A COMPARATIVE ASSESSMENT OF NUTRITIONAL AND MICROBIAL QUALITY BETWEEN VALUE-ADDED FISH BURGERS AND TRADITIONAL MEAT-BASED FAST FOODS
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ABSTRACT
Background: Fast foods consumption is a growing trend among peoples worldwide, including Bangladesh. Changes in lifestyle and food habits have been bringing about this evolving shift from traditional foods. Most of them are prepared by poultry and beef meat. These contain high fat contents, salts, sugars that lead serious health problems.
Aim: The objective of this study to prepare the value-added fish products such as fish burger using Thai pangas, (Pangasianodon hypophthalmus) as raw materials for comparing with available fast food and to evaluate their proximate composition and bacterial load.
Methodology:  Fresh Thai Pangas fish were collected from the Tilagor and Majortila Bazar of Sylhet sadar. Fish burgers were made using minced fish, spices, salt, and other ingredients. The proximate composition (moisture, ash, protein, fat) of the fish burgers were determined according to AOAC (1990) guidelines. The microbial analysis comprised total plate count (TPC), total coliforms, E. coli, and Salmonella counts via the use of selective media (PCA, EMB, SS agar). The fish, chicken and beef burgers were sampled in triplicate per time point at 24-hour intervals up to 48 hours, and serial dilutions were plated for enumeration of bacteria.
Results: The analysis of the proximate composition revealed that crude protein content was significantly (P<0.05) higher in fish burgers than others two. The findings from microbial analysis revealed that Bacterial growth in the fish burger, chicken burger, and beef burger kept at room temperature quickly amplified with the increase of storage time. In this case, bacterial development rate was slower and during the 24 hours storage time the minor change was observed in TPC after that bacterial growth increased rapidly and non-significantly (P>0.05) in the fish, chicken and beef burger. Furthermore, Total Coliform (TC) of chicken burger were 1100 /100 g and the TC of fish burger and beef burger were 43/100 g and 210/100 g respectively. 
Conclusion: The findings of this study indicate that value-added fish products can be nutritious and safer options for fast food in Bangladesh.
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Fast foods, often known as ready-to-eat foods, are foods that are simple to prepare and may be easily consumed or taken away. The consumption of fast food is rapidly increasing these days (Islam et al., 2022). The reasons could be high income, increased urbanization, free home delivery, tempting ads, and an increase in the number of working women (Mohiuddin et al., 2019). In addition, due to their hurried lifestyles, young people and university students prefer fast food (Banik et al., 2020, Reuter et al., 2021). Fast food, on the other hand, allows people to eat without planning not only at predetermined mealtimes, but also when they have free time (Nusrat et al, 2022)

In Bangladesh, the most popular fast foods are sandwich, burger, pizza, French fries and so on. Among these fast foods chicken burger, beef burger is a very popular. High-fat content, particularly cholesterol, sugar and salts have their adverse effects on health. Cholesterol and salt are known to set off blood pressure, stroke and heart diseases in a chain. Excessive salts can affect the functioning of kidneys too. Excess fats and oils along with spices added to these foods act as an irritant to gastric mucosa leading to excess secretion of hydrochloric acid, landing in gastritis (Rahmatjonovna et al., 2024)
The above mentioned these macabre problems can be minimized to a great extent simply by providing alternative fast food like fish burger, fish ball, fish finger, fish stick and other surimi-based products. Because, fish is a rich source of easily digestible protein that also provides polyunsaturated fatty acids, vitamins and minerals for human nutrition (Mohanty et al., 2019). The technology for producing value-added fish products is very simple and it requires less complex machinery. Commercial fish farmers can produce this product in homestead kitchen using kitchen utensils for marketing those locally.

Bangladesh is considered as one of the best countries in the world for freshwater aquaculture due to its abundant resources and agro-climatic conditions. A subtropical climate, extensive ponds, low-lying agricultural land, and seasonal semi-closed shallow water create perfect circumstances for fish production (Shamsuzzaman et al., 2020, Ahmed et al., 2019). Bangladesh has the world's second highest freshwater fish production, after China, India (FAO, 2024). As a result, there are several opportunities for product development with mince derived from low-cost fishing resources.
Unfortunately, although value-added products prepared from beef and poultry are served to the fast-food shops in the market, value added fish products are produced in the limited amount in Bangladesh. Earlier, some studies were undertaken to produce value-added fish products from low-cost fish and marine fish (Bakhiet et al., 2024, Islam et al., 2022, Akter et al., 2013, Vanitha et al., 2013). However, Considering the above realities, the present study was carried out to compare the nutritional and microbial quality of fast foods (chicken burger and beef burger) with value-added fish products (fish burger) from pangas. In addition to nutritional and microbial quality analysis, further relevant studies also carried out to compare the fast food with value-added fish products. Utmost precaution and standard protocols seriously maintained to carry out these lab tests and other relevant investigations.
2. MATERIALS AND METHODS
2.1. Experimental site and collection of fish
This study was conducted in the different laboratories of Sylhet Agricultural University (SAU). Fresh fishes were collected from the Tilagor and Majortila Bazar of Sylhet sadar. Immediately after purchasing, the fish was preserved properly with crushed ice in an insulated box and brought to the lab.

