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[bookmark: _GoBack]Abstract
Rice (Oryza sativa L.) is the second most important cereal crop and the major source of nutrition for half of the world's population. The physicochemical properties, cooking quality, nutritional value, and organoleptic properties of three novel Egyptian rice varieties Sakha Super 300, Giza 179, and Basmati Giza 201 were estimated; in addition, the impact of parboiling on these properties was also examined. The results revealed thdat physical properties varied from one variety to another. Basmati Giza 201 was identified as a long-grain variety with a length of 8.83 mm, while Sakha Super 300 (5.80 mm) and Giza 179 (5.70 mm) were classified as medium-grain. Parboiling had no significant effect on grain dimensions. Parboiling significantly enhanced milling quality. For Sakha Super 300, head rice percentage increased from 61.81% to 70.00%, and broken rice percentage decreased from 8.74% to 1.91%. Similar improvements were observed in the other varieties. Furthermore, parboiling increased cooking time for all varieties, with Basmati Giza 201 showing the highest cooking time at 28.10 minutes; water uptake also decreased after parboiling. As for amylose content, it was highest in raw Basmati Giza 201 at 27.10% and was reduced by parboiling.in addition, parboiling led to a slight decrease in crude protein and ether extract but a notable increase in ash content. For example, ash content in raw Sakha Super 300 was 0.63%, which increased to 0.86% after parboiling. Mineral analysis showed that parboiling increased mineral content, with phosphorus (P) being the highest at 240 mg/100 g in parboiled Giza 179. In addition, raw white rice had higher total phenolic content (TPC) and antioxidant activity. Basmati Giza 201 white rice had the highest TPC at 75.00 mg GAE/100 g, which decreased significantly to 35.60 mg GAE/100 g after parboiling. Sensory evaluations revealed that raw white rice had higher scores for color and flavor than the parboiled samples. 
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Introduction
Rice (Oryza sativa L.) is considered the second most significant cereal crop in Egypt after wheat. According to FAOSTAT (2020), it was cultivated on approximately 1.074 million feddans, yielding about 4.5 million tons during the 2020 season. Globally, rice plays a vital role in ensuring food security, particularly in Asia, where it serves as a primary dietary staple and an important source of essential nutrients (Bandumula et al., 2018 and Bashir and Aggarwal 2019). The high yield of rice in Egypt is partly linked to its relatively greater water demand compared with other crops. As a result, extensive research efforts are aimed at developing drought-tolerant rice varieties, since prolonged water shortages can cause yield losses of up to 40% (Fukagawa and Ziska 2019). Beyond its agronomic value, rice is nutritionally significant, providing carbohydrates, proteins, lipids, dietary fiber, minerals, and vitamins. It is consumed worldwide in diverse forms, including parboiled grains, bread and noodles (Huang et al., 2016). Beyond its macronutrient composition, rice is also a source of bioactive, non-nutrient compounds, most notably phenolic antioxidants, which contribute to various health-promoting effects. These compounds have been associated with a reduced risk of certain diseases, partly through mechanisms such as inhibiting platelet aggregation (Ghasemzadeh et al., 2018 and Ma et al., 2022). Following harvest, rice typically undergoes several processing steps drying, milling, and packaging to make it suitable for consumption. In the initial stage of milling, the husk is removed from paddy rice, producing brown rice that retains its outer bran layer and characteristic brown coloration. In the subsequent stage, the bran layer is removed to produce polished, or white, rice. The bran fraction, which includes the pericarp, aleurone, sub aleurone layer, and germ, is particularly rich in nutrients and bioactive phytochemicals (Kaur et al., 2016 and Saleh et al., 2019). The market value of rice is influenced by multiple factors, including the milling yield, head rice recovery rate, grain appearance, sensory and cooking qualities, and nutritional attributes. These characteristics play a critical role in defining rice quality and determining its acceptance among different consumer groups (Prom-u-thai and Reraise 2020 and Zhou et al., 2020) In many cases. According to Zohoun et al. (2018), the reduced quality observed in locally produced rice is largely the result of inadequate postharvest management practices. Moreover, postharvest operations play a vital role in enhancing product value, generating employment opportunities, and minimizing food wastage.
Parboiling is a hydrothermal process applied to rough rice prior to dehulling and polishing, and it has been investigated to enhance the physicochemical and nutritional attributes of rice, as well as to improve its digestibility (Ndindeng et al., 2022). One of the key benefits of rice parboiling for processors is that it can boost dehulling efficiency, improve head rice yield, and extend the product’s storage life (Etoa et al., 2016 and Ndindeng et al., 2021). Parboiling typically involves three main stages: soaking, heating (to gelatinize starch using steam, hot air, or dry heat), and drying (El-bana et al., 2020 and Muchlisyiyah et al., 2023). During this process, water-soluble nutrients from the husk and bran can migrate into the endosperm, while starch gelatinization and textural modifications such as changes in hardness and stickiness alter the grain’s microstructure, physicochemical traits, and cooking performance (Hu et al., 2019). Moreover, variations in water distribution have been linked to differences in the texture of cooked rice (Xu et al., 2019). Saha and Roy (2020) summarized research on fortifying rice with minerals such as calcium, iron, and zinc through soaking and parboiling techniques. Similarly, Runge et al. (2019) analyzed the concentrations of trace elements in brown, parboiled, and milled rice products from the same commercial brand.
This study aims to comprehensively evaluate the effects of parboiling on the physical, chemical, nutritional, and sensory characteristics of novel Egyptian rice varieties, with a focus on practical implications for improving rice quality.


