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Article

How thick do consumers’ want their meat and how thick
do they get it? The case of deep-fried breaded beef

Daniela C Ferraris1, Luciano M Libertino2, Graciela L Rodrı́guez3

and Guillermo E Hough3

Abstract
The main objective was to estimate the optimum thickness of meat from a consumers’ perspective. Breaded
beef (known as ‘‘milanesa’’ in Spanish speaking countries and as ‘‘schnitzels’’ in Austria) is a food product
prepared with a slice of meat that is dipped in beaten egg to then be covered in bread crumbs; thus prepared
it is fried. This product was used as a case study. Breaded beef was evaluated in three different stages: raw
slice of meat, appearance of meat after frying, and during mastication. Breaded beef prepared with meat of
varying thicknesses were presented to consumers who evaluated if the thicknesses were too thin, ok or too
thick. Survival analysis statistics were used to estimate the optimum thicknesses. Results for each stage were:
raw slice of meat¼ 6.7� 0.2 mm, appearance of the cut fried breaded beef¼ 8.4� 0.3 mm and during
mastication¼ 7.6� 0.3 mm. The average thickness of the meat cut by butchers for breaded beef was
5.9 mm, not too far from the optimum. However, the average thickness of the meat in the breaded beef
ready for frying sold by the same butchers 3.7 mm, clearly thinner than the optimum.
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INTRODUCTION

There are few studies that have analyzed the influence
of meat thickness on acceptability. Elsner et al. (1999)
prepared chicken scalopini of different thicknesses (4, 8
and 12mm) and different polyphosphate concentra-
tions. Acceptability was influenced by the polyphos-
phate concentration but not by thickness. Leick et al.
(2011) presented consumers with beef steaks of different
thicknesses and they found that the thinner samples
had higher acceptability.

Breaded beef is a food product prepared with a slice
of meat of varied thickness that is dipped in beaten egg
to then be covered in bread crumbs. Thus prepared it is
fried, although it can also be cooked in the oven.

In Argentina, breaded beef (‘‘milanesas’’) is very popu-
lar. A survey (La Nación Newspaper, January 1, 2006) on
3000 homes throughout the country showed that breaded

beef and breaded chicken were consumed at least once a
week in 74% of the homes. This means that for an overall
population in Argentina of 41 million, there is a daily
consumption of approximately 4 million units of breaded
beef or breaded chicken. This product is also consumed
widely in other countries such as Austria (called ‘‘schnit-
zels’’), Mexico, Spain and Uruguay. Being such a popular
and widely consumed product, it was considered ade-
quate as a case study in determining optimummeat thick-
ness from a consumer’s perspective.

1Instituto Superior Experimental de Tecnologı́a Alimentaria,
Consejo Nacional de Investigaciones Cientı́ficas y Técnicas
(CONICET), Argentina
2Instituto Superior Experimental de Tecnologı́a Alimentaria,
Agencia Nacional de Promoción Cientı́fica y Tecnológica
(ANCyPT), Argentina
3Instituto Superior Experimental de Tecnologı́a Alimentaria,
Comisión de Investigaciones Cientı́ficas (CIC) de la provincia de
Buenos Aires, Argentina

Corresponding author:
Luciano M Libertino, Instituto Superior Experimental de Tecnologı́a
Alimentaria, H. Yrigoyen 931, 9 de Julio 6500, Argentina.
Email: luciano@desa.edu.ar

Food Science and Technology International 19(4) 335–342
! The Author(s) 2012 Reprints and permissions:
sagepub.co.uk/journalsPermissions.nav
DOI: 10.1177/1082013212452586
fst.sagepub.com

 at UNLP on July 5, 2013fst.sagepub.comDownloaded from 

http://fst.sagepub.com/


Meat thickness used by different authors to prepare
breaded beef has varied. Juárez et al. (2004, 2005) stu-
died nutrient changes and oil deterioration during
frying. In this last paper, they prepared breaded beef
with meat cut to approximately 5mm thickness, only
stating that this is ‘‘customary’’. Clausen and Ovesen
(2005) studied changes in fat content under different
cooking conditions of schnitzels prepared with 0.5 cm,
1 cm and 2 cm thick meat; they did not consider which
thickness would be preferred by consumers. Meinert
et al. (2008) studied various animal effects on sensory
properties of schnitzels. These were prepared with meat
15mm thick; no reason was given for this choice.

