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Increasingly high levels of multidrug-resistant (MDR) pathogens have necessitated the discovery of novel bioactive compounds. For this reason, two actinomycetes strains, Streptomyces griseorubens and Streptomyces rochei, were isolated for the first time from the black sand shores of Kafr El Sheikh in Egypt, which is home to several large fish farms. Isolates were identified via phenotypic, biochemical and 16S rRNA sequence protocols. Both strains exhibited powerful antimicrobial activity against three serious MDR pathogens: Bacillus subtilis, Salmonella enteritidis and Pseudomonas aeruginosa. The bioactive compounds of isolates’ filtrates were identified using gas chromatography–mass spectroscopy (GC-MS). For S. griseorubens, the detectable antibacterial compounds were hexanoic acid, 2-ethyl-, 2-ethylhexyl ester, n-Decane, hexadecanoic acid methyl ester, benzene acetic acid, ricinolic acid, and ethylparaben, while S. rochei secretes heptadecane, 2,6-dimethyl-, benzene acetic acid, dibutyl phthalate, octacosane, hexacosane, and vitamin A aldehyde. These results strongly encourage the use of these eco-friendly isolates as a biocontrol against MDR pathogens that attack fish farms.

Significance:

Streptomyces spp. act as strong weapons for fighting multidrug resistance in pathogenic bacteria – one of the most important current threats to public health. They are additionally regarded as eco-friendly organisms that can be used as a biocontrol agent against infections that endanger fish farms.








Introduction

Actinomycetes are prokaryotic organisms that are widely distributed in different habitats and are characterised by a high G+C ratio (>55%) in their DNA; due to their growth pattern, they more closely resemble fungi.1 Among actinomycetes, Streptomyces is the most dominant genus in soil.2 Streptomyces species are the main sources of biologically active compounds including antibiotics, anticancer agents, anthelmintics, antioxidants, and antifungals. As a result of the resistant behaviour of major bacterial pathogens against at least one antibiotic, finding new antibacterial compounds is a main aim of researchers.3 As Streptomyces species are widely distributed and have been widely evaluated as potential sources of novel bioactive compounds, they are good weapons against multidrug resistance (MDR) in pathogenic bacteria.4

Streptomyces species produce around 7600 bioactive microbial metabolites, with rare actinomycetes producing an increasing share of novel compounds.5 Both Streptomyces griseorubens and Streptomyces rochei show high application importance, where S. rochei has a high value due to its efficient activity against various human carcinoma cell lines6, while S. griseorubens shows high biocontrol efficacy against Fusarium wilt disease of tomato.7 Here, S. griseorubens and S. rochei were isolated from black sand soils and identified using modern techniques. Also, the fractionations of their filtrates by gas chromatography prove a promising source of antimicrobials against MDR pathogens.

Materials and methods

Sampling and isolation

Soil samples were collected from several locations at Mutubas shore (31°28’04.6”N; 30°24’09.2 “E), Kafr El-Sheikh Governorate. Samples were air dried at 35 °C for 34 h, crushed, and sieved via 2 mm pores. One gram of 0.1–2 µm sieved soil particles was suspended in 9 mL of sterile distilled water8,9, followed by serial dilutions up to 10-4 dilutions. A volume of 50 μL from each dilution was spread on starch nitrate agar and incubated at 30 °C for 7 days.10

Morphological and biochemical characterisations

The morphological features including texture, aerial mycelium, substrate mycelium, growth rate, and colour of colonies on the starch nitrate medium were investigated.11 Biochemical features were performed using an API 20A kit (Biomerieux). API stripes were inoculated following the manufacturer’s manual. Stripes were incubated at 30 °C for 24–48 h. After the incubation period, reagents were added to vials for 5–10 min followed by the stripes evaluation performed according to the manufacturer’s instructions.

