining was also performed for all the isolates using lacto phenol cotton blue solution. The medium was incorporated with Altacef antibiotic to inhibit bacterial growth.

Preparation and Composition of Mineral Salt Medium (MSM) for Palm Oil Utilising Fungi

The MSM (oil agar medium) for palm oil utilising fungi was prepared according to the MSM composition of Mills et al. (1978) as modified by Okpokwasili and Okorie (1988).The composition of the medium was NaCl, 10.0g; MgSO4.7H2O, 0.42g; KCl, 0.29 g; KH2PO4, 0.83 g; Na2HPO4, 1.25 g; NaNO3, 0.42 g; agar, 20 g; distilled water, 1 L and pH of 7.2. The medium was used for isolation, enumeration and identification of palm oil-utilising fungi (oil degraders). The medium was prepared by the addition of 1% (v/v) palm oil as sole source of carbon and energy, sterilised with 0.45 µm pore size Millipore filter paper to sterile MSM, which has been cooled to 45°C under aseptic condition. 250 mg Altacef antibiotic, was added to prevent bacterial growth. The MSM and palm oil were then mixed thoroughly and dispensed into sterile Petri dishes to solidify.

Identification of Bacteria Isolates by Sequencing of 16S rRNA Gene

Initial identification of individual bacterial isolates was achieved by standard tests (Bergey et al. 1994). Such identification included the shape of cells, Gram’s reaction and colony morphology on solid nutrient media. Genetic identification of bacterial isolates was performed by determining nucleotide sequences of 16S rRNA genes using commonly used primers (Table 1) for amplifying the DNA between positions 27 and 1492 of bacterial 16S rRNA genes. Genetic identification of the pure cultures of bacterial isolated from POME were sent to Centre for Chemical Biology (CCB), Universiti Sains Malaysia for sequencing of the 16S rRNA gene. Inoculum preparation was carried out by inoculating bacteria strains in nutrient broth, fungi in potato dextrose broth, incubated for 24 h (bacteria), 2–3 days (fungi) at 37°C and 28°C respectively.


Table 1: Genetic Identification of bacterial isolates in POME



	
	Bacteria



	Nucleotide Sequences
	16S rRNA gene



	Sequences of Primers
	27F: 5’- AGAGTTTGATCMTGGCTCAG-3’
1492R: 5’-GGGTTACCTTGTTACGACTT-3’



	Strains
	Micrococcus luteus 101PB (Accession No. AB539843.1)
Stenotrophomonas maltophilia 102PB (Accession No. JQ 619623.1)
Bacillus cereus 103PB (Accession No. JF 432000.1)
Providencia vermicola 104PB (Accession No. KC775772.1)
Klebsiella pneumoniae 105PB (Accession No. GU128173.1)
Bacillus subtilis 106PB (Accession No. KF624694.1)




Identification of Fungal Isolates by Sequencing of 18S rRNA Gene

Initial identification of individual fungal isolates was based on microscopic staining of fungi using lactophenol blue solution (Lactophenol cotton blue solution) and macroscopic appearance which comprise pigmentation/colour, identified on the basis of cultural (colour and colonial appearance of fungal colony) and morphological characteristics in lacto-phenol blue solution wet mount by compound microscope. Genetic identification of fungal isolates was performed by determining nucleotide sequences of 18S rRNA genes using commonly used primers (Table 2) for amplifying the DNA. Genetic identification of the pure cultures of fungal isolated from POME were sent to CCB, Universiti Sains Malaysia for sequencing of the 18S rRNA gene.


Table 2: Genetic Identification of fungal isolates in POME



	
	Fungi



	Nucleotide Sequences
	18S rRNA genes



	Sequences of Primers
	ITS1 F: 5’-TCCGTAGGTGAACCTGCGG -3’
ITS4 R: 5’-TCCTCCGCTTATTGATATGC-3’



	Strains
	Aspergillus fumigatus 107PF (Accession No. EU664467.1)
Aspergillus nomius 108PF (Accession No. DQ467991.1)
Aspergillus niger 109PF (Accession No. KC119204.1)
Meyerozyma guilliermondii 110PF (Accession No. JN183444.1)





RESULTS AND DISCUSSION

Microbial Populations of POME Sample

The microbial population, total heterotrophic bacteria (THB) and total heterotrophic fungi (THF) of POME are presented in Table 3 and oil degrading bacteria (ODB) and oil degrading fungi (ODF) are presented in Table 4.


Table 3: Microbial populations of POME.



	Media
	Isolates

	Total heterotrophic counts (THC)




	Nutrient agar (NA)
	Bacteria

	9.5 x 105 − 7.9 x 106 cfu/mL




	Potato Dextrose agar (PDA)
	Fungi

	2.1 x104 − 6.4 x 104 cfu/mL




	Carboxymethyl cellulose (CMC) agar
	Bacteria

	8.2 x 105 − 9.1 x 106 cfu/mL




	Carboxymethyl cellulose (CMC) agar
	Fungi

	1.4 x 103 − 3.4 x 103 cfu/mL






Table 4: Oil degrading microbes of POME.



	Media
	Isolates

	Counts (cfu/mL)




	Oil agar (MSM) Palm oil agar (POA)
	Bacteria

	6.4 x 105 – 4.8 x 106




	Oil agar (MSM) Palm oil agar (POA)
	Fungi

	2.8 x 103 – 4.7 x 104





The population of total heterotrophic bacteria (THB) ranged from 9.5 × 105 – 7.9 × 106 cfu/mL. The total heterotrophic fungi (THF) ranged from 2.1 × 104 – 6.4 × 104 cfu/mL. Total viable heterotrophic indigenous (authochthonous) microbial population on CMC agar ranged from 8.2 × 105 – 9.1 × 106 cfu/mL and 1.4 × 103 – 3.4 × 103 cfu/mL for bacteria and fungi respectively. The microbial population of oil degrading bacteria (ODB) ranged from 6.4 × 105 – 4.8 × 106 cfu/mL and the oil degrading fungi (ODF) ranged from 2.8 × 103 – 4.7 × 104 cfu/mL (Tables 3 and 4). The findings revealed that ODB and ODF flourish well in oily waste water. Awotoye et al. (2011) reported THB, THF, ODF and ODB population of 1.8 × 106 cfu/g, 9.5 × 102 cfu/g, 1.2 × 102 cfu/g and 4.0 × 102 cfu/g in that order at the point of POME release from oil palm milling machine. Ugoji (1997) specified that THB and THF are 1.3 × 106cfu/mL and 1.0 × 103 cfu/mL correspondingly in POME.

In a related study, Okwute and Isu (2007a; 2007b) have reported total aerobic bacterial populations of 9.6 × 108 cfu/mL, 1.64 × 109 cfu/mL and 1.07 × 109 cfu/mL in POME samples. In addition, Okwute (2013) has also confirmed the population of THB, THF and ODB as 4.0 × 109 cfu/mL, 2.6 × 103 cfu/mL and 2.6 × 103 cfu/mL in that order. The counts were also comparable to those described by Serikovna et al. (2013) with the index of 108 cfu/mL, 107 cfu/mL and 2 × 108 cfu/mL as well as Wu et al. (2009) who revealed in their study the count of 6.65 × 106 cfu/mL from oily wastewaters. Ohimain et al. (2012a) has also stated that the population of total heterotrophic bacteria (THB) ranged from 7.4 × 105 – 2.0 × 106 cfu/mL and total heterotrophic fungi (THF) ranged from 3.1 – 5.7 × 104 cfu/mL while the oil degrading bacteria (ODB) ranged from 6.5 × 105 – 2.0 × 106 cfu/mL and the oil degrading fungi (ODF) ranged from 3.1 – 5.6 × 104 cfu/mL in POME sample. Bala et al. (2012) has also reported similar counts from pharmaceutical wastewater. These corroborate the presence of diverse microorganisms in wastewaters (Bala 2016).

Results from the present study aforementioned confirmed some disparity in the microbial counts. The variations in the range of microbial populations are an indication of several reasons such as nutrient, minerals, temperature, oxygen level, acidity, volume of wastewater (Okereke et al. 2007), concentration of oil and grease and sugars in the POME. High population of bacteria in the POME may possibly be linked with contaminations from poor sanitation in the mills (Okechalu et al. 2011), and intermittent disinfection of the environment. Besides, it may also be due to the handling process and the existing environmental conditions in the mills. The presence and growth of viable bacteria and fungi in POME may possibly be associated with the fact that POME is rich in carbohydrates, proteins, nitrogenous compounds, lipids, minerals, cellulose, hemicelluloses and lignin (Hii et al. 2012). The microbes isolated in the present study conceivably derive their nutrients from the aforementioned compounds in raw POME.

The microbial species found in POME has the prospective to degrade carbon source present in the POME. Bala et al. (2014b) and Bala (2016) has reported that Micrococcus luteus 101PB, Stenotrophomonas maltophilia 102PB, Bacillus cereus 103PB and Bacillus subtilis 106PB showed high lipase activity on solid media indicating their ability for degrading lipid (oil) as carbon source and producing lipase enzyme. The types of organisms isolated in the present study were also identified as oil degrading microorganisms by Bharathi and Vasudevan (2001) and Rahman et al. (2002) because of their ability to hydrolyse lipid (oil). Biodegradation is connected with the capability of bacteria and fungi to grow on and degrade carbon sources in industrial wastewaters (Haimann 1995). The high organic matter in palm oil mill wastewater possibly will have played an essential role in the abundance of aerobic and facultative anaerobic microbial strains in the present study.

Genetic Identification of Bacteria and Fungi Isolates in POME Sample

Tables 1 and 2 present the microorganisms isolated from POME based on 16S rRNA gene and 18S rRNA genes for bacteria and fungi respectively. Identification of isolates was performed by determining nucleotide sequences of 16S rRNA and 18S rRNA genes for bacteria and fungi in that order. The isolates were identified by sequences analysis of 16S rRNA and 18S rRNA genes. Sequencing of the 16S rRNA and 18S rRNA of the microbial strains suggest that they were known as Micrococcus luteus 101PB, Stenotrophomonas maltophilia 102PB, Bacillus cereus 103PB, Providencia vermicola 104PB, Klebsiella pneumoniae 105PB, Bacillus subtilis 106PB, Aspergillus fumigatus 107PF, Aspergillus nomius 108PF, Aspergillus niger 109PF and Meyerozyma guilliermondii 110PF. Plates and Figures showing identified bacteria and fungi in POME sample is presented in Appendix A to H.

The results from the present study revealed that the microbes isolated are comparable to those found in areas polluted with wastewaters (Abass et al. 2012; Soleimaninanadegani & Manshad 2014; Bala et al. 2015a) and crude oil or petroleum hydrocarbons (Okereke et al. 2007). Bala et al. (2012) had also reported the isolation of Bacillus subtilis from industrial wastewater. Conversely, Micrococcus luteus 101PB, Stenotrophomonas maltophilia 102PB, Bacillus cereus 103PB, Bacillus subtilis 106PB, Aspergillus fumigatus 107PF and Aspergillus niger 109PF are lipase and cellulase producing organisms isolated from the present study.

The development of spores makes POME microorganisms to be quiescent and highly resistant to lethal consequence of boiling, dry heating and ultra violet radiation from the sunlight (Okechalu et al. 2011). Palm oil mill wastewater is a possible habitat for lipolytic and cellulolytic bacteria and fungi since it is rich in nutrients such as lipids (oil) and cellulosic materials (Ohimain et al. 2012a; 2012b; Bala 2016).

Ohimain et al. (2012a) isolated lipase and cellulase producing Bacillus sp from POME collected from palm oil processing environment. Asikong (1994) identified Aspergillus sp. as fungal species linked with lipase and cellulase production. Aspergillus sp. is particularly reported to be good producers of cellulase and lipase. These enzymes are responsible for the breakdown of cellulose and oil in POME (Wong et al. 2008). Aspergillus niger and Aspergillus fumigatus have been well-known for their capability to survive in oily wastewater such as Palm oil mill wastewater due to the presence of nutrients such as lipids (oil). Fungi are particularly aerobic and can also grow under environmental strained conditions such as low pH and poor nutrient status. Lipase facilitates the hydrolysis of lipid causing succeeding breakdown into fatty acid and alcohol (Guehi et al. 2007; Ghosh et al. 1996). Other researchers have also isolated comparable microbes aforementioned above at 28°C-37°C from POME sample (Bhumibhamon et al. 2002; Ohimain et al. 2012a; 2012b; Okwute 2013; Soleimaninanadegani & Manshad 2014; Bala 2016).

The prevalence of these microbes (bacteria and fungi) in palm oil mill wastewater may perhaps be due to their capability to make use of oil and cellulose as their sole carbon source which has been formerly reported by Ojumu et al. (2005), Bala et al. (2014b), Bala et al. (2015b), and Bala (2016). The use of POME as a carbon source by these microorganisms has been reported by Wu et al. (2007), Sira et al. (2010) and Bala (2016). The presence of Micrococcus luteus 101PB, Stenotrophomonas maltophilia 102PB, Bacillus cereus 103PB, Bacillus subtilis 106PB, Aspergillus fumigatus 107PF and Aspergillus niger 109PF isolated from POME sample in the current study revealed that these microorganisms are capable of biodegradation of oily wastewaters as reported by other researchers (Ohimain et al. 2012a; 2012b; 2012c; Nwuche & Ogbonna 2011).


Microorganisms present in POME have been used for the treatment of wastewaters such as palm oil mill wastewater and olive oil mill wastewater for the reduction of COD (Oswal et al. 2002; Ohimain et al. 2012a; Kamal et al. 2011; Neoh et al. 2013; Nawawi et al. 2010; Ahmad et al. 2011; Bala et al. 2014c; Bala et al. 2015a; Bala 2016). During degradation process, oil and cellulose in POME are broken down by effective microbes which make use of the organic waste present in palm oil mill wastewater and degrades these organic matters into water and carbondioxide (Singh et al. 2010; Jameel & Olanrewaju 2011). Aspergillus fumigatus 107PF, Aspergillus niger 109PF, Micrococcus luteus 101PB, Stenotrophomonas maltophilia 102PB, Bacillus cereus 103PB, and Bacillus subtilis 106PB have been isolated for POME with potential to degraded oil and cellulose (Bala et al. 2014b; Bala et al. 2015b; Bala 2016). The aforesaid microbes thus exhibited comparable biodegradation potential with published literatures. The oily habitat in palm oil mill wastewater possibly will make available a good environment for lipolytic microorganisms to grow due to the oil present in the wastewater which serves as carbon source. However, the present of these microbes in POME are useful in degrading contaminated pollutants in wastewaters such as crude oil (hydrocarbon) (Ohimain et al. 2012a; Soleimaninanadegani & Manshad 2014). Palm oil mill wastewater is inhabited by dissimilar types of microbes which plays a fundamental task in the biotreatment, bioremediation and biodegradation of oil-containing wastewaters (Hassen-Aboushiba et al. 2013; Tan et al. 2015).


Table 5: Cultural characteristics of bacteria isolated from POME.



	Organisms
	Characteristics
	Gram’s reaction



	Micrococcus luteus 101PB
	Circular, pinhead colonies which are convex with entire margins. Colonies produces a bright yellow, nondiffusable pigment
	Positive cocci




	Stenotrophomonas maltophilia 102PB
	circular, smooth, convex, moist and pigmented colonies
	Negative rod




	Bacillus cereus 103PB
	Large, irregular, opaque colonies. Smooth and moist colonies, whitish to cream
	Positive rod




	Providencia vermicola 104PB
	Colonies are circular, shining, slimy, convex, and opaque with a brownish centre. Brown pigment is produced, colouring the medium around the colonies. Colonies are smooth with entire edges.
	Negative rod




	Klebsiella pneumoniae 105PB
	Distinctive yeasty odor and bacterial colonies have a viscous/mucoid appearance
	Negative rod




	Bacillus subtilis 106PB
	Dry, flat, and irregular, with lobate margins; colonies round or irregular; surface dull; become thick and opaque; whitish
	Positive rod





Conversely, in view of the fact that most of the microbes domiciled in POME form spores, it facilitate their survival and continued existence in harsh or stressed normal conditions of palm oil mill wastewater such as absence of air or free oxygen (anaerobiosis), soaring concentration of oil and grease (Okechalu et al. 2011; Ugoji 1997), and acidity (Leslie-Grady et al. 1999; Breccari et al. 1996; Poh & Chong 2009; Ugoji 1997). This corroborates with the study of Bala et al. (2015a) who reported in their investigation a low pH of 4.74 from raw palm oil mill wastewater in Malaysia. Under anaerobic conditions, methane and carbon dioxide are produced (Ugoji 1997). The anaerobic microflora inhabitant of palm oil mill wastewater sludge may well be valuable for the manufacture of biohydrogen and biogas production by fermentation during treatment (Vijayaraghavan & Ahmad 2006; Atif et al. 2005; Ismail et al. 2010). Table 5 revealed cultural characteristics of bacteria isolated from palm oil mill wastewater while Table 6 revealed microscopic, macroscopic morphology and cultural characteristics of fungi isolated from palm oil mill wastewater.


