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ABSTRACT 

	
Aims: The study aimed to develop dried pasta fortified with pink perch meat powder (5–12.5%) to enhance nutritional quality. Pasta samples with control were packed in HDPE and M-PET-PE and stored at ambient temperature for 120 days.
Place and Duration of Study: Department of Fish Processing Technology and Microbiology College of Fisheries, Ratnagiri between February -June 2025.
Methodology: A Kent pasta maker was used to manufacture fresh macaroni-shaped pasta using fish flesh powder (0–12.5%) and semolina. Before extrusion, ingredients were combined with warm water (38 ml/100 g at 45 °C) and blended for 15 to 20 minutes. After five hours of drying at 50 ± 5 °C in a cabinet dryer, the pasta was cooled and packed in HDPE and M-PET-PE. For examination, five formulations (100:0, 95:5, 92.5:7.5, 90:10, and 87.5:12.5) were kept at room temperature.
Results: The nutritional evaluation observed a significant improvement in Protein, fat, and ash (14.30–20.50%, 2.21–3.00%, 1.53–3.1%) with reduced carbohydrate and moisture. PV, FFA, TMA-N, TVBN, and microbial counts rose during storage, with T3 (10% fish powder in M-PET-PE) showing better stability. T3 had firmness 25.65 N, swelling index 2.4 g/g, water absorption 126.46 g/100 g, cooking time 9.28 min, and cooking loss 7.02 g/100 g. Sensory evaluation rated T3 highest.
Conclusion: The study concluded that pasta fortified with 10% pink perch powder and packed in M-PET-PE exhibited improved nutritional quality and storage stability, highlighting its potential in developing protein-enriched functional pasta products.
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1. INTRODUCTION 

Pasta is second most consumed staple food throughout the world generally made with the basic ingredient’s wheat flour or semolina and water (Kill and Turnbull, 2008; Romano et al. 2021). In 2023, 17 million tons of pasta was produced in 52 countries and the highest pasta production country was Italy (3.9 million tons) followed by USA, Turkey and Egypt. In terms of consumption, Italy stands first it was 23.3 kg per capita (International Pasta Organisation, 2024). Carbohydrate is the important source of energy for humans, and cereals, pulses, and tubers are the main dietary sources of it. Pasta is a ready -to- eat food made from durum wheat and water through the use of cold extruder. Different dyes are applied to make the pasta diverse in shape (Kumar et al.2021). Pasta mainly consists of carbohydrate (70-76%), protein (~10–14%), lipids (~1.8%), dietary fibre (~2.9%) and little amount of minerals and vitamins (Sissons, 2022). Pasta has characteristics of bright yellow appearance, adequate gluten, protein content and moisture content of 13.5%–14.5% (Fuad and Prabhasankar, 2010). Pasta contains low protein and complex carbohydrate with low glycemic index (Messia et al. 2021) which help to reduce the effect of cardiovascular, diabetes and neurodegenerative disease (Desai et al. 2018). Pasta is easy to handle, store, prepare and low cost therefore it can be excellent source for incorporation of alternative bioactive compound. (Ainsa et al. 2021). 
Fish is important source of healthy and balanced diet and its consumption has been linked for ages with many health advantages (Weichselbaum et al. 2013). Fish provides protein, lipid, vitamins and minerals which fulfill the nutritional requirements of human being. It performs a major role in human diet which contributing world’s population with at least 20% of their protein consumption (Mohanty et al. 2019). Proteins derived from fish provide all the necessary amino acids and are especially rich in the essential amino acids such as lysine and leucine. The majority of seafood proteins have a digestibility rate of over 90%, making the essential amino acids in marine proteins highly accessible to the human body (Dale et al. 2019). Fish lipid contains omega -3 fatty acids such as eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA). This omega-3 fatty acids are beneficial to prevent coronary artery diseases, hypertension, diabetes, arthritis and other inflammatory disorders as well as cancer. To acquire cardio protective effect, the American Heart Association (AHA) suggested to consume a minimum of two fish serving per week that gives long chain n-3 polyunsaturated fatty acid (PUFA) of 200 mg/day (Desai et al. 2018). Fish is source of micronutrients such as vitamins (A, D, B6 and B12) and minerals (iron, zinc, iodine, selenium, potassium, and sodium) (Anbudhasan et al. 2014).  
Pasta having low protein content because limited presence of essential amino acids. According to El-Sohaimy et al. (2020), proteins are a crucial macronutrient in the human diet because they provide amino acids needed for growth and maintenance. Pasta must be enriched with protein-rich foods such as meat (Liu et al. 2016), seaweed (Ainsa et al. 2022), cod and salmon fish (Desai et al. 2018), Pangas fish protein isolate (Saini et al. 2024), multigrain (Kamble et al. 2020), mustard protein isolate (Sadeghi & Bhagya, 2008), chickpea flour, and protein isolate (El-Sohaimy et al. 2020). When Liu et al. (2016) added beef emulsion to pasta, it improved the pasta's gluten network and raised its protein and fat content. 
The quality of dried pasta depends on various factors including temperature, humidity and packaging condition. Dried pasta can be stored for longer duration as compared to the fresh pasta, at ambient temperature as fresh pasta absorbs the moisture from air, causing clump together and develop mold. Several researchers carried out works on storage study of multigrain pasta (Kamble et al. 2020) tilapia fish pasta (Monteiro et al. 2016),Sea bass and Tuna fish pasta (Ainsa et al. 2021) and seaweed pasta (Ribeiro et al. 2021). Kamble et al. (2020) studied that shelf life of pasta packed in HDPE package which stored at 28°C and 38°C was 246 days and 75 days, respectively. Biaxially oriented polypropylene (BOPP) packed pasta shelf life observed that 156 days at 28°C and 56 days at 38°C. Monteiro et al. (2016)investigated that pasta enriched with tilapia (Oreochromis niloticus) flour was stored at 25°C for 21 days. Therefore, the aim of the present study is to develop dried pasta from pink perch (Nemipterus japonicus) meat powder and stored it an ambient temperature using suitable packaging material.

2. MATERIAL AND METHODS 

2.1 Raw material
Fresh pink perch (Nemipterus japonicus) fish was purchased from the Mirkarwada landing center, Ratnagiri. Fish was stored in deep freezer at -18℃ until further use. Semolina was brought from Ratnagiri local market.
2.2 Method 
2.2.1 Preparation of fish powder
The pink perch (Nemipterus japonicus) was cleaned, descaled, beheaded, eviscerated, and washed with potable water. The dressed fish was boiled in boiling water (100℃) for ten minutes. The cooked meat was separated thoroughly by hand picking to remove the fish's skin and bones. The excess water was squeezed out with muslin cloth. The boiled meat was dried in a cabinet dryer (Quality Instruments and Equipment, India) at 45°C for 6 hours. The dried meat was ground to a powder in a domestic mixer (TTK Prestige Limited, India) and sieved through a suitable 0.5 mm mesh screen (Majumdar and Singh, 2014). The dried powder was stored at room temperature in an HDPE bag for future use.
2.2.2 Standardization of fish powder and semolina in pasta:
Fish powder was incorporated in pasta in experiment 1 by replacing the semolina with different percentage such as 0% (FP1) 5 %(FP2), 10%(FP3), 15%(FP4), 20%(FP5). Pasta was prepared using above concentration and organoleptically evolved. According to organoleptic evaluation score fish pasta with 10% fish powder (F2) was selected. According to panellist suggestions, the pasta was prepared from near concentration ratio of selected pasta. The selected concentration for storage study were 5 %, 7.5%, 10%, 12.5%. (Table 1)
Table 1. Standardized combination of semolina and fish powder used to prepare pasta on percentage basis
	Pasta
	Quantity (g/ml)

