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Abstract

Introduction. The aim of this study was to analyze the
physicochemical, cooking, textural and milling properties of different
basmati and non-basmati rice cultivars.

Materials and methods. The de-husking and milling of the paddy
were performed using a laboratory mill, and the head rice recovery was
determined using Adair's methods. The milled rice was analyzed for
moisture, ash, protein, and amylose content. The textural attributes of
cooked grains were analyzed using Texture Profile Analysis.

Results and discussion. The study presented the milling and chemical
properties of different rice cultivars, which affect the quality and market
value of rice. The recovery of milled rice was found to vary among
cultivars, with Pusa Basmati (PB)-6 exhibiting the highest recovery and
PB-1121 having the highest husk percentage. Head rice recovery was
highest in P-44 and lowest in PB-6, while the moisture content of the milled
rice grain ranged from 10.75 to 11.84%. PB-1121 had the highest ash
content, while P-2819 had the lowest ash and protein content. Basmati
varieties had significantly lower starch content and higher amylose content
than the non-basmati cultivar. In terms of physical properties, the bulk
density measurements showed that PB-6 had the lowest bulk density, while
P-44 had the highest bulk density. When it came to true density, P-2819
stood out with the highest value. Additionally, the study found that basmati
varieties tended to have longer grains compared to non-basmati varieties.
Furthermore, when examining the length-to-breadth ratio, PB-1121 stood
out with the highest ratio, suggesting a relatively slender and elongated
grain shape. The cooking properties of the rice cultivars investigated in the
study revealed interesting variations. P-2819 demonstrated the shortest
cooking time, whereas PB-1121 showed the longest cooking time. The
elongation ratio was found to be higher in basmati varieties compared to
non-basmati varieties. When considering water uptake, PB-1121 exhibited
the highest ratio, implying that it absorbed more water during cooking.
Additionally, the solid loss was highest in P-2819 and lowest in PB-1121.
In reference to textural properties, P-2819 exhibited the highest hardness,
whereas PB-1121 had the lowest. The adhesiveness of the non-basmati
variety was higher than that of the basmati variety, indicating a stickier
texture. PB-1121 had the lowest gumminess, indicating a lesser tendency
for the grains to become gummy. The correlation study revealed significant
relationships between rice properties. Cooking time correlated positively
with true density, length to breadth ratio, hardness, gumminess, and
chewiness. Elongation ratio correlated positively with amylose content,
porosity, length, length to breadth ratio, and 1000 kernel weight. Water
uptake ratio showed multiple positive correlations.

Conclusion. By leveraging these insights, stakeholders can enhance
the quality, market value, and overall satisfaction of rice products.
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Introduction

Rice (Oryza sativa) is a crucial cereal crop that serves as a staple food for more than half
of the world's population, providing 20% of its dietary energy supply (Panigrahi et al., 2018).
With approximately 95% of its production in Asia, rice comes in countless varieties, with
India being a significant contributor. Basmati rice, which constitutes only 1% of India's total
rice production, is a registered geographical indicator product of India known for its
characteristic aroma, exceptional cooking and textural properties, and unique flavor due to
the hydrolysis of starch (Prom-U-Thai and Rerkasem, 2020). Basmati rice is considered one
of the most acceptable classes of rice globally, especially for its soft and fluffy texture, and
is an outstanding example of long-grain flavor rice varieties (Sliwinska-Bartel et al., 2021).
Non-basmati rice, on the other hand, is rice that does not have the characteristics of basmati
rice, which can have diverse shapes and sizes such as long-slender, short-thick, beads, or
even round, with properties entirely different from basmati rice (Bhattacharjee et al., 2002).
Researchers have studied various rice varieties, including their physical properties, milling
characteristics, physicochemical properties, and cooking characteristics to establish the
differences between the various cultivars grown worldwide (Shobhan et al., 2016; Yadav et
al., 2014). Moreover, physicochemical and cooking properties of rice cultivars from Pakistan
and found significant differences in amylose content, water uptake, and cooking time
(Murtaza et al., 2022). With the increasing demand for rice globally, there is a tremendous
amount of scope to carry out further research on different rice cultivars to improve their yield,
quality, and nutritional content to meet the growing needs of the population.

