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ABSTRACT

Chitinous materials are the important sources for bio-medical applications, and
the process monitoring is one of key factors for the quality control of products. In this
study, chitin and chitosan in powder, suspension and membrane forms were analyzed
using near infrared (NIR) spectroscopy. Quantitative models were developed for
determining the content of chitin and chitosan. Two models including multiple linear
regression, modified partial least square regression were adopted for studying the
degree of deacetylation in chitinous materials in order to assure a better quality
monitoring for chitosan production.

The spectrum analysis of the chitin and chitosan powder mixture exhibited
absortion wavelengths at 1528, 1592, 1662, 1692, 2022 and 2102 nm by MLR

Multiple Leaner Regression model. The best results of deacetylated chitinous
powder from suspension liquid were given by MLR with six wavelengths
combination ( 898, 1402, 2310, 428, 1990 and 2016 nm ) and the second derivative
treatment, which were r=0.993, SEC=0.013, RESC=1.0%, r,=0.996, SEP=0.015,
RSEP=1.3%, RPD=13.8. For the determination of the degree of deacetylation of
chitinous powder, the above model is the best prediction model.

During the process of the deacetylation, the real-time measurement of
suspension was adopted. The MPLSR Modified Partial Least Squares Regression
model with second derivative spectra in the range of 600~1000 and 1400~1500 nm
yielded the best results, which were r.=0.991, SEC=0.019, RESC=1.4%, r,=0.990,
SEP=0.022, RSEP=3.4%, RPD=9.4. This modedl could be used for rea-time and
on-line DD determination in preparing chitosan from suspension.

The degree of deacetylation calibration model of the Mictyris brevidactylus
membrane was MPLSR method with second derivative spectra in the range of
400~2500 nm, and its results are r.=0.885, SEC=0.065, r,=0.800, SEP=0.076 for wet
membrane, while r;=0.932, SEC=0.052, r,=0.921, SEP=0.056 for dried membrane.
The application of NIR to DD measurements has importance to convert chitinous
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materials from crab shell, which is regarded as waste.

This study had successfully developed the models for chitinous DD
determination using NIR Spectroscopy, including DD determination model for chitin
and chitosan powder, the real-time DD determination model for the chitinous

suspension, and the DD determination model for Mictyris brevidactylus membrane in
dried and wet state.

Keywords Near Infrared, Chitin, Chitosan, Degree of Deacetylation
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4-2-1
68
T 25 1
1 / MPLSR
1
400-2500 nm
MPLSR
re o
0.99 SEC SEP 0.01 MPLSR 400
2500 nm r=0.999 SEC=0.006 r,=0.999 SEP=0.006
RPD=28 MPLSR
1100-1200 nm 1500-1700 nm
r=0.996 SEC=0.012 r,=0.991 SEP=0.016 re
0.003 SEC 0.006 Mo 0.008 SEP 0.01
small ring cup
MPLSR
r=0.985 SEC=0.021 r,=0.979 SEP=0.025
1100 1200 nm 1500 1600 nm 2100 2200 nm r=0.99
SEC=0.018 r,=0.989 SEP=0.019
/
MLR 2
2000 2500 nm
2022 nm r=0.763 SEC=0.085
re 0.984
1528 nm 2318 nm
1528 nm
1528 nm N-H
e Ip 0.99 /
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MLR

re Ip 0.9
1 MPLSR
MPLSR
(45) 22)
Spectrum r. | SEC |RsEC%| 1, | SEP |RSEP% RPD
Factor
400-2500 | 3 |0.985]0.021 | 1.20% |0.979] 0.025 | 3.00% | 6.8
1100-1200
1500-1600| 4 [0.990 | 0.018| 1.20% |0.989| 0.019 | 2.05% | 9
2100-2200
400-2500 | 5 |0.996]0.010 | 0.60% |0.996|0.010 | 0.60% | 17
700-800
. 012 | 0.60% |0.992| 0.015 | 1.80% | 11
Loogool 3 |0:995|0.012  0.60% [0.892| 0.015 | 1.80%
400-2500 | 5 |0.999]0.006 | 0.28% |0.999] 0.006 | 0.50% | 28
1100-1200
3 |0.996|0.012 | 0.90% |0.991| 0.016 | 1.20% | 10
1500-1700 ° 0
2 MLR
(45) (22)
r. | sEc |RsEC%| r, | SEP |RSEP%| RPD
1 |2022 0.763]0.085] 7.9% |0.789]0.082] 9.70% | 2.1
2 |2315+1528 0.984[0.022| 1.7% |0.981]0.023| 3.50% | 7.4
3 |2478+2368+1530  |0.990]0.017| 1.4% |0.985]|0.021| 2.90% | 8.1
4 |1532+1112+2488+2376]0.994] 0.014]| 1.0% |0.992]0.015| 1.80% | 11.3
(45) 22)
r. | sEc |RsEC%| r, | SEP |RSEP%| RPD
1 |1662 0.985[0.021| 1.4% |0.969[0.030 | 4.20% | 5.7
2 |1668+2102 0.993[0.014| 0.8% |0.989]0.017| 2.40% | 10
3 |1574+1670+2104  |0.994|0.013| 0.7% |0.991]|0.016| 2.30% | 10.6
4 |1660+1574+1668+2104|0.995]0.013| 0.7% |0.992|0.015| 2.10% | 11.3
(45) (22)
r. | SEC |RSEC%| 1, | SEP |RSEP%| RPD
1 1592 0.990|0.018| 1.0% |0.982]0.023| 3.20% | 7.3
2 |1592+1692 0.091|0.016]| 0.8% |0.987]0.019] 2.60% | 8.9
3 |1516+1660+1468  |0.994]|0.014| 0.8% |0.992|0.015] 1.90% | 11.3
4 |1468+1516+1662+2032]|0.995| 0.012| 0.7% |0.993]0.015] 1.70% | 11.3
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4-2-2

MPLSR 3 MPLSR

r=0.99 SEC=0.022
r,=0.989 SEP=0.022 MPLSR e o
SEC SEP

MPLSR
1500-1800 nm 2000-2300 nm r=0.995 SEC=0.014 r,=0.99
SEP=0.021 RPD=9.8

4 MLR
2024 nm
re 0.98 2148 nm 2254 nm
MLR re Mo
0.976 MLR 2166 nm
N-H combination  CONH2(R)
1264 nm C-H /
MLR
0.99 1000 1200
nm N-H C-H 2nd Overtone
2000 2300 nm N-H
Combinations /
3 MPLSR
MPLSR
(39 (19)
Spectrum r. | SEC |[RSEC%| 1, | SEP |[RSEP% RPD
Factor
400-2500 | 5 [0.990( 0.022| 1.4% |0.989|0.022| 2.3% | 9.3
1500-1800
0, 0,
2000-2300| 7 |0-995|0.014 | 1.1% [0.990|0.021 | 2.3% | 9.8
400-2500 | 2 |0.988[0.024| 1.5% |0.983|0.030 | 3.5% | 5.7
400-700
1400-1800| 1 |0.987|0.024| 1.6% |0.984|0.029 | 2.9% | 7.1
2000-2300
400-2500 | 2 |0.988[0.023| 1.5% |0.984|0.028 | 3.4% | 7.3
400-600
1400-1700| 1 |0.988|0.023| 1.4% |0.984|0.028 | 3.5% | 7.3
2000-2200
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4 MLR

