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Evaluation of Sensory, Nutritional, Physicochemical, Cooking, Textural, and Bioactive Properties of Kappaphycus alvarezii Powder Incorporated into Dried Noodles 



ABSTRACT
This study aimed to develop red seaweed (Kappaphycus alvarezii) incorporated noodles and analyze the properties. Different proportionlevels of seaweed powder (3 %, 6 %, 9 % and 12 %; w/w) were substituted to obtained seaweed-incorporated noodles, and noodle without seaweed wereas used as a control. Physicochemical, cooking, textural, nutritional, organoleptic, and bioactive characteristics of the noodles samples were analyzed. The incorporation of K.alvarezii powder were significantly at (p < 0.05) which increased the cooking yield, water absorption, and swelling capacity, and reduced the pH, water activity, cooking time, cooking loss, and texture properties. Seaweed powder softened the noodles and reduced their hardness. The colour of the noodles turned darker and redder with the addition of seaweed powder. Lightness and yellowness values decreased, and redness value increased significantly with the increasing amount of seaweed powder.  K. alvarezii powder can be mixed up to 9 % without substantially changing the appearance, color, taste, flavour, firmness, stickiness, smoothness, and overall acceptability of noodles. Noodles with 9 % seaweed powder showed significantly (p < 0.05) higher fiber and mineral content, and lower carbohydrate and energy value compared to the control noodles, suggesting that K. alvarezii-added noodles provide enhanced nutritional benefits. Noodles fortified with K. alvarezii exhibit significantly higher phenolic and flavonoid content and significantly improved the bioactive properties, including antioxidant activity (2,2-diphenyl-1-picrylhydrazyl (DPPH) scavenging activity, total antioxidant, and reducing power), alpha-amylase inhibition, and anti-inflammatory activity (inhibition of bovine serum albumin) compared to control noodles. These findings indicate that it is possible to produce functional noodles with increased fiber and mineral content by incorporating K. alvarezii powder in noodle formulations.	Comment by pc: Paraphrase this sentence pls	Comment by pc: Abstract requires a comprehensive summary including the results obtained
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1. INTRODUCTION

Noodles are a staple food in many Asian cultures (Sikander et al., 2017).  Noodles are consumed worldwide next to bread. Noodles have become increasingly popular among children and teens, resulting in high demand internationally. Based on their size, shape, salt content, processing techniques, and raw materials, noodles are categorized into different types in the market. These products have considerable potential, as they are convenient and offer value to both the manufacturing community and working women. They also provide customers greater versatility as they can be used as snacks, sweets, or savory foods. Three essential materials are used to make wheat noodles: flour, water, and salt. Dry noodles are made by drying uncooked wet strands under controlled conditions. Dried noodles typically have a moisture percentage of under 14 % (Fu, 2007). Market-available commercial noodles are low in proteins, vitamins, dietary fibre, and other essential components but high in carbohydrates. 

[bookmark: _GoBack][bookmark: _Toc208565669]Numerous academics are investigating how fortifying noodles might enhance their nutritional qualities and serve as an efficient public health intervention. Therefore, after adding sources of fibre and other nutrients to wheat in noodles to improve health. Nutritionists recommend Seaweed for its low-calorie count, high vitamin, mineral, and fibre content (Jiménez-Escrig & Sánchez-Muniz 2000). The addition of seaweed increases the dietary fibre content of noodles and provides various health-promoting bioactive substances (Admassu et al., 2018). The present study aimed to determine the effect of incorporating K. alvarezii powder on nutritional, physicochemical, textural, and bioactive properties of noodles.	Comment by pc: All et al., should be italic, & should be replaced with and

2. [bookmark: _Toc208565670]MATERIALS AND METHODS	
2.1 Preparation of seaweed-incorporated noodles
All-purpose wheat flour (Prima, Sri Lanka) and salt (Lanka Salt, Sri Lanka) were purchased from a local supermarket. Noodles were prepared with different percentages of Kappaphycus alvarezii seaweed powder (0 %, 3%, 6 %, 9 %, and 12 %) with other ingredients as shown in Table 1.

[bookmark: _Toc208241514]Table 1. Development of noodles with different levels of K. alvarezii powder
	Ingredients
	CN
	KN3
	KN6
	KN9
	KN12

	Wheat flour
	100
	97
	94
	91
	88

	Seaweed
	-
	3
	6
	9
	12

	Salt
	1
	1
	1
	1
	1

	Water (mL)
	50
	50
	50
	50
	50


CN: Control - without added SP. KN3: 97% WF, 3% SP. KN6: 94% WF, 6%SP. KN9: 94% WF, 9% SP, and KN12: 88% WF, 12% SP.

[bookmark: _Toc208565672]The noodle samples were prepared by combining wheat flour with different levels of K. alvarezii seaweed powder: 3, 6, 9, and 12 g/100 g (KN3, KN6, KN9, and KN12, respectively). A sample with no seaweed was prepared as a control noodle (CN). Blend (250 g) was mixed with 125 ml of distilled water (determined experimentally) and salt (2.5 g / 250g of blend) using a mixer (KMC010, Kenwood, England) at maximum speed for 3 minutes. After a 30-minute rest, the prepared dough was sheeted using a pasta-making machine (XHPM-02, Zhejiang, China). The spacing between the rollers was fixed at 4.0 mm, and the dough was pressed between them to create the sheet. The dough was re-sheeted three more times, each time being folded once and passing through the rollers in the same way. The dough sheet was loosely placed and rested for a further 30 minutes. The dough was then sheeted by passing it through rollers with progressively smaller gaps until it reached a thickness of 2 mm. The roll spacing was adjusted appropriately to obtain a final dough thickness of 2 mm. Noodles with 2 mm-wide, 2 mm-thick strips were dried at 45 °C for 24 hours. 	Comment by pc: Sources pls. 

