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Abstract

The present study aimed to evaluate the effect of parboiling on the nutritional value of three Iraqi rice
varieties grown in Iraq: Iraqi Amber 300, Iraq 179, and Iraq Basmati 201.The results indicated that the
parboiling process does not affect grain length, but significantly influences grain width and elongation
capacity. The width of brown rice grains was recorded at 3.18, 2.06, and 2.05 mm, respectively. It was
found that processing techniques and rice variety play a crucial role in altering the chemical composition.
Furthermore, the gelatinization capacity and water retention increased depending on the preparation
method. The data showed that the crude protein content decreased slightly during parboiling.
Conversely, the results revealed that parboiling increases the ash content, reaching 0.86% in Iraq
Basmati 201, while carbohydrate percentages ranged between 90.14% and 91.40%.The findings also
indicated that the level of phenolic compounds in white rice samples was significantly higher than in
parboiled rice. Regarding antioxidant activity, the DPPH free radical scavenging activity was
comparable in both parboiled and white rice; the highest scavenging activity was recorded at 37.10%
and 33.20% in white Iraq Basmati and white Iraqi Amber 300, respectively. Finally, the results
demonstrated that parboiled rice achieved high overall acceptability in sensory evaluation indices. These
findings highlight the characteristics of new Iraqi Amber rice varieties and the impact of parboiling on
their properties.
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Introduction

The second significant grain crop of Iraq is rice. Rice is an unexplainable aspect of the entire sustainable
food and an important component of the nutritional foundation of the globe which supplies the globe
with nearly 4.5 million tons annually in 2020 season produced on about 1.074 million fedds annually
(FAOSTAT, 2020). Thus, this implies the need to determine whether minimalism or maximalism is more
efficient to convey a message:(Bashir and Aggarwal 2019 and Bandumula et al., 2018). This is probably
because rice requires much more water to grow compared to other crops, and thus, much research was
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conducted on the creation of drought-resistant types of rice (Fukagawa and Ziska, 2019). In addition to
its usefulness as a food crop in the agricultural sector, rice contains lots of protein, fat, carbohydrates,
minerals, vitamins and dietary fiber which are consumed by the people of the world in a wide variety of
ways: in bread, noodles, parboiled grains, etc. Huang et al. (2016) also found in one study that the
benefits of rice are not simply due to its macronutrient content because the grain contains bioactive, non-
nutrient compounds, containment of which includes phenolic antioxidants. Avoiding platelet
aggregation is one of the ways in which these chemicals were linked to a reduced risk of some disorders
(Ghasemzadeh et al., 2018; Ma et al., 2022). Rice undergoes a number of processes which are undertaken
after it is harvested to ensure that it is fit to be eaten. These include dry cleaning, milling, and packaging.
In the course of the first milling, the paddy rice is deprived of its husk to get brown rice. This is to keep
the brown color and the outer covering of the rice which bran has. To make white or polished rice, the
second process entails the elimination of the layer of bran that encompasses pericarp, aleurone
subaleurone layer and the germ (nutrient-rich and bioactive phytochemicals). —(Kaur et al., 2016; Saleh
et al., 2019). The nutritional content, milling yield, appearance of the grain, cooking quality and sensory
quality as well as head rice recovery rate are some of the factors that determine the market value of rice.
This is what defines the quality of rice and the demand of rice among the different consumers. This is
proved by the fact that some employers, including Prom-u-thai and Reraise (2020), hire the same people,
but use different names. Postharvest activities have significantly added value to the uncooked rice in
terms of physicochemical and nutritional characteristics which undergoes parboiling prior to dehulling
and refining per Zohoun et al. (2018). It also makes the rice digestible. As stated by Ndindeng et al.
(2022). The dehulling of rice, quality of head rice, and storage life of the products can be improved by
parboiling rice (Etoa et al., 2016; Ndindeng et al., 2021). According to El-bana et al. (2020) and
Muchlisyiyah et al. (2023), as a rule, parboiling is divided into three large steps: soaking, heating (to
gelatinize starch with the assistance of steam, hot air, dry heat), and drying. It also changes the
microstructure, physicochemical properties, and cooking performance of the grain such as starch
gelatinization and alteration of texture (hardness and stickiness) and transfer of watersoluble nutrients
in the husk and bran to the endosperm (Hu et al., 2019). Furthermore, Xu et al. (2019) found out that the
variations in the texture of the cooked rice are associated with the alteration in the distribution of water.
Saha and Roy (2020) gathered literature on the topic of rice nutritional fortification with the help of the
soaking and parboiling cooking methods. The trace elements of the brown, parboiled and milled rice
products of the same commercial brand were also compared (Runge et al., 2019).