Material and Methods
 Experimental Materials
Three commercials of paddy rice types (Oryza sativa L.), namely Sakha Super 300 and Giza 179 (short-grain Japonica), in addition to Basmati Giza 201 (long-grain Indica). During the 2023 season, these samples were obtained from the Rice Research and Training Center (RRTC) in Sakha, Kafr El-Sheikh Governorate, Egypt. The rice types were cultivated following the recommended guidelines for planting dates, fertilization, harvesting times, and irrigation practices. These varieties were selected based on their high yield potential and salt and drought tolerance.
Methods:
1- Preparation of parboiled paddy rice:
           Parboiled rice was prepared by using Sakha Super 300, Giza 179, and Basmati Giza 201 varieties following the procedure of EL-Bana et al. (2020) and modified by boiling the samples at 100°C for 20 minutes, then steaming under pressure (1.5 kg/cm²) at 121°C for 10 minutes. Parboiled rice was dried in an air oven at 55°C until constant weight was reached.
2. Preparation of milled rice samples:
2.1. The hull and brown rice percentage: about 150 grams of cleaned rough rice from each variety were chosen at random to assess the milling properties. A rice dehuller from ASATAKE Laboratory was used. At the Rice Research and Training Center (RRTC) in Sakha, Kafr El-Sheikh, Egypt, the resulting amounts of hulls and brown rice were calculated using the procedure of Khan and Wikramanayake (1971).
2.2. Total milled rice percentage: The milling percentage of rice was determined according to the method of Khan and Wikramanayake (1971).
2.3. Head and broken rice percentages: Head and broken rice percentages were estimated following the Khan and Wikramanayake (1971) method. Both the white and parboiled white rice samples were stored in polyethylene bags and placed in a freezer at -18°C until further analysis.
 3. Physical and technological properties of different rice samples:
Physical and technological properties of rice samples were estimated to figure out the parameters that affect the quality and palatability of rice after cooking.
 3. 1. Grain dimensions (mm): Grain dimensions of rice were estimated using the average length and width of ten full-length grains of brown and white rice as described by Suwansri and Meullenet (2004).
3. 2. Grain shape (mm): The shape of the grains was calculated by dividing the length by the width for 10 randomly chosen kernels, as mentioned by Ahuja et al. (1995).
3.3. Grain index (g): To calculate the grain index (in grams per thousand grains), one thousand grains from each rice variety were randomly chosen in triplicate and individually weighed, using the method outlined by Khush et al. (1979).
 3.4. Bulk density: Bulk density was measured according to the procedure defined by Myklestad et al. (1968). 
3.5. Water absorption and cooking time of rice varieties:
 Water absorption was examined at temperatures of 77°C and 82°C, and the cooking times for both white and parboiled white rice varieties were determined using the methods described by Simpson et al. (1965).
3.6. Eating quality of different rice varieties:
3.6.1. Alkali spreading value: Alkali spreading value (gelatinization temperature, G.T.) was determined using six kernels of different rice samples that were spaced in a petri dish containing 10 ml of 1.7% potassium hydroxide solution. The dish was covered and left for 23 hours in an incubator at 25°C as described by the method by Bhattacharya and Sowbhagya (1980).
 3.6.2. Gel consistency (nun): The gel consistency (G.C.) was evaluated using the technique established by Cagampang et al. (1973). 
 3.6.3. Elongation percentage: Kernel elongation of rice grain was measured using the method of Tomar (1985).      
 3.6.4. Amylose: Amylose content of rice was determined according to the Juliano et al. (1981) procedure.
 3.7. Analytical methods: 
3.7.1. Gross chemical composition of samples:
AOAC methods (2012) were used to determine moisture, ether extract, crude protein, ash content, and crude fiber. The total carbohydrate content was calculated by difference. The factor n = 5.95 (for rice) was used for conversion of nitrogen to crude protein. Total carbohydrate = 100 – (% crude protein + % ether extract + % ash).
3.7.2. Determination of minerals: Techniques described by the AOAC (2012) were used to prepare the mineral content of rice samples.
3.7.2.1. Phosphorus: Using a colorimetric method as outlined by Murphy and Riley (1962), the ascorbic acid method was used to determine the amounts of total phosphorus (P).
3.7.2.2. Potassium and sodium (mg/100 g): Using a flame photometer, the potassium (K) and sodium (Na) concentrations were determined in accordance with Pearson's (1976) technique.
3.7.2.3. Using an atomic absorption spectrophotometer, namely the Perkin Elmer Model 2180, the contents of iron (Fe), copper (Cu), zinc (Zn), and calcium (Ca) were measured in compliance with Pearson's (1976) protocols.

