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Utilization of Near Infrared Spectroscopy to
Analysis of General Component and Additives
in Alaska pollack Surimi

Mi-Jeong CHOI

Department of Food Industrial Engineering, Graduate
School of Industrial, Pukyong National University

Abstract

Near infrared spectroscopy(NIR), the most recent being interested by
many researcher of food and drug as a new available method of
instrumental analysis is a representative method of non-destructive and
highly reproducible analysis. In this study, in order to analyze protein, lipid,
starch and sorbitol contents of Alaska pollack surimi a chain of experiment
was carried out by near infrared spectroscopy and the possibility of near
infrared spectroscopy in fields of fisheries food and industry  was
investigated. The results were summarized as follows.

Protein contents of lyophilized Alaska pollack surimi as gradc were

respectively  17.8%(FA), 17.7%(A), 169%(A) and lipid contents were



L3%(FA) 1.7(A) 1.7%(RA). In near infrared spectra of Alaska pollack
surimi the signals of absorbance from protein, lipid, starch and sorbitol
were not identified due to the intense and wide signal of O-H functional
groups from water in Alaska pollack surimi. Thereupon the process of
decreasing water content of Alaska pollack surimi was needed for
obtaining signals of protein, lipid, starch and sorbitol from near infrared
spectra of Alaska pollack surimi.

In analysis of protein in Alaska pollack surimi by near infrared
spectroscopy, NIR  spectra of lyophilized Alaska pollack surimi  were
measured with fourier transform near infrared spectrometer(FT--NIR) and
the signals of absorbance from N-H functional groups included in protein
were found at 1510nm, 2050nm, 2170nm and 2180nm and these signals
were risen as increased protein contents of Alaska pollack surimi. Near
infrared spectra from 70 of different protein contents samples for
regression and 20 of samples for verification were collected. Then 70 of
near infrared spectra for regression and 70 of protein contents of Alaska
pollack surimi  with Kjeldahl’s method were statistical processed by
principal component  regression(PCR). In 4 of principal component(PC)
multiple  relationship  constant(R)  was  0.9998, standard error of
equation{SEE) was 0.426 and standard error of prediction(SEP) was 0.450.

In case of PC 10 R was 09990, SEE was 0.296 and SEP was 0.3267



respectively. Protein contents of 20 unknown Alaska pollack surimi were
quantified by equation of regression from PCR and the range of errors in
protein contents were 0.0029-0.4741.

In analysis of lipid in Alaska pollack surimi by NIR, near infrared
spectra of lyophilized Alaska pollack surimi were scanned and the signals
of absorbance from C-H functional groups included in lipid were identified
at 1730nm, 1740nmand 2300nm and these signals were risen as increasing
lipid contents of Alaska pollack surimi as samely protein. NIR spectra from
70 of different lipid contents samples for regression and 20 of samples for
verification were collected. Then 70 of NIR spectra and 70 of lipid contents
of Alaska pollack surimi with Soxhlet distilling method were statistical
processed by PCR. In PC 4 multiple relationship constant(R), standard error
of equation(SEE) and Staﬁdard error of prediction(SEP) were respectively
0.9995, 0.3405, 0.3645. In case of PC 7 the values of statistics were 0.9996
as R, 0.3191 as SEE and 0.3538 as SEP. And lipid contents of 20 unknown
Alaska pollack surimi were quantified by equation of regression from PCR
and the range of errors in lipid contents were 0.0233-0.4384.

Analyses of additive contents of Alaska pollack surimi on starch used in
enforcing structure of kamaboko and sorbito]l used in inhibiting protein
denature of frozen surimi were also carried out using NIR. In starch

analysis using NIR the signals of starch distinctly changed at wavelength



of 1450nm and 1950nm and collected values of R, SEE and SEP through
statistical regression of 70 NIR spectra and starch contents were 0.9859,
0.3040 and 0.3184 respectively and the range of errors were 0.0186 0.6470

in starch contents. In case of sorbitol R, SEE and SEP were respectively

0.9972, 0.1604, 0.1736(PC 10).
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Table 1. Conditions of instrument for near infrared spectra of
Alaska pollack surimi