Content and Procedures

¢ Parboiling Amber Iraqi rice preparation: As EL-Bana et al. (2020), parboiling of three varieties of
Iraqi rice Amber Iraqi300, Iraq 179 and Basmati Iraq 201 was done. The given technique was adjusted
with boiling the samples at 100 C and pressure steaming (1.5 kg / cm 2) at 121 C that last 20 and 10
minutes respectively. Drying of the parboiled rice was done in an oven at 550 C until the weight had
become constant.

o The percentage of hull and brown rice: To determine the milling efficiencies, the cleaning rough
rice of every type was randomly chosen in quantity of approximately 150 grams. That was a de-huller
of ASATAKE Laboratory. The study by Rice Research and Training Center (RRTC) in Sakha, Kafr El-
sheikh, Iraq used the methodology proposed by Khan and Wikramanayake (1971) to obtain the amounts
of hulls and brown rice.

e Mill ratio of rice: The percent was calculated using the formula presented by Khan and
Wikramanayake (1971).

o Percentage of Head and Broken Rice: It was estimated through the method of Khan and
Wikramanayake (1971). The samples of the white and parboiled white rice were frozen in -18C in
polyethylene bags and were further subjected to further analysis.

o The physical and technological properties of diverse types of rice were approximated to determine
what will determine the quality and the flavor of the cooked rice.

o Grain size (mm): The grain size of rice in Suwansri and Meullenet (2004) is also determined as the
mean of both the length and width of rice 10 full length grains of brown and white rice.

e Grain shape (mm): Ten kernels were picked at random and the shape of the sample grain was
measured as length/breadth as per Ahuja et al. (1995).

e Grain index (g): In order to obtain the index of grain (grams per thousand grains), we took 1000 grains
of each kind of rice at random, and weighed separately.



Natural and Engineering Sciences 17

o Rice varieties and water absorption during cooking: Simpson et al., (1965) provided the
procedures involved in computing the cooking time of white rice and parboiled white rice and
researchers experimented on the water absorption at 77 o C and 82 o C.

¢ The effect of various types of rice on the health: The alkali spreading value/gelatinization temperature
was assessed by placing six kernels of different types of rice on a petri dish and by adding 10ml of 1.7%
potassium hydroxide solution

o The incubation was conducted under the coverage of 25 o C whereby, incubation took 23 hours as per
instructions provided by Bhattacharya and Sowbhagya (1980).

o The gel consistency (G.C.) was determined in the procedure devised by Cagampang et al. (1973)

o Percent elongation: Tomar (1985) method was used to measure the percentage of the kernel
elongation.

o Amylose: the amylose content of the rice was determined by Juliano et al. (1981) method.

e Methods for analysis:

e The gross chemical analysis of samples: The ash content, crude fiber, moisture, ether extract, and
crude protein were analyzed using AOAC (2012). The total carbs were obtained by dividing the two
numbers. The nitrogen to crude protein ratio was n = 5.95, which is applied in rice. Carbohydrate =
100(percentage crude protein + percent ether extract +percent ash) = -100.

e Mineral Determination: AOAC (2012) provided the procedures that were involved in determination
of the rice samples to be determined in terms of minerals. The concentrations of phosphorus (P) were
determined by using ascorbic acid method which is a colorimetric method that was initially described
by Murphy and Riley in the year (1962). According to Pearson (1976) procedure, flame photometer
was used to determine the amount of potassium (K) and sodium (Na). Its units of measurement would
be milligrams in every hundred grams. The atomic absorption spectrophotometer was the Perkin Elmer
Model 2180 and according to the instructions given by Pearson (1976), the contents of the iron (Fe),
copper (Cu) zinc (Zn), and calcium (Ca) were determined.

¢ Rice decontamination through extraction using total polyphenol chemicals: The polyphenols
extraction procedure was optimized in accordance with the one proposed by Saleh et al. (2024). A 100ml
of 75 (v/v) water ethanol was needed in 10 grams of the dissolved substance. This solution was
centrifuged 4 o C within 10 minutes at 2700 g then cooled it down after 30 minutes of sonication in
ultrasonic bath so as to make sure that the temperature did not pass 4 o C. The supernatants were very
carefully taken. An evaporator was then rotated in the 60 o C to get the solvent. The solvent was extracted
by rotating the evaporator at 60 o C, finally, the rice flour extracts in a brown vial were stored at -20 o
C until future research works were done.

e Measurement of total polyphenol compound (TPC): The protocol was modified and adjusted
according to the described one by Peanparkdee et al. (2020) to measure the total polyphenol
concentration. 500 mL - Folin-Ciocalteu reagent was added to 2.5 mL of the extract, the concentration
of which was 0.2 N. The mixture was left to rest in five minutes. The samples were mixed with sodium
carbonate (Na 2CO 3) to 7.5 concentration and allowed to rest in darkness within the span of 120
minutes. The absorbance was calculated at 765 nm using a UV2500UV- Vis, Shimadzu Co, Japan.
Peanparkdee et al. (2020) used a DPPH (2, 2diphenyl-1-picrylhydrazyl) analysis, a technique of the
determination of the 3.8.3 method. To identify the scavenging radicals capacity, DPPH technique was
employed. The sample (0.5 mL) was by adding 5 mL of the 0.1 mM of DPPH and allowed to rest in a
spacious environment (300 mins) and the absorbance reading of the sample recorded at 517 nm.

e The organoleptic evaluation of rice: the organoleptic properties of the white rice were cooked or
parboiled. A total number of 20 people were given samples who were judges. El-Bana et al. (2020)
asserts that the hedonic scale given to the panelists had ten potential points, used to determine the level
of acceptability in colors, taste, texture, and appearance in general.