In traditional Argentine cook books (De Pietranera,
1969; Petrona, 1992), breaded beef recipes call for ‘‘beef
fillets not too thin’’ or ‘‘beef steaks cut thin’’, with no
further precision on the beef thickness. An Internet
search on schnitzel recipes1 indicated thicknesses ran-
ging from 1/8 in (0.32 cm) to 1/2 in (1.27 cm).

In an unpublished survey we conducted in August-
September 2008 with 300 respondents distributed over
3 cities in Argentina, 64% answered that they con-
sumed breaded beef more frequently than breaded
chicken, 17% breaded chicken more frequently and
19% in equal proportion. Although breaded chicken
is becoming more popular due the drop in chicken
prices, beef is still the major choice.

Meat for breaded beef is usually bought in butcher
shops or from butchers within a supermarket. Some con-
sumers ask the butcher to cut the meat thin, medium or
thick; or accept the butcher’s standard cut. These con-
sumers can judge the thickness of the raw meat when
preparing the breaded beef, and also when cutting the
breaded beef once fried or during mastication. A
common modality is to buy breaded beef already pre-
pared at the butcher shop, ready for frying. An unpub-
lished survey performed at our Institute indicated that
40% of housewives bought breaded beef already pre-
pared for frying. Breaded beef is also consumed in cafe-
terias and restaurants. In these last cases, the thickness is
only judged when cutting or during mastication. Thus, in
the consumption of breaded beef there are different
stages where the thickness can be judged: raw from a
cook’s perspective, cooked where the evaluation can be
visual and/or during mastication. It is of interest to know
if the optimum thicknesses vary depending on evaluation
stage, as this can have practical implications for butchers,
retailers and restaurants. It should be noted that the
thickness of beef in raw breaded beef is rarely evaluated;
to do so would mean cutting the raw breaded beef to
thus judge the beef thickness. This procedure is not fol-
lowed, neither by cooks nor consumers. Thus, this evalu-
ation stage of the beef thickness was not considered.

There are no published studies onmeasuring the opti-
mum thickness of meat from a consumer’s point of view.

Survival analysis statistics have been used to estimate the
optimum color of yogurt (Garitta et al., 2006), the opti-
mum internal cooking temperature of beef (López
Osornio et al., 2007) and the optimum salt concentration
in bread (Sosa et al., 2008), amongother applications.An
important aspect of the methodology is that experimen-
tal sensory testing is relatively simple. For example, in
determining the optimum color of yogurt (Garitta et al.,
2006), 60 consumers each looked at 7 yogurt samples
with different red color intensities, responding towhether
they found the color too light, okay or too dark. This
information was sufficient to determine an optimum
color with an acceptable confidence interval. Another
important aspect of this methodology is that it is the
consumers themselves, with their particular characteris-
tics (Barrios and Costell, 2004), that determine the opti-
mum of the characteristic under study. Survival analysis
would be a valid approach to estimate optimum meat
thickness from a consumer’s perspective. Apart from
breaded beef, as researched in the present study, thick-
ness can be important to consumers in other cuts and
preparations such as steaks, slices of roasted meat and
slices of preserved meats.

The main objective of the present work was to esti-
mate the optimum thickness of meat used for breaded
beef evaluated in three different stages: raw slice of
meat, appearance of cut breaded beef after frying and
during mastication. A second objective was to compare
these optimums with current market thickness of meat
cut by butchers for breaded meat preparation and of
the meat thickness in breaded beef ready for frying.

