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Effect of pomegranate (Punica granatum) and mosambi (citrus limetta) peel powder fortification on cooking and hydration properties of noodles
ABSTRACT
This study examined the use of pomegranate and mosambi peel powders as functional ingredients in noodle preparation with the aim of improving cooking performance while encouraging sustainable utilization of fruit processing by-products. Fruit peels are often treated as waste, yet they are naturally rich in dietary fiber and bioactive compounds. Incorporation of these peel powders resulted in noticeable changes in noodle behavior during cooking. Fortified noodles required less cooking time (5.23-5.84 min) compared to the control (6.09 min) and showed reduced gruel solid loss (1.10-1.14%), indicating better structural stability. Swelling capacity and water absorption were also enhanced, with pomegranate peel noodles showing the highest water absorption (106.67%) and rehydration percentage (173.22%). Statistical analysis confirmed that the differences among treatments were significant (p≤0.01). The findings suggest that fruit peel powders can be effectively used to improve cooking quality of noodles while contributing to sustainable food processing practices.
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INTRODUCTION:
Noodles are a staple food for many people because they are easy to prepare, affordable, and convenient. However, traditional noodles are made mainly from refined wheat flour, which provides carbohydrates but contains limited dietary fiber and bioactive compounds. During milling, the bran and germ portions are removed, which reduces the micronutrient and functional component content of the final product [1].
[bookmark: _GoBack]At the same time, fruit processing generates large amounts of by-products, particularly peels, which are usually discarded. These peels contain valuable nutrients and phytochemicals [13-15]. Pomegranate peel is known to be rich in phenolic compounds and natural antioxidants, while mosambi peel contains pectin and structural fibers with good water-binding ability [2,3]. Utilizing such fruit peels in food formulations not only improves product functionality but also supports sustainable food processing practices by reducing agro-waste [10,11].
When fiber-rich materials are incorporated into cereal-based foods, they can influence hydration characteristics, swelling behavior, and structural stability during cooking [12]. Dietary fiber may interact with starch and protein components, affecting water absorption and cooking performance [4,5]. Therefore, evaluating cooking and hydration properties is essential when developing fortified noodle products. Although fruit by-products have been used in some food systems, limited information is available regarding the incorporation of pomegranate and mosambi peel powders specifically in noodle formulations, which forms the basis of the present investigation.
OBJECTIVES AND SCOPE OF THE STUDY
The main aim of this study was to examine how the addition of pomegranate and mosambi peel powders affects the cooking and hydration behavior of noodles. This study focused only on the cooking and hydration characteristics of noodles fortified with fruit peel powders. Parameters related to cooking performance and water uptake were investigated to understand the effect of peel incorporation on noodle behavior during preparation.
MATERIAL AND METHODS
Raw Materials
Fresh pomegranate fruits (Bhagwa variety) and mosambi fruits (Jemberi variety) were procured from local markets in Nalgonda and Medak districts, respectively. Fruits were washed thoroughly and surface disinfected using sodium hypochlorite solution (200 µL/L) for 2 minutes before peeling.
Preparation of Peel Powders
Fruit peels were cut into small pieces and dried in a tray dryer at 60°C for 36 hours until constant weight was achieved. The dried peels were cooled, ground into fine powder, and stored in airtight containers until further use.
Formulation of Noodles
Noodles were formulated using refined wheat flour, starch, sodium bicarbonate, salt, guar gum, and water. Peel powders were incorporated at 1.5% (pomegranate) and 1% (mosambi) levels. A control sample without peel powder was prepared. Ingredients were mixed thoroughly, dough was formed, extruded into noodles, and dried. Ingredient proportions are shown in Table 1.
Table: 1 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 Hormdok and Noomhorm (2007) [6]. 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 (Baskaran et al., 2011)[1]: 
	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 [8]. 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) [5]. 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)