3.8. Bioactive compound:
3.8.1. Extraction of total polyphenol compounds from rice samples:
The method for extracting polyphenols was modified from the one described by Saleh et al. (2024). Ten grams of sample were dissolved in 100 mL of 75% (v/v) aqueous ethanol. The solution was then sonicated in a cooled ultrasonic bath to maintain the temperature below 4°C for 30 minutes, followed by centrifugation at 4°C and 2700 g for 10 minutes. The supernatants were carefully collected. The solvent was then removed by rotating an evaporator at 60°C. Rotating an evaporator at 60°C was used to extract the solvent. Finally, the rice flour extracts were stored at -20°C in a brown vial until further investigation.
3.8.2. Determination of total polyphenol compounds (TPC):
Total polyphenol content determination was performed using the method described by Peanparkdee et al. (2020) with some modifications. 2.5 mL of Folin-Ciocalteu reagent (0.2 N) was added to 500 μL of the extracted sample. The mixture was left to stand for 5 minutes. Following this, 2 mL of a 7.5% sodium carbonate (Na₂CO₃) solution was added, and the samples were allowed to stand for 120 minutes in the dark. The absorbance was measured at 765 nm (UV2500UV–Vis, Shimadzu Co., Japan).
3.8.3. Determination of DPPH assay:
A DPPH (2,2-diphenyl-1-picrylhydrazyl) analysis was conducted, followed by Peanparkdee et al. (2020). The radical scavenging capacity was assessed using the DPPH method. A 0.5 mL sample was combined with 5 mL of a 0.1 mM DPPH solution and allowed to stand at room temperature for 30 minutes before the absorbance was measured at 517 nm.
3.9. Organoleptic evaluation of rice samples:
	Organoleptic evaluation of cooked white and parboiled white rice was subjected to their organoleptic qualities. Samples were served to a panel of 20 judges. The panelists were asked to evaluate color, flavor, taste, texture, and overall acceptability on a 1 to 10 hedonic scale as described by El-Bana et al. (2020). A score of 1 being.
3.10. Statistical analysis: 
Data were analyzed according to Stell and Torrie (1980), the obtained data were statistically analyzed using the analysis of variance (ANOVA), and differences among means within the samples were tested using Duncan’s multiple range tests at the 5% probability level.
[bookmark: _Hlk203919726]RESULTS AND DISCUSSION
 Physical and technological properties of some new Egyptian rice varieties:
 Uniformity in shape and size is considered the first quality characteristic. Milled rice has been classified into four categories since the average length (mm) of the kernels. Extra-long (> 7.50), long (6.61 - 7.50 mm), medium (5.51 - 6.60 mm), and short (≤ 5.50 mm), Aravind Kumar et al. (2021). Data presented in Table (1) indicated that the lengths of raw brown rice grains of the three different studied varieties (Sakha Super 300, Giza 179, and Basmati Giza 201) were 5.80, 5.70, and 8.83 mm, respectively. Whereas the lengths of raw white rice grains were 5.41, 5.44, and 8.60 mm for the previously mentioned varieties. The Basmati Giza 201 rice variety was significantly the longest among the Sakha Super 300 and Giza 179 rice varieties. The same table shows that the parboiling process had no effect on the length of either brown or white rice at P ≤ 0.05. The widths of raw brown rice in the three different varieties of rice (Sakha Super 300, Giza 179, and Basmati Giza 201) were 3.18, 2.60, and 2.22 mm, whereas in the case of white rice grains, they were 2.95, 2.52, and 2.05 mm, respectively, with no obvious changes in width as a result of the parboiling process. Subjecting the previous results to analysis of variance at P ≤ 0.05 supports our findings. These results are in the same trend as those reported 

Table (1): Effect of parboiling on some physical properties of new Egyptian brown and white rice varieties
	Rice varieties
	Treatment
	Grain dimension
	Grain shape
	"Grain
index (g)
	Bulk density (g/cm3)

	
	
	Length (mm)
	Width
(mm)
	
	
	

	Super 300

	Brown
	5.80±0.02c
	3.18±0.02a
	1.82±0.005d
	23.97±0.10a
	0.84±0.02b

	
	Parboiled Brown
	5.84±0.10c
	3.20±0.11a
	1.82±0.03d
	24.15±0.16a
	0.86±0.02ab

	
	White
	5.41±0.02d
	2.95±0.01b
	1.83±0.012d
	21.78±0.11cd
	0.87±0.02ab

	
	Parboiled White
	5.43±0.22d
	2.97±0.10b
	1.82±0.012d
	21.89±0.11c
	0.89±0.03a

	Giza179

	Brown
	5.70±0.01c
	2.60±0.01c
	2.19±0.004c
	21.30±0.10fg
	0.66±0.03d

	
	Parboiled Brown
	5.68±0.20c
	2.63±0.11c
	2.16±0.014c
	21.35±0.2efg
	0.69±0.02d

	
	White
	5.44±0.005d
	2.52±0.10c
	2.16±0.091c
	21.21±0.11g
	0.75±0.025c

	
	Parboiled White
	5.47±0.12d
	2.48±0.21c
	2.21±0.14c
	21.40±0.1efg
	0.78±0.02c

	Basmati Giza 201
	Brown
	8.83±0.030a
	2.22±0.01de
	3.97±0.004b
	22.94±0.12b
	0.76±0.02c

	
	Parboiled Brown
	8.85±0.13a
	2.24±0.12d
	3.95±0.15b
	22.96±0.12b
	0.74±0.03c

	
	White
	8.60±0.03b
	2.05±0.01e
	4.19±0.005a
	21.51±0.01ef
	0.84±0.03b

	
	Parboiled White
	8.63±0.10b
	2.07±0.11de
	4.17±0.27a
	21.57±0.20de
	0.88±0.03ab


*Each value is an average of ten determinations± standard deviations.
± +Values followed by the same letter in the column are not significantly different at P < 0.05.
"Grain index = weight of 1000 grains.

