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Abstract

E�ective sterilisation of animal waste is an important prerequisite for the use of animal meal as an ingredient of compound feed

for non-ruminants. Speci®c conditions for the rendering process aimed at the inactivation of the causative agent of Bovine Spon-
giform Encephalopathy (BSE), and the prevention of other pathogens in feedingstu�, are de®ned by European law. A validation
study encompassing 21 laboratories from 12 European countries was performed using a commercially available test kit based on an

enzymelinked immuno sorbent assay (ELISA) which allows proof of the appropriate heat treatment of the processed animal waste.
The evaluation of the results regarding the R-value reveals the robustness of the method, a su�cient sensitivity to detect a deviation
of the processing conditions from the regulation and a low standard deviation of the data. Moreover the statistical evaluation of
the results allows for the estimation of the coe�cient of variation which is between 11 and 22% depending on the magnitude of

the response of the test. # 1999 Elsevier Science Ltd. All rights reserved.

1. Introduction

Animal meal, due to its high nutritional value, is an
important ingredient of compound feed for non-rumi-
nants like poultry and pigs. In order to avoid a further
spread of BSE, and other epidemic diseases, it has to be
assured that the production of animal meal ful®ls cer-
tain criteria laid down in Decision 96/449/EC (Eur-
opean Commission, 1996). It is strongly assumed that
the causative agent of BSE is inactivated when the ani-
mal material is treated for 20 min at 133�C (406 K)
and 3 bar under wet sterilisation conditions. While the
technical control of a rendering plant using tempera-
tures and pressure measures is mandatory within the
European Union there is an urgent need for a method
that can be used for the surveillance of the processed
material. A commercially available ELISA test kit for
the identi®cation of pork in cooked meat has been used

in this study. The general applicability of this kit to the
speci®c purpose of the control of the proper heat treat-
ment of animal meal is based on the fact that animal
meal is a mixture produced from animal species like
cows, pigs, poultry and sheep. Therefore, the result of
the analysis of an animal meal sample using the ELISA
kit would be expected to be positive. However, it was
demonstrated that the response of this test depends
strongly on the temperature of the heat treatment of the
pork (Hofmann, Fischer, Mueller & Kemper, 1995),
which is indicated by a signi®cant loss of sensitivity of
the test if the heat treatment took place at 133�C
(406 K). These results led to the examination of animal
meal samples from rendering plants (Hofmann, 1996)
which revealed the applicability of the ELISA test to
check a proper heat treatment of animal meal. In 1997,
a ringtest has been already carried out in Germany,
con®rming the robustness of the method (Hofmann,
1998). Moreover this technique is today already applied
in routine analysis to the surveillance of some rendering
plants (Unglaub, 1997; Unglaub, Mueller, Jemmi &
Stuker, 1998).

0309-1740/99/$ - see front matter # 1999 Elsevier Science Ltd. All rights reserved.

PI I : S0309-1740(99 )00087-X

Meat Science 54 (2000) 1±7

www.elsevier.com/locate/meatsci

* Corresponding author.

E-mail address: christoph.von-holst@jrc.it (C. von Holst)



Animal meal is produced in the European Union
employing di�erent techniques. However, all of them
have to comply with Decision 96/449 EC (European
Commission, 1996) in order to ensure a su�cient ster-
ilisation of the processed material. The ELISA test kit
allows for an examination of the product itself but
information concerning the precision of the method for
this speci®c purpose is still missing. Moreover, the esti-
mated uncertainty should re¯ect the variability of a
method that is employed in di�erent Member States of
the European Union. The knowledge of basic quality
criteria such as the coe�cient of variation (CV) or lack
of bias of the method are required in order to determine
a reliable tolerance limit that can be used to detect non
proper heat treatment.
The aim of this study was to evaluate the precision of

the ELISA method by conducting a collaborative trial
encompassing 21 laboratories from 12 countries of the
European Union and Switzerland. The coe�cient of
variation of this method re¯ecting the variability of the
data and the average value of the results of all labora-
tories should be estimated. The average value could be
used to examine the lack of bias of the method. The
general outline of the study, the method applied and the
statistical analysis of the collaborative trial are pre-
sented in this paper.

