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Abstract: Standard unit operations/equipment have not evolved for the traditional rice varieties of
the Cauvery Deltaic region of Tamil Nadu. The fame of traditional rice is increasing nowadays owing
to its health benefits. Non-standard unit operations may cause rice grains to crack during milling,
accumulating more broken rice and yields in products of inferior quality. As a result, research into the
physical properties of rice is crucial for the development of rice processing equipment that minimizes
post-harvest losses during milling. Hence, an assessment was made to evaluate 30 traditional rice
cultivars on their Physical (grain length, width, thickness, shape, and size), gravimetric (bulk, true,
tapped density, porosity, Carr’s index, and Hausner ratio), and engineering characteristics (equivalent,
arithmetic, square mean, and geometric mean diameter) using standard protocols, with the goal of
reviving and preserving older varieties. The results from the analysis showed significant variations
(p < 0.05) between all properties that were evaluated. According to length, a substantial amount
of traditional rice varieties were long grain (76.7%), whereas (16.7%) belonged to the medium type
and (3.3%) were short-grain types, respectively. There were variations among the three different
categories of local rice grains when it comes to size, ranging from 3.26 to 4.69 mm for arithmetic
mean diameter, 2.84 to 4.00 mm for geometric mean diameter, and 3.02 to 4.28 mm for square
mean diameter, respectively. Sphericity, aspect ratio, and surface area measurements of the samples
varied from 37.7% to 81.2%, 0.26 to 1.00, and 25.4 to 50.1 mm2, respectively. Of the 30 varieties,
28 were under the high amylose category, and 2 belonged to the intermediate type. The Pearson
correlation was established to study the interrelationships between the dimensions and engineering
properties. Principal component analysis (PCA) reduced the dimensionality of 540 data into five
principal components (PC), which explained 95.7% of the total variance. These findings suggest that
it is possible to revive old landraces through careful selection and analysis of these properties. The
superior characteristics of these traditional varieties can be further evaluated for breeding programs
in order to improve the cultivation of these cherished rice landraces to enhance nutritional security.
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1. Introduction

Rice is the second-most important staple food, behind wheat, and is widely consumed
around the world [1]. India has witnessed a drastic boost in its rice production, which
accounts for 1/4th of the global total. Rice is the second most cultivated crop in India,
after sugarcane, and has significantly influenced the nation’s agricultural output [2]. Rice
is grown in the Cauvery Deltaic parts of Tamil Nadu, where it is the region’s major food
crop; this region is a homeland for more than 400 traditional rice varieties. Major areas of
the Cauvery Deltaic region have been farming traditional rice types and eating them since
time immemorial, and some of the landraces show promise in terms of output. The green
revolution has brought about a surge in the production of high-yielding varieties, resulting
in traditional cultivars being pushed to the background.

Several old rice varieties have resurfaced in recent years as part of the process of
rediscovering traditional agricultural knowledge. After COVID, the eating habits of people
have changed, and they are showing interest in traditional cultivars, which are rich in
biochemical compounds that enhance immunity. Rice varieties with whitish kernels are
the most prevalent form of rice in Tamil Nadu. However, the Cauvery Deltaic region of
Tamil Nadu is also reported to have pigmented varieties that possess high medicinal values
through the presence of higher total phenol, flavonoids, and anthocyanin content.

Rice grain characteristics distinguish its market worth and influence milling and cook-
ing quality, which has a direct impact on consumer acceptability [3,4]. Quality assessment
of food products involves several factors, such as physical looks, sensory properties, texture,
and nutrition. All of these characteristics are crucial in determining the overall quality.
Investigation of the physical properties of rice is fundamental for designing rice processing
equipment and setting up standard unit procedures that would be useful in wiping out
losses that happen during the milling process. Additionally, information on density param-
eters could, besides influencing heat and mass exchange of moisture during air circulation
and drying processes, help in choosing appropriate sizes for storage bins [5]. Bulk density,
tapped density, real density, Hausner ratio, and Carr’s index are important gravimetric
qualities that must be taken into consideration in designing processing machines for the
drying, transportation, and storage of grains. They play a major role in ensuring the suc-
cessful operation of these machines [6] and improving their efficiency [7]. Grain breakage
and cracking can be avoided with well-designed equipment.

Rice’s physical qualities are considered a very crucial factor in harvesting and post-
harvest processing as they directly influence the milling and cooking efficiency. Compre-
hensive knowledge of the physical and engineering properties, such as length, diameter,
surface area, and more, is vital for producing products of good quality. This knowledge
helps both consumers and sellers to manage their production and processing more effi-
ciently. The physical features of these traditional rice cultivars differ, and the impact of
those traits on processing technology is still a milestone to achieve. This will make value
addition, quality enhancement, and post-harvest processing easier. Hence, this research
was conducted to study the physical, gravimetric, and engineering properties of various
traditional rice types commonly grown in Cauvery Deltaic, Tamil Nadu, India.

2. Materials and Methods

The thirty traditional varieties (Figure 1) used in this research and a legal permis-
sion letter for the collection of plant material by adhering to institutional, national, and
international guidelines and legislation were obtained from the Director of Research of the
Tamil Nadu Agricultural University, Coimbatore, Tamil Nadu. Of the 30 varieties, 14 were
white in color, 15 were red, and 1 black variety was found. Seeds were obtained from the
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local farmers of the Cauvery Delta Region of Tamil Nadu, India, from July to December
2020 and were harvested manually and stored at 12% moisture. Every single grain was
carefully cleaned by hand, with any unnecessary materials such as stones, hay, and dirt
being removed. Experiments for this study were conducted at the Laboratory of Centre of
Excellence in Soil Health, Anbil Dharmalingam Agricultural College and Research Institute
Campus, Trichy, in January 2021.
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2.1. Dimensional Properties of Traditional Rice

The length (mm) and breadth (mm) of thirty rice varieties were measured using a
digital Vernier caliper (Mitutoyo, Japan) with the least count of 0.01 mm. The International
Rice Research Institute classified rice cultivars into four categories based on their length:
extra-long (more than 7.5 mm), long (6.61–7.5 mm), medium (5.51–6.60 mm), and short
(5.5 mm) [8].

2.2. Grain Shape

This grain shape is determined by the length–width ratio.

Grain shape
L
W

ratio =
L(mm)

W(mm)

Grains were classified according to the length–width ratio given by IRRI, comprising
slender (>3.0), medium (2.1–3.0), bold (1.1–2.0), and round (<1.1) grain types [8].

2.3. Thousand Grain Weight

A sample of 1000 grains of each cultivar was randomly selected and weighed on
Digital weighing balance with an accuracy of 0.001 g. We repeated the procedure five times
and averaged the results [4].

2.4. Bulk and Tapped Densities

Paddy was assessed for bulk density with the approach formulated by [9]. For this,
a 10 mL graduated cylinder was taken, filled with grains up to the 10 mL mark, and the
weight of the cylinder was measured after a few taps to determine bulk density (g/mL).
The tapped density was worked out from the tapped volume after 100 taps.

2.5. True Density

The method adopted by [10] was used to determine true density. A sample of 1 g was
taken in a 10 mL measuring cylinder and stoppered with a glass stopper. Following this,
5 mL of petroleum ether was added to the sample, and the mixture was vigorously shaken
in order to suspend all grain particles. Subsequently, an additional 1 mL of petroleum
ether was added, and the final volume of the contents was noted. True density was then
determined using the following equation:

True densit =
The weight of the grain

( g
mL
)

The total volume of petroleum ether and suspended particles (mL)− 6

2.6. Porosity

Porosity is a desired physical property that can be calculated from the true density
and tapped density values using the equation outlined by [10].