elsewhere (El-Bana et al. (2020); Sivakamasundari et al. (2020); Hu et al. (2021); Mansour et al. (2024); and Muchlisyiyah et al. (2025). 
As for the grain shape of the three rice varieties (Sakha Super 300, Giza 179, and Basmati Giza 201) for raw brown and white rice, they were given in Table (1). The recorded differences were significant at P ≤ 0.05. In addition, no pronounced effect was found upon subjecting different rice varieties to the parboiling process. However, the grain shape of rice depends on the ratio between length and width as reported by Ahuja et al. (1995). who classified the shape as Slender (> 3.0), Medium (2.1 - 3.0), Bold (1.1 - 2.0), and Round (≤ 1.0). The present results are in accordance with those of El-Bana et al. (2020); Sivakamasundari et al. (2020); Badawy et al. (2022) and Muchlisyiyah et al. (2025). In addition, the data in the same table revealed that the grain index (weight of 1000 grains) values of raw brown and white rice for the three rice varieties (Sakha Super 300, Giza 179, and Basmati Giza 201) were (23.97 and 21.78 g), (21.30 and 21.21), and (22.94 and 21.51 g), respectively. It is noteworthy from the same tables that the parboiling process had no significant effect on the grain index, neither for brown nor for white rice grains at P ≤ 0.05. Similar results were found elsewhere (El-Bana et al., 2010; Gewaily et al., 2018; El-Bana et al., 2020; Sivakamasundari et al., 2020; and Muchlisyiyah et al., 2025). In addition, the data in the same table revealed that bulk density was higher in white rice samples than in those of brown rice.
[bookmark: _Hlk205656087]Milling properties of some new Egyptian rice varieties:
Data presented in Table (2) indicated that the hull percentages of the three rice varieties (Sakha Super 300, Giza 179, and Basmati Giza 201) were 19.35, 20.50, and 19.75%, respectively, while parboiling treatment decreased the hull percentage in all studied rice varieties. It is also apparent from the same table that the percentages of brown rice were 80.65, 79.50, and 80.25% for the studied rice varieties (Sakha Super 300, Giza 179, and Basmati Giza 201), respectively. Parboiling treatment caused an increment in the previously mentioned percentages. These results may be related to the gelatinization and expansion of the grain during the steaming step of the parboiling process. In addition, the return to grains natural state by drying is believed to cement the interior fissures or checks of the kernels, thus enabling the grains to assume a greater hardness (Jagtap et al., 2008; El-Bana et al., 2020 and Sivakamasundari et al., 2020).
[bookmark: _Hlk200464611]Table (2): Effect of parboiling on milling quality of some new Egyptian rice varieties.
	Parameters

Varieties
	Treatments
	Hulls%
	Brown
rice%
	Total milled
rice%
	Head
rice%
	Broken
rice%

	Sakha super 300
	White
	19.35±0.11c
	80.65±0.21b
	70.55±0.30c
	61.81±0.11d
	8.74±0.22c

	
	Parboiled White
	18.22±0.11d
	81.78±0.22a
	71.94±0.15a
	70.00±0.10a
	1.91±0.21f

	Giza 179
	White
	20.50±0.20a
	79.50±0.10d
	70.00±0.20d
	56.66±0.31e
	13.34±0.11b

	
	Parboiled White
	19.20±0.20c
	80.80±0.10b
	71.33±0.11b
	69.03±0.03b
	2.30±0.10e

	Basmati Giza 201
	White
	19.75±0.22b
	80.25±0.25c
	66.80±0.10e
	56.30±0.20f
	15.35±0.12a

	
	Parboiled White
	17.90±0.20e
	82.10±0.20a
	69.69±0.11d
	64.94±0.14c
	4.75±0.22d


[bookmark: _Hlk200464744]*Each value is an average of three determinations± standard deviations.
 +Values followed by the same letter in the column are not significantly different at P < 0.05.

It is also apparent from the same table that the total milled rice of the three rice varieties revealed that samples of Super 300 showed an increase in the previously mentioned parameter compared to other varieties, while the percentage of the total milled rice increased as a function of the parboiling process. This increment may be related to the adhesion between the outer layer of the grain (aleurone layer) and the endosperm. These results are in the same trend as those reported by Abd El-Rassol et al. (2005), Ayamdoo et al. (2014), and Chavan et al. (2018). The percentages of head and broken rice varied according to the length and width of the rice varieties as given in Table (2). The indica rice variety (Basmati Giza 201) had higher percentages of broken rice than those of the japonica rice variety Super 300 and the indica/japonica rice variety Giza 179. The parboiling process led to an increase in the percentage of head rice regardless of the rice varieties used (Sakha Super 300, Giza 179, and Basmati Giza 201). The head rice percentage increased from 61.81 to 70.0 for Sakha Super 300 and from 56.66 to 69.03% for Giza 179 and 56.30 to 64.94% for Basmati Giza 201. These results agree with those found by Abd El-Sattar et al. (2016), Chavan et al. (2018), Zohoun et al. (2018), Sivakamasundari et al. (2020), and Muchlisyiyah et al. (2025). They found that a reversible relationship was recorded between the percentage of head rice and the percentage of broken rice. Furthermore, broken rice percentages have been used as a means of detecting varietal differences in the varieties under investigation. Also, this parameter may be considered as an index for the quality of rice varieties.
Water uptake value at 77°C and 82°C, and cooking time of some new Egyptian rice varieties:
Water uptake is used to measure the hydration characteristics of rice. The values of water uptake for different rice samples at 77°C and 82°C are presented in Table (4).It should be noted from the table that the variety Giza 179 had relatively the lowest water uptake value at 77°C and 82°C among all of the tested rice varieties (Sakha Super 300, Giza 179, and Basmati Giza 201), which amounted to 242.70, 234.45, and 246.41 milliliters of water/100 g of rice at 77°C, respectively. Furthermore, water uptake values of 82°C were higher compared to 77°C in white rice samples.
It is also apparent from the same tables that water uptake, whether at 77°C or 82°C, decreased as a function of the parboiling process for all rice samples. Parboiling, a process involving soaking, steaming, and drying, consistently reduces water uptake compared to raw white rice, primarily due to starch gelatinization and structural changes in the endosperm that make the grain less porous and more resistant to water absorption (El-Bana et al., 2007; El-Bana et al., 2020; Sivakamasundari et al., 2020; Meresa et al., 2020 and Abd El Salam et al., 2024). This reduction in water uptake is statistically significant within each rice variety at the P < 0.05 level, as indicated by the letter designations in the table (3). Furthermore, the white rice variety Basmati Giza 201 had relatively the highest water uptake value (246.41 and 269.50) at 77°C and 82°C, respectively, among all of the tested rice samples. The results obtained are in line with those reported by Ayamdoo et al. (2014), Chavan et al. (2018), El-Bana et al. (2020), Mansour et al. (2024), and Zhuang et al. (2025). However, El-bana et al. (2007) reported that water uptake is influenced by many factors, such as the gelatinization temperature and the porosity of the kernel.
Table (4): Effect of parboiling on water uptake and cooking time of some new Egyptian white rice varieties.
	Parameters

