


Utilization of Bhambrud (Blumea lacera) for preservation of Mackerel steaks	Comment by Acer: May change as ‘Utilization of Bhambrud (Blumea lacera) leave extract as a preservative for Mackerel steaks”


ABSTRACT
Aim:  The present research was focused on preparation of Bhambrud (Blumea lacera) extract and its utilization for the preservation of mackerel sticks. 
Methodology: The microwave assisted aqueous and ethanolic extract was prepared and subjected to antimicrobial and antioxidant study. The extract which got highest antioxidant and antimicrobial activity was further subjected to phytochemical analysis by GC-MS. To study the preservative effect, the extract was coated in different concentration i.e. 5%, 10%, 15% on Mackerel steaks, packed in the polypropylene bags and stored at 40C. The stored sample was periodically analysed for the biochemical, physicochemical, microbial and sensory parameters. 
Results: The sample without coating was in good condition up to 8 days whereas the sample coated with the 15% blumea lacera extract was in good condition up to 12 days storage at refrigerated condition. 
Conclusion: These results shows that blumea lacera can be used as natural preservatives for preservation of mackerel sticks.  
Keywords: Natural Preservative; Blumea lacera; mackerel; refrigerated storage; antioxidant; antimicrobial; phytochemical.

1. Introduction
Muscle foods, including meat, poultry, and fish, are well-recognized for their high-quality protein content and abundance of essential amino acids, vitamins, minerals, and unsaturated fatty acids. Their impressive nutritional profile, though, comes with a drawback: heightened susceptibility to spoilage. Microbial growth, enzymatic activity, and oxidative processes accelerate quality deterioration, not only affecting sensory and nutritional properties but also raising food safety concerns. Focusing specifically on mackerel a fatty pelagic fish found across tropical and temperate oceans these issues are even more pronounced. The elevated fat content, presence of non-protein nitrogen compounds, and active autolytic enzymes all contribute to rapid post-mortem degradation. 
The mackerel fishes are wildly distributed in all temperate and tropical seas, such as the East China Sea, Pacific coast of Japan, and regions of Indian and Russia (Bae et al., 2011). The dark muscle of mackerel, rich in both lipids and myoglobin, further accelerates lipid hydrolysis and oxidation, resulting in off-odors and a decline in texture. While conventional preservation techniques seek to mitigate lipid oxidation and microbial activity, there is a growing interest in natural alternatives. However, this species is highly perishable during processing and storage, due to large amounts of non-protein nitrogen, high content of fat and autolytic enzymes (Simeonidou-Christidou, 1998). The lipid content of mackerel a fatty fish species, varies from 10% to 30% according on the time of year it is caught. 
The majority of processing and preservation techniques used to increase the shelf life of mackerel concentrate on preventing lipid oxidation and the development of rancid smells and aromas (Sveinsdottir et al., 2021). The application of natural antimicrobials and antioxidants is becoming a popular strategy for managing rancidity and reducing its harmful effects (Sofi et al., 2017). Citrus peel extract has antioxidant and antimicrobial activities. Viji et al., (2015) worked on citrus peel extract as a natural preservative for shelf-life extension of Indian mackerel in chilled storage.
[bookmark: _GoBack]                Plant extracts have a great potential as alternatives to chemical preservatives and can be referred to as bio-preservatives or green additives. Plant-based preservatives, particularly extracts from citrus and mango peels, have emerged as promising solutions in this context. Blumea lacera, also known as Lettuce-Leaf Blumea, is an aromatic, herbaceous plant in the Asteraceae family. Found across Asia and Africa, it has a strong, camphor-like scent and features numerous small, yellow flower heads. {May add this}
         Additionally, Blumea lacera, a plant native to tropical Asia, has drawn considerable interest for its multifaceted bioactivity, especially in the realm of natural preservation. Traditionally valued in herbal medicine, recent research underscores its significant antimicrobial, antioxidant, and anti-inflammatory properties. Notably, the leaf extract demonstrates pronounced antifungal and antibacterial effects, attributed to its rich phytochemical content namely alkaloids, terpenoids, flavonoids, and various phenolic compounds (Ahmad et al., 2012). These constituents function as antioxidants and antimicrobial agents, supporting its application in food preservation by inhibiting microbial proliferation and delaying oxidative spoilage.  Considering the bioactive constituents of Blumea lacera, attempt have been made to utilize extra of Blumea lacera to preserve the mackerel sticks. 