2.2. Preparation of fish mince
The fishes were weighed and then washed with clean water, beheaded, eviscerated, skinned and washed. The skinned fishes were filleted and deboned manually in iced condition. Then the mince was prepared by a mechanical mincer through a 1 mm orifice diameter so that all bones and connective tissues were removed from the muscles. All the utensils used in the experiment were cleaned with adequate washing and kept cool 5°C. Crushed ice was used to maintain adequate temperature throughout the product preparation.

2.3. Formulation of fish burger
The ingredients used for the preparation of fish burgers are given in Table 1. The mince obtained from Thai Pangas fish muscle was ground with 2% NaCl, 2% oil, 0.6% sugar, 2% spices (onion, garlic, ginger, green chili paste and hot spices. The mixing was carried out generally for 5-7 minutes. The whole dough was stuffed into a steel frame. The size of each burger patty was (6.5 × 6 × 0.5cm). The steel frame was set on a wooden plate. Another wooden plate was fixed on the frame and held tightly with nuts and bolts to compress the material kept in the steel frame in between the two wooden plates. Then patties left for sometimes for seasoning. After seasoning, the patties were separated from the steel frame and dipped in a batter formulation. Then it was fried in dip-oil. Freshly prepared fish burgers were packed with the polyethylene bag and kept at refrigerator 5°C and room temperature 28°C.

Table 1: Ingredients of fish burger with their percentage.
	Sl. No.
	Materials
	Amount (%)

	1
	Minced fish
	55.0

	2
	Chilled water
	35.0

	3
	Chopped onion
	2.5

	4
	Onion flakes
	4.0

	5
	Vegetable oil
	2.5

	6
	Salt
	1




2.4. Proximate analysis
The proximate analysis of the samples were performed according to AOAC (1990), and (Desta et al., 2019) with minor modification. To determine dry matter and ash two crucibles taken from desiccator were marked at the bottom with the pencil for identification and weighed. Two gram of each sample in duplicate was taken on these crucibles. The samples with crucibles were dried at 105°C overnight. The crucibles were transferred to desiccator for cooling. After cooling, the dried samples with crucibles were weighed again. The dried samples and crucibles were burned on muffle furnace at 600°c for five hours. After five hours, the muffle furnace was just switched off, but the ash plus crucible was kept inside the muffle furnace for 3 hours for primary cooling. The ash plus crucible was then cooled again in the desiccator and weighed. 

For the determination of crude protein by Kjeldahl method, approximately 0.5 gm grinding samples was taken into small pieces and placing them on digestion tubes. The tubes were placed on a heater, which gradually increases the temperature to 180°C. The ventilation fan was activated, and the solution inside the Kjeldahl flask became clear green. The flask was then transferred to a FUME HOOD and switched on. A 250 ml conical flask was prepared for steam distillation. A 2% boric acid solution was added, and two drops of mixed indicator are added. The flask was placed on a distillation rack shelf, and the delivery tube was fixed to the flask. The water was then turned on, and the burner starts. The liquid sample was prepared for distillation, with 0.5g zinc powder and small glass beads placed on the flask. Sodium hydroxide solution was poured on the flask, and the flask was attached to the distillation condenser. The heating was gradually increased from 0 to 1 to 2. Distillation was continued until approximately 100ml of distillate was collected. Titration of the green distillate back was performed using 0.1N HCl. The start and end of burette readings were recorded, and the presence of crude protein (CP) on a sample was calculated.

For the determination of Ether extract (EE) with a Soxhlet extraction apparatus began with drying a boiling flask at 105°C for 1.5 hours and subsequently allowing it to cool in a desiccator before weighing and labeling. A condenser was prepared by connecting it to the water inlet and outlet pipes. A sample weighing approximately two grams was placed in a thimble with absorbent cotton on top, which was then inserted into the Soxhlet extractor. About 150 ml of diethyl ether was added to the extractor, and the apparatus was set up with the boiling flask on a heating unit and the condenser attached. The system was secured to prevent movement, and the heater was activated to ensure a drip rate of 2-3 drops per second from the condenser, typically maintaining a temperature of 35°C. The extraction was continued until the sample solution appears clear, usually taking around three hours, after which the boiling flask was detached, and the ether was allowed to evaporate. Then the flask was allowed to 25 cools in desiccator and weighed.
2.5. Microbial analysis
For the separation of specific bacteria, specific media was used. EMB-agar was used for the growth of E. coli bacteria, SS-agar was used for the growth of Salmonella sp. Lactose broths were used for total coliform count. Plate count agar (PCA) is used for total plate count (TPC). Eosin Methylene Blue (EMB) agar and Salmonella-Shigella (S-S) agar media were prepared by pouring 10 ml of each into sterile Petri dishes and solidifying them. These were incubated at 37°C overnight for sterility verification and either used for cultural characterization or stored at 4°C.
 
