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ASAE S368.4 DEC2000 (R2017) 

Compression Test of Food Materials of Convex Shape 

Reviewed by the ASAE Physical Properties of Agricultural Products Committee; approved by the Food 
Engineering Division Standards Committee; adopted by ASAE as a Recommendation December 1973; revised 
and reclassified as a Standard December 1979; reconfirmed and revised editorially December 1984; 
reconfirmed December 1987, December 1988; revised March 1990; revised editorially April 1994; revised 
March 1995; reaffirmed December 1999; revised editorially February 2000; revised December 2000; reaffirmed 
February 2006, February 2008 for one year; reaffirmed December 2012; Corrigendum 1 issued February 2013; 
reaffirmed November 2017. 

Keywords: Compression, Food, Test 

1 Purpose and scope 

1.1 This Standard is intended for use in determining mechanical attributes of food texture, resistance to 
mechanical injury as a result of static loading, and quasi-static force-deformation behavior of food materials of 
convex shape, such as fruits and vegetables, seeds and grains, and manufactured food materials. 

1.2 Compression tests of intact biological materials provide an objective method for determining mechanical 
properties significant in quality evaluation and control and maximum allowable static load for minimizing 
mechanical damage. The results apply to quasi-static loading rather than impact loading. The equations given 
are adapted from the theory of contact between convex surfaces made of elastic materials. Most food and 
biological materials exhibit non-linear behavior at larger (e.g., 5% strain or greater) deformations. Furthermore, 
to completely characterize the material, a study of its viscoelastic behavior is needed. However, these 
simplified tests give information that can be used to quantitatively determine the differences caused by factors 
such as variety, drying temperature, storage technique, maturity, and processing technique. The applicability of 
the analysis can be validated by plotting the log of applied force as a function of the log of deformation. If the 
equations are valid, the slope of the line should be 1.5 (Fridley et al., 1968; Arnold and Mohsenin, 1971). 

1.3 Compression tests on food materials are routinely conducted using fully automatic test equipment such 
as the Instron Universal Testing apparatus. Factors such as sample conditioning prior to testing, loading 
geometry, and loading rate can influence the results of such tests. Therefore, it is desirable to standardize 
testing and reporting procedures so that data from various sources can be more easily compared. 

1.4 Determination of compressive properties requires the production of a complete force-deformation curve. 
From the force-deformation curve, stiffness; apparent modulus of elasticity; toughness; force and deformation 
to points of inflection, to bioyield, and to rupture; work to point of inflection, to bioyield, and to rupture, and 
maximum normal contact stress at low levels of deformation can be obtained. Any number of these mechanical 
properties can, by agreement, be chosen for the purpose of evaluation and control of quality. 

2 Normative references 

The following standards contain provisions which, through reference in this text, constitute provisions of this 
Standard. At the time of publication, the editions indicated were valid. All standards are subject to revision, and 
parties to agreements based on this Standard are encouraged to investigate the possibility of applying the most 
recent edition of the standards indicated below. Standards organizations maintain registers of currently valid 
standards. 

ASTM E4-94, Practices for Force Verification of Testing Machines 

ASTM E83-94, Practice for Verification and Classification of Extensometers 
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3 Definitions 

3.1 bioyield point: A point such as shown in Figure 1 where an increase in deformation results in a decrease 
or no change in force. Examples of bioyield points for apples, potatoes, and pears loaded with a cylindrical 
plunger are given by Mohsenin and Göhlich, 1962. 

 

Figure 1 – Force-deformation curves for materials with and without bioyield point.  PI = point of 
inflection, Dpi = deformation at point of inflection 

3.2 force-deformation curve: A diagram plotted with values of deformation as abscissae and values of force 
as ordinates. 

3.3 apparent modulus of elasticity: The following equations can be used to estimate the value of the 
apparent modulus of elasticity, E, of food materials that are relatively firm and homogeneous. These equations 
are based on the Hertz equations for contact stresses used in solid mechanics. The Hertz equations assume 
that deformations are small and the material being compressed is elastic. However, they are useful for making 
comparisons of the deformation behavior of viscoelastic materials when the deformations and loading rates are 
similar for all samples tested. 

For Parallel Plate contact (Figure 2A): 
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(1)

 

where E = apparent modulus of elasticity, Pa, (psi); D = deformation, m (in.); µ = Poisson’s ratio 
(dimensionless); F = force in N (lbf); RU, R'U = radii of curvature of the convex surface of the sample at the point 
of contact with the upper plate, m (in.); RL, R'L = radii of curvature of the convex surface of the sample at the 
point of contact with the upper plate, m (in.). Ru and RL are the minimum radii of curvature of the sample at the 
point of contact. RL and R'L are the maximum radii of curvature. The constants KU and KL are determined from 
Table 1 using cos θ. Equation 7 in clause 3.6 is used for calculating cos θ. For KU, cos θ is calculated using the 
radii of curvature of the upper surface, RU, R'U, m (in.). The radii of curvature of the upper plate (not indicated in 
Figure 2) are RPUR'PU = ∞, giving RPU

-1 + R'PU
-1 = 0. When KL is calculated, the value of cos θ is determined 

using the radii of curvature for the lower surface, RL, RL' m (in.), while the radii of curvature of the lower plate, 
RPL = R'PL = ∞. 