2. Materials and methods

2.1. Test material

For this validation study, four di�erent materials
from two animal meal plants in Germany (Zweckver-
band Tierkoerperbeseitigung Warthausen and Zweck-
verband Protec Orsingen, both Baden-Wuerttemberg,
Germany) and a meat and bone meal plant from Swit-
zerland (Ed. Geistlich Soehne AG) were used.
While the composition of the test material represents

typical processed mammalian animal waste such as ani-
mal meal and meat-and-bone meal, the individual types
of the material were treated in di�erent ways to ascertain
a broad range of di�erent responses of the ELISA
method in the study (Table 1).

Prior to the use of the processed animal waste as test
material the homogeneity was investigated. The control
of a su�cient homogeneity of the test material being
®lled into bottles is an important prerequisite for an
unambiguous interpretation of the results of the valida-
tion study. For reasons of clari®cation it should be
pointed out that in this case the homogeneity of the
material does not re¯ect an equal distribution of a cer-
tain compound in the material but the equal heat treat-
ment of every part of the bulk material. A part of the
material is de®ned as the amount of the sample sub-
jected to the ELISA-analysis.

2.1.1. Preparation of the material

The preparation of the test material was carried out
by the Institute of Reference Materials and Measure-
ment of the European Commission in Geel, Belgium
and comprised the following steps. At ®rst, each sample
of material was sieved through a 1 mm sieve in order to
remove foreign matter such as rubber and metal pieces.
The sieving step does not change the composition of the
test material signi®cantly since the animal meal has been
previously ground during the processing of the animal
waste. Subsequently the material was thoroughly mixed
for 3 h in a Turbula mixer and ®nally ®lled into 60 ml
brown glass bottles. Each bottle contained 20 g test
material.

2.1.2. Test for homogeneity

In order to ensure a high homogeneity of the animal
meal the test for homogeneity was carried out in two
steps. In the ®rst step samples were taken from the bulk
material and analysed prior to the packaging of the
animal meals. The relative standard deviation of the
analysis using the ELISA method ranged from 6 to 12%
indicating a good homogeneity of the raw material. In
the next step, the test material was prepared for bottling
as described in the preceding paragraph.
Finally the homogeneity of the test material ®lled into

the bottles was investigated as described by Thompson
and Wood (1993): 10 sample glasses were randomly
selected and two samples of about 6 g from each glass
were taken and subjected to the ELISA-analysis thus
performing 20 analysis from each material. The statis-

Table 1

Characterisation of the test material

Material Treatment

Animal meal I (AM I) 20 min, 133�C (406 K)±135�C (408 K), (3±3.2 bar)a, wet sterilisation

Animal meal II (AM II) 20 min, 128�C (401 K)±130�C (403 K), (2.6±2.8 bar)a, wet sterilisation

Animal meal III (AM III) 20 min, T<128�C (401 K) , P<2.6 bara, wet sterilisation

Meat and bone meal (material prior to the subsequent

sterilisation)

Dry sterilisation 90�C (363 K)-! 140�C (413 K), 105 min; for 20 min

T>133�C (406 K) , without overpressure

a The pressure was calculated according to the employed temperature.
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tical method ``analysis of variance'' (ANOVA) was
employed in order to prove a signi®cant di�erence of
the variability between the glasses and the variability
within the glasses. It is assumed that the variance
between the glasses represents the heterogeneity of the
material while the within sample variance is attributed
to the analytical error of the ELISA method. The results
shown in Table 2 con®rm a su�cient homogeneity of all
materials as the respective F-values did not exceed the
critical F-value (F=3.02) for a con®dence level of 95%
(� � 0:05) thus indicating that the variability between
the bottles is not signi®cantly higher than the analytical
error.