Table 6: Microscopic, macroscopic morphology and cultural characteristics of fungi isolated from POME.



	Organisms
	Type of organisms

	Microscopic morphology
	Macroscopic morphology



	Aspergillus fumigatus 107PF
	Filamentous mold

	Presence of rough conidiophore, with uni/biseriate phialides whose vesicle is round with radiate head. Brownish sclerotia were also observed
	Presence of blue-green to yellow coloration from surface



	Aspergillus nomius 108PF
	Filamentous mold

	Presence of septate hyphae and colourless and rough conidiophores with swollen vesicles
	A brownish colour with a creamy edge that appears golden in the reverse of the septate



	Aspergillus niger 109PF
	Filamentous mold

	Presence of septate hyphae, long and smooth conidiophores, and long unbranded sporangiospores with large, round head
	Brownish-black mycelium with dark spores and often appears golden on the reverse side



	Meyerozyma guilliermondii 110PF
	Yeast

	Clusters of small blastospores along the pseudohyphae and particularly at septal points. Pseudohyphae are short and few in number
	Colonies are flat, moist, smooth, and cream to whitish in colour




CONCLUSION

Results from the current study revealed the presence of diverse types of microorganisms domiciled in palm oil mill wastewater. This conclusion suggests that microorganisms thrive well in palm oil mill wastewater. The investigation provides insight on the exploitation of microbial strains in biotreatment of industrial agricultural based wastewaters such as palm oil mill wastewater. The diversity of microbial strains isolated from palm oil mill wastewater provides a basis to promote better understanding of the types and nature of microorganisms domicile in palm oil mill wastewater. This will provide evidence on the microbiota characteristics of palm oil mill wastewater. Conversely, this signifies the optimism for identification of native microbes from palm oil mill wastewater for biodegradation and bioremediation of industrial wastewaters. Study on metagenomic and transcriptomics characterisation is required for further identification of microbial strains diversity using Next-Generation Sequencing (NGS).
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APPENDIX A

Identified bacteria in POME sample.

[image: art]


[image: art]


APPENDIX B

Identified fungi in POME sample
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Aspergillus fumigatus 107PF
(Microscopic staining)
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Aspergillus nomius 108PF
(Microscopic staining)
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Aspergillus niger 109PF
(Microscopic staining)
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Meyerozyma guilliermondii 110PF
(Microscopic staining)
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Aspergillus fumigatus 107PF
(Pure culture)
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Aspergillus nomius 108PF
(Pure culture)
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Aspergillus niger 109PF
(Pure culture)
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Meyerozyma guilliermondii 110PF
(Pure culture)




APPENDIX C

Plates showing genomic DNA and purified PCR product of bacteria isolated from POME
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Plate 15: Gel picture of genomic DNA: Lane 1: 101PB; 2: 102PB; 3: 103PB; 4: 104PB; 5: 105PB; 6: 106PB; M: Lambda/HindIII marker
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Plate 16: Gel picture of purified PCR product: Lane 1: 101PB; 2: 102PB; 3: 103PB; 4: 104PB; 5: 105PB; 6: 106PB; M: 1 kb marker (Fermentas).




APPENDIX D

Plates showing genomic DNA and purified PCR product of fungi isolated from POME
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Plate 17: Gel picture of genomic DNA: Lane 1: 107 PF; 2: 108 PF; 3: 109 PF; 4: 110 PF; M: Lambda/HindIII marker.
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Plate 18: Gel picture of purified PCR product: Lane 1: 107 PF; 2: 108 PF; 3: 109 PF; 4: 110 PF; M: 1 kb marker (Fermentas).




APPENDIX E

DNA sequence of bacterial strains isolated from POME
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Figure 1: Micrococcus luteus 101 PB (Accession NO. AB539843.1)
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Figure 2: Stenotrophomonas maltophilia 102PB (Accession No. JQ 619623.1)
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Figure 3: Bacillus cereus 103PB (Accession No. JF 432000.1)
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Figure 4: Providencia vermicola 104PB (Accession No. KC775772.1)
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Figure 5: Klebsiella pneumoniae 105PB (Accession No. GU128173.1)
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Figure 6: Bacillus subtilis 106PB (Accession No. KF624694.1)




APPENDIX F

DNA sequence of fungal strains isolated from POME
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Figure 7: Aspergillus fumigatus 107PF (Accession No. EU664467.1)
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Figure 8: Aspergillus nomius 108PF (Accession No. DQ467991.1)
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Figure 9: Aspergillus niger 109PF (Accession No. KC119204.1)
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Figure 10: Meyerozyma guilliermondii 110PF (Accession No. JN183444.1).




APPENDIX G

Phylogenetic trees of the identified bacterial isolates from POME
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Figure 11: Phylogenetic tree of Micrococcus luteus 101PB based on 16S rRNA gene sequence comparisons
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Figure 12: Phylogenetic tree of Stenotrophomonas maltophilia 102PB based on 16S rRNA gene sequence comparisons
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Figure 13: Phylogenetic tree of Bacillus cereus 103PB based on 16S rRNA gene sequence comparisons
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Figure 14: Phylogenetic tree of Providencia vermicola 104PB based on 16S rRNA gene sequence comparisons
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Figure 15: Phylogenetic tree of Klebsiella pneumoniae 105PB, based on 16S rRNA gene sequence comparisons
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Figure 16: Phylogenetic tree of Bacillus subtilis 106PB based on 16S rRNA gene sequence comparisons



APPENDIX H

Phylogenetic trees of the identified fungal isolates from POME
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Figure 17: Phylogenetic tree of Aspergillus fumigatus 107PF based on 18S rRNA gene sequence comparisons
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Figure 18: Phylogenetic tree of Aspergillus nomius 108PF based on 18S rRNA gene sequence comparisons
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Figure 19: Phylogenetic tree of Aspergillus niger 109PF based on 18S rRNA gene sequence comparisons
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Figure 20: Phylogenetic tree of Meyerozyma guilliermondii 110PF based on 18S rRNA gene sequence comparisons
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Abstrak: Pokok Tin, atau nama saintifiknya Ficus carica adalah pokok berbuah yang tergolong dalam famili Moraceae dan didapati di kawasan tropika dan subtropika dunia. Pokok Tin boleh dibiakkan dalam pelbagai teknik seperti cantuman, lenturan udara dan keratan kayu keras. Namun, kaedah-kaedah ini didapati kurang efisien. Kultur tisu tumbuhan merupakan satu kaedah yang cekap dalam pembiakan tumbuh-tumbuhan terutamanya dalam menghasilkan plantlet true-to-type. Tujuan kajian ini adalah untuk meningkatkan penggandaan pucuk Ficus carica dengan mengenal pasti dan mengoptimumkan penggunaan hormon 6-Benzylaminopurine (BAP) dan Zeatin yang sesuai untuk pertumbuhan pucuk. Eksplan pucuk aksilari telah dikultur secara berasingan pada kepekatan BAP dan Zeatin yang berbeza (0.0, 0.5, 1.0, 1.5 dan 2.0 mg/L) untuk menentukan kepekatan optimum bagi penggandaan pucuk. Penggandaan pucuk yang terhasil daripada pucuk eksplan dan purata panjang pucuk eksplan direkod selepas 8 dan 12 minggu. Antara semua rawatan dengan BAP, MS media yang mengandungi 2 mg/L BAP menghasilkan pucuk yang tertinggi dengan purata 1.67 ± 0.33 sementara 1.5 dan 2 mg/L BAP menghasilkan purata pucuk yang terpanjang dengan 0.51 ± 0.08 dan 0.51 ± 0.07. Rawatan 2 mg/L Zeatin menunjukkan penghasilan pucuk berganda yang paling banyak dan panjang di antara semua kepekatan Zeatin dengan purata 0.83 ± 0.219 dan 0.32 ± 0.04 cm serta merupakan rawatan yang terbaik untuk ketinggian tumbuhan. Kajian ini telah menunjukkan bahawa BAP menghasilkan penggandaan pucuk dan perbezaan ketinggian tumbuhan yang lebih baik daripada Zeatin untuk kultivar Japanese BTM 6.

Kata kunci: Pucuk Aksilari, Induksi Pucuk, Ficus carica, 6-Benzylaminopurine, Zeatin


Abstract: Fig, or Ficus carica, is a fruit tree from the Moraceae family and is widely grown in tropical and subtropical regions of the world. Fig plants are mainly propagated through grafting, air layering, and hardwood cutting whereby these methods were found to be less efficient. Plant tissue culture is efficient method to propagate plants, particularly to produce true-to-type platelets for mass multiplication. The aim of this study is to induce multiple shoot formation on Ficus carica cv. Japanese BTM 6 through identifying and optimising the concentrations of 6-Benzylaminopurine (BAP) and Zeatin suited for shoot formation. The axillary shoot tip explants were cultured in MS media supplemented with different concentrations of BAP and Zeatin (0, 0.5, 1.0, 1.5 and 2.0 mg/L) to determine the optimal concentration for the formation of multiple shoots. Number of shoots per explants and the differences in shoot height of explants were calculated after 8 and 12 weeks of culture respectively. Of all the treatments of BAP, MS media containing with 2 mg/L BAP marked the highest number of shoots per explant with the average value of 1.67 ± 0.33 while 1.5 and 2 mg/L of BAP produced the highest differences in shoot height with 0.51 ± 0.08 cm and 0.51 ± 0.07 cm after 12 weeks respectively. Murashige and Skoog (MS) media supplemented with 2 mg/L Zeatin showed the highest production of multiple shoots and differences in shoot height with the average of 0.83 ± 0.219 and 0.32 ± 0.04 cm respectively among all the different treatments of Zeatin. In this study, BAP performed better in shoot induction and elongation as compared to Zeatin for the cultivar Japanese BTM 6.

Keywords: Axillary Shoot Tip, Multiple Shoot Induction, Ficus carica, 6-Benzylaminopurine, Zeatin

INTRODUCTION

The fig or Ficus carica is a fruiting tree of the Ficus genus from the family of Moraceae. It is one of the earliest cultivated plant and is distributed throughout various regions including Mediterranean countries, Indian subcontinent, Far East, Latin America, and Southern California (Lansky & Paavilainen 2011). The fig fruit plays a vital symbol in the holy books of the Bible and the Quran and Hadith (Slavin 2006; Marwat et al. 2009). The fig fruit is commonly consumed in its dry and fresh form whereby the fruit itself contains high nutritional values that are important for the maintenance and promotion of good health. Fig fruits are rich in fiber, potassium, calcium and iron that are much higher than in bananas, grapes, strawberries, apple and oranges. Dietary fiber and polyphenols are present at high amounts for both dried and fresh figs (Vinson 1999). In addition, the entire fig tree including the fruits, leaves, roots, latex and leafy branches have been utilised ailments for many types of illness which includes eye vision problems, colic treatment, indigestion and diarrhea (Barolo et al. 2014). Previous study by Barolo et al. (2014) reported the medicinal characteristics of the fig plant which included antioxidant properties, anti-helminthic, anti-fungal, and anti-carcinogenic, hence making it applicable in studies of ethno pharmacology.

At current, fresh figs are being imported at a high price and are not commercially grown in Malaysia for the local consumption. Propagation methods such as cuttings, grafting and air layer growing are being applied for multiplication as seedlings are not preferred due to characteristic differences diverting from mother plants. These existing vegetative methods are seen quicker and more reliable in propagating fig plants of different varieties. However, these methods do not yield consistent growth of plants and this effect the inconsistent production of fruits altogether especially at the commercial level for a larger scale market.

Tissue culture technology such as micropropagation is a reliable and efficient alternative in mass propagating plants in-vitro at a consistent and faster rate producing quality clones of novel cultivars. Micropropagation is a more advantageous method compared to conventional methods as plants can be rapidly multiplied without interruption of external factors such as changes in weather, diseases and low seed viability (Akin-Idowu et al. 2009). Previous studies on the micropropagation in different fig cultivars have reported successful shoot regeneration via apical buds, apical shoot buds and lateral shoot buds (Fráguas et al. 2004; Kim et al. 2007; Taha et al. 2013; Danial et al. 2014; Darwesh et al. 2014; Bayoudh et al. 2015; Dhage et al. 2015). The current study aims to establish an efficient protocol to for shoot formation of Ficus carica cv. Japanese BTM 6 via axillary shoot tip explants for the mass multiplication of fig plantlets.

MATERIALS AND METHODS

Plant Materials

Axillary shoot tips of Ficus carica cv. Japanese BTM 6 were excised at approximately 2–3 cm from mature mother plants grown and maintained at the School of Biological Sciences, Universiti Sains Malaysia.

Surface Sterilisation of Explants

The shoot tip explants were brushed gently with tap water containing dishwashing liquid (Sunlight®) and 3 drops of Tween-20 followed by rinsing under running tap water for 30 min. The explants were then soaked in 70% ethanol for 10 min and rinsed with sterile distilled water for 5 times followed by treatment with 70% Clorox with gentle agitation for 10 min and rinsed 5 times again with sterile distilled water. The surface sterilised explants were dried on sterile filter paper to remove excess moisture.

Multiple Shoot Induction

Axillary shoot tip explants were excised into the length of 1 cm prior to culture in full strength MS medium supplemented with 8.0 g/L plant agar, 30 g/L sucrose and different concentrations of BAP (0.5, 1.0, 1.5 and 2.0 mg/L) and Zeatin (0.5, 1.0, 1.5, and 2.0 mg/L). The cultures were placed in the culture room maintained at 25 ± 2°C under continuous white fluorescent tubes with the light intensity 32.5 µE m−2 sec−1. There were six explant replicates for each treatment.


Data Collection and Statistical Analysis

The number of shoots, percentage of callus induction and type of callus formed were recorded after 8 weeks of culture, while the average shoot height was recorded after 12 weeks of culture. The data were analysed using one-way analysis of variance (ANOVA) followed by mean comparison using Tukey’s test at p ≤ 0.05 by using IBM SPSS statistical analysis (version 22).

RESULTS AND DISCUSSION

Effect of BAP on Shoot Tip Explants of Ficus carica

With reference to Fig. 1, shoots were induced from axillary shoot tips of Ficus carica cv. Japanese BTM 6 cultured in MS media supplemented with 0.5, 1.0, 1.5 and 2.0 mg/L of BAP after 8 weeks of culture. The number of shoots per explant formed for all treatments after 8 weeks of culture is depicted in Table 1. The highest shoot number induced from axillary shoot tip explant was observed in 2.0 mg/L of BAP supplement in MS medium with an average of 1.67 ± 0.33 shoots per explant. This value is significantly higher than the control, 0.5 and 1.5 mg/L BAP treatment.
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Figure 1: Shoot induction of Ficus carica cv. Japanese BTM 6 from axillary shoot tip explants cultured in MS media supplemented with different concentrations of BAP after 8 weeks of culture. A) control; B) 0.5 mg/L BAP; C) 1.0 mg/L BAP; D) 1.5 mg/L BAP; E) 2.0 mg/L BAP. (Scale bar = 1 cm)




Table 1: Effect of different concentrations of BAP and Zeatin (0.0, 0.5, 1.0, 1.5 and 2.0 mg/L) on the number of shoots per explant, percentages of callus induction and type of callus formed after 8 weeks of cultures, and average shoot height after 12 weeks of culture.



	Plant growth regulators (PGRs)

	Concentration (mg/L)

	Number of shoots per explant after 8 weeks of culture

	Differences in shoot height after 12 weeks of culture (cm)

	Percentage of callus formation after 8 weeks of culture (%)

	Type of callus formed after 8 weeks of culture




	BAP

	0.0

	0.0 ± 0.0 a

	0.0 ± 0.0 a

	100

	Semi-friable callus




	 
	0.5

	0.17 ± 0.17 a

	0.24 ± 0.04 ab

	100

	Semi-friable callus




	 
	1.0

	0.83 ± 0.17 ab

	0.36 ± 0.04 b

	100

	Semi-friable callus




	 
	1.5

	0.50 ± 0.34 a

	0.51 ± 0.08 b

	100

	Semi-friable callus




	 
	2.0

	1.67 ± 0.33 b

	0.51 ± 0.07 b

	100

	Semi-friable callus




	Zeatin

	0.0

	0.0 ± 0.0 x

	0.0 ± 0.0 x

	100

	Semi-friable callus




	 
	0.5

	0.0 ± 0.0 x

	0.0 ± 0.0 x

	100

	Semi-friable callus




	 
	1.0

	0.0 ± 0.0 x

	0.0 ± 0.0 x

	100

	Semi-friable callus




	 
	1.5

	0.17 ± 0.093 x

	0.07 ± 0.05 xy

	100

	Semi-friable callus




	 
	2.0

	0.83 ± 0.219 y

	0.32 ± 0.04 y

	100

	Semi-friable callus





Note: Columns with same letter were not significantly different (Tukey’s test, p ≤ 0.05).

