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Abstract

For the importance of medicinal and aromatic seeds which were require the keep quality and germination efficiency to rich the
production and export. The create data bank for the medicinal and aromatic seeds properties is important to achieve the
research aim by reduce time, effort and cost at design and development the agricultural machines and equipment. The
experimental studied include the seven varieties of medicinal and aromatic seeds types and four levels of soaking time. The
measurements and determination of the seed’s properties were done on the dry seeds (before soaking) “main dimensions,
frequency, volume, geometric and arithmetic mean diameters, surface area, roundness, bulk density, 1000 seeds mass, terminal
velocity and moisture content” and the effective properties, of soaking seeds moisture contents, at coefficient of friction and
repose angle. The results concluded that the linear models have a perfect to describe the relation between the each of bulk
density, volume and roundness with the main dimensions of different seeds under study. The study recommends the possibility
of applying the resulting mathematical models to obtain results that help in designing the appropriate size and capacity of
tanks. Appropriate angles and manufacturing materials can also be selected according to the moisture content of the seeds, the
coefficient of friction, and the stacking angle in agricultural machinery, transport, handling, and storage equipment.
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Introduction plants extracts, essential oils or isolated molecules, as green
With the emergence of many problems for traditional compounds in different fields such as the food industry,
agricultural systems, such as climate change, water scarcity, medical, and agricultural sectors (Nakra, et al., 2025) 2],

shrinking agricultural land and the spread of epidemics and Pal, et al. (2023) P71 investigated that coriander crop
diseases in the both of soil and seeds. At innovative methods physical, aerodynamic and frictional property seeds were
must be adopted to solute these problems. With determined in order to decide parameters for the purpose of
technological development and the move towards smart, designing and performance evaluation of a thresher to
sustainable agricultural systems, it is imperative to provide threshing coriander. Razavi, at al. (2009) ) found that the
an integrated information-bank on agricultural-inputs. This variation of moisture content effects of the seed properties
saves time, effort and money during the design and as length, diameter, geometric mean diameter, sphericity
development of agricultural equipment (Benamar, et al., and thousand seed mass. Also, Razavi, at al. (2009) B! and
2025; Du, et al., 2023; Sun, et al., 2022; Gao, et al., 2021 Yurtlu, ef al. (2010) B said that, the friction coefficient and
and Wang, et al., 2020) [+ 12 14.33. 351 The most important of angles of repose varied by the increase of the seed’s
the agriculture production inputs are seeds. The seeds are moisture contents. They also signed that the physical
widely varying in properties, which require mechanical properties of coriander seeds have been evaluated as a
specifications appropriate for each type. These mechanical function of seed moisture content, varying from 7.95 to
components are some parts in; agricultural machinery, 15.24% (db). In the moisture range, seed length decreased
transportation and handling; both agricultural systems; linearly from 4.21 to 4.06 mm, and width, thickness,
traditional in soil and soilless cultivation (alternative soil - arithmetic mean diameter, and geometric mean diameter
hydroponic - aeroponic). increased linearly from 3.07 to 3.2 mm, 2.35 to 2.49 mm,
The use of medicinal and aromatic plants in the agri-food 3.21 to 3.25 mm and 2.13 mm, respectively with increase in
and medical fields has emerged as a sustainable solution moisture content. The roundness, seed volume, and seed
permitting to overcoming of adverse effects related to surface area increased from 0.74 to 0.78, 12.54 to 13.04
synthetic food additives and chemical medicines (Garcia, et mm?, and 14.21 to 14.34 mm?, respectively at the above
al., 2022, Benkhaira, et al., 2023, Benamar, et al., 2023 and moisture range. One thousand seed mass increased linearly
2025 and Zamani, et al., 2025) B & 15 371 Ethnobotanical from 7.10 to 9.21 g. The true and bulk density decreased
studies play an important role in the discovery of medicinal nonlinearly with moisture content from 355.43 to 343.01
and aromatic plants used by different populations for their kg/m? and 227.89 to 217.23 kg/m3. Also, porosity values of
healing potential (Benamar, et al., 2024 and Bhatt, et al., coriander seeds increased nonlinearly from 35.81 to 36.62
2025) B 7. Certainly, some studies open the way for %. The static coefficient of friction increased nonlinearly
researchers to utilize the documented ethnobotanical data from 0.62 to 0.82 with increase in moisture content. The
for the study of the biological activities of the mentioned angle of repose increased linearly from 31.890 to 36.100°
medicinal and aromatic plants (Chraibi, et al., 2016; with the increase of moisture content. Ghazy et al. (2021)
Benkhaira, et al., 2023; Balkrishna, et al., 2024 and Rastogi, 6] found the relation relationship between the friction
et al., 2024) 2.6 11301 Tn order to exploit their activities, for coefficient and angle of repose with the hopper tilt angle.

sustainable practical applications, that including the use of On the other side, Putri (2024) 81 and Mutia and Diyanti
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(2022) 1231 cleared that the soaking of shallots seeds of about
30 minutes in warm water 35°C or 24 hours in plain water,
had a significant effect on bio-properties as rapidly
germination, and the plant morphology as height, leaves
number and fresh and dry masses, compared to non-soaking.
That effects due to the significant interaction that affects the
percentage of germination. Rajani Bhat, et al. (2020) [
conducted that the maximum shoot and root lengths, plant
height, fresh and dry masses of the seedling, and seedling
vigour index was recorded at soaking in water of about 30
min.

For that, the aim of the research is providing a data bank for
the physico-mechanic and bio-properties of some medicinal
and aromatic plant seeds that are related to the design of
agricultural equipment. These data can use at design, select
materials and determine the dimensions and angles of
machine parts as hoppers, tanks, belts, tubes, pneumatic
discs, different packaging.

Materials and Methods

The experiments tests were done in agriculture engineering

research institute at July 2025. The tests include some of

physical, mechanical and aerodynamic properties of seven

varieties of medicinal and aromatic seeds at four levels of

soaking time. The measurements cared out, calculated and

evaluations, in three replicates for each, which the

properties can describe as follow:

= Main dimensions were measured using the digital
venire caliper with the accuracy of +£0.05 mm. The
length, width and thickness or length and diameters
were measured of 100 seeds for each type of medicinal
and aromatic seeds under study.

= The main physical properties were calculated using the
main dimensions of seeds by the formulas described by
Mohsenin (1986) ?4l; Fawal, et al. (2008) 131 and Pal, et
al. (2023) 271 as follow:

Then, the frequency (F) may be calculated from the
following equation:

5
F=—

B
Where

S =No of seed in limit dimensions, mm

B =No of 100 seeds

= Seeds geometric mean diameters "GD"

GD=(LxWxT)”

= Seeds arithmetic mean diameter “AD”

AD=(L+W+T)/3

= Seeds surface area “Ag”

Ax=27n(LxW)

= Roundness of seeds "Q," according the seeds shapes it
can use the following formulas:

Q=((L x W xT)*33)/L)x 100

or

Q=(d/L)x100

Where: L is the length; W is the width; T is the thickness,

and d is the diameter, mm.

=  The bulk density “BD” was determine by mass “M” the
seeds volume “V” which measured by using the 50 ml
graduated cylinder.
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= The 1000 seeds mass were account and weight using
the digital balance has the accuracy of £0.01.

= The repose angle measured as the angle construct at the
conical shape of the seeds

» Terminal velocity: determined using the device
constructed by (Fawal, et al., 2008) "3 and the
anemometer device to measure the air speed and the
following formula used to calculate the air velocity at
the average maximum high of seeds:

_ %
A

V

Where: V is air velocity, m/s, A is cross-section aria of the

vertical tube, m?, and Q, is the air discharge, m?/s.

= Coefficient of friction of seeds was determined using
digital inclined instrument by iron sheet galvanized
surface.

= Moisture content determine by oven method.

