


PHYSICAL AND FUNCTIONAL PROPERTIES OF POMEGRANATE PEELAND MOSAMBI PEEL FORTIFIED NOODLES 

ABSTRACT
The present study explores the fortification of noodles with pomegranate (Punica granatum) and mosambi (Citrus limetta) peel powders to enhance nutritional value while promoting sustainability. Conventional noodle processing depletes essential micronutrients, necessitating innovative solutions for nutrient enrichment. Fruit peels, typically discarded as agro-waste, rich in bioactive compounds, antioxidants, and dietary fiber, making them ideal candidates for functional food incorporation. The fortified noodles were evaluated for cooking properties, hydration behavior, and structural integrity. Results showed that pomegranate and mosambi peel-enhanced noodles exhibited reduced cooking time, improved water absorption, increased swelling capacity, and enhanced rehydration ability compared to control noodles. This study highlights the potential of fruit peel powder in functional food applications, contributing to health benefits and sustainable food processing.
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INTRODUCTION:
In today’s fast-paced world, health, nutrition, and convenience play a crucial role in the development of breakfast snacks and various food products. One of the biggest challenges in the food industry is creating cost-effective yet nutritionally rich foods that provide all the essential nutrients necessary for human well-being.
Noodles, macaroni, and spaghetti, is widely consumed across the globe (Baskaran et al., 2011). It is economical, easy to prepare, has a long shelf life, and can be made in diverse varieties, making it accessible to people across different socioeconomic and age groups. However, while noodles are a good source of carbohydrates, it lacks other essential nutrients required for maintaining balanced health. The conventional processing of semolina involves the removal of the bran and germ, leaving only the endosperm, which results in the loss of vital micronutrients such as vitamins and minerals.
To address this nutritional gap, the present study focuses on using pomegranate (Punica granatum) peel and mosambi peel. Pomegranate peel powder, a natural antioxidant source, contributes to the health benefits of the final product by improving bioactive compound availability and providing antimicrobial properties.
Beyond improving the nutritional profile, this fortified noodles with pomegranate peel and mosambi peel formulation aims to cater to the growing consumer demand for functional and protein-rich foods, addressing nutritional deficiencies prevalent in many diets. 
Furthermore, this study aligns with sustainable food processing initiatives, utilizing fruit peel agro-waste for nutritional enhancement while reducing food waste. If commercialized effectively, fortified noodles and noodles variants can pave the way for affordable, nutrient-dense food solutions, promoting better dietary habits and improved overall health.
MATERIAL AND METHODS
The Pomegranate fruits of Bhagwa variety and Mosambi fruits of Jemberi variety were procured from Nalgonda district and Medak district respectively. The fruits were collected and surface disinfected by immersing gently with 200 µL/L sodium hypochlorite solution for 2 min, and then washed, peeled and the edible portion was manually separated. The peels were cut into small pieces and dried in tray drier at 60 ˚C for 36 hours, cooled, powdered and stored in air tight glass bottles. Extruded noodles was developed with pomegranate peel (1.5%) and mosambi peel (1%) powders. (Table I)
Table: I List of ingredients 
	S.No
	Ingredients
	Control
	Pomegranate Peel Noodles
	Mosambi Peel Noodles