Danial et al. (2014) reported a maximum 5 shoots per explant was successfully induced in MS medium containing 3.0 mg/L BAP via shoot tips of Ficus carica L from the Iraqi cultivar. The current study also reported higher concentrations of BAP were able to induce shoots from axillary shoot tips explant whereby higher concentrations of BAP lead to a higher proliferation rate. A study by Darwesh et al. (2014) reported the 5.0 mg/L BA and 1.0 mg/L GA (gibberellic acid) supplemented in MS medium induced a significant increment of shoot number in Ficus carica. They concluded that benzyladenine (BA) was the most efficient cytokinin in enhancing shoot proliferation of Ficus carica L. via shoot tips cultures. In contrary, Mustafa et al. (2013) reported on two fig cultivars (Sultany and Aboudi) produced the highest number of induced shoots and leaf from shoot tips explants with the values of 23.79 and 4.29 respectively in full MS media supplemented with as low as 0.5 mg/L BAP. These results differed from the observation in the current study whereby MS media with 0.5 mg/L BAP produced lower response of shoot and leaf induction. These differences in the concentration of BAP used is highly due to the difference in cultivar as variations in the genetic make-up determine the response or interaction between plant growth regulators and endogenous growth regulators of the plant (Verma et al. 2009).

In the current study, 100% of callus formation was observed from all treatments of BAP (Table 1). The types of callus formed were semi-friable and yellowish in colour. Calluses are unorganised cell mass formed naturally on plants in response to stress, such as wounding, Agrobacterium tumefaciens infection, parasite infection or interspecific hybrids. Fráguas et al. (2004) reported that the nodal explants of Ficus carica cv. Roxo de Valinhos cultured in the MS medium with BA indicated the formation of callus along with small and vitrified shoots. Danial et al. (2014) also discovered that callus formed from the leaf cultures on the media containing the combination of BA with either NAA or Kinetin. They also claimed that the combination of 2,4-D and Kinetin boost the callus induction and weight of Ficus carica. A study by Kim et al. (2007) discovered the mixture of IBA and TDZ promoted callus induction on leaf segments with more than 80% of shoots regeneration.

The differences in shoot height of all explants were recorded at 12 weeks of culture. With reference to Table 1, there is a significant increase in shoot height within the range of 0.36 cm to 0.51 cm for explants treated with BAP at the concentrations of 1.0, 1.5 and 2.0 mg/L. BAP concentration of 0.5 mg/L did not exhibit significant differences with the control. Darwesh et al. (2014) reported on the absence of growth regulator (control treatment) significantly produced the shortest length of shoots while 5.0 mg/L BA combined with 1.0 mg/L GA3 recorded the highest shoot elongation. These results further confirmed the significance of BAP at concentrations above 1.0 mg/L in shoot elongation of Ficus carica cv. Japanese BTM 6.

Effect of Zeatin on Shoot Tip Explants of Ficus carica

The axillary shoot tip of Ficus carica were cultured on MS medium supplemented with Zeatin with the concentration series of 0.5, 1.0, 1.5, 2.0 mg/L and the observed results is depicted in Fig. 2. With reference to Table 1, no shoots were induced in the MS media without Zeatin, MS media supplemented with 0.5 and 1.0 mg/L of Zeatin. The concentration of 2.0 mg/L of Zeatin indicated shoot formation with a total mean of 0.83 ± 0.219 shoots per explant. Even though MS media containing 1.5 mg/L of Zeatin produced shoots with an average of 0.17 ± 0.09 shoots per explant, this value was found to be insignificant when compared to the control, 0.5, and 1.0 mg/L Zeatin.

Zeatin is a naturally occurring cytokinin obtained from Zea mays and is vital in promoting the growth of callus and cell division in callus tissues, as well as inducing shoot formation (Ling et al., 2013). Zeatin is commonly used in the micropropagation of varies woody species due to its tremendous ability in stimulating shoot proliferation. Martin et al. (2001) discovered that Zeatin is more efficient at inducing cell division than kinetin in carrot roots and soybean callus culture. In this study, Zeatin was used to induce the multiple shoots from Ficus carica axillary shoot tips explants and only 1.5 and 2.0 mg/L Zeatin responded with shoot formation.
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Figure 2: Shoot induction of Ficus carica cv. Japanese BTM 6 from axillary shoot tip explants cultured in MS media supplemented with different concentrations of Zeatin after 8 weeks of culture. A) control; B) 0.5 mg/L Zeatin; C) 1.0 mg/L Zeatin; D) 1.5 mg/L Zeatin; E) 2.0 mg/L Zeatin (Scale bar = 1cm)



Similarly, a percentage of 100% callus formation was also observed in all treatments of Zeatin after 8 weeks of culture where callus formed were observed to be semi-friable and yellowish in colour. These observations indicated that Zeatin is indeed more efficient in inducing callus than shoots for Ficus carica cv. Japanese BTM 6. These results correlates with the work of Samuelson and Larsson (1993) whereby they reported the efficiency of Zeatin as a cytokinin for callus formation of woody plants.

Based on the results (Table 1), shoot height of the explants were found to be higher for for 2.0 mg/L of Zeatin with the average value of 0.32 ± 0.04 cm. In this study, Zeatin was found to be less effective than BAP in shoot production as the highest concentration used in this study (2.0 mg/L) produced a lower average of 0.83 ± 0.219 shoots per explant. Zeatin is a cytokinin that is commonly used lateral bud formation, stimulation of lateral dominance and induction of multiple shoot from internodes. Cuenca et al. (2000) utilised Zeatin together with BA in Woody Plant Medium (WPM) as the proliferation medium for the shoot bud explants of Fagus sylvatica and F.orientalis indicating the presence other cytokinin may be necessary in proliferation of shoots in Ficus carica. On the other hand, previous studies of the micropropagation of figs have reported the use of BAP in successfully inducing multiple shoots indicating that BAP is commonly used for the tissue culture propagation in figs (Kumar et al. 1998; Mustafa & Taha 2012; Mustafa et al. 2013; Gharbia et al. 2014). The differences in shoot height of induced shoots were subsequently increased as Zeatin concentration increased. Rowland and Ogden (1992) reported that WPM medium supplemented with 20 µM Zeatin promoted the regeneration of shoots in leaf explants of highbush blueberry after 13 weeks of culture. Masekesa et al. (2016) tested Zeatin, Kinetin, and TDZ on sweet potato cv. Brondal for the induction of shoots and discovered that Zeatin treatment of 0.2 mg/L produced the highest number of shoots among all the kinetin and TDZ treatments. Up to date, Zeatin is not being tested on the shoot proliferation and induction in Ficus carica. Hence, the current study is the first to evaluate the efficiency of Zeatin on the cultivar Japanese BTM 6.

CONCLUSION

MS media containing 2.0 mg/L of BAP recorded the highest number of shoots from Ficus carica axillary shoot tip explants. In addition, MS media added with 2.0 mg/L Zeatin induced shoots but the efficiency of Zeatin in promoting multiple shoots in Ficus carica cv. Japanese BTM 6 was found to be less efficient in comparison to BAP.
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Abstrak: Kera ekor panjang (Macaca fascicularis) mempunyai potensi untuk menjadi penunjuk biologi yang baik untuk pendedahan toksik kerana mempunyai fisiologi dan tingkah laku yang hampir sama dengan manusia. Objektif kajian ini adalah untuk menentukan kepekatan plumbum (Pb) dalam sampel rambut kera ekor panjang yang dijumpai di dalam dan luar dari kawasan Taman Alam Kuala Selangor (KSNP). Secara hipotesisnya, kera ekor panjang yang tinggal di kawasan antropogenik (di luar KSNP) mungkin terdedah kepada paras plumbum yang tinggi berbanding dengan kera ekor panjang yang tinggal di kawasan hutan (di dalam KSNP). Analisis sampel rambut dijalankan dengan menggunakan mikro-plasma gandingan teraruh-jirim spektrometri (ICP-MS). Kajian mendapati bahawa purata kepekatan plumbum di kawasan antropogenik adalah 6.31 μg/g manakala bagi kawasan hutan adalah 3.16 μg/g. Kepekatan plumbum di kedua-dua kawasan secara statistik tidak begitu ketara. Walaubagaimanapun, kepekatan plumbum di kawasan antropogenik mencatat kepekatan purata sedikit lebih tinggi daripada di kawasan hutan. Walaupun begitu, hasil kajian ini menunjukkan bahawa kera ekor panjang di Kuala Selangor tidak terdedah kepada tahap plumbum yang tinggi. Kajian ini adalah yang pertama di Malaysia menggunakan kera ekor panjang sebagai penunjuk biologi untuk menguji kepekatan bahan toksik di alam sekitar. Kajian ini masih dalam peringkat awal; oleh itu, penyelidikan masa depan memerlukan penambahbaikan.

Kata kunci: Plumbum, Kera Ekor Panjang, Macaca fascicularis, Ekotoksikologi, Kuala Selangor

Abstract: Long-tailed macaque (Macaca fascicularis) has the potential to be a good biological indicator for toxic exposure because they have an almost similar physiology and behaviour to humans. The objective of this study is to determine the concentration of lead (Pb) in hair samples of long-tailed macaques which were found in and out of the Kuala Selangor Nature Park (KSNP) area. The hypothesis is long-tailed macaques that live in the anthropogenic area (outside KSNP) may be exposed to high levels of lead compared to long-tailed macaques living in the forest area (inside KSNP). Analysis of hair samples were carried out using Inductively Coupled Plasma-Mass Spectrometry (ICP-MS). The study found that the average mean of lead concentration in the anthropogenic area is 6.31 μg/g while for the forest area it is 3.16 μg/g. Lead concentration in the two areas are statistically insignificant. Nevertheless, lead concentration in the anthropogenic area recorded a slightly higher mean concentration than in the forest area. Even so, results of this study indicate that long-tailed macaques in Kuala Selangor are not exposed to high levels of lead. This study is the first in Malaysia to utilise long-tailed macaques as a biological indicator for testing the concentration of toxic substances in the environment. This study is still in its early stages; thus, future research requires improvements.

Keywords: Lead, Long-tailed Macaque, Macaca fascicularis, Ecotoxicology, Kuala Selangor

INTRODUCTION

Heavy metals play an important role in various oxidation-reduction reactions and are important constituents of several key enzymes (World Health Organization 1996). Nevertheless, a large amount of heavy metals can lead to poisoning and cause chronic toxicity. Unlike many organic pollutants, which eventually degrade to carbon dioxide and water, heavy metals tend to accumulate in the environment (Wang 2009). Many heavy metals are essential in small quantities for human health. Eventually, they become concentrated as a result of human caused activities. Common sources are mining and industrial wastes, vehicle emissions, lead acid batteries, fertilisers, paints, treated woods and aging water supply infrastructure (Harvey et al. 2015). The most common heavy metal pollutants are arsenic (As), cadmium (Cd), chromium (Cr), lead (Pb), and mercury (Hg). Commonly, human and animals may be exposed to the toxicity via routes such as contamination of drinking water, food, soil, medicines, improperly coated food containers, ingestion of lead-based paints, air or water pollution, dust, and industrial activities.

Long-tailed macaques are an edge species (Gumert et al. 2009) and tend to live at forest borders in a wide range of habitats. Besides that, they can easily and quickly adapt to the environment. When they inhabit disturbed areas near human settlements, long-tailed macaques quickly learn to raid gardens or crops and beg for food from humans (Lucas & Corlett 1991). Long-tailed macaques are omnivores whereby their primary food choice consists of fruits compared to other types of food (Berenstain 1986). However, they are opportunistic feeders, meaning they can and will eat a wide variety of animals, plants and other materials.

Nowadays, due to human activities, long-tailed macaques’ diet may easily be exposed to heavy metal elements and their diet might be alternate to another food sources. Furthermore, they are keen to feed on food wastes in garbage bins, instead of consuming plants; this habit will affect their health. On the other hand, long-tailed macaques share important immunological and physiological similarities with humans, particularly in the way they respond to toxic exposure (Lee et al. 2012). This makes them potentially valuable as a biological indicator for toxic exposures and predictors of physiologic responses to chemicals in humans (Engel et al. 2010). A number of criteria are cited as being important for an organism to be a good biological indicator. These include a relatively large body size, sensitivity to the particular agents, similar physiology to humans with a similar route of exposure, a relatively long life, being non-migratory with a wide distribution in the environment, and having a short latent period between exposure and symptom onset (O’Brien et al. 1993). Long-tailed macaques satisfy all these criteria for being a good biological indicator. Based on the previous studies, it seems that there are still few researches done regarding to the heavy metal concentration in long-tailed macaques. This study is the first attempt to investigate heavy metal (lead) concentration in long-tailed macaque hair at the study area. Hence, the present study aims to determine the lead (Pb) concentration in hair samples of long-tailed macaques found inside and outside of Kuala Selangor Nature Park (KSNP).

MATERIALS AND METHODS

Study Area

This study was conducted at the habitat range of long-tailed macaques in KSNP, Selangor, Malaysia (101° 14.678’E, 03° 20.335’N) and the surrounding area including a small town, Bukit Malawati and a residential area (Fig. 1). Long-tailed macaques outside KSNP were mainly distributed along the road at the entrance of KSNP (Hambali et al. 2012); this area is very close to the residential areas. The landform in the study area is horizontal at the road and residential area while there is also a slight slope because the study area is located near Bukit Malawati, Kuala Selangor (Hambali et al. 2014a). The ecological niche of long-tailed macaques outside KSNP was overlapping with the human population. The items offered by humans may consist of a variety of fruits such as mangoes, bananas, oranges, langsat, and apples. Besides that, junk food such as nuts, snacks, sweets, and breads are also given by humans (Hambali et al. 2014b). Based on the study by Hambali et al. (2014b), the group of long-tailed macaques outside KSNP consume food waste from garbage cans while long-tailed macaques inside KSNP mostly consume plant parts, fruits, and insects.

Hair Sample Collection

Hair samples were collected from six long-tailed macaques trapped at two different locations; three macaques each from inside and outside KSNP (Table 1). The long-tailed macaques were trapped using portable aluminium cage-like trap whereby bananas and several raw chicken eggs were put in the cage as bait to attract them. Once trapped, the long-tailed macaques were hand injected with 5 mg/kg Ketamine HCI to achieve anaesthesia. A ranger from the Department of Wildlife and National Parks (DWNP) helped to make the long-tailed macaques fainted. During anaesthesia, hair specimens were taken manually using latex gloves and surgical scissors, by clipping the hair as close as possible to the skin and extracting, as much as possible, hair strands from each macaque. Moreover, hair samples were cut from three different spots on each macaque’s body. Then, each macaque’s body weight, length and sex were recorded. Hair specimens were placed into sealed and labelled plastic bags and stored at the laboratory refrigerator until processed for analysis.
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Figure 1: Map of study area (The black circle indicates samples of long-tailed macaque’s hair that were taken).

(Source: Google Maps 2018)




Table 1: Information of captured macaques.
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Laboratory Analysis

The preparation of sample for lead (Pb) analysis was according to Perkin Elmer’s guidebook. First, each hair sample was treated separately. Hair segments were cut about 5 to 10 mm in length and weighing at least 10 mg. In order to remove the external contamination from the macaque’s hair, the pre-digestion washing technique was conducted to remove only the surface or external contamination without extracting metals from the samples or depositing metals on them. Then, the hair samples were washed in deionised water on a hot plate and then boiled. Next, the sample is transferred to a 100-mL Teflon beaker and digested with a 1:5 mixture of HClO4:HNO3 until a few drops of clear liquid remain. Subsequently, the sample was diluted to 1:50 with deionized water. All analysis was performed at the laboratory of Department of Biology, Faculty of Science, Universiti Putra Malaysia. An Inductively Coupled Plasma Mass Spectrometer (ICP-MS) was used in this study to determine lead concentration.

Statistical Analysis

Data are presented as mean ± SD (standard deviation). The differences in lead concentration were calculated using Student’s T-test. All statistical analyses were conducted using Microsoft Excel software.

RESULTS

The average mean of Pb, by individual and trapping group, are shown in the Appendix. The results of ICP-MS analysis showed the average lead concentration obtained in μg/g (arithmetic mean = 4.74, SD = 4.28), with a maximum and minimum concentration of 11.74 μg/g and 1.62 μg/g, respectively, and all individual values. The average lead concentration in hair was significantly higher for outside (6.3138±5.2376 μg/g) compared to inside KSNP (3.16±2.25 μg/g). In addition, lead concentrations of individuals varied substantially (Fig. 2).

Based on Figure 2, lead concentration for outside KSNP was significantly higher between individuals with O3, scoring the highest (11.74 μg/g) and O1; scoring the lowest (2.58 μg/g). For inside KSNP, lead concentration was also significantly higher between individuals, with I3 scoring the highest with 5.83 μg/g while I2 scored the lowest with 1.62 μg/g. Moreover, there were statistically significant differences in lead concentrations between males (5.95 ± 2.65 μg/g) and females (2.31 ± 0.67 μg/g) (Table 2).
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Figure 2: Average concentration of lead in different individuals determined using ICP-MS technique. *I = Inside; O = Outside.