Consumer acceptance of rice is influenced by the milling degree, i.e. the percentage of
bran removed from the brown rice grain. Milling produces white rice with a higher market
value than brown rice. Besides influencing the colour, the milling degree also improves the
cooking behaviour of rice. Brown rice has poor water absorption capacity and cooks slower
than white rice (Nzonzo and Mogambi, 2016). In general, 'head rice' comprises kernels that
are 75-80 percent of the whole kernel. The quality of milled rice is measured on the yield of
'head rice'. The market value of 'broken' is reduced to about half that of head rice and the
milling process is one of the factors responsible for brain damage and loss besides losses
caused due to harvesting, drying or handling (Nzonzo and Mogambi, 2016). One of the
exceptional characteristics of basmati rice cultivars is kernel elongation during cooking,
which has a complex inheritance pattern. Other important basmati features- aroma and
slenderness are effortlessly inherited and simple to transfer. Consumers prefer rice that is
elongated in length when cooked. The phenomenon of elongation is influenced by numerous
genetic or physicochemical factors, including genotypes, ageing temperature, ageing time,
water uptake, amylose content and gelatinization temperature (Faruq and Prodhan, 2013).

The physicochemical properties like grain weight and size, including the length, breadth
and length: breadth ratio, damaged rice, moisture, ash, protein, starch and amylose content,
have a significant impact on the marketing value of rice. Grain size and shape are the
properties that vary with the variety of grain under consideration. Determination of the
physical properties of the grain, including dimensional analysis, bulk density and thousand
grains weight, is essential for the design and development of storage bins that help prevent
spoilage by molds and insect infestation (Pandiselvam et al., 2015). Thus, the
physicochemical, organoleptic and cooking properties are very significant for the consumers
to evaluate the superiority and preference of rice (Verma and Srivastav, 2020). Moreover,
the physicochemical properties and amylose content collectively determine rice's thermal/
cooking quality (Sujatha et al., 2004). Water uptake is conventionally defined as the grams
of water absorbed per gram of rice in a given time when rice is cooked directly in boiling
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water. It is affected by grain surface area per unit weight. Therefore, more petite and more
slender grains would cook in a shorter period than bigger and rounder grains. Soaking before
cooking not only cuts down cooking time but also enhances kernel elongation. Bhattacharya
(2011) reported that water uptake, which is influenced by grain surface area per unit weight,
affects the cooking time and kernel elongation of rice. The author also noted that soaking
before cooking enhances kernel elongation and reduces cooking time. Concerning this, the
present study evaluated the essential properties of certain developed Indian rice cultivars.

Materials and methods

Materials

The Indian Agricultural Research Institute, Pusa, Delhi, provided four paddy cultivars,
including two non-basmati (P-44 & P-2819) and two basmati (PB-1121 & PB-6), for this
study.

De-husking and milling of paddy

The paddy seeds of various selected cultivars were hulled using a laboratory model of
Paddy de husker and the milling was performed with a rice miller (McGill type, Osawa
Industries Pvt. Ltd, India). After de-husking, the percentage of husk and recovery of rice
grain were measured and after milling, the head rice recovery was determined using Adair's
methods (Adair, 1952).

Chemical properties of milled rice

Moisture, ash and protein content of different cultivars of milled rice grain were
determined using the standard analysis methods (AOAC, 2000). Amylose content was
determined by using the method of Juliano (1971) with some minor modifications. 0.1 g of
rice flour was taken in a test tube and 1 mL ethanol (95%) and 9 mL of 1N sodium hydroxide
were added. The samples were heated in a boiling water bath, cooled for about one h, and the
final volume was made up to 100 mL with distilled water. 5 mL of this sample solution was
taken in a test tube and 1 mL of 1 N acetic acid followed by 2 mL of iodine solution were
added into it and the absorbance of the solution was measured at 620 nm.