MATERIALS AND METHODS

Sample preparation

Breaded beef was made from M. semitendinosus meat
bought at a local butcher shop. This is one of the most
popular cuts of meat used for breaded beef and was
chosen due to its uniformity and because it is easy to
slice at an even thickness. The meat was sliced with a
meat cutting machine (Cibeles Model A-330, Rosario,
Argentina) that can be regulated to different thicknesses
with an adjustable knob. This knob indicates an approxi-
mate thickness, but the actual thickness was measured
using a precision ruler. Raw beef is rather soft and diffi-
cult to gauge, thus a disk of beef approximately 7 cm in
diameter was cut and sandwiched between two acrylic
disks of similar diameter and 0.25mm thick. The total
width was measured and the acrylic disks thicknesses
were subtracted. The measured beef thicknesses were
2.0, 5.3, 6.5, 8.5, 10.0 and 12.7mm. These values are
the average over 3 disks with 3 measurements on each,
that is they are the average of 9 measurements.

Breadedbeefwaspreparedbydipping themeat in recon-
stituted egg powder (SindyArgentina, Lomas delMirador,
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Argentina) and then covering with bread crumbs (Mamá
Cocina,MolinosCañuelas Inc., Cañuelas, Argentina). The
units of breaded beef were deep-fried in sunflower oil at an
initial temperature of 180 �C (Juárez et al., 2004;
Mallikarjunan et al., 2010) for 3.5min. The oil: breaded
beef relationship was approximately 10:1 by weight. Once
fried, the breaded beef were placed on paper to absorb
excess oil. The breaded beef was evaluated by consumers
within 5min of having been prepared.

Consumers

Consumers were recruited from the town of Nueve de
Julio, a city with 40,000 inhabitants located 250 km to
the west of Buenos Aires. In Nueve de Julio, the ethnic
origin (majority white Caucasian), the products in
supermarkets and exposure to nationwide media is
similar as to the rest of Argentina.

Hough et al. (2007), for a reasonable choice of stat-
istical parameters, recommended 120 consumers for
survival analysis estimations. For the present study,
105 consumers were recruited. These consumers were
women who prepared and cooked breaded beef at least
once a week. Their age was between 23 and 60 years.

Experimental procedure

Thickness evaluation was in three stages:

– Raw: a raw slice of meat was evaluated by observa-
tion and manipulation with a fork.

– Cut: fried breaded beef cut in half was presented; con-
sumers evaluated the thickness of the meat by appear-
ance under fluorescent day-light type illumination.

– Mastication: a 2 cm� 2 cm piece of fried breaded beef
pierced with a toothpick was placed in a 125-ml styro-
foam cup with a lid. Consumers took the piece of
breaded beef with the toothpick and evaluated its
thickness during mastication. To avoid visual cues,
the sensory booths were illuminated with black light.

Order of evaluation stage was balanced, that is a third
of consumers evaluated raw-cut-mastication, a third cut-
mastication-raw and a third mastication-raw-cut. Within
each evaluation stage, the six thicknesses were presented
to consumers in a randomized order.

For each sample consumers had to tick one of the
three possible answers:

– too thin
– ok, just about right
– too thick

Consumers received a gift of food products as rec-
ognition for their time and effort.

SURVIVAL ANALYSIS CONCEPTS

The model is basically the same as that developed by
Garitta et al. (2006) for determining the optimum color
of yogurt. In that research, the explanatory variable
was the color of the yogurt expressed by the Hunter
Lab a* parameter. In the present work, the explanatory
variable was beef thickness.

When a consumer buys meat to prepare breaded
beef, he/she can find the slice too thin, okay or too
thick. Thus, there are two events of interest: the transi-
tion from too thin to okay and the transition from okay
to too thick.

Let Tthin be the random variable representing the
thickness at which a consumer rejects a sample because
it is too thin and Tthick the thickness at which a con-
sumer rejects a sample because it is too thick. Assume
that Tthin and Tthick are absolutely continuous with dis-
tribution functions Fthin and Fthick, then for each value
of thickness t, there will be two rejection functions:

Rthin (t)¼ probability of a consumer (or proportion
of consumers) rejecting beef with thickness¼ t because
it is too thin, that is Rthin(t)¼P(Tthin> t)¼ 1 –F(t)

Rthick (t)¼ probability of a consumer (or proportion
of consumers) rejecting beef with thickness¼ t because
it is too thick, that is Rthick (t)¼P (Tthick< t)¼F(t).