2. MATERIAL AND METHODS 
2.1 Procedure for preparation of Blumea lacera leaf extract: 
        Fresh Blumea lacera leaves were collected and rinsed with potable water. Leaves were subsequently spread on trays and dried at 35°C for 48 hours. The leaves were finely ground and sieved to ensure a uniform particle size distribution. 
Blumea lacera leaves powder weighed (5gm each) and transferred separately in four conical flasks of 500 ml capacity. Two flasks containing powder were added with 250 ml distilled water and remaining two was added with 80% ethanol. One Flask containing powder was added distilled water while another was added with 80% ethanol and subject to microwave assisted extraction at 600W for 15 min (Xiaokang et al., 2020). Whereas other two samples were incubated at 40°C for 2 hours to facilitate extraction of the bioactive components. Then mixture underwent filtration using Whatman No. 1 filter paper. The resulting filtrate was concentrated using rotary evaporator set at 40°C, yielding the crude extract for further analysis. 
2.2 Antioxidant activity
	All extracts were analyzed for the antioxidant activity by CUPRAC, FRAP and DPPH Method as per the procedure suggested by Irawan et al., (2022).
2.3 Antimicrobial activity 
	The agar diffusion technique was used to screen the antimicrobial activity (Jadav et al., 2010). To determined antimicrobial activity Staphylococcus aureus and E. coli were used as test organisms. 
2.4 GC-MS analysis
          GC-MS analysis was carried out using a Shimadzu TQ 8050 triple quadrupole mass spectrometer operating in electron impact (EI) ionization mode at 70 eV. The separation was achieved using an Rtx-5 capillary column (30 m × 0.25 mm i.d. × 0.25 µm film thickness). The oven temperature was initially set at 80°C and held for 1 minute, then ramped at 10°C min⁻¹ to 250°C and held for 2 minutes. Subsequently, the temperature was increased to 300°C at a rate of 10°C min⁻¹ and maintained for an additional 10 minutes. The injector temperature was set to 250°C. Helium was used as the carrier gas at a constant flow rate of 0.8 mL min⁻¹. Samples were prepared by dissolving 1 mg of extract in 500 μL of ethanol and injected in spitless mode. The mass spectrometer was operated over a mass range of m/z 35–450 (Jadav et al., 2010).
2.5 Preservation of mackerel steaks 
The fresh mackerel was procured from local market, washed, cleaned and uniformed size steaks were prepared. These mackerel steaks coated with different concentration of Blumea lacera extract (T4) i.e. 0,5,10,15% and packed in polypropylene bag and stored at 4 ̊C. The stored sample was analysed for Proximate composition, biochemical parameters, microbial quality and sensory quality at regular interval of one day during storage. 
2.6 Proximate composition
	The proximate composition i.e. Moisture, Protein, Fat and Ash of Mackerel Steaks was determined as per the standard procedure of AOAC, 2005. 
2.7 Biochemical analysis
         Biochemical analysis of mackerel steaks such pH, TMA-N, TVB-N, TBARS, PV and FFA was determined. pH, PV and FFA was determined by AOAC, 2005, and TMA-N and TVB-N was determined by the procedure given by Beatty and Gibbons (1937), however TBARS was determined according to procedure given Tarladgis et.al., (1960
2.8 Organoleptic analysis
The sensory evaluation was performed by semi trained panel members. These members were initially trained for sensory analysis. The sensory analysis of the mackerel steaks coated with different concentration of Blumea lacera extract was carried out to know its market acceptability. Judgement was made through rating products on 9 points Hedonic Scale (Chudasama et al., 2018).
2.9 Microbial analysis
            Total plate count and E coli were determined as per (APHA,2001) and expressed as colony forming unit (cfu/g).
2.10 Statistical analysis
The statistical analysis of data collected on the changes in antioxidant, antimicrobial, proximate, biochemical, microbiological and sensory analysis during refrigerated storage was done by using Completely Randomized Design. The standard procedure used for this was given by Panse and Sukhatme (1985).