(39 (19
o | SEC|RSEC%| I, | SEP |[RSEP%| RPD
1 2024 0.235{0.181| 10.3% |0.200]0.183| 126% | 1.1
2 |2148+2254 0.985[0.026| 2.0% |0983|0.027| 24% [ 7.6
3 |706+2150+2256 0.987{0.024| 1.9% |0985]|0.025| 21% [ 8.2
4 |866+2352+2246+1552 0.990]| 0021| 1.6% [0.987)0023] 2.0% | 89
5 |968+2348+2248+1552+1522 0.992{0.018] 14% |0991{0.020| 1.8% [ 10.3

(39) (19)
o | SEC|RSEC%| I, | SEP |[RSEP%| RPD
1 |2166 0.982[0.028| 24% |0981]|0.029| 2.30% [ 5.8
2 |1190+2166 0.989(0.022| 1.8% |0.983]|0.029| 310% [ 5.8
3 [2168+1184+1190 0.990]| 0021| 1.8% [0.991|10020| 2.70% | 85
4  [1002+2168+1184+1190 0.993{0.018] 1.5% |0991]0.021| 230% | 8.1
5 |2170+1184+1190+914+1002 0.994{0016| 1.2% | 0.993]|0.018] 220% | 9.4

(39) (19)
o | SEC |RSEC%| 1, | SEP|RSEP%| RPD
1 |1264 0976|0033 2.9% [0976|0.036| 440% | 5.7
2  |1266+2296 0985/ 0025| 2.2% |0.986]0.026| 3.00% | 7.9
3 |2434+2016+2084 0991|0020 | 1.1% [0.988|0.024| 280% | 8.6
4 |428+2434+2016+2084 0992/ 0019| 1.1% [0992{0.021| 240% | 9.8
5 |2208+2016+2084+1404+428 0.994/0016| 1.1% [0992{0.021| 240% | 9.8
6  |898+1402+2310+428+1990+2016| 0.996| 0.013| 1.0% | 0996|0015 1.30% | 13.8
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RNH» 800 nm
SEP=0.022
6
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5 MPLSR
MPLSR

(33) (16)

Spectrum re SEC [RSECY% T, SEP |RSEP% RPD
Factor
400-2500 5 0.913( 0.061 | 4.3% |0.868| 0.079 | 12.2% | 2.6
400-600 7 0.969] 0.036 | 3.3% (0.875| 0.075| 6.1% | 2.7
400-2500 4 0.972]1 0.035]| 1.9% (0.896| 0.069| 6.4% | 2.9
500-600
4 . .044 9% .902| 0.067 3% A
1200-1400 0.955( 0.0 3.9% (0.902| 0.06 6.3% | 3

400-2500 4 0.987(0.024 | 1.9% |0.976| 0.033| 2.9% | 6.2

600-1000 o o
1400-1500 7 0.991( 0.019 | 1.4% |0.990| 0.022| 3.4% | 9.4

6 MLR

(33 (16)
r. | SEC |[RSEC%| r, | SEP [ RSEP%| RPD
1 1294 0.564|0.136| 7.8% |0.423|0.162| 25.5% | 1.3
2 1238+1250 0.824|0.086| 5.3% |0.807|0.094| 8.5% 2.2
3 1226+1234+444 0.878| 0.072| 4.6% |0.853|0.083| 10.1% | 2.5
4 440+1226+1234+444 0.926| 0.056| 4.3% |0.867(0.080( 9.4% 2.6

(33) (16)
ro. | SEC |[RSEC%| r, | SEP [ RSEP%| RPD
1 1226 0.821|0.087| 5.4% |0.735|0.110| 8.7% 1.9
2 648+1226 0.898]| 0.066| 4.8% |0.847|0.087| 9.5% 2.4
3 608+1226+616 0.953| 0.045| 3.3% |0.922(0.059( 7.1% 35
4 1246+608+1226+616 0.961|0.041] 3.0% |0.943]|0.051| 5.7% | 4.0