2.2 [bookmark: _Toc208565673]Determination of Physicochemical Properties
2.2.1 Appearance and colour of raw and cooked noodles
[bookmark: _Toc208565675]The appearance and cross-sections of dried and cooked noodles were photographed using a digital camera (Canon, Japan). A colorimeter (Konica Minolta CR-100, Tokyo, Japan) was used to measure the colour of the dried noodles (20 g of dry noodles were pulverized with a mortar and pestle) and cooked noodles using the CIE color scale, which has three levels:  L*: lightness, b*: yellowness/blueness, and a*: redness/greenness (Guo et al., 2003).

2.2.2 pH and Water activity (aW)
[bookmark: _Toc208565677]The pH of noodle samples was measured using the method outlined by Koh et al. (2022), where 10mL of distilled water and 2g of dry noodles were homogenized and then measured by a pH meter (OHAUS, Starter 2100, USA).  The water activity meter (Novasina MS1, Switzerland) was used to estimate the water activity of samples. 

2.3  Cooking properties of noodles
[bookmark: _Toc208565678]Cooking time, cooking loss, cooking yield, water absorption capacity, and swelling index were used to evaluate the cooking characteristics of the dried noodles.

2.3.1 Cooking time 
[bookmark: _Toc208565679]The ideal cooking time was measured using AACC 66-50 (2000) method by pressing the cooked noodles between two clear glass slides and calculating the time required to disappear the white core in the center of the noodle strand (AACC 66-50, 2000).

2.3.2 Cooking yield and cooking loss
Cooking yield and cooking loss were analyzed using AACC (2000) method with slight modifications. 200 mL of boiling water was used to cook 10 g of noodles for the optimum length of time. After that, they were allowed to drain for 5 minutes and then weighed. Cooking yield was measured as a percentage increase in weight. A previously weighed glass dish was filled with drained cooking water and dried to constant weight at 105 °C in an oven. The dry residue was weighed, and the percentage of cooking loss was determined as the ratio of the weight of the dried residue to the initial weight of the uncooked sample.
[bookmark: _Toc208565681]
2.3.3 Water absorption
The water absorption of dried noodles was measured using the method given by Cleary and Brennan (2006), with minor changes.

[bookmark: _Toc208565682]

2.3.4 Swelling index
The swelling index of cooked noodles was assessed using the method described by Tudoricič et al. (2001) with slight modifications.

[bookmark: _Toc208565683]

2.4 Texture analysis of cooked noodles
[bookmark: _Toc208565684]Noodle firmness was measured using the AACC 65-50 (2000) method mentioned in Baik et al. (2003), with minor changes. The TX-700 Texture Analyzer (Stable Micro Systems, Haslemeres, England) was used to analyze the hardness of optimally cooked noodles (five minutes after they were rinsed with cold water. A few cooked noodle strands were arranged in parallel on an analyzer plate. The metal blade (1.5mm) was then used to compress the noodles twice crosswise to 75 % strain of their original height at 0.5 mm/s speed. Hardness, cohesiveness, chewiness, and gumminess were assessed using force-time curves.

2.5  Sensory evaluation
[bookmark: _Toc208565685]The sensory analysis was done using a hedonic test, as explained by Tan et al. (2020). Noodle samples were cooked in water at 100°C until the white core in the cross-section disappeared. Before testing, the samples were dried for no more than ten minutes in plastic containers for food with tight covers. The sample noodles were assessed by 40 semi-trained panelists from the University of Jaffna, Department of Food Science and Technology using seven-point hedonic scale (1 = strongly disliked, 4 = neither liked nor disliked, and 7 = extremely liked). Appearance, Color, flavour, taste, firmness, non-stickiness, smoothness, and overall acceptance of samples were analyzed.

2.6  Proximate analysis of noodles
Noodle samples were analyzed using the Association of Official Analytical Chemists AOAC, 2006) method: crude protein (method 978.04), crude fat (method 920.39), crude fibre (method 978.10), crude ash (method 923.03), and moisture (method 925.10). The carbohydrate content was determined by difference, subtracting the percentage of protein, fat, ash, and moisture from 100%. The total caloric content was determined using the Atwater system.

[bookmark: _Toc208565686]Energy = (9 kcal g-1 x % fat) + (4 kcal g-1 x % protein) + (4 kcal g-1 x % carbohydrate)

2.7 [bookmark: _Toc208565687] Bioactive properties
2.7.1 Extraction of Noodles extract
[bookmark: _Toc208565644]Bioactive extraction from noodles was done using a modified method described by Nugraheni, Windarwati & Palupi (2022). The ground dried noodles were extracted with 70% methanol (1:5 w/v) in a water bath (at 185 rpm for 4 hours at room temperature) and filtered through a Whatman No. 1 filter paper and held at 4℃ until analysis.

2.7.2 Total phenolic content (TPC)

[bookmark: _Toc208565586]The total polyphenol content in extracts was calculated by using the procedure mentioned in Gunathilake and Ranaweera (2016) with some modifications. Sample (0.5 mL) was combined with Folin–Ciocalteu reagent (0.5N, 0.1 mL), then the mixture was kept for 15 minutes in the dark at room temperature. Following, 2.5 mL of 7.5% sodium carbonate was added to the mixture, and incubated for another 2 hours in the dark, and the sample absorbance was measured at 760 nm. TPC was expressed as µg of gallic acid equivalents (GAE) per g of sample in dry weight. 	Comment by pc: No Citation