3. RESULTS AND DISCUSSION
3.1 Antioxidant assay of Blumea lacera extracts 
The antioxidant capacities were assessed via three commonly utilized in vitro assays i.e. CUPRAC, FRAP, and DPPH. Results demonstrated notable differences among the treatments. T4 consistently exhibited the highest antioxidant activity (Table 1), with CUPRAC, FRAP, and DPPH values of 100.88 (µmol TE/g), 104.75 (μmol/mL), and 22.67 (IC50 µg/ml), respectively. Among four extraction methods, Sample T1 which is aqueous extract of Blumea lacera showed lowest antioxidant activity. Both i.e. aqueous and ethanolic microwave assisted extracts showed higher antioxidant activity. Similar antioxidant activity of Blumea lacera were recorded by Bhuiyan and Jaman 2022. It is observed that Microwave assisted plant extract gives the higher antioxidant activity (Rahman et al.,2013).
Table 1.  Antioxidant assay of Blumea lacera extracts
	Treatments
	CUPRAC
(µmol TE/g)
	FRAP
(μmol/mL)
	DPPH
(IC50 µg/ml)

	T1 
	7.900
	
	13.56

	T2 
	82.670
	
	19.51

	T3 
	70.890
	
	15.43

	T4 
	100.877
	
	22.673


T1= Aqueous extract of Blumea lacera, T2= Ethanolic (80%) extract of Blumea lacera, T3= Microwave assisted aqueous extract of Blumea lacera and T4 = Microwave assisted ethanolic (80%) extract of Blumea lacera.  

3.2 Antimicrobial activity of Blumea lacera extracts
The Antimicrobial activity of Blumea lacera extracts against Staphylococcus aureus and Escherichia coli was screened. Treatment T4 demonstrates the most pronounced activity, with inhibition zones of 20.23 mm for S. aureus and 18.46 mm for E. coli, indicating superior efficacy relative to the other treatments (Table 2). Singh et al., 2010 screened antimicrobial potential of Blumea lacera extract and reported strong antimicrobial activity against bacterial and Fungi. Results also reviewed that the extract prepared by microwave assistance possesses higher antimicrobial activity than other extract. In microwave assisted extract, higher amount of phytochemicals are released in extract and hence gives higher zone of inhibition against tested organisms (Aleman et al., 2023).     
Table 2.  Antimicrobial Assay of Blumea lacera leaves extract
	Treatment
	Zone of Inhibitions (mm)

	
	S. aureus
	E. coli

	T1 
	12.203
	10.67

	T2 
	13.67
	13.667

	T3 
	15.56
	14.67

	T4 
	20.23
	18.46


T1= Aqueous extract of Blumea lacera, T2= Ethanolic (80%) extract of Blumea lacera, T3= Microwave assisted aqueous extract of Blumea lacera and T4 = Microwave assisted ethanolic (80%) extract of Blumea lacera.  
The results of antioxidant and antimicrobial activity of extract sample T4, which microwave assisted ethanolic (80%) extract of Blumea lacera showed higher antioxidant activity and highest zone of inhibition against tested organisms. So, the extract sample T4 was used for the preservation of mackerel steaks.   
3.3 Phytochemical composition of Blumea lacera 
The extract sample T4 which is microwave assisted ethanolic extract was subjected to the phytochemical analysis by the GC-MS. The obtained results are presented in chromatogram (Figure 1) and respective phytochemicals are presented in Table 3. The major Phytochemical found in the Blumea lacera extract are Isophoron, Cyclohexanol, 2-methyl-3-(1-methylethenyl)-, Phytol, hentriacontane, Undecane, Oleyl alcohol, trifluoroacetate, alpha-amyrin, beta-sitosterol and stigmasterol.
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Fig. 1.  Chromatogram of Blumea lacera extract
Table 3. Phytochemical analysis of Blumea lacera extract
	Sr.no
	R. Time
	Area %
	Name
	Molecular weight (g/mol)