	
	Semolina flour (g)
	Fish powder (g)

	Semolina control 
	100
	0

	Semolina + 5 % FP
	95
	5

	Semolina + 7.5 % FP
	92.5
	7.5

	Semolina + 10 % FP
	90
	10

	Semolina + 12.5 % FP
	87.5
	12.5



2.2.3 Preparation of fish powder incorporated pasta
The pasta was made using the Kent pasta maker machine, which is an automatic device that mixes all necessary ingredients to create fresh pasta. Prior to assembling the pasta machine, the removable components were thoroughly washed with water. Once all containers had dried completely, the machine was put together. Ingredients, including semolina and 38 ml of water per 100g (at 45 °C), were added. Additionally, a mixture incorporating fish meat powder was prepared at concentrations of 5%, 7.5%, 10%, and 12.5%. Following the manufacturer’s instructions, the ingredients were blended for 15 to 20 minutes. Fresh macaroni-shaped pasta was extruded and cut using a cutter. The pasta was then dried in a cabinet dryer at a temperature of 50 ± 5 °C for a duration of 5 hours (Saini et al., 2024). Once dried, the pasta was allowed to cool to room temperature and was then packed in HDPE (High-Density Polyethylene) and metallized polyester polythene (M-PET-PE). The packed pasta was stored at room temperature for subsequent analysis. Five pasta formulation were prepared in the ratios (Semolina/ fish powder) of 100:0, 95:5, 92.5:7.5, 90:10, 87.5:12.5.
2.2.4 Proximate composition of pasta fortified with different concentrations of fish powder
[bookmark: _gjdgxs]The moisture, crude protein, crude fat and ash content of prepared fish powder and pasta prepared with or without incorporated fish powder were determined using standard method (AOAC, 2005).
2.2.5 Storage study 
2.2.5.1 Protein content 
During storage period, the sampling was carried out at 15 days of interval. The protein was analyzed according to standard method (AOAC, 2005).
2.2.5.2 pH
During storage period, the sampling was carried out at 15 days of interval. The protein was analyzed according to standard method (AOAC, 2005).
2.2.5.3 TVBN (Total Volatile Base Nitrogen)
TVB-N was determined by the method of Beatty & Gibbons (1937). Weigh 10 g sample, add 20 ml 20% TCA, homogenize, and filter through Whatman No. 1 into a 50 ml volumetric flask, repeating extraction until volume is 50 ml. In the Conway unit, place 1 N/70 H₂SO₄ with Tashiro’s indicator in the inner chamber. Add 1 ml TCA extract to the outer chamber, then 1 ml potassium carbonate, cover, and incubate overnight at room temperature or at 37 °C for 90 min. Titrate inner chamber contents with N/70 NaOH to endpoint. Run a blank with 1 ml of 2% TCA.
TVB-N (mg/100g) =V×0.2×50×100



W


2.2.5.4 Free Fatty Acid (FFA)
FFA was determined following AOAC (2005). About 25 g of sample was ground with anhydrous sodium sulphate in a mortar and pestle until dehydrated, then transferred to a conical flask. Chloroform was added, mixed well, and the mixture filtered through Whatman No. 1 paper. From the filtrate, 20 ml was taken and evaporated on a water bath to dryness. After cooling, 10 ml of neutral alcohol and a drop of phenolphthalein were added, then titrated with N/100 NaOH until a faint pink colour persisted for 1 minute. Fat content in the chloroform extract was determined by evaporating a weighed portion in a pre-weighed petri dish to dryness and recording the weight difference.V×0.01×0.28×100
W

Free Fatty Acid (% as oleic acid) =        
2.2.5.5 Determination of physical properties of pasta
2.2.5.5.1 Optimal cooking time (OCT)
The optimum cooking time was evaluated using the AACC (2000). 10 g of pasta was cooked in 200 millilitres of boiling water (90℃). For every 30s, pasta strands were removed and squeezed between two transparent glass sides. The optimum cooking time was recorded when the starch core was completely disappeared. The test was carried out in triplicate form.
2.2.5.5.2 Swelling index (SI) and water absorption index (WAI)
The swelling index (SI) of cooked pasta (g water/ g dry pasta) was estimated using method described by Desai et al. (2018).  A 10 g of cooked pasta samples were cooked, weighted and dried at 105℃ upto the constant weight was obtained.
Swelling index (SI) = ( Weight of cooked pasta (g)) / (Weight of pasta after drying (g) )
The water absorption index was determined asX 100
Water absorption index (WAI) =



                                                           weight of cooked pasta – weight of uncooked pasta  
                                                                                 Sample of weigh
2.2.5.5.3 Colour analysis
Colour measurement of uncooked pasta was carried out using the tristimulus color analyser by Hunter labscan XE (Hunter Lab Model No 2500 L). For colour analysis the pasta was cooked to the cooking time, drained and left to stand for 5 minutes at room temperature. The result of colour analysis i.e. brightness, redness and yellowness were represented as L*, a*, and b*. Before testing, the instrument was calibrated using standard white tile (L* = 98.03, a* = -0.23, b* = 0.25). 
2.2.5.6 Texture analysis
Pasta’s textural properties like firmness were analysed using method given by Desai et al. (2018). Texture analyzer with suitable cylindrical probe with diameter 75 mm diameter used for analysis purpose. For analysis of firmness of dried pasta, one pasta strand was loaded on the platform. Test was carried out with single cycle test mode and test parameters set to 40% compression, initial speed 2 mm/s, test speed 2 mm/s, retract speed 10 mm/s, trigger force 0.0049 N and data rate 200 pps.
[bookmark: _30j0zll]2.2.5.7 Sensory analysis
Sensory analysis of pasta was evaluated using ‘1 to 9’ point hedonic scale (Appendix -I). In that characteristic such as appearance, colour, odour, texture, taste, and overall acceptability was evaluated by group of semi- trained panellist during organoleptic evaluation (Hough, 2010).
2.2.5.8 Statistical analysis
The research experiment was carried out in triplicate. The ‘Repeated measures test’ was used to determine the significant difference between treatments and packaging material The one- way ANOVA used for determined the significant difference between the treatments (Snedecor and Cochran, 1967).
3. RESULTS AND DISCUSSION
3.1 Proximate composition of pink perch (Nemipterus japonicus) meat powder.
[bookmark: _1fob9te]The proximate composition of pink perch meat powder was carried out. The fish powder exhibited protein content of 87.65%, moisture content 8.01%, fat content 1.32% and ash content 3.02%. Similarly, Desai et al. (2018) reported that moisture 7.92 ± 0.07%, protein was 88.75 ± 0.00%, fat content was 1.37 ± 0.02% and ash content was 5.94 ± 0.08% was observed in fish powder from Pseudophycis bachus fish. Majumdar & Singh, (2014) prepared fish powder from Indian major carp (Labeo rohita) and observed 7.09% moisture, 82.53% protein, 5.5% fat, 1.67% of carbohydrate and 3.21% ash content in fish powder.
3.2 [bookmark: _3znysh7]Standardization of fish powder concentration in semolina pasta
Pasta was prepared with different combination of fish: semolina such as 0% (T0), 5% (T1), 10% (T2), 15% (T3), 20% (T4) (Desai et al. 2018) According to the results of sensory evaluation, pasta with 10% (T2) concentration had highest sensory scores (Mean± SD). The ‘ANOVA’ result showed that T2 was significantly different (p<0.05) from T0, T3 and T4 in terms of appearance, colour, odour, taste and overall acceptability (Table 2).
Table 2 Mean sensory scores of pasta prepared from different ratio of fish powder to semolina 