Porosity (%) =
True density − Tapped density

True density
× 100

2.7. Compressibility Index

Carr’s Index was applied to calculate the compressibility of paddy after their bulk and
tapped densities had been established [10].

Carr’s index =
Tapped density − Bulk density

Tapped density
× 100
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2.8. Hausner Ratio

The Hausner ratio is an indicator of the cohesive nature of grains and was calculated
after determining the bulk and tapped densities [10].

Hausner ratio =
Tapped density

Bulk density

2.9. Determination of ED, AMD, GMD, and SMD

The equivalent diameter was assessed according to [11]. The following method was
adopted to determine Arithmetic Mean Diameter (Da), Geometric Mean Diameter (Dg),
and Square Mean Diameters (Ds) [12].

De =

(
L(W + T)

4

) 1
3

Da =
(L + W + T)

3

Dg = (LWT)
1
3

Ds =

.(
(LW + WT + TL

3

) 1
2

2.10. Volume (V) and Surface Area (S)

The grain volume (V) and surface area (S) of rice varieties were determined by using
the formula provided by [13].

V =
1
4
×
[(π

6

)
× L × (W × T)2

]

S =
πBL

(2L − B)

2.11. Sphericity and Aspect Ratio

The sphericity ϕ [11] and aspect ratio Ra [4] of rice varieties was calculated by the
following formula:

φ =
(L × W × T)

1
3

L

Ra =
W
L

2.12. Amylose Content

Amylose content was estimated using the method given by American Association
of Cereal Chemists (AACC) [14]. In this method, 100 mg of rice was taken in a test tube
containing 1 mL of 95% ethanol and 9 mL of 1 N NaOH. Ten minutes were allowed for
this dispersion to settle down. To gelatinize the starch, this was heated for ten minutes in
boiling water before being cooled to room temperature. After letting this amylose solution
stand for two hours, the volume was increased to 100 milliliters using distilled water and
vigorous shaking, which gave the starch solution. Five ml of this starch solution was taken
out into a 100 mL volumetric flask, then 1 mL of 1N acetic acid was added, followed by
2 mL of iodine solution. The volume was filled up to 100 mL using distilled water. Color
absorbance was measured at 620 nm by UV-VIS spectrophotometer (LAMBDA 365, Perkin
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Elmer). A standard curve was plotted between pure amylose of various concentrations and
its absorbance, and the rice AC was calculated by referring to the standard curve.

2.13. Statistical Analysis

To obtain accurate results, the experiment was conducted in a laboratory setting with
3 replicates. The gathered data were analyzed through the use of IBM SPSS Statistics
25 software, and important figures were calculated as mean values along with standard
errors (SE) of three replicated analyses. The variations between means were determined
using Fisher’s least significant differences (LSD) at a p-value of 0.05, denoting an acceptable
level of significance. Subsequently, relationships between all the properties were evalu-
ated using Pearson’s correlation tests. Principle component analysis for the 540 data sets
(30 varieties and 18 characteristics) was established. In a PCA model, the objects (rice
varieties) were represented by their scores, and the variables (characteristics) were illus-
trated by their loadings. Varimax rotation was employed during PCA. Dendrograms were
also constructed.

3. Results
3.1. Grain Classification

In the present investigation, as depicted in Table 1, the study results revealed that
there is a significant disparity among the rice varieties for grain length and breadth
(p < 0.01). More than 77% of the varieties had a length of more than 7.50 mm, and 17% of
varieties had lengths between 5.5 and 6.60 mm. The breadth of the rice varied from 2.30 to
3.91 mm. In general, the grain length ranged from 3.91 to 9.40 mm, with a mean of 7.72 mm.
In extra-long type grains, the maximum length was seen in Chinnar (9.40 ± 0.56 mm), and
the minimum length in Thooyamalli (7.57 ± 0.47 mm); in medium-type grains, the length
ranged from Kothamalli Samba (6.54 ± 0.52 mm) to Mattaikar (5.64 ± 0.35 mm); and in
short-type grains, Kallundri Kar registered 3.91 ± 0.40 mm length. Almost all (74%) of the
extra-long rice varieties had a longer length of more than 8.0 mm.

Table 1. Dimensions of traditional rice varieties of the Cauvery Deltaic Region.

Varieties Pericarp
Colour

1000-Grain
Weight (g) Length (mm) Breadth (mm) Thickness

(mm) L/W Ratio Volume (mm3)

Bhavani Sannam White 23 8.46 ± 0.67 ab 2.33 ± 0.19 ij 1.77 ± 0.14 ns 3.63 ± 0.29 ab 18.7 ± 1.48 jkl

Chinnar White 24 9.40 ± 0.56 a 2.47 ± 0.15 f–j 1.92 ± 0.11 ns 3.80 ± 0.23 a 23.7 ± 1.41 e–j

Chithiraikaar Red 36 8.60 ± 0.94 ab 3.32 ± 0.36 b–e 2.13 ± 0.23 ns 2.59 ± 0.28 g–l 33.4 ± 3.63 bc

Iluppai Poo Samba White 19 8.65 ± 0.60 ab 3.07 ± 0.21 c–g 1.96 ± 0.14 ns 2.82 ± 0.19 c–j 28.7 ± 1.98 cde

Kallukkar White 26 8.60 ± 0.54 ab 2.74 ± 0.17 d–j 1.79 ± 0.11 ns 3.14 ± 0.20 b–g 23.1 ± 1.44 f–j

KallundriKaar Red 34 3.91 ± 0.40 g 3.91 ± 0.40 b 2.10 ± 0.21 ns 1.00 ± 0.10 m 18.4 ± 1.89 jkl

Karukka Red 36 6.23 ± 0.65 def 2.97 ± 0.31 c–i 1.99 ± 0.21 ns 2.10 ± 0.22 kl 20.0 ± 2.09 i–l

Karunguruvai Red 25 8.19 ± 0.51 ab 3.37 ± 0.21 bcd 1.91 ± 0.12 ns 2.43 ± 0.15 jkl 29.9 ± 1.85 bcd

Karuppu Kowni Black 34 8.04 ± 0.60 abc 2.70 ± 0.20 e–j 1.93 ± 0.14 ns 2.97 ± 0.22 c–j 22.6 ± 1.69 h–k

Kattanur White 28 8.48 ± 0.40 ab 2.77 ± 0.13 d–j 1.78 ± 0.08 ns 3.06 ± 0.14 b–i 23.0 ± 1.08 g–j

Kichili Samba White 17 7.38 ± 0.38 b–e 2.30 ± 0.12 j 1.72 ± 0.09 ns 3.21 ± 0.16 b–f 15.6 ± 0.79 lm

Kothamalli Samba Red 32 6.54 ± 0.52 c–f 3.18 ± 0.25 cde 2.05 ± 0.16 ns 2.06 ± 0.16 23.4 ± 1.86 e–j

Kullakaar Red 30 8.43 ± 0.50 ab 3.21 ± 0.19 cde 1.85 ± 0.11 ns 2.62 ± 0.16 g–l 28.3 ± 1.69 c–g

Kuruvai Kalanchium White 32 8.80 ± 0.96 ab 3.16 ± 0.34 cde 2.10 ± 0.23 ns 2.78 ± 0.30 c–j 31.9 ± 3.47 bcd

Kuzhiyadichan Samba Red 33 8.36 ± 0.32 ab 3.48 ± 0.13 bc 2.19 ± 0.09 ns 2.41 ± 0.09 jkl 35.2 ± 1.36 ab

Mappilai Samba Red 31 8.48 ± 0.59 ab 3.16 ± 0.22 cde 2.05 ± 0.14 ns 2.68 ± 0.18 e–j 30.1 ± 2.08 bcd

Mattaikkar Red 36 5.64 ± 0.35 f 5.64 ± 0.35 a 1.76 ± 0.11 ns 1.00 ± 0.06 m 40.4 ± 2.53 a

Milagu Samba White 25 5.75 ± 0.59 ef 2.74 ± 0.28 d–j 1.83 ± 0.19 ns 2.10 ± 0.22 kl 15.7 ± 1.61 lm
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Table 1. Cont.