Table 2: Comparison of lead concentration according to gender in the hair of long-tailed macaques (μg/g)



	Element

	Female (n = 2)

	Male (n = 4)

	Total (n = 6)




	Lead (Pb)

	2.31 ± 0.67

	5.95 ± 2.65

	4.74 ± 4.28





In addition, the highest lead concentration in the female group was found outside KSNP, which is O1 (2.58 μg/g) while the lowest was inside KSNP, which is I1 (2.04 μg/g). For the male group, the highest lead concentration was found outside KSNP, which is O3 (11.74 μg/g) while the lowest was found inside KSNP, which is I2 (1.62 μg/g).

DISCUSSION

The data presented here imply that demographic and behavioural variables are associated with lead exposure in long-tailed macaques. Furthermore, an independent effect was seen with trapping locations. A few hypotheses could explain these observations. First, behaviour or ranging pattern may bring some animals into more frequent or intense contact with sources of lead. For example, the macaque is often seen playing in rough and impure areas, hence, coming into more frequent contact with lead-containing soil and dust compared to other animals. Moreover, lead can also be ingested when the animals clean their body. Outside KSNP, there is a source of water from a man-made pond, which the long-tailed macaques use as a place to drink and bathe (Hambali et al. 2012).

Since the long-tailed macaque is an opportunistic omnivorous animal (Bonadio 2000), they are likely to feed on many different types of food if their primary food sources are unavailable. This can be attributed to the higher availability of anthropogenic food sources like human garbage and lack of natural food sources in anthropogenic habitats (Sha & Hanya 2013).


In this study, the long-tailed macaque with the highest lead concentration was located outside KSNP. From personal observation, tourists visiting KSNP will feed the monkeys outside KSNP with peanuts, bananas, and long beans purchased from vendors around the area.

Although the real situation of exposure is unknown, ingestion of contaminated plants and water, or inhalation of dust by the monkeys in this area may have caused the observed high exposure to lead. Based on the study by Hambali et al. (2014b), long-tailed macaques choose human-sourced food waste in garbage cans available at the area. Besides that, they also find food in the nearby residential area, especially in the trash. In addition, the possibility of the long-tailed macaques looking for remaining food in the trash can cause them to be exposed to polluted materials found in the trash. For example, the long-tailed macaques rummage trash that has lead-based paint cans, food and drink cans, and food waste contaminated with lead.

The Agency for Toxic Substances and Disease Registry (1999) have stated that exposure to lead primarily occurs through inhalation of lead-contaminated dust or aerosols, and ingestion of food, water, and paint contaminated with lead. Common sources of lead include dust containing paint chips or lead released into the atmosphere from industrial or automotive emissions such as leaded gasoline (Goyer 1990).

According to recent reports from Nepal (Engel et al. 2010) and Singapore (Schillaci et al. 2011), lead concentration in the hair of cynomolgus and rhesus monkeys were 2.51 and 6.00 μg/g, respectively. Meanwhile, lead concentration results in this study were the second highest among these recent reports. The Pb concentration from the present study is lower than the study in Nepal but higher than those reported in Singapore. Furthermore, the Pb concentration reported in China, 0.656 μg/g (Lee et al., 2012), is the lowest Pb concentration among those reported in the aforementioned studies. All these studies determined Pb concentration using macaque species as an indicator to environmental exposure. Although this study reported only on lead concentration, further studies on measurement of other heavy metal contaminations, continuous monitoring, adverse effects, and comparison of heavy metal concentration between blood and hair are needed.

CONCLUSION

The result from this study indicates relatively low lead concentrations in long-tailed macaque hair in KSNP. Nevertheless, the highest lead concentration in long-tailed macaque hair was from outside of the KSNP, which is a tourist attraction area where long-tailed macaques frequently come in contact with the humans. Furthermore, this finding shows that long-tailed macaque could be a good biological indicator for environmental pollutants such as lead. This can be a strategy for monitoring and preparing further remedy before the lead exposure becomes a serious problem to the human population and the environment.
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Abstrak: Span laut diakui sebagai titik panas bakteria di bioma samudera. Bakteria akuatik sedang diselidiki secara komprehensif untuk kompleks bioaktif dan metabolit sekunder. Bakteria yang boleh dikulturkan dikenal pasti dari spesies span laut berlainan di perairan Laut China Selatan berdekatan Pulau Bidong, Terengganu. Pengenalpastian molekul dicapai dengan pengklonan dan penjujukan gen 16S rRNA. Empat belas spesies bakteria telah dikenalpasti dan hubungan filogenetik mereka telah dianalisis dengan membina pokok neighbour-joining menggunakan Molecular Evolutionary Genetics Analysis 6. Spesies yang dikenal pasti merangkumi empat kelas bakteria yang pernah dikaitkan dengan span, iaitu kelas Firmikuta, Aktinobakteria, Alfaproteobakteria dan Gammaproteobakteria. Aplikasi bioteknologi bakteria yang dikenal pasti telah dibandingkan dan diulaskan berdasarkan kajian lepas yang berkaitan. Fungsi bioteknologi 14 isolat kultivar telah dilaporkan sebelum ini, justeru meyakinkan bahawa span adalah sumber kaya dengan bahan-bahan yang penting dari segi saintifik. Kewujudan bakteria psikotoleran Psychrobacter celer di perairan tropika yang hangat memiliki prospek ketara untuk penyelidikan masa depan.

Kata kunci: Span Laut, Bakteria Span Laut, Bioteknologi, Laut China Selatan, Pulau Bidong


Abstract: Marine sponges are acknowledged as bacterial hotspots in the oceanic biome. Aquatic bacteria are being investigated comprehensively for bioactive complexes and secondary metabolites. Cultivable bacteria associated with different species of sea sponges in South China Sea waters adjacent to Bidong Island, Terengganu were identified. Molecular identification was accomplished using 16S rRNA gene cloning and sequencing. Fourteen bacterial species were identified and their phylogenetic relationships were analysed by constructing a neighbour-joining tree with Molecular Evolutionary Genetics Analysis 6. The identified species encompassed four bacterial classes that were Firmicutes, Actinobacteria, Alphaproteobacteria and Gammaproteobacteria known to have been associated with sponges. The potential biotechnological applications of the identified bacteria were compared and reviewed based on relevant past studies. The biotechnological functions of the 14 cultivable isolates have been previously reported, hence reinforcing that bacteria associated with sponges are an abundant resource of scientifically essential compounds. Resilience of psychrotolerant bacteria, Psychrobacter celer, in warm tropical waters holds notable prospects for future research.

Keywords: Marine Sponge, Marine Sponge-Associated Bacteria, Biotechnology, South China Sea, Bidong Island

Progressively known as a wealthy source of significant bioactive compounds, bacteria associated with sea sponges are receiving attention from the scientific community for novel secondary metabolites with desirable economical, pharmaceutical and cosmetic values (Thomas et al. 2010). In this study, we identified 14 cultivable bacterial species related with sea sponges from adjacent waters of Bidong Island, Terengganu. Three different marine sponges namely Xestospongia sp., Haliclona sp. and Aaptos sp. were collected and identified. Bacteria associated with these sponges were identified and their biotechnological functions were addressed based on literature and previous researches.

A portion of the sponge surface (approximately 3 cm2 × 0.3 cm depth), which included the pinacoderm and mesohyl, was sampled using a sterile scalpel. The sponge tissue was divided into smaller pieces (2 mm3) using a sterile scalpel. Each 2 mm3 fragment was transferred into an Eppendorf tube. The sponge tissue fragments were washed with 1 mL of 0.22 µm filtered sterile natural seawater by gently shaking for 1 min at room temperature (25 ± 1°C), to remove loosely attached bacteria (Saidin et al. 2017). The bacterial isolates went through primary screening based on colonial morphology observation on Zobell marine agar 2216 and Gram (1884) staining. The strains were isolated from the tissues of two Xestospongia sp., two Haliclona sp., and one Aaptos sp. marine sponges. The 16S ribosomal ribonucleic acid (16S rRNA) gene was amplified via direct colony polymerase chain reaction (PCR) by adding magnesium chloride (MgCl2), deoxyribonucleotide triphosphate (dNTP) mix, PCR buffer, forward primer 63F (5’-CAGGCCTAACACATGCAAGTC-3’) and reverse primer 1389R (5’-ACGGGCGGTGTGTACAAG-3’), Taq polymerase, and sterile distilled water into each tube. A single colony as template was added into each tube using sterilised toothpick (Riviere et al. 2013). The Applied Biosystems® Veriti® 96-Well Thermal Cycler (Thermo Fisher Scientific Corp., California, United States) was set with pre-denaturation at 95°C for 5 min, followed by 26 cycles of denaturation, annealing and extension at 95°C for 1 min, 50°C for 30 s, and 70°C for 90 s respectively before proceeding with final extension at 72°C for 5 min (Turner et al. 1999).

Subsequently, an agarose gel was prepared by dissolving 0.7% agarose powder in 1x tris- acetate-EDTA (TAE) buffer. The DNA ladder and PCR products with 6X loading dye were loaded into the wells. The loaded gel was run in an electrophoresis machine at a voltage, current and time of 90 V, 35 mA and 75 min respectively using Bio-Rad PowerPac™ Basic Power Supply gel electrophoresis machine (Bio-Rad Laboratories Inc., California, United States) (Sambrook & Russell 2006). The fluorescent Promega Diamond™ Nucleic Acid Dye was used to stain and view the gel using a Gel Doc XR+ Imaging System, which helped to determine the sizes of PCR DNA fragments.

After purification with Promega Wizard® Genomic DNA Purification Kit (Catalog No. A1120, Promega Corp., Wisconsin, United States), the PCR DNA was sequenced at First BASE Laboratories Sdn. Bhd. The DNA sequence for each isolate was identified using Standard Nucleotide BLAST program (BLASTN) to search the nucleotide databases using a nucleotide query, which is one of the programs under the BLAST® (Basic Local Alignment Search Tool, National Library of Medicine, Maryland, USA) program. The sequences were aligned using ClustalW sequence alignment program. A phylogenetic tree of the identified bacteria and their bacterial evolutionary relationships was inferred via Molecular Evolutionary Genetics Analysis version 6 (MEGA6) (Tamura et al. 2013).

Fourteen bacteria species were identified by closest similarity with sequence databases using BLAST (Fig. 1). The identified sponge-associated bacteria species were Alteromonas macleodii, Bacillus aquimaris, B. aryabhattai, B. cereus, Brevibacterium epidermidis, B. iodinum, Enterobacter cloacae, Exiguobacterium indicum, Kytococcus sedentarius, Pseudomonas putida, Pseudovibrio denitrificans, Psychrobacter celer, Ruegeria arenilitoris, Staphylococcus hominis subsp. novobiosepticus. The phylogenetic tree in Figure 1 was inferred using the Neighbour-Joining method (Saitou & Nei 1987) with software MEGA6. The percentages of replicate trees where the associated taxa clustered together in the bootstrap test (10,000 replicates) are shown above the branches (Felsenstein 1985). The tree was drawn to scale, with branch lengths in the same units as those of the evolutionary distances used to infer the phylogenetic tree. The evolutionary distances were computed using the Maximum Composite Likelihood method (Tamura et al. 2004) and are in the units of the number of base substitutions per site. All positions containing gaps and missing data were eliminated. The phylogenetic tree analysed 15 nucleotide sequences: an ingroup comprising of 14 identified bacteria species and an outgroup of one microalga species.

Fig. 1 shows a phylogenetic tree with the identified bacteria categorised into four bacteria groups, which are the phylum Firmicutes as well as the classes Actinobacteria, Alphaproteobacteria, and Gammaproteobacteria. Bacteria from these similar groups have been previously isolated from marine sponges in geographically disparate areas such as the coastal waters of India, China, Ireland and Brazil (Webster & Taylor 2012). The previously reported geographic and biological isolation sources of these bacteria are shown in Table 1. Majority of species identified in this study were previously isolated from marine sponges, suggesting they were conceivably resident bacteria and not temporarily trapped transient bacteria (Table 1). Out of the 14 identified species, eight were ubiquitously present in more than one ocean and were also isolated from other marine invertebrates, they are Alteromonas macleodii (Mehta et al. 2014), Bacillus aquimaris (Phelan et al. 2011, Cerritos et al. 2010), B. aryabhattai (Pindi et al. 2013; Paul et al. 2013), B. cereus (Maliji et al. 2013; Irshad et al. 2013), Enterobacter cloacae (Maleki-Ravasan et al. 2015; Altug et al. 2013), Exiguobacterium indicum (Jimenez et al. 2014; Pindi et al. 2013), Pseudomonas putida (Altug et al. 2013; Irshad et al. 2013), and Pseudovibrio denitrificans (Santos et al. 2014; Rua et al. 2014). Ubiquitous bacteria are able to compete against exclusive sponge-associated bacteria for survival in marine hosts due to their flexibility in adapting to diverse environments, namely by exploiting resources, producing secondary metabolites and bioactive compounds, as well as tolerating broad ranges of temperature and salinity (Ivars-Martinez et al. 2008). Consequently, the presence of competent ubiquitous bacteria within sponge larvae promotes the survivability of the latter when both symbiont and host are dispersed by ocean current to new habitats lacking in optimum physical parameters or symbionts (Thacker & Freeman 2012).
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Figure 1: Phylogenetic tree with 14 species ingroup and one microalga outgroup.



As shown in Table 1, 8 out of 14 identified species were previously reported to have been associated with sponge hosts. A thorough search of relevant literature yielded no previous records that associated sea sponges with the remaining six identified species, which are Brevibacterium epidermidis, Brevibacterium iodinum, Ruegeria arenilitoris, Kytococcus sedentarius, Exiguobacterium indicum, and Staphylococcus hominis subsp. novobiosepticus. The presence of human microflora in sponge tissues implied that bacteria from heavily populated proximal waters may have passed through the filter-feeding sponges as temporary transient bacteria during sample collection, since geographically restricted human microflora has low survival rate against competent bacterial associates of sponges. However, future research is needed to study the relationship between the residing bacteria and the indigenous symbiont community, since the genome complexity and metabolic capabilities of the latter may gradually reduce due to exclusively restricted living environments within sponge hosts (Thacker & Freeman 2012).


Table 1: Sponge hosts and geographic locations of the isolated bacteria species.



	Isolated species
	Sponge hosts
	Geographic locations
	References



	Alteromonas macleodii
	Callyspongia sp.
	Hong Kong
	Qian et al. (2006)



	Gelliodes carnosa
	Xincun Harbour, Hainan
	Li et al. (2011)



	Bacillus aquimaris
	Haliclona simulans
	Galway, Ireland
	Phelan et al. (2011)



	Gelliodes carnosa
	Xincun Harbour, Hainan
	Li et al. (2011)



	Bacillus aryabhattai
	Sarcotragus fasciculatus
	Bay of Bengal, India
	Pandey et al. (2013)



	Bacillus cereus
	Haliclona simulans
	Galway, Ireland
	Phelan et al. (2011)



	Callyspongia sp.
	Hong Kong
	Qian et al. (2006)



	Hyattella cribriformis
	India
	Brammavidhya & Usharani (2013)



	Sigmadocia sp.
	Kanyakumari coast
	Satheesh et al. (2012)



	Spirastrella abata
	Moseulpo Port, Jeju Island
	Cho & Park (2009)



	Spirastrella panis
	Moseulpo Port, Jeju Island
	Cho & Park (2009)



	Polymastia janeirensis
	Rio de Janeiro
	Santos-Gandelman et al. (2014)



	Arenosclera brasiliensis
	Rio de Janeiro
	Rua et al. (2014)



	Stelletta tenui
	Sanya, Hainan
	Li et al. (2007)



	Dysidea avara
	Sanya, Hainan
	Li et al. (2007)



	Gelliodes carnosa
	Xincun Harbour, Hainan
	Li et al. (2011)



	Enterobacter cloacae
	Dysidea granulosa
	Kavaratti Islands, India
	Gopi et al. (2012)



	Pseudomonas putida
	Mycale microsigmatosa
	Rio de Janeiro
	Marinho et al. (2009)



	Pseudovibrio denitrificans
	Callyspongia plicifera
	Bahamas
	Qian et al. (2006)



	Spirastrella panis
	Moseulpo Port, Jeju Island
	Cho & Park (2009)



	Spirastrella abata
	Moseulpo Port, Jeju Island
	Cho & Park (2009)



	Arenosclera brasiliensis
	Rio de Janeiro
	Rua et al. (2014)



	Mycale microsigmatos
	Rio de Janeiro
	Santos et al. (2014)



	Psychrobacter celer
	Spirastrella abata
	Moseulpo Port, Jeju Island
	Cho & Park (2009)





Table 2 displays the biotechnological applications or potentials recorded for the species recognised in this study. Some were studied for the synthesis of enzymes and pharmaceutical or medical properties (Table 2). Among the identified species, the most common biotechnological function was associated with bioremediation, while subsequent common capabilities were plant growth promotion, plant systemic resistance, and biological syntheses of biocompatible nanometal and biodegradable polymers. We would like to note several interesting species that harbour unique abilities or products, namely lead, cadmium and zinc biosorption mechanism in A. macleodii (Loaëc et al. 1997); halotolerant and psychrotolerant α-amylase with broad pH tolerance in A. macleodii (Han et al. 2014); skeletal muscle relaxation properties and central nervous system (CNS) depressants in B. cereus (Kumar et al. 2014); antileukaemic and antineoplastic L-asparaginase in B. aryabhattai (Singh & Srivastava 2014); polyhydroxyalkanoate (PHA) synthesis in P. putida (Wang & Nomura 2010); biodegradation of highly explosive pentaerythritol tetranitrate (PETN) by E. cloacae (Binks et al. 1996); as well as antibacterial, immunosuppressive and anticancer prodigiosin in P. denitrificans (Sertan-de Guzman et al. 2007).