2.7.3 Total flavonoid content (TFC)
[bookmark: _Toc208565587]The aluminium chloride colorimetry technique was used to measure the total flavonoid content of noodle extracts as described by Chang et al. (2002) with slight modifications. 0.5 mL of extract was mixed with 70% methanol (1.5 mL), 10% aluminium chloride (0.1 mL), 1M potassium acetate (0.1 mL), and the volume was brought up to 5 mL with distilled water. The mixture was incubated in dark. After 30 minutes, absorbance was measured at 415 nm. The TFC was expressed as µg of rutin equivalent (RE)/g sample dry weight. 
[bookmark: _Toc208565588]
2.7.4 Antioxidant properties

2.7.4.1  DPH radical scavenging assay

The DPPH radical scavenging activity of noodle extracts was analyzed using the method by Yen and Chen (1995) with slight modifications. Sample extract (2 mL) was mixed with 2 mL of DPPH solution (0.1 mM) and mixed by vortexing for 15 seconds. Then the mixture was kept for 30 minutes at room temperature in dark, and optical density was measured at 517 nm. The percentage inhibition of the radical scavenging by the extract was calculated using the following formula.


2.7.4.2  Determination of total antioxidant capacity 

The method outlined by Prieto et al. (1999), with slight modifications, was used to determine the total antioxidant activity. 0.3 mL of extract was combined with 3 mL of reagent combination (28 mM sodium phosphate, 0.6 M sulfuric acid, and 4 mM ammonium molybdate). After that, it was incubated in a water bath at 95°C for 90 minutes, and the optical density was measured at 695 nm. Total antioxidant activity was reported as mg AAE/g sample.

2.7.4.3  Determination of reducing power

The reduction power of the extracts was estimated using the modified method of Yen & Chen (1995). After combining the noodles extract with 1 mL of 0.2 M phosphate buffer (pH 6.6) and 1 mL of potassium ferricyanide (1% w/v), the mixture was incubated for 20 minutes at 50°C. Once it had cooled, 10% of trichloroacetic acid (1 mL) was added and centrifuged for 10 minutes at 3000 rpm. Then, 0.1% FeCl3 6H2O (0.3 mL) and distilled water (1.5 mL) were added to another test tube containing 1.5 mL of the supernatant. At 700 nm, the optical density was measured. The results are given as μg AAE/g sample.

2.7.5 [bookmark: _Toc208565589]Antidiabetic property: Alpha amylase inhibitory activity 

Using a slightly modified version of the Pantidos et al. (2014) approach, the α-amylase enzyme inhibitory activity of noodle extract was evaluated. After adding 200 μL of extract to 200 μL of sodium phosphate buffer with 6.7 mM NaCl (0.02 M, pH 6.9) and 200 μL of alpha amylase solution (0.275 mg mL-1), the mixture was incubated for 10 minutes at 25 °C. After that, 100 μL of a 1 % starch solution was added and kept for 30 minutes at 25°C.  DNSA color reagent (400 μL) was added to halt the reaction. After five minutes of incubation in a hot water bath, the mixture was cooled to room temperature. Then, distilled water was added to dilute the reaction solution.At 540 nm, the absorbing capacity was measured. The following formula was used to determine the percentage of α-amylase inhibitory activity. 


A = (Control), absorbance of enzyme and buffer 
B = (Reaction), absorbance with enzyme, and test sample
b = (Reaction blank), absorbance with the test sample, but without the enzyme

2.7.6 Anti-inflammatory activity (Bovine serum albumin denaturation assay)

The protein denaturation assay was carried out using the Sakat et al. (2010) technique with minor changes. The extract (0.2 mL), bovine albumin (1.8 mL, 1%), and phosphate-buffered saline (pH 6.4, 2 mL) made up 4 mL of the reaction mixture. The mixture was heated to 70 °C for 5 minutes after being incubated at 37 °C for 15 minutes. Turbidity was detected at 660 nm. The following formula will be used to determine the % inhibition of denaturation.


2.8 Statistical analysis

The experimental data were analyzed using SPSS software (IBM SPSS Statistics 20, New York, USA). One-way analysis of variance (ANOVA) was used to compare samples, and Duncan's Multiple Range Test and independent sample t-test at the 95% confidence level were used to compare means. 

3 [bookmark: _Toc208565693]RESULTS AND DISCUSSIONS

[bookmark: _Toc208565694]The incorporation of K. alvarezii seaweed powder into noodles has been explored to enhance overall quality by increasing nutritional value and introducing bioactive components while retaining acceptable product qualities. Seaweed is high in minerals, dietary fiber, and phytochemicals, making it a desirable ingredient for functional foods. Evaluating its effect on noodles provides information about both the technological feasibility and possible health benefits of such formulations.	Comment by pc: Sources 

3.1 [bookmark: _Toc208565695] Physicochemical properties 
3.1.1 Appearance of dry and cooked noodles
Five types of noodles were prepared, namely: control noodles (CN) (100% wheat flour), noodles with 3% seaweed powder (KN3), noodles with 6% seaweed powder (KN6), noodles with 9% seaweed powder (KN9), and noodles with 12% seaweed powder (KN12). The visual appearance of the raw and cooked noodles is shown in Figures 1 and 2, respectively.
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[bookmark: _Toc208763984][bookmark: _Hlk203744372]




Figure 1. Digital image of dried noodles with different levels of K. alvarezii powder
KN3
KN6
KN9
KN12
 CN

[bookmark: _Toc208763985]




Figure 2. Digital image of cooked noodles with different levels of K. alvarezii powder
[bookmark: _Hlk203744999][bookmark: _Toc208565696]CN- noodles with 100% wheat flour (control), KN3 – noodles with 3% seaweed K. alvarezii, KN6 - noodles with 6% seaweed K. alvarezii, KN9 – noodles with 9% seaweed K. alvarezii, KN12 - noodles with 12% seaweed K. alvarezii