Physical properties of rice kernel

The dimensional parameters such as grain length (L) and breadth (B) of milled rice were
measured with vernier calipers. The measurement was performed by using 10 grains in each
sample; thus, averages of 10 grains were recorded. The ratio of length and breadth (L/B)
ratio, was also determined for milled rice (Kaur et al., 2011). The Gravimetric properties viz.,
1000 kernels weight of each sample was determined by counting randomly selected 1000
kernels. The bulk density was determined using the mass/volume relationship. It was
determined by tenderly pouring the grains into a 100 mL graduated cylinder and it was
weighed. The actual density was determined using the kerosene displacement method by
immersing a weighted quantity of rice grains in the known volume of kerosene. Porosity (%)
was estimated with the help of values obtained from bulk and true density and by using the
following equation:

Porosity (%) =1- (Bulk density/ True Density)x 100
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Cooking properties of milled rice

The cooking properties of milled rice were observed using the method of Yadav et al.
(2014). The milled head rice (2 g) of each cultivar was cooked with 20 mL distilled water,
taken in a test tube of 50 mL and cooked in a boiling water bath. The cooking time was
determined by analyzing a few grains at different time intervals during cooking till no white
core was left. The elongation ratio of rice grain was measured by dividing the length of
cooked grain by the length of the uncooked grain. To determine water uptake, the weight of
cooked rice and uncooked rice was measured carefully, and water absorption was determined
based on water gained after cooking. Solid loss in gruel was measured by completely drying
left-out cooking water in a hot air oven at 105 °C.

Texture profile analysis (TPA)

The textural attributes of cooked grains were observed using T.A. X.T. Plus, Stable
Microsystems, UK. TPA in terms of hardness, adhesiveness, springiness, cohesiveness,
gumminess, chewiness and resilience were measured according to the method given by Li et
al. (2016) with some minor modifications. Three cooked rice kernels were positioned
centrally under a probe (35mm) on the base plate, and the test was carried out by selecting
the force vs distance compression program; other settings were as follows: Strain, 90%; Pre-
Test Speed, 0.5 mm/s; Test Speed, 0.5 mm/s; Post-Test Speed, 2.00 mm/s; Trigger Force
(auto), 0.05 N.

Statistical analysis

The experiments were conducted in triplicate, and the mean values along with standard
deviations were calculated using SPSS 25. The significant difference was analyzed using
Tukey pairwise comparisons (P < 0.05). Pearson correlation was calculated using SPSS 25
to determine the relationship between various physical, chemical, cooking, and textural
properties of different rice grain varieties.

Results and discussion
Milling and chemical properties of various rice cultivars

The market value of rice generally depends on its milling performance because of the
total recovery; the proportion of head and broken rice categorizes its quality. The milling
properties of rice cultivars are presented in Table 1; after milling, various properties like husk
percentage, milled rice and head rice percentage were observed. Maximum husk percentage
was measured in PB-1121 and P-2819; minimum was estimated in PB-6, followed by PB-
44. Reciprocally, the recovery of milled rice was observed maximum in PB-6. In terms of
head rice recovery most excellent recovery (71.77%) was calculated for P-44 and
significantly least (63.23%) recovery was observed for PB-6. Sandhu et al. (2018) also
reported that milling recovery varied from 49.43% to 77.08% for some Indian rice varieties.
Similarly, Falade and Christopher (2015) observed that milling recovery varied from 45.74%
to 68.24% for six Nigerian rice cultivars. They also reported that a recovery equal to or less
than 50% is undesirable. Moreover, similar milling properties of different rice varieties were
reported in earlier studies (Kaur et al., 2011; Rather et al., 2016; Verma and Srivastav, 2020).
A studies conducted by Li et al. (2021) and Ertop et al. (2020) examined the impact of milling
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degree on the physical and chemical properties of rice flour, and found that the milling
process significantly affects the flour quality. Similarly, a study by Yuliana et al. (2020)
investigated the milling characteristics and physicochemical properties of Indonesian rice
varieties, and found that the milling efficiency has a significant impact on the head rice yield
and total milling recovery. The study revealed that the more efficient milling process resulted
in a higher total milling recovery, indicating that a larger quantity of milled rice was obtained
from the same amount of raw paddy. Moreover, research by Sandhu et al. (2018) and Falade
and Christopher (2015) provides evidence of the significant variation in milling recovery
among different rice cultivars. In their studies, milling recovery was found to range from
45.74 to 77.08% for six Nigerian rice cultivars and from 49.43 to 77.08% for some Indian
rice varieties. A recovery equal to or less than 50% was deemed undesirable by Falade and
Christopher, further highlighting the importance of milling performance in determining rice
quality and market value.