Molecular identification

Pure isolates were cultured in SN broth medium at 30 °C with shaking for 7 days. Pellets were collected by centrifugation at 3000 rpm for 20 min. Genomic DNA was extracted using EZ-10 Spin Column Bacterial Genomic DNA Miniprep Kits. Streptomyces species were partially sequenced by the 16S region. The 16S rDNA regions were amplified using the universal forward primer 27F (5’-AGAGTTTGATC (AC) TGGCTCAG--3’) and the reverse primer 1492R (5’-ACGG (CT) TACCTTGTTACGACTT-3’). The polymerase chain reactions (PCR) consisted of 4 µL of dNTPs (1.0 mM each, Roche, Penzberg, Germany), 2 µL of 10X buffer (Roche), 0.2 µL of each primer (0.5 µg), 0.2 µL of Taq polymerase (5 U/µL), 1 µL of 50 ng of template DNA, and sterile Milli-Q water in a final volume of 19.8 µL. Amplification occurred through the following protocol: 94 °C for 3 min, 30 cycles of 94 °C for 30 s, 50 °C for 30 s, 72 °C for 60 s, and 72 °C for 7 min. A Qiagen PCR purification kit (Qiagen, Hilden, Germany) was used for purification of the obtained PCR fragments. The 16S rRNA genes of Streptomyces spp. were sequenced using the forward 27F primer and the Big Dye Terminator Cycle Sequencing kit v1.1. Produced DNA fragments were sequenced using the 3500xL Genetic Analyzer, Applied Biosystems, Foster City, California, USA. The resulting nucleotide sequences were aligned throughout the GenBank data, the BLAST-N program (Basic Local Alignment Search Tool – Nucleotides) from the website of the US National Center for Biotechnology Information (NCBI).12

Antimicrobial evaluation of Streptomyces species filtrates

Three multidrug – resistant (MDR) pathogens – Bacillus subtilis (ATCC6633), Salmonella enteritidis (ATCC14028), and Pseudomonas aeruginosa (ATCC 10145) – were obtained from the strains bank at the Microbial Centre of Kafrelsheikh University, Egypt. A volume of 1 mL of either S. griseorubens or S. rochei suspension was inoculated in 50 mL of autoclaved SN broth medium cultured in a 250 mL Erlenmeyer flask. Cultures were incubated at 30 °C and 150 rpm for 7 days. After incubation, the supernatant was separated by centrifugation at 3000 rpm for 20 min.

For each of the pathogens, 1 ml of old culture broth (18 h) was swabbed separately on freshly prepared nutrient agar medium. In the separately inoculated plates, wells with a diameter of 5 mm were drilled with a sterile cork drill. Each well was injected with 100 µL of each Streptomyces sp. supernatant. The plates were incubated at 37 °C for 24 h. After the incubation period, the diameter of the zone of inhibition (mm) was measured.13

Extraction of antibacterial compounds

Both S. griseorubens and S. rochei underwent fermentation. Each strain was sub-cultured separately for 5 days at 30 °C in starch nitrate broth that was used to inoculate 500 mL of fermentation broth and then incubated on a rotary shaker incubator (150 rpm) at 30 °C for 10 days. Filtration via Whatman no.1 filter paper separated the extracellular crude extract, which was then centrifuged at 8000 rpm for 15 min at 4 °C. Then the supernatant was aseptically transferred into 250 mL flasks and mixed with an equal volume 1:1 (v/v) of ethyl acetate. The mixture was agitated rapidly for 20 min before being stationary for another 15 min. By evaporation in a 40 °C oven, the aqueous and organic layers of crude extract were separated and concentrated to solvent-free content. The residue was vacuum dried, weighed, and dissolved in 1 mg/mL methanol. The antibacterial activity of dissolved substances was tested using the well diffusion method. Methanol was employed as a control against pathogens in each test.14

GC-MS Analysis

Detection of active compounds present in the ethyl acetate extract of Streptomyces species that showed high bactericidal activity was performed using gas chromatography–mass spectroscopy (GC-MS) at the National Institute of Oceanography and Fisheries, Alexandria, Egypt. The GC-MS analysis was carried out using an Agilent 7890A GC instrument with an HP-5MS column (30 m x 250 m x 0.25 m film thickness) and an MS detector (Agilent 5975C). The oven temperature was set to 90 °C for 1 min, then increased to 300 °C at an 8 °C/min pace for 30 min. Helium was employed as the carrier gas at a flow rate of 1.5 mL/min. In the splitless mode, the sample injection volume was 1 L and the injector temperature was 290 °C. The mass spectrum was run at 70 eV with a mass range of 60–600 amu.15

Statistical analysis

Data were recorded in triplicate. Statistical analysis was carried out using the SPSS program. Obtained data are shown as means and standard errors of the means.16

Results

Identification of Streptomyces species

Phenotypic and biochemical characteristics

Streptomyces griseorubens showed a grey colour for substrate and aerial mycelia. S. rochei also showed a grey colour for aerial and substrate mycelia, with no production of melanin pigment and positive reactions with a Gram stain for both. Both isolates showed positive reactions against glucose, mannitol, lactose, xylose, maltose, fructose, and rhamnose. Only S. rochei was positive against arabinose and only S. griseorubens was positive against mannose. Ureases and catalases were produced by S. griseorubens only (Table 1).