3.1.2 Colour of dried and cooked noodles
Colour and appearance are essential quality parameters for consumers' acceptability of noodles (Fradinho et al., 2019). The formulated seaweed noodles (raw and cooked) exhibited significantly lower (p < 0.05) lightness and yellowness values than the control noodles (Table 2) due to the incorporation of seaweed, which hindered the noodles' intrinsic network structure, reducing light penetration and resulting in a darker appearance (Shahsavani and Mostaghim, 2017). Similar findings were reported by Keyimu (2013), indicating that increasing the quantity of Gracilaria seaweed powder considerably lowered the L* and b* values of noodle color (p < 0.05), and by Agusman & Wahyuni (2020), who mentioned that Noodles' lightness (L*) significantly reduced as the amount of Caulerpa sp. filtrate increased. Adding Seaweed powder significantly increased the a* values compared to control noodles in both raw and cooked noodles (Table 2) due to the pigment content of the seaweed, which was directly related to the colors of the noodles. Red seaweed contains pigments such as phycoerythrin and phycocyanin, which give red color to seaweed noodles (Quitral et al., 2021). Similar trends were observed by Keyimu (2013), who reported that increasing Gracilaria seaweed content led to a significant increase in redness intensity, as evidenced by higher a* values (p < 0.05), and by Mohammad et al. (2019), who mentioned that increased intensity of redness (a) by adding K. alvarezii seaweed might be due to the red pigment phycoerythrin.

Table 2. Color values (L* - Lightness, a* - Red- Green, b* – Yellow - Blue) of noodles with different levels of K. alvarezii powder.
	Sample
	Raw noodles
	Cooked Noodles

	
	L*
	a*
	b*
	L*
	a*
	b*

	CN
	72.26 ± 0.63e
	0.60 ± 0.16a
	15.12 ± 0.58e
	66.51 ± 0.14e
	0.88 ± 0.18a
	14.75 ± 0.58e

	KN3
	67.95 ± 0.69d
	1.89 ± 0.11b
	13.47 ± 0.78d
	62.24 ± 0.48 d
	1.18 ± 0.02b
	12.79 ± 0.78d

	KN6
	63.20 ± 0.49c
	3.38 ± 0.12c
	11.59 ± 0.19c
	57.34 ± 1.18c
	1.45 ± 0.12c
	11.56 ± 0.19c

	KN9
	58.43 ± 0.63b
	4.11 ± 0.22d
	10.42 ± 0.16b
	52.14 ± 0.39 b
	1.90 ± 0.05d
	10.33 ± 0.16b

	KN12
	51.85 ± 0.85a
	4.58 ± 0.21e
	9.22 ± 0.75a
	49.99 ± 0.21a
	2.34 ± 0.20e
	9.18 ± 0.75a


CN- noodles with 100% wheat flour (control), KN3 – noodles with 3% seaweed K. alvarezii, KN6 - noodles with 6% seaweed K. alvarezii, KN9 – noodles with 9% seaweed K. alvarezii, KN12 - noodles with 12% seaweed K. alvarezii
Values are expressed as mean ± standard deviation (n = 3). Mean values with different superscript letters within the same column are significantly different at p < 0.05.
[bookmark: _Toc208565697]
3.1.3 pH of dried noodles
All seaweed noodle samples had pH values ranging from 5.71 to 6.02, which were lower than the control (CN: 6.21) (Figure 3). Inclusion of seaweed powder made the noodles more acidic. The glutamic and aspartic acid residues in the seaweed may be the reason for this change (Lafarga et al., 2020). These results align with the findings of Shahsavani and Mostaghim (2017) and Koh et al. (2022), who stated that adding seaweed to yellow alkaline noodles and instant noodles decreased their pH values.


[bookmark: _Toc208763986]Figure 3. pH value of dried noodles with different levels of K. alvarezii powder
[bookmark: _Toc208565698]Values are expressed as mean ± standard deviation (n = 3). Mean values with different letters are significantly different at p < 0.05.

3.1.4 Water activity (aw) of dried noodles
The seaweed-added noodles had significantly lower (p < 0.05) water activity (0.121-0.147) than the control noodles (0.163). A similar finding was discovered by Koh et al. (2022), who found that incorporating Eucheuma denticulatum seaweed into instant noodles resulted in a significant decrease (p < 0.05) in water activity compared to control noodles. The high water-retention capacity of K. alvarezii seaweed powder considerably decreased the aw of noodles. The  aw of noodles decreased significantly when the amount of Seaweed in the formulation rose from 3 % to 6 %, 9 %, and 12 % (Figure 4). According to Onyango et al. (2021), increasing the amount of seaweed powder in noodles increases the number of wheat particles accessible to attract and hold water, resulting in a decrease in aW. Water activity values no more than 0.6 can slow the degradation of dry foods by preventing microbial growth and delaying enzymatic and chemical activities.

[bookmark: _Toc208763987]Figure 4. Water activity of dried noodles samples with different levels of K. alvarezii powder
[bookmark: _Toc208565699]Values are expressed as mean ± standard deviation (n = 3). Mean values with different letters are significantly different at p < 0.05.