The commonly recorded capability of bioremediation in some of the identified ubiquitous bacteria is explicable, for the degradation and utilisation of surrounding resource allowed these adaptable bacteria to tolerate severe environments by exploiting nutrients, producing secondary metabolites and bioactive compounds, and tolerating broad ranges of temperature and salinity (Ivars- Martinez et al. 2008), hence eventually settling as competent symbionts of marine invertebrates. Moreover, it should be brought to attention that the water bioremediation capacity of Pseudomonas putida (Table 2) was not an innate ability but expressed via ice-nucleation protein (INP) surface anchor, which revealed a ten-fold catalytic reaction compared to preceding research on Escherichia coli (Shimazu et al. 2003). Additional common biotechnological aptitude was the biosynthesis of nanometals that has been earlier reported for two identified species in this study, which are A. macleodii and B. cereus. Bacteria that biosynthesise nanometal particles are resistant to heavy metals, which could be found in ports and waters polluted with heavy metal effluents (Ramanathan et al. 2013).

A lack of previous reports were available for the biotechnological applications of B. epidermidis, R. arenilitoris, P. celer, and S. hominis subsp. novobiosepticus. Among the four strains, B. epidermidis is characteristically found on human skin as an ordinary human microflora. Although research on B. epidermidis is deficient, human microflora may harbour unknown dermatological prospects, such as callous treatment discovered in a human microflora recognised as Kytococcus sedentarius (Longshaw et al. 2002). Furthermore, P. celer is of a psychrophilic or psychrotolerant genus, Psychrobacter sp., whereby its ability to thrive in both warm and cold regions may be a desirable trait for industrial research purposes (Rodrigues et al. 2009). R. arenilitoris is a relatively recent species requiring research on its biotechnological prospects (Park & Yoon 2012). Although the recognised species were chiefly ubiquitous bacteria whereby they were neither exclusive nor specific to sea sponges, the results of this research nevertheless correspond with past studies that sponges are abundant with microbes capable of pharmaceutical and biotechnological applications (Schippers et al. 2012).


Table 2: Review of potential biotechnological applications of the isolated bacteria species.



	Isolated species
	Biotechnological application
	References



	Alteromonas macleodii
	Metallic ion biosorption
	Loaëc et al. (1997)



	Hydrogenase enzyme production
	Vargas et al. (2011)



	α-amylase enzyme production
	Han et al. (2014)



	Biocompatible nanometal production
	Mehta et al. (2014)



	Alkaline phosphatase production
	Fedosov et al. (1991)



	Bacillus aquimaris
	Alkaline cellulase production
	Trivedi et al. (2011)



	α-amylase enzyme production
	Puspasari et al. (2013)



	Bacillus aryabhattai
	β-glucosidase inhibitor production
	Pandey et al. (2013)



	L-asparaginase enzyme production
	Singh & Srivastava (2014)



	Polluted water bioremediation
	Chen et al. (2012)



	Bagasse degradation
	Wen et al. (2015)



	Bacillus cereus
	Antimicrobial
	Brammavidhya & Usharani (2013)



	Therapeutic depressant potential
	Kumar et al. (2014)



	Petroleum hydrocarbon degradation
	Maliji et al. (2013)



	Mercury bioremediation
	Santos-Gandelman et al. (2014)



	Silver nanoparticle production
	Babu et al. (2011)



	Brevibacterium iodinum
	Plant germination and growth promotion
	Kim et al. (2012)



	Iodinin antibiotic production
	Podojil & Gerber (1967)



	Enterobacter cloacae
	Greenhouse cucumber growth regulator
	Georgieva (2003)



	Explosives biodegradation
	Binks et al. (1996)



	Exiguobacterium indicum
	Wastewater bioaugmentation
	Iyer & Iken (2013)



	Manganese mobilisation
	Sujith et al. (2014)



	Kytococcus sedentarius
	Keratin-degrading enzyme production
	Longshaw et al. (2002)



	Monensin antibiotic production
	Pospisil et al. (1998)



	Pseudomonas putida
	Antimicrobial
	Marinho et al. (2009)



	Polyhydroxyalkanoates (PHA) production
	Wang & Nomura (2010)



	Plant systemic resistance induction
	Planchamp et al. (2015)



	Polluted water bioremediation
	Shimazu et al. (2003)



	Certified host-vector biosafety strain (HV1)
	Federal Register (1982)



	Pseudovibrio denitrificans
	Pseudovibrocin peptide production
	Vizcaino et al. (2010)



	Prodigiosin pigment production
	Sertan-de Guzman et al. (2007)





The biotechnological uses shown in Table 2 show ample research prospects among the identified cultivable symbionts associated with sponges. However, we would like to note that the same bacteria species does not necessarily yield similar products due to the mutation or adaptation of strains in respect to their surrounding environment. Majority of the identified species were ubiquitous with proficient survival mechanisms that promote adaptability in harsh environments, thus opportunistically outgrowing adjacent bacteria in marine sponges and residing as a part of the symbiont community in marine sponges. Furthermore, ten identified species were recorded in past studies to have harboured at least two biotechnological purposes, illuminating sponges as a markedly wealthy mine of microbes that are medically and biotechnologically substantial. However, cultivable bacteria under laboratory conditions occupy less than 1% of the total sponge microbial community (Amann et al. 1995), suggesting an uncharted existence of valuable research prospects within the putative 99% of uncultivated sponge bacteria. As a result, research is essential on growth media that foster the development of sponge symbionts, and on progressive metagenomic approaches that access the environmental metagenome devoid of isolation on complex culture media.
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Abstrak: Kulat endofitik merupakan sebahagian daripada komuniti mikrob dalam pelbagai jenis tisu tumbuhan termasuk daun, dan memaparkan pelbagai interaksi simbiotik dengan tumbuhan perumah. Dalam kajian ini, kulat endofitik dipencilkan daripada daun pisang, telah dikenal pasti menggunakan jujukan ITS (Kawasan Penjarak Dalaman) di mana 10 genus yang terdiri daripada 17 spesies telah dikenal pasti secara molekul. Spesies kulat endofitik yang dikenal pasti adalah Nigrospora oryzae, Nigrospora sphaerica, Colletotrichum gloeosporioides, Colletotrichum siamense, Fusarium equiseti, Fusarium chlamydosporum, Phoma sorghina, Pestalotiopsis oxyanthi, Pestalotiopsis theae, Pestalotiopsis eugeniae, Penicillium steckii, Penicillium purpurogenum, Bipolaris papendorfii, Bipolaris sp., Lasidiodiplodia theobromae, Cochliobolus intermedius dan Aspergillus niger. Kajian ini menunjukkan bahawa beberapa genus atau spesies kulat endofitik merupakan patogen tumbuhan yang lazim dan ada kemungkinan bahawa kulat endofitik ini boleh menjadi patogenik. Sebahagian kulat endofit ini mungkin mutualis atau saprofit.

Kata kunci: Kulat Endofitik, Daun Pisang, Musa spp., Jujukan ITS

Abstract: Endophytic fungi are part of microbial community found in various types of plant tissues including the leave, and display a range of symbiotic interactions with the plant host. In this study, endophytic fungi isolated from banana leaves were identified using ITS (Internal Transcribed Spacer region) sequences of which 10 genera comprising 17 species were molecularly identified. Endophytic fungal species identified were Nigrospora oryzae, Nigrospora sphaerica, Colletotrichum gloeosporioides, Colletotrichum siamense, Fusarium equiseti, Fusarium chlamydosporum, Phoma sorghina, Pestalotiopsis oxyanthi, Pestalotiopsis theae, Pestalotiopsis eugeniae, Penicillium steckii, Penicillium purpurogenum, Bipolaris papendorfii, Bipolaris sp., Lasidiodiplodia theobromae, Cochliobolus intermedius dan Aspergillus niger. The present study showed that several endophytic fungal genera/species are common plant pathogen and there is a possibility that these endophytes can become pathogenic. Some of the fungal endophyte might be mutualist or saprophyte.

Keywords: Endophytic Fungi, Banana Leaves, Musa spp., ITS Sequences


Endophytic fungi reside asymptomatically in internal tissues of plants and form integral part of microbial community associated with various types of plants including crop plants, trees, herbs, shrubs, grasses, ferns as well as lichens and mosses (Zhang et al. 2006). Complex relationship or interaction exists between the endophyte and the plant host, which include commensalism, parasitism and mutualism (Sieber 2007). The interaction is often regarded as ‘plastic’ depending on the developmental stage and nutritional status, genetic dispositions between the endophytes and the host as well as environmental factors (Redman et al. 2001; Schulz & Boyle 2005). Thus, the interaction can change from mutualism to parasitism.

Based on a study by Brown et al. (1998) on pathogenic taxa of wild banana (Musa acuminata), many potential pathogenic genera or species were encountered as endophytes. Some of the endophytes are latent pathogens of which the plant does not show disease symptoms when infected by the pathogen, but produce the disease symptoms when prompted by among others alteration of host physiology and changes in environmental and nutritional conditions (Verhoeff 1974). Similar observation might also occur in edible Musa spp. whereby endophytic fungi from the leaves are potential pathogenic genera or species.

For endophytic fungal studies, Internal Transcribed Spacer (ITS) region is frequently used for molecular identification as the region is recommended as universal DNA barcode marker for fungal identification (Schoch et al. 2012; Sun & Guo 2012). The use of ITS region as a marker has many advantages including availability of universal primers and databases, sufficient fragment length and high successful rate of amplification among all fungal lineages (Vilgalys 2003; Nilsson et al. 2009).

There is a possibility that some of the fungal endophyte resides in banana leaves are common genera or species of plant pathogens and some are saprophytes. Thus, the present study was conducted to isolate and molecularly identified endophytic fungi from leaves of Musa spp. to determine the endophytic and pathogenic fungal genera/species reside in banana leaves.

Symptomless banana leaves (Musa spp.) were obtained from banana trees at a banana farm in Balik Pulau, Kg Perlis, Pulau Pinang; banana trees from small garden near Bakti Permai hostel and banana trees near School of Biological Science plant house, Universiti Sains Malaysia main campus, Pulau Pinang. Young and healthy leaves were sampled and only one banana leave was chosen from the tree of which the estimated age of the banana plants were below six months. The samples were placed in plastic bags and brought to the laboratory to be processed. All the banana leaves were washed thoroughly under running tap water for 24 h and dried before isolation of endophytic fungi.

Isolation of endophytic fungi was carried out using surface sterilisation technique. After the banana leaves were thoroughly dried, the leaves were cut into 1 cm segment using a sterile scalpel. The pieces of banana leaves were sterilised by soaking in 2% sodium hypochlorite for 3 min, rinse in sterile distilled water for 1 min, blotted dried using sterilised filter paper to remove excess water.


After the banana leave pieces were thoroughly dried, imprint method was carried out by pressing the sterilised leaves segment gently onto the surface of Potato Dextrose Agar (PDA) to confirm the efficacy of the surface sterilisation technique and also to confirm only fungal endophyte were isolated. The absence of any fungal growth on the imprint plate showed that the surface sterilisation technique applied was effective in removing the surface fungi or epiphyte (Schulz et al. 1993).

The leaves segments were then transferred onto PDA and incubated at 25±1°C in a sterilised container. Four leaf segments were plated onto one PDA and 30 leaves were used for isolation. The PDA plated with the leaves segments were incubated for 1–4 days or until there was visible mycelium growth from the leave tissues. The mycelium grew from the banana leaves tissue were sub-cultured onto new PDA plates.

For DNA extraction, the fungal isolates were cultured on the surface of dialysis membrane on PDA, incubated for 5–7 days at 25±1°C or until there was visible mycelia growth. Invisorb® Spin Plant Mini Kit (STRATEC Molecular GmbH, Berlin, Germany) was used for DNA extraction according to the manufacturers’ instructions.

ITS regions were amplified using ITS1 (5’ -TCC GTA GGT GAA CCT GCG G- 3’) and ITS4 (5’ -TCC TCC GCT TAT TGA TAT GC- 3’) primers (White et al. 1990). PCR reaction mixture was prepared in 25 µl reaction containing 4 µL 1X PCR buffer, 4 µl 3.5 mM MgCl2, 0.5 µl of 0.16 mM of dNTP mix (Promega, Seattle, WA, USA), 0.15 µl of 1.75 unit of GoTaq® DNA polymerase (Promega), 4 µl of 0.0275 µM ITS 1 primer, 4 µl of 0.028 µM ITS 4 primer, 0.3 µl template DNA and 8.05 µl of ddH2O to make up a total volume of 25 µl. Paraffin oil (25 µl) was overlaid on each reaction. PCR was performed in MyCycler™ Thermal Cycler (Bio-RAD Hercules, CA, USA) with an initial denaturation at 95°C at 2 min followed by 35 cycles of 30 s denaturation at 95°C, 30 s annealing at 55°C and 1 min extension at 72°. Final extension for 10 min at 72°C was performed after the cycles ended.

After PCR, electrophoresis was run to detect the PCR product by using 1.0% agarose gel. Negative control which has no template DNA was used to detect any contamination. One µl of the PCR product was mixed with 3 µl 6X loading dye (ThermoFisher, Waltham, MA USA) and loaded in 1.0% agarose gel. The electrophoresis was run for 70 min at 80 V and 400 mA. PCR products were sent for sequencing to a service provider.

After sequencing, the sequences were aligned by using BioEdit Sequence Alignment Editor Version 7.0.5 software by Hall (1999) to obtain consensus sequences. The consensus sequences were then compared with other DNA sequences in GenBank using basic local alignment search tool (BLAST) in National Centre for Biotechnology Information (http://www.ncbi.nlm.nih.gov/). Identification of the isolates was based on the highest similarity of the BLAST search.

From 30 leaves segment, 28 endophytic fungal isolates were recovered. Based on BLAST search, the isolates were identified into 10 genera and 17 species with percentage of similarity from 97% to 100% (Table 1). Many of the fungal genera including Pestalotiopsis, Colletotrichum, Nigrospora, Cochliobolus, Fusarium and Lasiodiplodia are common endophytic fungi as well as plant pathogenic fungi. Among the fungal species identified, pathogens of Musa spp. were also identified such as Colletotrichum gloeosporioides, causal pathogen of anthracnose (Jones & Slabaugh 1998), Lasidiodiplodia theobromae, causal pathogen of crown rot (Jones & Slabaugh 1998) and Nigrospora sphaerica, causal pathogen of squirter disease of banana (Jones & Slabaugh 1998). In a study by Mohamed Abdalla et al. (2016), Nigrospora sp. and Pestalotiopsis sp. are saprophytes on organic banana fruits. The results of the present study suggested that endophytic stage may be important in the life cycles of some banana pathogens which conform to the statement by Brown et al. (1998).


Table 1: Endophytic fungi isolated from banana leaves identified using ITS sequences.



	No.