(33) (16)

r. | SEC [RSEC%| r, | SEP | RSEP%| RPD
1 976 0.889(0.069| 4.1% |0.748|0.107| 11.4% | 1.9
2 1050+976 0.941| 0.05| 4.4% |0.795|0.097| 5.0% 2.1
3 1046+976+1680 0.949(0.047| 3.6% |0.879|0.076| 5.3% 2.7
4 1306+1046+976+1680 |0.951|0.046| 3.0% |0.920|0.062| 4.5% 3.3
5 1388+1306+1046+976+1680 | 0.964| 0.039| 2.2% |0.921(0.061| 5.1% 3.4
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4-4

MPLSR MLR
7 MPLSR
7 re 0.530
2 6 mg
30 50mg 8 15
7
MPLSR r=0.885 SEC=0.065
r,—0.800 SEP=0.076
8 MLR
MLR
1402 1566 1926 N-H MLR
r=0.817 SEC=0.065 r,=0.800 SEP=0.076
1168 2022 2096 N-H 2022 nm
2022 nm
MPLSR
MPLSR MLR 9 10
9 MPLSR
re 0.53
0.867 MPLSR
r=0.932 SEC=0.052 r,=0.921 SEP=0.056
10 MLR
2024 2154 nm N-H 2024 nm
MLR

1188 1410 1438 1526 r=0.904 SEC=0.060 r,=0.857 SEP=0.065
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7 MPLSR
(41) (14)
Spectrum le SEC |RSECY T, SEP |RSEPY% RPD
Factor
400-2500 4 10530]0.117| 8.3% |0.465( 0.121 ]| 11.2%| 1.1
400-2500 6 0.867] 0.103| 5.7% |0.658]| 0.103| 9.4% | 1.3
400-2500 4 (0.885]|0.065| 5.5% |0.800|0.076| 6.1% | 1.8
8 MLR
(41) (14)
Spectrum r. | SEC|RSEC%| 1, | SEP |RSEP%| RPD
1566+1402+1926 0.625|0.108] 7.0% [0583|0.111( 74% | 1.2
1302+2218 0.658/0.100| 6.8% |0.595(0.110| 7.1% | 1.3
1168+2022+2096 0.817/0.080| 5.1% |[0.716{0.099| 6.2% | 1.4
9 MPLSR
(42) (14)
Spectrum le SEC |RSECY% 1, SEP |RSEP%RPD
Factor
400-2500 6 [0.756]0.090 | 8.1% [0.665| 0.102| 10.3%| 1.4
400-2500 2 0.789]1 0.084 | 7.8% [0.733] 0.093| 9.0% | 1.5
400-2500 3 |[0.932] 0.052| 5.5% [0.921]|0.056| 6.7% | 2.5
10 MLR
(41) (14)
Spectrum . | SEC [RSEC%| 1, | SEP |RSEP%| RPD
2154+2024 0.770(0.088| 9.5% |0.752|0.090| 12.0% | 15
592+1214+1224+2032 0.861|0.070 7.9% [0.844|0.073| 84% | 1.9
1188+1410+1438+1526 |0.904(0.060 | 4.9% |0.857(0.065| 6.0% | 2.1
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MPLSR MLR

MPLSR
1500-1600 nm /
MLR 2000 2300 nm
2022 nm  Varum 1995
MLR 1528 nm 1592 nm 1662
nm 1692 nm 2022 nm 2102 nm MLR
MLR
2024 nm 2024 nm /
MLR 428 898 1402 1990 2016 2310nm

r=0.996 SEC=0.013 RSEC=1.0 % r,=0.996
SEP=0.015 RSEP=1.3% RPD=13.8

MLR
Varumet al. 1995
0.01 051
32% 96 %
Varumet al. 1995
600 1000
nm 1400 1500 nm MPLSR r=0.991

SEC=0.019 RSEC=14% r,=0.990 SEP=0.022 RSEP=3.4% RPD=9.4

MPLSR
r=0.932 SEC=0.052 r,=0.921 SEP=0.056

MPLSR
r=0.885 SEC=0.065 r,=0.800 SEP=0.076
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