Varieties Pericarp
Colour

1000-Grain
Weight (g) Length (mm) Breadth (mm) Thickness

(mm) L/W Ratio Volume (mm3)

Muttrina Sannam White 28 7.97 ± 0.83 abc 2.39 ± 0.25 hij 1.59 ± 0.17 ns 3.34 ± 0.35 abc 16.5 ± 1.72 lm

Navara Red 39 7.88 ± 0.49 abc 2.98 ± 0.18 c–i 1.89 ± 0.12 ns 2.65 ± 0.16 f–k 24.4 ± 1.51 e–i

Nootripathu White 26 8.12 ± 0.61 abc 3.27 ± 0.24 b–e 2.09 ± 0.16 ns 2.48 ± 0.19 i–l 30.5 ± 2.28 bcd

Norungan Red 34 8.77 ± 0.41 ab 3.09 ± 0.14 c–f 2.19 ± 0.10 ns 2.84 ± 0.13 c–j 31.9 ± 1.50 bcd

Panangattu
Kudavazhai Red 28 8.22 ± 0.42 ab 3.01 ± 0.15 c–h 1.98 ± 0.10 ns 2.73 ± 0.14 e–j 26.8 ± 1.36 d–h

Poongar Red 17 8.47 ± 0.67 ab 3.31 ± 0.26 b–e 2.26 ± 0.18 ns 2.56 ± 0.20 h–l 34.3 ± 2.73 b

Salem Sanna White 30 7.71 ± 0.46 bcd 2.34 ± 0.14 ij 1.77 ± 0.11 ns 3.30 ± 0.20 a–d 17.0 ± 1.01 lm

Seeraga Samba White 22 5.73 ± 0.62 ef 2.36 ± 0.26 hij 1.70 ± 0.18 ns 2.43 ± 0.26 jkl 12.4 ± 1.35 m

Sivappu Kowni Red 38 8.80 ± 0.34 ab 3.13 ± 0.12 c–f 1.83 ± 0.07 ns 2.81 ± 0.11 c–j 28.4 ± 1.10 c–f

Thaalathootha Namak White 27 7.59 ± 0.52 bcd 2.34 ± 0.16 ij 1.82 ± 0.13 ns 3.25 ± 0.22 abcde 17.2 ± 1.18 lm

Thooyamalli White 27 7.57 ± 0.47 bcd 2.42 ± 0.15 g–j 1.78 ± 0.11 ns 3.13 ± 0.20 b–h 17.4 ± 1.09 klm

Vaasanai Seeraga
Samba Red 19 7.94 ± 0.81 abc 2.95 ± 0.30 c–j 2.23 ± 0.23 ns 2.69 ± 0.28 e–j 27.8 ± 2.85 d–h

Data are presented as the mean ± SE (n = 3). Means followed by the same letter within each row are not
significantly different at 5% level. Note: ns—non significant; “a–d”—abcd.

3.2. Grain Shape

The length and breadth ratio of the rice grain was used to identify the shape, and a
considerable variation was seen among the different varieties (Table 2). A higher value
for length–breadth ratio was seen in Chinnar (3.80 ± 0.23), and the lowest one was seen
in Mattaikar (1.00 ± 0.06). According to the IRRI classification on grain shape, this study
revealed that 2 paddy varieties were round, 1 was of bold type, 18 were of medium type,
and 9 had slender grain types.

Table 2. Classification of Cauvery Deltaic traditional rice varieties based on length–width ratio and
seed size.

Landrace L/W Ratio Shape Landraces Seed Size (mm3) Size

Mattaikkar 1.00 ± 0.06 m Round Seeraga Samba 23.0 ± 2.50 m Small

KallundriKaar 1.00 ± 0.10 m Round Milagu Samba 28.8 ± 2.95 lm Small

Kothamalli Samba 2.06 ± 0.16 Bold Kichili Samba 29.1 ± 1.48 lm Small

Milagu Samba 2.10 ± 0.22 kl Medium MuttrinaSannam 30.3 ± 3.16 lm Medium

Karukka 2.10 ± 0.22 kl Medium Salem Sanna 31.8 ± 1.89 m Medium

Kuzhiyadichan Samba 2.41 ± 0.09 jkl Medium KallundriKaar 32.0 ± 3.28 klm Medium

Seeraga Samba 2.43 ± 0.26 jkl Medium ThaalathoothaNamak 32.3 ± 2.23 jklm Medium

Karunguruvai 2.43 ± 0.15 jkl Medium Thooyamalli 32.5 ± 2.03 ijklm Medium

Nootripathu 2.48 ± 0.19 i–l Medium Bhavani Sannam 35.0 ± 2.78 hijkl Medium

Poongar 2.56 ± 0.20 h–l Medium Karukka 36.8 ± 3.83 hijkl Large

Chithiraikaar 2.59 ± 0.28 g–l Medium Kattanur 41.8 ± 1.96 ghijk Large

Kullakaar 2.62 ± 0.16 g–l Medium KaruppuKowni 42.0 ± 3.14 ghij Large

Navara 2.65 ± 0.16 f–k Medium Kallukkar 42.2 ± 2.64 ghi Large

Mappilai Samba 2.68 ± 0.18 e–j Medium Kothamalli Samba 42.7 ± 3.40 fgh Large

VaasanaiSeeraga Samba 2.69 ± 0.28 e–j Medium Navara 44.3 ± 2.75 efh Large
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Table 2. Cont.

Landrace L/W Ratio Shape Landraces Seed Size (mm3) Size

PanangattuKudavazhai 2.73 ± 0.14 e–j Medium Chinnar 44.5 ± 2.65 efgh Large

KuruvaiKalanchium 2.78 ± 0.30 c–j Medium PanangattuKudavazhai 49.1 ± 2.50 defg Large

SivappuKowni 2.81 ± 0.11 c–j Medium Kullakaar 50.1 ± 2.99 cdefg Large

Iluppai Poo Samba 2.82 ± 0.19 c–j Medium SivappuKowni 50.5 ± 1.96 cdefg Large

Norungan 2.84 ± 0.13 c–j Medium VaasanaiSeeraga Samba 52.1 ± 5.34 bcdef Large

KaruppuKowni 2.97 ± 0.22 c–j Medium Iluppai Poo Samba 52.2 ± 3.60 bcdef Large

Kattanur 3.06 ± 0.14 b–i Slender Karunguruvai 52.7 ± 3.27 bcde Large

Thooyamalli 3.13 ± 0.20 b–h Slender Mappilai Samba 54.9 ± 3.79 abc Large

Kallukkar 3.14 ± 0.20 b–g Slender Nootripathu 55.4 ± 4.15 abcd Large

Kichili Samba 3.21 ± 0.16 b–f Slender Mattaikkar 55.9 ± 3.50 abcd Large

ThaalathoothaNamak 3.25 ± 0.22 a–e Slender KuruvaiKalanchium 58.5 ± 6.36 abcd Large

Salem Sanna 3.30 ± 0.20 a–d Slender Norungan 59.2 ± 2.78 abc Large

MuttrinaSannam 3.34 ± 0.35 abc Slender Chithiraikaar 60.7 ± 6.61 ab Large

Bhavani Sannam 3.63 ± 0.29 ab Slender Poongar 63.3 ± 5.03 a Large

Chinnar 3.80 ± 0.23 a Slender Kuzhiyadichan Samba 63.8 ± 2.48 a Large

Data are presented as the mean ± SE (n = 3). Means followed by the same letter within each row are not
significantly different at 5% level. Note: “a–d”—abcd.

