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(Near Infrared Spectroscopy, NIRS)

cwauAdeldaauLdd NIR ludasptiugianau
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Near Infrared (NIR)?
(W HYSBUNSNSH)
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(Electromagnetic wave)
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Electromagnetic wave
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-« Increasing energy

{NAVAVAVAVAVA VNN

Increasing wavelength >
0.0001 nm 0.01 nm 1I0nm 1000 nm 0.01 cm 1 cm 1 m 100 m
I | 1 1 ]
Gamma rays Xrays Ultre- ired Radio waves
violet
Radar TV FM AM

NIR Region — 700 — 2500nm

Visible light

400 nm 500 nm 600 nm 700 nm



Januasnaia NIRs

v Tunnanswamnwa (Nondestructive technique)

v 16s=a=z10a1Tun1saso93adU (Short time

measuring)

v annis1dansiailunisaso99a (Chemical

free)

v ann1sinauovld9 (Reduce waste)

v Uszngadunulun1sasi9d1as1=H (Safe cost)
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(Light interaction)

Transflectance

Transmittance
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(Molecule vibration )

"

V1 V3 V2

Symetric stretching Asymetric stretching Scissoring

Wagging Rocking Twisting
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(Relative absorbance of sample)

AQ) log (I (/1))
log [{1.0)/T, O} (VI()}
log [ 1A)IQ]- log (1 M)/I (1)

A'D-A" (1)
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w1 o (%) I:l (V)
100 L o. 100 0.2
Sample Reference

Al = log (1 (1)/1(1)) =1log(0.2/0.1)

0.3



aidnasvuyaowaly (Fruit spectrum)

1.4

22 -

Log (1/R)

Tangerine

800

9200
Wavelength (nm)

1000

1100



aulnasuwaaiy (Grains spectra)

Soybeans(b)
Rice(r)

A - Protein(p) 1726
Starch(s) 2100

I b C Water(w)1450,1930
2
S P : Oil(o) 2280
’ > 0
ﬁ = . s § 1 T gt -

1200 1600 2000 2400
WAVELENGTH (nm)

ABSORBANCE




ns=UuN1IsUNIn@Qua NIRs Uulldus=1avu
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Uov9ndowana NIR diunasu
(Factor affecting NIR spectrum)

1. 1S90 NIR (Instruments)

NIRSystem6500
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Fruit Tester 20 (FT20)

NIR Gun
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SpectraStar



MPA



- N15IAIIADEY (Sample presentation)
(Schaare and Fraser, 2000)

0 B (i)
(i) 0
(1 |

g
=

Fig. |. The apparatus used for measuring (a) reflectance; (b) transmittance; and (c) interactance spectra of kiwifruit, showing (i) the
light source: (ii) fruit; (iii) fibre bundle aperture; (iv) black foam holder: (v) light seal: (vi) condensing lens; (vii) glass top: and (viii)
mirror.



Transmission Transtlecuon

%

Reflection Interaction

(Siesler et al., 2002)



Interactance Transmission
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Wavalength (nm) Wavelength (nm) Wavelength (nm)

Fig. 3, Typical reflectance interactance, and transmission spectra, The vertical transmission scale is only approximate and the vertical
Interactance axis shows raw intensity on an arbitrary scale.




Table 2
Optimal algorithms and calibration results for estimating soluble solids content of A. chinensis'

Spectral acquisition mode Optimal calibration algorithms) Calibration results

15 SEP (*Brix)

Reflectance NSD:PLS(30), D2:PLS(30), Smooth:PLS(30), DI:PLS{40) (.86 .18
[nteractance NSD:PLS(20), NSD:PCR{40), Area:PLS(30) 0.3 (.80
Transmission NSD:PLS{10), NSD:PCR{20) (.49 .01,

" Algonthms providing the lowest SEP are shown i bold typeface. and those that could not be distmgushed from the best on
the basis of Bias or SEP (see text) are also hsted. Numbers in brackets indicate terms used m PLS or PCR.
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Fig. 6. Comparison of predicted to actual SSC content for the three different spectral modes. Calibration samples are indicated by
+ and validation data by @®. Some vertical axis labels have been omitted for clanty.



2. 6129910 (Sample)

6 . g n
- a9Alsznaun1st@l (Chemical composition)

- ANBWESNIINIUATIN (Physical of sample)

- AHKWILBY (Bulk density)

mﬁgﬁwaaéﬁa 2119 (Sample temperature)

Ok O

% 9



6 . -y
- asadsznaun9tad (Chemical composition)

X
ANV U 1940 Wheat

Dried wheat

log 1/R

1200 2400
Wavelength (nm)

(Siesler et al., 2002)
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Log (1/R)

0.384

T

0.113 I i 1o )
1104 1451 1799 2147 2495

Figure 7.1.17. Influence of moisture content on whole wheat spectra.

