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il MBS B8 ca . (WIn), reflectance spectroscopy was developed. to replede
' inqy"a“ fonventional methods for food analysis e.g. methods for the
o Boyip, ' °f Protein, fat and water. The use of the NIR technique has been
o Qnuy.hrapldly in the recent years and has also found applications in the
o i °f meat products (Lanza, 1983; Kruggel et al. 1981).
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! ref
gt Tepy, u:,’“"‘_’lCe analysis has many advantages to its use, such as speed,
s ethog “’“}ty and no use of chemicals. However, since NIR is an indirect
of Yelhhle € instrument has to be carefully calibrated in order to achieve
results
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in , ::0 NIR reflectance spectroscopy has been used in the process control
in;ly“. Processing company in Norway. The use has included composition
o th, £ of raw materials, of preblends for comminuted meat products, and of

e
n
o 'ltixh::hed Products. The accuracy of the analysis has been considered

sr 3 °Ty for the intended use (Martens et al., 1981).
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;:;r o i:u::;trols of the performance of the overall NIR analysis of raw,

W "Mc $nds Meat samples showed increased standard errors of predictions,

gel! Teagon, {lcated lower accuracy of the analysis. This paper discusses the

o i l.nc‘" this and suggests steps to improve overall calibration. The

10 € of introducing effective error detecting systems is stressed.
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t "lrrcf':’“llent used is InfraAlyzer 400 (Technicon Instrument Co.) with 19
A t“'\llt.ndp-.s interference filters. The light source in the instrument is

é"?’ 'Ivel,n!:: }""IL The diffusely reflected light from the sample at each

"(ﬂ L8 Y 18 collected by means of an integrating sphere and focussed into

o 3 8la,, "UIPhide detector. The sample is packed into a sample holder without
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samples were obtained under the same conditions as the

nd prediction samples. Fifty samples each of 2-3 kilograms were
1500 kilograms preblended batches of ground (8 mm) beef and

. 2% sodium chloride and 17% water. The batches were preblended
d‘l‘zuio:ln in horizontal mixers with double wings moving in opposite

{ kll cho 8. The samples were homogenized for 2-3 minutes in a laboratory
tq“ml.l’l:er (Robot-Coupe, No. 4) and analyzed for protein, water and fat
; any Y Standard chemical methods and by the NIR-technique in the

1 ° Quality control laboratories. The latter analysis was based on the
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93] .'lli;llelbrftion Parameters originally determined in 1980, using stepwise
1 df inear regression.
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,l' ,:Ving fo *d chemical methods were Foslet for fat, Kjeldahl for protein and
’N' 5 d‘lidr 14 hours at 102-105°C for water (Nordisk Metodik-Komite for
16 “1%‘ ler, 1955). The ranges for each component in the samples were as
’ 28 analyzed by the standard methods:
s Water 54.5-72.4%
Fat 8.0-30.9%
S!Q : Protein 10.4-16.8%
1g
W ::‘Yl ‘h: TOot mean square standard error of the original prediction; the
il 2 ‘hnd' e ®Viation of the differences between the values of the standard
o i:“'fe Bt:d the NIR-values in the prediction set. SEPC is the root mean
f Per Ndard error of the 50 recent control samples. Both terms are given
I €0t of wet weight.
| “ pr
:(au' k“'lol::!nc’ of outliers in the control data set was tested by a sample
A €St (Barnett and Lewis, 1978):
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SNEV % = number of control samples
,l 8 = standard deviation between samples
5 X, observation of a certain property in sample i
FM‘, Ig x mean of observations over all samples.
!rlf ‘MTN e
g5 g oﬂégr:cefdﬂ the critical value tabulated in (Barnett and Lewis, 1978),
v Uy Cap e““’n with the largest value of Ixi-xl is considered an outlier
sﬁﬁ g, in o 9eleted from the data set. This test is suitable for consecutive
] Qattdlg Presence of more than one outlier. T is then computed
'I“‘i ity With n, x and s based on the reduced data set.
i ¢, fr
it 1::‘ t :‘ 10 fddilional meat samples within the same ranges were used to
o Wik . “Predxccive ability of the fat calibration obtained, using partial
d]; {;.Fle.. ATe regression (PLS). These 10 samples were considered 'normal’
o %: Sang :la from 10 other samples of a different quality were also used in
y Th: ang) AY. These samples did not contain any added salt and water, and
Ve l.\te“!d in a different laboratory with respect to NIR and fat content.
“‘ & Samples were considered 'abnormal'.
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[w ::Q data of each of the 10 'normal' and 10 'abnormal' samples were

