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Characterization of Fatty Acid Profiles of Beef Fat by FTIR Spectroscopy and lts
Application to the Quality Evaluation

Japanese Black Wagyu beef has been widely accepted by consumers in Japan even
at a much higher price than imported foreign beef because of the high quality of its superior
marbling and paiatability. From the findings of previous investigations, it is known that the
flavor and mouthfeel was affected by fatty acid composition of beef fat. Therefore, rapid
characterization of fatty acid profile of beef fat is of great interest. On the other hand, in
Japan, evaluation of beef quality is determined by visual inspection according to Japan
carcass grading standards, and depended on the experience of skilled inspectors. Thus,
the development of an objective evaluation method for beef quality traits according to the
Japanese carcass grading standards is also necessary. In this study, subcutaneous, inter-,
and intramuscular fats (muscle tissue) were sampled from twenty-two Japanese Black
Wagyu carcasses as specimens. The ATR-FTIR spectra and fatty acid composition were
detected. The fatty acid profile of Japanese Black Wagyu beef was investigated and
compared with that of American, Australian, and Chinese cattle. The partial least squares
(PLS) regression models of fatty acid composition for extracted beef fat and non-processed
fat tissue were developed by the application of ATR-FTIR spectroscopy and the informative
regions selected by genetic algorithm (GA), interval PLS (IPLS), and moving window PLS
(MWPLS). Principal component analysis (PCA) and canonical correlation analysis were
used to explore the correlation between beef quality traits according to Japan carcass
grading standards and fatty acid profile. Moreover, the potential of the application of
ATR-FTIR spectroscopy to predict beef quality traits including beef marbling score (BMS),

beef color score (BCS), brightness, firmness, and texture, was investigated. The results of
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gas chromatograph (GC) indicated that C18:1 and C16:0 accounted for over 70% of the

total fatty acid in Japanese Black Wagyu beef fat. In addition, monounsaturated fatty acids
(MUFA) content increased in the order of muscle tissue, intermuscular fat, and
subcutaneous fat; saturated fatty acids (SFA) decreased in the same order. This tendency
agreed with the results in the previous investigations which indicated that bovine tissues
near the body surface would have higher content of MUFA than internal tissue. Moreover,
compared with the subcutaneous fat from Japanese Wagyu cattle, muscle tissue on
average had 4.6 percentage units more C18:0 and 3.0 percentage units less C16:1
resulting in a lower ratio of MUFA and SFA (1.78 compared with 1.26). The percentage
contents of C18:2 were similar in all of subcutaneous, intermuscular fat, and muscle tissue.
In this study, the fatty acid profile of another eight intermuscular fat samples from Chinese
cattle was compared with that from Japanese Wagyu cattle. From the results, it was
suggested that Japanese Wagyu cattle had less contents of SFA and C16:0, and higher
ratio of MUFA to SFA than Chinese cattle. In addition, from the relationship between C16:1
and C18:0, it was suggested that Japanese Black Wagyu cattie graded better than “below
average” could overall be distinguished from Chinese cattle. Moreover, fatty acid profile of
Japanese Black Wagyu cattle was compared with the resuits from previous investigations
about Australian and American cattle, it was indicated that the subcutaneous fat from
Japanese Black wagyu cattle could provide higher content of C18:1 (48.89%), lower
content of G18:0 (5.87%), and higher ratio of MUFA to SFA (1.78) than the reported values
of subcutaneous fat from American and Australian cattle which were 47.3-39.0%,
26.1-7.6%, and 1.59-0.77, respectively. Finally, the PCA result of fatty acid composition

allowed subcutaneous fat to be distinguished from muscle tissue, but intermuscular fat
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was indistinguishable from subcutaneous fat and muscle tissue. And the contents of MUFA,
SFA, and the total contents of fatty acids with equal to or less than eighteen carbon atoms
were the significant factors in the PCA analysis.

In the investigation of the application of ATR-FTIR spectroscopy to predict fatty acid
composition, the informative regions for six major fatty acids (C16:0, C16:1, C18:0, C18:1,
SFA, and MUFA) in extracted fat and non-processed fat tissue were selected by use of GA,
IPLS, and MWPLS. Comparing with the results of PLS models of fatty acid composition for
extracted and non-processed fat by using whole region (600-4,000 cm™), the PLS models
based on GA, IPLS, and MWPLS had better prediction ability. Moreover, it was found that
the PLS models by the use of optimum informative regions or the optimum combination of
informative regions selected by GA could provide better predictability with greéter
correlation of determination (R%) and lower root mean square error of cross-validation
(RMSECV) than ones based on IPLS and MWPLS. Furthermore, it was indicated that the
predictability of PLS models for extracted fat was significantly improved by GA, however, it
was difficult to select informative regions for raw fat tissue and the predictability of PLS
models based on GA could not effectively be improved. Finally, in order to confirm the
robustness of the calibration models by use of GA, the PLS regression models of fatty
acids with 70% of the total spectra as calibration dataset and 30% as validation dataset
developed by the use of the optimized informative regions or the optimized combinations of
the informative regions base on GA could provide R?of 0.931-0.984 and RMSEP of 0.792
and 1.205. For non-processed fat tissue, the PLS regression models based on GA showed
lower predictability with R? of 0.589-0.707, and RMSEP of 1.327-3.573.

In the investigation of the application of ATR-FTIR spectroscopy to predict beef quality
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traits including BMS, BCS, brightness, firmness, and texture, firstly, PCA and canonical
analysis were used to explore the correlation between fatty acid profile and beef quality
traits. And then the PLS regression models for beef quality traits were developed. From the
results of PCA and canonical correlation analysis, the correlation between beef quality traits
and fatty acid composition were qualitatively and quantitatively confirned. The first two
pairs of canonical variables could almost represent total information about fatty acid profile
and beef quality and the correlation coefficients (r) were 0.9075 and 0.6654, respectively. In
the development of PLS models for beef quality traits, GA was used to select informative
regions. For extracted beef fat, ATR-FTIR spectroscopy was able to effectively predict beef
brightness with R? of 0.73 and ratio prediction deviation (RPD) of 1.99, which is one trait of
beef quality according to the Japanese carcass grading standards. In addition, correlations
obtained for all of the beef quality traits by non-processed fat tissue and other traits except
brightness by extracted fat may be assumed as indicative of the lower level of estimation of

beef quality criteria that may be expected when using ATR-FTIR in commercial practice.
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