In seeking the optimum thickness, samples with dif-
ferent thickness are presented to consumers. For exam-
ple, t values could be 2, 4, 6, 8, 10 and 12mm.
Considering these values, the acceptance/rejection pat-
terns of consumers will be explained.

Rejection of the meat thickness because it is too
thin. If a consumer rejects the sample with
thickness¼ 2 because it is too thin and finds
thickness¼ 4 okay, the exact thickness where the con-
sumer passes from ‘‘rejection because it is too thin’’ to
‘‘okay’’ could be any value between 2 and 4. This is
defined as interval censoring. Left censoring occurs if
a consumer finds thickness¼ 2 okay, thus rejection
thickness is �2. If the consumer rejects all thickness
because they are too thin, acceptance would occur for
a thickness> 12 and the data are right censored.

Rejection of the meat thickness because it is too
thick. If a consumer finds thickness¼ 6 okay, and
rejects thickness¼ 8 because it is too thick, the exact
thickness where the consumer passes from ‘‘okay’’ to
‘‘rejecting it because it is too thick’’ could be any value
between 6 and 8. In this case, we have interval-censored
data. Right and left censoring can also occur for rejec-
tion of the meat thickness because it is too thick.

The likelihood function, which is used to estimate
the failure function, is the joint probability of the
given observations of the n consumers (Klein and
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Moeschberger, 1997). In our study, there are two like-
lihood functions: Lthin (too-thin) and Lthick (too thick):

Lthin ¼
Y
i"R

RthinðliÞ
Y
i"L

ð1� RthinðliÞÞ
Y

�i"IðRthinðliÞ

� RthinðriÞÞ ð1aÞ

Lthick ¼
Y

�i"Rð1� RthickðriÞÞ
Y
i"L

RthickðliÞ

�
Y
i"I

ðRthickðriÞ � RthickðliÞÞ ð1bÞ

Both in Equation (1a) and (1b), R is the set of
right-censored observations, L the set of left-censored
observations and I is the set of interval-censored obser-
vations. Equation (1a) and (1b) show how each type of
censoring contributes differently to the likelihood
functions.

Usually, failure values are not normally distributed;
instead their distribution is often right skewed. In this
case, a log-linear model is chosen:

Y ¼ lnðTÞ ¼ �þ �W

where W is the error term distribution. That is, instead
of the optimum thickness, its logarithmic transforma-
tion is modeled. In Klein and Moeschberger (1997) or
Meeker and Escobar (1998) different possible distribu-
tions for T are presented, for example the log-normal or
the Weibull distribution. If the log-normal distribution
were chosen, the rejection functions are

RthinðtÞ ¼ 1��
lnðtÞ � �thin

�thin

� �
ð2aÞ

RthickðtÞ ¼ �
lnðtÞ � �thick

�thick

� �
ð2bÞ

Both in Equation (2a) and Equation (2b), � is the
normal cumulative distribution function and �thin,
�thick and �thin, �thick are the model’s parameters. The
values of � are parameters of equation (2a) and (2b);
we do not consider that interpretation of each one of
the values would be fully necessary.

The parameters of the log-linear model are obtained
by maximizing the likelihood functions (equation (1a)
and (1b)). The likelihood function is a mathematical
expression that describes the joint probability of
obtaining the data actually observed on the subjects
in the study as a function of the unknown parameters
of the model being considered. To estimate � and � for
the log-normal distribution, the likelihood function is
maximized by substituting Rthin (t) and Rthick (t) in
equation (1a) and (1b) by the expressions given in equa-
tion (2a) and (2b), respectively.