The chemical properties such as moisture, ash, protein, starch and amylose of the milled
rice grain are presented in Table 1. The moisture content was estimated in the range of 10.75
to 11.84%. Previous studies have conducted moisture content analysis on various rice
cultivars, revealing a range of values across different investigations. For instance, Elbashir
(2005) reported moisture contents ranging from 8.6 to 10.9% in their study. Similarly, Kaur
et al. (2011) found moisture contents between 10.05 and 12.61% in another research, while
He et al. (2021) observed moisture contents ranging from 11.15 to 13.40% in their study. The
ash content was measured maximum in PB-1121 and significantly lower was observed for P-
2819. No trend of difference in ash contents was observed between basmati and non-basmati
varieties, as reported by Kaur et al. (2011). However, their tested varieties ranged between
0.24 t0 0.62% ash content, while Verma and Srivastav (2020) ranged between 0.48 to 0.85%
in different varieties of rice. The protein content was observed in the range of 5.87 to 7.27%,
and it was observed highest for cultivar PB-6 and lowest for P-2819. Several studies have
investigated the protein content of various rice cultivars, providing valuable insights into the
range of protein levels observed. For instance, Elbashir (2005) reported protein content
ranging from 6.2% to 8% in different rice cultivars. In another study by Verma and Srivastav
(2020), protein content in aromatic rice varieties was found to be within the range of 7.23 to
9.51%. Similarly, Sandhu et al. (2018) observed protein content ranging from 7.92 to 8.02%
in short and long grain Indica rice cultivars. Starch content was observed to be higher for
non-basmati cultivars, i.e. P-2819 and P-44 and lower for basmati cultivars, i.e. PB-6 and
PB-1121.

The amylose content usually has considerable effects on the cooking characteristics and
eating quality of rice apart from being a significant decider of the textural properties
(hardness and adhesiveness) of cooked rice (Suwannaporn et al., 2007). The amylose content
was significantly lower for variety P-44 and highest for variety PB-1121. The amylose
content is an ancillary characteristic of rice and should range from 20-25% for basmati
varieties. Ahuja et al. (1995) reported amylose content in different basmati rice varieties
cultivated in India, ranging from 19.10 to 27.14%. This amylose content was in accordance
with non-aromatic IRRI (International Rice Research Institute) varieties. The amylose
content in non-aromatic rice varieties can range from around 20% to over 30%, depending
on the specific variety and growing conditions (Butardo et al., 2019). Research has also
shown that rice flour with a higher amylose content tends to ferment more slowly than rice
flour with a lower amylose content. This is because amylose is less soluble in water than
amylopectin, and therefore more resistant to enzymatic breakdown during fermentation
(Medvid et al., 2017).
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Table 1
Milling and chemical compositions of different rice cultivars

IProperties, % PB-6 PB-1121 P-2819 P-44

Husk 12.0040.30° | 17.03+0.15% | 17.00+0.20° | 12.73+0.25°
Milled Rice 88.00+0.30* | 82.97+0.15° | 83.00+0.20° | 87.27+0.25°
Head Rice 63.23+1.08° | 68.23£1.08" | 68.17+0.76" | 71.77+0.32°
Moisture Content | 11.6440.17° | 10.75+0.36° | 11.4440.20° | 11.84+0.07°
Ash 0.39+0.01° | 0.43+0.02* | 0.32+0.01° | 0.42+0.02%
Protein 7.27+0.06* | 7.06+0.05* | 5.87+0.18° | 6.6240.22°
Total Starch 69.58+0.14" | 69.29+0.14° | 70.5940.13* | 70.2940.16°
Amylose Content | 20.28+0.16" | 21.54+0.19* | 17.07+0.08° | 16.12+0.18¢

All data are reported as mean+SD (n=3)
Different alphabets in superscripts indicate significant differences (p<0.05) among various
rice cultivar