3.2 [bookmark: _Toc208565700]Cooking properties 

3.2.1 Cooking time

Cooking time is a key factor for noodle quality. In this study, cooking time ranged from 5.35 to 7.43 minutes, decreasing significantly with higher levels of K. alvarezii seaweed powder compared to control noodles (Table 3). The decrease in cooking time in this study were reliable with previous studies using semolina and resistant starch in pasta (Vernaza et al., 2012), adding tuna and sea bass to pasta, where the cooking time was 210 seconds (3.5 minutes) for pasta with fish and 390 seconds (6.5 minutes) for control pasta due to the considerable decrease in hardness (Ainsa et al., 2022), incorporating spirulina in pasta: optimum cooking time was reduced with increasing amount of spirulina in the pasta formulation (De Marco et al., 2014), and adding puree of Ulva reticulata (green seaweed) and mince of P, hypophthalmus fish in noodles reduced the cooking time from 9:15 ± 0.21 minutes to 6:80 ± 0.71 minutes (Debbarma et al., 2017). The inclusion of algae may have weakened the structure of the pasta, as their proteins are unable to form a gluten network, which allows water to diffuse into the gluten-protein network and thereby produce a softer texture and reduce cooking time (De Marco et al., 2014). Adding marine food to pasta lowers the starch content, which in turn reduces the water requirement (Ainsa et al., 2022). Thus, reduce the cooking time. Short-cooking-time noodles are favored in terms of sustainability (Tan et al., 2018). These findings would imply a shorter cooking time observed in this research. 
[bookmark: _Toc208565701]
3.2.2 Cooking yield
Reduced cooking losses and increased weight or volume are desirable characteristics for high-quality noodles. In this study, cooking yield increased significantly (p < 0.05) with increasing seaweed level, ranging from 126.05 to 130.30%, compared to control noodles (122.23%). (Table 3). These research findings showed that cooking yields increased with increases in hydrocolloid or polysaccharide levels. (Quitral et al., 2021) reported that seaweeds' high hydrocolloid and polysaccharide content allows for efficient water absorption and retention. The trend in cooking yields in this study was consistent with previous research: Chinese egg noodles made with Monostroma nitidum (green seaweed) powder (Chang & Wu, 2008), instant noodles incorporated with Eucheuma denticulatum (red Seaweed) (Koh et al., 2022), Caulerpa sp. seaweed incorporated wheat noodles (Agusman & Wahyuni, 2020), and oat cereal in Asian noodles (Inglett et al., 2005).  Chang et al. (2010) found that increasing the amount of seaweed in the noodles increased the cooking yield significantly, and that the maximum cooking yield (122.6%) was obtained for noodles with 6% M. nitidum seaweed compared to Noodles with 0% Seaweed.
[bookmark: _Toc208565702]
3.2.3 Cooking Loss
[bookmark: _Hlk224199035]Cooking loss measures the amount of starch lost during cooking, mainly due to surface disintegration and exudation of gelatinized starch. In this study, cooking loss ranged from 4.07–8.20% (Table 3), which is below the Sri Lanka Standards (SLS 420:2019) maximum of 10% for dry noodles. Consistent with Sholichah et al. (2021), high-quality noodles should not exceed this 10% threshold. In the present study, all the noodle samples possessed good cooking quality. All treatments showed significantly higher cooking losses than the control (4.07%) and increased with increasing K. alvarezii powder content in the formulation. Seaweed contains water-soluble components, such as carrageenan and proteins, which might cause cooking loss. The gluten-protein network maintains the physical integrity of noodles during cooking. Additionally, the protein network weakened when gluten was diluted by replacing wheat flour with seaweed, which permits more solids to leach into the cooking water, resulting in higher residue levels (Martinez et al., 2013). Chang et al. (2010) reported that seaweed contains dietary fibre and mucilaginous polysaccharides, which allow the noodles' gelatinized matrix structures to absorb more water after cooking. This leads to increased water uptake and release of gelatinized starches from the surface.

These findings align with earlier studies showing that cooking loss increases when functional ingredients are added to noodles or pasta. Specifically, spirulina in yellow alkaline noodles (Shahsavani & Mostaghim, 2017) and pasta (De Marco et al., 2014), oat flour in salted dried noodles (Majzoobi et al., 2012), seaweed (U. pinnatifida) in extruded pasta (Prabhasankar et al., 2009), and K. alvarezii flour in noodle formulations (Hasanah et al., 2021) all led to higher cooking losses.
[bookmark: _Toc208565703]
3.2.4 Water absorption index (WAI) and swelling index (SWI)
The water absorption capacity increased with increased level of seaweed powder and ranged between (1.1 to 1. 59 g/g dried noodles) (Table 3). Control noodles (CN) had the least value (1.1 g/g dried noodles), and KN12 had the highest (1.59 g//g dried noodles). Zardetto & Rosa (2009) reported that the weight of pasta rises due to higher starch hydration caused by the absence of a continuous protein network. The swelling index showed a similar pattern, with SN12 having the most (2.12 g/g dried noodles) and the control noodle having the least (1.45 g/g dried noodles). The swelling index of pasta increased with the addition of algae (Prabhasankar et al., 2009).

Table 3. Cooking properties of noodles with different levels of K. alvarezii powder.
	Noodle Samples
	Cooking time (Min)
	Cooking yield (%)
	Cooking Loss (%)
	Water absorption Index (WAI) (g/g)
	Swelling Index (SWI) (g/g) 

	CN
	7.53 ± 0.19e
	122.23 ± 1.00a
	4.07 ± 0.15a
	1.10 ± 0.04a
	1.45 ± 0.09a

	KN3
	7.07 ± 0.12d
	126.05 ± 0.46b
	5.60 ± 0.75b
	1.38 ± 0.01b
	1.79 ± 0.02b

	KN6
	6.54 ± 0.08c
	128.33 ± 0.67c
	6.57 ± 0.51bc
	1.52 ± 0.04c
	1.96 ± 0.02c

	KN9
	6.06 ± 0.08b
	129.43 ± 0.76cd
	7.20 ± 0.53c
	1.56 ± 0.06cd
	2.04 ± 0.07cd

	KN12
	5.35 ± 0.17a
	130.30 ± 0.56d
	8.20 ± 0.53d
	1.59 ± 0.01d
	2.12 ± 0.02d


CN- noodles with 100% wheat flour (control), KN3 – noodles with 3% seaweed K. alvarezii, KN6 - noodles with 6% seaweed K. alvarezii, KN9 – noodles with 9% seaweed K. alvarezii, KN12 - noodles with 12% seaweed K. alvarezii
[bookmark: _Toc208565704]Values are expressed as mean ± standard deviation (n = 3). Mean values with different superscript letters within the same column are significantly different at p < 0.05.


