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Fat Distribution in Albacore and Nondestructive Determination
of the Fat Content by Near Infrared (NIR) Spectroscopy

Junji Shimamoto,*! Kaoru Hasegawa,*!
Hiroki Fujii,*2 and Sumio Kawano*3

Measurement of fat distribution in albacore by a conventional method and nondestructive deter-
mination of fat content in the whole body of albacore by near infrared (NIR) spectroscopy were per-
formed. Fat content of the central portion of the body was well correlated with that of the whole
body. As a result of multiple linear regression based on 2nd derivative spectra of the central portion
of the body and fat content in the whole body, a good calibration equation having d2 log (1/R) at fat
band of 926 nm as the first variable was obtained. The RPD* value was 2.2. It was concluded that
NIR spectroscopy enables determining the fat content of the whole body of albacore by measuring
the NIR spectra of the central portion of the body with an interactance probe.

* RPD is the ratio of standard deviation of reference data in prediction set to SEP.
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Fig. 1. The sampling portions for the measurement of the distribution.

Table 1.
‘semi-fat’, and ‘fat’ albacore

The length and weight of ’non-fat’,

fork length weight
T wm Gverge)  (average)
65~69 5.1~5.6
non-fat 5 (67.0) (5.4)
_ 58~66 4.0~5.9
semi—fat 5 (61.2) (4.8)
58~68 4.2~6.2
fat 5 (60.5) (4.7)

*1 ranking by broker’s estimation
*2 y: the number of samples used.

Table 2. The length and weight of albacore in

calibration and prediction sets

fork length weight
sample set n* (average) (average)
cm kg
calibration 55 5&;3)0 2.?5:2%.2
prediction 55 4(%;{;3 1.:(3573.3
45~80 1.8~9.3
10 “61.6) (5.1)

* n: the number of samples used.
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Fig. 2. The sampling portions in the cross section
of the sample for the measurement of fat distri-

bution.
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Fig. 3. The sampling portions for measuring the fat content of the whole body. Each portion (shaded) occupies

about 20% in weight of each block.
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Fig. 4. The fat distribution in ‘non-fat’, ‘semi-fat’ and ‘fat’ albacore.
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Fig. 5. Relations between the fat content of each
measurement portion and the fat content of the
whole body.
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Fig. 6. Second derivative spectra of frozen alba-
core having low, medium and high contents of
fat, and the oil extracted from albacore.
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Fig. 7. The correlation spectrum when the first
optical term was selected to make the caribra-
tion equation for determining the fat content in
each measurement portion.

Table 3. The statistic data of calibration and
prediction sample sets for determining fat con-
tent (%) in albacore

Measurement portion

sample set

whole
B1&®* CO* Cco* body
Calibration
5.5 0.4 0.4 4
range ~60.8 ~37.7 ~37.4 ~24.2
average 39.3 19.8 18.7 12.6
S.D. 13.0 10.5 10.4 7.0
Prediction
6.0 0.6 1.0 0.6
range ~59.2 ~375 ~334 ~245
average 39.6 20.0 19.7 13.1
S.D. 13.1 10.5 10.1 6.7

S.D.: standard deviation
* See Fig. 1 for the location of the measurement portions.
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Table 4. Results of calibration and prediction for determining fat content in each measurement portion

wavelength selected (nm)

measg?ment R*1  SEC (%)*2 SEP (%)* Bias (%)* RPD*
portion a1 A2 13 4
BI® 942C 1056 830 700  0.77 8.7 10.0 0.0 1.3
926A 908 984 878  0.84 7.3 8.9 0.7 1.5
@ 938C 890 998 780  0.93 4.0 4.6 —0.3 2.3
926A 896 776 1006  0.93 4.0 5.2 -0.8 2.0
% 932C 902 1000 944  0.87 5.4 5.0 —0.9 2.0
926A 904 1002 946  0.87 5.4 5.2 -1.2 1.9

*1 R: Multiple correlation coefficient.
*2 SEC: Standard error of calibration.

*3 SEP: Bias-corrected standard error of prediction.
*4 Bias: Mean difference between actual value and NIR predicted value.

*5 RPD: Ratio of standard deviation of reference data in prediction set to SEP.
C: Selected based on correlation spectrum.

A: Selected based on oil absorption band.

Table 5. Results of calibration and prediction for determining fat content in the whole body of albacore

measurement

wavelength selected (nm)

. R*  SEC (%)*2 SEP (%)* Bias (%)* RPD*
portion A1 12 i3 A4 ° ’ ’
B1G 942C 1054 700 778  0.80 4.4 6.0 —0.6 11
926A 960 910 1020  0.79 44 A7 0.0 14
. 938C 890 1000 830 0.93 2.7 3.0 —05 2.2
926A 894 1002 942  0.93 2.7 3.1 —0.6 2.2
® 932C 896 700 746  0.89 3.3 3.8 —0.1 1.8
926A 896 700 746  0.88 3.4 3.8 0.0 1.8

*1 R: Multiple correlation coefficient.
*2 SEC: Standard error of calibration.
*3 SEP: Bias-corrected standard error of prediction.

*¢ Bias: Mean difference between actual value and NIR predicted value.
*5 RPD: Ratio of standard deviation of reference data in prediction set to SEP.

C: Selected based on correlation spectrum.
A: Selected based on oil absorption band.
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Fig. 8. Relations between NIR predicted values
and actual values of the crude fat contents of al-
bacore.

NIR measurements were done at C@ of the
sample.
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