Physical properties of different varieties of milled rice

Grading of rice grain based on physical characteristics such as length, breadth, density,
and porosity is crucial for consumer acceptance of a particular variety. In Table 2, the
physical properties of four different varieties of milled rice are presented. The bulk density
(BD) was found to be the lowest for variety PB-6 and the highest for P-44, indicating that
longer grains have a lower bulk density, and PB-6 would require more storage space while
P-44 would require the least. The true density was observed to be significantly higher in P-
2819, which is consistent with findings reported by Kaur et al. (2011) for different rice
cultivars grown in India. The relationship between bulk density and true density is presented
in the form of porosity, and it was observed that basmati varieties have a higher value than
non-basmati varieties, which agrees with previous studies (Singh et al., 2005). The lengths
of all the varieties ranged from 7.10 to 7.80 mm, with lower values observed for non-basmati
varieties and higher values for basmati varieties. Similar results were observed in different
previous studies of basmati and non-basmati cultivars (Kaur et al., 2011). Moreover, the
width was measured in the range from 1.53 to 1.77 mm, with the maximum estimated for P-
2819 and the minimum for PB-1121.

56

Table 2
Physical properties of different variety of milled rice grains

PProperties PB-6 PB-1121 P-2819 P-44

Bulk Density (g/ml) 0.68+0.01° | 0.69£0.01® | 0.70+0.01%° | 0.7240.01*
True Density (g/ml) 1.2740.01° | 1.2940.01° | 1.24+0.01° | 1.26+0.01%®
Porosity (%) 46.60+1.00° | 46.50+1.19 | 43.39£1.04° | 43.27+0.65°
Length (mm) 7.47+0.06° | 7.804+0.10° | 7.10+0.10* | 7.20+0.17°
'Width (mm) 1.70£0.10® | 1.53+0.06° | 1.77+0.06* | 1.63+0.06®
L/B Ratio 4.40+£0.26° | 5.09+0.13* | 4.02+0.09° | 4.4240.23°
1000 Kernel Weight (g) | 19.27+0.15° | 20.43+0.40% | 18.27+0.25° | 18.50+0.20°

All data are reported as mean+SD (n=3)
Different alphabets in superscripts indicate significant differences (p<0.05) among various rice

cultivar
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A length to breadth (L/B) ratio is used to classify the shape of rice grains; the higher
value of the L/B ratio indicates slender shapes, whereas intermediate, medium, round or bold
shapes of grains are indicated by a lower L/B ratio (Verma and Srivastav, 2020).

In this study, the L/B ratio was significantly higher in PB-1121. As per the provisions of
the Seed Act, 1966, length, breadth and L/B ratio are primary quality characteristics of
Basmati rice, for which it has also laid down standards. According to it, the minimum average
precooked milled rice length should be 6.61 mm, the average precooked milled rice breadth
<2.00 mm and the minimum length/breadth ratio of precooked milled rice should be 3.50.
Ahuja et al. (1995) reported length varying between 6.74 mm to 7.10 mm, breadth 1.65 mm
to 1.78 mm and L/B ratio 3.84 to 4.08, while for Kaur et al. (2011), these values were 6.77
mm to 8.23 mm, 1.54 mm to 1.75 mm and 3.86 to 5.01, respectively for different basmati
rice varieties. Furthermore, Kaur et al. (2011) also reported significantly higher length, lower
breadth and higher L/B ratio of basmati varieties compared to non-basmati rice cultivars. The
physical property was also estimated as 1000 kernel weight, which varied from 18.27 t0 20.43
g. Other researchers observed 1000 kernel weight ranging from 14.53 to 18.89g for rice
grown in different countries such as America, Pakistan, Egypt, Thailand and Sudanese
(Elbashir, 2005).

Cooking properties of different varieties of milled rice grains

The present study evaluated the cooking properties of various milled rice grains and
reported the results in Table 3. The cooking time varied significantly among the different rice
varieties, with the lowest cooking time (22.83 min) observed for P-2819 and the highest
cooking time observed for PB-1121. The elongation ratio was also found to vary
significantly, with basmati varieties exhibiting significantly higher values than non-basmati
ones. The Seed Act 1966 states that the minimum elongation ratio of basmati rice should be
1.70.

Table 3
Cooking properties of different variety of milled rice grains
PProperties PB-6 PB-1121 P-2819 P-44
Cooking Time (min) |25.33+0.58* | 27.00+1.00* | 22.83+0.29° |26.50+0.50°
Elongation Ratio 2.05+0.05* | 1.80+0.10° | 1.57+0.06° | 1.47+0.06°
'Water Uptake (g/g) 2.5740.03* | 2.69+£0.09* | 2.23+0.06° | 2.33+0.04°
Solid Loss (g/g) 3.65£0.10° | 3.21+0.09¢ | 4.44+0.12* | 3.93+0.05"

All data are reported as mean+SD (n=3)
Different alphabets in superscripts indicate significant differences (p<0.05)
among various rice cultivar

The water uptake ratio was observed to be maximum for PB-1121 and minimum for P-
2829. Basmati rice varieties are known to have lower bulk density and an amorphous
structure, which allows for more water absorption in the grain (Lisle et al., 2000).
Furthermore, a negative correlation between water uptake and bulk density was also observed
in the present study. After cooking, the solid loss was significantly higher for the P-2819
cultivar and significantly lower for the PB-1121 cultivar. Solid loss was found to have a
positive correlation with total starch content, with non-basmati varieties exhibiting
significantly higher starch content than basmati ones. Non-basmati rice kernels are known to
crack during soaking, allowing the cell contents to leach into the cooking water, resulting in
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higher solid loss (Hirannaiah et al., 2001). The results of the present study are consistent with
those of previous researchers who have reported higher elongation ratio, higher water uptake,
and lower solid loss for basmati rice varieties (Yadav et al., 2014).

Textural properties of cooked rice grain

Texture profile analysis (TPA) is a widely used method for evaluating the textural
properties of rice the results of presented study is embedded in Table 4. Hardness was
significantly higher for P-2819, and the lowest was estimated for PB-1121. Adhesiveness is
the negative area for the first compression cycle representing the work needed to overcome
the attractive forces between the probe and food and it was calculated higher for non-basmati
variety when compared to basmati variety. The hardness of rice rich in amylose rice was
mainly attributed to leached amylose, which forms several layers of thick coating on the
cooked rice (Yu et al., 2009). Previous investigations have also proven that rice with low
amylose content would have a soft texture, while waxy rice would exhibit a hard, adhesive,
and sticky texture (Moongngarm et al., 2012; Tao et al., 2020). The researchers also observed
increasing hardness with an increase in amylose content. Li (2017) showed that rice with
comparable amylose contents could exhibit different textural attributes. Besides, they may
have the same texture even with utterly different amylose contents, possibly due to
complexities in characterizing the structure of amylose. Springiness was measured in the
range from 0.02 to 0.03.

Table 4
Texture profile analysis (TPA) of different variety of cooked rice grains

Rice Cultivar PB-6 PB-1121 P-2819 P-44
Hardness(g) | 1900.32+107.06° | 1562.114£243.27¢ | 2471.07+194.65* | 1775.70£67.29"¢
Adhesiveness | -336.01£19.69° | -329.62+111.48° | -559.00+£129.00* | -640.67+155.90?
g.5ec)

Springiness 0.03+0.00? 0.02+0.002 0.03+0.01? 0.02+0.012
Cohesiveness 0.55+0.04* 0.53+0.05* 0.48+0.08? 0.52+0.10%
Gumminess 1070.46+33.67® | 835.16+178.05¢ | 1230.27+49.11% | 915.67+157.47°
Chewiness 27.55+0.91% 18.59+5.67° 33.37+4.61* 21.25+4.19°
Resilience 1.18+0.19* 1.31+£0.432 1.03+0.25% 1.06+0.452

All data are reported as mean+SD (n=3)
Different alphabets in superscripts indicate significant differences (p<0.05) among various rice
cultivar

Cohesiveness is the ratio of the positive force area during the second cycle of
compression to that of the first cycle, which was estimated from 0.48 to 0.55. Gumminess is
the product of hardness and cohesiveness; it was observed significantly lower for variety PB-
1121, whereas significantly higher was measured for P-2819. The chewiness is the product
of gumminess and springiness, and similar to gumminess, the maximum was calculated for
P-2819 and the minimum was reported for PB-1121. No significant difference was observed
for resilience among different cultivars of a cooked rice grain, and it was observed in the
range from 1.03 to 1.31. Similar results of textural properties of cooked rice grains were
observed by Sethupathy et al. (2021), who found that the hardness, adhesiveness, and
gumminess of rice grains varied significantly among different cultivars.
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Correlation study