3.3 Texture of cooked noodles

According to Bhattacharya et al. (1999), textural qualities of cooked noodles are the most important aspects in determining the acceptability and quality. All the tested noodles exhibited similar trends in hardness, cohesiveness, gumminess, and chewiness. As shown in Figure 5, control noodles had considerably higher (p < 0.05) hardness than seaweed-enriched noodles. Noodles without seaweed powder needed more energy to break. The hardness of seaweed noodles reduced significantly (p < 0.05) with increasing K. alvarezii levels in noodle formulations. Adding Seaweed to the formulation of noodles reduced their hardness, possibly due to the hygroscopic abilities of seaweed. Seaweed noodles may have lower tensile strengths due to disintegration caused by increased absorption of water and excessive swelling of polysaccharides and fibres in seaweed powder, resulting in a soft and spongy texture (Chang and Wu, 2008; Shahsavani and Mostaghim, 2017). The structural network of starches, proteins, glutens, and additional substances primarily influences the texture of noodles (Chang & Wu, 2008). These effects may either form weaker or stronger hydrogen bonds inside the network of noodle structures.

[bookmark: _Toc208565705]This study aligns with previous research on adding Monostroma nitidum seaweed in chinese egg noodles (Chang and Wu, 2008), adding spirulina seaweed to yellow alkaline noodles (Shahsavani and Mostaghim, 2017), adding Eucheuma denticulatum to instant noodles (Koh et al., 2022), adding green seaweed (Ulva reticulata) to noodles (Debbarma et al., 2017), adding tuna fish to pasta (Ainsa et al., 2022), and Asian noodles with oat cereal hydrocolloids (Inglett et al., 2005). Studies suggest that adding seaweed-based and cereal-based hydrocolloids, or grain flours, can reduce the force and energy required to break the noodles and weaken the pasta's dough structure. 

[bookmark: _Toc208763992]Figure 5. Textural analysis of cooked noodles with different levels of K. alvarezii powder
Values are expressed as mean ± standard deviation (n = 3). Mean values with different letters are significantly different at p < 0.05 for each textural property.

3.4 Sensory evaluation
A seven-point hedonic scale was used to assess the sensory attributes of noodle samples, including appearance, color, flavor, taste, firmness, non-stickiness, smoothness, and overall acceptability.  Consumers preferred the colour of noodles up to 9% inclusion level of seaweed powder. There was no significant difference in appearance across the seaweed noodles samples. Panelists prefer the appearance of all seaweed-added noodles, indicating that the incorporation of seaweed at the tested levels did not perceptibly alter the visual appeal of noodles. Seaweeds have a distinct marine or fishy aroma. As a result, incorporating Seaweed powder into noodles enhanced their flavor. All seaweed noodle samples, except KN12, had aroma values that were not significantly different from the control sample, suggesting that the noodles didn’t have a strong aroma and were challenging to recognize by panelists, which may be due to the cooking of noodles reducing the seaweed odor. Ulfah (2009) reported that the characteristic odor can be concealed by improved processing, such as soaking, heating, or adding additional compounds. The reduced flavour acceptance of KN12 may be due to a higher seaweed content, which can introduce marine or "fishy" off-flavours. Regarding taste, KN6 scored highest and did not differ significantly from KN3 and KN9. Meanwhile, noodles made with 12% Kappaphycus powder obtained the least score for taste. Firmness of noodles containing 3%, 6%, and 9% K. alvarezii powder did not exhibit significant differences among themselves. All seaweed-added noodle samples showed comparatively higher mean scores for non-stickiness compared to the control sample, while the KN9 sample exhibited the highest non-stickiness (5.95).  Koh et al. (2022) reported that the stickiness of noodles might be decreased by partially substituting wheat flour with seaweed. Noodles with reduced stickiness seem consistent and clump-free.  A smoother noodle surface is generally preferred for both mouthfeel and appearance. KN9 had a higher mean score (5.92) and did not differ significantly from KN6 and KN12. Seaweed may promote surface moisture and smoothness, which reduces surface roughness. The KN6 and KN9 showed significantly higher (p < 0.05) mean overall acceptability compared to other samples, with no significant difference between them.

[bookmark: _Hlk203659391][bookmark: _Toc208565706]Among the tested samples, KN6 exhibited the most balanced and superior sensory profile in all attributes. Sample KN9 also emerged as a highly acceptable formulation and did not significantly differ in all attributes from the KN6 sample. Importantly, its overall acceptability was statistically comparable to that of the best-performing sample (KN6), suggesting strong consumer potential. As a result, noodles with 9% seaweed were an economically feasible and consumer-preferred product.