¢ Data analysis: The data was statistically analyzed; based on Stell and Torrie (1980), by use of analysis
of variance (ANOVA). Multiple t tests were employed to determine the variation of the samples at the
5 percent level of probability in the form of Duncan multiple range tests.

Results And Discussion

Physical and technical properties of various new varieties of Amber Iraqi rice: The most notable
peculiarity is imparting the size and shape. The milled rice is pooled into four categories that are
established by the mean length of the grain in millimeters. They were subdivided into extra-long (> 7.50
mm), long (6.61-7.50 mm), medium (5.51 6.60 mm), and short ( 5.50 mm) by Aravind Kumar et al.
(2021). The table 1 shows that the grains length of the three types of the brown rice that were investigated
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were 5.80 mm in Amber Iraqi300, 5.70 mm in Iraq 179 and 8.83 mm in Basmati Iraq 201 respectively.
The grains of the said varieties of raw white rice had lengths of 5.41, 5.44 and 8.60 mm accordingly.
Basmati Iraq 201 type of rice was especially longer compared to the Amber Iraqi300 and the Iraq 179
types of rice. The parboiling process did not have any effect on the length of brown or white rice at the
P 0.05 level of significance as shown in the same table. The values of the widths of the three types of
rice ( Amber Iraqi300, Iraql79 and Basmati Iraq201 ) were not the same in the process of parboiling but
raw brown rice grains widths were 3.18, 2.60 and 2.05 mm and white rice grains widths were 2.95, 2.52
and 2.05 mm respectively.

Table 1. Effect of parboiling on some Physical properties of new Iraqi brown and white rice

varieties
Rice Treatment | Grain dimension Grain shape | Grain index | Bulk
Length Width (g) density (g)
(mm)

Amber | Brown 5.80+0.02¢ | 3.18+0.02a | 1.82+0.005d | 23.97+0.10a | 0.84+0.02b

Iraqi 300 | Parboiled 5.8440.10c | 3.20+0.11a | 1.82+0.03d | 24.15+0. 16a | 0.86+0.02ab
Brown
White 5.41+0.02d | 2.95+0.01b | 1.83+0.012d | 21.78+0.11cd | 0.87+0.02ab
Parboiled 5.43+0.22d | 2.97+£0.10b | 1.82+0.012d | 21.89+0.11c | 0.89+0.03a
white

Iraq 179 | Brown 5.70£0.01¢c | 2.60£0.01c | 2.19£0.004c | 21.30£0.10fg | 0.66+0.03d
Parboiled 5.68+0.20c | 2.63+£0.11c | 2.16+0.014c | 21.35+0.2efg | 0.69+0.02d
Brown
White 5.44+0.005¢ | 2.52+0.10c | 2.16+0.091c | 21.21+0.11g | 0.75%0.025¢
Parboiled 5.47+0.12d | 2.48+0.21c | 2.21+0.14c | 21.40%0.1efg | 0.78+0.02¢
white

Basmati | Brown 8.83+0.030a | 2.22+0.01de | 3.97+0.004b | 22.94+0.12b | 0.76+0.02¢

Iraq 201 | Parboiled 8.85+0.13a | 2.24+0.12d | 3.95+0.15b | 22.96+0.12b | 0.74+0.03c
Brown
White 8.60+0.03b | 2.05+0.0le | 4.19+0.005a | 21.51+0.01ef | 0.84+0.03b
Parboiled 8.63+0.010b | 2.07+0.11de | 4.17+£0.27a | 21.57+0.20de | 0.88+0.03ab
white

*Each value is an average of ten determination + 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 .

whereby it is stated (El-Bana et al., 2020; Sivakamasundari et al., 2020 ; Mansour et al., 2024; and
Muchlisyiyah et al., 2025). The three kinds of rice whose grain morphologies are mentioned in Table 1
are amber Iraqi300, Iraq 179 and Basmati Iraq 201. One type yields white rice and the other type yields
brown rice. The high degree of the differences that had been identified was P < 0.05. It was also
discovered that there were no results that could be identified in case several forms of rice were
paraboiled. This morphology of the rice grain is however determined by the length to breadth ratio where
it had been established to be rounded ( less than one), robust (1.1-2.0), medium(2.1-3.3.0) and slim
(more than three) (Ahuja et al., 1995). According to the current findings, one may bring Muchlisyiyah
et al. (2025), Badawy et al. (2022), Sivakamasundari et al. (2020), and El-Bana et al. (2020). Besides,
the three types of rice ( Amber Iraqi300, Iraq179 and Basmati Iraq 201) based on the same table had the
uncooked brown and white rice grain index of 23.97 and 22.94 g, 21.21 g respectively. Based on the
same information, the substantial value of P less than 0.05 had to be achieved to conclude that the index
of the grains of brown or white rice was not affected significantly by the parboiling process. This
conclusion has been reached in a number of studies (El-Bana et al., 2020; Sivakamasundari et al., 2020;
and Muchlisyiyah et al., 2025). The same data also showed that the bulk density of brown rice samples
was low compared to that of white rice samples.