”[ Vay, o‘,‘:iu‘t PLS calibration model whereby two different outlier criteria
e (qennh“ed- One was the NIR lack-of-fit residuals averaged over the 19
| q“fe,en“', Which is termed d. The second is leverage (h). In addition, the
i tmg between chemically and NIR determined fat percentages (e) was
Q"A] for each sample.
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i!r Studies have not indicated significant differences in absorption
Or beef and pork in the NIR region (Lanza, 1983 and Martens et

al., 1981), onme calibration was used for preblends containing both beef and
pork.

Table 1 shows the standard errors of prediction in 1980 and 1983 (SEP and
SEPC, respectively) in the analysis of meat preblends, both in original form
and normalizing the sum of water, fat and protein to 100%. In the calibration
control data set of 1983, the SEPC's have increased considerably for water,
fat and protein. The fat and water error terms have more than doubled over
the period. This was a reason for serious concern to the company as NIR
analysis is regularly used to adjust the composition of the meat preblends
in the proc ing lines. Normalizing the sum of protein, fat and water to
100% decreased the SEPC of the water analysis, while the corresponding term
for fat and water essentially remained constant.

In table 2 the deviations between the individual measurements from the NIR
and standard chemical analysis are desribed in more detail. For the fat and
particularly the water analyses the mean biases were high and indicated

systematic errors either in the NIR or the standard analysis. In addition,

certain individual samples yielded abnormally large differences between
chemically and NIR-determined results. Whether these abnormalities were due
to errors in the standard chemical analysis or in the NIR-determinations,

was studied by inspection of the sums of fat, water and protein.

The average sums of fat, water and protein for chemically and NIR-determined
data over all samples were 95.7% and 97.1%, respectively. Hence a bias of
1.4% was observed. The sums of water, fat and protein in different cuts of
beef and pork are reported to be in the range 99.5-100.5% (Livsmedelstabel-
ler, 1978). Taking into account that 2% salt was added to the meat preblends,
this means that one or several of the components systematically were under-
estimated by the standard chemical methods, while the NIR determinations only
had a minor sum bias.

The frequency distribution of the individual deviations between the sums is
given in figure 1. One sample with a deviation of 7.7, which is excluded
from this figure, was found to be an outlier at the 95% significance level
according to the sample kurtosis test (TN 5) (5, figure 2). Inspection of the
individual analysis of that sample reveal‘ed a large overestimation of water
by the standard chemical method. Seven of the remaining 49 samples showed up
as a heavy tail in the frequency distribution. These samples were not judged
to be outliers in the formal sense of the T ~test, but we found it
worthwhile to study them separately as the reason for their non-outlying
status might just as well be a consequence of the distribution at hand not
being normal.

Plotting the deviations of the individual constituents in each sample as
functions of the chemically determined constituents gave additional
information. The protein deviation was small over the whole concentration
range of protein. The fat deviation was small at low contents of fat, - but
a larger, negative deviation between the NIR-and chemical technique was
observed at high fat contents (>22% fat). A high water deviation was found
at low moisture levels in the meat (<60% water). This is in agreement with
earlier studies where a less reliable NIR-prediction was observed at higher
fat levels (>17% fat) (Hildrum et al., 1982).

The relationship between leanness and water content of meat has long been
known (Karmas et al, 1961). Figure 2 shows this relationship as straight
lines estimated by linear regression over the 50 samples, one for the
standard chemical analysis and another for the NIR analysis. The mean
deviation for the water in the NIR and standard analyses was 1.3%, which is
very close to the mean bias between the sums of all three chemical
constituents (1.4%), indicating that water was a primary error source. The
best fit was obtained between the NIR-determined fat and water contents with
a correlation coefficient rNIR = =0.99. For the chemical analysis the
corresponding coefficient was r = = 0.96, which increased to -0.98 when
the above mentioned outlier was cel')'(zc:'luded.