In order to establish whether stage of evaluation
(raw, cut or mastication; see above) and order of thick-
ness evaluation influenced rejection thicknesses, the fol-
lowing log-linear regression model with inclusion of
covariates was applied (Meeker and Escobar, 1998):

Too-thin rejection model

ln Tthinð Þ ¼ �thin þ �thinW ¼ �0thin þ �1thinZCUT

þ �2thinZMASTICATION þ �3thinZSECOND

þ �4thinZTHIRD þ two� way interaction½ �

þ �thinW ð3Þ

where

. Tthin is the thickness at which a consumer rejects a
sample because it is too thin,

. b0-4thin are the regression coefficients,

. ZCUT: 1 if the evaluation stage is appearance after
cutting, 0 if otherwise.

. ZMASTICATION: 1 if the evaluation stage is appear-
ance after cutting, 0 if otherwise.

. ZSECOND: 1 if the evaluation was done in second
place, 0 if otherwise.

. ZTHIRD: 1 if the evaluation was done in third place, 0
if otherwise.

. �thin is the shape parameter, which does not depend
on the covariates,

. W is the error distribution.

The too-thick rejection model is analogous to equa-
tion (3), substituting the thin subtext for thick.

Once the likelihood is formed for a given model,
specialized software can be used to estimate the para-
meters (b coefficients and �) that maximize the likeli-
hood function for the given experimental data. The
CensorReg procedure from Sþ (Tibco Software Inc.,
Palo Alto, California) was used to estimate the
models’ parameters, quantiles and corresponding stan-
dard deviations. In all, 5% or less was considered for
significance. The ‘‘survreg’’ function from the freely
distributed R-Statistical package (http://www.r-projec-
t.org/, accessed May 26 2009) can also be used for these
calculations

When processing the data from the appearance of
the cut breaded beef and the mastication of the bread
beef, the thicknesses were those of the raw slice of meat
used to prepare the breaded beef.

Thickness cut by butchers

In order to compare the optimum thickness estimated
from consumer evaluations with the thickness of meat
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cut by butchers, authors of this article went to six
butcher shops located in different areas of nine de
Julio (the town where the consumers measured the opti-
mum thicknesses). There are a total of 36 butcher shops
in 9 de Julio, thus 6 could be considered representative.
In the butcher shop they bought ¼ kg of M. semiten-
dinosus beef asking the butcher to cut the meat for
breaded beef, leaving the thickness up to the butcher’s
criterion. Of the six butchers, one used a meat-cutting
machine and the rest used a knife. In the same butcher
shops breaded beef ready for frying was also bought.
The outer layer (egg mixed with bread-crumbs) of the
breaded beef ready for frying was removed with a knife
to thus measure the thickness of the meat with which
they had been prepared. Thickness of the meat was
measured as indicated above (Sample preparation).
The data were averaged and compared with estimated
optimums obtained from consumer evaluations.

RESULTS

As stated above, the probability of a consumer rejecting
a certain thickness as too thick or too thin (equations
(2a) and (2b)) can follow different distributions. Sþ
software offers the possibility of producing a graph
that compares the fit of different distributions with
the experimental data, and this criteria has been used
in previous survival analysis applications to food qual-
ity (Garitta et al., 2006; Hough et al., 2003, 2004).
Garitta et al. (2006) disregarded covariates in the
choice of the most adequate distribution. An alternative
is to choose the distribution that gives the lowest log-
likelihood (Hough, 2010). The model with covariates
(equation (3)) was tested for the Weibull, log-normal
and normal distributions (Hough, 2010). For the three
distributions, the log-likelihood tests showed that the
only significant factor in the model was the stage of
evaluation; order of evaluation and the stage X order
interaction were not significant. Comparing the log-
likelihoods of the Weibull, log-normal and normal dis-
tributions, each with stage of evaluation as covariate,
showed that the log-normal distribution was the most
adequate, both for too-thin and two-thick rejection
models.