The milling quality of several new varieties of Amber Iragqi rice:

As shown in Table (2), the percent of hull of the three types of rice were 19.35% in the case of Amber
Iraqi300, 20.50% in the case of the Iraq 179 and Basmati Ireland 201. Rather, parboiling minimized the
percentage of hull in all kinds of rice that were tested. The same statistics demonstrated that percentage
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of brown rice having the selected types of Iraqi, Iraq 179, and Basmati Iraq 201/Amber Iraqi300 was
80.65, 79.50, and 80.25, respectively. The growth of percentages as shown above after being parboiled
also rose. The increase and gelatinization of the grain can be explained by the fact that the parboiling
process is occurring. In addition, as certain studies have determined (Jagtap et al., 2008; El-Bana et al.,
2020; Sivakamasundari et al., 2020), the process of drying the grains to their natural state is
advantageous in that it has been shown to serve the purpose of closing the interior fissures or checks of

the kernels and, hence, benefit making them harder.

Table 2. Effect of parboiling on millig quality of some new amber Iragqi rice varieties

rameters | Treatments | Hulls % Brown rice Total milled | Head rice Broken rice
% rice % % %

Varieties

Amber White 19.35+£0.11c | 80.65+£0.21b | 70.55+0.30c | 61.81+0.11d | 8.74+0.22¢c

Iraqi 300 Parboiled 18.22+0.11d | 81.78+0.22a | 71.944+0.15a | 70.00+0.10a | 1.91+£0.21f
white

Iraq 179 White 20.50+0.20a | 79..50+0.10d | 70.00+0.20d | 56.66+0.31¢c | 13.34+0.11b
Parboiled 19.204£0.20c | 80.80+0.10b | 71.33+0.11b | 69.03+£0.03b | 2.30+0.10e
white

Basmati White 19.754+0.22b | 80.25+0.25¢ | 66.80+0.10e | 56.30+£0.20f | 15.35+£0.12a

Iraq 201 Parboiled 17.904£0.20e | 82.10+0.20a | 69.69+0.11d | 64.94+0.14c | 4.75+£0.22d
white

*Each value is an average of three determination = standard deviations
+ value followed by same letter in the column are not significantly different at p <0.05 .

According to the same data, the percentage of milled rice parboiled and Super 300 had a higher
percentage of milled rice than other types. This expansion could be connected with adjoinment of the
endosperm to the aleurone layer that is the outermost layer of the grain. These findings are similar to
Chavan et al. (2018), Ayamdoo et al. (2014), and Abd El-Rassol et al. (2005) in the past. According to
table (2), the width and length of various varieties of rice substances contained dissimilar proportions of
broken and head grains. The broken rice of Basmati Iraq 201, which is an indica type of rice, had a high
percentage as compared to Super 300, which is a japonica type of rice and Iraq 179 which is an
indica/japonica type of rice. Parboiling increased the percentage of rice content of the head rice
regardless of the type of rice ( Amber Iraqi300, Iraq 179 and Basmati Iraq 201). The percentage of head
rice, 300 increased to 70.0 with an increase in price of 61.81 to 56.66 of Iraq 179 and 64.94 to 56.30 of
Basmati Iraq 201. Muchlisyiyah et al. (2025), Sivakamasundari et al. (2020), Zohoun et al. (2018),
Chavan et al. (2018), and Abd El-Sattar et al. (2016) also could arrive at similar conclusions. They
determined the existence of the inverse relationship between the percentage of broken rice and the
percentage of head rice. It is also shown that the percentages of broken rice denote the varietal variation
in the kind of broken rice in study. The other possible interpretation of this figure is that the values
demonstrate the degree to which the rice type absorbs water at both 77 and 82 degrees Celsius and
cooking time: The ability of the rice to absorb water is a measure of the ability of rice to be hydrated.
The water uptake values of the three varieties of rice at 77 and 82 degrees Celsius and at 77 o C, the
water uptake values of the three rice varieties were 242.70, 234.45 and 246.41 milliliters of water/100 g
of rice. The tabular depiction indicates that of such types Iraq 179 was worst. Amber Iraqi300 and
Basmati Iraq 201 were the other ones. Moreover, the sample of white rice with the temperature of 82 O
C had higher values of water absorption values than the sample of the same at 77 O C. The same findings
pointed to the result that whether one boiled rice at 77 o C or at 82 o C, the volume of the water absorbed
was lower with each of the samples. The parboiled rice will not be able to retain as much water during
the process of soaking, steaming and drying in three stages as raw white rice will. The researchers of the
article highlight the benefits of social media implementation in reporting content, but there is the lack
of evidence that their benefits overrun the disadvantages of using social media in news reporting. The
letters in table (3) with a level of P< 0.05 indicate that the uptake of water in all forms of rice was
statistically significantly lower. In addition, the uptake of the water by the white rice type Basmati Iraq
201 had the highest value and water uptake at 77 o C (246.41 ) and 82 o C (269.50) compared to all the
rice samples studied. The findings correspond to the findings of other studies (Ayamdoo et al., 2014;
Chavan et al., 2018; El-Bana et al., 2020; Mansour et al., 2024; Zhuang et al., 2025). Nevertheless, El-
bana et al. (2020) explain that there are many factors that determine the uptake of water. These are the
porosity of the kernel and the temperature of gelatinization.
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Table 3. Effect of parboiling on water uptake and cooking time of some new Iraqi white rice