Varieties
	Treatments
	Water uptake (ml H2O/100 g rice)
	Cooking time (min.)

	
	
	77 0C
	820C
	

	Sakha super 300
	White
	242.70±1.50b
	271.75±1.10a
	20.63±0.32d

	
	Parboiled white
	231.80±0.80d
	260.11±0.50d
	25.30±0.20b

	Giza179
	white
	234.45±0.40c
	269.50±0.50b
	18.20±0.10e

	
	Parboiled white
	225.77±0.61e
	260.20±0.70d
	24.40±0.10c

	Basmati Giza 201
	white
	246.41±0.41a
	267.91±0.80c
	22.40±0.0c

	
	Parboiled white
	235.91±0.71c
	256.80±0.50e
	28.10±0.10a


*Each value is an average of three determinations ± standard deviations.
 +Values followed by the same letter in the column are not significantly different at P < 0.05.
The cooking time is the time needed to make the opaque central portion of the rice grain disappear completely during cooking (Itagi and Singh 2015). The data in the same table revealed that parboiled white rice had a cooking time higher than that of raw white rice for all rice samples. Furthermore, the parboiled white rice variety of Basmati Giza 201 had relatively the highest cooking time among all of the tested rice samples (28.10 min.). While the white rice variety of Giza 179 had the lowest cooking time among all the tested rice samples (18.20 min.). The obtained results were in line with those reported by El-Bana et al. (2020), Meresa et al. (2020), Sivakamasundari et al. (2020), Ukpong et al., (2023), and Muchlisyiyah et al. (2025), they reported that this can be due to its hardness, which resists water penetration inside the kernel during cooking, amylose lipid complex formation effects, and the existence of more gelatinized and retrograded starch.
[bookmark: _Hlk200474475]Eating quality of some new Egyptian White rice varieties:
The paramount feature influencing the market price of rice and fulfilling customer satisfaction is its eating and cooking quality (ECQ) Sultana et al. (2022).
 The gel consistency of rice is classified as hard (26 to 40 mm), medium (41 to 60 mm), and soft (61 to 100 mm), as reported by Cagampang et al. (1973). The data in table (5) reveals significant variations in gel consistency (G.C.) among different rice varieties, both in white and parboiled white rice. Among the rice varieties studied, Super Sakha 300 showed the highest GC in white rice, followed by Giza 179 and then Basmati Giza 201 rice. Generally, all varieties are classified under soft and hard rice. Perez (1979) suggested that G.C. of milled rice or rice starch serves as a reliable indicator of gel viscosity, which, in turn, reflects the texture of cooked rice. Because of the relationship between gel viscosity and amylograph consistency, the latter can be used as a tool for rapid screening of eating quality in a rice breeding program. Moreover, the gel consistency content decreased after subjecting the white rice to the parboiling process. primarily due to starch gelatinization and structural changes in the endosperm that render the grain harder and less porous (El-Bana et al., 2020; Meresa et al., 2020 and Abd El Salam et al., 2024). The alkali spreading value (GT) acts as a reverse indicator of the gelatinization temperature of rice starch granules. It reflects the temperature at which the starch granule initiates irreversible swelling in hot water, simultaneously losing crystallites in the amylopectin chain length (Irshad, 2001).
[bookmark: _Hlk203925004]Table (5): Effect of parboiling on cooking and eating quality of some new Egyptian White rice varieties.
	Parameters

Varieties
	Treatment
	Gel consistency (mm)
	Alkali spreading value (GT)
	Elongation %
	Amylose %