	[bookmark: _2et92p0]Sr. No.
	Sensory characteristics
	Concentration of fish powder: semolina

	
	
	T0
(0:100)
	T1
(5:95)
	T2
(10:90)
	T3
(15:85)
	T4
(20:80)

	1.
	Appearance
	8.20±0.63ab
	8.4±0.51a
	8.6±0.51a
	7.6±0.51bc
	7.00±0.80c

	2.
	Colour
	8.10±0.73ab
	8.30±0.67ab
	8.50±0.52a
	7.70±0.48bc
	7.30±0.67c

	3.
	Odour
	8.10±0.73ab
	8.20±0.78ab
	8.60±0.51a
	7.5±0.52bc
	7.20±0.63c

	4.
	Texture 
	7.50±0.52b
	7.80±0.62ab
	8.30±0.48a
	8.10±0.56ab
	7.90±0.73ab

	5.
	Taste 
	8.00±0.47ab
	8.30±0.67a
	8.60±0.51a
	7.50±0.52bc
	7.20±0.75c

	6.
	Overall acceptability 
	8.10±0.73ab
	8.40±0.51a
	8.60±0.51a
	7.90±0.6ab
	7.60±0.65b


Result in the table represent the Means ± SDa-c   values in the same row followed by different superscripts are significantly different (p<0.05) (n=10).

3.3 Standardized fish powder concentration in semolina pasta
The highest sensory scores were obtained by pasta containing 10% (T2) pink perch (Nemipterus japonicus) meat powder, as opposed to 0% (T0), 5% (T1), 15% (T3), and 20% (T4)(Table 3). According to the panelists, higher fish powder concentration enhanced the fishy taste and smell, which made it less acceptable. As more fish powder was added, the texture improved and the colour darkened. In terms of colour, texture, taste, odour, and general acceptability, the 10% level received the highest scores. 10% was selected for storage studies as the closest permissible concentration in the standardization trial (T0–T4). According to Saini et al. (2024), semolina pasta prepared with replacing fish protein isolate at 0, 2.5, 5, 7.5 and 10/ 100g. They found that increasing the concentration of FPI showed enhanced the colour. The fish aroma, taste, flavour also increased by addition of FPI which is not accepted by panellist. The pasta with 5% FPI showed most preference as compared to other concentration of pasta. Laishram (2024) reported that pasta with 5% fish protein hydrolysate (FPH) had the highest overall acceptability, while 20% FPH had the lowest. The study concluded 5% FPH pasta was most preferred.
Table 3 Mean sensory scores of pastas prepared with standardized concentrations of fish powder to semolina
	Sr. No.
	
	Concentration of fish powder: semolina

	
	
	T0
(0:100)
	T1
(5:95)
	T2
(7.5:92.5)
	T3
(10:90)
	T4
(12.5:87.5)

	1.
	Appearance
	8.3±0.48b
	8.4±0.52ab
	8.7±0.48ab
	8.9±0.32a
	8.2±0.42b

	2.
	Colour
	8.3±0.48ab
	8.5±0.53ab
	8.4±0.52ab
	8.8±0.42a
	8.1±0.32b

	3.
	Odour
	8.5±0.53ab
	8.3±0.48ab
	8.4±0.52ab
	8.6±0.52a
	7.9±0.74b

	4.
	Texture 
	7.9±0.57b
	8.1±0.74ab
	8.3±0.67ab
	8.7±0.48a
	8±0.67ab

	5.
	Taste 
	7.9±0.57b
	8.1±0.74ab
	8.3±0.67ab
	8.8±0.48a
	8±0.67b

	6.
	Overall acceptability 
	7.8±0.63b
	8.1±0.88ab
	8.4±0.7ab
	8.9±0.32a
	7.9±0.74b


Result in the table represent the Means ± SDa-b   values in the same row followed by different superscripts are significantly different (p<0.05) (n=10).

3.4  Proximate composition of pasta fortified with different concentrations of fish powder
The moisture and carbohydrate content showed decreased while protein, ash and fat showed increasing trend by addition of fish powder concentration. (Table 4) Similarly, Monteiro et al. (2016) found the decreased (p<0.05) in moisture (7.69±0.28 % to 4.42±0.22%) and carbohydrate content (72.28±1.24% to 40.83±0.94%) of pasta prepared with tilapia flour concentration. Also, it was observed that protein (15.77±0.84% to 47.91±0.11%) lipid (3.21±0.17% to 5.45±0.28%) and ash (0.69±0.03% to 2.06±0.06%) content was increased (p<0.05) in pasta by addition of tilapia fish powder. In contrast to above result Saini et al. (2024) showed that no significant effect in moisture content and fat content in pasta samples by increased in fish protein isolate (FPI) concentration in pasta samples. But it was observed that protein content of pasta has significantly (P<0.05) increased with the addition of FPI concentrations. Ash content was showed increased significantly (p<0.05) with addition of FPI concentrations. While, carbohydrate content was showed in the decreasing trend. 







Table 4 Proximate composition (%) of dried pasta prepared from combinations of  semolina and pink perch meat powder.

	Parameters
	T0
	T1
	T2
	T3
	T4

	Moisture (%)
	6.01±0.01a
	5.9±0.01b
	5.85±0.01c
	5.77±0.01d
	5.70±0.01e

	Protein (%)
	12.21±0.01e
	14.30±0.01d
	16.49±0.01c
	18.57±0.01b
	20.50±0.01a

	Fat (%)
	2.0±0.01e
	2.21±0.01d
	2.39±0.01c
	2.61±0.01b
	3.0±0.01a

	Ash (%)
	0.5±0.01e
	1.53±0.01d
	2.64±0.01c
	2.7±0.02b
	3.1±0.01a

	Carbohydrate (%)
	79.28±0.01a
	76.11±0.01b
	72.63±0.01c
	70.4±0.01d
	67.70±0.01e


T0, T1, T2, T3 and T4 pasta prepared with 0, 5, 7.5, 10 and 12.5g of fish powder/100 g of semolina flour. T0: control pasta.
Results in the table represents the mean of triplicate measurements. Mean ± SDa-e values   in the same row followed by different superscript are significantly different (p<0.05) (n=3), according to Tukey’s test

3.5 Storage study
3.5.1 Protein content
During storage, protein content (%) decreased in control (T0) and fish-based pasta (T1–T4) (Table 5).The selected T3 M-PET-PE packed pasta showed 17.96 ± 0.01% protein compared to control. Similarly, Verma et al. (2015b) reported a decrease in protein content during storage in both control and meat pasta. For control pasta, it decreased from 12.16 ± 1.48% to 11.44 ± 1.60%, and for chicken meat pasta from 21.06 ± 1.39% to 20.57 ± 1.51% in 30 days, though changes were non-significant (p < 0.05). However, control and treatment values differed significantly (p < 0.05). Protein loss was linked to oxidative reactions increasing carbonyl compound formation. The M-PET-PE packed pasta showed slower protein degradation than HDPE-packed pasta.
3.5.2 pH
In this study, pH increased with higher fish powder concentration in pasta but showed a significant (p<0.05) decrease during storage. On day 0, HDPE- and M-PET-PE-packed pasta had pH values of 6.6±0.01 to 6.85±0.01, decreasing over 120 days to 6.22±0.02–6.39±0.01 (T1–T4) as compared to control 6.02±0.02 for HDPE, and 6.28±0.02–6.46±0.09 as compared to control 6.2±0.01 for M-PET-PE. Two-way analysis showed significant (p<0.05) differences between packages. (Table 6) Monteiro et al. (2016) found similar trends in tilapia flour pasta, with pH decreasing (p<0.05) after day 7 due to organic acid production. Kimura et al. (2017) reported pH ranges of 6.45–6.56 with tuna–tilapia mix, while Vimercati et al. (2020) observed no significant pH changes, suggesting no acid formation.