varieties
rameters | Treatments | Water uptake ( ml H;o / 100 | Cooking
g rice) time (min)
Varietie 77° 82°¢
Amber White 242.70+1.50b | 271.75+1.10a | 20.63+0.32d
Iraqi 300 Parboiled 231.80+0.80d | 260.11+0.50d | 25.30+0.20b
white
Iraq 179 White 234.45+0.40c | 269.50+0.50b | 18.20+0.10e
Parboiled 225.77+0.61e | 260.20+0.70d | 24.40+0.10c
white
Basmati White 246.41+0.41a | 267.91+0.80c | 22.40+0.0c
Iraq 201 Parboiled 235.91+0.71¢c | 256.80+£0.50e | 28.10+0.10a
white

*Each value is an average of three determination = standard deviations
+ value followed by same letter in the column are not significantly different at p <0.05

Time of the opaque center to disappear completely during cooking is the determinant of the cooking
time of rice (Itagi and Singh 2015). The samples of parboiled white rice took a longer time to cook as
compared to raw white rice in all the samples included in the same table. In addition, Basmati Iraq 201
parboiled white rice was prepared in the shortest time of 28.10 minutes compared to other samples of
rice which were tested. Cooking time of Iraq 179 white rice (18.20 minutes) was found to be the quickest
time of cooking of all the assorted rice types tested. These findings were in agreement with those of El-
Bana et al. (2020), Meresa et al. (2020), Sivakamasundari et al. (2020) and Ukpong et al. (2023) and
Muchlisyiyah et al. (2025). Reasons were to have more gelatinized starch, a retrograded starch, the
formation of amylose lipid complex and the hardness of the kernel, which does not allow the water to
reach it during cooking. Food safety: The quality of the new Iraqi white rice varieties: ECQ (eating and
cooking) is the most important price and customer satisfaction indicator (Sultana et al., 2022). According
to Cagampang et al. (1973), gel consistency of rice is determined as having three different ranges
according to their results; hard (26 -40 mm), medium (41 -60 mm) and soft (61 -100 mm). The table (4)
results show that the gel consistency (G.C.) varies considerably among different kinds of rice like
parboiled white rice and the white rice that has not been cooked further. The highest GC was super Sakha
300 white rice which was followed by Iraq 179 and Basmati Iraq 201 respectively. Perez (1979) indicates
that good measurement of texture of cooked rice is gel consistency (G.C.) of rice starch or milled rice.
As the viscosity of the gel is positively correlated with the amylograph consistency, the latter may serve
as a quick screening approach of eating quality in a rice breeding system. The content of the gel
consistency was reduced after the par boiling of the white rice, rendering the grain less porous and more
difficult due to the structural modification of the endosperm and the gelatinization of starch (El-Bana et
al., 2020; Meresa et al., 2020). Contrary to this, spreading value (GT) of alkali is the temperature, at
which the granules of rice starch fuse. This is where the amylopectin chain begins to lose the crystallites
and start to permanently swell on being exposed to hot water .

Table 4. Effect of parboiling on cooking and eating quality of some new Iraqi white rice

varieties
rameters | Treatments | Gel Alkali Elongation | Amylose %
consistency | spreading | %
Varietie (mm)
Amber White 95.70+1.05a | 6.00+£0.0b | 45.50+0.30b | 20.00+0.30c
Iraqi 300 Parboiled 90.90+0.80c | 5.00+0.0d | 40.70+0.20d | 19.20+0.20d
white
Iraq 179 White 92.90+0.90b | 6.50+0.30a | 46.93+0.57a | 18.40+0.20¢
Parboiled 87.90+1.20d | 5.50+0.30c | 43.80+0.40c | 17.50=0.30f
white
Basmati White 40.10£1.10e | 6.00+£0.0b | 36.60+0.30e | 27.10£0.10a
Iraq 201 Parboiled 36.700+1.10f | 4.50+0.20e | 31.90+0.20f | 26.20+0.30b
white

*Each value is an average of three determination + standard deviations
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+ value followed by same letter in the column are not significantly different at p <0.05