Fish burger, beef burger and chicken burger were randomly chosen, and from each sample were analyzed in triplicate for bacterial load determination. Samples were drawn four times within a period of 48 hours with a 24 hours interval between samplings. Each sample was prepared by taking a 25 g subsample from fish burgers, chicken burgers, and beef burgers, which were then mixed aseptically with 225 ml of sterile distilled water in a stomacher lab blender at a 1:10 ratio. The mixtures were shaken to ensure homogeneity, followed by the preparation of ten-fold serial dilutions ranging from 10-2 to 10-9 in accordance with International Standardization guidelines (Baten 2015). The diluted samples were placed in agar media, mixed thoroughly, and then incubated for 24 hours.

2.6. Data analysis 
Microsoft Excel (Analysis Tool Pack) 2023-version and SPSS v26 software was used for analysis of the experimental results. Sufficient numbers of samples were carried out for each analysis. The results were expressed as the mean ± standard deviation (SD). One-way ANOVA was performed by the Duncan test to find the significant differences between fish products and available fast foods.
3. RESULTS
3.1. Proximate composition analysis
Proximate composition of burgers from three different origins with their bread, meat and as a whole is shown in Table 2. Highly significant (P<0.05) differences were observed for dry matter (DM), crude protein (CP), ether extract (EE) and ash contents of burgers from three different origins. Dry matter ether extract and ash percentage were significantly (P<0.05) higher in beef burger than others two. Bread contained the higher amount of dry matter (71.25±0.02, 71.25±0.02, 78.29±0.31) and meat contained the higher amount of crude protein (22.19±0.29, 19.88±0.48, 14.38±0.54) ether extract (28.54±0.83, 20.30±0.51, 35.85±0.41) and ash (1.96±0.01, 2.15±0.01, 2.15±0.07). Crude protein of fish burger was significantly the highest (P<0.05).


Table 2: Proximate composition of different burger with their parts
	Types of Burgers
	Part of Burger
	DM (%)
	Ash (%)
	CP (%)
	EE (%)

	Fish
	Bread
	71.25±0.02
	0.78±0.04
	9.67±0.31
	2.15±0.27

	
	Meat
	56.52±0.65
	1.96±0.01
	22.19±0.29
	28.54±0.83

	
	Whole
	63.27±1.70
	1.56±0.18
	17.45±0.45
	13.92±0.09

	Chicken
	Bread
	71.25±0.02
	0.78±0.04
	8.70±0.23
	2.15±0.27

	
	Meat
	52.18±0.32
	2.15±0.01
	19.88±0.48
	20.30±0.51

	
	Whole
	62.37±1.08
	1.48±0.12
	13.66±0.30
	15.12±0.64

	Beef
	Bread
	78.29±0.31
	1.15±0.04
	9.67±0.31
	3.01±0.05

	
	Meat
	72.96±0.83
	2.15±0.07
	14.38±0.54
	35.85±0.41

	
	Whole
	67.69±0.40
	1.81±0.16
	12.46±0.06
	17.56±0.35

	P value
	
	0.05
	0.05
	0.001
	0.001



Notes: DM = Dry matter, CP = Crude protein, EE= Ether extract. The data are presented as mean ± SD. 


3.2. Comparison of Total Plate Count (TPC) between fish products and available fast foods.
The mean of the bacterial load was calculated as means with SD value of log (CFU/g). Bacterial load of fish burger and chicken burger and beef burger were calculated. Table 3 describes the comparison of total plate count among fish, chicken, and beef burger. Earliest bacterial load of fish burger, chicken burger and beef burger were (5.47±1.27), (6.73±0.85), (6.50±0.80) as means with SD value of log (CFU/g). Bacterial growth in the fish burger, chicken burger, and beef burger kept at room temperature quickly amplified with the increase of storage time. In this case, bacterial development rate was slower and during the 24 hours storage time the minor change was observed in TPC after that bacterial growth increased rapidly and non-significantly (P>0.05) in the fish, chicken and beef burger. Among these burgers, the bacterial growth indicated that chicken burgers were fewer edible than fish burgers and beef burgers. Because at all storages temperature (0 hour,24 hours and 48 hours) chicken burgers contained higher amount of bacteria. The data of Table 5 also indicated that chicken burgers were spoilt at first and fish burgers were spoilt at last among these burgers.