For single plate contact (Figure 2B): 
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where E, F, µ, and D have the same definitions as in parallel plate contact and RU, R'U = radii of curvature of 
the convex surface of the sample, m (in.) at the point of contact with the flat plate used to compress the 
sample. Also, RU is the minimum radius of curvature of the sample at the point of contact and R'U is the 
maximum radius of curvature. KU is determined from table 1 after calculating cos θ (equation 7 in clause 3.6) 
using the radii of curvature of the upper surface, RU, R'U. The radii of curvature of the flat plate (not indicated in 
Figure 2) are RPU = R'PU = ∞, giving RPU

-1 + R'PU
-1 = 0. It is assumed that the force along the bottom surface of 

the specimen is distributed over a large area. Therefore, the deformation along the bottom surface should be 
negligible in comparison to the deformation at the point where the flat plate makes contact with the specimen. 
For materials with relatively low apparent elastic moduli or for cases where the applied force, F, is large, this 
assumption will not be valid. 

For a spherical indenter on a curved surface (Figure 2C): 
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where E, F, µ, and D have the same definition as in parallel plate contact, RU, R'U = radii of curvature of the 
convex surface of the sample at the point of contact with the spherical indenter, m (in.) and d = diameter of 
curvature of the spherical indenter, m (in.). KU is determined from table 1 after calculating cos θ (equation 7 of 
clause 3.6) using the radii of curvature of the upper surface, RU, R'U and the radius of curvature of the spherical 
indenter (RSI = d/2). Also, Ru is the minimum radius of curvature of the sample at the point of contact and R'U is 
the maximum radius of curvature. 

 

Figure 2 – Loading geometries for determining apparent modulus of elasticity.  
A. Parallel plate in contact with a curved surface. B. Single plate in contact with a curved surface.  
C. Spherical indenter in contact with a curved surface. D. Spherical indenter in contact with a flat 

surface. The formulas used for calculating E are given in clause 3. 
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For a spherical indenter on a flat surface (Figure 2D): 
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where E, F, µ, and D have the same definition as in parallel plate contact, and d = diameter of curvature of the 
spherical indenter, m (in.). For a spherical indenter, RSI = R'SI = d/2. For a flat surface, RU = R'U = ∞ giving RU

-1 
+ R'U-1 = 0. Therefore, equation 7 in clause 3.6 will give cos θ = 0 and KU will be 1.351 (Table 1). 

Table 1 – Value of c1, c2 and K (dimensionless) for various values of θ (degrees) (adapted from Kozma 
and Cunningham, 1962) 

θ 50 55 60 65 70 75 80 85 90 

cos θ 0.6428 0.5736 0.5000 0.4226 0.3420 0.2588 0.1736 0.0872 0.0 

c1 1.754 1.611 1.486 1.378 1.284 1.202 1.128 1.061 1.000 

c2 0.641 0.678 0.717 0.759 0.802 0.846 0.893 0.944 1.000 

K 1.198 1.235 1.267 1.293 1.314 1.331 1.342 1.349 1.351 

The definition of apparent modulus of elasticity given in this standard corresponds to the definition of modulus 
of deformability used in several early papers (Shelef and Mohsenin, 1969; Arnold and Mohsenin, 1971; Arnold 
and Roberts, 1969). Their definition of apparent modulus of elasticity does not correspond to this definition. 
They calculated the apparent modulus using recovered deformation, taken from the unloading curve. Most food 
materials are not truly elastic. Therefore, the calculated value of apparent modulus of elasticity E may vary with 
loading rate and the applied force or deformation and the force applied and/or deformation at which E was 
calculated should be reported. Other factors that should be reported are listed in clause 11. 

3.4 minimum and maximum radii of curvature, R and R': The minimum, R, and maximum, R', radii of 
curvature of the compression tool and the sample at the point of contact between them. It can be measured 
using a radius of curvature meter (see clause 5.2 and Figure 5) or calculated (see clause 5.2 and Figure 6). 

3.5 point of inflection: A typical force-deformation curve is first concave up and then concave down (see 
Figure 1). The point at which the rate of change of slope (second derivative) of the curve becomes zero is 
called the point of inflection. This point is designated as PI. The change in slope suggests that some type of 
failure is beginning. Therefore, when taking measurements for calculating apparent modulus of elasticity and 
other parameters, deformations should be less than the deformation at the point of inflection. 

3.6 semi-major (a) and semi-minor (b) axes of the contact area: The dimensions of the elliptical contact 
area between the compression tool and the specimen can be calculated using the following formulas: 
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where c1 and c2 are determined from Table 1 using the value of θ, F is the applied force and R1 and R'1 are the 
radii of curvature of the specimen at the point of contact with the compression device which has radii of 
curvature R2 and R'2. If the compression device is either spherical (R2 = R'2) or flat (R2 = R'2 and [R2]-1 = [R'2]-1 = 
0), cos θ is calculated from the formula: 
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