NIR Technology Systems

Introduction

Tuna fish farming is a major industry in South Australia. Tuna are penned together in
large circular nets and fed of bate fish, eg, pilchards. The growth of the tuna is very rapid
and the objective is to harvest the tuna when they reach an ideal quality for the
Japanese market. The quality is dependent on several factors, however the fat content
is the most important chemical parameter. This study attempts to establish the ability to
develop a NIR calibration for fat and water content of the tuna using a Fibre Optic Probe
NIR Analyser, ie, the FOP-38.

Description:
1) Experiment 1: Analysis of Tuna Flesh

12 whole tuna were selected during the 2003 season. The fish represent the growth
period of the tuna while in the pens. The tuna were cut into 5 half moon sections along
the fish and the flesh was scanned using the FOP-38 Analyser. 5 spectra were collected
for each of three positions in each section, ie, top, mid and bottom. Each piece of flesh
was scanned twice. The flesh was cut out of the section, bagged and analysed for fat
and water content.

The NIR spectra(figure 1.) were used to develop the following calibrations for fat and
water content.

Results:

By examining the fat content of the fifteen pieces from each fish, it was noted that only
sections 1 and 2, contained a consistent range of fat. Sections 3, 4 and 5 tended to have
far less fat than sections 1 and 2. The variation in fat in sections 3, 4 and 5, did not fit a
consistent pattern as did sections 1 and 2. As such only the spectra collected from
sections 1 and 2 were used in the calibration. The rationale for using only sections 1 and
2, was to reduce the high degree of scatter that was observed in the calibrations when
all sections were used.

The 5 spectra from each section were averaged. NTAS(NIR Technology Australia
Software) was used to develop PLS calibrations for fat and water content.

Figure 2. shows the plot of the NIR calibrated fat content versus the reference fat
content. The correlation, R2 =.926 and the Standard Error of Calibration (SEC) = 3.6,
using 7 Principle Components.

Figure 3. shows the plot of the NIR calibrated water content versus the reference water
content. The R2 =.922 and the SEC = 4.1%, using 9 Principle Components.




Scan And Display Module =

File DOptions Scanning  Calibration  Windows Help

118

114

m

1.08

1.04

1m

097

094

081

g7

084

720 73a0 740 FA0 FEO TFO0 780 740 8O0 BMD B20 830 A40 850 BE0 870 880 850 900 510 520 530 340 950 860 970 980 930 1000 1020 1040 1060 1080

Sample 1D|g217b LI Absorbance | 1 025037
Constituentl41.26 ¥ [Oyerlay Spectra Wavelength [ 540
Constituent2[41.96  DOWN | I Lambda [750
Constituen@l—  Absorbance  1st Derivative  2nd Derivative o lm
Constituentd| Get Scan Modify Quit

| Record restored succesfully [12:48 AM | 29/01/2004

Figure 1. NIR spectra of Tuna Fish, Sections 1 & 2, Positions 1 & 2, SNV applied.
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Figure 2. Plot of NIR calibration for fat content in tuna,
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Figure 3. Plot of NIR calibration for water content in tuna,

2) Experiment 2: Analysis of Tuna Fish with Outside Skin Removed

The next phase is to see if spectra collected off the skin of the tuna can provide similar
calibrations. Spectra were collected from the whole tuna after scraping away the
outside skin of the fish. The scales were left intact.

Figure 4. shows the spectra of the surface of the tuna. Only section 1, positions 1 and 2,
are included in these spectral plots. Each set of 5 scans were averaged and a Standard
Normal Variant(SNV) spectral conversion algorithm has been used to normalise these

spectra.
I

File  Options  Scanning  Calibration  windows  Help
1.1

1.0

1.067

30
720 730 740 750 7RO FF0 TE0 750 80O 810 820 830 840 850 860 870 880 830 300 910 920 330 940 950 960 570 880 9530 1000 1020 1040 1060 1080

Sample LDIW up | Absorbance lm
COnSTiTUBnﬂ_Ir ~ Overlay Spectra Wavelength IW
Constituent2[549  DOWN | ™ Lambda |
Constituentﬁli < Absorbance  1st Derivative < 2nd Derivative ~ lm
Constituentili Get Scan | Quit |

Record restored succesfully | 8:01 PM | 1/02/2004




Figure 4.NIR spectra of Tuna Fish with Skin Off, Section 1, Positions 1 & 2, SNV applied.
Results:

Figure 5. shows a plot of NIR Fat vs Ref Fat calibration. Samples with fat content less
than 2% were excluded from the calibration set. The data shows a SEC = 4.3% and R2 =
0.879. Figure 6. Shows the calibration data for water content. The SEC=4.3 and R2 =
.873.
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Figure 5. Plot of NIR calibration data for fat content in tuna.