Instrument

Source

Beam splitter
Detector

Scan spectral range
Resolution

Number of scans

Scan mode

Spectrum GX FT-NIR, PerkinElmer, USA
Tungsten halogen lamp

Quartz beam splitter

Lead sulfide detector in integrating sphere
1100 - 2400 nm

16 cm

32

Absorbance

_13_.
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Table 2. General component contents of Alaska pollack surimi

Grade
FA A RA
Moisture (26) 73.8 73.9 74.0
Crude Protein(%) 17.8 177 16.9
Crude Lipid(%s) 0.01 0.01 0.01
Crude Ash(%) 0.62 0.71 0.88
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Surimi

Lyophilized surimi

—

1300 1400 1500 1600 1700 1800 1900 2000 2200 2400
nm

Fig. 1. Near infrared spectra of Alaska pollack surimi and lyophilized surimi.
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nm

Fig. 2. Second derivative near infrared spectra of Alaska pollack surimi
and lyophilized surimi.
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Table 3. Protein and lipid contents of lyophilized Alaska pollack surimi

Grade
FA A RA
Protein(96) 62.7 60.6 62.5
Lipid(24) 1.3 1.7 1.7

_19_
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Fig. 3. Near infrared spectra of lyophilized Alaska pollack surimi as grade.
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Fig. 4. Near infrared spectra of lyophilized Alaska pollack surimi.
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Table 4. Protein contents of Alaska pollack surimi for measuring

near infrared spectrum

Sample name

w-15" wW-10Y w-5Y M-3* M-5
Protein

M-7" A"

(%)
78.40 75.19 70.76 40.53 35.74

30.23 60.64

12)3)

4)5}6)%

“Grade of frozen Alaska pollack surimi

_24_

15g, 10g, 5g of egg white added Alaska pollack surimi for changing protein contents

. 5g, 7g of skim milk added Alaska pollack surimi for changing protein contents



1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500

nm

Fig. 5. Changes in near infrared spectra of lyophilized Alaska pollack surimi
as protein contents of 30.23-78.40%.
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Fig. 6. Changes in second derivative near infrared spectra of Alaska pollack
surimi as protein contents of 30.23-78.409.
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Fig. 7. Relationship between the near infrared spectra and protein contents of
Alaska pollack surimi by principal component regression(PCR) method
under four of principal component(PC4).
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Fig. 8. Relationship between the near infrared spectra and protein contents of
Alaska pollack surimi by principal component regression(PCR) method
under ten of principal component(PC10).
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Table 5. Protein contents of Alaska pollack surimi by the chemical analysis
and near infrared spectroscopy

Chemical analysis NIR analysis .
(%) (%) Difference
42.8 42.97 -0.1812
36.0 36.06 -0.0180
30.3 30.33 -0.0423
72.3 72.46 -0.0184
78.1 78.20 -0.0952
61.8 61.56 0.2864
36.0 35.98 0.0647
72.3 72.14 0.1423
75.8 75.83 -0.0656
61.8 61.84 0.0018
42.8 42.98 -0.1904
30.3 30.46 -0.1704
75.8 7590 -0.1395
75.8 75.67 0.0893
78.1 77.86 0.2520
42.8 43.19 -0.3959
36.0 36.37 -0.3253
30.3 29.81 0.4741
72.3 72.28 -0.0029
61.8 61.59 0.2539
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Table 6. Lipid contents of Alaska pollack surimi for measuring
near infrared spectrum

Sample name

AY 0-57 0-10" 0-15¥ 0-20"

Lipid

(%6) 179 8.48 16.15 2205 98.30

YGrade of frozen Alaska pollack surimi
2’314)515g, 10g, 15g, 20g of sovbean oil added Alaska pollack surimi for changing

lipid contents
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Fig. 9. Changes in near infrared spectra of lvophilized Alaska pollack surimi
as lipid contents of 8.48-28.30%.
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Fig. 10. Changes in first derivative near infrared spectra of Alaska pollack
surimi as lipid contents of 8.48-28.30%.
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Fig. 11. Changes in second derivative near infrared spectra of Alaska
pollack surimi as lipid contents of 8.48-28.30%.
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Fig. 12. Relationship between the near infrared spectra and lipid contents of
Alaska pollack surimi by principal component regression(PCR) method
under four of principal component(PC4).
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Fig. 13. Relationship between the near infrared spectra and lipid contents of
Alaska pollack surimi by principal component regression(PCR) method
under seven of principal component(PC7).
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Table 7. Lipid contents of Alaska pollack surimi by the chemical analysis
and near infrared spectroscopy