	1. 
	4.163
	16.30
	Cyclohexanol, 2-methyl-3-(1-methylethenyl)-,
	194.27

	2. 
	4.841
	0.32
	2-Ethoxy-3-chlorobutane
	136.62

	3. 
	5.685
	0.06
	Propane, 1,1-diethoxy-2-methyl-
	146.22

	4. 
	11.901
	0.29
	Propane, 1,1,3-triethoxy-
	176.25

	5. 
	14.216
	    0.11
	   4H-Pyran-4-one, 2,3-dihydro-3,5-dihydroxy-6
	144.12

	6. 
	15.268
	0.12
	Naphthalene
	128.17

	7. 
	20.925
	0.21
	Tetradecane
	198.39

	8. 
	24.588
	     0.10
	2(4H)-Benzofuranone, 5,6,7,7a-tetrahydro-4,4
	180.24

	9. 
	25.582
	1.25
	alpha-amyrin
	426.7

	10. 
	25.818
	0.31
	Hexadecane
	226.44

	11. 
	26.598
	1.10
	beta-sitosterol
	414.71 

	12. 
	27.118
	2.01
	hentriacontane
	436.85

	13. 
	28.354
	1.70
	Oleyl alcohol, trifluoroacetate
	364.5 

	14. 
	28.803
	1.17
	stigmasterol
	412.7

	15. 
	30.448
	0.21
	lupeol
	426.7

	16. 
	30.615
	0.38
	lupeol acetate
	468.8 

	17. 
	32.767
	0.64
	3,4-dihydroxybenzoic acid
	154.12 

	18. 
	35.389
	1.09
	Decane
	142.28

	19. 
	37.706
	2.86
	Undecane
	156.31 

	20. 
	37.970
	6.08
	Phytol
	296.53 

	21. 
	48.722
	31.84
	Isophoron
	138.21 



3.4 Effect of Blumea lacera extract on biochemicals composition of Mackerel steaks 
The biochemical analysis of the mackerel steaks coated with different concentration of Blumea lacera extract is presented in the table 4. Initially, all samples showed nearly identical pH values, clustered tightly between 6.64 and 6.65. Over time, pH steadily declined in all concentration, indicating ongoing acidification during storage. Notably, steaks without coating and coated with 5% Blumea lacera extract experienced a more pronounced drop in pH, falling to 4.88 and 5.33 by the tenth day. However, the sample coated with 15% Blumea lacera extract, in particular, showed a decrease in pH to 5.64 after day 12 of storage. As storage time lengthens, these bases accumulate, leading to a measurable decrease in pH Kyrana et al., (1997). These findings are agreed with viji et al., (2015).
TMA values of fresh samples were low across all samples, ranging from 0.9 to 1.1 mg/100 g. As storage time progresses, TMA concentrations consistently rise, reflecting increasing spoilage. Notably, the control sample (0%) exhibits the most rapid accumulation, with TMA peaking at 18.23 mg/100 g by Day 8. Conversely, higher treatment concentrations, particularly at 15%, significantly slow TMA accumulation i.e. 18.36 mg/100 g after 12 Days storage.  The varying accumulation rates of TMA likely result from the inhibitory effects that differing concentrations exert on bacterial growth and enzymatic activity. Essentially, higher concentrations may suppress both the proliferation of bacteria and the efficiency of their enzymes, leading to fluctuations in TMA accumulation. This result is similar to Sofi et al., (2016).
Increasing trend in the TVBN was recorded during storage time. The TVBN value of control sample was 36.79 mg/100 g by Day 8. The samples coated with 15% Blumea lacera extract maintains measurable TVBN levels upto 12 day. Unalan et al., (2011) similarly demonstrated that phenolic compounds derived from pomegranate and rosemary extracts can effectively reduce TVB-N formation in halibut fillets.
Initially, all samples showed low TBARS (around 0.45 mg MDA/kg) values indicating minimal lipid oxidation at Day 0. Over time, TBARS values rise steadily, demonstrating increased lipid degradation driven by oxidative processes. Sample coated with 15% extract only 4.08 mg MDA/kg after 8 days storage and 5.18 mg MDA/kg after 12 days storage. The observed increase in TBARS levels throughout the study was primarily due to the lipid oxidation, degradation of proteins and other nitrogenous compounds (Sofi et al., 2017; Iglesias et al., (2012).
Initially PVs all samples were ranges from 1.16 to 1.19 meq O₂/kg, which was increased upto 23.46 meq O₂/kg in sample coated with 15 % Blumea lacera extract after 12 days storage.  Due to lipid oxidation the peroxide value of mackerel steaks gets increases in lower concentrations and its growth stays slow at the 15 % of the T4 treatment. This result is similar to Sofi et al., (2016). Initial FFA values was observed in the rage of 2.01 to 2.05 mg KOH/g. Sample coated with 15% extract shows 5.27 mg KOH/g after 12 days storage, while other samples were rich to this value of FFA after 10 days storage. During fish storage, the rise in free fatty acid (FFA) levels primarily results from the enzymatic hydrolysis of lipids, particularly triglycerides and phospholipids, by enzymes such as lipases and phospholipases. Similar result found in Tenyang et al., (2019).
Table 4. Effect of Blumea lacera extract on biochemicals composition of Mackerel steaks
	Parameters
	Conc. (%)
	Storage Period (Days)