2.2. Methods

2.2.1. Outline
Since the main aim of this study was to determine the

precision of a speci®c analytical method it had to be
assured that all participants of the collaborative trial
were familiar with the ELISA-method. At ®rst the
method description of the ELISA method already pub-
lished (Hofmann, 1997) was ®nalised by taking into
account results of the evaluation of the robustness of
the method (e.g. impact of the extraction procedure and
the pH-value on the result of the analysis). On the basis
of this standard operation procedure (SOP) (von Holst,
Honikel, Hofmann, Unglaub & Anklam, 1998) a video
of the method has been produced explaining the most
important steps of the method. Finally a workshop was
held to discuss the execution of the method with the
participants of the trial. The demonstration of the
method was supported by showing the video.
Each participant received 8 samples (i.e. two samples

of each material), labelled with a random number, thus
ensuring that the identi®cation of the samples were
unknown to the investigating laboratories. Furthermore
the laboratories were provided with one of the com-
mercially available ELISA test kit, the SOP and a
questionnaire to be ®lled in comprising all details of the
conditions of the method and the results of the analysis.

2.2.2. Procedure
The whole procedure was carried out according to the

method description of the producer of the ELISA kit
for cooked pork (``Cooked Meat Species Identi®cation
Kit'' Cortecs Diagnostics Ltd, Flintshire, UK) and the
SOP (von Holst et al., 1998) established by the co-ordi-
nators of the study. The method comprises the follow-
ing steps.

2.2.3. Extraction of the samples

About 6 g of animal meal is mixed with about 20 ml
of distilled water in a conical ¯ask and allowed to swell
for 15 min. After addition of 100 ml of physiological
NaCl solution the mixture is held in the sealed ¯ask in a
boiling water bath for 15 min and shaken occasionally.
The mixture is allowed to adjust to room temperature
and then passed through a ¯uted ®lter. A slight turbid-
ity of the solution, that can be observed occasionally,
does not in¯uence the results. Do not ®lter the solution
twice. Finally the pH-value is measured. If necessary,
the pH is adjusted to 7�0.5 by taking an aliquot of 2 ml
and adding 2 N HCl or 2 N NaOH to this aliquot
(about 10 ml).

2.2.4. Enzyme immunoassay procedure

Subsequently an aliqout of the extract of the samples,
the positive and the negative control are subjected to the
immunoassay analysis according to the SOP. Finally the
values of the optical density (OD) are measured at 405
or 415 nm using a microplate reader.
The following parameters are calculated using the OD

of the positive control (PC), the negative control (NC)
and the samples:

R-value � ODsample

ODNC
�1�

PK-value � �ODsample ÿODNC�
�ODPC ÿODNC� �100 �2�

Table 2

Statistical evaluation of the homogeneity study

R-valuea

General mean

F-value received
b

(Fcritical = 3.02)c
RSD (%) analytical

d

Animal meal I 1.1 0.67 3.2

Animal meal II 1.7 1.34 3.3

Animal meal III 2.1 1.12 2.1

Meat and bone meal IV (material prior to the subsequent

sterilisation)

13 1.80 2.4

a R-value general mean: mean of all results (n=20).
b F-value received: F-statistic received by comparing the within and between-bottle variance.
c F critical: critical F-statistic indicating a signi®cant di�erence of the variance; F critical, a=0.05, degree of freedom=9,10=3.02.
d RSD (%) analytical: relative standard deviation representing the analytical error.
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3. Results and discussion

