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iggRODUCTION: Pork quality objective assessment has been defined as a high priority. Pale,
mml'and exudative (PSE) or dark, firm and dry (DFD) meat are two of thg mgst prevalent pork
he 1ty problems. A recently conducted survey (Kauffman et al., 1992) }ndlcated that 26% of
erslaughter hog population in 14 major US packing plants showed unde51rab1e qgal}ty .

N acFEIistics, such as PSE (16%) and DFD (10%). An accurate method for 1§ent1§y1ng PSE in
he dlrectly on the slaughter line would enable the packer to 1nclud§ a price dlffe;entlal in
ﬁthvalue system for pork. The objective of this study was to determine if information,
mmd?r Qqualitative or quantitative, derived from elastography could be used to detect or

1ct pork quality differences in two ham muscles.

ggﬁgIALS AND METHODS: Hams (n=40) were evaluate@ 24 h after s;aughter using pork.quality
Surf ards (NPPC, 1991) for variations in color, firmness and m01s;ure at the anteylor lean cut
eanace' PSE, DFD, red, soft and exudative (RSE) and normal grayish-pink color'w1th norma}
(Bf) texture hams were used as treatments (n=10 per treatment). Two muscles, Biceps femoris
&bm and Semimembranosus (Sm), were excised from each ham. A 50x50x%30 mm block was obtained
Steg the center of each muscle for elastography analyseg. Frgm the remaining muscle, a 2.5 cm
%l Was removed and Hunter L*, a* and b* values. A mirror-image steak was used for sensory
Color determination using a 1l0-member trained meat color degcrlptlve attrlbuge panel for lean
1=ver (5=very firm and dry; l=pale pinkish gray) and lean firmness (5=very firm and dry;

ho LY soft and very watery). The remainder of each muscle was composited and pH, water

det lng Capacity (WHC), and fat (%) and moisture (%) analyses were completed. WHC was :
(AOAgmlned as defined by Rubio (1995). Percentage of fat and moisture and pH were determined
}mmo + 1990). For elastography analysis, a standard foam material that was structurelessf
9€neous, and with viscoelastic behavior within the range of the samples and that provided
The Tast to meat samples in elastograms was used to measure the local strain of each image.
Oam was placed below the meat and they were evaluated under water (2-3°C). Elastography
€rformed as described by Ophir et al. (1991). A new method to improve the quality of the
COHVZS was implemented as described by (Céspedes and Ophir,.1993). The resulting image was
Calcufted to a gray scale of 0% (black) and 3% (white) strain. Elastography_ratlo was

On). ated from each image as the ratio of the foam strain and the meat strain. Images, meat
1&@' Were subjected to a texture extraction process (Haralick et al., 1993 FeHourteen omay.-
830} . COOCCurance matrix statistical texture parameters (GCCM parameters) were extrgcted from
&stalmage at four angles (0, 45, 90 and 135; all angles were averaged) and four neighborhood

Wag b

sAS(nCes (1, 2, 5, and 10). Statistical analysis were performed using the GLM p¥ocedure of
Cory 199?) and means were separated with Tukey Studentized Range test (p<.05).‘ Simple :
Lo elaFlon coefficients between independent and dependent variables were obtained and linear

€Ssion equations for predicting quality and compositional characteristics were developed

tecgz¥imUm R-square (R2) and minimum standard error of the estimate (SEE) improvement

Uus 1ques using the stepwise linear regression method (SAS, 1991; P<.15). Because data for
Study are continuous, classificatory discriminant analysis was used (Silverman, 1986).

RESU

mmciTS AND DISCUSSION: The Bf was redder (Hunter a* = 5.0) than the Sm (Hunter a* = 3.8) and

10w ®S classified as PSE were lighter in ‘¢olor -(dean color = 1.9 8Hunter L* = 42 1) had

GJ_r Moisture (74.4%) and lower pH (5.5) than muscles classified as DFD (3.1, 34.0, 75.4 and
mh&erespeCtively). Similar studies have reported that PSE meat is associated with high

Usey * and b* values, but do not differ in a* measurements (Chizzolini et al., 1993). RSE
thy, oS tended to be slightly darker red (lean color = 2.9, Hunter L* = 35.3, Hunter b* = 6.7)
10w rnormal muscles (lean color = 2.4, Hunter L* = 38.2, Hunter b* = 8.5) and RSE muscles had
ingj,, PH (5.9) than DFD muscles (6.1). The aforementioned differences in lean color and pH
°fth:ted that quality classifications in this study were acceptable to address the objectives

ang Bf Study. Elastography ratio did not differ (p>.05) across muscles (1.8 and 1.0 for Sm
DFD Muscles, respectively) and quality categories (2.2, 1.1, 1.6 and 0.9 for poymal, PSE,
PSE 0d Rsg muscles, respectively); however, elastography ratio accurately classified 20% of