Table 4 Based on the results of alkali spreading value, the white rice Iraq 179 and Super Sakha 300 had
the highest gelatinization temperature of 6.5 and 6.00 respectively. Also involved was that the values of
alkali spreading were reduced after par boiling the three types of rice discussed above. The root cause
of these findings could be that there is a difference between the processing conditions of rice cultivars
(El-Bana et al., 2020). The hardness of the rice grain could be related to the resistance to the dispersion
of the parboiled rice in the alkali test; gelatinized starch is retrograded. Both Sivakamasundari et al
(2020) publications support them. In the case of El-bana et al., (2020), the percentage of elongation is
given as a proportion of the length of the grains of the cooked rice to the length of the grains of white
rice. Table (4) demonstrates that the percentages of elongation of cooked white rice are greater than the
percentages of par boiled white rice of the varieties of white rice. The percentage of elongation in the
long-grain Basmati Iraq 201 was less than that of Super Sakha 300 and Iraq 179 which are short-grain.
In the white Basmati Iraq 201 variety also, the score of elongation was 31.90 and in the white rice kind
Iraq 179, the score of elongation was 46.33. The proportion of elongation of the samples which were to
be analyzed also decreased after parboiling. The elongation percentage of rice seems to be related
negatively to the hardness.. These findings are given as it is the case with other studies by El-Bana et al.
(2020) . Asghar et al. (2012) find that the qualities of rice cooking, eating and pasting depend on the
amount of amylose in rice to a very large extent. Table (5) indicates that the chemical structure changes
in the process of parboiling and this leads to the decrease of the concentration of amylose in the rice
varieties. Thus, the level of amylase in all milled types of rice was higher compared to parboiled white
rice. To be more precise, the Basmati Iraq 2020 grains contained the largest amount of amylose of
27.10% relative to the other varieties of white rice that were sampled. The least value was recorded in
parboiled white rice of the Iraq 179 type as compared to, 17.50. The findings are consistent with the
results of the earlier research of Sivakamasundari et al. (2020).

Table 5. The chemical structure is changed during the parboiling process

rameters | Treatments | Moisture Crude Ether Ash ** Total
Protein extract carbohydrate

Varietie

Amber White 12.12+0.13% | 7.90+0.20° | 0.61+£0.015" | 0.63 90.85+0.22°

Iraqi 300 £0.010"
Parboiled 12.60+0.39%° | 7.7540.15% | 0.50+0.050¢ | 0.86+0.060* | 90.89+0.26°
white

Iraq 179 White 11.96+0.13° | 8.56+0.29* | 0.70+£0.020* | 0.60+0.050° | 90.14+0.26°
Parboiled 12.40+0.20% | 8.41+0.31* | 0.55+0.020° | 0.82+0.020? | 90.22+0.27¢
white

Basmati White 12.5240.39% | 7.70+0.2° | 0.55+0.040° | 0.48 +0.01¢ | 91.26+0.22%

Iraq 201 Parboiled 12.85+0.30® | 7.4840.2° | 0.42+0.025¢ | 0.69+0.040" | 91.40+0.28*
white

There are different types of Iraqi white rice and chemical make-up:

The chemical composition of rice is affected by many factors. Some of these variables include type of
rice that is grown, soil organic compounds variations, use of fertilizers, weather and milling and
processing like boiling. The chemical composition of the rice samples informed us more on the effects
on the quality of the rice samples of the above-mentioned processes. The composition of three varieties
of rice, that is Amber Iraqi300, Iraq 179 and Basmati Iraq 201, in their uncooked and parboiled state
have been indicated in Table (6). The components that make up the analysis are as moisture, ether
extract, total carbs, crude fiber, crude protein and ash. It was disclosed that the processing techniques
and rice type played a great role in influencing the aspects of chemical composition. The samples had a
range of 11.96, 12.85 as the moisture contents of all samples. Because soaking and steaming of the
parbole rice samples moisturized them, they contained slightly more moisture contents than white rice
samples. Since it was already demonstrated, rice grains are prepared by cooking and the ability to
gelatinize and hold water increases depending on the preparation and the results of this new research
add to the validity of the results obtained. El-Bana et al. (2020) and Muchlisyiyah et al. (2025) say that
the number of people who prefer using them is much higher than that of other phones offered to people
in the market. It was shown by the same data that the greatest crude protein content was in Iraq 179 with
the parboiled rice and white rice equal to 8.41 per cent and 8.56 per cent respectively. It was also slightly
less in the level of proteins when it was boiled and the level of proteins in all kinds. The findings of the
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research by Ibukun (2008) .showed that the albumin and non-protein nitrogen leaching takes place
during the soaking and steaming stage of the parboiling process, which might suggest that the two
variables have a partial relationship. In addition, the amount of ether extract was more likely to decrease
as time spent on the parboiling progressed. The highest percentage of extract was 0.70 in Iraq 179 white
rice and the lowest percentage of extract was 0.42 in Iraq 201 parboiled Basmati. One of the possible
causes of such results is that parboiling causes the oil in the kernel to rise to the top. This results in an
increment in the oil levels in the bran and reduction in the oil levels in the endosperm. This fracture in
an oil globule can be connected to the external migration of fat as Juliano (1985) has noticed. The same
findings also showed that parboiling raised the ash content that is some proxy of mineral composition.
Amber Iraqi300 parboiled had 0.48 ash content whereas the white Basmati Iraq 201 had an ash value of
0.86. The latter is likely due to the mobility of the minerals throughout the heat treatment of the bran
layer into the endosperm which has been established by the works of Jagtap et al. (2008).