	Isolate
	Species identity (% similarity)
	Location



	1

	USM1-2
	Nigrospora oryzae (99)
	Kg Perlis, Balik Pulau



	2

	USM1-3B
	N. oryzae (99)
	Kg Perlis, Balik Pulau



	3

	USM2-1A
	N. sphaerica (100)
	Kg Perlis, Balik Pulau



	4

	USM 2-1B
	N. sphaerica (100)
	Kg Perlis, Balik Pulau



	5

	USM 2-8A
	N. sphaerica (100)
	Kg Perlis, Balik Pulau



	6

	USM 2-6A
	Colletotrichum gloeosporioides (99)
	Kg Perlis, Balik Pulau



	7

	USM 5-4
	C. gloeosporioides (99)
	Bakti Permai, USM



	8

	USM 7-5
	C. gloeosporioides (100)
	Plant House, USM



	9

	USM 6-2
	C. siamense (100)
	Bakti Permai, USM



	10

	USM 3-2A
	Fusarium equiseti (100)
	Kg Perlis, Balik Pulau



	11

	USM 3-3
	F. chlamydosporum (99)
	Kg Perlis, Balik Pulau



	12

	USM 3-8A
	Phoma sorghina (100)
	Kg Perlis, Balik Pulau



	13

	USM 4-3
	Pestalotiopsis oxyanthi (97)
	Bakti Permai, USM



	14

	USM 5-7
	Pes. oxyanthi (99)
	Bakti Permai, USM



	15

	USM 5-2
	Pes. theae (99)
	Bakti Permai, USM



	16

	USM 5-3
	Pes. theae (99)
	Bakti Permai, USM



	17

	USM 5-5
	Pes. theae (99)
	Bakti Permai, USM



	18

	USM 5-3A
	Pes. eugeniae (99)
	Bakti Permai, USM



	19

	USM 7-2
	Pes. eugeniae (99)
	Plant House, USM



	20

	USM 8-10
	Penicillium steckii (99)
	Plant House, USM



	21

	USM 8-11
	P. steckii (99)
	Plant House, USM



	22

	USM 8-12
	P. steckii (99)
	Plant House, USM



	23

	USM 7-4
	P. purpurogenum (100)
	Plant House, USM



	24

	USM 9-7
	Bipolaris papendorfii (100)
	Plant House, USM



	25

	USM 8-1
	Bipolaris sp. (100)
	Plant House, USM



	26

	USM 1-3A
	Lasiodiplodia theobromae (100)
	Kg Perlis, Balik Pulau



	27

	USM 8-7
	Cochliobolus intermedius (99)
	Plant House, USM



	28

	USM 7-1
	Aspergillus niger (100)
	Plant House, USM





Seven isolates of Pestalotiopsis spp. from banana leaf were identified as Pes. thaea (n = 3), Pes. eugeniae (n = 2) and Pes. oxyanthi (n = 2). So far only Pes. theae is associated with banana of which the species was reported causing banana fruit rot (Ketabchi 2014). In nature, endophytic Pestalotiopsis is considered as a main part of Pestalotiopsis community (Kumar & Hyde 2004; Liu et al. 2006) and endophytic Pestalatiopsis from banana leaves give more information on the occurrence of this species in nature. Endophytic Pes. theae and Pes. oxyanthi have been reported as endophyte of Podocarpaceae, Theaceae and Taxaceae in southern China (Wei et al. 2007). They also suggested that Pestalotiopsis species could have endophytic and pathogenic stages in their life cycle.

According to Domsch and Gams (1993), Nigrospora is well-adapted as endophyte in plant tissues. In the present study, two Nigrospora spp. were identified as N. oryzae (n = 3) and N. sphaerica (n = 2). Endophytic N. oryzae is dominant species isolated from banana leaves in Hong Kong (Brown et al. 1998). Nevertheless, N. oryzae can also be saprophyte on banana leave (Holliday 1980; Surridge et al. 2003). Nigrospora sphaerica is closely related to N. oryzae and have been reported as pathogen of Musa spp. (Allen 1970; Wallbridge, 1981; Jones & Slabaugh 1998) as well as endophyte of Palmae (Rodrigues 1994). Nigrospora sphaerica was also among fungal isolates recovered from crown area of banana fruits (Wallbridge 1981). These studies suggested that N. oryzae and N. sphaerica can occur as endophyte and pathogen on different parts of banana plant.

Two species of Colletotrichum were identified in this study, C. gloeosporioides (n = 3) and C. siamense (n = 1). Colletotrichum gloeosporioides was among dominant endophytes isolated from banana in Hong Kong (Brown et al. 1998). Colletotrichum gloeosporioides is also causal pathogen of anthracnose and leaf spot of banana, however endophytic C. gloeosporioides from wild banana did not cause leaf spots on banana leaves in-vitro (Photita et al. 2004). Colletotrichum siamense is commonly a pathogen on wide host ranges (Phoulivong et al. 2012). The only report of C. siamense as an endophyte was from Refaei et al. (2011) of which C. siamense was among the endophytic fungi isolated from Rafflesia cantley.

Penicillium spp. are commonly reported in studies of endophytic fungal assemblages of various types of plants and have been recovered from different plant parts (Nicoletti et al. 2014). From banana leave segments, four isolates of Penicillium were isolated comprising three isolates of P. steckii and one isolate of P. purpurogenum. Penicillium steckii has not been reported as endophyte of banana but this species has been reported as among endophytic Penicillium spp. associated with coffee plant (Vega et al. 2006). Endophytic P. purpurogenum is common in plants and has been isolated from twigs of Ginkgo biloba (Qiu et al. 2010), different plant parts of Acorus calamus (Shukla & Mishra 2012), and green leaves of Ziziphus spp. (El-Nagerabi et al. 2013). Penicillium purpurogenum is also plant pathogen causing fruit rot (Gubler & Converse 1994; Bhadwal & Sharma 2011) and root rot (Avasthi et al. 2015). In the present study, endophytic P. steckii might be mutualist in banana leaves, and there is a possibility that endophytic P. purpurogenum is latent pathogen of banana.


Fusarium is among fungal genera that have been reported as endophyte of many plants and several endophytic Fusarium spp. have been reported to be associated with banana plants (Marin et al. 1996; Photita et al. 2001; Athman 2006; Latiffah & Nur Hidayah 2011). In this study, two isolates of Fusarium identified as F. equiseti and F. chlamydosporum were recovered from banana leaves. Nevertheless, there is no report of endophytic F. equiseti and F. chlamydosporum associated with banana. Endophytic F. equiseti has been recovered from root of Lygeum spartum, a Gramineae (Maciá-Vicente et al. 2008), leaves of soybean plants (Russo et al. 2016) and from Poaceae (Szécsi et al. 2013). As for endophytic F. chlamydosporum, the endophyte was recovered from healthy roots of Dendrobium crumenatum (Orchidaceae) (Siddiquee et al. 2010), cocoa branches (Rubini et al. 2005), green leaves of Ziziphus sp. (El-Nagerabi et al. 2013) and stem of Tylophora indica (Chaturvedi et al. 2014). According to Leslie and Summerell (2006), F. equiseti and F. chlamydosporum are saprophyte or secondary coloniser of disease plant part. Therefore, both endophytic F. equiseti and F. chlamydosporum reside in banana leaves could later become saprophyte or secondary coloniser as the leaves aged.

Two endophytic Bipolaris, Bipolaris sp. and B. papendorfii as well as one species of Cochliobolus identified as C. intermedius were isolated from banana leaves. Cochliobolus is the sexual stage or teleomorph of Bipolaris (anamorph). Another anamorph of Cochliobolus is Curvularia. Both genera are worldwide pathogens of mostly grasses (Poaceae), however there are some species of Cochliobolus and Bipolaris reported as endophytes with different plant species (Manamgoda et al. 2011). Endophytic Cochliobolus was recovered from leaves of a medicinal plant, Sapindus saponaria L. (Garcia et al. 2012), and endophytic Bipolaris was the most frequent genus recovered from Piper hispidum, a medicinal shrub (Orlandelli et al. 2012). Both endophytic Bipolaris and Cochliobolus have not been reported from banana plants but Curvularia has been reported as endophyte of Musa spp. by Photita et al. (2004) and they regarded Curvularia as latent pathogen of Musa spp. There ia a possibility that Bipolaris and Cochliobolus might become pathogen to banana leaves.

Endophytic P. sorghina, L. theobromae and A. niger were recovered from banana leave segments. Phoma sorghina and L. theobromae are common plant pathogens and A. niger is well- known spoilage fungus, however, the three fungal species have also been found as endophyte in many types of plant. Endophytic P. sorghina has been reported in association with Tithonia diversifolia (Asteraceae) (Borges & Pupo 2006), rice plant (Fisher & Petrini 1992) and leaves of maize (Szilagyi-Zecchin et al. 2016). For endophytic L. theobromae, the species has been found to be associated with Araucariaceae (Huang & Wang 2011), as part of endophytic fungal community of cacao (Theobroma cacao L.) (Rubini et al. 2005) and among endophytes isolated from two types of orchids, Bulbophyllum neilgherrense and Pholidota pallida (Kotian et al. 2013). Endophytic A. niger has been isolated from leaves of Platanus orientalis (Robl et al. 2015), Acacia arabica (Tamanreet et al. 2016) and Mangifera indica (Nayak 2015). Similar with other endophytic fungi in the present study, P. sorghina and L. theobromae have the potential to become pathogens to banana leaves. As for A. niger, this species might become saprophyte when the leaves aged which is similar with Fusarium, Bipolaris and Cochliobolus recovered in this study.

The results of the present study suggested that several endophytic species are potential pathogens which in a latent phase. Similar observation was also reported by Photita et al. (2004) of which several endophytc fungi from wild banana leaves were able to cause leaf spot disease. Several factors that might contribute endophyte to become pathogenic including when the host plant is stressed (Andrews et al. 1985), change in host susceptibility due to poor nutrient supply and excessive humidity (Fisher & Petrini 1992). According to Bayman (2006), any factors that can weaken the host plant’s ability to limit growth of fungal endophyte could allow certain endophyte to become pathogenic.

As a conclusion, endophytic fungi isolated from banana leaves were identified into 10 genera comprising 17 species, namely N. oryzae, N. sphaerica, C. gloeosporioides, C. siamense, F. equiseti, F. chlamydosporum, Phoma sorghina, Pes. oxyanthi, Pes. theae, Pes. eugeniae, P. steckii, P. purpurogenum, B. papendorfii, Bipolaris sp., L. theobromae, Cochliobolus intermedius and A. niger. The present study showed that several endophytic fungal genera/species are common plant pathogens and there is a possibility they might become pathogen. Some of the fungal endophytes might be mutualist or saprophyte. The information on fungal endophyte of banana leaves also contributes to the knowledge on the biodiversity of endophytic fungi in Malaysia.
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Abstrak: Gelatin adalah bahan farmaseutikal dan makanan yang sangat terkenal serta menjadi ramuan yang paling banyak dikaji dalam bidang penyelidikan Halal. Asas galakan untuk diadakan pengesahan (autentikasi) sumber gelatin adalah disebabkan kepercayaan agama dan budaya, pencegahan penipuan makanan dan isu kesihatan. Tujuh kaedah pengesahan (autentikasi) gelatin yang telah dilaksanakan termasuk kaedah: berasaskan asid nuklik, imunokimia, analisis elektroforetik, spektroskopi, spektrometrik massa, kaedah kromatograf-kimometrik dan serapan kimia. Kaedah-kaedah ini memakan masa dan memerlukan peralatan bermodal intensif dengan kos yang besar. Keberkesanan kaedah pengesahan (autentikasi) gelatin adalah suatu cabaran besar disebabkan oleh transformasi gelatin semasa pemprosesan dan persamaan rapat diantara struktur gelatin. Kajian ini mengulas secara ringkas penemuan-penemuan dan cabaran-cabaran dalam bidang penyelidikan ini dan menyediakan cadangan untuk lebih banyak penyelidikan mengenai perkembangan kaedah pengesahan (autentikasi) yang pantas dan gelatin yang telah berubah akibat pemprosesan.

Kata kunci: Gelatin, Halal, Pengesahan, Proteomik, Penanda Peptida

Abstract: Gelatin is a very popular pharmaceutical and food ingredient and the most studied ingredient in Halal researches. Interest in source gelatin authentication is based on religious and cultural beliefs, food fraud prevention and health issues. Seven gelatin authentication methods that have been developed include: nucleic acid based, immunochemical, electrophoretic analysis, spectroscopic, mass-spectrometric, chromatographic-chemometric and chemisorption methods. These methods are time consuming, and require capital intensive equipment with huge running cost. Reliability of gelatin authentication methods is challenged mostly by transformation of gelatin during processing and close similarities among gelatin structures. This review concisely presents findings and challenges in this research area and suggests needs for more researches on development of rapid authentication method and process-transformed gelatins.

Keywords: Gelatin, Halal, Authentication, Proteomics, Peptides-Marker

INTRODUCTION

As at 2013, the global Halal market size was about 580 to 660 billion US Dollars and has great potential to increase in the future year (Jahangir et al. 2016). Apart from increasing Muslim population and Halal awareness, Halal market is driven by development of Halal ingredients authentication methods that strengthening consumers’ confident (Malik et al. 2016). Gelatin is among the most studied Halal ingredient because of its vast usage in pharmaceutical and food products. Gelatin is a hydrocolloid with unique properties and can function as gelling, thickener, foaming agent, plasticizer, texture and binding agent (Sahilah et al. 2012).

The sources of most commercial gelatin are from mammalian (bovine and mostly porcine) bone and hide (Shabani et al. 2015). Consumers’ concern about gelatin source is due to cultural and religious beliefs. For examples, Muslims and Jews reject porcine based food derivatives, Chinese traditional medicine use only gelatin from donkey skin for treatment of some disease (Nemati et al. 2004) and vegetarians avoid animal based products. Increase in Halal awareness among Muslims has called for great need of food-source authentications. Gelatin and gelatin based products are currently classified as doubtful because haram (porcine) gelatin is the most abundant. Traceability of gelatin source has been a great task in Halal field. Other reasons for gelatin source authentication include: (i) protection of consumer from food frauds due to false labeling and avoid unfair market competition (Kesmen et al. 2009) and (ii) health issues. The use of bovine carrying prion proteins has been linked to bovine spongiform encephalopathy (mad cow disease) causing immune response that led to fatal neurodegenerative disease (spongy degeneration of the brain and spinal cord) in cattle (Widyaninggar et al. 2012). Also, bovine and porcine gelatins is risky to gelatin-allergic patients (Raraswati et al. 2013).

Gelatin contains protein, peptides or nucleic acids (Malik et al. 2016). Proteins, peptide derivatives and nucleic acids are favorable means for tissue identification in samples even after it has undergone heating, for instance, in processed food (Buckley et al. 2009). However, large similarities between structures of gelatin from different sources make their differentiation difficult (Nemati et al. 2004). Many gelatin source authentication methods have been developed including: spectroscopic method (Hashim et al. 2010; Hermanto & Fatimah 2013), immunochemical method (Tukiran et al. 2015, 2016a), nucleic acid based method (Cai et al. 2012; Demirhan et al. 2012; Malik et al. 2016; Mutalib et al. 2015; Shabani et al. 2015; Sudjadi et al. 2015), mass spectrometric method HPLC/MS (Yilmaz et al. 2013; G.-F. Zhang et al. 2008; G. Zhang et al. 2009), chromatographic-chemometric method (Azilawati et al. 2015), electrophoretic analysis (Azira et al. 2014) and chemisorption (Hidaka & Liu 2003).

We have reviewed gelatin source authentication methods and identified their achievements and challenges. Current gelatin source authentication methods are time consuming and expensive, thus required development of cheap and quick analytical methods. Likewise, gelatin transformation during processing can potentially hinder the efficiency of the currently developed gelatin authentication methods. This work will serve as a quick reference guide for future researchers.

AUTHENTICATION OF GELATIN SOURCES

As earlier stated, several methods have been developed to investigate sources of gelatin in commercial gelatin or gelatin-containing products. Authentication of gelatin sources in several products have been investigated (Table 1). Researchers have adopted several approaches to develop specie-specific gelatin authentication methods. The approaches include use of the amino acid profile, the presence of specific peptide and DNA markers and the spectral fingerprint of gelatins or its peptides.

Nucleic Acid Based Method

The DNA techniques can be used for qualitative and quantitative analysis of processed food because of their stability. The technique can be used virtually in all samples because of the ubiquity of DNA. This technique is highly specific, very sensitive (up to 0.1%) and capable of detecting a small amount of certain DNA in the sample (Wolf & Lüthy 2001). Other advantages of DNA-based technique are less contamination risk and larger dynamic range of detection (Kesmen et al. 2009). More so, the Polymerase chain reaction (PCR) techniques can be monitored by fluorescence thus eliminate detection steps (Kesmen et al. 2009).

Table 2 depicts the characteristics of bovine and porcine primers previously used in Halal authentication of gelatin source. Although universal primer can be used, a specific primer which allows shorter amplicons is better for food samples. This is because universal primer requires long PCR products with adequate DNA sequence variation for restriction analysis or single strand conformation polymorphism and thus not suitable for food samples that usually contain degraded DNA with few hundred base pairs (Wolf & Lüthy 2001).

In the work of Cai et al. (2012) two species-specific quantitative-PCR (qPCR) assays was developed for the detection and quantitation of porcine and bovine DNA in gelatin blends and gelatin capsules. The developed assay was highly specific as it lacks cross-reactivity during amplification of each samples DNA. Also, the assay was highly sensitive to detect contamination level as low as 1.0% in gelatin blends (bovine + porcine). Analysis of gelatin capsules revealed possible discriminative detection and quantification of porcine and bovine species identities, although, less DNA was detected.


Table 1: Gelatin authentication methods and the tested samples.