i
~Calibration Mode
Selected Principal Component (14 4 | »
Error vs PCs | True vs Predicted B Coefficients | Error vs True |
Data Point
Spectrum: 90
8139a -
80
Exclude - "
70 T —
SEC: 4.30048 60 —+ _H’j{
R2: 0.87375 = =+
£ s g
2 /$
£ 40 -+ #
Range Min: 29.92 o +.-
Range Max: 80.54 30 !
SD: 11.31% -
PCs: 16 20 =
Samples: 49 10 —
/
0
0 10 20 30 40 50 60 70 80 90
True
i Load | Calibrate Predict Save Model Create Cal I Quit

Edit Mode Calibration Mode |Prediction Mode |

[5:51 PM [ 1/02/2004

Figure 6. Plot of NIR calibration data for water content in tuna.




3) Experiment 3: Analysis of Tuna Fish through the external skin.

Figure 7. shows the plot of the NIR spectra of the tuna fish through the external skin.
Only sections 1 and 2, positions 1 and 2 are included. The spectra are the average of 5
scans and with SNV applied.
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Figure 7. Plot of NIR Spectra of Tuna Fish through the skin, Sections 1 and 2, Positions 1
and 2., Average of 5 scans, SNV applied.

Results:

Figure 8. shows a plot of NIR Fat vs Ref Fat calibration. Samples with fat content less
than 2% were excluded from the calibration set. The data shows a SEC = 6.0% and R2 =
0.787. Figure 9. Shows the calibration data for water content. The SEC = 6.0 and R2 =
0.793.
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Figure 8. Plot of NIR Fat Calibration vs Ref Fat, Sections 1 and 2, Positions 1 and 2.
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Figure 9. Plot of NIR Water Calibration vs Ref Water, Sections 1 and 2, Positions 1 and 2.

If spectra from Section 1 and 2, buy only Position 1, are used for the calibration for fat,
there is a substantial improvement in the calibration statistics. Figure 10 shows the plot
for NIR Fat calibration vs Ref Fat for Sections 1 and, Position 1. The SEC=2.1 and R2 =

.982. However there are very few spectra included in this set and the calibration model
is an overfit of the data.
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Figure 10. Plot of NIR Fat Calibration vs Ref Fat, Sections 1 and 2, Positions 1 only.
Discussion

1) Experiment 1: Analysis of Tuna Fish Flesh.

The correlations of .92 shows a high degree of linearity between the NIR calibration and
the reference method for both fat and water, however the SEC’s are considered larger
than would be expected. There is obviously a lot of scatter in the data which can be due
to poor spectral data or poor reference data. Nonetheless, the data shows there is an
excellent potential for the use of NIR to make rapid measurements of fat and water
content in tuna by scanning the flesh of the fish.

2) Experiment 2: Analysis of Tuna Fish through the Scales, with the Skin Off.

The correlations of R2 = 0.87 for this experiment still demonstrate a good degree of
linearity between the NIR spectra collected through the scales and the fat and water
content of the flesh under the scales. The increase in SEC from 3.6% to 4.3% is not that
large, however it must be noted that in the data for Experiments 2 and 3, the number of
Principle Components is 15 where as for Experiment 1 it was 9. This is significant and
may suggest that the data is over fitted. However the data does suggest that fat and
water content may be possible to measure through the scales. The best location to
make these measurements would be at Position 1, ie, the belly flap. Although there is
little difference between calibration data developed using Positions 1 or 2.

3) Experiment 3. Analysis of Tuna Fish through Scales, with Skin On.

The correlations of R2 =0.79 and the increase in Sec = 6%, for fat and water in this
experiment shows the influence outer skin in the spectral data. Figure 7. Shows that the
spectra loose the central water peak as compared with spectra of flesh and flesh
covered with scales. The data suggests that it may be possible to make fat and water
content measurements through the skin, however the errors are starting to become
large and the spectral are poorly defined. It may be that by using only spectra collected
from Position 1, ie, the belly flap, then the accuracy could be sufficient for making rapid
“in vivo” of live fish and thereby having a means of screening fish for fat content and
therefore maturity.

Inspection of the NIR spectra collected with the FOP-38 Fibre Optic Probe Analyser show
there are many spectra which are of poor quality. This may be due to the probe design,
steadiness of the operator’s hand while scanning or inconsistent flesh and skin.
Significant improvement in the data would be realised if the Fibre Optic Probe design
was optimised for this application. A larger probe head, a more powerful lamp and
longer scan times would improve the spectral data and therefore the accuracy of the
measurements.
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