The seeds were buying from the seed sales outlets at the
Agricultural Research Center, Egypt at 2025. The studied
variables include the seven varieties of seeds (fennel, anise,
basil, black caiman, roselle, coriander and caraway) and
four levels of seeds soaking time of 0.0, 30.0, 45.0 and 60.0
min. The all seeds properties were determined before
soaking in water.Thus, the seeds moisture contents were
determined at dry (before soaking) and after each soaking
time. While the both of coefficient of friction and repose
angle were determined before and after end soaking time
(60.0 min). The experimental design is the Completely
Randomized Design in three replicates. The statistical
analysis of frequency, standard deviation, mathematical and
statistical models of the seeds properties under study were
determine.

Results and Discussion
1. The main dimensions frequency for the medicinal
and aromatic seeds

The basic dimensional information refers to some
mechanical dimensions such as the holes of vacuum
planting machines, the appropriate diameters of which are
expressed as approximately ((0.64 — 0.66) *average
diameter) (Ismail, 2008 A and 2008B; Ismail, et al., 2009;
Tawfik, 2014 and Li et al., 2023) % 20. 21, 23, 34] 't {5 also
useful when determining the appropriate planting depth
(Kimmelshue et al., 2022) 22 which should be about 1.5
times the greater value (Srivastava, 1995 and Ismail, ef al.,
2009) 21321, While this information provides the appropriate
diameters of the sieve holes used in seed grading operations,
which determine the price and quality of the seeds, and in
the case of using them as seeds, the grading process ensures
a constant growth rate for the plants, which means a uniform
time for crop maturity. This study shows that, the frequency
of the main dimension of medicinal and aromatic seeds,
fennel, anise, basil, black caiman, roselle, coriander and
caraway were illustrated in Fig 1. The highest frequency of
the seeds dimension were; 27.78 and 33.33 respectively at
seed length ranged from 5.93 to 6.56 mm and seed diameter
ranged from 1.23 to 1.42 mm for fennel seeds; 31.58 and
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26.32 respectively at seed length ranged from 5.45 to 5.79
mm and seed diameter ranged from 0.86 to 1.04 and 1.22 to
1.40 mm for anise seeds; 32.00 and 40.00 respectively at
seed length ranged from 1.87 to 1.99 mm and seed diameter
ranged from 0.88 to 0.96 mm for basil seeds; 33.33 and
37.50 respectively at seed thickness ranged from 0.79 to
1.09 mm and seed diameter ranged from 2.31 to 2.52 mm
for black caiman seeds; 44.44, 55.56 and 27.78 respectively

www.agriculturejournal.in

at seed thickness ranged from 2.097 to 2.267 mm, seed
width ranged from 4.03 to 4.46 mm and seed length ranged
from 5.49 to 5.71 mm for roselle seeds; 38.89 and 33.33
respectively at seed diameter ranged from 3.14 to 3.42 mm
and seed length ranged from 3.92 to 4.13 mm for coriander
seeds; and 28.00 and 44.00 respectively at seed length
ranged from 1.03 to 1.13 mm and seed diameter ranged
from 3.02 to 3.71 mm for caraway seeds.
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The average of the biggest dimension of the medicinal and
aromatic seeds were illustrated in Fig 2 these recorded
6.23+0.88, 5.62+0.49, 0.94+0.10, 1.10+0.22, 5.3440.34,
3.774£0.29 and 1.06+£0.10 mm for fennel, anise, basil, black
caiman, roselle, coriander and caraway respectively.

The average of the GD, AD and Az of the medicinal and
aromatic seeds were tabulated in Table (1). The highest

www.agriculturejournal.in

average data and the standard deviation of GD, AD and Ag
were recorded 18.67+3.02, 4.03+0.21 and 1121.60+356
respectively at roselle seeds. On the other sides, the lowest
average data and the standard deviation of GD, AD and Ag
were recorded 0.62+0.10, 0.96+0.08 and 1.17+0.32
respectively at basil seeds.
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Fig 2: The mean and standard deviations of seeds lengths for the medicinal and aromatic seeds

Table 1: The average and the SD of seeds GD, AD and Afs

Seeds properties GD, mm AD, mm Ag, mm?
Seeds type
Fennel 3.20+0.95 [2.59+0.35| 34.87+20.02
Anise 2.31+0.56 | 2.29+0.20 17.72 £ 8.07
Basil 0.62+0.10 | 0.96 + 0.08 1.17£0.32
Black caiman 0.96+£0.22 | 1.24+0.12 3.05+1.63
Roselle 18.67 £3.02|4.03+0.21 | 1121.60 + 356.00
Coriander 3.81£0.57 | 2.26+0.17 | 46.60+13.72
Caraway 1.30£0.28 | 1.60 +0.27 5.56+2.32

2. The physical properties of medicinal and aromatic
seeds

The physical properties of medicinal and aromatic seeds as

volume, roundness, bulk density and mass of 1000 seeds

were determined and illustrated in Figs from 3 to 6. From

Fig 3 it can see that the average of the volume for the

medicinal and aromatic seeds were recorded 12.08+5.76,

6.98+3.03, 2.86+0.66, 5.94+1.93, 56.34+9.27, 27.53+6.77

can used at design the hoppers, containers and pages, raise
belts

Furthermore, Fig 4 shows that the average of the roundness
for the medicinal and aromatic seeds were recorded
0.36+0.05, 0.33+0.05, 0.73+£0.03, 0.69+0.05, 0.72+0.04,
0.79+0.05 and 0.60+0.06 for fennel, anise, basil, black
caiman, roselle, coriander and caraway respectively. The
roundness important to adjust the select conveyors angle
and materials, hoppers sides design, sieve hole shape.
Therefore, Fig 5 demonstrated that the average of the bulk
density for the medicinal and aromatic seeds were recorded
68.53+£32.52, 115.46+56.01, 224.63+65.13, 119.79+£31.41,
12.10+2.15, 25.60+7.77 and 65.64+30.30 g/mm? for fennel,
anise, basil, black caiman, roselle, coriander and caraway
respectively. The seeds bulk density useful to determine the
size of machine hoppers, containers and pags... etc.
Moreover, Fig 6 confirmed that the average of the mass of
1000 seeds for the medicinal and aromatic seeds were
recorded 6.6, 3.3, 1.4, 2.3, 35, 4 and 4.3 g for fennel, anise,

and 11.98+4.99 mm3 for fennel, anise, basil, black caiman, basil, black caiman, roselle, coriander and caraway
roselle, coriander and caraway respectively. These results respectively.
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Fig 3: The mean and standard deviations of seeds volume for the medicinal and aromatic seeds
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Fig 6: The mean and standard deviations of mass of 1000 seeds for the medicinal and aromatic seeds

The linear multiple regrission models of the relationship
between the each of volume, bulk density and roundness
with the main dimensions of the medicinal and aromatic
seeds under study have the highly significant effect. The
multiple regrission models and the regrission coefficient
were tabulated in Tables from (2 to 4). Generally, the
models clear that the all-seeds bulk density have an
inversely relationship with the main seed's dimensions.
Then the direct relationships were found with the seeds

4

volume. However, the roundness models have an inversely
relationship with the seed's length at fennel, anise, roselle
and coriander seeds types. But it had a direct relationship
with the seed's diameters and/or width and thickness at the
above seed's types. Also, the seeds types of basil, black
caiman and caraway had a direct relationship with seeds
length and had an inverse relationship with seeds diameters
and/or thickness. From the tables cleared that the highest
appropriate regression coefficients of (R2 = 0.9691, 0.9973
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and 0.9964) for bulk density, volume and roundness
respectively followed by black caiman, coriander, caraway,
anise, fennel, and basil for seeds volume. Thus, the gradient
of the regression coefficients were basil, fennel, black
caiman, anise, coriander and caraway, respectively for seeds
bulk density. However, the gradient of the regression
coefficients were anise, coriander, basil, fennel, black
caiman and caraway, respectively for seeds roundness. On
the other sides the high P-Value effect at seeds volume were
done at seeds diameter for all medicinal and aromatic seeds
and seeds width for roselle seed. These trends found also at
seeds bulk density. But thehigh P-Value effect at roundness
of seeds have the same behavior of seeds diameter for the
all-seeds types except the basil seedsand black caiman seeds
it found at seeds thickness, and at roselle seeds it found at
seeds length.

Table 2: The modileng and regrission coefficient of medicinal and
aromatic seeds bulk density, in the face of the main dimension’s

www.agriculturejournal.in

Table 4: The modileng and regrission coefficient of medicinal and
aromatic seeds roundness, in the face of the main dimensions

seeds.

Type of seeds Models R?
Fennel S=0.367-0.040 L +0.156 D 0.9939
Anise S=0.321-0.038L+0.183 D 0.9964
Basil S=0.746 +0.251 T-0.134 D 0.9949

Black caiman S=0.695+0.205T - 0.089 D 0.9929

S=0.734-0.092 L +0.055 W +
Roselle 0.094 T 0.9964
Coriander S=0.802-0.140L+0.170 D 0.9955
Caraway S=0.609+0.178 L - 0.051 D 0.9717

seeds

Type of seeds Models R?
Fennel B=25998-9.74L-8591D 0.9478
Anise B=539.96-36.51L-179.24D 0.9289
Basil B=1059.30-245.06 T -299.14D | 0.9679
Black caiman B=432.54-93.27T-80.47D 0.9302
Roselle B=50.097-232L-321 W-483T 0.9691
Coriander B=116.68-930L-18.52D 0.9144
Caraway B =233.83 -54.077L-29.133D 0.8373

aromatic seeds v

Table 3: The modileng and regrission coefficient of medicinal and
olume, in the face of the main dimension’s seeds.

3. Bio-properties of medicinal and aromatic seeds
soaking time on the seeds moisture content
The fact of soaking operation and time is effects of the fast
germination after cultivate (Cheong and Lim, 2023) [19, At
the results as shown in Fig (7) the increase of soaking time
to about one-hour effects on the moisture contents of
medicinal and aromatic seeds at 0.0, 30.0, 45.0, and 60.0
min. The data cleared that at dry seeds the highest moisture
contents were recorded at roselle seeds followed by caraway
then black caiman, anise, coriander, basil, and fennel. These
moisture contents increased of about 79.07, 66.76, 79.04,
56.74, 29.41, 68.62 and 55.38 % respectively for fennel,
anise, basil, black caiman, roselle, coriander and caraway at
increase the soaking time from 0.0 to 60.0 min. Also, it can
note that, the seeds of basil prefer un-soaked because,
appear the phenomena of coated by the gelatinoids cover
directly after soaking in water. Furthermore, some seeds
need more soaking time to impact its seed covers as roselle

Type of seeds Models R? ) . .
Fermel V=1306+192L+1521D 0.9830 and black caiman. Generally, the change in seed moisture
Anise V=-1158+093L+1085D 0.9848 content resulting from the soaking process varies according
Basil V=2532+324T+263D 0.9918 to the nature of the seeds and the hardness of seed walls,
Black caiman V=-1326+561T+499D 0.9747 which affects some of the biological, physical and
Rosell V=-108.56+10.043 L +12.227 W 0.9973 mechanical properties of the seeds (Balakrishnan et al.,
osetie +23.991T ) 2011 and Chatchavanthatri et al., 2020) [ 81, Also Mutia and
Coriander V=-50.55+629L+17.97D 0.9768 Diyanti (2022) 125! confirmed that the soaking operation of
Caraway V=-27727+1345L +6.89 D 0.9777 seeds can loosen the covers, opened that pores, that activate
the growing enzymes to quick germination.
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Fig 7: Effect of soaking time medicinal and aromatic seeds on the seed’s moisture content

properties
eeds

of medicinal

and

The medicinal and aromatic seeds of fennel, anise, basil,
black caiman, roselle, coriander and caraway friction
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coefficient on the galvanized plate were affect the moisture
content as showed in Fig. (8). The figure clear that the
coefficient of friction for fennel, black caiman coriander and
coriander were increase of about 567.05, 75.06 and 14.58 %
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at the moisture content increased from about 20.56 to 60 %,
21.24 to 49.09 and 37.68 to 56.35 % respectively. Thus, the
other friction coefficient for anise and caraway were
decreased of about 69.15 and 1.17%. While, the friction
coefficient for roselle seeds un-change at dry and wet, after