[bookmark: _Toc208763993]Figure 6. Sensory evaluation of noodles with different levels of K. alvarezii powder
CN- noodles with 100% wheat flour (control), KN3 – noodles with 3% seaweed K. alvarezii, KN6 - noodles with 6% seaweed K. alvarezii, KN9 – noodles with 9% seaweed K. alvarezii, KN12 - noodles with 12% seaweed K. alvarezii

3.5 Proximate analysis
The proximate composition of control and 9% of K. alvarezii-added noodles is shown in Table 4. The seaweed-added noodles showed significantly higher moisture content (7.37%) compared to the control (6.77%). The ability of the seaweed's fibres and polysaccharides to retain water during dough production may be the cause of the greater moisture content observed in seaweed noodles. Wong and Cheung (2000) found that seaweeds with more dietary fibre have a better water retention capacity. In the present study, the moisture content complied with the Sri Lanka Standards (SLS 420:2019) limit of 12% for dried noodles. The ash content of K. alvarezii-added noodles was significantly higher (3.94%) than the control (1.37%), which was comparable to Hasanah et al. (2021), who mentioned that the ash content in 10% K. alvarezii-incorporated noodles was 3.97%. Keyimu (2013) and Agusman & Wahyuni (2020) mentioned that the ash content increased with the increased amount of Gracilaria seaweed powder and Caulerpa sp. filtrate seaweed in the formulation. The present study complies with Sri Lanka Standards (SLS 420:2019) mentioned that the total ash content of salt-added wheat noodles should not exceed 1.5% on a dry basis; for composite flour or mineral-fortified products, the total ash content should not exceed 4%. Dried noodles with K. alvarezii seaweed powder had a lower fat content (0.32%) than the control (0.35%); however, both samples did not differ significantly. Similar research was carried out by Hasanah et al. (2021), who found that dried noodles supplemented with K. alvarezii had less fat than the control. The findings indicate that crude fibre content of noodles increased significantly with the addition of 9% K. alvarezii powder (1.75 ± 0.06%) compared to control noodles (0.85 ± 0.05%), which was associated with higher crude fibre content in K. alvarezii (9.8%) (Simmaky et al., 2025). This finding was comparable to previous studies: crude fibre content of dry noodles increases with the addition of K. alvarezii flour (Hasanah et al., 2021), with Gracilaria powder (Keyimu, 2013), and with Monostroma nitidum seaweed powder (Chang and Wu, 2008) to the noodles. Adding 9% seaweed to wheat noodles significantly reduces the protein content from 12.7% to 11.87%. The present finding was comparable to those of Hasanah et al. (2021), Dewi (2011), and Debbarma et al. (2017). The seaweed-added sample had significantly lower carbohydrate content (76.5%) and energy value (356.35kcal/100g) than the control (78.8%, 369.17kcal/100g, respectively).

[bookmark: _Toc208241516]Table 4. Proximate composition of control and 9% K. alvarezii powder-added noodles.
	Attributes
	 CN (% DW)

	KN9 (% DW)


	Moisture
	6.77 ± 0.14a 
	7.37 ± 0.14b 

	Ash
	1.37 ± 0.04a 
	3.94 ± 0.08b 

	Fat
	0.35 ± 0.02a 
	0.32 ± 0.04a 

	Fibre
	0.85 ± 0.05a 
	1.75 ± 0.06b 

	Protein
	12.7 ± 0.33b 
	11.87 ± 0.30a 

	Carbohydrate
	78.80 ± 0.42b 
	76.50 ± 0.37a

	Energy (kcal/100g)
	369.18 ± 0.63b 
	356.35 ± 0.62a













Sample Control (CN) - 0% K. alvarezii seaweed powder added noodles, KN9 - 9% K. alvarezii seaweed powder added noodles.
[bookmark: _Toc208565707]Values are expressed as mean ± standard deviation (n = 3). Mean values with different superscript letters within the same row are significantly different at p < 0.05. DW- Dry Weight. All the macronutrients were expressed in percentage (g/100 g) except energy in kcal/100 g.

[bookmark: _Toc208565708]
3.6 Total Phenolic and Flavonoid Content
[bookmark: _Toc208565709]Total phenolic and flavonoid content of 9% K. alvarezii powder-incorporated noodles showed significantly higher values (107.41 µg GAE/g DW and 79.41 µg RE/g DW, respectively) compared to control noodles (98.67 µg GAE/g DW and 64.71µg RE/g DW, respectively.  Prabhasankar, Ganesan, and Bhaskar (2009) found that the phenolic content increased from 0.54 to 0.57 mg GAE/g when seaweed Sargassum marginatum levels were increased from 1% to 5% in uncooked pasta. According to De Marco et al. (2014), cooked pasta with 5% to 20% spirulina exhibited total phenolic content ranging from 0.55 to 1.05 mg GAE/g compared to control pasta (0.24 mg GAE/g).

3.7 Bioactive properties
Antioxidants protect against free radicals, which can lead to degenerative diseases. Noodles with 9% seaweed powder exhibited significantly higher (p < 0.05) antioxidant activity (DPPH scavenging: 20.88%, total antioxidant: 1.16 mg AAE/g DW, and reducing power: 100.31µg AAE/g DW) compared to wheat noodles (15,41%, 1.02 mg/g and 92.62 µg/g, respectively) (Table 5). This study was comparable to the study mentioned by Prabhasankar, Ganesan & Bhaskar (2009), who reported that Inclusion of Sargassum marginatum (brown seaweed) into pasta formulation at 2.5 and 5% level increased the DPPH scavenging activity from 16.36 to 23.47% compared to control pasta (9.24%), total antioxidant content from 1.52 to 2.73 mg AAE/g compared to control pasta (0.61 mg AAE/g) and reducing power. In addition, In addition, Prabhasankar et al. (2009) reported that incorporating 5 to 20% wakame (Undaria pinnatifida) seaweed to pasta boosted its DPPH radical scavenging activity, total antioxidant activity, and reducing power with values of 7.6 % to 8.66 %, 1.33 to 2.82 mg AAE/g, and 0.030 to 0.048, respectively, compared to control pasta (6.83 %, 0.61 mg AAE/g, 0.032, respectively. K. alvarezii incorporated noodles showed a significant increase in alpha amylase inhibition activity (17.51%) and protein denaturation inhibition (20.06%) compared to control noodles without seaweed (14.77% and 12.24%, respectively). 

