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ABSTRACT: In this study, Several essential physical and mechanical properties of the seeds of the Published Online:
Ecballium elaterium (L.) plant, which grows naturally in Balikesir province of Turkey and has some June 20, 2024
medicinal properties, were determined for product processing and similar processes. All properties

were evaluated at different moisture states ranging from 11.48% to 22%, and the changes of these

properties according to moisture were observed. At an initial moisture content of 11.48%, Ecballium

seeds had a length of 4.72 mm, a width of 2.85 mm, a thickness of 2.09 mm, an arithmetic mean

diameter of 3.22 mm, a geometric mean diameter of 3.04 mm, a sphericity of 64.45%, and a thousand

grain weight of 13.61 g. As a result of measurements conducted on Ecballium seed re-wetted to

moisture levels between 11.48% and 22%, it was observed that its bulk density decreased from 501.00

kg m= to 468.5 kg m its true density decreased from 965.67 kg m to 870 kg m=3 its projected area

increased from 10.60 mmz2 to 11.51 mm?, its rupture strength decreased from 5.08 N/mm2 to 2.98

N/mm-2, and its terminal velocity increased from 2.69 m s to 3.06 m s,
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INTRODUCTION

Ecballium elaterium (L.) A. Rich. (Cucurbitaceae) is a perennial wild plant with semi-aquatic, hairy leaves and stems that has
therapeutic properties against a wide variety of diseases, abundant in our country and the Mediterranean region. (Attard and
Scicluna-Spiteri, 2001; Saglam Yilmaz andAkyildiz, 2018; Touihri et al., 2019; Aydogmus-Oztiirk, 2021)

Ecballium elaterium (L.) A. Rich.; is a herbaceous plant with a recumbent stem and its flowers are light yellow. Fruits; It is oval,
stalked and drooping when mature (Christodoulakis et al., 2011; Ekici et al., 1998; Saglam Y1lmaz andAkyildiz, 2018; Bozdogangil,
1996).

Ecballium elaterium (L.) A. Rich. grows indoors, in woodlands, mountainous areas, plateaus, slopes, grasslands, meadows, pastures,
roadsides, shrubs, maquis, rocky, stony, gravelly, arid slopes, steppes, swamps, wetlands, fields, cultivated areas, It grows in salty
areas, river banks, lake shores, coastal dunes and shrubs and high mountain areas. When the fruit of the plant matures, it breaks off
from where it is attached to the stem due to the effect of internal pressure, and the plant sprays its seeds to long distances. (Saglam
Yilmaz and Akyildiz, 2018).

Ecballium elaterium (L.) A. Rich. is of particular interest due to the continued use of its fruit extracts in various medicinal systems
within the Mediterranean region (Rust et al., 2003; Uslu et al., 2006; Touihri et al., 2019).

The plant has been esteemed as a valuable medicinal resource since ancient times, utilized in treating a wide array of ailments
including sinusitis, hepatitis, fever, rheumatism, cancer, liver disorders, hemorrhoids, earaches and uroclepsy. Additionally, its
antimalarial, antimicrobial, analgesic, anti-inflammatory, anti-jaundice, and antiproliferative properties have been identified
(Touihri-Barakati et al., 2016; Tizio et al., 2012; Abbassi et al., 2014).

Considering the natural growth environment, this product offers the potential for medicinal production without the use of
environmentally harmful elements such as chemical fertilizers and pesticides. Additionally, its cultivation does not contribute to
exhaust gas emissions from agricultural machinery. Therefore, choosing this product instead of cultivated plants can make
significant contributions to the protection of the environment. Technical aspects such as length, thickness, width, breaking strength
and surface area are important considerations for biological materials such as Ecballium seed.
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To date, there have been scarce studies conducted on the physical and mechanical properties of Ecballium elaterium (L.) seeds. Due
to the increasing importance of Ecballium elaterium (L.) seeds, there is a need to develop machines to be used in processes such as
harvesting and processing the seeds. Therefore, the physical properties of Ecballium seeds must be well known to avoid the seed from
being damaged and to obtain appropriate treatments. The objective of this investigation is to investigate several physical properties of
Ecballium elaterium (L.) seeds grown in the natural environment of Balikesir province in Turkey, focusing on their variation with
humidity levels.