3.1. General

All 21 participants completed the study in time. The
results regarding the R and PK values are shown in
Table 3. The participants were asked to use a bovine
and chicken sample as negative control. Although the
di�erence of the optical density regarding the bovine
and chicken negative control turned out to be very low,
the further evaluation of the data was performed using
R and PK-values related only to the chicken negative
control. This was done in order to exclude adverse
e�ects of a di�erent calculation basis on the R-value or
PK-value respectively due to the use of di�erent nega-
tive controls.
The estimates of the precision such as the average

mean, and the standard deviation are obtained by a
components of variance approach as proposed by the
AOAC guideline (Association of Analytical Chemists,
1989). Robust statistics (Analytical Methods Committee,
1989; Lischer, 1987) have been applied to the estimation
of the standard deviation and the average. The use of
robust statistic shows some striking advantages
(Thompson & Lowthian, 1996) in comparison to the
traditional approach. The detection and rejection of
outliers is not required, thus, the impact of extreme
values on the average and the standard deviation is
downweighted. Moreover robust statistic works well for
distributions that deviate from normal distribution due
to extreme values which is typical for data received in a

collaborative trial. In this study the algorithm recom-
mended by the Swiss Food Manual (SLB, 1989) is used
which is implemented via an Excel1 macro.

3.2. Examination of the R-values

The statistical analysis of the trial is shown in Table 4.
The ®rst column contains the target mean of the R-
value of the test materials as determined by three inde-
pendent expert laboratories not participating in the col-
laborative trial. This value is used to check for a
signi®cant bias between the robust mean of the results
of all participants shown in the second column and the
target value. By taking into account the con®dence
range of the mean deduced from the t-distribution no
signi®cant di�erence between the target mean and the
robust mean of the trial can be observed indicating that
the method ful®ls the criterion of an absence of bias.
In the third and fourth column the within-laboratory

standard deviation (sr) and the within-laboratory rela-
tive standard deviation (RSDr) of the R-value are
shown. These values represent the variability that can be
expected if a sample is analysed by the same laboratory
in replicates. The RSDr ranged from 3 to 6% depending
on the R-value.
The sR and the corresponding RSDR (or CV) re¯ect

the variability of analytical results of the method
between laboratories. The RSDR ranged from 11 to
22%. Samples with a low R-value are attributed with a
lower standard deviation which ®ts to the speci®c pur-
pose of the method as the su�cient heat treatment of

Table 3

Collaborative results of the ELISA method (R and PK-values)

Laboratory

no.

Animal meal I Animal meal II Animal meal III Meat and bone meal (unsterilised)