[bookmark: _Toc208241517]Table 5. Phenolic, flavonoids, and bioactive properties of control and 9% K. alvarezii powder-added noodles.
	Properties
	CN
	KN9

	Total Phenolics (TPC) (µg GAE/g DW)
	98.67 ± 1.28a
	107.41± 1.70b

	Total Flavonoids (TFC) (µg RE /g DW)
	64.71 ± 2.08a
	79.41 ± 2.08b

	Antioxidant activity
	
	

	DPPH (%) 
	15.41± 0.94a
	20.88± 0.74b

	Total Antioxidant (mg AAE/g DW)
	1.02 ± 0.03a
	1.16 ± 0.02b

	Reducing capacity (µg AAE /g DW)
	92.62 ±0.99 a
	100.31 ± 1.48b

	Anti-diabetic activity
	
	

	Alpha amylase inhibition activity (%)
	14.55 ± 0.46a
	17.51 ± 0.62b

	Anti-inflammatory activity
	
	

	Protein denaturation inhibition (BSA) %
	17.66± 0.42a
	20.06± 0.42b



















[bookmark: _Hlk204762009]CN = 0% K. alvarezii seaweed powder added noodles (Control), KN9 = 9% K. alvarezii seaweed powder added noodles.
[bookmark: _Toc208565710]Values are expressed as mean ± standard deviation (n = 3). Mean values with different superscript letters within the same row are significantly different at p < 0.05. DW: Dry Weight. GAE: Gallic Acid Equivalent, RE: Rutin Equivalent, AAE: Ascorbic acid Equivalent

4 CONCLUSION
In conclusion, inclusion of Kappaphycus alvarezii seaweed powder in noodle formulations significantly impacts the nutritional, physicochemical, organoleptic, and bioactive properties of the noodle. The present study revealed that inclusion of K. alvarezii powder reduced the water activity, pH, cooking time, cooking loss <10%, and texture profile of noodles, while increasing the cooking yield, water absorption, and swelling capacity. Lightness and yellowness values decreased, and redness value increased significantly with the increasing amount of seaweed powder, due to the colour of the seaweed powder. Sensory evaluation reveals that K. alvarezii seaweed powder can be incorporated up to 9% in noodle formulations without affecting sensory attributes. KN9 improved the mineral and fibre content and reduced the carbohydrate content and energy value, suggesting that K. alvarezii-added noodles provide enhanced nutritional benefits. Noodles fortified with K. alvarezii exhibit significantly higher phenolic and flavonoid content and significantly improved the bioactive properties, including antioxidant activity (DPPH, Total antioxidant, and reducing power), alpha-amylase inhibition, and anti-inflammatory (Bovin serum albumin inhibition) properties compared to control noodles.
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2.5166114784235857E-2	0.10969655114602886	5.0000000000000017E-2	6.0277137733416523E-2	2.5166114784235857E-2	0.10969655114602886	5.0000000000000017E-2	6.0277137733416523E-2	Hardness (N)	Cohesiveness	Gumminess (N)	Chewiness	0.53333333333333333	1.0566666666666666	0.47	0.46333333333333337	KN3	c
c
cd
cd

1.999999999999999E-2	4.5825756949558392E-2	3.2145502536643181E-2	4.163331998932264E-2	1.999999999999999E-2	4.5825756949558392E-2	3.2145502536643181E-2	4.163331998932264E-2	Hardness (N)	Cohesiveness	Gumminess (N)	Chewiness	0.44999999999999996	0.95000000000000007	0.43333333333333329	0.42333333333333334	KN6	b
bc
bc
bc

2.0816659994661344E-2	2.5166114784235857E-2	3.0550504633038936E-2	1.5275252316519451E-2	1.999999999999999E-2	1.9999999999999962E-2	2.6457513110645908E-2	3.2145502536643174E-2	Hardness (N)	Cohesiveness	Gumminess (N)	Chewiness	0.3666666666666667	0.88666666666666671	0.3666666666666667	0.35666666666666663	KN9	ab
ab
b
b

1.999999999999999E-2	1.9999999999999962E-2	2.6457513110645908E-2	3.2145502536643174E-2	1.999999999999999E-2	1.9999999999999962E-2	2.6457513110645908E-2	3.2145502536643174E-2	Hardness (N)	Cohesiveness	Gumminess (N)	Chewiness	0.33	0.81	0.3	0.29333333333333339	KN12	a
a
a
a

3.2145502536643181E-2	2.0816659994661344E-2	4.0414518843273808E-2	2.5166114784235687E-2	3.2145502536643181E-2	2.0816659994661344E-2	4.0414518843273808E-2	2.5166114784235687E-2	Hardness (N)	Cohesiveness	Gumminess (N)	Chewiness	0.28666666666666668	0.76666666666666661	0.16666666666666666	0.15666666666666668	




CN	Colour	Appearance	Aroma	Taste	Firmness	Non-Stickiness	Smoothness	Overall aceptability	6.15	5.92	5.15	5.25	5.5	5.35	5.43	5.43	KN3	Colour	Appearance	Aroma	Taste	Firmness	Non-Stickiness	Smoothness	Overall aceptability	6.05	5.85	5.55	5.58	5.85	5.48	5.45	5.78	KN6	Colour	Appearance	Aroma	Taste	Firmness	Non-Stickiness	Smoothness	Overall aceptability	5.85	5.8	5.58	5.9	6	5.83	5.85	6.08	KN9	Colour	Appearance	Aroma	Taste	Firmness	Non-Stickiness	Smoothness	Overall aceptability	5.65	5.65	5.45	5.63	5.8	5.95	5.92	5.93	KN12	Colour	Appearance	Aroma	Taste	Firmness	Non-Stickiness	Smoothness	Overall aceptability	5.08	5.45	4.2	4.5	5.45	5.9	5.75	4.43	
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