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Nondestructive Determination of Fat Content in Frozen Skipjack by
Near Infrared (NIR) Spectroscopy with Fiber Optics in Interactance Mode

Satoru Yamauchi,*! Toshio Sawada,*! and Sumio Kawano*?

Nondestractive determination of fat content in frozen skipjack by near infrared (NIR) spec-
troscopy with fiber optics using the interactance method (400~1100 nm) was investigated. As a
result of multiple linear regression based on actual fat (range 1-55%) and second derivative value of
the absorbance (d?log (1/R)), good results could be obtained when fat content analyzed using flesh
from skin surface to 5 mm depth of skipjack was used as a chemical value. The highest multiple cor-
relation coefficient of 0.91 with a standard error of calibration (SEC) of 5.8% was obtained in case of
calibration equation with four optical terms including 926 nm as the first wavelength. The standard
error of prediction (SEP) was 6.49% with a bias of —0.1 9. This prediction accuracy was affected by
thawing process, because spectrum was changed by melting of ice into water on the skin of fish.
However, the fat measuring system mentioned above is still useful for a frozen skipjack.
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Fig. 1. Schematic diagram of (a) NIR measure-
ment, and (b) sapling for chemical analysis of
skipjack.

NI | -El ectronic Library Service



The Japanese Soci ety of Fisheries Science

ALAIMENC £ B WA 4 Bl IR s R 749

N7 Ml Fig. 2 10R Lz, 2 RS A2 FILTIE
BRESICEARINDOE— 7 B FRE (AOFHE) 1B
N5, RMTIL 926 nm ICHWIRINAS, 1034 nm 35 L O
78 KN LD FORNABEI NG, ThHO%
ROSH, 926 nm IO ERERTH S CH 0 3 235
KRR 59 LE2 N5, £/, ARADZARY ML
IEWTD, 926 nm 35 XU 1034 nm AHF 10 % N2 22
Ih7-,

T2 RORARNY A IS & BHERBIS DOV & 5F
i R OB INFE R T % 758 nm, 926 nm, 1034 nm
D2RWEL 0-5mm 712y 7 DALESFHEOM T
HAEBEREERDA LA, ZhZPnoMEEGREIE
—0.26, ~0.84, —0.1 TH v, 926 nm IZB W THEH
HWOHEBEAE S h, HBIREARDOEAE RSO, 2
KT ANT PIVIC BT BRIROY — 7 REDME & LT
Fig. 2IT0RSh T 5720 Tk %, IBIHEE L ORTH
WHBRZE TS5 L, A BOMINC S THEDOR
RHWRTH L, BEIURBMOBILSY FTH5C &
»OiEWEEREHOEDRAOS 1 HEIZ 926 nm A
BYETHLEEZ N,

el I ARAE L7\ VR IE, Rvr - IR TRIE L7
ANT FVEROCAZ LICEVBERTELZ EAHL,
KIhTW5,” 22T, BEBRBEOBRES +FR+
B7DIT, —25°CIR LU —40°C CRIE L7 R EGIFR
RERDANRY FVF—2 %A L, BbhkART +
WF—=2 (n=68) I LUMLESH %Ki BEIRSH
Z1T > 7o ALESPHEICITE R & OB A M+
AT, BRADO05mm,0-10mm, 35k F0-20
mm 70y 7 DF—2 EH\\, ZOfEES Table 210

0.1}

— Oil
— Frozen Skipjack
/ / Fat value

1.Low
2.Medium

/ 3.High 926

T

2 ) 1 X
400 600 800 1000
Wavelength(nm)

Fig. 2. Second derivative spectra for frozen skip-
jack having low, medium, high fat, and it’s oil.
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Table 1. The analytical data of calibration and
prediction sets for determining fat content (% )
in skipjack

Calibration set (n=68) Prediction set (n=55)

0-5mm 0-10mm 0-20mm 0-5mm 0-10 mm 0-20 mm
depth fat depth fat depth fat depth fat depth fat depth fat

Range 0.9-55.2 1.1-35.1 0.7-19.5 1.5-50.3 0.7-26.6 0.7-14.3
Mean 18.4 10.2 5.8 18.2 9.5 5.5

Standard
deviation 139 9.1 4.9 134 7.7 4.0
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Table 2. Result of calibration and prediction for
fat contents in skipjack

Consti _ Wavelength ., SEC,  SEP  Bias
onstituent — T T T, %)= (%)= O+

(-5 mm

depth fat 926 1048 790 1016 0.91 5.8 6.4 -1.0
0-10 mm
dopth fat 926 1048 756 1058 0.88 4.3 3.5 ~01
0-20 mm
depth fat 926 1050 756 1020 0.87 24 1.9 —0.1

*1 R=Multiple correlation coefficient.

*2 SEC=Standard error of calibration.

*3 SEP = Bias—corrected standard error of prediction.

*¢ Bias=Mean difference between analyzed valur by stan-
dard method and predicted value by the NIR method.
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Fig. 3. Relationship between crude fat contents
and NIR values of frozen skipjack calculated
with the calibration defined in the Table 2 us-
ing the prediction sample (®, —25°C; O,
—40°C) set.

Solid lines show Y=X.
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Fig. 4. Relationship between thickness of meat
piece and NIR estimated fat for the skipjack
with the calibration defined using 0-5mm
depth equation.

Vertical bars present the standard error of the
means, n=10.
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Fig. 5. Change of NIR estimated fat content of
frozen skipjack meat during thawing with the
calibration defined using 0-5 mm depth equa-
tion.

.2 L 1
400 600 800
Wavelength (nm)

o KOBEDL, KIETREZVWHBEOLRICE b7z
WRRBHE A R SBEI BB I N, ThHEOBSIIR
HELVDOHE L —H LT 5, B AEAREROE
1 ERITER L7 926 nm 12 35T, KD d2log (1/R)
FRIT—EELZRTORCH L, KOFhZKESELL
2o CHUT, 968 nm ICY—7 BH T HKD 2 ki
BICEDYA Fo—7 LT EIREI RO — 7 2
FRERIRICREET 57D TH 5,

TR LIBRBEREFRT 51013, ¥RAET5THS
AR OREMZRE T 50 2 R ESIER AR R
DR T LBEFRINGHEOERTH 5,9 SEDOE
BT, —40C L —25COARY FLF— 2 2i#ha L

0.03F
0.01F
~~ ]
NS
= A
[=1)]
) U
= -0.01F
AR
2
-0.031 §
10
20
120
180
30
60Qmm<) |
900 (926) (972) 1000 (1034) 1100
Wavelength (nm)

Fig. 6. Change of second derivative spectra dur-
ing thawing of frozen skipjack muscle piece.
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Fig. 7. Second derivative spectra of the water and ice at various temperatures.
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