5. Water Absorption Capacity: The water absorption capacity was determined by the centrifugation method of Sosulski et al. (1976) [8]. 1.0g sample was weighed and then, taken to it in 15ml 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) [6]. 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: All analyses were conducted in triplicate. Data were expressed as mean ± standard deviation. Statistical differences among treatments were analyzed using one-way analysis of variance (ANOVA), and significance was determined


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 2 Cooking and functional properties of developed noodles
	Samples
	Cooking time (min)
	Gruel solid loss (g/100g)
	Weight gain (g)
	Swelling capacity (%)
	Water absorption capacity (%)
	Percent rehydration (%)

	Control Noodles (CN)
	6.09±0.01ᵃ
	1.20±0.01ᵃ
	26.99±0.02ᵇ
	94.95±0.30ᵇ
	103±1.00ᵇ
	169.22±0.20ᵇ

	Pomegranate peel Noodles (PN)
	5.23±0.01ᶜ
	1.10±0.01ᶜ
	27.38±0.07ᵃ
	97.90±0.36ᵃ
	106.67±0.58ᵃ
	173.22±0.79ᵃ

	Mosambi peel Noodles (MN)
	5.84±0.02ᵇ
	1.14±0.01ᵇ
	27.00±0.02ᵇ
	97.71±0.43ᵃ
	103.33±0.58ᵇ
	169.19±0.42ᵇ