	1
	Maida (g)
	100
	98.5
	99

	2
	Starch (g)
	85.5
	85.5
	85.5

	3
	Sodium bicarbonate (g)
	10.63
	10.63
	10.63

	4
	Salt (g)
	1.87
	1.87
	1.87

	5
	Guar gum (g)
	2
	2
	2

	6
	Water (ml)
	50
	50
	50

	7
	Pomegranate peel (g)
	-
	1.5
	-

	8
	Mosambi peel (g)
	-
	-
	1



1. Cooking Time: Cooking time was determined by the method of AACC, (2000). 10 g noodle sample was weighed accurately and cooked into boiling distilled water (250ml) without addition of salt, which was kept at a rolling boil. Starting at 4 min mark, a sample was removed in every 30 sec intervals. It was placed between two glass plates and the cooking time of noodle was assessed as the time required for disappearance of the dry central core when gently squeezed between two glass plates, indicating penetration of water in the core of noodle. 
2. Gruel Solid Loss: 250 ml water was taken in the beaker and heated over hot -plate or any suitable burner till water boils. 25 g dry noodles was added and stirring thoroughly with glass rod. Cook for 10 min with occasional stirring. After cooking, allow the sample to drain for 5 min. The volume of total gruel was measured in which 20 ml of the gruel was pipette out, after stirring well to given an even distribution of the solid content and put into tared petri-dish. Petri-dish was transferred to a hot air oven to maintain at 105 + 2°C and dried to constant mass. Cooking loss was expressed as g/100 g. Cooking loss was carried out in triplicates. Total gruel loss was calculated by following formula as per the method of (ISI 1993): 
	Total solids in gruel%
	=
	(M2-M1) x
	V

	
	
	5
	


Where, M1 = mass of empty petri dish (g) M2 = mass of petri dish with total solids (g) V = vol of gruel (ml)
3. Weight Gain: Cooked weight was defined as the weight gain of the noodles during cooking and indicated the amount of water that was absorbed and was therefore an index for the swelling ability of the noodles. Noodles 10 g was cooked in 300 ml of distilled water in a beaker till completion of rehydration duration procedure as described by the Kamble et al. (2018). The noodles was taken out and left to cool for 5 min at room temperature. The cooled cooked noodles was then reweighed. The cooked weighed was expressed in grams. 
4. Determination of swelling capacity: The swelling index (SI) of cooked noodles was determined according to the procedure described by Cleary and Brennan (2006). 10 g of raw noodles was cooked in a glass beaker with 20 times its quantity of boiling distilled water for 10 min over a water bath maintained at 100 °C. After cooking process, the water was strained out and the cooked noodles was dried to remove surface moisture by filter paper. The SI was expressed as follows: 

	Swelling Index =
	Weight of cooked noodles (g) -
	Weight of uncooked noodles  (g) x
	100

	
	Weight of uncooked noodles (g)



[bookmark: _GoBack]5. Water Absorption Capacity: The water absorption capacity was determined by the centrifugation method of Sosulski et al. (1976). 1.0g sample was weighed and then, taken to it in 15 ml centrifuge tube and 10 ml distilled water was added to it. The sample was shaken for 60 min. and centrifuged at 5000rpm for 30 min. Excess water was decanted and each sample was allowed to drain by inverting the tube over absorbent paper. Water absorption capacity was expressed as percent water bound per gram of the sample. This process was done in triplicate.
	WAC% =
	(weight of sample(g)+weight of centrifuge tube(g))- weight of empty centrifuge tube(g) x
	100

	
	Weight of sample (g)
	


6. Percent rehydration: Percent rehydration was calculated by the method Hormdok and Noomhorm (2007). For determination of percent rehydration, noodles sample were cooked 1 min more than their respective cooking time. The cooked noodles was then washed with water and drained for 2 min. Weight was taken to calculate percent rehydration. Percent rehydration was calculated by the following formula:
	Rehydration % =
	Weight of cooked noodles (g) – Weight of uncooked noodles (g) x   100

	
	                   Weight of uncooked noodles (g)


7. Statistical analysis: For each sample, independent observations were collected across various analyses, ensuring unbiased data acquisition. The mean and standard deviation of these observations were computed to facilitate statistical analysis, allowing for precise assessment of variability and consistency in results. These statistical parameters help determine the reliability of measurements, ensuring that variations within the dataset are properly accounted for.
RESULTS & DISCUSSION
The analysis of cooking and functional properties of noodles incorporated with lyophilized fruit peel nanoparticles provides significant insights into their structural integrity, hydration behavior, and nutrient retention. The comparison between control noodles, pomegranate peel noodles, and mosambi peel noodles reveals the impact of nanoparticle fortification on various parameters.
Table II Cooking and functional properties of developed noodles
	S.No.
	Parameters
	Control Noodles
	Pomegranate peel Noodles
	Mosambi peel Noodles 