The correlation investigation was established among different physical, chemical,
cooking and textural properties (Table 5 A-B). Cooking time showed a highly significant and
positive correlation with true density and L/B ratio, whereas there was a negative correlation
with solid loss, hardness, gumminess and chewiness. Elongation ratio showed a highly
significant positive correlation with amylose content (r= 0.802) and porosity (r= 0.741),
whereas there was a negative correlation with total starch and bulk density. Water uptake
ratio showed a significant (P <0.01) positive correlation with amylose content, true density,
porosity, length, L/B ratio and 1000 KW. Solid loss indicated a significantly higher
correlation with total starch, hardness and chewiness. Total starch showed a significant (P <
0.05) positive correlation with bulk density, width and hardness. Moreover, amylose content
showed a higher significant positive correlation with true density, porosity, length, 1000KW
and adhesiveness. Interestingly, no positive correlation was observed between bulk density
and other parameters. True density showed a significant (P < 0.01) positive correlation with
porosity, length, L/B ratio and 1000KW.

Table 5-A
Correlation between some physical, chemical, cooking and textural parameters of rice
Cooking | Elongation l‘JV i‘;?(re Solid | Total | Amylose | Bulk
Time Ratio pta Loss | Starch | Content | Density
Ratio
Elongation
Ratio 0.126
Water Uptake | 591+ | 701"
Ratio
Solid Loss -.0792" -0.529 -0.930"
[Total Starch -.0592 -0.711" -0.965™ 10.924™
Amylose 0.385 0.802" | 0.912™ |-0.812"|-0.915"
Content
Bulk Density 0.021 -0.722" -0.555 0.4 0.597" | -0.709"
True Density 0.867" 0.481 0.847™ [-0.938™|-0.871"| 0.752" -0.404
Porosity 0.41 0.741" 0.802™ [-0.737"[-0.843"] 0.860" | -0.894"
Length 0.650" 0.54 0.909™ [-0.919™|-0.866™ | 0.875" -0.569
Width -0.707" -0.068 -0.615" | 0.688" | 0.608" -0.424 -0.084
LB Ratio 0.743™ 0.274 0.816™ [-0.864™[-0.787"| 0.673" -0.188
1000 KW 0.609" 0.518 0.889™ [-0.928™|-0.888™ | 0.880" -0.527
Hardness -0.890" -0.217 -0.667" |0.876" | 0.677 -0.474 0.15
Adhesiveness 0.26 0.683" 0.688" |-0.584"|-0.732""| 0.814™ -0.491
Springiness -0.443 0.305 -0.193 0.378 | 0.096 -0.11 -0.417
Cohesiveness 0.178 0.329 0.325 -0.381 | -0.392 0.269 -0.297
Gumminess -0.888" 0.017 -0.475 | 0.689" | 0.478 -0.319 -0.105
Chewiness -0.887" 0.021 -0.474 10.730™ | 0.433 -0.301 -0.131
Resilience 0.244 0.194 0.285 -0.369 | -0.271 0.322 -0.441

** Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)
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Porosity showed higher significant and positive correlation with length (r = 0.813) and
1000KW (r =0.777). The length of uncooked grains was highly correlated with the L/B ratio
and 1000KW. A strong positive correlation was established between the L/B ratio and
1000KW. The hardness of cooked rice grain demonstrated a higher significant and positive
correlation with gumminess (r = 0.816) and chewiness (r = 0.896). From this correlation
study, it was measured that the increase in the cohesiveness of cooked rice grain is due to an
increase in the springiness, whereas gumminess was observed directly related to the
chewiness of cooked rice grain. The given correlation investigation among different physical,
chemical, cooking, and textural properties is supported by several previous studies. For
example, a study conducted by Bhardwaj et al. (2019) reported a significant positive
correlation between elongation ratio and amylose content in rice. Similarly, a study by Wang
et al. (2010) also reported a positive correlation between amylose content and water uptake
ratio in rice. Moreover, the positive correlation between true density and cooking time is also
supported by a study by Pokhrel et al. (2020). The negative correlation between solid loss,
hardness, gumminess, chewiness, and cooking time is also reported in a study by Zhu et al.
(2020). Furthermore, the positive correlation between total starch and hardness is supported
by a study by Li and Gilbert (2018). The positive correlation between amylose content and
true density, porosity, length, 1000KW, and adhesiveness is also supported by studies by
Verma and Srivastav (2020).