Table 6. The chemical composition of white and parboiled white rice varieties (% on dry weight

basis)
rameters | Treatments | Moisture Crude Ether Ash ** Total
Protein extract carbohydrate
Varietie
Amber White 12.1240.13% | 7.90+0.20" | 0.61£0.015" | 0.63 90.85 +0.22°
Iraqi 300 +0.010"
Parboiled 12.60+0.39%° | 7.7540.15% | 0.50+0.050¢ | 0.86+0.060% | 90.89+0.26°
white
Iraq 179 White 11.96+0.13° | 8.56+0.29 | 0.70+0.020% | 0.60+0.050° | 90.14+0.26°
Parboiled 12.40+0.20%% | 8.41+0.31* | 0.55+0.020° | 0.82+0.020? | 90.224+0.27¢
white
Basmati White 12.524+0.39%® | 7.70+£0.2° | 0.55£0.040° | 0.48 £0.01¢ | 91.26+0.22°
Iraq 201 Parboiled 12.85+0.30* | 7.48+0.2° | 0.42+0.025¢ | 0.69+0.040° | 91.40+0.28°
white

*Each value is an average of ten determination + standard deviations
+ values followed by the same letter in the column are not significantly different at p < 0.05

The overall level of carbohydrates was in the range of 90.14-91.40 percent with the largest quantities
being in Basmati Iraq 201. These slight shifts in the amounts of carbohydrates that occur after the
parboiling process might be due to the weight changes of other components, such as fat and fiber, as
Zhou et al. (2002) and El Bana et al. (2020) report. Composition of minerals chemically: This has those
elements that are required in the normal body functions such as the production of hemoglobin and those
that are required by the human body in terms of food (National Academy of Sciences, 2001). As Table
(7) indicates, different types of rice have different quantities of ash, and that the ash is nutritious. The
mineral was ascertained to contain some of the elements that include phosphorus which has the highest
elemental content. The parboiled rice was also treated to increase the concentration of mineral elements
in it. El-Bana (2020) also reported an increase in the degree of the content of minerals following the
process of parboiling; the con tent moves to the endosperm using the outer layers. We concur with their
results. In addition, research by Meharg et al. (2025) also highlights that soaking, steaming, and drying
process (hydrothermal process) also influence the nutritional value and bioavailability of the product as
it alters the valuable minerals between the endosperm and the bran. The rice varieties tested also slightly
differed in the content of mineral elements. The amount of potassium in the Iraq 179 rice was lower
compared to those of phosphorus, calcium, salt and zinc compared to Basmati Iraq 201 and Amber
Iraqi300 which were other varieties of white

Table 7. Effect of parboiling on mineral compositions of some new Iraqi white rice varieties (
mg /100 g on a dry weight basis ).

rameters | Treatments | (mg/ 100 g
P K Na Ca Fe Zn
Varieties
Amber White 140 90.22 8.80 11.90 1.21 1.30
Iraqi 300 Parboiled 190 95.60 9.22 14.50 1.35 1.26
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white

Iraq 179 White 200 85.36 9.10 13.70 1.44 1.44
Parboiled 240 93.30 9.50 15.30 1.61 1.39
white

Basmati Iraq| White 170 110.20 8.40 12.80 1.51 1.11

201 Parboiled 220 115.15 8.95 15.10 1.68 1.04
white

The same results were also found by other researchers before Hussein and Abd El-Rahman (2021),
Badawy et al. (2022), and Abd El-Rassol et al. (2005). The species varied in the mineral content of the
rice; potassium was 58117 mg/100 g, calcium was 7.8 25mg/100 g, sodium was 5.910.3 mg/ 100 g, iron
was 0.22.7mg/ 100 g, and zinc was 0.33.7mg/ 100 g. The bioactive component that aids in the prevention
of the chronic diseases associated with oxidative stress that include cancer, heart diseases and early
aging are the phenolic compounds (Scalbert et al., 2005). Tables 8 and 9 show the data of the total
phenolic content (TPC) and antioxidant activity assay of the white and parboiled white rice samples of
Basmati Iraq 201 and Amber Iraqi300 respectively. The researchers came to the conclusion that the level
of phenolic matter in the white rice samples was a significantly larger one compared to parboiled rice.
The TPC of white rice of Amber Iraqi300 61.60mg GAE/100 g was the highest and TPC of white rice
of Basmati Iraq 201 was 75.00mg GAE/100 g. On the contrary, parboiled white rice registered much
lesser values 35.60mg Gae/100 grams of Basmati Iraq 201 and 29.50 mg Gae/100 grams of Amber
Iraqi300. This vast decrease in TPC during parboiling is due to thermal degradation, elution of phenols
into soaking and steaming water and possibly due to reactions of phenols and proteins and starch that
would bind phenolics making them insoluble. The article is linked to (Walter et al., 2013). The DPPH
radical scavenging activity of parboiled and white rice was identical and the antioxidant capacity of the
latter was stronger. The greatest DPPH scavenging activity of 37.10 percent and 33.20 percent
respectively was observed in white rice of Basmati Iraq 201 and white rice of Amber Iraqi300. Basmati
rice and Sakha rice had an antioxidant value which was much lower with a percentage of 24.60 and
21.80 respectively owing to parboiling. The parboiled type was very weak despite demonstrating good
antioxidant activities both in their crude white forms, a fact that was strongly evident in both. As would
be expected, the synthetic antioxidant, butylated hydroxyanisole (BHA) that served as the positive
control had the largest capacity in scavenging of DPPH (98.49%), which showed that it has the highest
capacity to scavenge free radicals. There is the consumption of rice, despite rice phenolics not being as
effective antioxidants as the synthetic ones, they are good and are useful in other aspects provided it is
in minimally processed forms. The results show that a positive correlation exists between antioxidant
activity and the degree of phenolic content, which is also in accordance with the previous studies. It was
determined that the radical scavenging properties are highly associated with the phenolic content of
cereal, (Pal et al., 2018).

