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Test Methods for Cheese

Rheological analysis of cheese can aid in prediction of textural
quality while providing insight into the chemistry of this popular food

OO0 THE RHEOLOGICAL charac-
terization of cheese is important as a
means of determining body and texture
for quality and identity as well. as a
means of studying its structure as a
function of composition, processing
techniques, and storage conditions.
Since rheology deals with the deforma-
tion and flow of matter, this character-
ization, when done instrumentally, is
essentially. a measurement of the me-
chanical properties of the cheese under
various conditions. Like most solid
foods, cheese is viscoelastic in nature,
meaning that it exhibits both solid (elas-
tic) and fluid (viscous) behavior. Energy
dissipation, by means of the viscous
portion, may be related to flow of.the
matrix, flow of liquid through the ma-
trix, or relative movement of material
elements causing friction (Luyten, 1988).

The major structural component of
cheese is a continuous protein matrix,
but the contribution of milkfat to prod-
uct quality is significant. Reduction of
milkfat content by 50% or more in
Cheddar-type cheeses results in unac-
ceptable flavor and physical properties
(Olson and Johnson, 1990). With in-
creased demands for “light” cheeses that
simulate the traditional full-fat cheese
products, evaluation by rheological
methods has assumed even greater im-
portance.

The ultimate goal of rheological re-

search on cheese is the correlation of

measured textural or mechanical prop-

erties with sensory characteristics. The

goal of this review is to discuss both his-

torical and modern rheological evalua-
- tions of various cheeses.

Development of
Methodology

A variety of types of tests have been
developed for measuring texture:

e Empirical and Imitative Tests.
With the introduction of advanced in-
strumentation, rheological characteris-
tics of cheese are now measured on a
routine basis. Rheological investiga-

tions, however, have been conducted for
more than 50 years, with most of the -

early work being empirical tests. Firm-
ness and elasticity, for example, were
evaluated by-means of the cheese grad-
er’s thumb pressed on the surface of the
cheese. The readiness of Cheddar curd
for cutting was determined by the
“cheesemaker,” using a dairy thermom-

eter to cut through the set curd. The de-
velopment of simple instruments fol-
lowed. These instruments had in com-
mon five components: (1) a means of
mechanically deforming the cheese, (2) a
means of recording the force, (3) ameans
of recording the deformation, (4) ameans
of measuring time during deformation,
and (5) a test cell to hold the sample
(Voisey, 1971). The grader’s thumb was
replaced by a ball compressor; its hemi-
sphere was pressed into the surface of a
cheese sample and the depth of pene-
tration and recovery time were recorded
(Caffyn and Baron, 1947).

A penetrometer was developed that
provided force measurements as a nee-
dle was pushed into the cheese; results
were similar to those obtained by the
ball compressor (Prentice, 1987). The
Cherry Burrell Curd Tension Meter
(Emmons and Price, 1959), measured
resistance to the passage of a wire
through the curd or block of cheese. The
major disadvantage of these tests was
the influence of local variations and the
need for multiple measurements to ob-
tain a representative average value (Tu-
nick and Nolan, 1991). :

The first instrument to examine tex-
ture by imitation of the chewing of food,
the Volodkevich bite tenderometer, was
developed in the 1930s. The denture
tenderometer, developed at-Massachu-
setts Institute of Technology in the
mid-1950s, contained motorized den-
tures and strain gauges (Proctor et al.,
1955). The General Foods Texturometer
appeared in the 1960s; this device cycli-
cally compressed a bite-sized sample to
25 % of its original height, thereby imi-
tating jaw movement. Strain gauges and
a strip-chart recorder produced a force-
time curve from which a Texture Profile
Analysis (TPA) could be derived (Fried-
man et al., 1963; Szczesniak et al., 1963).
Bourne (1968) adapted the Instron Uni-
versal Testing Machine for TPA studies,
and Shama and Sherman (1973a, b)
published the first studies of this instru-
ment with cheese. :

& Fundamental Tests. The develop:
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ment of fundamental tests, those relat-
ing the nature of the food to basic rheo-
logical models, began in the 1930s, when
Davis (1937) compressed cylinders of
four types of English cheese under a
constant load. These force-compression
tests and the work of Scott Blair and
Baron (1949) and Scott Blair (1958) led
to significant increases in the applica-
tion of rheological theory to food analy-
sis (Bagley and Christianson, 1987).

- @ Force-Compression. Compressive
deformation is frequently used in the
textural evaluation of cheese, primarily
because of its simplicity. In this test, a
cheese sample (usually a cylinder of

known dimensions) is compressed at a
constant rate between two rigid plates,
or platens; and the force and time re-
corded. The change in height resultin

from the zés;ingpr;es;szpn, when expresseg,

as a proportion of the original height
(Ah/h,), defines the engineering strain

processed cheese spread using lubrica-
tion and bonding with a cyanoacrylate
ester adhesive and determined stress-
strain relationships for both conditions.
Plots of the stress for bonded and lubri-
cated samples vs strain showed agree-
ment that was dependent. on cheese

type. s - -
A typical force-strain curve for Ched-
dar cheese undergoing uniaxial com-
pression (force parallel to longitudinal
axis of the cylinder) is shown in Fig. 1.
When the structure begins to fail, an in-
flection point appears in the curve. As
application of the force continues, the
structure breaks down faster than the
stress buildup. The stress at the point of
fracture is the yield point. Force-com-
pressionrelationships must beconverted
to stress-strain curves, since it is the
shape of the stress—stain relationship
that in principle represents the material
properties. !

o Creep. Imposing a stress at time
zero and holding it constant thereafter
are the necessary mechanisms for mea-
suring creep compliance. The resultant
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phase. In a viscoelastic material such as
~ cheese, the phase angle 6 will lie between
- 0-and 90°. This phase angle may be ex-
s of the complex moduli
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Table 1—Arrhenius Equations and Activation Energies (E,;s.) of Cheddar and
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Evisc
Cheese sample Equation (cal/mole)
20-week Cheshire log * = 5,331/T—12.05 24,400
60-week Cheshire log n* = 4,442/7T—9.20 20,250
60-week Cheddar log n* = 7,156/T—18.24 32,750
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