3.3. Grain Size

Local varieties of Cauvery Delta showed a significant difference in grain size, and 70%
was occupied by large grains; medium grains shared 20%, followed by small with 10%
(Table 2). Kuzhiyadichan Samba is the largest rice grain variety that had the highest seed
size (63.8 mm), statistically comparable with Poongar (63.3 mm).

3.4. Gravimetric Properties of Paddy
3.4.1. Bulk and Tapped Density

Data analysis of bulk density showed no significant difference among the different
varieties (Table 3); however, minimal variation was observed. The bulk density of paddy
grains varied from 0.86 in Kuruvai Kalanchium to 1.11 g/mL in Karunguruvai.

Table 3. Gravimetric properties influenced by the Cauvery Deltaic traditional rice varieties.

Varieties Bulk Density
(g/mL) ns

Tapped Density
(g/mL) ns

True Density
(g/mL) Porosity (%) Carr’s Index Hausner

Ratio ns

Bhavani Sannam 0.96 ± 0.08 1.16 ± 0.09 2.00 ± 0.12 b 41.8 ± 2.61 f–i 17.11 ± 1.36 ab 1.21 ± 0.10

Chinnar 0.91 ± 0.05 1.10 ± 0.07 2.00 ± 0.18 b 45.3 ± 4.17 efg 16.89 ± 1.01 abc 1.20 ± 0.07

Chithiraikaar 1.02 ± 0.11 1.06 ± 0.12 2.00 ± 0.12 b 47.1 ± 2.81 c–f 3.78 ± 0.41 o 1.04 ± 0.11

Iluppai Poo Samba 0.94 ± 0.06 1.10 ± 0.08 2.50 ± 0.18 a 55.9 ± 3.96 ab 14.90 ± 1.03 a–f 1.18 ± 0.08

Kallukkar 0.98 ± 0.06 1.18 ± 0.07 1.67 ± 0.06 bc 29.2 ± 1.10 j–n 16.61 ± 1.04 a–d 1.20 ± 0.08

KallundriKaar 0.96 ± 0.10 1.08 ± 0.11 1.67 ± 0.08 bc 34.9 ± 1.58 ij 11.34 ± 1.16 i–l 1.13 ± 0.12

Karukka 0.94 ± 0.10 1.00 ± 0.10 1.67 ± 0.11 bc 39.9 ± 2.73 ghi 6.07 ± 0.63 no 1.06 ± 0.11

Karunguruvai 1.11 ± 0.07 1.18 ± 0.07 2.50 ± 0.24 a 52.7 ± 5.03 a–d 6.21 ± 0.39 no 1.07 ± 0.07

KaruppuKowni 0.97 ± 0.07 1.11 ± 0.08 1.43 ± 0.07 cd 22.2 ± 1.06 no 12.64 ± 0.95 f–j 1.14 ± 0.09
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Table 3. Cont.

Varieties Bulk Density
(g/mL) ns

Tapped Density
(g/mL) ns

True Density
(g/mL) Porosity (%) Carr’s Index Hausner

Ratio ns

Kattanur 1.01 ± 0.05 1.15 ± 0.05 2.00 ± 0.10 b 42.3 ± 2.18 e–h 12.31 ± 0.58 g–k 1.14 ± 0.05

Kichili Samba 0.96 ± 0.05 1.15 ± 0.06 2.00 ± 0.17 b 42.3 ± 3.64 e–h 17.06 ± 0.87 abc 1.21 ± 0.06

Kothamalli Samba 0.99 ± 0.08 1.15 ± 0.09 2.50 ± 0.18 a 54.2 ± 4.00 abc 13.69 ± 1.09 e–i 1.16 ± 0.09

Kullakaar 0.99 ± 0.06 1.18 ± 0.07 2.00 ± 0.12 b 40.8 ± 2.55 f–i 16.32 ± 0.97 a–d 1.19 ± 0.07

KuruvaiKalanchium 0.86 ± 0.09 0.95 ± 0.10 1.25 ± 0.12 de 23.7 ± 2.19 l–o 10.26 ± 1.12 j–m 1.11 ± 0.12

Kuzhiyadichan Samba 0.98 ± 0.04 1.15 ± 0.04 1.67 ± 0.10 bc 30.9 ± 1.84 jkl 14.67 ± 0.57 b–g 1.17 ± 0.05

Mappilai Samba 0.95 ± 0.07 1.08 ± 0.07 1.67 ± 0.12 bc 35.1 ± 2.49 hij 11.92 ± 0.82 h–l 1.14 ± 0.08

Mattaikkar 0.96 ± 0.06 1.04 ± 0.07 1.43 ± 0.05 cd 27.0 ± 1.02 k–o 8.25 ± 0.52 mn 1.09 ± 0.07

Milagu Samba 1.01 ± 0.10 1.05 ± 0.11 1.43 ± 0.06 cd 26.7 ± 1.21 k–o 3.82 ± 0.39 o 1.04 ± 0.11

MuttrinaSannam 0.91 ± 0.10 1.01 ± 0.11 2.50 ± 0.17 a 59.5 ± 4.08 a 9.84 ± 1.02 klm 1.11 ± 0.12

Navara 0.99 ± 0.06 1.19 ± 0.07 2.00 ± 0.19 b 40.3 ± 3.85 f–i 16.80 ± 1.04 a–d 1.20 ± 0.07

Nootripathu 0.96 ± 0.07 1.09 ± 0.08 1.43 ± 0.07 cd 23.4 ± 1.12 mno 11.84 ± 0.89 jkl 1.13 ± 0.08

Norungan 1.01 ± 0.05 1.18 ± 0.06 1.67 ± 0.09 bc 29.0 ± 1.49 jk–n 14.61 ± 0.68 c–g 1.17 ± 0.05

PanangattuKudavazhai 0.95 ± 0.05 1.14 ± 0.06 2.00 ± 0.12 b 42.8 ± 1.71 f–i 17.27 ± 0.88 a 1.21 ± 0.06

Poongar 0.98 ± 0.08 1.14 ± 0.09 1.67 ± 0.12 bc 31.5 ± 2.32 jk 14.34 ± 1.14 d–h 1.17 ± 0.09

Salem Sanna 1.02 ± 0.06 1.13 ± 0.07 1.00 ± 0.01 e 31.0 ± 0.43 jk 9.69 ± 0.58 lm 1.11 ± 0.07

Seeraga Samba 1.03 ± 0.11 1.17 ± 0.13 1.67 ± 0.01 bc 29.6 ± 0.16 j–m 12.45 ± 1.35 f–j 1.14 ± 0.12

SivappuKowni 0.92 ± 0.04 1.09 ± 0.04 2.00 ± 0.02 b 45.7 ± 0.57 d–g 15.57 ± 0.60 a–e 1.18 ± 0.05

ThaalathoothaNamak 0.96 ± 0.07 1.09 ± 0.08 2.00 ± 0.03 b 45.5 ± 0.74 d–g 12.35 ± 0.85 g–j 1.14 ± 0.08

Thooyamalli 0.92 ± 0.06 0.96 ± 0.06 1.67 ± 0.11 bc 42.4 ± 2.93 efg 4.35 ± 0.27 o 1.05 ± 0.07

VaasanaiSeeraga Samba 0.97 ± 0.10 1.01 ± 0.10 2.00 ± 0.01 b 49.5 ± 0.23 b–e 4.12 ± 0.42 o 1.04 ± 0.11

Data are presented as the mean ± SE (n = 3). Means followed by the same letter within each row are not
significantly different at 5% level. Note: ns—non significant; “a–d”—abcd.