	Sakha super 300
	White
	95.70±1.05a
	6.00±0.0b
	45.50±0.30b
	20.00±0.30c

	
	Parboiled White
	90.90±0.80c
	5.00±0.0d
	40.70±0.20d
	19.20±0.20d

	Giza 179
	White
	92.90±0.90b
	6.50±0.30a
	46.93±0.57a
	18.40±0.20e

	
	Parboiled White
	87.90±1.20d
	5.50±0.30c
	43.80±0.40c
	17.50±0.30f

	Basmati Giza 201
	White
	40.10±1.10e
	6.00±0.0b
	36.60±0.30e
	27.10±0.10a

	
	Parboiled White
	36.700±1.10f
	4.50±0.20e
	31.90±0.20f
	26.20±0.30b


*Each value is an average of three determinations± standard deviations.
 +Values followed by the same letter in the column are not significantly different at P < 0.05.
[bookmark: _Hlk202621945]      Table (5) presents the results of the alkali spreading value, revealing the Super Sakha 300 and Giza 179 white rice varieties exhibited the highest gelatinization temperature levels at 6.00% and 6.5%, respectively. Moreover, the alkali spreading values decreased after subjecting the three mentioned rice varieties to the parboiling process. These results may be due to the variation in terms of processing conditions for the rice varieties as clarified by El-Bana et al. (2020). The resistance of parboiled rice to disperse in the alkali test may be related to the hardness of the grain because of the retrogradation that takes place in gelatinized starch. The results obtained agree with those reported by Sivakamasundari et al. (2020) and Abd El Salam et al. (2024). Elongation percentage is defined by El-bana et al. (2007) as the ratio of the length of a cooked rice grain to the length of a white rice grain. The cooked rice elongation % presented in Table (5) demonstrates higher values for white rice varieties compared to parboiled white rice across all varieties. The elongation percentages for the short-grain varieties (Super Sakha 300 and Giza 179) were higher than that of the long-grain variety (Basmati Giza 201). Furthermore, the white rice variety Giza 179 exhibited a relatively high elongation value at 46.93%, while the white Basmati Giza 201 variety had the lowest at 31.90%. Moreover, the elongation percentages of tested samples decreased upon being subjected to the parboiling process. Hardness of rice seems to correlate negatively with its elongation percentage (El-Bana et al., 2007). These findings are consistent with prior research conducted by El-Bana et al. (2020) and Abd El Salam et al. (2024).
It's worth noting that amylose content plays a crucial role in determining the cooking, eating, and pasting properties of rice, as highlighted by Asghar et al. (2012). According to the data presented in Table (6), the parboiling process is a significant factor contributing to decreased amylose content in rice varieties due to modification of the chemical structure. Consequently, the amylose contents of milled rice surpassed those of parboiled white rice across all varieties. Specifically, the white rice grains of Basmati Giza 2020 exhibited the highest amylose content at 27.10%, among all of the tested white rice varieties. whereas the parboiled white rice of the Giza 179 variety displayed the lowest value at 17.50%. These findings are consistent with prior research conducted by El-Bana et al. (2007), Sivakamasundari et al. (2020), and Kanan et al. (2022).
[bookmark: _Hlk204943272]Chemical composition of some new Egyptian white rice varieties:
[bookmark: _Hlk206267941]There are many factors affecting the chemical composition of rice, such as the variety of rice; variation in organic compounds of the soil; applied fertilizers; climatic and environmental factors; degree of milling; and the treatments used (parboiling). Alam, et al. (2024). So, chemical composition was performed to study the previously mentioned treatments and their effects on the quality of the different rice samples. Table (7) outlines the proximate composition of three rice cultivars, Sakha Super 300, Giza 179, and Basmati Giza 201, in both white and parboiled forms. The analysis includes moisture, crude protein, ether extract, ash, crude fiber, and total carbohydrates. The data reveal that both rice variety and processing methods significantly influenced chemical composition parameters. Moisture levels ranged between 11.96% and 12.85% across all samples. Parboiled rice samples exhibited slightly higher moisture contents than their white counterparts, likely due to the hydrating effects of soaking and steaming during parboiling. This observation supports previous findings that parboiling increases water absorption and gelatinization of rice grains (El-Bana et al., 2020 and Muchlisyiyah et al., 2025). It is also apparent from the same table that crude protein content was highest in Giza 179, with values of 8.56% and 8.41% for white and parboiled rice, respectively. Other varieties exhibited lower protein concentrations, and a marginal decrease was observed after parboiling. This could be related to the leaching out that takes part of the non-protein nitrogen and albumin during the soaking and steaming step of the parboiling process, as reported by Ibukun (2008) and Pinta et al. (2024).
Furthermore, ether extract content showed a general decline with parboiling. Giza 179 white rice had the highest extract (0.70%), while parboiled Basmati Giza 201 recorded the lowest (0.42%). These results could be attributed to the effect of the parboiling process, where the oil of the kernel travels to its surface; hence, the bran will contain a higher percentage of oil, and the endosperm in turn will lose its oil. (El-Bana et al., 2020). However, Juliano (1985) reported that the outward migration of fat may be related to this rupture that occurred in the oil globules. 
It was clear from the same tables that ash content, indicative of mineral composition, increased after parboiling in all varieties. The highest ash value was parboiled Sakha Super 300 (0.86%), while the lowest was in white Basmati Giza 201 (0.48%). This enhancement is likely due to the migration of minerals from the bran layer into the endosperm during heat treatment, consistent with findings by Jagtap et al. (2008), Taleon et al. (2021) and Kumer et al. (2022).