	
	
	0
	2
	4
	6
	8
	10
	12
	14

	pH
	0
	6.65
	6.55
	5.92
	5.64
	4.88
	SD
	SD
	SD

	
	5
	6.64
	6.56
	5.98
	5.72
	5.43
	5.33
	SD
	SD

	
	10
	6.64
	6.39
	6.39
	6.08
	5.92
	5.74
	SD
	SD

	
	15
	6.65
	6.62
	6.47
	6.13
	5.98
	5.84
	5.64
	SD

	 TMA (mg/100 g)
	0
	1.1
	4.35
	7.58
	13.89
	18.23
	SD
	SD
	SD

	
	5
	1.0
	4.25
	7.45
	13.43
	15.78
	18.47
	SD
	SD

	
	10
	1.0
	4.27
	7.4
	13.35
	15.67
	18.26
	SD
	SD

	
	15
	0.9
	4.18
	7.27
	12.48
	14.78
	15.98
	18.36
	SD

	TVBN
(mg/100 g)
	0
	3.57
	11.97
	19.37
	25.67
	36.79
	SD
	SD
	SD

	
	5
	3.55
	11.85
	19.25
	24.35
	28.38
	36.57
	SD
	SD

	
	10
	3.53
	11.83
	19.22
	24.28
	28.33
	36.46
	SD
	SD

	
	15
	3.5
	10.58
	17.25
	23.77
	26.88
	29.65
	36.97
	SD

	TBARS (MDA/kg)
	0
	0.46
	1.97
	3.24
	4.35
	5.63
	SD
	SD
	SD

	
	5
	0.46
	1.87
	2.97
	3.65
	4.15
	5.25
	SD
	SD

	
	10
	0.45
	1.82
	2.86
	3.61
	4.11
	5.18
	SD
	SD

	
	15
	0.45
	1.75
	2.65
	3.45
	4.08
	4.98
	5.36
	SD

	Pv 
(meq O₂/kg)
	0
	1.19
	4.22
	12.47
	19.27
	21.25
	SD
	SD
	SD

	
	5
	1.18
	4.15
	11.15
	18.22
	20.25
	22.46
	SD
	SD

	
	10
	1.18
	4.08
	10.28
	15.67
	19.67
	22.97
	SD
	SD

	
	15
	1.16
	4.03
	9.75
	14.46
	17.48
	19.65
	23.46
	SD

	FFA 
(mg KOH/g)




	0
	2.04
	2.97
	3.28
	4.36
	5.14
	SD
	SD
	SD

	
	5
	2.05
	2.87
	3.15
	3.87
	4.18
	5.67
	SD
	SD

	
	10
	2.04
	2.82
	3.08
	3.77
	4.13
	5.53
	SD
	SD

	
	15
	2.01
	2.65
	2.96
	3.36
	3.87
	4.26
	5.27
	SD


SD= Sample Discarded
The data on the biochemical analysis revealed that the Mackerel steaks coated with the 15% Blumea lacera extract can be preserved up to 12 days without hampering the quality. 

3.5 Proximate composition 
The mackerel steaks coated with the different concentration of Blumea lacera extract and stored at 40C.  The stored samples were analysed for proximate composition and obtained results are presented in table 5. In fresh sample, significant increase in moisture content of all samples was recorded during storage. The moisture content was increased from 71.07% to 73.38% during storage. In the storage at 40C, decrease trend in the Protein, Fat and Ash content was recorded in all samples. In sample coated with 15% Blumea lacera extract demonstrated the higher retention in Protein (14.38%), Fat (11.34%) and Ash (1.42%) content during 12 days storage. These findings similar to finding reported by Chudasama et al., (2018)., who likewise documented a downward trend in moisture, protein, fat and ash content for refrigerated mackerel. Whereas Naik et al. (2017) also reported similar trend in the canned mackerel.  