A significant difference was found for tapped density among the varieties (Table 3).
Navara (1.19 ± 0.07 mm) was found to be with the highest tapping density, and Kuruvai
Kalanchium (0.95 ± 0.10 mm) had minimum tapping density.

3.4.2. True Density and Porosity

The true density and porosity of the different varieties of paddy varied significantly.
The values ranged from 1.00 ± 0.01 g/mL in Salem Sannato to 2.50 ± 0.10 g/mL in Iluppai
Poo Samba, Karunguruvai, Kothamalli Samba, and Muttrina Sannam. Karuppu Kowni
had the lowest porosity level of 22.2%, while Muttrina Sannam had the highest at 59.5%.

3.4.3. Compressibility Index and Hausner Ratio

The results of two flow characteristics of different rice varieties, the Hausner ratio
and compressibility index, are shown in Table 3. Characterizing the behavior of grains
in different hoppers, feeders, and other handling equipment is known as flow properties.
This provides an insight into how they will interact during flow. Among the 30 varieties,
22 varieties have good flowability with Carr’s index of 15, and for the Hausner ratio,
23 varieties showed excellent to good flowability, whereas 8 varieties indicated poor flowa-
bility with HR and CI of >1.18 and >16, respectively. The Carr’s index and Hausner ratio
of the traditional paddy cultivars showed considerable variation. Chithiraikaar had the
lowest value for Carr’s index (3.78 ± 0.41) and Hausner ratio (1.04), whereas Panangattu
Kudavazhai had the highest values for both, with a Carr’s index of 17.27 ± 0.88 and a
Hausner ratio of 1.21 (Table 4).
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Table 4. The empirical relation between the flow properties and the results obtained with two
well-known tests (repose Carr’s index and Hausner ratio measurements).

Flow Property Carr’s Index Varieties Hausner Ratio Varieties

Excellent ≤10

Chithiraikaar

1.00–1.11

Chithiraikaar
Milagu Samba Milagu Samba
VaasanaiSeeraga Samba VaasanaiSeeraga Samba
Thooyamalli Thooyamalli
Karukka Karukka
Karunguruvai Karunguruvai
Mattaikkar Mattaikkar
Salem Sanna Salem Sanna
MuttrinaSannam MuttrinaSannam

KuruvaiKalanchiumc

Good 11–15

KuruvaiKalanchium

1.12–1.18

KallundriKaar
KallundriKaar Nootripathu
Nootripathu Mappilai Samba
Mappilai Samba Kattanur
Kattanur ThaalathoothaNamak
ThaalathoothaNamak Seeraga Samba
Seeraga Samba KaruppuKowni
KaruppuKowni Kothamalli Samba
Kothamalli Samba Poongar
Poongar Norungan
Norungan Kuzhiyadichan Samba
Kuzhiyadichan Samba Iluppai Poo Samba
Iluppai Poo Samba SivappuKowni

Fair 16–20

SivappuKowni

1.19–1.25

Kullakaar
Kullakaar Kallukkar
Kallukkar Navara
Navara Chinnar
Chinnar Kichili Samba
Kichili Samba Bhavani Sannam
Bhavani Sannam PanangattuKudavazhai
PanangattuKudavazhai

3.5. Engineering Properties
3.5.1. The ED, AMD, GMD, and SMD

Table 5 shows the ED, AMD, GMD, and SMD of local rice varieties. Equivalent
diameter is an instrumental factor in determining the diameter of pores on the sieve [15].
Traditional rice varieties exhibited distinct values for equivalent diameters, which ranged
from 2.87 ± 0.31 mm in the case of Seeraga Sambato to 4.26 ± 0.27 mm in Mattaikkar,
as demonstrated by several authors [16,17]. The grain size range of the local rice types
measured by the AMD test was between 3.26 mm and 4.69 mm, with each grain having its
own unique value. These types of results were reported by [4,7,18]. The grain sizes of the
local rice varieties ranged from 8.02 mm to 10.36 mm in terms of the GMD, while the SMD
varied from 3.02 ± 0.33 mm (Seeraga Samba) to 4.28 ± 0.17 mm (Kuzhiyadichan Samba).

Table 5. Effect of traditional rice varieties on engineering properties.

Varieties
Equivalent
Diameter

(mm)

Geometric
Mean

Diameter
(mm) ns

Arithmetic
Mean

Diameter
(mm)

Square
Mean

Diameter
(mm) ns

Sphericity% Aspect Ratio Surface Area
(mm2)

Bhavani Sannam 3.29 ± 0.26 c–g 3.27 ± 0.26 4.19 ± 0.33 a–d 3.60 ± 0.29 38.7 ± 3.08 e 0.28 ± 0.02 ij 33.6 ± 2.67 e–i

Chinnar 3.56 ± 0.21 a–g 3.54 ± 0.21 4.59 ± 0.27 ab 3.91 ± 0.23 37.7 ± 2.25 e 0.26 ± 0.02 j 39.4 ± 2.35 b–e

Chithiraikaar 4.00 ± 0.43 abc 3.93 ± 0.43 4.68 ± 0.51 a 4.24 ± 0.46 45.7 ± 4.97 cde 0.39 ± 0.04 c–h 48.5 ± 5.28 a
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Table 5. Cont.

Varieties
Equivalent
Diameter

(mm)

Geometric
Mean

Diameter
(mm) ns

Arithmetic
Mean

Diameter
(mm)

Square
Mean

Diameter
(mm) ns

Sphericity% Aspect Ratio Surface Area
(mm2)

Iluppai Poo 3.80 ± 0.26 a–f 3.74 ± 0.26 4.56 ± 0.31 ab 4.07 ± 0.28 43.2 ± 2.98 cde 0.35 ± 0.02 e–j 43.8 ± 3.02 abc

Kallukkar 3.53 ± 0.22 a–g 3.48 ± 0.22 4.38 ± 0.27 ab 3.82 ± 0.24 40.5 ± 2.53 de 0.32 ± 0.02 f–j 38.0 ± 2.38 c–g

KallundriKaar 3.28 ± 0.34 c–g 3.18 ± 0.33 3.30 ± 0.34 de 3.25 ± 0.33 81.2 ± 8.32 a 1.00 ± 0.10 a 31.7 ± 3.24 e–i

Karukka 3.37 ± 0.35 b–g 3.33 ± 0.35 3.73 ± 0.39 b–e 3.50 ± 0.36 53.4 ± 5.56 c 0.48 ± 0.05 bc 34.7 ± 3.62 d–h

Karunguruvai 3.85 ± 0.24 a–f 3.75 ± 0.23 4.49 ± 0.28 ab 4.07 ± 0.25 45.8 ± 2.84 cde 0.41 ± 0.03 b–f 44.2 ± 2.74 abc

KaruppuKowni 3.51 ± 0.26 a–g 3.48 ± 0.26 4.23 ± 0.32 abc 3.76 ± 0.28 43.2 ± 3.24 cde 0.34 ± 0.03 e–j 37.9 ± 2.84 c–h

Kattanur 3.53 ± 0.17 a–g 3.47 ± 0.16 4.34 ± 0.20 ab 3.81 ± 0.18 40.9 ± 1.92 de 0.33 ± 0.02 f–j 37.8 ± 1.77 c–h

Kichili Samba 3.10 ± 0.16 fg 3.08 ± 0.16 3.80 ± 0.19 a–e 3.35 ± 0.17 41.7 ± 2.12 de 0.31 ± 0.02 g–j 29.7 ± 1.51 ghi

Kothamalli Samba 3.55 ± 0.28 a–g 3.49 ± 0.28 3.92 ± 0.31 a–e 3.69 ± 0.29 53.4 ± 4.25 c 0.49 ± 0.04 b 38.4 ± 3.05 c–f