MATERIALS AND METHOD

The research utilized seeds of Ecballium elaterium (L.) A. Rich, gathered from Balikesir, Turkey, in 2023. Fruit specimens were
gathered from Balikesir, Turkey, in 2023, following which seeds were extracted from the fruits and prepared for experimentation.
Total seeds weights are 1000 grams. They were maintained in chilled containers for delivery to the laboratory. The leftover the
material was packaged into a 2000 ml glass vessel and kept chilled till it was ready for use. To get rid of any external objects, like
branches, dust, leaves, and premature or damaged fruits, the seeds were purified. After taking a sufficient amount of sample from
the product to determine its moisture, the left material was placed in hermetic glass containers and stored in chilled storage until
utilization. A hundred seeds were randomly selected for each measurement. Before initiating the test, the needed amount of seeds
was left to reach room temperature

The seeds' initial moisture level was identified using a standardized procedure (USDA, 1970), revealing a moisture level of 11.48%
(d.b.). The quantified volume of distilled water was introduced to the seeds, completely blended, and then enclosed in polyethylene
bags To achieve the targeted moisture contents. The samples were refrigerated at 278K for 7 days to ensure a uniform moisture
level (Deshpande et al. 1993; Carman 1996; Konak et al. 2002). All physical characteristics of the seeds were assessed across
moisture contents of 11.48%, 14%, 16%, 18%, and 20%, as well as 22% d.b., with three replicates conducted at each level.

To ascertain the dimensions of the seeds, Ten sets of samples, each comprising 100 seeds have been chosen randomly. From each
set, thirty seeds were chosen, and an electronic micrometer was used to measure each seed's length, width, and thickness with an
accuracy of 0.01 mm.

The following formula was used to calculate the seeds' geometric mean diameter (Dp) and arithmetic mean diameter (Da), as per
Mohsenin's (1986) description:

Dp = LWT)V/3 (1)

Da = L+V;/+T @)

where W stands for width, T for thickness, and L for length. The degree of sphericity (¢) has the following expression, according to
Mohsenin (1986):

¢ 100 ®)

Image processing techniques were used to quantify the projected area of a seed. A digital camera, a computer with 2.4 GHz processor
and F1JI software were used for this measurement. Seeds were placed on white background. A calibration plate was placed near
seeds and pictures of seeds were taken from 30 cm height with a leveled 16 MP camera. Then, images were processed and projected
areas were determined.

A hectolitre weight tester calibrated in kilograms per hectolitre was employed to gauge the bulk density, as outlined by Deshpande
et al. (1993). The masses of the seed weights were ascertained using an electronic balance with an accuracy of 0.001 grams.
Toluene (C7Hg) was preferred over water due to its lower absorbability by seeds, as noted in the studies by Sitkei (1976), Mohsenin
(1970), and Haciseferogullari et al. (2005). The porosity of the bulk was designated using the relationship described by Mohsenin
(1970) and Thompson and Isaacs (1967).

_awni/3
L

e= (M) 100 (4)

Pt

where py is the bulk density and px is the true density.

The seeds' terminal velocities were calculated utilizing an air column. An electronic anemometer with a precision of 0.1 m s was
used to measure the air velocity close to the site of the suspended seed after a seed was discharged into the airflow from the top end
of the air column (Joshi et al. 1993). The system for measuring terminal velocity was specified in Figure 1.
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Figure 1. Terminal velocity measurement system
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The device for testing biological materials devised by Aydin and Ogiit (1992) was utilized to ascertain the rupture strength of the
Ecballium elaterium (L.) seeds, as illustrated in Figure 2. The device comprises of a stable upper platform and a movable bottom
platform, a data acquisition system (comprising a dynamometer, amplifier, and XY recorder) and a driving unit (which includes an
AC electric motor and electronic variator). The seeds were positioned on the movable bottom platform and compressed against a
stable probe (with a diameter of 2.2 mm). With a minimum resolution of 0.01 N, a force dynamometer and a data collecting system
were utilized to ascertain the rupture strength of the seed. The trial was carried out at a loading velocity of 50 millimeters per minute.
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Figure 2. Biological material testing system

RESULTS AND DISCUSSION

Geometric characteristics of Ecballium elaterium (L.)seeds

Geometric characteristics of Ecballium elaterium (L.) at initial moisture level (11.48%) are listed in Table 1. The sphericity, length,
width, thickness, arithmetic mean diameter, geometric mean diameter and thousand grain weight of Ecballium ranged from 13.61
to 15.4 g, 4.72 to 5.02 mm, 2.85 to 3.06 mm, 2.09 to 2.27 mm, 3.22 to 3.45 mm, 3.04 to 3.26 mm, and 64.03 to 65.06%, in that
order. The relationship between the average seed dimensions can be described by the following general expression at 11.48%
(d.b.) moisture content:

L=1.656xW=2.258xT=1.553x GMD=1.466 AMD=0.73x @

Table 1. Geometric characteristics of Ecballium elaterium (L.)