3.5.3 Total Volatile Base Nitrogen (TVBN)
In this study, TVBN (mg/100g) values increased for control (T0) and fish-based pasta (T1–T4).Control pasta showed no TVBN during storage in both HDPE and M-PET-PE.
On day 0, HDPE- and M-PET-PE-packed pasta had TVBN of 12.18±0.01–12.48±0.01 mg/100g.By day 120, HDPE-packed pasta increased  to 17.23±0.01–17.62±0.01 mg/100g, and M-PET-PE to 16.94±0.02–17.46±0.01mg/100g. Two-way analysis showed significant (p<0.05) differences between packages and treatments over time (Table 7) Baraiya et al. (2024) and Gedam et al. (2024) also reported significant TVBN increases in protein-enriched and packed pasta products. The increased in TVBN was linked to protein breakdown and nitrogen compound release by bacterial activity. Higher TVBN in HDPE-packed pasta was due to its lower oxygen barrier, promoting bacterial growth.
3.5.4 Free Fatty Acid



In this study, FFA (% as oleic acid) increased during storage for control (T0) and fish-based pasta (T1–T4). On day 0, HDPE- and M-PET-PE-packed pasta had FFA of 0.36±0.01–0.45±0.01%.By day 120, HDPE-packed pasta increased to 0.76±0.01–0.84±0.01% (T1–T4) vs. control 0.71±0.01, and M-PET-PE to 0.71±0.02–0.79±0.02% vs. control 0.69±0.01. Two-way analysis showed significant (p<0.05) differences between packages and treatments (Table 8). Anbudhasan & Alagarsamy (2014) found FFA increased significantly, with fish pasta showing highest values. Verma et al. (2015a) also reported significant rises in control and chicken meat noodles during 30 days. Kamble et al. (2020) observed higher FFA at accelerated temperatures, with packaging affecting levels. In this study, HDPE-packed T3 pasta had higher FFA than M-PET-PE-packed T3 due to lower oxygen barrier. FFA increase was attributed to oxidative degradation of unsaturated fats.
FFA above 1.5% oleic acid is considered unacceptable for consumption (Kamble et al. 2020).

Table 5 Changes in proximate composition of pasta during storage period at ambient temperature.
	Parameter 
	P
	Storage period

	
	
	0
	15
	30
	45
	60
	75
	90
	105
	120

	Protein (%)
	HT0
	12.21±0.02f
	11.95±0.01g
	11.85±0.01i
	11.79±0.01h
	11.68±0.01f
	11.52±0.01j
	11.36±0.01i
	11.27±0.01g
	11.18±0.02h

	
	MT0
	12.21±0.01f
	12.00±0.01f
	11.90±0.01h
	11.82±0.01h
	11.71±0.01f
	11.59±0.01i
	11.40±0.01h
	11.31±0.01g
	11.26±0.01g

	
	HT1
	14.30±0.01e
	14.15±0.01e
	14.04±0.01g
	13.98±0.01g
	13.92±0.01e
	13.81±0.01h
	13.78±0.01g
	13.70±0.01f
	13.63±0.02f

	
	MT1
	14.30±0.01e
	14.19±0.01e
	14.10±0.01f
	14.00±0.01g
	13.91±0.01e
	13.85±0.01g
	13.80±0.01g
	13.73±0.01f
	13.67±0.01f

	
	HT2
	16.49±0.02d
	16.38±0.02d
	16.30±0.01e
	16.25±0.01f
	16.20±0.01d
	16.10±0.02f
	16.02±0.02f
	15.92±0.02e
	15.87±0.01e

	
	MT2
	16.49±0.01d
	16.42±0.02d
	16.36±0.02d
	16.29±0.01e
	16.20±0.01d
	16.14±0.01e
	16.08±0.01e
	15.98±0.01e
	15.90±0.01e

	
	HT3
	18.57±0.01c
	18.46±0.01c
	18.38±0.02c
	18.28±0.02d
	18.24±0.02c
	18.14±0.02d
	18.01±0.01d
	17.95±0.01d
	17.87±0.02d

	
	MT3
	18.57±0.01c
	18.50±0.01c
	18.41±0.01c
	18.35±0.01c
	18.27±0.01c
	18.20±0.02c
	18.11±0.01c
	18.02±0.02c
	17.96±0.01d

	
	HT4
	20.50±0.01b
	20.41±0.02b
	20.35±0.01b
	20.24±0.02a
	20.20±0.01b
	20.14±0.01b
	20.08±0.02b
	20.07±0.01a
	19.96±0.02a

	
	MT4
	20.50±0.02a
	20.48±0.01a
	20.42±0.01a
	20.39±0.01b
	20.80±0.01a
	20.24±0.01a
	20.18±0.02a
	20.10±0.01c
	20.01±0.02c


T0, T1, T2, T3 and T4 pasta prepared with 0, 5, 7.5, 10 and 12.5g of fish powder/100 g of semolina flour. T0: control pasta, T1 to T4: Fish based pasta
Result in the table represented the mean of triplicate measurement. Mean± SDa-j values in same column followed by different superscript are significantly different (p<0.05). HDPE and M-PET -PE pasta showed significance difference throughout storage study (p< 0.05) (H: HDPE, M: M-PET-PE) P: Packaging material


[bookmark: _tyjcwt]


Table 6 Changes in pH of pasta packed in HDPE and M-PET-PE during storage period at ambient temperature
	Samples 
	pH

	
	Storage period (Days)

	
	0
	15
	30
	45
	60
	75
	90
	105
	120

	HT0
	6.6±0.01a
	6.52±0.01f
	6.46±0.02d
	6.38±0.01a
	6.33±0.02f
	6.28±0.02e
	6.23±0.03f
	6.15±0.02e
	6.02±0.02f

	MT0
	6.6±0.02a
	6.55±0.01ef
	6.49±0.01d
	6.43±0.01e
	6.38±0.02ef
	6.35±0.02d
	6.3±0.01e
	6.26±0.01f
	6.2±0.01e

	HT1
	6.68±0.01c
	6.59±0.02de
	6.51±0.02d
	6.46±0.01e
	6.4±0.02e
	6.37±0.01d
	6.31±0.02e
	6.27±0.01f
	6.22±0.02e

	MT1
	6.69±0.01c
	6.63±0.02d
	6.59±0.01c
	6.52±0.02d
	6.48±0.02d
	6.42±0.01d
	6.37±0.01d
	6.32±0.01e
	6.28±0.02d

	HT2
	6.76±0.01c
	6.59±0.02de
	6.51±0.02d
	6.48±0.01e
	6.45±0.02e
	6.41±0.01c
	6.35±0.02c
	6.30±0.01f
	6.32±0.02e

	MT2
	6.76±0.02b
	6.71±0.03c
	6.68±0.01b
	6.62±0.02c
	6.57±0.01c
	6.5±0.02b
	6.44±0.02c
	6.37±0.01d
	6.34±0.02c

	HT3
	6.82±0.01a
	6.75±0.01bc
	6.69±0.02b
	6.61±0.02c
	6.58±0.02bc
	6.5±0.01b
	6.43±0.01c
	6.38±0.01cd
	6.3±0.02cd