(Siesler et al., 2002)



- qmﬁgﬁmaaéﬁaﬂw (Sample temperature)

Raw spectrum 1

MSC spectrum 1

80— 80— .
—_— 1.3°C —_— 1.3°C
—— 13.8°C —— 13.8°C
80 | 25.5°C 60 | 25.5°C |-
40+ - 40:
g 20 | 20|
3 ; |
@ 0 " — - of - — - 3
2 500 1000 1500 2000 500 1000 1500 2000
g
-
= Raw spectrum 2 MSC spectrum 2
~ 80— . 80 ——
— 1.3°C — 1.3°C
‘ 13.8°C - 13.8°C
60} 25.5°C |-
40 |
-
20}
ol

500 1000 1500 2000 500 1000 1500 2000
Wavelength (nm)

Apples spectra measured at three different temperatures.

(Peirs et al., 2003)
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Predicted sample temperature (°C)
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Temperature effects on the prediction results.

Measured sample temperature (°C)
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3. N1SYANS (Operation)

A Qv 1 .
= NN13LaanaIvdUd (Sample selection)
~ Qv 1 .
= NIILAIYNAIDENN (Sample preparation)
® o V) I

= A1LNUINBIANID YT (Sample storage)
- N13UTIIA22819 (Sample cell loading)

agAa 3 .
- 252@31HN9LAd (Reference analysis method)

~
- 2%



= W 1 .
- MItaanalagd (Sample selection)

1.122
VYUV Large
F1ael - Medium
02
mveng P
Small
g.
- 0925 |
_.ZI)
i
0.820
().728 ! N
1330 1534 1719 1904 2089

Wavelengths

b
Figure 7.l{5. Influence of kemel size of wheat on spectra: effect of sizing within a sample.

(Siesler et al., 2002)



~ Q I .
- MILATYNAIDEYNY (Sample preparation)

VHINUON N
Coarse
UNIA medium
3 fine

Absorbance

Wavelength (nm)

Wheat flour spectra were prepared at different particle size.

(Siesler et al., 2002)



- N3UT39AI889 (Sample cell loading)

) o
=Y - Sample: Wood powder J
N1IUIY :
@ v Low packing density
Ar0e | 5[ ™ ~J
_;Jé - NMedium \
E‘_j  packing density "
i o I \
= 1.0
e L. High
g Eoecee . /W \packing density
()'Dw\.—“’ﬁ:"ﬁiﬁjlllLl.l.lg.
1000 1500 2000 2500

Wavelength (nm)
S Bh 3 -1 3 i | F Qo >clra.
IKigure 5.2. Effect of packing density on NIR spectra

(Siesler et al., 2002)



- ganiatnizdan (Growing season)
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Influence of growing season on CWRS wheat spectra



iInauanisudaodoyadidnasu

(Spectrum pretreatment)

1. Smoothing

signal

wavelength [A]

Noisy signal of and absorption band (solid line), smoothed with a moving
average filter (dash line) and a Savitzky—Golay filter (short dashed line)(Heise
and Winzen, 2002).



b)
c)

2. Multiplicative scatter correction (MSC)

A

absorbance

A wavelength

Sl R s

S —

absorbance

A wavelength

M&\_Aj/iv

wavelength

absorbance

raw spectral data after multiplication by random scalars to simulate
different optical sample pathlength

original spectra

corrected spectra obtained after MSC—processing

(Heise and Winzen, 2002)



3. Derivative

0.5
Original
spectra

' 15t derivative
0.0 :
b !
1 1
]
.
i
L 2"d derivative
-05 \y
Wavelength (nm)

Derivative spectra (Williams and Norris, 2001)
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35N1S&5190 aumsmauu'msmu
(Calibration equation development)

1. N1S1a9nNaA1UP10AaU

(Selected wavelengths method) : MLR

Variable Y

~ | Y=a+bX

Change in value of variable y

Change in value of variable X b= slope = Change in Y

Change in X

\ a = y-intercept

Variable X
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e e e e e

| TSS of apple =15.14 -703.10 L (904) +
- 1,053.43 L (876)
+273.65 L (914)

________________________________________________________________________________________________

Where; L (A,)is d?log (1/R(A)).
A is wavelength in nm.



Protein calibration model

gSN EEN EEm  EE EE S BN B EES S B B EEE SEE S B B SEE SEE S S B SEE SEE SES B S SEE SEE SEe EE B B S S e S ey

12.68+493.7 log (1/R,,g,) —
323.1 log (1/R,100)+
243.4 log (1/Rcq0)
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protein
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2. Full spectrum method: PLSR

C

Ko+ KF + KF, + KF,+......

where;
C  Is the concentration of constituent
of interest.
F.,F, F,... arethe PCRor PLS score at
each factor.