Chemical analysis NIR analysis

(%) (%) Difference
1.80 1.598 0.1977
28.3 28.61 -0.3149
1.80 1.819 -0.0233
8.48 8.524 -0.0409
16.2 15.71 0.4388
28.3 2818 0.1171
1.80 2.082 -0.2864
8.48 8.831 ~0.3485
28.3 28.37 -0.0696
1.80 2.076 -0.2802
8.48 8.268 0.2154
28.3 28.20 0.0982
1.80 1.506 0.2897
8.48 8.647 -0.1635
16.2 15.71 0.4384
22.1 22.63 -0.5756
1.80 1.696 0.0998
3.48 8.770 -0.2884
16.2 15.94 0.2107
28.3 28.12 0.1816
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Fig. 14. Near infrared(NIR) spectra of starch from potato.
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Fig. 15. Near infrared spectra of Alaska pollack surimi and potato starch
added surimi.
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Fig. 16. Changes in NIR spectra of Alaska pollack surimi as potato
starch contents of 5-10%.
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Fig. 17. Changes in first derivative NIR spectra of Alaska pollack surimi
as potato starch contents of 5-109.
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Fig. 18. Changes in second derivative NIR spectra of Alaska pollack surimi
as potato starch contents of 5-10%.
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Fig. 19. Relationship between the NIR spectra and starch contents of
Alaska pollack surimi by PCR method under PC5.
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Table 8. Difference between the actual starch contents of Alaska pollack
surimi and quantified starch contents by NIR analysis.

Actual content NIR analysis .

og (%) Difference
5 4.905 0.0946
5 4.766 0.2339
o 5.025 -0.0255
6 6.362 ~0.3619
6 6.275 -0.2749
6 6.355 -0.3551
6 6.574 -0.5736
7 7.124 -0.1244
7 6.564 0.4357
7 6.832 0.1685
8 7.408 0.5920
8 3.019 -0.0186
3 7917 0.0827
9 8.624 0.3761
9 8.352 0.6477
9 8.599 0.4005
9 8.518 0.4820
10 10.17 -0.1739
10 9.735 0.2648
10

10.22 -0.2226
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Fig. 20. Near infrared(NIR) spectrum of sorbitol added in surimi.
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Fig. 21. Near infrared(NIR) spectra of Alaska pollack surimi and sorbitol.
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Fig. 22. Changes in NIR spectra of Alaska pollack surimi as sorbitol
contents of 4-79%.
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Fig. 23. Changes in first derivative NIR spectra of Alaska pollack
surimi as sorbitol contents of 4-7%.
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Fig. 24. Changes in second derivative NIR spectra of Alaska pollack
surimi as sorbitol contents of 4-7%.
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Fig. 25. Relationship between the NIR specira and sorbitol contents
of Alaska pollack surimi by PCR method under PC10.
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Table 9. Difference between the actual sorbitol contents of Alaska pollack
surimi and quantified sorbitol contents by NIR analysis.

Actual c‘ontent NIR analysis Difference
(%) (%)
4 4.083 -0.0828
4 3.953 0.0474
4 4.045 -0.0445
4 3.966 0.0344
4 3.856 0.1444
5 4.881 0.1190
5 4911 0.0886
5 5.087 0.8661
5 6.176 -0.1762
6 6.044 -0.4393
6 5.82 0.1797
7 7.05 -0.0504
7 6.851 0.1493
] 8.097 -0.9662
] 7.935 0.0647
9 8.819 0.1810
9 9.16 -0.1602
10 9.787 0.2126
10 9.707 0.2933
10 9.77 0.2299
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