Table 5-B
Correlation between some physical, chemical, cooking and textural parameters of rice
(Cont.)
True Porosity Length Width LB Ratio |1000 KW
Density
Porosity 0.771"
Length 0.857" 0.813"
Width -0.600" -0.236 -0.599"
LB Ratio 0.768" 0.506 0.843" -0.934"
1000 KW 0.845" 0.777" 0.934" -0.618" 0.831"
Hardness -0.865" -0.526 -0.713" 0.602" -0.708" -0.760"™
Adhesiveness | 0.591" 0.632" 0.569 -0.29 0.45 0.626"
Springiness -0.289 0.156 -0.377 0.402 -0.451 -0.363
Cohesiveness | 0.24 0.323 0.33 -0.213 0.272 0.328
Gumminess | -0.783" -0.309 -0.527 0.604" -0.632" -0.592"
Chewiness -0.750" -0.272 -0.602" 0.535 -0.620" -0.616"
Resilience 0.316 0.455 0.539 -0.086 0.28 0.426
Hardness |Adhesiveness |[Springiness |Cohesiveness (Gumminess [Chewiness

Adhesiveness | -0.258
Springiness 0.443 -0.025

(Cohesiveness -0.399 -0.08 -0.067

Gumminess 0.816™ -0.348 0.46 0.162

Chewiness 0.896" -0.187 0.687" -0.091 0.901"

Resilience -0.403 -0.138 -0.285 0.726" 0.037 -0.271

** Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)
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Conclusions

Milling performance, as indicated by the recovery of milled rice and head rice recovery,
varied among the cultivars. PB-6 exhibited the highest milled rice recovery, indicating
better milling efficiency, while PB-1121 had the lowest recovery. P-44 had the highest
head rice recovery, suggesting a higher percentage of intact rice grains, whereas PB-6
had the lowest head rice recovery.

The chemical composition of milled rice also differed among the cultivars. Moisture
content ranged from 10.75 to 11.84%, indicating similar moisture levels across the
varieties. PB-1121 had the highest ash content, which may affect the nutritional
composition and sensory attributes of rice. Protein content varied from 5.87 to 7.27%,
with PB-6 exhibiting the highest protein content. Starch content was higher in non-
basmati cultivars compared to basmati cultivars, indicating potential differences in
cooking and texture. PB-1121 had the highest amylose content, which may contribute
to its characteristic texture and cooking properties.

Physical characteristics, including length, breadth, density, and porosity, are important
factors influencing consumer acceptance. Basmati varieties generally displayed higher
length, lower breadth, and higher length-to-breadth (L/B) ratio compared to non-
basmati varieties, contributing to their desirable appearance. PB-1121 had the highest
L/B ratio among the cultivars. Bulk density was lowest for PB-6 and highest for P-44,
while true density was highest in P-2819, indicating differences in grain compactness.
Cooking properties varied among the rice varieties, with P-2819 exhibiting the lowest
cooking time and PB-1121 showing the highest cooking time. Basmati varicties
displayed higher elongation ratio and water uptake ratio compared to non-basmati
varieties, indicating their ability to absorb more water and elongate during cooking. P-
2819 had higher solid loss, which might affect its overall texture, while PB-1121 had
lower solid loss, indicating a firmer texture after cooking.

Textural properties, such as hardness, adhesiveness, and gumminess, also differed
among the cultivars. P-2819 exhibited the highest hardness and gumminess, potentially
resulting in a chewier texture, while PB-1121 had the lowest hardness, suggesting a
softer texture. Adhesiveness was higher in non-basmati varieties compared to basmati
varieties, indicating variations in stickiness.

The correlation analysis provided insights into the relationships between different
properties of rice grains. Cooking time positively correlated with true density and L/B
ratio, suggesting that denser and elongated grains require longer cooking. Conversely,
cooking time showed negative correlations with solid loss, hardness, gumminess, and
chewiness, indicating that softer and less sticky grains tend to cook faster. Elongation
ratio showed positive correlations with amylose content and porosity, indicating that
higher amylose content and increased porosity contribute to greater elongation during
cooking. Water uptake ratio displayed positive correlations with amylose content, true
density, porosity, length, L/B ratio, and 1000 kernel weight, suggesting that these
factors influence the water absorption capacity of rice grains.
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