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Background i i i ing efficient methods
t € meat tenderness problem recognized in many countries has led to an mcreasgd lnterest.m developing efficien rr:lg
x enderness assessment. By efficient methods is here meant rapid, nondestructlye and rehgble measurement tec mguhes.
8 such techniqueis near infrared (NIR) spectroscopy, which has proven useful in the proximal analys!s of meat, and has
dlso shown promise in assessing tenderness of beef (Hildrum et al, 1994). A beef manufacturer will usually be more
Terested in whether a meat cut is unacceptably tough, acceptable or very tender, -than in the exact tenderness value of thle
- Classification methods are therefore more relevant for this purpose than quantitative gallbratlon methods. Rec'ebntK
"Ssuls om the classification of beef sensory attributes using ultrasonic spectral features as input data was reported ( ag
Xal, 1995). Using 2 tenderness subgroups and a sensory score of 5.0 as threshold between the groups, a 75.0 %

aCCUracy for muscle fiber tenderness and overall tenderness classification was obtained by neural-network modelling.

F“""D()s.e

She Purpose of this study was to examine classification techniques in predicting sensory tenderness of beef from NIR
? foscopic analysis by 2 different classification methods.

Mateﬂals an S
M °"gissim:shggﬁ;°rguscles from 30 Norwegian Red Cattle were removed 45 min after stunning. Loins from 20 carcasses
Yerg Conditioned for 26 hours at 15 °C, chilled and aged for 7 days at 4 °C. The remaining 10 loins were chilled at 4 °C nght
o " excision and aged for 7 days at 4 °C. After 2, 7 and 14 days samples were taken for NIR and sensory analysrl‘s
N ording to procedures described by Hildrum et al. (1994). NIR reflectance spectra (InfraAlyzer 500, Bran & Luebbe thgd,
S°fderstedt, Germany) were obtained both on fresh, raw samples and on samples that had been frozen and thaw t
< aples for sensory analysis were heat treated at 70 °C for 50 min (30 samples) or 75 min (60 samples) and kept frozen al
o C until the time of analysis. The samples were classified in 3 subgroups accordmg to the sensory analysis, - one
Joup With tenderness values 1.0-5.0 (tough), the second 5.0-6.5 (iniermediate) and the thlrd 6.5-9.0 (tender). Also a two-
?t:luD Classification was used, - tough below 5.0 and tender above 5.0. The sensory intens:ty_ scale was from _1 (tohuglh) t% _9
di der), The two classification methods used were based on 1; principal component regression (PCR) and 23 Mal Iaano is
u:tanCes in principal component subspaces (MDC) (Mardia et al., 1979). For method 1, two different allocation rules were
coed- ‘normal* and "bias reduced". For method 2, the distances for each sample to each of the subgroup means were
W Puted and the sample allocated to the closest subgroup. Membership values for eaph sample for each of the subggot.lfpﬁ
c:)r 0mputed from the distances as described by Naes and Hildrum (1995). Vqludatlpn of the methods was done by fu
Do “Validation and by segmented cross-validation with all samples for each ammallln one segment.'Data an%IySIs vrz%s
Us:)rmw in the UNSCRAMBLER (Version 5.5, Camo AS, Trondheim, Norway) and in SAS (SAS Institute Inc. Cary, NC,