Kullakaar 3.78 ± 0.23 a–f 3.69 ± 0.22 4.50 ± 0.27 ab 4.03 ± 0.24 43.7 ± 2.61 cde 0.38 ± 0.02 c–h 42.7 ± 2.54 a–d

KuruvaiKalanchium 3.94 ± 0.43 a–d 3.88 ± 0.42 4.69 ± 0.51 a 4.20 ± 0.46 44.1 ± 4.80 cde 0.36 ± 0.02 e–i 47.3 ± 5.15 ab

Kuzhiyadichan Samba 4.07 ± 0.16 abc 4.00 ± 0.16 4.68 ± 0.18 a 4.28 ± 0.17 47.8 ± 1.85 cde 0.42 ± 0.04 b–f 50.1 ± 1.95 a

Mappilai Samba 3.86 ± 0.27 a–f 3.80 ± 0.26 4.56 ± 0.31 ab 4.11 ± 0.28 44.8 ± 3.09 cde 0.37 ± 0.02 e–i 45.4 ± 3.13 abc

Mattaikkar 4.26 ± 0.27 a 3.82 ± 0.24 4.35 ± 0.27 ab 4.15 ± 0.26 67.8 ± 4.25 b 1.00 ± 0.03 a 45.9 ± 2.88 abc

Milagu Samba 3.11 ± 0.32 fg 3.06 ± 0.31 3.44 ± 0.35 cde 3.23 ± 0.33 53.3 ± 5.46 c 0.48 ± 0.06 bcd 29.5 ± 3.02 hi

MuttrinaSannam 3.16 ± 0.33 efg 3.12 ± 0.32 3.99 ± 0.42 a–e 3.44 ± 0.36 39.1 ± 4.07 de 0.30 ± 0.05 hij 30.5 ± 3.18 f–i

Navara 3.60 ± 0.22 a–g 3.54 ± 0.22 4.25 ± 0.26 abc 3.83 ± 0.24 44.9 ± 2.78 cde 0.38 ± 0.03 d–h 39.3 ± 2.44 b–e

Nootripathu 3.88 ± 0.29 a–e 3.81 ± 0.29 4.49 ± 0.34 ab 4.09 ± 0.31 47.0 ± 3.52 cde 0.40 ± 0.02 b–g 45.6 ± 3.42 abc

Norungan 3.94 ± 0.18 a–d 3.90 ± 0.18 4.68 ± 0.22 a 4.20 ± 0.20 44.4 ± 2.08 cde 0.35 ± 0.03 e–j 47.7 ± 2.24 ab

PanangattuKudavazhai 3.71 ± 0.19 a–f 3.66 ± 0.19 4.41 ± 0.22 ab 3.96 ± 0.20 44.5 ± 2.27 cde 0.37 ± 0.02 e–i 42.1 ± 2.14 a–d

Poongar 4.03 ± 0.32 abc 3.98 ± 0.32 4.68 ± 0.37 a 4.27 ± 0.34 47.0 ± 3.74 cde 0.39 ± 0.03 c–h 49.9 ± 3.97 a

Salem Sanna 3.19 ± 0.19 d–g 3.17 ± 0.19 3.94 ± 0.23 a–e 3.45 ± 0.21 41.1 ± 2.45 de 0.30 ± 0.02 hij 31.5 ± 1.88 e–i

Seeraga Samba 2.87 ± 0.31 g 2.84 ± 0.31 3.26 ± 0.35 e 3.02 ± 0.33 49.6 ± 5.40 cd 0.41 ± 0.04 b–h 25.4 ± 2.76 i

SivappuKowni 3.79 ± 0.15 a–f 3.70 ± 0.14 4.59 ± 0.18 ab 4.06 ± 0.16 42.0 ± 1.63 bcde 0.36 ± 0.01 e–j 42.9 ± 1.67 a–d

ThaalathoothaNamak 3.20 ± 0.22 d–g 3.19 ± 0.22 3.92 ± 0.27 a–e 3.46 ± 0.24 42.0 ± 2.89 cde 0.31 ± 0.02 g–j 31.9 ± 2.20 e–i

Thooyamalli 3.22 ± 0.20 d–g 3.19 ± 0.20 3.92 ± 0.25 a–e 3.46 ± 0.22 42.2 ± 2.64 cde 0.32 ± 0.02 f–j 32.0 ± 2.00 e–i

Vaasanai Seeraga
Samba 3.76 ± 0.39 a–f 3.73 ± 0.38 4.37 ± 0.45 ab 3.98 ± 0.41 47.0 ± 4.82 cde 0.37 ± 0.04 e–i 43.8 ± 4.49 abc

Data are presented as the mean ± SE (n = 3). Means followed by the same letter within each row are not
significantly different at the 5% level. Note: ns—non significant; “a–d”—abcd.

3.5.2. Sphericity

Traditional paddy varieties showed notable variations in sphericity ranging from 37.7
in Chinnar to 81.2% in Kallundri Kar and were independent of grain size (Table 5).

3.5.3. Grain Volume and Surface Area

The volume of the grain and surface area were significantly influenced by the paddy
varieties (Table 5). The results indicated that the value of volume for paddy ranged from
12.4 ± 1.35 mm3 (Seeraga Samba) to 40.4 ± 2.53 mm3 in Mattaikkar. The maximum surface
area was obtained in Kuzhiyadichan Samba (50.1 ± 1.95 mm2), whereas the minimum was
obtained in Seeraga Samba (25.4 ± 2.76 mm2).

3.5.4. Aspect Ratio

Among the rice varieties, Kallundri Kaar showed the highest value for an aspect
ratio of 1.00, which was statistically comparable with Mattaikkar, associated with a round
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shape. Chinnar (0.26 ± 0.02) and Bhavani Sannam (0.28 ± 0.02) showed the lowest value
for aspect ratio.

3.6. Thousand-Grain Weight

Paddy varieties showed noticeable variations among the varieties for a thousand
kernel weights ranging from 17 in Kichili Samba to 39 g in Navara.

3.7. Amylose

Rice eating quality and texture are frequently predicted using the amylose level of the
rice. The amylose content of rice cultivars differed significantly (Figure 2), and it ranged
between 22.9 and 37.1%. The red-colored variety known as Navara was reported with the
highest amylose content.
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Figure 2. Amylose content of traditional rice varieties. The error bars represent the standard error of
the mean of measurements in three replications.

3.8. Correlation

Pearson’s correlation analysis showed a strong connection between the physical and
engineering properties of traditional rice varieties (Table 6). Dimensional properties in
all the studied varieties showed significant correlations (p < 0.05 and p < 0.01). For in-
stance, the length had a strong positive correlation with width (r = 0.541 **), thickness
(r = 0.789 **), seed size (r = 0.791 **), length/width ratio (r = 0.886 **), equivalent diameter
(r = 0.850 **), sphericity (r = 0.419 *), volume (r = 0.722 **), bulk density (r = 0.745 **), tapped
density (r = 0.738 **), Hausner ratio (r = 0.781 **), surface area (r = 0.853 **), geometric mean
diameter (r = 0.868 **), arithmetic mean diameter (r = 0.936 **), and square mean diameter
(r = 0.892 **).

Aspect ratio (r = 0.148), carr’s index (r = 0.174), true density (r = 0.062), and porosity
(r = 0.108) were moderately influenced by the length. Carr’s index had a negative correlation
with volume. A similar relationship was reported by [19]. This study clearly demonstrated
the variations in the properties and the influence of varieties. This is mainly due to the
genetic makeup of the individual rice landrace.
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Table 6. Pearson correlation coefficients between various physical properties of traditional rice varieties.