Table 4. Effect of Blumea lacera extract on Proximate composition of Mackerel steaks
	Parameters (%)
	Conc. (%)
	Storage Period (Days)

	
	
	0
	2
	4
	6
	8
	10
	12
	14

	Moisture
	0
	71.07
	71.50
	71.95
	72.43
	72.89
	SD
	SD
	SD

	
	5
	71.09
	71.64
	72.04
	72.64
	72.97
	73.26
	SD
	SD

	
	10
	71.10
	71.79
	72.17
	72.73
	73.01
	73.23
	SD
	SD

	
	15
	71.11
	71.92
	72.13
	72.30
	72.62
	72.96
	73.38
	SD

	Protein
	0
	15.06
	14.86
	14.55
	14.15
	13.97
	SD
	SD
	SD

	
	5
	15.04
	14.93
	14.64
	14.43
	14.28
	14.15
	SD
	SD

	
	10
	15.05
	14.95
	14.83
	14.65
	14.43
	14.36
	SD
	SD

	
	15
	15.07
	14.97
	14.87
	14.77
	14.58
	14.48
	14.38
	SD

	Fat
	0
	12
	11.83
	11.65
	11.35
	11.15
	SD
	SD
	SD

	
	5
	12.01
	11.86
	11.72
	11.56
	11.36
	11.25
	SD
	SD

	
	10
	12.02
	11.93
	11.77
	11.63
	11.48
	11.38
	SD
	SD

	
	15
	12.03
	11.98
	11.84
	11.76
	11.54
	11.42
	11.34
	SD

	Ash 
	0
	1.65
	1.56
	1.46
	1.34
	1.25
	SD
	SD
	SD

	
	5
	1.64
	1.58
	1.54
	1.45
	1.38
	1.32
	SD
	SD

	
	10
	1.67
	1.61
	1.58
	1.52
	1.48
	1.42
	SD
	SD

	
	15
	1.68
	1.67
	1.62
	1.58
	1.52
	1.48
	1.42
	SD


SD= Sample Discarded

3.6 Sensory Score 
Data related Sensory scores of Mackerel steaks coated with different concentration Blumea lacera extract is presented in table 5. Average taste scores throughout storage were 7.4 (0%), 7.3 (5%), 7.9 (10%), and 7.9 (15%), indicating that higher concentrations (10% and 15%) were notably more effective at maintaining acceptable taste quality over time. The 15% concentration demonstrated the most effective Odour, starting with a score of 9.0 on day 0 and retaining even at day 12, the odour score was 6.5, representing the longest shelf life among all treatments. As storage progressed, a clear decline in color scores was observed, especially for the control (0%) and the 5% group. The control group exhibited a rapid deterioration in visual quality, with scores dropping to 5.5 by day 8. The sample coated with 15% extract concentrations produced the most effective preservation, maintaining scores of ≥8.0 through day 6, then gradually declining to 6.5 at day 12. The mackerel steaks coated with 15% extract concentration demonstrated notably superior color retention throughout the storage period compared to those with lower concentrations. The sample without coating showed notably declined in texture scores from 8 to 6 during 10 storage indicating rapid quality loss. In contrast, the sample coated with 15% extract concentration group maintained higher texture scores throughout storage. The control group initially recorded a high acceptability score of 7.8 but deteriorated up to 6.6 during 10 days storage. However, all other sample showed better sensory score for overall acceptability up to 10 days storage and the sample coated with 15% extract showed better sensory score even after 12 days storage. This trend aligns with the findings of Naik et al., (2017), who reported a similar decrease in acceptability over time. Additionally, Kapesa et al., (2024) observed comparable results with Mackerel steaks refrigerated at 4°C. Similar results were also documented by Chudasama et al., (2018) and Iheagwara, (2013) during research on mackerel preservation.