Properties Values
Thousand grain weight (g) 13.61+0.026
Length (mm) 4.7240.20
Witdth (mm) 2.85+0.23
Tickness (mm) 2.09+0.13
Geometric mean diameter (mm) 3.04+0.14
Arithmetic mean diameter 3.22+0.14
Sphericity (%) 64.45+2.67
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Correlation coefficients (Table 2) show that the Length/AMD and ratios of the seeds at 11.48% (d.b.) moisture content were
determined to be quite significant, while the Length/Width, Length/Thickness, Length/GMD and Length/Sphericity ratios were not
determined to be significant. Similar outcomes were observed by Demir et al. (2002) for hackberry and Haciseferogullari et al.
(2005). This shows that length and arithmetic mean diameter are closely linked.

Table 2. The correlation coefficients of Ecballium elaterium (L.) seeds

Particulars Ratio Degrees of Correlation
freedom coefficient
Length/Width 1.656 28 0,251
Length/Thickness 2.258 28 0.293
Length/GMD, 1.553 28 0.548
Length/AMD 1.466 28 0.699**
Length/Sphericity 0.73 28 -0.367

**significant at 1% level

Bulk and true density

The bulk density values of Ecballium elaterium (L.) seeds at various moisture levels ranged from 501.00 to 468.5 kg/m3 (Figure 3).
The true density of Ecballium across different moisture levels varied between 965.67 and 870 kg/m3. Ecballium's density was found
to be affected by moisture level, and when moisture level got higher, bulk and real density both decreased. The moisture level and
density were shown to be negatively correlated.

This is due to the lower volumetric expansion in which the fruit is under moisture and under increasing mass. Baryeh (2001) reported
a similar tendency for bambara groundnut, and Pradhan et al. (2009) likewise identified a negative linear association between bulk
and actual density and moisture content for jatropha fruit.
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Figure 3. Moisture content-induced changes in the bulk and true density of Ecballium elaterium (L.) seeds

Porosity

The porosity of Ecballium elaterium (L.) seeds exhibited variations ranging from 44.64% to 48.72% across different moisture levels
(Figure 4). It was observed that the porosity of Ecballium did not exhibit a consistent trend with increasing moisture level. Despite
a slight decrease associated with an increase in moisture level, it has been concluded that the porosity of Ecballium does not exhibit
a consistent alteration with rising moisture levels.
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Figure 4. The fluctuation of Ecballium elaterium (L.) seed's porosity in response to changes in moisture content
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Projected area

The projected area of Ecballium elaterium (L.) exhibited variations ranging from 10.60 to 11.51 mm? across different moisture
levels (Figure 5). Moisture content elevation has led to an augmentation in the projected area. As the moisture content increases
from 11.48% to 22%, the projected area experienced a 9% increase. Similar patterns were documented for numerous other seeds
(Ayman et al., 2010; Unal et al., 2008; Aghkhani et al., 2012).
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Figure 5. Differences in the projected area of Ecballium seeds according to its level of moisture.

Rupture strength

The rupture strength values of Ecballium elaterium (L.) are depicted in Figure 6. The rupture strength of Ecballium was found 5.08
to 2.98 N mm2. The rupture strength increases in low moisture contents. Echallium's rupture strengths show a linear correlation
with moisture content. Higher moisture content likely led to lower rupture forces, as the seeds tended to become very soft under
such conditions. Nyorere and Uguru (2018) and Ekinci et al. (2010) reported similar results.
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Figure 6. The rupture strength of Ecballium elaterium (L.) seeds varies with changes in moisture content

Terminal velocity

The terminal velocity of Ecballium elaterium (L.) seeds varies across different moisture levels, ranging from 2.69 to 3.06 m/s (Figure
6). It was found that the terminal velocity increased linearly with the moisture content. With a 92% increase in moisture content, an

average 14% increase in terminal velocity was seen. Several researchers (Kural and Garman, 1997; Aydin, 2003) reported similar
findings.
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Figure 6. Changes in the terminal velocity of Ecballium elaterium (L.) seeds with varying moisture level
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CONCLUSIONS

Based on the findings of this study, several physical properties of Ecballium elaterium (L.) seed, commonly grown in Tirkiye, were
determined due to their importance in agricultural machinery.

At a moisture content of 11.48% (d.b.), the length, width, thickness, arithmetic mean diameter, and geometric mean diameter of
Ecballium elaterium (L.) seeds were determined to be 4.72 mm, 2.85 mm, 2.09 mm, 3.22 mm, and 3.04 mm, respectively.

The correlation coefficients indicate that the Length/AMD rations of the seeds at 11.48 % (d.b.) moisture content were found highly
significant.

Projected area and terminal velocity value of Ecballium increased with increased moisture content. Rupture strength of Ecballium
elaterium (L.) decreased with increasing moisture level.

As the degree of moisture increased, the bulk and true densities of Ecballium elaterium (L.) seeds reduced.

The findings of this research could be useful in designing of machinery that can be used in threshing, storage, pneumatic conveying,
and other transportation activities, as well as in their optimization.
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