The b and � values of equation (3) (and correspond-
ing too-thick equation) with their 95% confidence
intervals are in Table 1. With these parameters, the �
values of the log-normal distribution (Equations 2(a)
and 2(b)) can be calculated. For the too-thin to ok
event, the � values corresponding to each one of the
evaluation stages are

– Raw:�RAWthin¼1.659þ0.300� 0þ 0.098� 0¼ 1.659
– Cut: �CUTthin¼ 1.659þ 0.300� 1þ 0.098� 0¼ 1.959

– Mastication: �MASTICATIONthin¼ 1.659þ 0.300�
0þ 0.098� 1¼ 1.757

For the ok to too-thick event, the � values corre-
sponding to each one of the evaluation stages are:

– Raw:
�RAWthick¼ 2.153þ 0.154� 0þ 0.147� 0¼ 2.153

– Cut:
�CUTthick¼ 2.153þ 0.154� 1þ 0.147� 0¼ 2.307

– Mastication: �MASTICATIONthick¼ 2.153þ 0.154�
0þ 0.147� 1¼ 2.300

Figure 1 shows the too-thin and too-thick rejection
curves for the raw slice of meat evaluation stage. The
optimum thickness can be determined from the mini-
mum of the sum of both these curves as illustrated in
Figure 1 (Garitta et al., 2006). The confidence intervals
of the optimum thickness for an a significance level can
be calculated by the following equation (Garitta et al.,
2006):

optimum thickness� Z1��=2 �
1

2

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
se2thin þ se2thick

q
ð4Þ

where Z1 –�/2 is the 1 – �/2 coordinate of the standard
normal distribution and sethin and sethick are the stan-
dard errors of the optimum thickness calculated from
the rejection due to too-thin and rejection due to too-
thick curves, respectively. Estimated optimum thick-
nesses and their confidence intervals are in Table 2.
As mentioned above, when processing the data from
the appearance of the cut breaded beef and the masti-
cation of the breaded beef, the thicknesses were those of
the raw slice of meat used to prepare the breaded beef.
Thus, the optimums in Table 2 are all expressed in
terms of the thickness of the raw meat.

The average thickness of the beef cut by butchers for
breaded beef was 5.9mm with a range between 4.2mm
and 8.4mm over the six butcher shops. The thickness of
the meat in the breaded beef ready for frying sold by

Table 1. Log-normal parameters corresponding to the
too-thin and too-thick rejection probabilities (equation (3)),
with their 95% confidence intervals

Parameter

Rejection event

Too thin to ok Ok to too thick

b0 1.659 (0.050) 2.153 (0.042)

b1 0.300 (0.070) 0.154 (0.060)

b2 0.098 (0.070) 0.147 (0.060)

� 0.198 (0.022) 0.191 (0.018)
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the same butchers had an average of 3.7mm with a
range between 2.8mm and 4.3mm.

DISCUSSION

During the frying process, the meat thickness shrinks
and this explains the difference in optimums between
the raw slice (6.7mm) and the appearance of the cut
breaded beef (8.4mm). This last value of 8.4mm is
actually the thickness of the meat used to prepare the
breaded beef, not the actual thickness that is seen once
the breaded beef has been cooked.

The thicknesses in Table 2 are ‘‘optimum’’ not
‘‘perfect’’. This means that not all subjects were satis-
fied with the optimum thicknesses and this is expressed
in the last two columns of Table 2 which indicate how
the consumer population was segmented. For example,
if a subject is evaluating the thickness of a raw slice of
meat for breaded beef and is presented with a slice
6.7mm thick, there is an estimated 19% probability
that he/she will reject the sample, either because

he/she finds it too thin (10% probability) or too thick
(9% probability). Another interpretation is that if 100
subjects are presented with a slice of raw meat for
breaded beef 6.7mm thick, it is probable that 19 of
them will reject the sample, 10 because they find it
too thin and 9 because they find it too thick. Previous
studies using survival analysis in different systems have
given varied percent rejections at the estimated
optimums:

– Color in yogurt (Garitta et al., 2006): 26%–28%
– Internal beef cooking temperature (López Osornio

et al., 2007): 17%–53%
– Ripening time of tomatoes (Garitta et al., 2008):

3%–5%
– Salt in bread (Sosa et al., 2008): 23%

The values obtained in the present study are within
these ranges.

Butchers could well do with the information of the
estimated optimum of 6.7mm for the raw slice
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Figure 1. Percentage rejection versus thickness of beef used to prepare breaded beef evaluated on the raw slice
of meat.