[bookmark: _Hlk206104843]Table (7): Chemical composition of white and parboiled white rice varieties (% on a dry weight basis). 
	Parameters

Varieties
	Treatments
	Moisture
	Crude protein
	Ether extract
	Ash
	[bookmark: _Hlk204943589]**Total carbohydrate

	Sakha Super 300
	white
	12.12±0.13bc
	7.90±0.20b
	0.61±0.015b
	0.63±0.010bc
	90.85±0.22b

	
	Parboiled white
	12.60±0.39ab
	7.75±0.15b
	0.50±0.050c
	0.86±0.060a
	90.89±0.26b

	Giza 179
	white
	11.96±0.13c
	8.56±0.29a
	0.70±0.020a
	0.60±0.050c
	90.14±0.26c

	
	Parboiled white
	12.40±0.20abc
	8.41±0.31a
	0.55±0.020c
	0.82±0.020a
	90.22±0.27c

	Basmati Giza 201
	white
	12.52±0.39ab
	7.70±0.2b
	0.55±0.040c
	0.48±0.01d
	91.26±0.22ab

	
	Parboiled white
	12.85±0.30a
	7.48±0.2b
	0.42±0.025d
	0.69±0.040b
	91.40±0.28a


*Each value is an average of three determinations± standard deviations.
 +Values followed by the same letter in the column are not significantly different at P < 0.05.
Additionally, total carbohydrate content ranged from 90.14% to 91.40%, with Basmati Giza 201 showing the highest levels. Slight increases in carbohydrate concentration after parboiling may be due to relative reductions in other constituents such as fat and fiber, leading to an apparent increase in carbohydrate proportion (Zhou et al., 2002 and El-Bana et al., 2020).
Mineral content:
Elements are essential for human nutrition, with some playing critical roles in vital bodily functions like hemoglobin production for blood (National Academy of Sciences, 2001). The ash content of rice varieties holds nutritional significance as it contains essential minerals, as depicted in Table (8). Among the determined mineral contents, phosphorus content was found to be the highest element. In addition, the parboiling process caused an increase in the mineral element content of parboiled rice. These results are in accordance with those of El-Bana (2020), who reported that the parboiling process was found to increase the concentration of the mineral content, which migrates from outer layers into the endosperm during parboiling treatments. Furthermore, Rahman et al. (2019) and Meharg et al. (2025) reported that the hydrothermal process, which includes soaking, steaming, and drying, leads to a redistribution of essential minerals between the bran and endosperm, affecting both their bioavailability and nutritional value in the final product. Moreover, slight variations in the mineral element content were recorded in the tested rice varieties. In addition, the rice variety of Giza 179 had relatively high levels of phosphorus, calcium, sodium, and zinc with a low level of potassium in comparison with the other white rice varieties (Sakha Super 300 and Basmati Giza 201). 
Table (8): Effect of parboiling on mineral compositions of some new Egyptian white rice varieties (mg/100g on a dry weight basis). 
	.Parameters

Varieties
	Treatments
	
(mg/100g)

	
	
	P
	K
	Na
	Ca
	Fe
	Zn

	Sakha Super 300
	White
	140
	90.22
	8.80
	11.90
	1.21
	1.30

	
	Parboiled white
	190
	95.60
	9.22
	14.50
	1.35
	1.26

	Giza 179
	White
	200
	85.36
	9.10
	13.70
	1.44
	1.44

	
	Parboiled white
	240
	93.30
	9.50
	15.30
	1.61
	1.39

	Basmati G201
	White
	170
	110.20
	8.40
	12.80
	1.51
	1.11

	
	Parboiled white
	220
	115.15
	8.95
	15.10
	1.68
	1.04


These findings are consistent with previous studies conducted by Abd El-Rassol et al. (2005), El-Bana et al. (2010), Hussein and Abd El-Rahman (2021), and Badawy et al. (2022). Showed variations in mineral content across rice varieties, with potassium ranging from 58 to 117 mg/100 g, calcium from 7.8 to 25 mg/100 g, sodium from 5.9 to 10.3 mg/100 g, iron from 0.2 to 2.7 mg/100 g, and zinc from 0.3 to 1.37 mg/100 g.
Bioactive compounds:
Phenolic compounds are bioactive molecules widely recognized for their strong antioxidant properties, which contribute to the prevention of oxidative stress-related chronic diseases, including cardiovascular disorders, cancer, and premature aging (Scalbert et al., 2005). In this study, the total phenolic content (TPC) and antioxidant activity, measured through DPPH (2,2-diphenyl-1-picrylhydrazyl) radical scavenging assays, were analyzed for white and parboiled white rice samples from Sakha Super 300 and Basmati Giza 201 (Table 9). The data indicates that white rice samples had significantly higher phenolic content than their parboiled counterparts. Basmati Giza 201 white rice recorded the highest TPC at 75.00 mg GAE/100 g, followed by Sakha Super 300 white rice with 61.60 mg GAE/100 g. In contrast, parboiled white rice showed markedly reduced values: 35.60 mg GAE/100 g for Basmati Giza 201 and 29.50 mg GAE/100 g for Sakha Super 300. This significant decline in TPC following parboiling can be attributed to thermal degradation, leaching phenols into soaking and steaming water, and possible interactions with starch and proteins that may bind phenolics, rendering them less extractable (Walter et al., 2013 and Pinta et al., 2024). A similar trend was observed in the DPPH radical scavenging activity, where white rice exhibited higher antioxidant potential than parboiled rice. Basmati Giza 201 white rice demonstrated the highest DPPH scavenging activity at 37.10%, followed by Sakha Super 300 white rice at 33.20%. Upon parboiling, the antioxidant activity dropped significantly to 24.60% and 21.80% for Basmati and Sakha varieties, respectively. Although both varieties showed substantial antioxidant potential in their raw white forms, the parboiled versions were markedly inferior. As expected, the synthetic antioxidant butylated hydroxyanisole (BHA), used as a positive control, exhibited the highest DPPH activity (98.49%), reflecting its potent free-radical scavenging efficacy. However, even though rice phenolics are milder antioxidants than synthetic compounds, they are still valuable from a nutritional and health-promoting perspective, particularly in minimally processed forms. The results reveal a positive correlation between phenolic content and antioxidant activity, supporting previous studies (Pal et al., 2018; Pinta et al., 2024; and Kanan et al., 2022), which confirmed that the radical scavenging capacity of cereals is strongly linked to their phenolic concentrations.
[bookmark: _Hlk204963199]Table (9): Effect of parboiling on bioactive compounds of some new Egyptian white rice varieties. 
	Parameters