	1
	Cooking time (min)
	6.09±0.01
	5.23±0.01
	5.84±0.02

	2
	Gruel solid loss
	1.20±0.01
	1.10±0.01
	1.14±0.01

	3
	Weight gain
	26.99±0.02
	27.38±0.07
	27.00±0.02

	4
	Swelling capacity
	94.95±0.30
	97.90±0.36
	97.71±0.43

	5
	Water absorption capacity
	103±1.0
	106.67±0.58
	103.33±0.58

	6
	Percent rehydration
	169.22±0.20
	173.22±0.79
	169.19±0.42


Note: Values are expressed as mean± standard deviation of three determinants
1. Cooking Time
The cooking time (Table II) for pomegranate peel noodles (5.23 min) and mosambi peel noodles (5.84 min) was notably lower than that of control noodles (6.09 min). This indicates that the presence of bioactive compounds from fruit peels may enhance starch gelatinization, allowing the noodles to cook faster. Previous studies on composite flour-based noodles suggest that fortification with polyphenols and dietary fiber influences hydration kinetics, resulting in reduced cooking time (Kulkarni et al., 2020).
2. Gruel Solid Loss
Gruel solid loss(Table II), which measures the amount of dissolved solids lost during cooking, was lower in pomegranate peel noodles (1.10%) and mosambi peel noodles (1.14%) compared to control noodles (1.20%). The reduction in solid loss suggests stronger starch-protein interactions, leading to improved structural stability during cooking. Similar trends were reported in studies where bioactive-rich ingredients helped retain nutrients within the noodle matrix, preventing excessive leaching into cooking water (Kamble et al., 2018).
3. Weight Gain
The ability of noodles to retain water and expand post-cooking (Table II) was highest in pomegranate peel noodles (27.38%), followed by mosambi peel noodles (27.00%) and control noodles (26.99%). The slight increase in weight gain suggests that fruit peel nanoparticles enhance water retention, likely due to their hydrophilic nature, fiber content, and structural compatibility with starch polymers. Studies on high-fiber noodle formulations support the claim that fortification with bioactive compounds enhances hydration capacity (Sofi et al., 2018).
4. Swelling Capacity
Swelling capacity (Table II), which refers to the ability of noodles to absorb water and expand, improved in pomegranate peel noodles (97.90%) and mosambi peel noodles (97.71%), compared to control noodles (94.95%). The increased swelling capacity is linked to higher fiber and pectin content in fruit peels, which enhances water-binding properties. Similar findings were observed in studies involving dietary fiber-enriched noodles, where increased fiber concentration led to greater water-holding capacity and improved texture (Rana, 2022).
5. Water Absorption Capacity
The ability of noodles to absorb water (Table II) during cooking was highest in pomegranate peel noodles (106.67%), followed by mosambi peel noodles (103.33%) and control noodles (103%). The enhanced absorption in fruit peel-incorporated noodles indicates better hydration properties and improved starch matrix interaction, supported by findings that polyphenol-rich ingredients boost water absorption in food systems (Ogawa, 2020).
6. Percent Rehydration
Rehydration ability (Table II), which is critical for instant and dried noodle products, was highest in pomegranate peel noodles (173.22%), compared to mosambi peel noodles (169.19%) and control noodles (169.22%). The greater rehydration percentage suggests that the presence of fruit peel nanoparticles enhances porosity and water retention capacity, leading to quicker moisture absorption post-cooking. Studies on drying and rehydration kinetics of functional foods confirm that bioactive compounds influence water transfer mechanisms, improving texture and product quality (Ogawa, 2020).
CONCLUSION
The inclusion of lyophilized fruit peel nanoparticles in noodle formulations significantly affects their cooking efficiency, hydration behavior, and structural integrity. Pomegranate peel noodles demonstrated superior water absorption, swelling, and rehydration properties, likely due to higher polyphenol and fiber content. Mosambi peel noodles also showed improved cooking properties, though slightly lower than pomegranate peel noodles.
These findings are consistent with previous studies on fortified noodles, demonstrating that fruit peel-derived bioactive compounds positively influence the cooking and functional characteristics of noodles. Future research may focus on sensory attributes and antioxidant retention to further validate these results and optimize formulations for commercial applications.
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