	C.D. (5%)
	0.025
	0.009
	0.081
	0.740
	1.489
	1.059

	C.V. (%)
	0.218
	0.411
	0.150
	0.382
	0.714
	0.311

	S.E. (m)
	0.007
	0.003
	0.024
	0.214
	0.430
	0.306

	p-value
	0.00**
	0.00**
	0.00**
	0.00**
	0.00**
	0.00**

	f-value
	3689.43
	361.50
	87.24
	59.83
	22.20
	57.40


Note: Values are expressed as mean± standard deviation of three determinations, *(p≤0.05), **(p≤0.01), NS-Non significant
1. Cooking Time
The cooking time of control noodles was 6.09 minutes, whereas pomegranate peel and mosambi peel noodles required 5.23 minutes and 5.84 minutes, respectively. The reduction in cooking time observed in peel-fortified noodles indicates faster hydration and starch gelatinization compared to control. This improvement may be attributed to the presence of dietary fiber particles from fruit peels, which alter the compact starch-protein network and create micro-channels that facilitate quicker water penetration into the noodle core. Fiber enrichment has been reported to enhance hydration kinetics and reduce cooking time in composite flour noodles [1]. Statistical analysis showed that the differences among treatments were significant (p≤0.01), confirming that peel incorporation had a measurable effect on cooking performance.
2. Gruel Solid Loss
The gruel solid loss of control noodles was 1.20 g/100 g, whereas pomegranate peel and mosambi peel noodles showed lower values of 1.10 g/100 g and 1.14 g/100 g, respectively. The reduced solid loss in peel-fortified noodles suggests improved cooking stability and better retention of soluble components during boiling. This may be due to the presence of fiber and polyphenolic compounds in fruit peels, which strengthen the starch–protein matrix and reduce structural breakdown. Fiber-rich ingredients have been reported to minimize cooking losses by enhancing the integrity of cereal-based products [7]. Statistical analysis indicated that the differences among treatments were significant (p≤0.01), confirming the stabilizing effect of peel incorporation.
3. Weight Gain
The weight gain of control noodles after cooking was 26.99 g, while pomegranate peel noodles recorded a higher value of 27.38 g, and mosambi peel noodles showed 27.00 g. The increase observed in peel-fortified noodles indicates greater water uptake during cooking. This may be attributed to the hydrophilic nature of dietary fibers present in fruit peels, which have the ability to bind and retain water within the noodle matrix. Fiber components such as pectin and hemicellulose are known to enhance moisture retention and swelling in cereal-based foods. Similar increases in weight gain have been reported in fiber-enriched noodle formulations where plant-based ingredients improved hydration capacity [2]. The differences among treatments were statistically significant (p≤0.05), indicating that peel incorporation positively influenced water absorption behavior.
4. Swelling Capacity
The swelling capacity of control noodles was 94.95%, whereas pomegranate peel and mosambi peel noodles showed higher values of 97.90% and 97.71%, respectively. This increase indicates that the fortified noodles expanded more during cooking. Such behavior may be linked to the presence of soluble fiber and pectin in fruit peels, which readily absorb water and swell. As these components hydrate, they contribute to loosening of the noodle structure and allow greater volumetric expansion. Enhanced swelling in fiber-enriched cereal products has also been observed in previous studies, where plant-based ingredients improved water-holding capacity and textural properties [3]. Statistical analysis revealed significant differences among treatments (p≤0.01), confirming that peel addition played a role in improving expansion characteristics.
5. Water Absorption Capacity
Water absorption capacity in the control noodles was 103%, while mosambi peel noodles showed a similar value of 103.33%, and pomegranate peel noodles exhibited a noticeably higher value of 106.67%. This suggests that the inclusion of pomegranate peel particularly enhanced the ability of noodles to bind water during cooking. The difference may be related to the higher fiber and polyphenol content in pomegranate peel, which provides additional hydrophilic sites for water interaction. Rather than simply absorbing water, these components likely modify the internal structure of the noodle, allowing moisture to be held more effectively. Comparable improvements in water absorption have been reported in cereal products enriched with plant-derived fibers and bioactive compounds [5]. The statistical analysis confirmed that the differences were significant (p≤0.01), indicating a real effect of peel incorporation on hydration behavior.
6. Percent Rehydration
The percent rehydration of control noodles was 169.22%, while pomegranate peel noodles showed a higher value of 173.22%, and mosambi peel noodles recorded 169.19%. This parameter reflects the ability of dried noodles to regain moisture during cooking. The higher rehydration observed in pomegranate peel noodles suggests improved water diffusion and retention within the noodle structure. Peel particles may create a more open and porous internal matrix, allowing water to move more freely during rehydration. Additionally, fiber components in fruit peels can retain absorbed moisture, contributing to better rehydration performance. Similar improvements in rehydration behavior have been noted in functional food systems containing plant by-products, where structural modifications enhanced water uptake [9]. Statistical analysis confirmed significant differences among treatments (p≤0.01), indicating that peel incorporation influenced the rehydration capacity of noodles.
CONCLUSION
[bookmark: _Hlk219284361][bookmark: _Hlk198031404]The present study demonstrated that incorporation of pomegranate and mosambi peel powders influenced the cooking and hydration behavior of noodles. Peel-fortified noodles required less cooking time, showed reduced gruel solid loss, and exhibited improvements in swelling capacity, water absorption, and rehydration characteristics compared to control noodles. Among the treatments, pomegranate peel noodles consistently showed superior performance in most parameters, particularly water absorption and rehydration percentage.
These improvements can be attributed to the presence of dietary fiber, pectin, and bioactive compounds in fruit peels, which modify the noodle matrix and enhance interaction with water during cooking. The reduced cooking loss suggests better structural stability, while higher hydration-related values indicate improved moisture retention and expansion behavior. Statistical analysis confirmed that these differences were significant, showing that peel incorporation had a measurable effect on noodle quality. The findings indicate that fruit peel powders can be effectively utilized to improve technological cooking properties of noodles while supporting the sustainable use of fruit processing by-products. The study highlights the potential of converting agro-waste into value-added food ingredients.
FUTURE SCOPE
While this study focused on cooking and hydration properties, fruit peel powders may offer additional benefits that deserve further exploration. Future work could examine their nutritional contribution, especially fiber and antioxidant content, along with sensory acceptability to understand consumer response. Studying shelf-life and storage stability would also help assess commercial feasibility. Optimizing peel levels and testing their use in other cereal-based foods could further support the sustainable use of fruit processing by-products.
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