	MT3
	6.82±0.01a
	6.78±0.01ab
	6.71±0.02ab
	6.68±0.0b
	6.62±0.02ab
	6.58±0.02a
	6.5±0.01b
	6.47±0.02b
	6.4±0.01b

	HT4
	6.85±0.01a
	6.79±0.01ab
	6.72±0.02ab
	6.67±0.02ab
	6.6±0.02bc
	6.57±0.01a
	6.52±0.02b
	6.41±0.01c
	6.39±0.01b

	MT4
	6.85±0.01a
	6.81±0.01a
	6.75±0.03a
	6.71±0.01a
	6.66±0.01a
	6.6±0.02a
	6.57±0.02a
	6.52±0.01a
	6.46±0.03a


 T0, T1, T2, T3 and T4 pasta prepared with 0, 5, 7.5, 10 and 12.5g of fish powder/100 g of semolina flour. T0: control pasta, T1 to T4: Fish based pasta
Result in the table represented the mean of triplicate measurement. Mean± SDa-j values in same column followed by different superscript are significantly different (p<0.05). HDPE and M-PET -PE pasta showed significance difference throughout storage study (p< 0.05) (H: HDPE, M: M-PET-PE)






Table 7 Changes in Total Volatile Base Nitrogen (TVBN) of pasta packed in HDPE and M-PET-PE during storage period at ambient temperature.
	Samples 
	Total volatile base nitrogen

	
	Storage period (Days)

	
	0
	15
	30
	45
	60
	75
	90
	105
	120

	HT0
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND

	MT0
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND
	ND

	HT1
	12.18±0.01d
	13.05±0.01de

	13.92±0.01d

	14.48±0.02e
	15.03±0.02e

	15.91±0.01d

	16.24±0.02d

	16.95±0.01a

	17.23±0.01e


	MT1
	12.18±0.01d

	12.92±0.02f

	13.54±0.02g

	14.12±0.02g

	14.72±0.02f

	15.06±0.03f

	15.59±0.01f

	16.18±0.03a
	16.94±0.02g


	HT2
	12.34±0.02c

	13.12±0.02c

	13.98±0.01c

	14.59±0.02d

	15.34±0.01c

	16.04±0.01c

	16.34±0.02c

	17.07±0.02a

	17.35±0.01d


	MT2
	12.33±0.01c
	13.01±0.01e
	13.65±0.01f
	14.36±0.02e
	15.06±0.01e
	15.72±0.02e
	16.24±0.01d
	16.76±0.02a
	17.07±0.01f


	HT3
	12.41±0.01b

	13.2±0.02b

	14.07±0.01b

	14.75±0.02b

	15.46±0.01b

	16.18±0.01b

	16.41±0.01b

	17.14±0.01a

	17.58±0.01b


	MT3
	12.41±0.01b

	13.08±0.02d

	13.83±0.02e

	14.51±0.01e

	15.25±0.02d

	15.89±0.02d

	16.18±0.01e

	16.9±0.01a

	17.36±0.02d


	HT4
	12.48±0.02a

	13.31±0.01a

	14.11±0.02a

	14.85±0.01a

	15.54±0.02a

	16.25±0.02a

	16.5±0.01a

	17.25±0.01a

	17.62±0.01a


	MT4
	12.48±0.01a

	13.16±0.02bc

	13.92±0.01d

	14.65±0.02c

	15.38±0.02c

	15.91±0.01d

	16.23±0.02d

	16.05±0.02a

	17.46±0.01c



T0, T1, T2, T3 and T4 pasta prepared with 0, 5, 7.5, 10 and 12.5g of fish powder/100 g of semolina flour. T0: control pasta, T1 to T4: Fish based pasta
Result in the table represented the mean of triplicate measurement. Mean± SDa-j values in same column followed by different superscript are significantly different (p<0.05). HDPE and M-PET -PE pasta showed significance difference throughout storage study (p< 0.05) (H: HDPE, M: M-PET-PE)







Table 8 Changes in free fatty acid (FFA) of pasta packed in HDPE and M-PET-PE during storage period at ambient temperature.
	Treatments
	Packaging
Material
	Free fatty acid (% oleic acid)

	
	
	Storage period (Days)

	
	
	0
	15
	30
	45
	60
	75
	90
	105
	120

	T0
	H
	0.36±0.01e
	0.42±0.02ef
	0.45±0.02de
	0.51±0.01e
	0.55±0.01d
	0.60±0.02e
	0.65±0.01ef
	0.65±0.01b
	0.71±0.01de

	
	M
	0.36±0.01e
	0.4±0.02f
	0.42±0.01e
	0.46±0.02f
	0.51±0.01e
	0.55±0.01f
	0.59±0.01g
	0.59±0.01ef
	0.69±0.01e

	T1
	H
	0.38±0.01de
	0.45±0.02cde
	0.49±0.01cd
	0.51±0.01e
	0.61±0.01bc
	0.66±0.01cd
	0.69±0.01cde
	0.69±0.01cde
	0.76±0.01bc

	
	M
	0.39±0.01cd
	0.42±0.02ef
	0.45±0.03de
	0.49±0.01ef
	0.54±0.02de
	0.59±0.01ef

	0.62±0.01fg

	0.62±0.01bc

	0.71±0.02de


	T2
	H
	0.41±0.01bc
	0.49±0.01abc
	0.53±0.02bc
	0.56±0.01cd

	0.65±0.01a
	0.67±0.01bc
	0.7±0.02bcd

	0.7±0.02bc

	0.77±0.01bc


	
	M
	0.41±0.01bc
	0.44±0.01def
	0.5±0.01c
	0.52±0.01de
	0.58±0.01c
	0.63±0.02de
	0.67±0.01de
	0.67±0.01def

	0.73±0.01cd

	T3
	H
	0.42±0.01b
	0.5±0.02ab
	0.55±0.01ab
	0.60±0.01ab
	0.67±0.01a
	0.70±0.01ab
	0.73±0.01abc
	0.73±0.01bcd

	0.8±0.01b


	
	M
	0.42±0.01b
	0.48±0.01bcd
	0.52±0.02bc
	0.57±0.01bc
	0.64±0.02a
	0.67±0.01bcd
	0.7±0.02bcd
	0.7±0.02bc