L W T SS L/W ED S V AR BD TAD CI HR SA GMD AMD SMD TD P

L 1 0.541
**

0.789
**

0.791
**

0.886
**

0.850
**

0.419
*

0.722
** 0.148 0.745

**
0.738

** 0.174 0.781
**

0.853
**

0.868
**

0.936
**

0.892
** 0.062 0.108

W 1 0.859
**

0.748
** 0.234 0.893

**
0.905

**
0.795

**
0.873

**
0.803

**
0.777

** 0.062 0.789
**

0.827
**

0.869
**

0.798
**

0.852
** −0.103 −0.075

T 1 0.788
**

0.588
**

0.969
**

0.858
**

0.748
**

0.661
**

0.935
**

0.918
** 0.147 0.933

**
0.898

**
0.975

**
0.937

**
0.963

** −0.114 −0.072

SS 1 0.426
*

0.867
**

0.498
**

0.986
**

0.369
*

0.607
**

0.578
** 0.002 0.611

**
0.975

**
0.863

**
0.866

**
0.870

** 0.044 0.042

L/W 1 0.608
** 0.250 0.333 −0.056 0.645

**
0.657

** 0.259 0.698
**

0.534
**

0.639
**

0.736
**

0.668
** 0.019 0.090

ED 1 0.800
**

0.849
**

0.622
**

0.908
**

0.888
** 0.123 0.912

**
0.955

**
0.998

**
0.980

**
0.996

** −0.055 −0.015

S 1 0.514
**

0.937
**

0.862
**

0.852
** 0.156 0.848

**
0.642

**
0.788

**
0.692

**
0.757

** −0.187 −0.142

V 1 0.433* 0.576
**

0.543
** −0.030 0.575

**
0.954

**
0.835

**
0.830

**
0.842

** 0.030 0.026

AR 1 0.654
**

0.643
** 0.102 0.638

**
0.480

**
0.593

**
0.476

**
0.558

** −0.186 −0.158

BD 1 0.987
** 0.161 0.966

**
0.762

**
0.914

**
0.880

**
0.903

** −0.131 −0.070

TAD 1 0.314 0.982
**

0.736
**

0.895
**

0.865
**

0.885
** −0.104 −0.054

CI 1 0.355 0.059 0.133 0.154 0.137 0.144 0.093

HR 1 0.766
**

0.919
**

0.899
**

0.912
** −0.089 −0.036

SA 1 0.953
**

0.949
**

0.957
** 0.006 0.023

GMD 1 0.986
**

0.998
** −0.052 −0.011

AMD 1 0.993
** −0.013 0.032

SMD 1 −0.037 0.005

TD 1 0.979
**

P 1

Note: L—length, W—width, T—thickness, SS—seed size, L/W—length/width ratio, ED—equivalent diame-
ter (mm), S—sphericity, V—volume, AR—aspect ratio, BD—bulk density, TAD—tapped density, CI—Carr’s
index, HR—Hausner ratio, SA—surface area, GMD—geo mean diameter, AMD—arithmetic mean diameter,
SMD—square mean diameter, TD—true density, and P—porosity. Correlations are significant at the * p < 0.05
level and ** p < 0.01 level (2-tailed).

3.9. PCA and Heat Map

All the data were run through PCA analysis and reduced into five key principle
components using the normalized data that indicate major differences between the physical
and engineering properties (Table 7). In this study, only the PCs with eigenvalues higher
than 1 were kept. The score plot for the thirty rice varieties is displayed in Figure 3A.
The physical and engineering characteristics of the 30 rice varieties varied statistically and
considerably from one another, as shown by the PCA score graph. The extracted five PCs
explained 95.7% of the total variance, as depicted in the scree plot (Figure 3B).

The pattern of the physical and engineering properties distribution among the
30 varieties is visualized as a heat map (Figure 4). The color scale from yellow to red
shows properties in order of decreasing trend.
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Table 7. Principle component analysis of thirty traditional rice varieties.

Parameters PC1 PC2 PC3 PC4 PC5

Eigenvalue 7.838 4.862 2.306 1.886 1.289

% variance 41.3 25.6 12.1 9.9 6.8

Cumulative variance 41.3 66.844 78.980 88.905 95.689

Length 0.528 −0.808 0.193 0.112 −0.058

Width 0.564 0.774 −0.031 0.007 −0.032

Thickness 0.693 0.149 −0.136 −0.104 0.043

Seed size 0.996 0.012 0.020 0.026 0.013

L/W ratio −0.151 −0.947 0.174 0.039 −0.100

Equivalent diameter 0.982 0.148 0.033 0.045 −0.016

Sphericity −0.044 0.973 −0.122 −0.071 −0.001

Volume 0.971 0.185 0.017 0.020 −0.009

Aspect ratio 0.041 0.979 −0.066 −0.044 −0.050

Bulk density −0.022 0.073 −0.108 0.067 0.986

Tapped density 0.012 −0.085 0.688 0.015 0.720

True density 0.078 −0.055 0.087 0.970 0.101

Porosity 0.019 −0.102 −0.153 0.967 −0.025

Carr’s index 0.043 −0.172 0.980 −0.038 −0.035

Hausner ratio 0.043 −0.183 0.978 −0.033 −0.033

Surface area 0.997 0.008 0.027 0.036 0.007

Geometric mean diameter 0.997 0.003 0.035 0.046 −0.001

Arithmetic mean diameter 0.897 −0.365 0.153 0.098 −0.067

Square mean diameter 0.986 −0.108 0.079 0.069 −0.024
Note—Highly weighted variables were bolded.

4. Discussion

For people working in various facets of the rice industry, the physical features such as
grain weight, color, and size are of utmost importance, and these are key factors in assessing
rice grain quality. The pericarp color of the traditional varieties is presented in Table 1. Rice
varieties are preferred based on the pericarp color. Of the 30 varieties, 14 were white in
color, 15 were red, and 1 black variety was found. The primary pigments that give the rice
its distinctive pericarp color are anthocyanin and proanthocyanidin. Anthocyanin, which
is found in the pericarp, gives a red color, whereas proanthocyanidins are responsible for a
white color [20].

Of the 30 varieties, 50% have red pigment in their pericarps which are highly preferred
by the consumers of metropolitan and cosmopolitan cities. Traditional rice varieties are
not polished in order to preserve the color of the grain. Grain length assumes a significant
position in the worldwide market with regard to industrial as well as consumer-oriented
perspectives [21]. Long-grain rice is profoundly pursued in global markets. A recent
survey revealed that traditional varieties of rice grown in the Cauvery Delta region of Tamil
Nadu have higher market value abroad. The maximum grain length found in the study
was 9.40 mm, as demonstrated by [22]. Grain breadth was also significant in Mattaikar
(5.64 ± 0.35 mm), and their values ranged from Kichili Samba (2.30 ± 0.12 mm) to Kallundri
Kar (3.91 ± 0.40 mm). This indicates that the differences might be due to the genetic nature
of the varieties. Muttrina Sannam had the thinnest paddy dimension of 1.59 mm, whereas
Poongar had the thickest (2.26 mm). Grain dimensions play an important role in designing
the grading equipment.



Appl. Sci. 2023, 13, 5705 17 of 21

Slender types of rice are highly preferred for export quality. The dimensions of the
paddy have an enormous effect on the size and accuracy of sieves and graders, which
makes them essential in the effective design of equipment [23]. In addition, this axial
dimension is also used to derive various engineering properties which are applied in the
design of equipment for various post-harvest processes [9]. In this study, we obtained
three dominant classes, namely extra-long, long, and medium. Consumers have a high
preference for slender grains over those in medium and bold shapes [24]. The local varieties
of large grains may fetch a higher price when it is sold by weight. Metro and cosmopolitan
cities of India are now favoring larger grains for their higher quality. These traditional
varieties can obtain a high market value when they are processed and conserved in a
scientific manner, which may benefit farmers in terms of revenue.