R-value PK-value R-value PK-value R-value PK-value R-value PK-value

1 1.13/1.23 1.19/1.67 2.15/1.87 6.7/8.8 2.41/1.69 10.3/5.0 12.8/13.3 90/87

2 1.07/1.04 0.47/0.28 1.85/1.96 6.2/5.5 2.07/2.08 6.9/7.0 14.6/14.6 88/88

3 1.09/1.11 1.16/0.94 1.88/1.72 7.3/5.6 1.96/2.08 11/9.8 10.2/10.3 94/95

4 0.99/1.04 0.35/0.00 1.71/1.55 7.5/6.1 2.23/2.20 9.9/10.3 12.8/13.0 100/102

5 1.10/1.11 0.81/0.89 1.68/1.66 5.4/5.3 2.1/1.88 7.0/8.8 12.4/12.7 91/93

6 1.09/1.15 0.70/1.16 1.82/1.77 6.2/5.8 2.17/2.16 8.9/8.8 13.0/13.4 90/94

7 1.03/1.07 0.27/0.59 1.69/1.87 6.1/7.7 2.02/2.09 9.0/9.7 12.0/12.3 98/100

8 1.20/1.26 1.06/1.42 2.92/2.13 9.3/6.2 3.20/3.11 13/12 15.0/17.9 77/91

9 1.16/1.24 1.13/1.69 1.88/1.81 5.6/6.1 2.33/2.33 9.2/9.2 14.7/15 95/97

10 1.11/1.09 0.67/0.59 1.99/2.03 6.0/6.3 3.30/2.54 14/9.4 16.0/15.0 91/86

11 1.07/1.05 0.47/0.53 1.71/1.71 5.8/5.8 2.20/2.16 9.9/9.5 12.7/13.2 96/101

12 1.10/1.10 0.40/0.64 2.10/2.20 5.4/5.9 2.80/2.70 8.6/8.5 22.0/23.0 106/108

13 1.10/1.09 0.45/0.50 1.72/1.94 5.1/4.7 2.4/2.74 9.4/7.5 15.8/16.0 79/80

14 1.06/1.08 0.58/0.70 1.56/1.62 5.7/5.1 1.92/1.94 8.7/8.5 11.0/11.0 92/93

15 1.32/1.20 2.19/1.36 2.08/2.08 7.4/7.4 2.36/2.24 8.2/8.6 13.0/13.2 83/84

16 1.00/0.90 ÿ0.4/ÿ0.5 1.40/1.50 3.7/4.4 1.60/1.90 5.4/7.6 8.2/8.6 62/66

17 0.93/0.91 ÿ0.88/ÿ0.88 1.36/1.36 3.4/3.2 1.69/1.67 6.3/6.1 9.4/9.4 78/78

18 1.17/1.17 1.1/1.1 1.90/1.93 5.5/5.3 2.72/2.72 10/10 15./15.7 85/87

19 1.17/1.50 0.60/2.88 2.11/1.92 6.1/5.2 2.47/2,49 8.1/8.3 18.0/16 98/84

20 0.97/1.15 0.33/1.50 1.60/1.50 5.5/4.6 1.80/1.70 7.8/6.9 10.3/10.6 91/93

21 1.21/1.19 1.16/1.10 1.99/2.10 6.3/5.6 2.68/2.40 9.6/7.9 17.5/16.7 93/89
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animal meal is proved when the R-value is low. The
between laboratory standard deviation re¯ects the
variability of the method and has to be taken into
account for the establishment of the threshold limit of
the test which is used to di�erentiate between su�cient
and non-su�cient heat treatment of the material. As
shown in the Table 4 R-values of the animal meal sam-
ples I and II are 1.1 and 1.8 respectively. As the unam-
biguous di�erentiation of animal meals treated under
di�erent conditions is crucial for the purpose of the
method it was examined whether the observed di�erence
of these R-values is signi®cant by taking into account
the RSDR of the method. The t-test was employed
showing that the di�erence of the average values related
to animal meal I and II is highly signi®cant (99% con-
®dence interval).
The distinct di�erentiation of these materials is con-

®rmed by a visual examination of the mean value of the
results of all laboratories as depicted in Fig. 1.

3.3. Examination of the PK-values

The corresponding results of the evaluation of the
PK-values are shown in Table 5. The relative standard

deviation between laboratories related to animal meal I
is very high (about 83%) and decreases to 9% if the
corresponding PK value is very high. From this depen-
dency it can be concluded that low PK-values are char-
acterised by a high variability of the data. A comparison
of the evaluation regarding the R-value shown in Table 4
revealed that the opposite relationship applies to the
R-value: the standard deviation of the data related to
low R-values is about 11% and increases to 22% when
the R-value reaches the corresponding value of the
positive control. In order to verify whether this result is
purely coincidental or re¯ects a characteristic of these
measures, the law of error propagation was applied to
the equations for the calculation of the R-value and PK-
value [Eqs. (1) and (2)]. The elaboration con®rmed the
results achieved in this study: If the optical density (OD)
of the samples is assumed to be low (i.e. in the magni-
tude of the negative control) then the R-value shows a
lower coe�cient of variation than the PK-value whilst
the opposite holds true if the OD is in the range of the
positive control.
However, the higher relative standard deviation of the

PK-values which is shown to be an intrinsic property of
equation 2 does not diminish the applicability of this
parameter to detect non-proper heat treatment. This is
demonstrated by comparing the results of the labora-
tories regarding the PK-value of AM I and AM II as
shown in Fig. 2. Obviously the large di�erence of the