Table 1:Biochemical characteristics of Streptomyces griseorubens and S. rochei






	Test

	S. rochei

	S. griseorubens

	Test

	S. rochei

	S. griseorubens




	Glucose

	+

	+

	Sorbitol

	_

	_



	Mannitol

	+

	+

	Rhamnose

	+

	+



	Lactose

	+

	+

	Trehalose

	_

	_



	Saccharose

	_

	_

	Fructose

	+

	+



	Salicin

	_

	_

	Galactose

	_

	_



	Xylose

	+

	+

	N-acetyl-β-glucosamindase

	_

	_



	Maltose

	+

	+

	Glycerol utilisation

	_

	_



	Starch hydrolysis

	+

	+

	Urease

	+

	_



	Arabinose

	+

	_

	Esculin hydrolysis

	+

	+



	Cellobiose

	_

	_

	Indole formation

	_

	_



	Mannose

	_

	+

	Catalase

	+

	_



	Melezitose

	_

	_

	Nitrate reduction

	_

	_



	Raffinose

	_

	_

	
	
	




Molecular identification (16S rRNA sequence analysis)

Genome amplification of the isolates' DNA using PCR with the primer 16S rRNA gene resulted in DNA fragments appearing as sharp bands at approximately 300 bp (Figure 1). The obtained sequences were analysed through an online database (NCBI) and compared with other bacterial isolates. The sequencing results showed that purified strains belong to the Phylum Actinobacteria, the Family Streptomycetaceae and the Genus Streptomyces. The data analysis confirmed isolates as Streptomyces griseorubens strain 173471 and Streptomyces rochei strain 1 (Table 2). A neighbour-joining tree was employed for both using MEGA-X software to show phylogenetic relationships between both of the Streptomyces strains and other Streptomyces neighbours (Figures 2 and 3).

[image: 14509Atallah_fig1]

Figure 1: PCR amplified 16S rRNA gene. Lane 1: Molecular weight of SiZerTM-1000 DNA marker; Lane 2: amplified DNA fragment of ~300 bp of Streptomyces griseorubens; Lane 3: amplified DNA fragment of ~300 bp of S. rochei.





Table 2:The sequence alignments of the 16S rRNA gene of Streptomyces griseorubens and S. rochei to the data available at NCBI (BLAST-N)






	Streptomyces griseorubens

	Streptomyces rochei



	Description

	Max score

	Total score

	Query cover

	E value

	Percentage identity

	Accession number

	Description

	Max score

	Total score

	Query cover

	E value

	Percentage identity

	Accession number




	Streptomyces griseorubens strain 173471 16S ribosomal RNA gene, partial sequence

	946

	946

	40%

	0.0

	97.47%

	EU570629

	Streptomyces rochei strain 1 16S ribosomal RNA gene, partial sequence

	1705

	1705

	83%

	0.0

	97.97%

	MN589659



	Streptomyces albogriseolus strain SY67903 16S ribosomal RNA gene, partial sequence

	941

	941

	40%

	0.0

	97.29%

	MT611305

	Streptomyces maritimus strain UP1A- 1 16S ribosomal RNA gene, partial sequence

	1701

	1701

	83%

	0.0

	97.87%

	MT627170



	Streptomyces griseorubens strain K5 16S ribosomal RNA gene, partial sequence

	941

	941

	40%

	0.0

	97.29%

	MT525003

	Streptomyces rochei strain STR1 16S ribosomal RNA gene, partial sequence

	1701

	1701

	83%

	0.0

	97.87%

	MT568582



	Streptomyces labedae strain AJR1 16S ribosomal RNA gene, partial sequence

	941

	941

	40%

	0.0

	97.29%

	MT463534

	Streptomyces mutabilis strain SAIG321 16S ribosomal RNA gene, partial sequence

	1701

	1701

	83%

	0.0

	97.87%

	MT355865



	Streptomyces sp. strain MJM15241 16S ribosomal RNA gene, partial sequence

	941

	941

	40%

	0.0

	97.29%

	MT393671

	Streptomyces rochei strain SA1019 16S ribosomal RNA gene, partial sequence

	1701

	1701

	83%

	0.0

	97.87%

	MT355863
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Figure 2: A phylogenetic tree illustrating similarity between S. griseorubens and other Streptomyces neighbours (constructed using MEGA-X software).
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Figure 3: A phylogenetic tree illustrating similarity between S. rochei and other Streptomyces neighbours (constructed using MEGA-X software).