Masand DFD samples, and 65% of RSE samples using descriminant analysis (Table 2). Either
%ffeography ratio was not sensitive to differences between quality classes or quality

8y Tenceg among these groups were not reflected in muscle softness. Standard deviations for
Slag Ography ratio were higher for normal samples and Sm muscles. Visual examination of the
cwmrograms showed that contrast between foam and meat in DFD muscles was greater than the

the ast in either normal, PSE or RSE muscles indicating that DFD samples were less soft than

Psp so oF three quality classes. As elastography ratio increased WHC decreased (r=-.69). In
Slag 2mpleS, moisture was correlated with elastography ratio (r=-.56). In DFD muscle,
Slase . 9¥aphy ratio was highly correlated to WHC (r=-.50) and pH (r=-.52). In normal samples,

e]~él§togr‘31pl’ly ratio had a low correlation with L*, a* and moisture. In summary, as
Slag Ography ratio increased, lean color, lean firmness, WHC, moisture and pH decreased and as
text ography ratio increased, L*, b* and fat percentage increased. In a second analysis,
Dﬁram € parameters were calculated from elastograms and used to predict pork quality
Sters using linear regression (Table 1). Texture parameters from PSE samples were highly
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correlated to firmness and WHC. On the other hand, texture parameters from DFD samples were
highly correlated to lean color and the chemical, sensory and mechanical attributes of pork
muscle. Regression equations for normal muscles showed that color and WHC were highly
predictable; however lean color, b* value and fat were not highly predictable using GCCM
parameters. For PSE muscles, regression equations using GCCM parameter were highly predictive
of pH, firmness and fat. Regression equations using DFD muscles were highly predictive for a*
values and WHC, whereas regression equations for WHC from RSE muscles had an R2 of 88% and
greater than 60% of the variation in other quality attributes. Discriminant analysis (Table
2) indicated that elastography ratio and GCCM parameters could correctly classify PSE (70%)
and DFD (60%) muscles, however, normal and RSE muscles had higher rates of misclassification.
Kauffman et al. (1993) used discriminant analysis and they found a 57% classification rate.
When elastography ratio was introduced into the equation, the accuracy for PSE samples
increased to 85%, but decreased for DFD (57%) and RSE (15%). When elastography ratio was used
alone, 20% of PSE, 21% of DFD and 65% of RSE samples were accurately classified.

CONCLUSIONS: Quantitative elastography was not successful in detecting or predicting
differences in quality groups for pork muscles; however, qualitative elastography was able to
differentiate the elasticity differences among pork quality classes. Therefore, elastography
has potential to be a non-intrusive, instrumentation tool for determining differences among
pork quality groups; however, further research is needed to improve the efficacy of
quantitative elastography to automatically detect pork quality defects.
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Table 1. Prediction equations for chemical and sensory attributes for Bf and Sm muscle from
normal, PSE, RSE or DFD pork hams.

Normal PSE DFD RSE
Dependent Variable2 R2 SEE RZ  SggE RZ SEE R2 SEE
Lean color .09 .40 .41 126 NS NS .60 32
Lean firmness .40 .32 .84 .19 37 oS5 .74 1528
Hunter L* 55 2,62 .60 s Wb .40 2.49 -50 2,00
Hunter a* .68 T8 53 .82 .89 .43 .66 .69
Hunter b* +20 .86 w50 .64 .34 .58 .86 B
Water holding capacity e 1 4.70 64 8.39 80 3.66 88 3131
Fat, % 6 4049 .78 15310 15 89 S92 <35
Moisture, % .74 w53 78 £ .08 o 3 .67 76
pH 225 AN .89 .05 .60 .19 .66 12

NS = Not significant at P<.15.

Table 2. Percentage of samples from Bf and Sm muscles and from PSE, DFD, RSE and normal pork

paramters averaged by distances, and GCCM parameters at each distance.

Predicted Groups using Predicted Groups using Predicted Groups using

Elastography Ratio GCCM parameters averaged GCCM parameters at each
Actual by distances of the distances
Treatments Normal PSE DFD RSE Normal PSE DFD RSE Normal PSE DFD RSE
Normal 10.00 ' =10. 0055205007 55.00 50 .00 18.06.7 9172 22.22 50«39 19544 T34 L2806
PSE 15500 2200004 155002.50.00 2222229217 225222639 13084 ~54:27 <1944 E2%50
DFD 2005 5021005221 505736584 200.59::27:94- 35,29 :16.18 10 2951765 52,94 v19:12
RSE 50023000 0.00 65.00 20. 00w=20:00 510560« 50500 18033521567 30.00:=30:00
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