Table 4

Statistical analysis of collaborative results for the R-value of the ELISA method

Target mean Mean of the trial sr RSDr (%) sR RSDR (%)

Animal meal I 1.05 1.1�0.05 0.05 4 0.12 11

Animal meal II 1.77 1.83�011 0.1 5.5 0.25 14

Animal meal III 2.1 2.2�0.22 0.13 6 0.45 20

Meat and bone meal (material prior to the

subsequent sterilisation)

14 13�1.3 0.4 3 2.9 22

a sr=within-laboratory standard deviation representing the analytical error.
b RSDr=within-laboratory relative standard deviation.
c sR=between-laboratory standard deviation.
d RSDR=between-laboratory relative standard deviation.

Fig. 1. R-values of the participating laboratories regarding the test

material AM I and AM II.

Table 5

Statistical analysis of collaborative results for the PK-value of the

ELISA method

Mean of

the trial

sr
a RSDr

(%)

sR RSDR

(%)

Animal meal I 0.80 0.26 35 0.7 83

Animal meal II 5.8 0.6 12 1.4 24

Animal meal III 8.7 0.7 8 1.7 20

Meat and bone meal

(material prior to the

subsequent sterilisation)

90 2.3 3 8 9

a For abbreviations, see Table 4.
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PK-values of AM I and AM II respectively compensates
for the high standard deviation re¯ecting the variability
of the data between the laboratory. The distinct di�er-
entiation is also supported by the t-test indicating that
the di�erence regarding the PK-value of AM I and AM
II is signi®cant on the 99% con®dence level.
The examination of the results of the laboratories

con®rms that the R-value as well as the PK-value are
suitable parameters to investigate the appropriate heat
treatment of animal meal.

3.4. Distribution of the data

The coe�cient of variation (CV) regarding the R-
value and PK-value estimated in this study is required
to set a sound threshold for the proper heat treatment
since the CV re¯ects the unavoidable variability of the
method. In general it is assumed that this variability is
caused by random errors resulting in a normal distribu-
tion of the data. Since the standard deviation of a
method is a measure for the uncertainty of the result of
the analysis of an animal meal sample, the RSDR of the
respective parameter has to be taken into account in
order to establish a threshold limit of this parameter.
This threshold value should allow an unambiguous
identi®cation of animal meal that has not been treated
according to the regulation. In general the RSDR is used
to estimate the 95% con®dence interval of the R-value
and PK-value respectively. Since the underlying
assumption of this approach is the normal distribution
of the data, a check for non-normality of these para-
meters of all materials was carried using the Kolmo-
gorov-Smirnov test (Thompson & Lowthian, 1996).
This test was carried out after having discarded extreme
values outside the range of �2.RSDR. The evaluation
of the results of this test indicates, that the R-value and
PK-values of all materials pass the test for normal
distribution.

4. Conclusions

The ELISA method is a reliable method for the sur-
veillance of the appropriate heat treatment of animal
meals, as demonstrated by the results of a collaborative
trial. The statistical analysis of the results of the parti-
cipants con®rm that the sensitivity of the method is
su�cient to detect a divergent treatment of animal
waste from the target sterilisation conditions. Due to
the fact that the results of the laboratories are normally
distributed, a 95% con®dence interval regarding the
R-value and PK-value can be calculated.
In the second part of the study trials will be per-

formed in order to set a limit of the R-value and PK-
value indicating the proper heat treatment of the animal
meal. These trials include the investigation of animal
meal produced in a rendering plant using a temperature
probe capable of remote measurements of the tempera-
ture in the autoclave. Moreover other methods of the
processing of animal waste such as the continuous
techniques will be examined as well. Finally the values
for the R-value received in these experiments and the
95% con®dence level of the method will be used to
establish the tolerance level for theR-value andPK-value.
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