Table 3: Comparison of total plate count among fish, chicken and beef burger.


	

Storage temperature
	

Storage period
	
Fish burger
	
Chicken burger
	
Beef burger
	


p-value

	
	
	means with SD value of log(CFU/g)
	means with SD value of log(CFU/g)
	means with SD value of log(CFU/g)
	

	


28˚c
	0 hour
	5.47±1.27
	6.73±0.85
	6.50±0.80
	0.32162

	
	24
hours
	8.60±0.90
	8.77±0.85
	8.73±0.85
	0.977613

	
	48
hours
	14.47±0.75
	14.60±0.90
	14.60±0.85
	0.975066



   Notes: The data are presented as mean ± SD.

3.3. Comparison of Total Coliform between fast food and fish products
For the estimation of total coliform followed the FDA approved Most Probable Number (MPN) index (Baten et al., 2015). The Figure 1 shows that TC of chicken burger were 1100 /100 g and the TC of fish burger and beef burger were 43/100 g and 210/100 g. Chicken burger contained higher TC than fish products and beef burger respectively.


Figure 1: Comparison of total coliform between fast food and fish product


4. DISCUSSION
4.1. Proximate composition analysis
Crude protein in the fish burger was the highest, with a significant difference (P<0.05). (Islam et al., 2021) reported that the protein content ranged from 17 to 19% in the fish burger. Since burgers are eaten for their protein, the higher protein level in the fish burger makes it superior to the other two burgers. The beef burger had a very high fat content, although its fatty acid makeup was not analyzed. It mainly contained saturated fatty acids (Chowdhury et al., 2021), which can be harmful to our health. The higher fat content in the beef burger compared to regular beef suggests that extra fat was added during its preparation. Many commercial burger makers use palm oil, which can further harm health. Therefore, it is important to ensure that no palm oil is added when making the fish burger. In this study, the burgers were homemade, so no palm oil was used.

4.2. Comparison of bacterial load between fish products and fast foods
The earliest bacterial load of fish burger was (5.47±1.27) as log CFU/g. Bacterial growth in fish burger kept at room temperature quickly amplified (P>0.05) with the increase of storage time and within 24 hours TPC increased to (8.60±0.90) as log CFU/g, after 48 hours it was (14.47±0.75), respectively as log CFU/g. In this case, bacterial development rate was slower and during the 24 hours storage time minor change observed in TPC, after that bacterial growth gradually increased.
The results of the earliest bacterial growth is approximate with the results of (Mondol et al., 2015). The author estimated that the bacterial load of fish burger developed from Pangasius sutchi stored at room temperature. The author recorded bacterial load of fresh fish burger was (4.73±0.54) as log (CFU/g) at priliminary stage and (6.60±0.25) as log (CFU/g) at 24 hours at room temperature.
Likewise, the bacterial growth in chicken burger kept at room temperature quickly amplified with the increase of storage time and throughout 24 hours and 48 hours the mean Log (CFU±SD) of TPC were (8.77±0.85) and (14.60±0.90),respectively in the chicken burger. The outcomes of this study was discarded with the outcomes of (Assanti et al., 2021). They observed that relatively lower TVC 3.19 as log(CFU/g) was in chicken burgers.
Correspondingly, the initial bacterial load of the beef burger was estimated (6.50±0.80). At room temperature, bacterial growth swiftly escalates with the increase of storage time and within 24 hours TPC increased to (8.73±0.85), and after 48 hours these values reached to (14.60±0.85). The findings after 24 hours differed from the bacterial growth of 48 hours and it was observed unsatisfactory in context of the findings of (Aalaa et al., 2024).
4.3. Comparison of Total Coliform Count between fast food and value added fish products
Chicken burgers contained higher TCC than fish and beef burger. Because the food makers don’t maintain the health safety rules during the preparation of chicken burgers. On the other hand, fish burgers are prepared in hygienic way. Though the beef burgers are prepared in hygienic way too, the beef burger’s makers use different additives for which beef burgers contaminated faster than fish burgers.
5. CONCLUSION 
The present research carried out to compare the nutritional and microbial quality of fast foods (chicken burger and beef burger) with value-added fish products (fish burger). In addition to nutritional and microbial quality analysis, further relevant studies also carried out to compare the fast food with value-added fish products. The study of shelf life of value added fish products and other fast food provided the complete picture of proximate composition, bacteriological profiles of these products stored at room temperature 28°C. This study offers new opportunities to replace chicken and beef fast foods with low cost value added fish products (Fish burger).
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