	0.75±0.01c


	T4
	H
	0.45±0.01a
	0.54±0.01a
	0.58±0.02a
	0.63±0.02a

	0.67±0.01a
	0.72±0.01a

	0.75±0.01
a
	0.75±0.01ab

	0.84±0.01a

	
	M
	0.45±0.01a
	0.51±0.02ab
	0.55±0.02ab
	0.60±0.02ab
	0.65±0.01a
	0.68±0.01abc

	0.74±0.02ab

	0.74±0.02a

	0.79±0.02b



T0, T1, T2, T3 and T4 pasta prepared with 0, 5, 7.5, 10 and 12.5g of fish powder/100 g of semolina flour. T0: control pasta, T1 to T4: Fish based pasta
Result in the table represented the mean of triplicate measurement. Mean± SDa-j values in same column followed by different superscript are significantly different (p<0.05). HDPE and M-PET -PE pasta showed significance difference throughout storage study (p< 0.05) (H: HDPE, M: M-PET-PE)
3.5.5 Determination of physical properties of pasta
3.5.5.1  Optimal cooking time (OCT)
In this study, optimal cooking time decreased with increasing fish powder concentration in pasta, from 10.36±0.01min(T0), 9.36±0.02 min (T1), 9.3±0.02 min (T2), 9.28±0.01 min (T3) and 9.25±0.01 min (T4).No significant difference (P ≥ 0.05) was observed during storage in HDPE and M-PET-PE (Table 9). Similar findings were reported by Saini et al. (2024) and Vimercati et al. (2020), with no significant change during storage. The decrease in cooking time may be due to reduced water absorption index and higher cooking loss (Desai et al., 2018).
3.5.5.2 Swelling index (SI) and Water absorption index (WAI)
[bookmark: _3dy6vkm]In this study, swelling index decreased with increasing fish powder concentration, ranging from 2.52 ± 0.01 to 2.35 ± 0.01 g water/g dry pasta (T1–T4) compared to 2.6 ± 0.02 in control. During 120 days of storage, swelling index increased in both HDPE and M-PET-PE, with M-PET-PE showing slightly lower values due to slower protein denaturation. Similar reductions with higher fish content were reported by Desai et al. (2018) and Saini et al. (2024), likely due to a protein network limiting starch granule swelling.(Table 9) 
In this study, water absorption index (WAI) decreased with increasing fish powder concentration, ranging from 136.12 ± 0.01 to 115.21 ± 0.01 g/100g (T1–T4) compared to 140.11 ± 0.01 in control, but increased during 120 days of storage in both HDPE and M-PET-PE (p < 0.05). Similar decreases with added fish powder were reported by Desai et al. (2018) and Debbarma et al. (2017), likely due to competition between fish proteins and starch, reducing swelling. The increase in WAI during storage may be due to protein degradation, reducing competition with starch and allowing more water absorption (Verma et al., 2015b; Sharma et al., 2021). Contrarily, Vimercati et al. (2020) observed no significant differences between packaging types over 120 days. (Table 10)
3.5.6 Colour analysis 
In this study, L value of uncooked pasta decreased with increasing fish powder concentration, ranging from 80.4 ± 0.01 (T0) to 76.51 ± 0.01 (T4) at day 0 day. During 120 days of storage, L value further decreased significantly (p < 0.05) in both HDPE and M-PET-PE packed pasta (Table 11). Saini et al. (2024) and Khodaei et al. (2023) reported a significant (p < 0.05) decrease in L value with increasing fish protein content in pasta, while Kamble et al. (2020) found L value decreased during storage, with BOPP-packed pasta showing lower lightness than HDPE. In contrast, Gull et al. (2017) observed an increase in L value for cooked millet-based pasta during 120 days of storage in LDPE and BOPP.
The a* value increased with higher fish powder concentration, from -0.71 ± 0.01 (T0) to 1.42 ± 0.01 (T4) initially, but decreased significantly (p < 0.05) during 120 days of storage in both HDPE and M-PET-PE. At day 120, values ranged from 0.60 ± 0.01 to 0.67 ± 0.02 (HDPE) and 0.68 ± 0.01 to 0.70 ± 0.01 (M-PET-PE) compared to controls. Monteiro et al. (2016) and Khodaei et al. (2023) reported that a* value increased with the addition of fish-based ingredients, such as tilapia flour or BWFPH. Kamble et al. (2020) observed a significant (p < 0.05) increase in a* value during storage due to non-enzymatic browning, with HDPE pouches retaining maximum colour stability. In contrast, Gull et al. (2017) found a significant decrease in a* value during storage in LDPE and BOPP. In the present study, M-PET-PE showed better colour stability than HDPE, likely due to its lower water vapour and oxygen transfer rates, which reduce pigment degradation (Vimercati et al., 2020).
The b* value increased with higher fish powder concentration, ranging from 14.3 ± 0.01 (T0) to 25.02 ± 0.01 (T4), but decreased significantly (p < 0.05) during 120 days of storage in both HDPE and M-PET-PE. At day 120, values were 17.16 ± 0.02 to 21.85 ± 0.02 (HDPE) and 17.23 ± 0.01 to 21.98 ± 0.02 (M-PET-PE) compared to controls. Saini et al. (2024) reported an increase in b* value with higher fish protein isolate, from 10.73 ± 0.31 to 13.54 ± 0.38 (uncooked) and 5.19 ± 0.23 to 11.61 ± 0.59 (cooked pasta). Gull et al. (2017) found b* value increased during storage in LDPE and BOPP due to non-enzymatic browning (Kamble et al., 2020). In this study, M-PET-PE showed better colour stability than HDPE, likely due to its lower water vapour and oxygen transfer rates, which reduce pigment degradation (Vimercati et al., 2020).













Table 9 Swelling index (SI) of pasta with and without concentration of fish powder packed in HDPE and M-PET-PE during storage period at ambient temperature.

	Samples 
	Swelling index (g water/ g dry pasta)

	
	Storage period

	
	0
	15
	30
	45
	60
	75
	90
	105
	120

	HT0
	[bookmark: _1t3h5sf]2.6±0.02a
	2.62±0.01a
	2.64±0.02a
	2.65±0.01a
	2.66±0.01a

	2.67±0.01a
	2.68±0.02a

	2.7±0.01a

	[bookmark: _4d34og8]2.72±0.01a


	MT0
	2.6±0.02a
	2.61±0.01a
	2.63±0.01a
	2.64±0.01a

	2.65±0.02a

	2.65±0.01a

	2.66±0.01a

	2.68±0.01a

	[bookmark: _2s8eyo1]2.7±0.01a


	HT1
	[bookmark: _17dp8vu]2.52±0.01b
	2.55±0.01b
	2.57±0.01b
	2.58±0.01b
	2.59±0.01b

	2.6±0.01b

	2.61±0.02b

	2.63±0.01b

	[bookmark: _3rdcrjn]2.65±0.01b


	MT1
	2.52±0.01b
	2.54±0.01b
	2.56±0.01b
	2.57±0.01b

	2.58±0.02b

	2.59±0.01b

	2.6±0.01bc

	2.62±0.01bc

	[bookmark: _26in1rg]2.64±0.01bc


	[bookmark: _lnxbz9]HT2
	2.48±0.01c

	2.52±0.02b
	2.52±0.01c
	2.55±0.01bc
	2.56±0.02bc

	2.57±0.02bc

	2.58±0.01bc

	2.59±0.02cd

	[bookmark: _35nkun2]2.61±0.01cd


	MT2
	2.48±0.01c
	2.5±0.01bc
	2.51±0.01c
	2.54±0.02c

	2.54±0.02c

	2.55±0.02c

	2.57±0.01c

	2.58±0.01d

	[bookmark: _1ksv4uv]2.6±0.01d


	HT3
	[bookmark: _44sinio]2.4±0.01d

	2.43±0.01d
	2.45±0.01d
	2.46±0.01d
	2.48±0.01d

	2.5±0.02d

	2.53±0.01d

	2.54±0.01e

	[bookmark: _2jxsxqh]2.55±0.01e


	MT3
	2.4±0.01d
	2.42±0.01d
	2.44±0.01d
	2.45±0.01d

	2.47±0.01d

	2.47±0.01de

	2.5±0.01de

	2.52±0.01ef

	[bookmark: _z337ya]2.54±0.02


	HT4
	[bookmark: _3j2qqm3]2.35±0.01e
	2.38±0.01e
	2.39±0.01e
	2.4±0.01e
	2.43±0.01e

	2.45±0.01e

	2.47±0.01ef

	2.49±0.01fg

	[bookmark: _1y810tw]2.52±0.01ef


	MT4
	2.35±0.01e
	2.37±0.01e
	2.37±0.01e
	2.39±0.01e

	2.42±0.01e

	2.44±0.01e

	2.46±0.01f

	2.48±0.02g

	[bookmark: _4i7ojhp]2.51±0.01f


T0, T1, T2, T3 and T4 pasta prepared with 0, 5, 7.5, 10 and 12.5g of fish powder/100 g of semolina flour. T0: control pasta, T1 to T4: Fish based pasta
Result in the table represented the mean of triplicate measurement. Mean± SDa-j values in same column followed by different superscript are significantly different (p<0.05). HDPE and M-PET -PE pasta showed significance difference throughout storage study (p< 0.05) (H: HDPE, M: M-PET-PE.)