ReSults,
. and discussion =
gzlna. N the loing ranged from 5.36 to 5.73, while sensory tenderness scores ranged from 1.85 to 8.24. EC_R prec?lc(:)tlgg %‘
Po Ory tenderness from NIR analysis of 90 fresh or frozen samples yielded mu!twanate correlation coeﬂ|CIent1s 10:3 f. »
erShand 0.70 (4 PC), respectively (Fig. 1). The root mean square error of prediction (RMSEP)r were 1.20 andF.. 1, (;,rh icﬁ
Sho and frozen sample models, respectively. The strong overlap between the 3 subgroup_s is evident frpm Ilg.' Ei el
by tnls the PCR predicted versus measured sensory tenderness values for fresh samples.OUsmg the allocatlon. ru (?3":’/0')03 .
for fre dotted lines ("normal"), the number of correct classifications were on average .63 /o (random probability : 0 .
foy SSh ang frozen sample measurements (Table 1). The percent correct classifications fgr the extr_emehsu“ groupln
all gh{te”der) were very low, but very high for the intermediate group. The 3 subgroups classification using the n)grmae
o 'O rule was thus of little use. However, it is important to note that there was no overlap betvs{een the two extrem
ps, Which means that the chance of misclassifying a tender sample as tough was very small and vice versa.

o ficati i is that PCR did shrink all predictions
oy, S3SON for the low percent correct classifications above in the extreme groups is thal | (
(ﬁf‘ 1ds the Center of thg data set (Martens and Nzes, 1989). This effect can be recjuced by chgnglng the allocation rule
%ttd €d bias") so that the group intervals of the ordinate axis in Fig. 1 are determined by the mtgrse_ctlon_s betwegn the
Sup ines Parallel to the abscissa and the regression line. This makes the percent correct classifications in the different
99Ups more even (Table 1).
Co

for?]pa.red to the "normal" allocation rule based on PCR, MDC behaved differently as % correct classfications were lower
the tr'e Intermediate group than for the extreme subgroups. The membership values for the fresh samplgs are presgntedb:n
Oven) gle in Fig. 2, where the allocation regions for the three supgroups are separated by solid lines. Consnderfa he
S existed between neighboring groups, but aimost all misclassified extreme samples were close to the border of the

199




correct group. There were no tough samples in the "tender" sector, while two tender samples are to be found in the "tough”
sector of the figure.

Classification in 2 tenderness groups by PCR was examined using 5.0 as threshold value for tenderness (random
probability 50 %). The average correct classifications now increased to 80 % using the "reduced bias" allocation rule with a
higher correct classifications percentage for tender (83-85 %) than tough (66-76 %) samples.

Conclusions

Classification of beef sensory tenderness from NIR reflectance measurements on fresh or frozen meat samples has been
studied by classification techniques based on PCR and MDC. There was considerable overlaps between neighbor groups,
but seldom overlaps between extreme groups for the 3 group classifications. Average % correct classifications for models
with 2 or 3 tenderness groups were in the ranges 78-81 % and 49-63 %, respectively. The percent correct classifications for
the tender group (2 subgroups) were in the range 83-87 %. The classification results are highly dependent on the rules for
allocation of samples into subgroups.
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No of State of NIR Classification Allocation PC’s % correct classification
subgroups samples method rule in model
Tender Intermed. Tough Average

Fresh Normal 6 9 92 40 63

Frozen/Thawed 4 18 94 20 63

3 Fresh PCR Bias corr. 6 95 47 67 52
Frozen/Thawed 4 67 63 67 64

Fresh MDC Normal 3 62 35 80 49

Frozen/Thawed 3 62 a7 73 49

Fresh Normal 6 87 - 66 78

Frozen/Thawed 4 88 - 71 81

2 Fresh PCR Bias corr. 6 85 - 74 80
Frozen/Thawed 4 83 - 76 80

Table 1. Classification of 90 M. Longissimus dorsi bovine samples in tendermness groups based on NIR measurements and sensory analysis
(PCR: Principal Component Regression; MDC: Mahalanobis Distances Classification)

PREDICTED TENDERNESS

o}

1 2 3 4 5 6 7 8

MEASURED TENDERNESS '
Intermediate

Figure 1. PCR predicted versus measured tendemess for 90 fresh . '
beef samples; with allocation into 3 subgroups ( «normal» Figure 2. Membership map for 90 fresh beef samples in the MDC

allocationrule; _ _ _ _ _ «bias corrected» aliocation ruie; tendemess classification (@ tough; Q intermediate, E3 tender)
regression line)
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