Varieties
	Treatment
	TPC (mg GAE/100g)
	DPPH Scavenging (%)

	Sakha super 300
	White rice
	61.60 ±0.08b
	33.20 ±0.08c

	
	Parboiled White rice
	29.50 ±0.09d
	21.80 ±0.11e

	Basmati Giza 201
	White rice
	75.0 ±0.14a
	37.10 ±0.17b

	
	Parboiled White rice
	35.60 ±0.09c
	24.60±0.16d

	BHA
	-----
	---
	98.49 ±0.08a


*Each value is an average of three determinations ± standard deviation.
+ Different lowercase letters within a column indicate significant differences at p ≤ 0.05.          TPC = Total phenolic compounds.    BHA = Butylated hydroxyanisol
GAE= gallic acid.   
Organoleptic Properties of Cooked White and Parboiled White Rice:
Sensory characteristics such as color, flavor, texture, and overall acceptability are crucial for consumer satisfaction and marketability of rice products. Table (10) illustrates the effect of parboiling on the organoleptic quality of two Egyptian rice varieties, Sakha Super 300 and Basmati Giza 201, in their cooked white and parboiled white forms. White rice samples from both varieties received significantly higher color scores compared to their parboiled counterparts (p < 0.05). Basmati Giza 201 white rice showed the highest color acceptability (8.62 ± 0.59), followed by Sakha Super 300 white rice (8.27 ± 0.78). The lower color scores for parboiled samples are 7.47 and 7.17, respectively.
 may be due to the browning effect associated with the parboiling process, likely caused by Maillard reactions and pigment migration from the bran during steaming, leading to a slightly duller or more yellowish appearance (Lamberts et al., 2006; Dutta and Mahanta, 2012).
[bookmark: _Hlk206269134]The flavor is a combination of taste and smell, and it is the main criterion that makes the product liked or disliked, while tasting is influenced by the flavor, and it is one of the most essential factors of product acceptability (Durgrao et al., 2017). In addition, the same table showed that flavor perception was also notably higher in the white rice samples, particularly for Basmati Giza 201 white rice (8.70 ± 0.57), which had the most favorable flavor among all samples. Parboiling caused a significant reduction in flavor scores for both varieties. This decline may be attributed to the loss or transformation of aromatic compounds during the heat treatment of parboiling (Bello et al., 2015 and Rocha‐Villarreal et al., 2017). Super 300 parboiled rice had the lowest flavor rating (7.17 ± 0.92), indicating a possible weakening of flavor complexity post-parboiling.
As for the texture of the different rice samples cooked, it should be noted that texture scores revealed an interesting pattern. All samples performed well, with scores above 7.5, but Basmati Giza 201, both in white and parboiled forms, scored higher than Super 300, indicating its superior textural quality. Notably, the parboiled Basmati Giza 201 rice (8.37 ± 0.79) had texture ratings close to its white counterpart (8.83 ± 0.44), and the difference was not statistically significant (p > 0.05), suggesting that parboiling preserved or slightly enhanced the desirable firmness and integrity of Basmati’s cooked grains. Furthermore, during cooking, the structure of rice, physical properties, chemical composition, and nutritional quality are changed (Mahadevamma and Tharanathan 2007). The intra- and/or intermolecular interactions of starch with other components in rice, such as proteins, lipids, and non-starch polysaccharides, affect rice's texture (Prasert and Suwannaporn 2009).
 Table (10): organoleptic properties of cooked white and Parboiled white rice varieties.
	Parameters

Varieties
	Treatment
	Color
	Flavor
	Texture
	Overall acceptability

	Sakha Super 300
	Parboiled white rice
	7.47±0.92b
	7.17±0.92c
	7.77±0.92b
	7.47±0.92b

	
	White rice
	8.27±0.78a
	8.07±0.78b
	8.53±0.61a
	8.29±0.72a

	Basmati Giza 201
	Parboiled white rice
	7.17±0.92b
	7.47±0.92c
	8.37±0.79a
	7.67±0.88b

	
	White rice
	8.62±0.59a
	8.70±0.57a
	8.83±0.44a
	8.72±0.53a


*Each value was an average of twenty determinations.
+Values followed by the same letter in the column are not significantly different at P < 0.05.
Overall acceptability followed the combined trend of the other sensory parameters. White rice from Basmati Giza 201 again scored the highest (8.72 ), followed by Super 300 white rice (8.29 ). Parboiled samples from both varieties had slightly lower but still acceptable ratings (7.67 and 7.47), indicating that despite the sensory changes induced by parboiling, consumer perception remained positive. However, the lower scores across all traits for parboiled Super 300 suggest that it is more affected by parboiling than Basmati Giza 201, which maintains better sensory integrity after processing. The results agree with those reported by Abd El-Sattar et al. (2016), El-Bana et al. (2020), and Badawy et al. (2022).
conclusion
Parboiling significantly enhanced the milling quality and mineral content of the rice varieties, but it negatively impacted their bioactive compounds, cooking time, and some organoleptic properties. These findings provide valuable insights into the quality characteristics of these new Egyptian rice varieties and the effects of parboiling on their various attributes.
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