Table 10 Water absorption index of pasta with and without concentration (%) of fish powder in HDPE and M-PET-PE during storage period at ambient temperature.

	Samples 
	Water absorption index (g/100g)

	
	Storage period

	
	0
	15
	30
	45
	60
	75
	90
	105
	120

	HT0
	[bookmark: _2xcytpi]140.11±0.01a
	140.33±0.02a

	140.49±0.01a

	140.57±0.01a

	140.68±0.01a

	140.75±0.01a

	140.87±0.01a

	140.92±0.02a

	[bookmark: _1ci93xb]141.09±0.03a


	MT0
	140.11±0.01a
	140.25±0.01b

	140.34±0.01a
	140.46±0.01b

	140.54±0.02b

	140.60±0.01b

	140.74±0.02b

	140.83±0.02a

	[bookmark: _3whwml4]141.01±0.02a


	HT1
	[bookmark: _2bn6wsx]136.12±0.01b

	136.14±0.01c

	136.16±0.02b

	136.18±0.01c

	136.25±0.01c

	136.56±0.02c

	136.72±0.01c

	136.85±0.02b

	[bookmark: _qsh70q]137.21±0.02b


	MT1
	136.12±0.01b

	136.13±0.01c

	136.15±0.01b

	136.17±0.02c

	136.18±0.02c

	136.50±0.02c

	136.61±0.01c

	136.78±0.01b

	[bookmark: _3as4poj]137.02±0.01b


	HT2
	[bookmark: _1pxezwc]128.48±0.01c
	128.5±0.02d
	128.52±0.01c
	128.56±0.02d
	128.58±0.01d
	128.61±0.01d

	128.78±0.01d
	128.96±0.02c
	[bookmark: _49x2ik5]129.16±0.01c

	MT2
	128.48±0.01c

	128.49±0.01d

	128.51±0.01c

	128.53±0.01d

	128.56±0.01d

	128.59±0.01d

	128.70±0.01d

	128.90±0.02c

	[bookmark: _2p2csry]129.01±0.02c


	HT3
	[bookmark: _147n2zr]126.46±0.01d

	126.48±0.01e

	126.5±0.01d

	126.53±0.02e

	126.57±0.01e

	126.59±0.01e

	126.62±0.01e

	126.96±0.02d

	[bookmark: _3o7alnk]127.15±0.01d


	MT3
	126.46±0.01d

	126.47±0.02e

	126.48±0.01d

	126.51±0.01e

	126.55±0.01e

	126.58±0.01e

	126.6±0.01e

	126.92±0.01d

	[bookmark: _23ckvvd]127.01±0.02d


	HT4
	[bookmark: _ihv636]115.21±0.01e

	115.23±0.01f

	115.45±0.01f

	115.56±0.01f

	115.71±0.01f

	115.83±0.02f

	115.95±0.01f

	116.07±0.01e

	[bookmark: _32hioqz]116.14±0.02e


	MT4
	115.21±0.01e

	115.22±0.01f

	115.24±0.01e

	115.37±0.01f

	115.45±0.01f

	115.52±0.01f

	115.74±0.01f

	115.97±0.01e

	[bookmark: _1hmsyys]116.01±0.01e



T0, T1, T2, T3 and T4 pasta prepared with 0, 5, 7.5, 10 and 12.5g of fish powder/100 g of semolina flour. T0: control pasta, T1 to T4: Fish based pasta



Result in the table represented the mean of triplicate measurement. Mean± SDa-j values in same column followed by different superscript are significantly different (p<0.05). HDPE and M-PET -PE pasta showed significance difference throughout storage study (p< 0.05) (H: HDPE, M: M-PET-PE,)


Table 11 Changes in colour (L, a*, b* values) analysis of dried pasta packed in HDPE and M-PET-PE during storage period at ambient temperature
	Parameter 
	T
	0
	15
	30
	45
	60
	75
	90
	105
	120

	L
	T0
	H
	80.4±0.01a
	78.9±0.01b
	78.41±0.01b

	78.41±0.01b
	78.36±0.01ab

	78.12±0.01b
	78.05±0.04b
	77.87±0.02b
	77.78±0.02b

	
	
	M
	80.4±0.01a

	80.11±0.01a
	79.15±0.04a
	79.05±0.03a
	78.82±0.02a

	78.64±0.02a
	78.3±0.02a

	78.12±0.02a
	77.91±0.01a

	
	T1
	H
	79.38±0.02b
	78.30±0.01c
	78.08±0.01bcd
	77.97±0.01d
	77.81±0.01abc
	77.73±0.01d
	77.68±0.01d
	77.6±0.02d

	77.55±0.01d

	
	
	M
	79.38±0.02b
	78.35±0.01c
	78.27±0.02bc
	78.01±0.01c
	77.95±0.01abc
	77.86±0.01c
	77.74±0.01c
	77.62±0.01c
	77.58±0.01c

	
	T2
	H
	78.19±0.01c

	77.62±0.01de

	77.52±0.01de
	77.47±0.01f
	77.38±0.01bcd
	77.25±0.01f
	77.2±0.02f

	77.14±0.02f
	77.04±0.04f

	
	
	M
	78.19±0.01c
	77.95±0.01cd
	77.74±0.02cd
	77.64±0.01e
	77.54±0.02bcd
	77.44±0.02e
	77.37±0.01e
	77.26±0.01e
	77.16±0.02e

	
	T3
	H
	77.81±0.01d

	76.85±0.01fg

	76.38±0.01f
	75.87±0.01h
	74.84±0.01e

	74.96±0.02h
	74.85±0.01h
	74.75±0.02h
	74.62±0.03h

	
	
	M
	77.81±0.01d

	77.22±0.02ef
	77.06±0.01e
	76.25±0.01g
	75.82±0.02cde
	75.12±0.01g
	74.98±0.01g
	74.83±0.02g
	74.75±0.02g

	
	T4
	H
	76.51±0.01e
	75.15±0.01h
	74.99±0.01g

	74.46±0.01j
	75.64±0.02cde
	73.96±0.01j

	73.91±0.02j
	73.86±0.02j

	73.51±0.03j


	
	
	M
	76.51±0.01e

	76.33±0.03g

	75.35±0.01g
	75.15±0.01i

	75.05±0.03de

	74.15±0.01i

	73.98±0.02i

	73.96±0.01i

	73.71±0.01i


	a*
	T0
	H
	[bookmark: _41mghml]-0.71±0.01d

	-0.67±0.01e
	-0.57±0.01g
	-0.51±0.01d
	-0.48±0.01e
	-0.41±0.02e
	-0.35±0.02d
	-0.27±0.01e
	[bookmark: _2grqrue]-0.22±0.01e

	
	
	M
	-0.71±0.01d
	-0.68±0.01e
	-0.61±0.01g
	-0.57±0.01e
	-0.54±0.02f
	-0.48±0.01f
	-0.44±0.02e
	-0.34±0.02f
	[bookmark: _vx1227]-0.31±0.01f

	
	T1
	H
	[bookmark: _3fwokq0]1.09±0.01c-
	1.02±0.01d
	0.98±0.01f
	0.97±0.01c
	0.94±0.01ab
	0.87±0.03bc
	0.76±0.02c
	0.67±0.01cd
	[bookmark: _1v1yuxt]0.60±0.01c