	Methods
	Samples

	References




	Spectroscopic
	Gelatin and gelatin hydrolyzates from bovine and porcine
	Hashim et al. (2010); Hermanto & Fatimah (2013)



	Immunochemical
	Bovine and porcine skin and bone gelatin that has undergone acid or alkaline
	Venien & Levieux (2005)



	 
	Porcine gelatin in edible bird’s nests
	Tukiran et al. (2015, 2016a)



	 
	Gelatin sources in confectionery products
	Tukiran et al. (2016b)



	Nucleic acid based
	Gelatin in the capsule
	Cai et al. (2012); Malik et al. (2016); Mutalib et al. (2015); Sudjadi et al. (2015)



	 
	Gelatin blends
	Demirhan et al. (2012); Shabani et al. 2015)



	 
	Marshmallow/cake, gum-drops, desserts, jelly and Turkish delight
	 



	Mass Spectrometric
	Bovine and porcine gelatin hydrolyzates
	G.-F. Zhang et al. (2008); G. Zhang et al. (2009)



	Electrophoretic analysis
	Porcine type a and bovine type B gelatins
	Azira et al. (2014); Hermanto & Fatimah (2013)



	Chemosorption
	Bovine bone and porcine skin gelatin
	Hidaka & Liu (2003)



	Chromatographic-chemometric
	Bovine
	Widyaninggar et al. (2012)



	 
	Porcine and fish gelatins
	Azilawati et al. (2015)



	 
	Gelatin in capsule
	Nemati et al. (2004)



	 
	Gelatin in soft candy
	Raraswati et al. (2013)




In another study, Demirhan et al. (2012) reportedly used real-time PCR techniques to authenticate the source of gelatin in gum drops, marshmallows and Turkish delight. Two of 14 products from Germany were positive for porcine DNA whereas only 1 of 29 products from Turkey was positive for porcine DNA. Also, Sahilah et al. (2012) used PCR and southern hybridisation on biochip analysis to investigate soft and hard gel capsules for Halal compliance. The result showed that 42 (without Halal logo) out of 113 capsules tested positive for porcine DNA. This evinced the suitability of PCR techniques and southern hybridisation on the biochip for monitoring haram compounds in the soft and hard capsule.

Furthermore, Mutalib et al. (2015) also used PCR-southern hybridisation on chip and convention PCR for Halal authentication of gelatin in 20 capsule brands. PCR-southern hybridisation on chip detected DNA in 6 capsules that were undetected by conventional PCR analysis. Compared to conventional PCR, PCR-southern hybridisation on the chip was more suitable and dependable for authenticating porcine DNA in gelatin capsules. Shabani et al. (2015) reportedly used species-specific PCR technique to validate gelatin sourced from 8 gelatin containing food products (two marshmallow, two jellies, two deserts and two cakes) and observed them to be from bovine but not porcine. Sudjadi et al. (2015) also used real-time PCR technique to validate the lack of porcine DNA in the capsule shell.


Table 2: Characteristics of bovine and porcine primers previously used in halal authentication of gelatin source.

[image: art]

Notes: MPRE42 = Meat Porcine Repetitive Element; Cyt = Cytochrome; NA = Not Available; ng = nanogram; pg = pico gram


Immunochemical Method (Enzyme-linked immunosorbent assay, ELISA)

The principle of enzyme-linked immunosorbent assay (ELISA) is based on the binding effect of the antibody with specific macromolecular analytes – antigens – such as protein/peptide (Ale et al. 2011). Alternatively, the antibody might be the analytes rather than an antigen. In addition, a measurable signal is produced through the introduction of chemically linked antibodies or antigen with a detectable label in order to allow for measurement (Ekins 1991). The reporter labels that have been utilised in ELISA are basically enzymes such as horseradish peroxidase, alkaline phosphatase and glucose oxidase (Lequin 2005).

ELISA method is advantageous because of structural specificity, detectability, sensitivity and high sample throughput capacity (Ekins 1991; Martín et al. 2009). It equally offers simplicity in term of sample preparation as high purity is not necessary. Thus, immunochemical differentiation is a valuable alternative method for authentication of gelatin source (Tukiran et al. 2016b).

Recent research efforts on the development of ELISA technique for gelatin source authentication have been reported. Briefly, the experimental procedure involves (i) identification of suitable specie-specific sequence (from gelatin peptides) (ii) production of synthetic peptides (iii) crosslinking of peptides with keyhole limpet hemocyanin (iv) immunisation of rabbit (iv) recovery of produced of polyclonal antibodies (v) development of an indirect and/or competitive indirect ELISA. However, there might be slight variation in the literature.

Venien and Levieux (2005) developed indirect and competitive indirect ELISA using polyclonal anti-peptide antibodies for differentiation of bovine from porcine gelatins. It was reported that competitive indirect ELISA was more appropriate to detect bovine gelatin in porcine gelatin to a dilution of 2–4 parts per 1000. Tukiran et al. (2015) also developed indirect ELISA using anti-peptide polyclonal antibodies for porcine gelatin detection in dibble bird’s nests. The result showed that the developed ELISA was able to detect at least 0.5 ng/μg porcine gelatin in spiked samples. In another study, Tukiran et al. (2016b) developed indirect ELISA using anti-peptide (collagen α2) polyclonal antibodies for authentication of gelatin source in confectionery products. The developed ELISA showed low cross-reactivity to fish and chicken gelatin and the detection limit was 0.05 μg/mL. Furthermore, Tukiran et al. (2016a) also developed competitive indirect ELISA based on the anti-peptide polyclonal antibody for determination of porcine gelatin in edible bird’s nest. Among the three porcine species-specific peptides, the sequence that used collagen α1 was found to be sufficient for authentication of edible bird’s nest with a detection limit of 0052 μg/mL.

The challenge of immunochemical method is lack of antibodies stability in alkaline or acidic process which is commonly used for gelatin production (Yilmaz et al. 2013). Also, ELISA method lack enough species-specific detection of mixture containing porcine gelatin and low concentration of bovine gelatin (Hashim et al. 2010).

Electrophoretic Analysis (Sodium dodecyl sulfate-polyacrylamide gel electrophoresis, SDS-PAGE)

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) technique is used for separation of proteins with different molecular weight (Hamdan & Righetti 2005). Molecular weight is among the factors that affect the functional quality of gelatin. The variation in molecular weight distribution of protein/peptide fractions among different sources of gelatin can be used as a basis for authentication of gelatin source (G. Zhang et al. 2009). Commercial gelatins contain different protein fractions including α (100 kDa), β (200 kDa) and γ-chains (300 kDa) (Z. Zhang et al. 2006). Polypeptide molecular weight distribution is also affected by processing methods and the level of hydrolysis that take place (Karim & Bhat 2009).

Hermanto and Fatimah (2013) studied the differentiation of bovine and porcine gelatin and its peptides using SDS-PAGE techniques. Although the molecular weight distribution of gelatin and its fragments was successful, no real differentiation was achieved except for gelatin from porcine after 2 h of pepsin hydrolysis in which two peptide fragments were observed with molecular sizes below 36.2 and 28.6 kDa.

Azira et al. (2014) used SDS-PAGE combined with densitometry (principal component analysis) for differentiation of gelatin sources (bovine and porcine). Polypeptides with a molecular weight ranging from 50 to 220 kDa exhibited differing intensities when separated using SDS-PAGE. Principal component analysis of molecular weight distribution of electrophoretic polypeptide patterns was able to detect 5% porcine gelatin in bovine gelatin mix.

Another study by Malik et al. (2016), SDS-PAGE coupled with densitometry analysis was also used to differentiate porcine and bovine gelatin in capsule shells. Twelve major bands of peptide profile were observed in porcine gelatin as against bovine gelatin that only showed four major bands.

Spectroscopic Methods (UV-Vis and Fourier-transform infrared spectroscopy, FTIR)

Spectroscopic measurements are very sensitive, nondestructive and require a small amount of sample with little or no sample preparation. UV-Visible spectroscopy is used to measure the absorption of high-energy light (wavelengths of 200–800 nm) that causes excitation by molecules containing conjugated pi-electron system in a covalent bond. Biological macromolecules contain delocalised electron in aromatic systems that often absorb light in the near-UV (150–400 nm) or the visible (400–800 nm) region (Aitken & Learmonth 2002; Schmid et al. 2001). Molecular origin of protein absorbance includes the peptide groups in the far-UV (180–230 nm), the aromatic side chains of Tyr, Trp and Phe absorb light in the far-UV (180–230 nm) region and the near-UV (240–300 nm) region and the disulfide in near-UV (260 nm) (Aitken & Learmonth 2002; Schmid 2001).

Infrared spectroscopy is one of the most powerful spectroscopic methods to generate infrared spectrum which contained details of the functional group and chemical composition of food compounds (Barth 2007; Hermanto & Fatimah 2013). Infra-Red (IR) spectroscopy measures the amount of light absorbed as a result of molecular vibrations over a range of frequencies of the incident light. FTIR spectroscopy has been used to study the changes in secondary structure of collagen and gelatin, collagen crosslinking, thermal self-assembly and gelatin melting (Hermanto & Fatimah 2013). Spectra changes in amide A, amide I, amide II and the amide III regions have been observed in collagen secondary structures. FTIR spectroscopy is a valuable technique for determination of adulteration in food products including gelatin (Barth 2007). Use of FTIR for differential analysis of intramolecular structures of gelatin from different sources is a viable approach for Halal authentication practice (Hermanto & Fatimah 2013).

Hashim et al. (2010) has established the potential use of FTIR in combination with attenuated total reflectance and principal component analysis for differentiation of bovine and porcine gelatins. FTIR spectra in the range of 3290–3280 cm−1 and 1660–1200 cm−1 were identified and used as calibration model. A clear difference was obtained from the result for PCA represented by the Cooman’s plot. Information from FTIR spectra provide rapid determination of the gelatin source and serves as a base for second derivative study.

Hermanto and Fatimah (2013) studied the difference between pepsin hydrolysates of bovine and porcine gelatin using UV-Vis and FTIR spectroscopy. In UV-Vis spectroscopy, both gelatin sources had a different absorbance at 229 nm and 240 nm showing the proportion of C=O amide and differences in the two-dimensional conformation of the peptide. The three differences in FTIR spectra of the hydrolyzates after 1 h of hydrolysis that were observed are the region 2800-3000 cm-1 (aliphatic C-H stretching), the region 1543 cm−1 (C-N-H bending) and in the frequency of 1450–1300 cm−1 (C-H bending). The third difference was associated with a difference in the amino acid profile of the two samples.

Although, spectroscopic methods were reportedly suitable for gelatin source authentication, data should be repeatable in order to obtain reliable information (Yilmaz et al., 2013). Likewise, differentiation of processed-transformed gelatin from different sources is still a challenge.

Mass Spectrometric Method

Mass spectrometry (MS) has been found to be very useful for qualitative and quantitative analysis of protein and peptides. Although, it was initially developed to study small molecules, several improvements have recently led to the use of MS in proteomics. These developments have led to different types of MS such as time-of-flight (ToF), quadrupole, (Paul) ion trap, FTICR, and orbitrap, as well as, different techniques (matrix-assisted laser desorption/ionization (MALDI) and electrospray ionisation (ESI) that allowed the ionisation of biomolecules (peptides, proteins, and nucleotides) for easy detection by mass spectrometry. Proteomic studies involve a mixture of numerous proteins/peptides that are required to be separated using chromatography techniques such as high- performance column chromatography (HPLC) and ultra-performance column chromatography (UPLC). Hybridisation of different mass spectrometers (MS) combined with HPLC/UPLC, MALDI/ESI has made mass spectrometric methods for protein quantification become more powerful (Nikolov et al. 2012). Several studies have been conducted to developed MS-based methods for differential analysis of gelatin source.

Ocaña et al. (2004) investigated the use of MALDI-TOF MS and LC-ESI-MS-MS for detection of HCl gelatin-derived peptides in animal feed. The derived hydrolytic peptides at m/z 828, 915, 957 and 1044 were analysed by MALDI-TOF MS and LC-ESI-MS-MS. Using MALDI, the sensitivity of the method was reportedly improved to 100 ng mL−1 of peptide solution. It was concluded that some species-specific ions could be used as a marker for the presence of bovine gelatin in animal feed.

G.-F. Zhang et al. (2008) and G. Zhang et al. (2009) utilised high-performance liquid chromatography/mass spectroscopy (HPLC/MS) and HPLC-MS/MS, respectively, to analyse trypsin digested bovine and porcine gelatins. Specie-specific (maker) peptides were identified and their sequences could be used for differential analysis of bovine and porcine gelatins. The maker peptides contained hydroxylated prolines that should be considered to increase the confidence of peptide identification. This is because of the possibility of mass shift due to proline hydroxylation can be misleading.

Buckley et al. (2009) conducted species identification of bone collagen peptides from 32 different mammal species using MALDI-TOF MS. The peptide obtained using solid-phase extraction showed 92 peptide markers that could be used for species identification in processed food and animal feed.

Yilmaz et al. (2013) presented an ultra-performance liquid chromatography and electrospray ionisation quadrupole time-of-flight mass spectrometry (nanoUPLC-ESI-Q-TOF-MS) based data independent acquisition technique to detect maker peptides for differential analysis of gelatin sources (porcine and bovine) in dairy products. Specie-specific peptides maker were successfully detected in gelatin added to dairy products analysed. The result showed that nanoUPLC-ESI-Q-TOF-MS method is an effective and a rapid way to determine the gelatin origin.

Grundy et al. (2016) presented a method to determine the species origin of gelatins by peptide-MS methods (MALDI-TOF and LC-ESI-MS-MS). The peptides were obtained by pepsin digestion of nine commercial gelatins. It was found that the commercial gelatins contained undeclared species and that the method was able to determine not only the origin of gelatin but was also able to differentiate between bovine and porcine as well as other wide range of species (horse, goat, sheep, fish and various poultry species). Hence, it was concluded that the method could support food industry in determining the species authenticity of gelatin in foods.


However, the drawbacks of mass spectrometric method include (i) difficulties in detection of peptides marker in digested gelatin due to high level of similarities between gelatin sequence in mammals, (ii) proline hydroxylation pose challenge that make peptide identification more difficult and (iii) the threshold for specific peptide identification varies from species to species (Yilmaz et al. 2013).

Chromatographic-Chemometric Method

High-performance liquid chromatography (HPLC) has become a very useful analytical technique for separation of biomolecules based on differences in their structure and/or composition (Kupiec 2004). Reverse phase HPLC (RP-HPLC) is the most commonly used because it is easier to use, suitable for wide range of molecules and readily controlled. For high sensitivity, detection with fluorometer is more suitable for amino acid analysis with RP-HPLC. Therefore, most HPLC methods required derivatisation of amino acids to make them fluorescence (Sander & Wise 1987).

Chemometric which is also known as Principal component analysis (PCA) is the unsupervised pattern recognition technique for classification and differentiation of objects (Ziegel 2004). PCA facilitate data restructuring by reducing the dimension of data to separate samples from different groups. PCA is based on the mathematical and statistical operations to distinguish the variables of analogous profiles. Prior to running PCA task, data are pretreated using Normalisation method to improve data sets that contained high variation (Azilawati et al. 2015).

The combination of the chromatographic and chemometric method has been reportedly used for source authentication of gelatin. Nemati et al. (2004) investigated 14 porcine and five bovine gelatins using PCA of amino acid profile obtained through (RP) HPLC-fluorescence analysis of acid hydrolysis of gelatin. About 20 peaks were reportedly detected by HPLC analysis, of which one was very peculiar for bovine gelatin. PCA of peak height, area, area percentage and width was successfully used to differentiate gelatin based source. It was concluded that PCA of matrix height, width, and total matrix were capable of differentiation of bovine and porcine gelatins. Table 3 showed previous studies on Chromatographic-Chemometric analysis for differentiation of gelatin source.

In order to differentiate between capsule shells containing bovine and porcine gelatin, Widyaninggar et al. (2012) developed a method that involves chemometric analysis of HPLC-fluorescence detection profile of amino acids. Amino acids of gelatin in capsule shells were obtained by HCL-hydrolysis. The quantity of amino acids was dependent on the source of gelatin and PCA score plot of PC1 and PC2, respectively described 64.4% and 15.7%, variations between porcine and bovine gelatins. Hence, PCA of HPLC amino acid profile could be suitable for specie-specific gelatin authentication. Raraswati et al. (2013) studied differentiation of bovine and porcine gelatins in soft candy based on amino acid profiles and chemometrics. Separation of HCL derived amino acids was achieved by (RP) HPLC-fluorescent detector. Percentage of the peak height of the amino acids was analysed by PCA. PC1 and PC2 could be used to distinguish between porcine and bovine gelatins in soft candy. Azilawati et al. (2015) investigated chromatographic combined with a chemometric method to differentiate the bovine, porcine and fish gelatins. RP-HPLC-fluorescence method was used for separation of derivatives of HCL-hydrolysed gelatin samples. The PCA model demonstrated the relationships among amino acids in the correlation loadings plot to the group of gelatins in the scores plot. The method was stated to be very suitable for determination of gelatin from various sources.

In spite of all the above achievements, chromatographic-chemometric method has not been demonstrated yet to be capable for detection of contamination in gelatin containing mixture of different sources (Venien & Levieux 2005). Also, the possibility of transformation of amino acid through Maillard reaction during food processing might hinder the application of chromatographic-chemometric method for gelatin authentication.