In figure 2 the individual data for seven samples with a sum deviation
exceeding 3.0 are plotted. For the NIR-analysis, a good fit between fat and
water contents was obtained even for these samples. However, for the standard
analysis negative deviations in moisture content were observed in 6 out of
the 7 samples. This indicated underestimation of water by the standard
chemical method. In the seventh sample, the high sum deviation was probably
caused by an error in the NIR-determination of protein (6, figure 2).

The direction of lines connecting the chemical results and the NIR-results
in figure 2, indicated that the water deviations were larger than the fat
deviations for 5 of the 7 apparent outliers, while two displayed fat
deviations in their chemical data.

The reasons for the underestimation of water by the standard chemical method
might be several, where incomplete drying of the samples was the most
probable factor. The drying at 102-105°C was done for all samples without the
addition of sand. For high-fat samples it is recommended to mix in sand to
ensure a complete drying (Nordisk Metodik-komité for Levnedsmidler, 1955).
Another reason might be variations in salt contents in the samples, as salt
is known to give shifts in the water-peaks in the NIR-region (Lanza, personal
communication). These possibilities are presently being explored.

This study shows that regular control and adjustments of the calibrations
are necessary to keep them reliable and accurate. Also care must be taken to
incorporate new, representative sample types to the calibration and to
update calibration results which are outdated. There is a human tendency to
have blind faith in the results generated by computers. As the instruments
get more complex, this danger will be even more serious. The need for
reliable error detection or alarm systems in the future is evident.

Table 3 shows the control results obtained when comparing the 'normal' and
the 'abnormal' meat samples to the PLS calibration. The ‘'normal' meat
samples yielded fat determinations of the same accuracy as that obtained
during calibration, while the 'abnormal' samples gave higher prediction
errors. However, these abnormalities could be determined automatically.
While every 'normal' control sample gave NIR residuals (in absorbance units),
and NIR leverages (in relative units) close to the levels obtained during
calibration, every 'abnormal' control sample gave much higher residuals and
leverages. This confirms results obtained with cereals (Martens and Jensen,
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1982), indicating that outlier detection is possible by multivariate pattern
recognition techniques.

The authors want to thank Ms Ingebjgrg Pedersen and Ms Mari Buer for
technical assistance and Ms Iris Sigdestad and Ms Ulla Brdthe for typing and
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PROTEIN FAT WATER
SEP (1980) 0.57 0.81 1.14
SEPC (1983) 0.95 1.48 2.87
SEPC (1983)
(normalizing sum o P Vund
of protein, fat
and water to 100%)
TABLE 1. Standard errors of prediction of original prediction
(SEP, 1980) and of a calibration control prediction

(SEPC, 1983), given in per cent wet weight

Maximum Minimum Range of B
deviation deviation deviation
PROTEIN 4.3 1.8 6.1 -0.11
FAT 2.1 5.0 Tied 0.61
WATER 5.7 -7.3 13.0 2.14
SUM OF THE y ) )
4.6 -7 12.3 1.4
3 COMPONENTS
TABLE 2 Deviations between the individual measurements from the
NIR and standard chemical analysis
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NIR FAT
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d-102 h e
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Calibration samples
(n=50)
a
average 125 0.1 0.5
o v e |~ s 2L 23 Saodas 5 % e l’/
'‘Normal' control
samples (n=10)
MINIMUM 0.5 0.1 0.0
MAXTMUM 2.0 0.5 0.8
a
average i 0.2 0.3
- o - x = = l/
'Abnormal’ control
samples (N=10) |
MINIMUM 9.6 3.4 0.3
MAXIMUM 17.5 13.1 2
a
average 12,80 7.8 1.9
./
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The frequency distribution of the individual deviation
the sums of water, fat and protein contents for the
chemically determined data for 50 meat samples (abscis®
= 0.17%).
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