	
	
	M
	1.09±0.01c
	1.07±0.01c
	1.06±0.02e
	0.95±0.01c
	0.9±0.01bcd
	0.89±0.01abc
	0.84±0.02ab
	0.76±0.02b

	[bookmark: _4f1mdlm]0.68±0.01b

	
	T2
	H
	[bookmark: _2u6wntf]1.11±0.01c
	1.03±0.01d
	0.99±0.01f
	0.98±0.01c
	0.88±0.01d
	0.81±0.03d
	0.75±0.01c
	0.64±0.03d
	[bookmark: _19c6y18]0.55±0.02d

	
	
	M
	1.11±0.01c
	1.1±0.01c
	1.06±0.02e
	0.96±0.02c
	0.93±0.01abc
	0.86±0.01c
	0.85±0.03ab
	0.74±0.02b
	[bookmark: _3tbugp1]0.66±0.01b

	
	T3
	H
	[bookmark: _28h4qwu]1.25±0.01b
	1.21±0.01b
	1.11±0.01d
	0.98±0.01c
	0.94±0.02ab
	0.9±0.02abc
	0.84±0.02a
	0.74±0.02b
	[bookmark: _nmf14n]0.68±0.01b

	
	
	M
	1.25±0.01b
	1.23±0.01b
	1.18±0.01c
	1.04±0.02b
	0.96±0.02c
	0.93±0.01a
	0.87±0.02a
	0.82±0.02a
	0.75±0.02a

	
	T4
	H
	[bookmark: _37m2jsg]1.42±0.01a
	1.35±0.01a
	1.26±0.02b
	1.09±0.01b
	0.89±0.02c
	0.86±0.03c
	0.79±0.01bc
	0.71±0.02bc
	[bookmark: _1mrcu09]0.67±0.02b

	
	
	M
	1.42±0.01a
	1.38±0.01a
	1.32±0.02a
	1.23±0.03a
	0.96±0.01a
	0.92±0.01ab
	0.84±0.02ab
	0.73±0.02b
	[bookmark: _46r0co2]0.7±0.01b

	b*
	T0
	H
	14.3±0.01e
	13.86±0.01i
	13.54±0.01j
	13.48±0.01i
	13.42±0.01j
	13.2±0.01j
	12.95±0.01i
	12.87±0.02i
	12.79±0.01h

	
	
	M
	14.3±0.01e

	14.01±0.01h
	13.86±0.02i
	13.66±0.01h
	13.55±0.01i

	13.46±0.01i
	13.13±0.01h
	12.98±0.02h
	12.97±0.01g

	
	T1
	H
	18.31±0.01d
	17.81±0.01g
	17.63±0.01h
	17.63±0.01g
	17.52±0.01h
	17.38±0.01h
	17.29±0.02g
	17.24±0.02g
	17.16±0.02f

	
	
	M
	18.31±0.01d
	18.12±0.01f
	18.86±0.01f
	18.12±0.01f
	17.85±0.02g
	17.54±0.02g
	17.45±0.03f
	17.37±0.01f
	17.23±0.01e

	
	T2
	H
	20.3±0.1c
	18.61±0.01e
	18.46±0.01g
	18.36±0.01e
	18.29±0.01f
	18.08±0.01f
	17.93±0.02e
	17.84±0.02e
	17.72±0.02d

	
	
	M
	20.31±0.01d
	19.36±0.01d
	19.01±0.01e
	18.65±0.01d
	18.53±0.02e
	18.46±0.01e
	18.13±0.02d
	18.00±0.04d
	17.84±0.02c

	
	T3
	H
	22.61±0.01b
	22.56±0.02c

	22.41±0.01d
	22.32±0.01c
	22.18±0.02d
	22.12±0.02d
	22.06±0.02c
	21.96±0.015c
	21.82±0.02b

	
	
	M
	22.61±0.1c
	22.59±0.01c
	22.52±0.01c
	22.47±0.01b
	22.28±0.02c
	22.25±0.01c
	22.14±0.02b
	22.04±0.02b
	21.97±0.01a

	
	T4
	H
	25.02±0.01a
	23.52±0.02b

	22.96±0.02b
	22.32±0.01c
	22.45±0.03b
	22.17±0.01b
	22.03±0.02c
	21.98±0.01bc
	21.85±0.02b

	
	
	M
	25.02±0.01b
	24.46±0.02a
	23.56±0.02a
	23.15±0.02a
	22.75±0.01a
	22.54±0.01a
	22.35±0.01a
	22.13±0.01a
	21.98±0.02a





T0, T1, T2, T3 and T4 pasta prepared with 0, 5, 7.5, 10 and 12.5g of fish powder/100 g of semolina flour. T0: control pasta, T1 to T4: Fish based pasta L: lightness a*: Redness, b*: Yellowness. Result in the table represented the mean of triplicate measurement. Mean± SDa-j values in same column followed by different superscript are significantly different (p<0.05). HDPE and M-PET -PE pasta showed significance difference throughout storage study (p< 0.05) (H: HDPE, M: M-PET-PE)
3.5.7 Texture analysis
In this study, pasta firmness increased with higher fish powder concentration, ranging from 17.8 ± 0.02 N (T1) to 27.05 ± 0.01 N (T4) initially, but decreased significantly (p < 0.05) during 120 days of storage in both HDPE and M-PET-PE. At day 120, firmness was 15.41 ± 0.01 N to 26.34 ± 0.03 N (HDPE) and 16.13 ± 0.02 N to 26.67 ± 0.01 N (M-PET-PE). Saini et al. (2024) and Singh et al. (2021) also reported firmness increases with fish protein addition, while Verma et al. (2015a) observed hardness decreased during storage. The increase in firmness may be due to higher protein content forming a strong protein–starch network, while the decrease during storage could result from increased moisture content weakening this matrix.

Fig.1 Changes in firmness of dried pasta packed in HDPE and M-PET-PE at initial and final day of storage period. Values represent mean ± SD of three determinant

3.5.8 Sensory analysis

In the present study, control pasta and fish-based pasta with varying fish powder concentrations were prepared, packed in HDPE and M-PET-PE, and stored at ambient temperature. Sensory evaluation at 15-day intervals showed a significant difference (p<0.05) between all pasta concentrations and both packaging types for all sensory attributes (Kamble et al., 2020). Scores for appearance, colour, odour, texture, taste, and overall acceptability declined during 120 days, with HDPE-packed pasta generally scoring lower than M-PET-PE. The decrease may be due to biochemical changes such as moisture, water activity, colour, FFA, peroxide, and microbial growth (Verma et al., 2015a). Similar trends of decline in sensory qualities during storage have been reported for pasta and noodles prepared with meat, fish, millet pomace, and multigrain blends (Devi et al., 2013; Gull et al., 2017; Shikha et al., 2020). Control pasta samples generally showed higher acceptability than fish-based ones, although certain fish-pasta formulations maintained good stability up to 60 days. Declines in appearance and colour were attributed to enzymatic reactions, fat oxidation, and Maillard reactions (Verma et al., 2015a). In this study, pasta with 10% (T3)  fish powder had the highest sensory scores. M-PET-PE packaging-maintained quality better than HDPE during storage.

4. CONCLUSION
The present study revealed that incorporating fish meat powder into pasta enhanced its nutritional value by increasing protein content compared to control pasta. Based on organoleptic, biochemical and physical characteristics such as texture and colour, pasta with 10% fish powder (T3) showed the highest acceptability among all concentrations. Over 120 days of storage, the 10% fish powder pasta packed in M-PET-PE demonstrated better storage stability than that packed in HDPE under ambient conditions. 
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