Chemisorption Method

Chemisorption is an adsorption process in which an adsorbate is held on the surface of an adsorbent by chemical bonds. Collagen, gelatin, and agarose gels stimulate the formation of hydroxyapatite (HAP) from amorphous calcium phosphate (ACP) (Termine et al. 1970). The difference in gelatin can result in their chemisorption behaviours. Hidaka and Liu (2003) investigated the possibility of authenticating gelatin sources (bovine bone or porcine skin) using chemisorption of ACP precipitate and promotion HAP formation. It was observed that both gelatins were ineffective on the rate of ACP formation and exhibited biphasic HAP transformation. Induction time from bovine bone gelatin differs from that of porcine gelatin and that the stimulatory effect of gelatinase hydrolysis of bovine bone gelatin on the rate of HAP transformation was eradicated. However, this method required further study on effect of different reaction conditions like temperature, pH and concentration. Also, this method will not be suitable to detect bovine and porcine gelatin in their mixture (Venien & Levieux 2005).

CONCLUSION

We have reviewed various works on development of gelatin authentication methods. Most of the methods were stated to be very useful in food and pharmaceutical products. However, some accuracy and precision challenges have been identified. Gelatin similarities and possibility of process transformation of gelatins have been among the major challenges. Also, mass spectrometric method is very costly, long running time and required skilled personnel (Azilawati et al. 2015). Gelatin transformation during processing alone or in the presence of other food macro molecules can hinder the differentiation capability of present gelatin-source authentication methods. Future research works should focused on the aforementioned challenges.
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TCGAALGATGAAGLLLAGLTTGUTGEGTGGAT TAGTGGLGAALGGGE TGAGIAACALGGAGIAA
CCTGCCCTTAACTCTGGGATAAGCCTGGGAAACTGGGTCTAATACCGGATAGGAGCGCCCACCG
CATGGTGGGTGTTGGAAAGATTTATCGGTTTTGGATGGACTCGCGGCCTATCAGCTTGTTGGTGA
GGTAATGGCTCACCAAGGCGACGACGGGTAGCCGGCCTGAGAGGGTGACCGGCCACACTGGG
ACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCAA
GCCTGATGCAGCGACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTCAGTAGG
GAAGAAGCGAAAGTGACGGTACCTGCAGAAGAAGCACCGGCTAACTACGTGCCAGCAGCCGCG
GTAATACGTAGGGTGCGAGCGTTATCCGGAATTATTGGGCGTAAAGAGCTCGTAGGCGGTTTGTC
GCGTCTGTCGTGAAAGTCCGGGGCTTAACCCCGGATCTGCGGTGGGTACGGGCAGACTAGAGT
GCAGTAGGGGAGACTGGAATTCCTGGTGTAGCGGTGGAATGCGCAGATATCAGGAGGAACACCG
ATGGCGAAGGCAGGTCTCTGGGCTGTAACTGACGCTGAGGAGCGAAAGCATGGGGAGCGAACA
GGATTAGATACCCTGGTAGTCCATGCCGTAAACGTTGGGCACTAGGTGTGGGGACCATTCCACGG
TTTCCGCGCCGCAGCTAACGCATTAAGTGCCCCGCCTGGGGAGTACGGCCGCAAGGCTAAAACT
CAAAGGAATTGACGGGGGCCCGCACAAGCGGCGGAGCATGCGGATTAATTCGATGCAACGCGA
AGAACCTTACCAAGGCTTGACATGTTCTCGATCGCCGTAGAGATACGGTTTCCCCTTTGGGGCGG
GTTCACAGGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAAC
GAGCGCAACCCTCGTTCCATGTTGCCAGCACGTCGTGGTGGGGACTCATGGGAGACTGCCGGG
GTCAACTCGGAGGAAGGTGAGGACGACGTCAAATCATCATGCCCCTTATGTCTTGGGCTTCACG
CATGCTACAATGGCCGGTACAATGGGTTGCGATACTGTGAGGTGGAGCTAATCCCAAAAAGCCGG
TCTCAGTTCGGATTGGGGTCTGCAACTCGACCCCATGAAGTCGGAGTCGCTAGTAATCGCAGATC
AGCAACGCTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCAAGTCACGAAAGTCG
GTAACACCCGAAGCCGGTGGCCTAACCE
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Species  Primer sequence Sensitvty oo Genes  References

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

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

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

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

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

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

A cumingiana 00040 - - - - -

A malaccensis 0.0000 00040 - - - -

A microcarpa 00020 00081 00020 - - -

G. caudata 0.0061 00020 0.0061 00081 - - -

G. ledermannii 00040 00000 0.0040 00061 00020 - -

G. moluccana 00040 00000 0.0041 00061 00020 0.0000 -

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

A. cumingiana 00456 - - - - -

A malaccensis 00000 00457 - - - -

A. microcarpa 00300 00393 00301 - - -

G caudata 00502 00504 00503 00423 - - -

6. ledermannii 00534 00472 00535 00486 00284 - -

G. moluccana 00550 00425 00551 00502 00300 0.0074 -

G. versteegii 0.0484 0.0286 0.0485 0.0414 0.0344 0.0394 0.0382
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[TTCCGIAGGTGAACCTGLGGAAGGATLAT IACLGAGTGIAGGGT TLCIAGLGAGLLLAALLTLL
CACCCGTGTTTACTGTACCTTAGTTGCTTCGGCGGGCCCGCCGCAAGGCCGCCGGGGGGCATC
CGCCCCCGGGCCCGCGCCCGCCGGAGACACCACGAACTCTGAACGATCTAGTGAAGTCTGAGT
TGATTGTATCGCAATCAGTTAAAACTTTCAACAATGGATCTCTTGGTTCCGGCATCGATGAAGAAC
GCAGCGAAATGCGATAACTAGTGTGAATTGCAGAATTCCGTGAATCATCGAGTCTTTGAACGCAC
ATTGCGCCCCCTGGTATTCCGGGGGGCATGCCTGTCCGAGCGTCATTGCTGCCCATCAAGCACG
GCTTGTGTGTTGGGTCGTCGTCCCCCCCTCCGGGGGGGEGACGGGCCCTAAMGGCAGCGGLG
GCACCGCGTCCGATCCTCGAGCGTATGGGGCTTTGTCACCCGCTCTGTAGGCCCGGCCGGCGE
TTGCCGAACGCAAAACAACCATTCTTTCCAGGTTGACCTCGGATCAGGTAGGGATACCCGCTGAA
CTTAAGCATATCAATAAGGCGGAGGAA
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GUTCCIAAAAGGT TACLTUCACLGACTTUGGGTGTIACAAACTLTLGTGGTGIGACGLGGLGGTGT
GTACAAGGCCCGGGAACGTATTCACCGCGGCATGCTGATCCGCGATTACTAGCGATTCCAGCTTC
ACGCAGTCGAGTTGCAGACTGCGATCCGAACTGAGAACAGATTTGTGGGATTGGCTTAACCTCG
CGGTTTCGCTGCCCTTTGTTCTGCCCATTGTAGCACGTGTGTAGCCCAGGTCATAAGGGGCATGA
TGATTTGACGTCATCCCCACCTTCCTCCGGTTTGTCACCGGCAGTCACCTTAGAGTGCCCAACTG
AATGCTGGCAACTAAGATCAAGGGTTGCGCTCGTTGCGGGACTTAACCCAACATCTCACGACAC
GAGCTGACGACAACCATGCACCACCTGTCACTCTGCCCCCGAAGGGGACGTCCTATCTCTAGGA
TTGTCAGAGGATGTCAAGACCTGGTAAGGTTCTTCGCGTTGCTTCGAATTAAACCACATGCTCCA
CCGCTTGTGCGGGCCCCCGTCAATTCCTTTGAGTTTCAGTCTTGCGACCGTACTCCCCAGGCGG
AGTGCTTAATGCGTTAGCTGCAGCACTAAGGGGCGGAAACCCCCTAACACTTAGCACTCATCGTT
TACGGCGTGGACTACCAGGGTATCTAATCCTGTTCGCTCCCCACGCTTTCGCTCCTCAGCGTCAG
TTACAGACCAGAGAGTCGCCTTCGCCACTGGTGTTCCTCCACATCTCTACGCATTTCACCGCTAC
ACGTGGAATTCCACTCTCCTCTTCTGCACTCAAGTTCCCCAGTTTCCAATGACCCTCCCCGGTTG
AGCCGGGGGCTTTCACATCAGACTTAAGAAACCGCCTGCGAGCCCTTTACGCCCAATAATTCCG
GACAACGCTTGCCACCTACGTATTACCGCGGCTGCTGGCACGTAGTTAGCCGTGGCTTTCTGGTT
AGGTACCGTCAAGGTGCCGCCCTATTTGAACGGCACTTGTTCTTCCCTAACAACAGAGCTTTACG
ATCCGAAAACCTTCATCACTCACGCGGCGTTGCTCCGTCAGACTTTCGTCCATTGCGGAAGATTC
CCTACTGCTGCCTCCCGTAGGAGTCTGGGCCGTGTCTCAGTCCCAGTGTGGCCGATCACCCTCT
CAGGTCGGCTACGCATCGTCGCCTTGGTGAGCCGTTACCTCACCAACTAGCTAATGCGCCGCGG
GTCCATCTGTAAGTGGTAGCCGAAGCCACCTTTTATGTCTGAACCATGCGGTTCAAACAACCATC
CGGTATTAGCCCCGGTTTCCCGGAGTTATCCCAGTCTTACAGGCAGGTTACCCACGTGTTACTCA
CCCGTCCGCCGCTAACATCAGGGAGCAAGCTCCCATCTGTCCGCTCGAC
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Family
‘Specimen
Synonym
Local name

Reference

Iridaceae

Sisyrinchium palmiolium L
Eleutherine palmiola (L.) Merr
Bawang Dayak (Dayak onion)
Mant. PL1: 122 (1767)
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Locaon  No. Individual Sex Body weight  Length o0 peaith status
ko) (em)
1 o1 Femae 1445 7 4 Healthyino injury
Ousiee 2 02 Mae 2830 87 4 Healthyino njury
3 03 Make 5.190 101 8 Healthyino njury
1 M Female 2830 88 7 Healthyino injury
Inside 2 2 Mae 2350 4 2 Healthyino njury
3 B Male 5120 14 6 Healthyino injury
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Strains Image Gram’s reaction

Micrococeus luteus 101PB
(Pure culture)

\ Gram positive cocci

Stenotrophomonas
matophilia 102PB
(Pure culture)

Gram negative rod

Bacillus cereus 103PB
(Pure culture)

Gram positive rod
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GenBank accession no.
Species Individuals ~ Origin Source Youcher =0 oo
specimen “mlgnF TS
Abeccarana 2 Kalmantan  FOERDIA' FBLOA0DI KT726313 KT779116
) 2 Makulslands BURU®  MTJ000S KT726320 KT779117
cumingiana
) 4 sumara EE) MTJ0001  KT726321 KT347174
malaccensis
Amicrocarpa 3 Kalmantan  FOERDIA' FBLOT01S KT726322 KT779118
6. caudata 4 WestPapua  BBG® MTJ0002  KT726323 KT778119
G 1 Maukulsands BURU:  MTJ0007 KT726324 KT779120
ledermannii
G.molccana 2 Malukulslands BURUS  MTJOOOB KT726325 KT779121
G.versteegi 3 Lomboklsland FOERDIA® FBLOIO27 KI726326 KT779122
2 Maukuldand BURU®  MTJ000S KT726328 KT779123
3 LesserSunda  BBG® MTJ0003  KT26327 KT779124
Isfands
2 Papualsand  BBG® MTJ0004  KT726328 KT779125
Phaleria 2 Papualsand  BBG® MTJ0005  KT726330 KT779126

macrocarpa
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GTCGAGUGGIAACAGGGGAAGLTTGLITTCLLGLTGALGAGLGGLGGALGGGTGAGIAATGIAT
GGGGATCTGCCCGATAGAGGGGGATAACTACTGGAAACGGTGGCTAATACCGCATAATCTCTTAG
GAGCAAAGCAGGGGAACTTCGGTCCTTGCGCTATCGGATGAACCCATATGGGATTAGCTAGTAGG
TGGGGTAATGGCTCACCTAGGCGACGATCCCTAGCTGGTCTGAGAGGATGATCAGCCACACTGG
GACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGCA
AGCCTGATGCAGCCATGCCGCGTGTATGAAGAAGGCCCTAGGGTTGTAAAGTACTTTCAGTCGG
GAGGAAGGCGTTGATGCTAATATCATCAACGATTGACGTTACCGACAGAAGAAGCACCGGCTAAC
TCCGTGCCAGCAGCCGCGGTAATACGGAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAG
CGCACGCAGGCGGTTGATTAAGTTAGATGTGAAATCCCCGGGCTTAACCTGGGAATGGCATCTAA
GACTGGTCAGCTAGAGTCTTGTAGAGGGGGGTAGAATTCCATGTGTAGCGGTGAAATGCGTAGA
GATGTGGAGGAATACCGGTGGCGAAGGCGGCCCCCTGGACAAAGACTGACGCTCAGGTGCGAA
AGCGTGGGGAGCAAACAGGATTAGATACCCTGGTAGTCCACGCTGTAAACGATGTCGATTTGGAG
GTTGTGCCCTTGAGGCGTGGCTTCCGGAGCTAACGCGTTAAATCGACCGCCTGGGGAGTACGG
CCGCAAGGTTAAAACTCAAATGAATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAA
TTCGATGCAACGCGAAGAACCTTACCTACTCTTGACATCCAGAGAATTTAGCAGAGATGCTTTAGT
GCCTTCGGGAACTCTGAGACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTTGTGAAATGTTGGG
TTAAGTCCCGCAACGAGCGCAACCCTTATCCTTTGTTGCCAGCGATTCGGTCGGGAACTCAAAG
GAGACTGCCGGTGATAAACCGGAGGAAGGTGGGGATGACGTCAAGTCATCATGGCCCTTACGAG
TAGGGCTACACACGTGCTACAATGGCGTATACAAAGAGAAGCGACCTCGCGAGAGCAAGCGGAA
CTCATAAAGTACGTCGTAGTCCGGATTGGAGTCTGCAACTCGACTCCATGAAGTCGGAATCGCTA
GTAATCGTAGATCAGAATGCTACGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACAC
CATGGGAGTGGGTTGCAAAAGAAGTAGGTAGCTTAACCTTCGGGAGGE
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GUTTGUTCTOTGEETGEUGAGTGGLUGGALGGETGAGGAAIACATUGGAATCIACTLTGICGTGE
GGGATAACGTAGGGAAACTTACGCTAATACCGCATACGACCTACGGGTGAAAGCAGGGGACCTTC
GGGCCTTGCGCGATTGAATGAGCCGATGTCGGATTAGCTAGTTGGCGGGGTAAAGGCCCACCAA
GGCGACGATCCGTAGCTGGTCTGAGAGGATGATCAGCCACACTGGAACTGAGACACGGTCCAGA
CTCCTACGGGAGGCAGCAGTGGGGAATATTGGACAATGGGCGCAAGCCTGATCCAGCCATACCG
CGTGGGTGAAGAAGGCCTTCGGGTTGTAAAGCCCTTTTGTTGGGAAAGAAATCCAGCTGGCTAA
TACCCGGTTGGGATGACGGTACCCAAAGAATAAGCACCGGCTAACTTCGTGCCAGCAGCCGCGG
TAATACGAAGGGTGCAAGCGTTACTCGGAATTACTGGGCGTAAAGCGTGCGTAGGTGGTCGTTTA
AGTCCGTTGTGAAAGCCCTGGGCTCAACCTGGGAACTGCAGTGGATACTGGGCGACTAGAATGT
GGTAGAGGGTAGCGGAATTCCTGGTGTAGCAGTGAAATGCGTAGAGATCAGGAGGAACATCCAT
GGCGAAGGCAGCTACCTGGACCAACATTGACACTGAGGCACGAAAGCGTGGGGAGCAAACAGG
ATTAGATACCCTGGTAGTCCACGCCCTAAACGATGCGAACTGGATGTTGGGTGCAATTTGGCACG
CAGTATCGAAGCTAACGCGTTAAGTTCGCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAA
AGGAATTGACGGGGGCCCGCACAAGCGGTGGAGTATGTGGTTTAATTCGATGCAACGCGAAGAA
CCTTACCTGGCCTTGACATGTCGAGAACTTTCCAGAGATGGATTGGTGCCTTCGGGAACTCGAAC
ACAGGTGCTGCATGGCTGTCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGC
GCAACCCTTGTCCTTAGTTGCCAGCACGTAATGGTGGGAACTCTAAGGAGACCGCCGGTGACAA
ACCGGAGGAAGGTGGGGATGACGTCAAGTCATCATGGCCCTTACGGCCAGGGCTACACACGTAC
TACAATGGTAGGGACAGAGGGCTGCAAGCCGGCGACGGTAAGCCAATCCCAGAAACCCTATCTC
AGTCCGGATTGGAGTCTGCAACTCGACTCCATGAAGTCGGAATCGCTAGTAATCGCAGATCAGCA
TTGCTGCGGTGAATACGTTCCCGGGCCTTGTACACACCGCCCGTCACACCATGGGAGTTTGTTG
CACCAGAAGCAGGTAGCTTAACCTTCGGGAGGGC
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