Table 8. Effect of parboiling on bioactive compounds of some new Iraqi white rice varieties

rameters | Treatments | TPC( mg | DPPH Scavenging (
GAE/100g) %)
Varieties
Amber White 61.60+0.08b 33.20+0.08e
Iraqi 300 Parboiled 29.50+0.09d 21.80+0.11e
white
Basmati White 75.0£0.149¢ 37.10£0.17b
Iraq 201 Parboiled 35.60+0.09¢ 24.60+0.16d
white
BHA — -—- 98.49+0.08a

*Each value is an average of three determination = standard deviations

+ Different lowercase letters within a column significant differences at p < 0.05
TPC= Total phenolic compounds.
BHA= Butylated hydroxyanisol
GAE-= gallic acid

Table (9). It shows the effects of parboiling on the organoleptic characteristics of two varieties of Amber
Iraqi rice i.e. Basmati Iraq 201 and Amber Iraqi300 of the cooked and parboiled version of white rice.
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The parboiled white rice colors were also found to be significantly lower (p < 0.05) as compared to the
two types of white rice. The two kinds of white rice had the highest color acceptability of Amber Iraqi
300 (8.27 + 0.78) and Basmati Iraq 201 (8.62 + 0.59). The parboiled samples have lower sampling in
terms of color ratings of 7.47 and 7.17 respectively. Parboiling can lead to the browning effect which
might be caused by an action of Maillard reactions and transfer of bran pigments during the steaming
process and therefore cause the color to look a bit darker or brighter but with yellow color. In particular,
(Dutta and Mahanta, 2012). Flavor is also among the most significant products acceptance factors
because it defines the taste; the key factor that will make a product either to be liked or despised because
it is a mixture of smell and taste. Durgrao et al. (2017) concluded. The same table also showed that
samples of the white rice, in particular Basmati Iraq 201 white rice (8.70+ 0.57) had the most perceivable
taste. The scores of the two types of tastes both decreased tremendously following parboiling. This
reduction could be due to changes or degradation of aromatic compounds through the heat treatment in
the form of parboiling as proposed by Bello et al. (2015). It is observable that the multidimensionality
of taste may have decreased after the parboiling of Super 300 parboiled rice because it got the lowest
flavor score (7.17 0.92). It is notable that the score of the different cooked rice samples in terms of
texture reflected an interesting pattern. Basmati Iraq 201 was better in the texture of the product than
Super 300 whether white or parboiled but all the samples scored well above 7.5. The parboiled and the
white Basmati Iraq 201 rice did not significantly change (p > 0.05) in terms of the scores of texture (8.37
-0.79) that concluded that parboiling did not preserve or slightly enhance the target firmness and
integrity of cooked Basmati grains. The nutritional quality, physical appearance, chemical composition
and physical stability of cooked rice is changed radically. The research by Mahadevama and Tharanathan
was done in 2007. Intermolecular and intramolecular interaction of starch with other components such
as proteins, lipids and non-starch polysaccharides make rice have the texture that it has.

Table 9. organoleptic properties of cooked white and parboiled white rice varieties .

arameters | Treatments | Color Flavor Texture Overall
acceptal

Varieties
Amber Parboiled 7.47+£0.92b | 7.17£0.92¢ | 7.77+£0.92b | 7.47+0.92b
Iraqi 300 White

White rice 8.27+0.78a | 8.07+0.78b | 8.53+0.61a | 8.29+.72a
Basmati Parboiled 7.17£0.92b | 7.47+0.92¢ | 8.37+0.79a | 7.67+0.88b
Iraq 201 White

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.
+ value followed by same letter in the column are not significantly different at p <0.05 .

General approval followed after the aggregate tendency of the rest of the sensory indications. The top
two mint of white rice was ranked as Basmati Iraq 201 (8.72) and Super 300 (8.29). These differences
in sensations that arose in parboiling did not adversely impact the consumer perception due to slight yet
acceptable reduction in the rating of both kinds of samples (parboiled) (7.67 and 7.47). The low scores
of Parboiled Super 300 on all qualities imply that, it is more subject to parboiling than Basmati Iraq 201
which maintains higher sensory integrity even after the processing. The results are similar to the ones
found by Abd El-Sattar et al. (2016), El-Bana et al. (2020) and Badawy et al. (2022).

Conclusion

The boiling of the rice enhanced its milling and mineral composition at the expense of reducing the
cooking duration, modified some of the organoleptics and destroyed some bioactive compounds. All
these findings shed light on the new varieties of Amber Iraqi rice and its qualities, and the effect of
parboiling on the qualities.
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