K, K, K, K, ... are regression coefficients.



> Z—

Observation
N
Error
: //‘ / B

zZ=cx+ + Cpx y= F°+ Fz
Y=Fo+ (Fe)x 4+ ... + (Fo)x,

A projection from two dimensions to one(Osborne et al., 1993)



PLSR calibration results

TABLE 7.1.8. Influence of Wavelength Range for Prediction of Wheat Protein and
Canola Oil Content at Log 1/R with No Mathematical Pretreament of Spectral Log I/R
Data

Wheat Protein Content Canola O1l Content
Wavelengths = SEP* RPD P SEP RPD
408-1092 0.912 0.237 3,37 0.889 0.98]1 3.00
408-2492 0927 0217 3.68 0.959 0.597 493
696-1792 0.962 0.156 5.12 0.967 0.535 550
708-2492 10940 0.196 4.07 0.958 0.608 184
[908-1692 0.968 0.144 5.54 0.964 (0560 5258
1108-2492 0.947 0.184 434 0.955 0.622 473
1108-1392 0.957 0.166 4.8 0.960 0.596 494
1224-2224 0.924 0.220 3.63 0.956 0619 475

| # SEP = standard error of prediction; RPD = ratio of SEP to standard deviation of reference data for;?;
lest-set samples.

(Siesler et al., 2002)
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(Application)
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1. MeRTIeTaB N RISV AT
RERENALE (TSS) AMNMITHUAE
USnrunsan s e (TA)
TunanzHag



Commercial maturity

Stored at 13 °C on 10, 20 and 30
days

- ~% v - 3
ISy L = —

ControI‘Ie mano fruit
temp. at 25°C

Measured spectrum by
NIRSystem 6500

Determi&ed physic. and
chem. properties

Analysed Data



NANITVNIAND

Initial 10 Days

4
wrinkled

skin

20 Days 30 Days
Mango fruits after storage at 13 °C for 10, 20 and 30 days.



TSS, TA and firmness of mango fruits at initial and after storage at
13 °C, RH 80-90% for 10, 20 and 30 days.

Storage time (OESHSX) TA (Yow/v) Firmness (N)
Initial time 10.16¢ 1.49ab 71.17a
10 days 11.09c 1.59a 70.75a
20 days 15.45b 1.32b 43.87b
30 days 18.35a 0.78c 6.44c
LSD. (0.05) 1.04 0.17 9.08
CV(%) 10.76 19.52 31.26




1.60

1.40

- en o PR
0w © v
®© © o

Log(1/R)

0.40

0.20

- = - -30days

0.00 Y

400 500 600 700 800 900 1000 1100
Wavelength (nm)

Mean original spectra of mango fruit at initial and storage at 13
°C for 10, 20 and 30 days.



400.00 __
— initial
30004 10 dl}'S
'''''' 20 days
« 20000 - == =30 days
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Wavelength (nm)

Mean treated spectra resulting from the Savitzky-Golay second

derivative of mango fruit at initial and storage at 13 °C for 10, 20
and 30 days.



PLSR calibration results for TSS and TA using spectra treated with
second derivative.

Constituent | Pre- Wavelength R?2 SEC | SEP Bias | RPD
treatment (nm)

TSS (%) | Sccond 800-1080 097 | 060 | 064 | 004 | 53
derivative

TA(%) | oceond 850-950 084 | 016 | 016 | -001 | 25
derivative

F: number of factors used in the calibration equation; R?: coefficient of determination;
SEC: standard error of calibration; SEP: standard error of prediction; Bias: average of the
difference between actual value and NIR predicted value; RPD: ratio of standard deviation

of reference data in validation set to SEP




Correlation of determination (R?)

3o Iy -2
H Dy-y?

y : predicted value
y : mean of reference analysis value
y : reference analysis value

WV AAAAAAANS A A A

Standard error of calibration (SEC)

2(y'-y)?

n-1

SEC =

y : predicted value
y : reference analysis value

VAL AAAN A



Standard error of validation (SEP)

SEP = z()"-)"bias)z

n-1

y : predicted value

AN AR PPN S

n : number of sample in the validation set

The average of the difference between actual value and
NIR predicted value (Bias)

Sy -y)

n

Bias =
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1. Harvesting




2. Processing

STaTmTaTanavavavaTaraTaAvATATATATATATATATATATATATATSIN T



3. Controlling fruit temperature at 25 °C

L
3
!
L1
4
1
L]
1
E
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g e



4. Measuring fruit spectrum by
NIRSystem 6500




5. Chemical analysis




6. Calibration equation development

kmn Coelticronts (B)