Antimicrobial activity

Streptomyces griseorubens filtrate exhibited significant antimicrobial activities against Bacillus subtilis, Salmonella enteritidisand Pseudomonas aeruginosa, with inhibition zone diameters of about 11 mm, 17 mm, and 20 mm, respectively, while that of S. rochei showed antimicrobial activities against B. subtilis and S. enteritidis, with inhibition zone diameters of about 15 mm and 17 mm, respectively (Table 3).



Table 3:Antimicrobial activities of Streptomyces griseorubens and S. rochei crude extracts against different multidrug-resistant pathogens






	Pathogen

	Inhibition zone (mm)



	S. griseorubens crude extract

	S. rochei crude extract




	Bacillus subtilis

	11±0.22

	15±0.35



	Salmonella enteritidis

	17±0.29

	17±0.24



	Pseudomonas aeruginosa

	20±0.33

	_





GC-MS Analysis

Ethyl acetate extracts of S. griseorubens and S. rochei that showed high antibacterial activities were analysed by GC-MS. The mass spectrum of GC-MS was interpreted according to the US National Institute of Standards and Technology (NIST) database, by comparing unknown spectra with the known data stored in the NIST library. For S.griseorubens, observed data confirmed the presence of six active compounds with antibacterial activity (Figure 4). The GC-MS analysis of S. rochei also confirmed the presence of six antibacterial compounds (Figure 5). The secondary metabolites from S. griseorubens that showed antibacterial activities were hexanoic acid, 2-ethyl-, 2-ethylhexyl ester (3.14%), n-Decane (21%), hexadecenoic acid methyl ester (18%), benzene acetic acid (2.44%), ricinolic acid (8.17%) and ethylparaben (5.54%) (Table 4). For S. rochei, heptadecane, 2,6-dimethyl- (2.08%), benzene acetic acid (3.86%), dibutyl phthalate (17.01%), octacosane (8.95%), hexacosane (12.78%) and vitamin A aldehyde (4.82%) were detected (Table 5).
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Figure 4: GC-MS chromatograph of extracellular filtrate of Streptomyces griseorubens.
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Figure 5: GC-MS chromatograph of extracellular extract of Streptomyces rochei.





Table 4:Antibacterial compounds identified in the ethyl acetate extract of Streptomyces griseorubens






	N

	Name of the compound

	Molecular formula

	Molecular weight (g/mol)

	Retention time (min)

	Peak area (%)

	Activity




	1

	Hexanoic acid, 2-ethyl-, 2-ethylhexyl ester

	C14H28O2

	228.37

	 7.63

	3.14

	Antibacterial



	2

	n-Decane

	C10H22

	142.28

	 8.45

	 21

	Antibacterial



	3

	Hexadecanoic acid, methyl ester

	C17H34O2

	270.45

	 8.55

	 18

	Antibacterial



	4

	Benzene acetic acid

	C8H8O2

	136.14

	9.38

	2.44

	Antibacterial



	5

	Ricinolic acid

	C18H34O3

	298.46

	14.22

	8.17

	Antibacterial



	6

	Ethylparaben

	C9H10O3

	166.17

	19.30

	5.54

	Antibacterial







Table 5:Antibacterial compounds identified in the ethyl acetate extract of S. rochei






	N

	Name of the compound

	Molecular formula

	Molecular weight (g/mol)

	Retention time (min)

	Peak area (%)

	Activity




	1

	Heptadecane, 2,6-dimethyl-

	C19H40

	268.5  

	 5.82

	 2.08

	Antibacterial



	2

	Benzene acetic acid

	C8H8O2

	136.14

	8 

	 3.86

	Antibacterial



	3

	Vitamin A aldehyde

	C20H28O

	284.43

	 8.73

	 4.82

	Antibacterial



	4

	Dibutyl phthalate

	C16H22O4

	278.34

	9.39

	17.01

	Antibacterial



	5

	Octacosane

	C28H58

	394.77

	14.23

	  8.95

	Antibacterial



	6

	Hexacosane

	C26H54

	366.71

	19.31

	12.78

	Antibacterial





Discussion

Two strains of Streptomyces were identified using the 16S rRNA sequence as well as traditional techniques, and their antibacterial potentiality was determined. The sequencing result of the PCR amplified 16S rRNA gene confirmed that isolate 1 belongs to Phylum Actinobacteria, Family Streptomycetaceae and Genus Streptomyces. The result revealed a 97.47% similarity with Streptomyces griseorubens strain 173471 according to NCBI GenBank and showed a similarity of about 97.29% with both Streptomyces labedae strain AJR1 and Streptomyces albogriseolus strain SY67903. According to Thirumurugan and Vijayakumar17, Streptomyces labedae substrate mycelia appeared brown on SCA medium and showed positive results with catalase production and nitrate reduction, whereas Streptomyces griseorubens could not produce catalase or reduct nitrate. In addition, Streptomyces griseorubens had a grey colour for both aerial mycelia and substrate mycelia on the SNA medium and all ISP media, with no distinctive pigments.18 According to El-Naggar et al.19, Streptomyces albogriseolus showed grey aerial mycelia and yellow/brown substrate mycelia on the SNA medium, while Streptomyces griseorubens appeared grey in both aerial mycelia and substrate mycelia on the SNA medium. In addition, Streptomyces albogriseolus can utilise sucrose and raffinose while Streptomyces griseorubens cannot.

The sequencing result of the PCR amplified 16S rRNA gene revealed that isolate 2 belongs to Phylum Actinobacteria, Family Streptomycetaceae and Genus Streptomyces. It revealed a 97.97% similarity with Streptomyces rochei strain 1 according to NCBI GenBank and showed a similarity of about 97.87% with both Streptomyces mutabilis strain SAIG321 and Streptomyces maritimus strain UP1A-1.

According to Bergey’s Manual of Systemic Bacteriology18, Streptomyces mutabilis have white aerial mycelia on a starch nitrate agar medium while those of Streptomyces rochei are grey on SNA medium. In addition, Streptomyces mutabilis can utilise arabinose and sucrose while Streptomyces rochei cannot. According to Manikkam et al.20, Streptomyces maritimus have light grey aerial mycelia on a starch nitrate medium, while those of Streptomyces rochei appear dark grey on SNA medium. In addition, Streptomyces maritimus cannot utilise xylose while Streptomyces rochei can.

The antibacterial compounds – hexanoic acid, 2-ethyl-, 2-ethylhexyl ester, n-Decane, hexadecanoic acid methyl ester, benzene acetic acid, ricinolic acid, and ethylparaben – observed in Streptomyces griseorubens were found to be strong antibacterial agents. Antibacterial action has been observed for hexanoic acid, 2-ethyl-, 2-ethylhexyl ester, which contains the short chain fatty acid (hexanoic acid). Short-chain fatty acids are commonly produced by healthy gut microbiota and serve as a defender against enteric infections. Furthermore, by lowering intracellular pH and diffusing across the bacterial membrane, they show a direct antibacterial effect against bacterial pathogens.21 According to Al-Rubaye et al.22, a Streptomyces sp. isolated from Tigris River sediments in Baghdad was found to generate short-chain fatty acids. N-decane is a straight-chain alkane that was extracted by the n-butanol of Streptomyces sp. Sp1 filtrate, which has been shown to have strong antibacterial activity and could be used as a biocontrol agent against Vibrio anguillarum.23 The accumulation of such chemicals in the cell membrane can have a significant impact on its function and eventually lead to cell death.24 Disruption of the electron transport chain and oxidative phosphorylation is linked to its mechanism of action. Inhibition of enzyme activity can also cause nutrient absorption failure, production of peroxidation and auto-oxidation degradation products, and eventually leads to bacterial cell lysis.25

Hexadecanoic acid is a saturated long-chain fatty acid that was observed in a Nocardia sp. filtrate, which was found to exhibit antibacterial action against methicillin-resistant Staphylococcus aureus (MRSA).26 Benzene acetic acid is an organic compound containing a phenyl functional group and a carboxylic acid functional group. According to Al-Dhabi et al.27, Streptomyces sp. Al-Dhabi-2 isolated from a harsh environment in Saudi Arabia was found to produce benzene acetic acid. It had substantial minimum inhibitory concentration (MIC) values of less than 39 μg/mL against Bacillus cereus and Enterococcus faecalis, and 78 μg/mL against Streptococcus agalactiae. The harmful effect of benzene acetic acid is mostly mediated by acetic acid dissociation within the microbial cells, which results in lowering intracellular pH and metabolic disruption.28 Ricinoleic acid [R (Z)-12-hydroxy-9-octadecanoic acid] is a fatty acid that is considered the major component of castor oil. The antibacterial activity of ricinoleic acid against Staphylococcus aureus and Pseudomonas aeruginosa has been reported, with MICs of 2.68 µM and 2.60 µM, respectively.29 The surfactant behaviour of ricinoleic acid moiety is due to the presence of long lateral hydrophobic methylene units that could disturb and inhibit the permeability of the bacterial cell membrane which consequently inhibits the growth of bacteria.30 Ethylparaben is an ethyl ester of p-hydroxybenzoic acid. The GC analysis of a Brevibacillus brevis crude extract proved the presence of ethylparaben, which has a considerable bactericidal impact against Escherichia coli.31 Although its mode of action is still unproven, one of the suggested modes of action of parabens is to disrupt osmotic gradients in bacteria by interacting with mechanosensitive channels.32 Streptomyces rochei was detected to produce the antibacterials heptadecane, 2,6-dimethyl-, benzene acetic acid, dibutyl phthalate, octacosane, hexacosane, and vitamin A aldehyde.

Decane compounds have been shown to exhibit antibacterial action in several studies. Dodecane, n-Hexa decanoic acid, and 1-Octadecane were found in an ethyl acetate extract of Streptomyces cavouresis KUV39 by GC-MS.33 Phthalic acid esters (PAEs) are a type of lipophilic compound that is commonly found in plants and microorganisms. Di-n-butyl phthalate, diethyl phthalate, and dimethyl phthalate are the most common PAEs found in natural sources, and are reported to have antibacterial properties.34 Using ultraviolet, Fourier transform infrared, and GC-MS analyses, the bioactive chemical dibutyl phthalate was reported to be generated by the soil actinomycete isolate Streptomyces albidoflavus 321.2, showing a considerable antibacterial effect against E. coli with an MIC of 53 µg/mL and Bacillus subtilis with an MIC of 84 µg/mL.35 It was also isolated from a novel marine Streptomyces sp. that reduced Colletotrichum fragariae spore germination and mycelial growth.36 Further studies are needed to understand the related antimicrobial mechanisms of PAEs. Hexacosane is a straight-chain alkane that is a volatile oil component and a plant metabolite. Hexacosane was discovered to be among the chemicals in the medicinal plant Kielmeyera coriacea that exhibits antibacterial activity against both aerobic and non-aerobic bacteria.37 Octacosane is one of 17 chemicals found in Elsholtzia ciliate extracts that have antibacterial properties.38 Its mode of action has been linked to accumulation in the cell membrane, which affects the function of the cell and finally leads to cell death.21 Retinaldehyde is a stabilised form of vitamin A. According to Pechère et al.39, vitamin A is thought to be anti-infectious. Although retinal resistance is not unique to infection, the mechanisms underlying these post-infective actions are largely unknown and are most likely related to its pleiotropic effects on immune function. Both in vivo and in vitro, retinaldehyde has been shown to have antibacterial action against Propionibacterium acnes. P. acnes No. CIP179 and CIP53119 have MICs of 4 mg/L, while P. acnes No. CIP53117 had a MIC of 8 mg/L.40

Conclusion

Two strains, Streptomyces griseorubens and Streptomyces rochei, producing novel bioactive compounds were identified via 16S rRNA sequencing and traditional techniques. Antibacterial evaluation of the crude extract showed high efficiency against very serious MDR pathogens – P. aeruginosa, S. enteritidis, and B. subtilis. GC analysis of S. griseorubens revealed the presence of several strong antibacterial compounds: hexanoic acid, 2-ethyl-, 2-ethylhexyl ester, n-decane, hexadecanoic acid methyl ester, benzene acetic acid, ricinolic acid, and ethylparaben. Heptadecane, 2,6-dimethyl, benzene acetic acid, vitamin A aldehyde, dibutyl phthalate, octacosane, and hexacosane were detected in the S. rochei filtrate.
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