www.agriculturejournal.in

only one hour soaking, that the moisture content increase
from 22.46 to 31.82%. But the repose angle of basil can’t
measure after wet that make a mass grouping by the
gelatinized cover.
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Fig 8: The average of coefficient of friction for the dry and wet medicinal and aromatic seeds

The medicinal and aromatic seeds of fennel, anise, basil,
black caiman, roselle, coriander and caraway repose angle
were high affect the moisture content as illustrated in Fig.
(9). The figure clear that the repose angle for fennel and
anise were diminish of about 23.52 and 14.75 % at the
moisture content increased from about 20.56 to 60 % and
39.57 to 58.87 % respectively. Thus, the other repose angle

for roselle, coriander and caraway were rise of about 27.36,
13.97 and 5.85%. While, the repose angle for black caiman
seeds un-change at dry and wet, after only one hour soaking,
that recorded about 32.51°. But the repose angle of basil
can’t measure after wet that make a mass grouping by the
gelatinized cover.
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Fig 9: The average of repose angle for the dry and wet medicinal and aromatic seeds

The results of the coefficient of friction and the repose show
that some seeds were greatly affected by the soaking process
for an hour or less. While the outer shells of others were not
affected by the soaking process. But some seeds should not
be soaked or planted using the Harrati agriculture method
(wet seed in wet soil). Practically the research’s signed that
the importance of relationship between the friction
coefficient and the repose angle at design the agricultural
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machinery especially the hoppers and belts tilt angles
according the results from Ghazy et al. (2021) "% and Cheng
et al. (2022) P

5. The aerodynamic properties of medicinal and
aromatic seeds

Moreover, Fig 10 established that the average of the seed’s

terminal velocity for the medicinal and aromatic seeds were
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1.04, 1.02, 4.20, 1.09, 2.20, 1.24 and 1.5 m/s for fennel,
anise, basil, black caiman, roselle, coriander and caraway
respectively. These mean that the highest terminal velocity
was 4.20 m/s found at the heavy seed of roselle. Thus, the
lowest terminal velocity was 1.02 m/s found at light seeds of

www.agriculturejournal.in

anise. These information data useful can using and design at
the systems of the pneumatic planter (Hu ef al., 2022, Ismail
et al., 2008 and Ismail et al., 2022) ['7 1819201 " aero-cleaner
and transport and handling systems.
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Fig 10: The average of terminal velocity for the medicinal and aromatic seeds

Conclusion

The results concluded that the linear models have a perfect
to describe the relation between the each of bulk density,
volume and roundness with the main dimensions of
different seeds under study. It recorded the highest
regression coefficient 0.969, 0.997 and 0.996 respectively
for bulk density, volume and roundness at roselle seeds.
Thus, the corresponding lowest regression coefficients were
0.837, 0.975 and 0.972 respectively for caraway, black
caiman and caraway. Moreover, the soaking process effect
by increase the seeds moisture contents ranging by between
79.07 and 29.41 %. Knowing that, the soaking process
mainly effect on the seed’s coefficients of friction and the
repose angles which it highest increase of about 85.01 and
79.07% and the lowest were recorded 12.73 and 29.41%. On
the other side, the highest and lowest terminal velocity were
4.2 and 1.02 recorded at roselle and anise seeds. From the
results it can recommended that the linear models have a
perfect to describe the relation between the each of bulk
density, volume and roundness with the main dimensions of
different seeds under study. The study recommends the
possibility of applying the resulting mathematical models to
obtain results that help in designing the appropriate size and
capacity of tanks. Appropriate angles and manufacturing
materials can also be selected according to the moisture
content of the seeds, the coefficient of friction, and the
stacking angle in agricultural machinery, transport,
handling, and storage equipment
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