Table 5. Sensory score of mackerel steaks coated with different concentration of Blumea lacera extract
	Sensory
parameters
	Conc. (%)
	Storage Period (Days)

	
	
	0
	2
	4
	6
	8
	10
	12
	14

	Taste
	0
	8
	8
	7.5
	7
	6.5
	SD
	SD
	SD

	
	5
	8
	8
	7.5
	7.3
	7
	6.5
	SD
	SD

	
	10
	8.5
	8.5
	8
	8
	7.5
	7
	SD
	SD

	
	15
	9
	9
	9
	8.5
	7.5
	7
	7
	SD

	Odour
	0
	7.5
	7.5
	7.2
	6.5
	6
	SD
	SD
	SD

	
	5
	8
	7.5
	7
	7
	6.5
	6
	SD
	SD

	
	10
	8
	8
	7.5
	7
	7
	6.5
	SD
	SD

	
	15
	9
	9
	9
	8.5
	8
	7
	6.5
	SD

	Colour
	0
	8
	8
	7
	6.5
	5.5
	SD
	SD
	SD

	
	5
	8
	8
	7
	6.5
	6
	5.5
	SD
	SD

	
	10
	9
	8
	7.5
	7
	6.5
	6
	SD
	SD

	
	15
	9
	9
	9
	8
	7.5
	7
	6.5
	SD

	Texture
	0
	8
	8
	7.5
	7
	6
	SD
	SD
	SD

	
	5
	8
	8
	7.5
	7.5
	7
	6
	SD
	SD

	
	10
	9
	8.5
	8
	7.5
	7
	6.5
	SD
	SD

	
	15
	9
	9
	9
	8.5
	8
	7.5
	7
	SD

	Overall Acceptability
	0
	7.8
	7.8
	7.23
	6.7
	6.6
	SD
	SD
	SD

	
	5
	8
	7.8
	7.2
	7
	6.6
	6
	SD
	SD

	
	10
	8.6
	8.26
	7.7
	7.3
	7
	6.5
	SD
	SD

	
	15
	9
	9
	9
	8.3
	7.7
	7.1
	6.7
	SD


SD= Sample Discarded

3.7 Effect of different concentration of Blumea lacera extract on microbiological quality of mackerel steaks
The mackerel steaks were coated with different concentration of Blumea lacera extract, stored at 40C and subjected to microbial analysis, The results of microbial analysis is presented in table 6 and results are expressed as Log10 value. The sample without coating (Control) was recoded higher TPC count (log value) which is higher than the acceptable limits. Hence conclude the sample was spoiled on 8th days storage. The TPC count for other samples were well within the limit up to 10-day storage and the sample coated with 15% extract was even up to 12 days storage. However, no E coli growth was recorded in all samples during storage. In contrast, samples with higher concentrations consistently demonstrated lower TPC values throughout the storage period, suggesting that increased levels of phenolic accumulation may inhibit growth. Shahrier et al. (2023) shows in his research that higher concentrations of seaweed extract reduced the TPC count of the treated fish, When the concentration of plant extracts increases, there’s typically a corresponding boost in antioxidant activity. In short, higher extract levels tend to enhance both antioxidant effects and lower TPC retention.
Table 6. The Microbiological analysis of of mackerel steaks coated with different concentration of Blumea lacera extract

	Microbial
parameters
	Conc. (%)
	Storage Period (Days)

	
	
	0
	2
	4
	6
	8
	10
	12
	14

	TPC
	0
	0.88
	1.22
	2.67
	4.32
	5.65
	5.98
	6.13
	6.38

	
	5
	0.88
	1.15
	2.4
	3.76
	4.26
	5.43
	5.58
	6.27

	
	10
	0.87
	1.08
	2.3
	3.56
	4.18
	5.35
	5.65
	5.87

	
	15
	0.86
	1.05
	1.96
	3.38
	4.09
	4.87
	5.38
	5.75

	E.coli
	0
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND

	
	5
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND

	
	10
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND

	
	15
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND



CONCLUSION
The extract of Blumea lacera prepared with MAE-assisted 80% ethanol emerged as the most effective among the four primary treatments evaluated for antioxidant and antimicrobial activity. This treatment demonstrated significantly higher levels of antioxidants, antimicrobial activity, and phytochemical content compared to the other groups. Regarding mackerel steaks, application of a 15% concentration resulted in a noticeably reduced spoilage rate, allowing the mackerel steaks to remain suitable for consumption for up to 10 days during storage.
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