7

. _/ X-vonobba
o010 -0.005 o 0.005 o010 500 1000 1500 2000 2500
FESULTI, X-expi 9% 97% Y-expl 99% 99% REBUL" (Y var, PC) (glucose, 1) BO 9232696
—_—— <\\
10—/ Yevariance Residvas Vatidation Variance

Slope Onset RMSE
0991115 0.008847 0.666511
0990565 0098724

R-Square
0981115
0679656 0 990945




AXNITVIANR

PLSR calibration result of tangerine fruit

Quality Pre- Waveleng R? SEC SEP Bias

treatment th (nm)

TSS MSC + 2 @ 850 - 0.72 0.28 | 0.31 0
derivative 1050
(10,10)

TA SM + 2 nd 850 - 0.70 0.04 0.06 0
derivative 1000
(5,5)
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NIR predicted value (%)
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Scatter plots for TSS prediction of tangerine fruit in
(a)calibration sample set and (b) validation sample set




3. A19ASIFRIINISHALUNANS
&35na1 (Physiological disorder)
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3.1 NM91939NRIBINTIINEVITIUAKIT
TunanzHa9 (Chilling injury)



Chilling injury symptom

dark, scald-like
disorderation
and pitting or
sunken lesions
on the peel




A5n1sNA[DY

Control mango fruit
temp. at 25 °C

120 days after flowering
’"l_\\_mnuuumvmmr'ulul'! B

Storage at 5 °C on 15 and 30 days

Measure spectrum by
NIRSystem 6500

Calibration equation Physic. and Chem. Properties
development determination



il

Initial  15days 30 days

Mango fruit at initial time, on days 15 and 30 storage at 5+1°C.



The electrolyte leakage of the mango flesh at the initial time, on
days 15 (T15) and 30 (T30) storage at 5+1°C.

Storage time Electrolyte leakage (%)
Initial 8.6
15 days 15.4
30 days 13.0
LSD.(0.05) 1.2
CV(%) 15.6
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=0.0003
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PC3

Principle component score plot (PC2 vs. PC3) of mango fruit at
initial time (¢ ), on days 15 (A ) and 30 (m) storage at 5+1°C.
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Internal browning

Harvesting stage

i 30°C, 20 days

50C, 10 days

5 9C, 20 days 5 9C, 30 days




SN1SNAan

q

Harvesting Inducing of internal Measuring NIR spectrum
browning by NIRSystem 6500

Calibration equation - Physic. and Chem. Properties
development determination
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Means original spectra of pineapple fruit : (a) before storage and (b) after
storage at 5 °C for 20 days measured at various parts.
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PCA score plot of pineapple fruit spectra : (a) before storage and (b) after

storage at 5 °C for 20 days
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PLSR calibration result for prediction of moisture content of green
coffee with 4 types of sample cell

Type of Wavelength region )
Pre-treatment F R SEC SEP RPD Bias
sample cell (nm)
Coarse sample cell Log 1/R 1100-2500 3 0.99 0.20 0.21 9.62 0.00
Pasting cell 2" derivertive 1110-2488 5 0.98 0.20 0.26 8.97 0.00
Standard cup Log 1/R 1100-2500 3 0.99 0.14 0.15 13.60 0.00
Rotating cup Log 1/R 1100-2500 3 0.99 0.13 0.15 13.54 0.00
F: number of factors used in the calibration equation, Rz: correlation of determination, SEC: standard error of calibration,
SEP: standard error of prediction, Bias: average of difference between actual value and NIR value
4 N
coarse sample cell liiiaedeganaz ludealasdoyanlnaduneuiitlias19aums ua pasting cell fiog
Mmaededamazdeanasdoyananiitlia’19aums aau standard cup 1az rotating cup Tidaauastoya
9 nlpasu uAdeadimsmaieAIeeg1urideu pasting cell )
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C e Aspergillus flavus (1) wae Aspergillus niger (2)
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Pre-treatment Wavelengthregion F R SEC SEP Bias RPD
(nm) () (%) (%)
Smoothing 5 + 2™ Derivative 10 1210-2468 7 096 176 194 -041 3.67
Smoothing 10 — 2" Derivative 10 1220-2438 7 096 183 198 -0.29 3.60
Smoothing 10 + 2" Derivative 5 1130-2468 7 097 1l.60 1.82 -0.28 3.91
F: number of factor used in the calibration equation, R: multiple correlation coefficient, SEC: standard esror of calibration,



UDUDUALK

- qugudanssuinaluladnaon1sinuings
d1UN0IUANIENSSUNISOAUANYI NSOINWY

- qugdvainaluladnaon1sinuingd
AMINYASANEAS UN10Ng1aasa ny




‘)/EUJ;)ZLJF)/:




