Microbial pollution in the muscle tissue of Siganus rivulatus from the Syrian Coast


Abstract
[bookmark: _GoBack]The marine environment plays an essential role in providing food resources, yet it is highly vulnerable to microbial contamination. This study aimed to evaluate the microbial load in the muscle tissue of Siganus rivulatus collected from two coastal sites in Tartous, Syria, and to identify the dominant microbial species. Fish samples were collected seasonally from September 2023 to August 2024. Total aerobic plate count (TAPC) and selective culture media were used for microbial identification. Results showed that the microbial load, ranged between (0.7×102 - 3×102) cfu/g. It was higher at Tartous Corniche site, with the highest values recorded during summer. Detected microorganisms included Escherichia coli, Salmonella spp., Shigella sp., and Pseudomonas spp., all within the permissible limits of the Syrian Standard (10⁵–10⁶ cfu/g). These findings indicate that the fish are generally safe for human consumption, although continuous monitoring is recommended.
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1- Introduction:
Fish constitute an essential component of marine ecosystems and serve as a major source of protein for humans. In Syria, marine fish represent a significant portion of annual fish production, compared to 54% from freshwater fish (Syrian Agricultural Statistical Abstract, 2020). However, increasing pollution from industrial, domestic, and tourism activities threatens marine biodiversity and fish quality (FAO, 2012; Oehlenschlager, 2014), which has led to a decline in fish production and, in some cases, even its complete deterioration. Some fish species have disappeared due to food scarcity (Al-Shiwi, 2013; Sulaiman and Mohammad, 2017). Microbial contamination is particularly concerning due to its ability to affect fish health and pose risks to consumers (Garcia et al., 2015; Chong et al., 2023).
Fish is a highly perishable food source, susceptible to any change. Bacterial activity, coupled with autolysis by enzymes naturally present in fish flesh, accelerates spoilage and causes visible deterioration, rendering it unacceptable to consumers (Elbaz and Mohammad, 2022).
 Microbes are in balance in healthy, live fish, but they can cause disease under stressful conditions (De Bruijn et al., 2018; Medina et al., 2023). After fish die, microbes attack and damage fish tissues (Ruskol and Bendsen, 1992; Sikorski et al., 2020). The autolysis of fish, due to the enzymes present, facilitates microbial attack on fish tissues through internal organs (Ghali, 2010), causing the emission of putrid odors and sometimes affecting the overall appearance of the fish species (Beverly, 2011). Some microbes produce toxins or byproducts called biotoxins, rendering fish unfit for human consumption without any visible spoilage. These toxins accumulate in fish tissues, leading to a condition known as histamine fish poisoning (Austin, 2006). This poisoning results from improper fish storage at unsuitable temperatures and an increase in amino acids like histamine, a phenomenon known as biological contamination (Begona et al., 1998). Fish tissue deterioration is attributed mainly to autolytic processes (due to the activity of the inherent tissue and digestive enzymes), bacterial activity (due to microbial enzymes), spontaneous chemical reactions (the oxidation of lipids/discoloration) and the loss of flesh compounds (Maria, 2019). It is important to note that some microbes may not be pathogenic to fish, but they can be transmitted directly to humans, causing disease. Microbial spoilage can lead to significant economic losses. It's estimated that approximately one-third of the annual global fish production is lost (Lund et al., 2000). Microbial activity is the primary cause of spoilage in most fresh foods and seafood. The total aerobic plate count in fish can indicate their storage suitability and expected shelf life (Huss et al., 1974; Al-Sharifi, 2014).
Siganus rivulatus, a herbivorous species with ecological and economic importance, serves as a suitable indicator of environmental pollution. This study investigates microbial contamination in its muscle tissue to assess the safety of fish harvested along the Tartous coast.
2- Materials and Methods:
A total of 48 specimens of Siganus rivulatus were collected seasonally from September 2023 to August 2024 from two coastal sites in Tartous: Basira (lower pollution impact) and Tartous Corniche (proximal to a sewage outlet). Fish samples were transported on ice and processed immediately (to minimize post-catch microbial proliferation) to determine some of bacteria species and the total aerobic plate count (TAPC).
Table 1: Sample Collection Sites
	Site name
	Site Coordinates

	Basira
	(35°53’21» N, 34°59’46» E)

	Tartous Corniche
	(35°52’57» N, 34°53’09» E)
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Figure 1: Study sites on the Tartus city coast (Google Earth):
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Figure 2: The Marbled spinefoot species Siganus rivulatus (Forsskål, 1775)
Five grams of muscle tissue were homogenized in sterile distilled water (Figures 3), and serial dilutions (10⁻¹–10⁻⁵) were prepared (Figures 4 & 5). One milliliter from each dilution was plated on nutrient agar and incubated at 37°C for 48 hours to determine total aerobic plate count  (Figures 6 & 7). Selective media including MacConkey, Hektoen, SS agar, and XLD agar were used for microbial identification. Colonies were classified based on morphological characteristics. Microbial counts were expressed in cfu/g.
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Figure 3: Solutions of the fish samples.
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Figure 4: Dilutions of the solution (⅟10, ⅟100, ⅟1000, ⅟10000, ⅟100000).
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Figure 5: Distributing the solution dilutions in Petri dishes.
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Figure 6: Preparation of nutrient media (agates) and incubation of Petri dishes.
Identification of some microbial species and genera:
The observed colony growth were counted using Coulter Colony counter according to plate count method. Identification of the organisms was done using the phenotypic and biochemical characteristics (Slaby et al., 1981; Cheesbrough, 1984; Scharlau, 2001). Six solid nutrient media were used in this study: Nutrient agar, McConkey agar, Hektoen agar, Shigella Salmonella (SS) agar, and Xylose Lysine Deoxycholate agar (Figure 7 & Table 4).
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Figure 7: Growth of isolates bacterial on Nutrient Agar.
3- Results
In this study, the total aerobic plate count (TAPC) for all the fish samples ranged between 0.7×102 and 3×102 cfu/g as shown in Table 2. Higher counts were observed at Tartous Corniche site, with the peak recorded during summer in both sites. Basira showed the lowest microbial counts throughout the year ranged between (0.7 -2.8) ×102 cfu/g. The TAPC values showed a significant spatial difference (p < 0.05) between Basira and Tartous Corniche, while no significant seasonal effect was detected (p > 0.05). 
Identified microbes included Escherichia coli, Salmonella spp., Shigella sp., and Pseudomonas spp. All recorded values were within permissible limits according to the Syrian Standard (10⁵–10⁶ cfu/g). (Table 2 & Figure 9).
Table 2: Developments in total aerobic plate count during the study period:
	Tartus Corniche
	Basira 
	Season
	Year

	        1.97 
	        1.87 
	Spring
	2023

	        2.33 
	        2.50 
	Summer
	

	        1.83 
	        1.70 
	Autumn
	

	        1.63 
	        1.30 
	Winter
	

	        2.37 
	        0.80 
	Spring
	2024

	        3.00 
	        0.87 
	Summer
	

	        2.10 
	        0.73 
	Autumn
	

	        1.90 
	        0.70 
	Winter
	

	        3.00 
	        2.50 
	Max

	        1.63 
	        0.70 
	Min

	 2.14±0.43 
	1.31±0.66
	Ave.± SD


The statistical analysis of the results show weak correlations. (r=0.05) between TAPC and stages of collecting samples. This might be related to the randomness of collected samples and the unknown variations in handling conditions that these fish were exposed to during the harvest. 

. 
Figure (8) Total aerobic plate count during the study period:
Identification of the Isolated Bacteria:
The isolates were identified following previously described methods (Fish and Service, 2010;
MacFaddin, 2000). In brief, colony morphology including shape, color, pigmentation, size, edges and elevation were determined and isolates grouped accordingly.
The culture results (Figures 9-10-11-12-13) showed the presence of microbial species on these media.
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Figure (9): Colonies that appeared on a solid nutrient agar plate.
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Figure (10): Colonies that appeared on a solid MacConkey agar plate.
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 Figure (11): Colonies that appeared on a solid Hecton agar plate.
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 Figure (12): Colonies that appeared on a solid SS agar plate.
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Figure (13): Colonies that appeared on a solid XLD agar plate. 


