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a Degree of freedom, b Mean of Square, ** Significant relationship at 1%, * Significant relationship at 5%, ns Not significant 
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Source df 
Cutting Force  Cutting Energy  Elastic Modulus 

MSb F-value  MS F-value  MS F-value 

Model 5 98.85** 2005.46  4674.13** 6583.93  0.0094** 1400.15 

X1 1 424.83** 
8618.46 

 
15518.18*

* 

21858.74 
 

0.02** 2946.74 

X2 1 53.69** 1089.10  6046.17** 8516.57  0.023** 3444.67 

X1X2 1 23.57** 478.06  2210.24** 3113.31  0.001** 216.26 

X12 1 18.77** 380.81  88.87** 125.18  0.0001** 14.94 

X22 1 0.3971** 8.06  67.04** 94.43  0.0004** 58.35 

Residual 15 0.0493 -  0.71 -  6.74×10-6 - 

Lack of Fit 3 0.0740ns 1.717  0.59ns 0.801  1.53×10-6ns 0.191 

Pure Error 12 0.0431 -  0.739 -  8.04×10-6 - 

Cor Total 20 - -  - -  - - 

Model Summary Statistics 

Response 
Std. 

Dev.(SD) 
Mean 

Coefficient of Variance 

(C.V. %) 
R2 Adj-R2 Pred-R2 AP 

Cutting 

Force 
0.222 9.365 2.371 0.9985 0.998 0.997 136.24 

Cutting 

Energy 
0.843 56.28 1.50 0.9995 0.9994 0.9989 260.26 

Elastic 

Modulus 
0.391 8.49 4.60 0.9898 0.9864 0.9697 56.56 
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Abstract 

Celery is known as one of the most important and widely used products in the field of food and medicine. 
Knowledge of the cutting process of this product is important and useful in designing harvesting and 
post-harvesting systems. In this study, the cutting process was investigated by using an Instron machine 
equipped by a blade with a sharp angle of 1.7 degrees. In order to investigate the effect of cutting and 
angle speed on the cutting force, the energy required for cutting and the modulus of elasticity of celery, 
the response surface method was used. Cutting speed at three levels (150, 250 and 350 mm / min) and 
cutting angle at three levels (zero, 30 and 45 degrees) were assessed. The results showed that the response 
surface method has the ability to investigate and optimize the conditions governing on the cutting of 
celery stalks. The results also showed that the maximum amount of cutting force, energy required for 
cutting and modulus of elasticity were at the minimum amount of cutting speed and angle. Therefore, 
by using higher angles and cutting speeds, the cutting process can be done at a lower cost. 
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