Table 2. Optimum thicknesses in mm (95% confidence interval in parenthesis) and percentage rejections at the optimum
corresponding to different stages of evaluation

Evaluation stage
Optimum
thickness

% Rejection due
to too-thin

% Rejection due
to too-thick

Raw slice 6.7 (0.2) 10 9

Appearance of the cut breaded beef 8.4 (0.3) 19 18

Mastication the breaded beef 7.6 (0.3) 8 7
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(Table 2) to thus adjust the thickness with which they
cut meat for breaded beef. To do this, they would have
to use meat-cutting machines as adjusting a thickness
by knife-cutting is not easy.

From values shown in Table 2, recommending an
optimum thickness is not straightforward. If the raw
slice optimum of 6.7mm is adopted, the person who
buys and prepares the breaded beef will be satisfied.
However, if another person who did not participate in
the preparation cuts the breaded beef and evaluates its
thickness, the survival analysis model predicts a 61%
rejection probability due to the person finding the
breaded beef too thin. Alternatively, if the optimum
of 8.4mm is adopted, the person who receives the
fried breaded beef and evaluates its thickness by
appearance will be satisfied. However, there is a 45%
probability that a person who prepares breaded beef
from raw slices of meat cut this thickness will consider
them too thick.

From the data collected at local butcher shops, on
average the slice of meat sold to consumers for breaded
beef preparation (5.9mm average) is not as thick as the
raw slice optimum (6.7mm optimum). This 0.8mm dif-
ference is probably not detected by consumers. What is
definitely thinner is the meat included in the breaded
beef ready for frying: 3.7mm average. The choice of
this thinner slice of beef by the butchers is clearly eco-
nomical: beef is more costly than the covering of egg
and bread crumbs; and the price they sell the raw beef is
approximately equal to the price they sell the breaded
beef ready for frying. Considering the optimum thick-
ness of 6.7mm: why do consumers tolerate these thin
slices of meat in the breaded beef ready for frying?
Clearly for the convenience of buying a ready-to-cook
product.

From the above discussion, the recommendations
for the optimum thicknesses of meat for breaded beef
would be:

a. For consumers buying the raw meat slices to pre-
pare breaded beef, the optimum of 6.7mm would
seem adequate. Their experience has shown them
that their families or they themselves will find this
thickness satisfactory. Very probably, the appear-
ance of the cut breaded beef is rarely evaluated. The
model predicts that at 6.7mm thickness there is a
23% probability of the breaded beef being rejected
during mastication due to being too thin, this prob-
ability is not high enough to justify thicker slices of
raw beef. An additional argument to recommend
the 6.7mm thickness is that it is close to the average
thickness of 5.9mm that butchers use in commercial
practice. Also, people who prepare breaded beef are
aware of the fact that thicker raw slices lead to a
reduced number of breaded beef per kg of beef and

thus end up being less economical than thinner
slices.

b. There would be a market for premium breaded beef
served at restaurants made from meat approxi-
mately 8mm thick. If consumers are made aware
of the fact that they are receiving breaded beef
made from ‘‘extra thick’’ slices of meat, they will
pay attention to the appearance of the cut breaded
beef and/or evaluate the thickness while mastica-
tion. Considering the optimums for these stages of
evaluation (Table 2), there will be a high degree of
satisfaction.

As discussed in the Introduction, there are few stu-
dies analyzing the influence of thickness on meat
acceptability and there are no published studies on
measuring the optimum thickness of meat from a con-
sumer’s point of view. The survival analysis methodol-
ogy used in the present research can be a valuable tool
to estimate optimum thicknesses for cuts of meat other
than breaded beef, such as steaks, slices of roasted meat
and slices of preserved meats. An interesting point to be
pursued in further research is the influence of consumer
demographics on optimum meat thickness. For exam-
ple, as low-income consumers tend to consume breaded
beef made with relatively thin meat to thus obtain
higher yield, it could be hypothesized that their opti-
mum thickness is lower than higher income consumers.
Other demographic variables of interest would be age,
gender and geographical location.
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