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Fig 1 Pressure test of sugar beet samples
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Table 1 Variance analysis (ANOVA) of mechanical properties of Beta vulgaris at two mass levels
and different loading speed

Mean square

S.0.V df Rupture force (N) Deformation at rupture point (mm) Rupture energy (mJ)
Mass (A) 1 766.40" 323.44™ 259.08™
Loading speed (B) 2 601.71" 230.36 161.77°
AxB 2 393.08" 120.22" 129.89"
Error 12 6.12 5.20 6.44"

**Significant difference at o = 1% probability level; "No significant
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Table 2 Mean comparison of loading speed effects on rupture force of Beta vulgaris
Loading speed (mm/min) 4.5 7.5 10.5
Rupture force (N) 62.5+0.78" 61.7£0.41% 42.3+0.63°

Values are means of three replicates + SD; Means with same letter are not significant different (P>0.05).

Table 3 Mean comparison of mass effects on rupture force of Beta vulgaris

Mass (g) m<500(g) m >500 (g)

Rupture force (N) 51.3£2° 59.64+27

Values are means of three replicates + SD; Means with same letter are not significant different (P>0.05).

Table 4 Mean comparison of interaction between (mass X loading speed) on rupture force of Beta

vulgaris
Loading speed (mm/min)
Mass (g) 4.5 7.5 10.5
m<500(g) 54.542° 57.3+3° 42.4+2¢
m >500 (g) 72.3+2° 62.2+3° 43.1£2¢

Values are means of three replicates + SD; Means with same letter are not significant different (P>0.05).
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Fig 2 Experimental curves of force-displacement (X-axis: displacement (mm) and Y-axis: force (N));
a, b and ¢ for the samples with m<500g and loading speed at three levels, 4.5, 7.5 and 10.5 mm/min,
respectively) and d, e and f for the samples with m>500g and loading speed at the same levels, respectively)
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Table 5 Mean comparison of loading speed effects on deformation at rupture point of Beta

vulgaris
Loading speed (mm/min) 4.5 7.5 10.5
Deformation at rupture point (mm) 22.34+42° 18.15+2° 16.5+2°

Values are means of three replicates + SD; Means with same letter are not significant different (P>0.05).

Table 6 Mean comparison of mass effects on deformation at rupture point of Beta vulgaris

Mass (g) m>500(g) m <500 (g)

Deformation at rupture point (mm) 20.1342° 19.7243"

Values are means of three replicates + SD; Means with same letter are not significant different (P>0.05).

Table 7 Mean comparison of interaction between (mass X loading speed) on deformation at
rupture point of Beta vulgaris

Loading speed (mm/min)

Mass (g) 4.5 7.5 10.5
m<500(g) 19.4£1° 17.6£1% 16.4+1°
m >500 (g) 25.2842° 19.3+1° 16.6+1°

Values are means of three replicates + SD; Means with same letter are not significant different (P>0.05).
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Table 8 Mean comparison of loading speed effects on rupture energy of Beta vulgaris

Loading speed (mm/min)

4.5

7.5 10.5

Rupture energy (mJ)

72.33+3°

59.8+3° 33.81+4°

Values are means of three replicates + SD; Means with same letter are not significant different (P>0.05).

Table 9 Mean comparison of mass effects on rupture energy of Beta vulgaris

Mass (g)

m>500(g)

m <500 (g)

Rupture energy (mJ)

56.99+2°

53.63+2°

Values are means of three replicates + SD; Means with same letter are not significant different (P>0.05).

Table 10 Mean comparison of interaction between (mass x loading speed) on rupture energy of
Beta vulgaris

Loading speed (mm/min)

Mass (g) 4.5 7.5 10.5
m<500(g) 62.563° 57.2+3° 41.14£2°
m >500 (g) 82.1+2° 62.4+3° 26.48+2¢

Values are means of three replicates + SD; Means with same letter are not significant different (P>0.05).
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Determining the mechanical properties of various agricultural products is necessary
to analyze their behavior during transport, processing and precision design of
machines to minimize waste. Therefore, in this study, the effect of mass at the levels
of m> 500 and m< 500 g as well as the loading speed at the levels of 4.5, 7.5 and
10.5 mm/min on some mechanical properties of sugar beet such as rupture force,
deformation at rupture point and rupture energy were examined. Then, for data
analysis, factorial experiment based on a completely randomized design was used
and the comparison of means was performed by Duncan's multiple range test at
a=1%. According to the results, the effect of loading speed on all mechanical
properties was significant, but except for the rupture force, different mass levels did
not have a significant effect on the deformation at rupture point and rupture energy.
In this regard, the highest rupture force (72.3 N) in samples with mass of m>500 g
and in the loading speed of 4.5 mm/min, but the lowest amount (42.4 N) in samples
with mass of m<500 g and in the loading speed of 10.5 mm/min was measured. In
this regard, the highest deformation at the rupture point (25.28 mm) in samples with
mass of m > 500 g and in loading speed 4.5 mm/min and the lowest amount (16.4
mm) in samples with mass m<500 g and in speed Load 10.5 mm/ min was obtained.
Also, the highest (82.1 mJ) and lowest (26.48 mJ) values of rupture energy were
determined in samples with mass of m > 500 g and loading speeds of 4.5 and 10.5
mm/min, respectively.
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