Two (2) to three (3) representative isolates from each group were subjected to Gram staining, motility testing and a battery of biochemical tests including; oxidase, catalase, urease production, motility, manitol fermentation, sucrose fermentation, starch hydrolysis, H2S production and Gelatin test.

Table 3: Summary of biochemical tests
	
	Salmonella
	Shigella
	E. coli

	
	1
	2
	3
	1
	2
	3
	1
	2

	Gram stain
	-
	-
	-
	-
	-
	-
	-
	-

	Shape
	Rod
	Rod
	Rod
	Slender bacilli
	Slender bacilli
	Slender bacilli
	Small rod
	Small rod

	Catalase Production
	+
	+
	+
	+
	+
	+
	+
	+

	Oxidase test
	-
	-
	-
	-
	-
	-
	-
	-

	Urease production
	-
	-
	-
	-
	-
	-
	-
	-

	
	
	
	
	
	
	
	
	

	Motility test
	+
	+
	+
	-
	-
	-
	+
	+

	Manitol Fermentation
	+
	+
	+
	+
	+
	+
	+
	+

	Sucrose Fermentation
	+
	+
	+
	+
	+
	+
	+
	+

	Starch hydrolysis
	+
	+
	-
	+
	+
	+
	+
	+

	H2S production
	-
	-
	-
	+
	+
	-
	+
	+

	Gelatin test
	-
	-
	-
	+
	+
	-
	+
	+


+: Positive,   -: negative
4- Discussion
 Fish are highly nutritious, easily digestible, and low in calories and saturated fat, unlike red meat and poultry. They are among the most important sources of unsaturated fats, specifically long-chain fatty acids, which are harmless and cannot be synthesized by the human body (Bener et al., 2009; Colangelo et al., 2009; Taşbozan & Gökçe, 2017).
The results of the total aerobic plate count showed that The proximity of Tartous Corniche to sewage discharge explains the increased bacterial counts relative to Basira, as there are many organic materials that these microbes use for nutrition (Kumar et al., 2023).
Microbial loads were significantly influenced by environmental conditions, and the fishing season, with higher temperatures promoting bacterial growth during summer (Baixas et al., 2009; Ikape, 2017; Ali et al., 2021). Therefore, fish are kept at a low temperature immediately after caught (Mohammed & Hamid, 2011; Sikorski, 2020). This affects the transport of nutrients into and out of the cell, which in turn reduces cellular metabolic activity and inhibits microbial growth. Consequently, this delays the chemical and physical changes that may occur in the fish due to microbial activity, thus improving their preservation. In good condition for a longer period of time (Kilinc et al., 2007; Álvarez et al., 2008; Foteini and Leblanc et al., 2015). In addition to the effect of the dissolved oxygen level in the water, which microbes need for their functions and the decomposition of organic matter, the type of fish, its health and physiological condition, and the nets used in fishing may all play a role in the presence of microbes. The fish's feeding pattern may also be a factor (Rahman et al., 2010), as these microbes travel to the intestines and reach various tissues via the bloodstream, including fleshy tissue (Sikorski et al., 2020; Zheng et al., 2023). 
The isolation of Salmonella, Shigella, and E.coli indicate faecal and environmental pollution (Yagoub, 2009). Salmonella has been considered the causal agent of the largest number of enteric infections in the world (Bell and Kyriakides, 2002). The organism E. coli is recognized as the reliable indicator of faecal contamination in small numbers and in large numbers (Ezeet al., 2011) This was attributed to the heavy load of sewage disposal into the seas which could act as a suitable environment for the growth and survival of the human pathogens. The levels of pathogenic microorganisms detected, although within acceptable limits, highlight the need for ongoing monitoring, especially in areas close to pollution sources.
5- Conclusion and Recommendations
Siganus rivulatus collected along the Tartous coast is generally safe for consumption, as microbial levels did not exceed national permissible limits. However, wastewater management must be improved to prevent future contamination. Routine monitoring and stricter environmental regulations are recommended to protect public health and marine biodiversity.
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