Grain slenderness and bulk density have a direct correlation—the slenderer the grain,
the lower its bulk density. In particular, round grains are found to have higher bulk densi-
ties, and this agrees with Reference [8]. Similar results were obtained in this experiment,
leading us to draw the conclusion that grain breadth and bulk density are positively related
to each other.

Accurately measuring the bulk density of grains is essential when developing silos
and hoppers for seed storage. Having higher bulk density values allows rice to occupy less
space during packing [4,25]. Rice with higher bulk resulted in longer cooking times. Rice
varieties with low bulk density indicated the need for large storage spaces [26].

Tapped density measures the density of an object after being subjected to vibration
or tapping. This vibration leads to a loss in structure and density of bulk solids, resulting
in the filling up of gaps between grains by smaller particles. Tapped density is used to
evaluate the level of compactness that a grain can attain without experiencing any pressure.
It provides a good measure of the limitation that exists when it comes to compressibility.

True density is essential during aeration to eliminate the impurities, as impurities and
grain have different densities. This helps in the efficient removal of all the unwanted parti-
cles from the grain [27]. The variations in the porosity of paddy indicate distinct differences
between varieties. Multiple authors reported a similar range of porosity values [4,7]. The
relationship between grain porosity and drying behavior [28]. Grains with more porosity
dry out more quickly than grains with less porosity, as porosity creates space for water
aeration and diffusion.

The variability in true bulk density and porosity observed between different varieties
of a crop may be due to their intrinsic characteristics. The samples which had a low
percentage of porosity could cause difficulties in the active drying process of rice [4]. In the
event of convective drying with forced draft, the low porosity implies that the obstruction
toward air combustion is low, resulting in slower drying than rice with high porosity. On
the other hand, high-porosity rice can dry quickly due to its greater air permeability.

AMD, GMD, and SMD are significant for figuring out the pore size of sieves utilized
for sorting and grading operations. This information plays a key role in organizing storage
structures and transporting rice grains for optimal distribution with minimal loss and
efficient post-harvest handling processes.

The present study demonstrated that local varieties of the Cauvery Deltaic region
exhibited greater variation in sphericity, agreeing with several previous works [7,17].
Sphericity can be helpful in understanding the shape of a sieve opening, the orientation
and how rice grains will behave when left in their original form, and even the size of
components and modeling such systems. In general, a paddy with a less curved shape is
usually more difficult to roll than its spheroid-shaped counterpart. However, they can still
move around by sliding on their flat sides. With knowledge of the curvature of each grain
variety, it is possible to design hoppers efficiently for the milling process [1].

The drying behavior of grain is greatly influenced by grain volume and surface
area [29]. The information about the volume to the surface area of rice is significant in the
planning of grain cleaners, suction tools, pneumatic separators, and dryers, since it decides
the extended region of the grains suspended in a tempestuous air stream [30]. Drying of
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grains requires both energy and time, which can be accurately measured from the surface
area to volume ratio. This is because heat and mass transfer rates are directly proportional
to it [31]. In addition to this, several researchers [32,33] highlighted the importance of the
surface area in the cooking process, as it is important for the diffusion of water and thereby
decides the optimum cooking time.

Grain volume estimations find significance for the development of appropriate drying,
warming, and cooling devices that are used during rice processing [18]. Grains that have
higher volumes will consume extra space during transportation. In the global market,
when rice is exported in volume, grains with the highest volume will be helpful to the
vendor since they will consume more space. However, cost-wise, grains with less volume
will have lower transportation costs since they will consume less space in the transporting
hub than those of high volume [34].

Aspect ratio is considered to be a major factor in rice quality for post-harvest machine
designing. It also can have a considerable impact on the market price [4]. In addition, the
aspect ratio determines the rolling or sliding behavior of grain in a hopper for developing
storage and sorting equipment. The current study agrees with the literature that the
majority of the rice varieties have a lower aspect ratio (0.26–1.00), which aids in rolling on
the surface of the hopper rather than sliding [17,35].

Thousand-grain weight is a significant parameter for assessing grain yield. From the
study, it was found that the pigmented rice had the highest 1000-grain weight among the
30 rice varieties, which will have more yield [30]. Hence, the cultivation of such pigmented
rice is urged to increase productivity and profitability.

The primary determinant of the cooking, pasting, nutritional, and eating properties of
rice is its amylose content [36]. One of the best single predictors of the texture, in particular
the hardness, of samples of rice is thought to be the amylose content [37]. In this study, we
found that twenty-eight varieties (nearly 94%) have high amylose content, whereas two
belong to the intermediate range, with a content in the range of 22.9–37.1%. The Glycemic
Index (GI) value of the rice is influenced by the amylose content of the grain; amylose-
rich rice often has a lower GI value. This might be one of the factors contributing to the
relative popularity of some traditional rice among local consumers, who are willing to pay
a higher price for it. Rice with a high AC is often preferred by Indian and Bangladeshi
consumers [38]. Rice with greater amylose content expands more when it is cooked because
it tends to absorb more water. After cooking, the texture becomes dry and fluffy, and the
grains are simple to separate [39].

Principle Component Analysis and Heatmap

The chosen PCs between the score plots indicated that the property loadings of Chitiraikar,
Iluppai Poo Samba, Karukka, Karunguruvai, Kuruvaikalanchium, Kuzhiyadichan Samba,
Mappilai Samba, Milagu Samba, Mattaikkar, Nootripathu, Norungan, Panangattu Kudavazhai,
and Poongar were on the positive side, and the others remain on the negative side.

The extracted five PCs explained 95.7% of the total variance, as depicted in the scree
plot. PC1 accounted for 36% variance and was primarily attributed to factors such as
thickness, seed size, equivalent diameter, volume, surface area, geometric mean diameter,
arithmetic mean diameter, and square mean diameter. Similarly, the PC2 (25.6% variance)
was mainly associated with length, l/w ratio, sphericity, and aspect ratio. Likewise, 12.1%
of the variance contributing to PC3 was the tapped density, Carr’s index, and Hausner ratio.
The PC4 with 9.9% variance was attributed to true density and porosity, and PC5 (6.8%)
was majorly highlighted by bulk density and Tapped density. The PC analysis showed that
the rice varieties differed significantly in terms of both individuals and combinations.

An agglomerative hierarchical clustering analysis model was built based on the paddy
characteristics to assess the similarities in the detection of inter-group variance in physical
and engineering features of the grain samples. The differential characteristics were grouped
using a complete-linkage method and shown as thermo grams after the Euclidean distance
matrix was calculated for the quantitative values of each group of comparisons. A dendro-
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gram was used to display the cluster memberships of the traditional rice samples along
with heatmap visualization. Two major clusters were found in the dendrogram. Clusters 1
and 2 are further branched into sub-clusters of two each.

5. Conclusions

The results of this investigation proved the influence of traditional paddy varieties on
dimensional and physical characteristics. Post-harvest losses can be minimized by using
the right processing and handling technology, as these characteristics can be beneficial
in the development of processing equipment. This research could go a long way in rice
breeding programs and the molecular study of traditional rice varieties, ultimately helping
to develop balanced cereals with higher nutritional content. Characteristic associations
developed by correlation analysis could be effective for creating correlated responses
from the selection of more heritable characteristics in order to improve features with low
heritability. These studied characteristics of different rice varieties are important in order
to minimize post-harvest losses, and promote value addition, quality enhancement, and
equipment design for post-harvest processing, resulting in high head rice yield that is
desirable and of premium prices in international trade.
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