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113 Tulagdunmsnnadmnesilinuasiaesaiiuess uazaistelavanliu ldszesianuiu wag
fealdd1egeuin Fefutnguszasduesnisveassiednuinisuinaiia Near Infrared
Spectroscopy (NIRS) mﬂ%‘tumimwaaw%mmmima%qﬁuaaﬁiumﬁu%’um wazUsuEns
lelagvialiluninieTedn wasndnduel wud aunsasnsaUssdiuUiinuasinesaiiuogaty
aiiutunald Senduuseansanduiug (correlation coefficient, R) 90.93 fiAnAnuAaaLAReY
Tun15Uszuiu (Standard Error of Prediction, SEP) 2.82 a$idus desninandeauy
1175574 (Standard Deviation, SD) 7131A5712%83581984 fe 6.77 Wosldud wavd1a
AaALAAeuluNITILAS1¥Y (Standard Error of Calibration, SEC) 2.44 wWesidus aunnsilail
mmazﬂeﬂumiﬂizLﬁuﬂ‘%mmmiLﬂa%vgﬁuaaﬁiuﬁuﬁuﬁumﬂlé‘luﬁzﬁuLﬁamu‘ié’sLLazmu‘ﬁ'ﬂUlﬁ
Tutaa 0.76-63.18 Wasidud way aunsanunsauseiiudsunaansielanaluluninieseanuay
WARSauaTld A7 R 0.81 waz 0.85 muasy §A1 SEP = 4.40 waz 0.28 lulasniusensy Jam
n11ANdBaUuLIATEIU (Standard Deviation, SD) AllAs1ie358198 fe 12.09 uag 5.84
Tulasnsusensy wazAimauAaIaLAdeuluni1s3LAIE9 (Standard Error of Calibration, SEC)
A9 11.01 waz 0.23 llasndusendy aunsilddanansaldlunisuseiduusinaanslelavaluly
nmesedn uazkandaeilaluseiunisvuisiionsulssesuusiavioUsediuande iy
Tui29 3.92-172.93 way 11.81-318.86 hilAInsusonsy mua1ny

Abstract

Herbs are plants that contain important substances with various medicinal
properties. Curcuminoid is substance found in the rhizome of turmeric. It have good
antioxidant properties and has anti-inflammatory effects. A good turmeric raw material
should contain at least 5% curcuminoids. Isoflavone is substance found in the Pueraria.
The Method to determine the curcuminoids evaluation in Turmeric Powder and
isoflavone evaluation in fresh Kwao Kruea and products takes a long time and at a very
high cost. The objective of this research was to determine the curcuminoids evaluation in
Turmeric Powder and Isoflavone in fresh Kwao Kruea and products was modified by near
infrared spectroscopy (NIRS) technique. Equation of curcuminoids determination in
Turmeric powder had high correlation coefficient (R); 0.93 which standard error of
prediction (SEP); 2.82% was lower than standard deviation (SD) of the In-house's method
(HPLQO); 6.77% and also low standard error of calibration (SEC); 2.44%. The model from
NIRS method can predict the amount of curcuminoids in Turmeric Powder in the range of
0.76-43.18 %. Equation of isoflavone determination in fresh Kwao Kruea and products
had correlation coefficient (R); 0.8 1 and 0.85 which standard error of prediction (SEP);



4.40 and 0.28 pg/g was lower than standard deviation (SD) of the In-house's method
(HPLC); 12.09 and 5.84 pg/¢ and also low standard error of calibration (SEC), 11.41 and
0.23 peg/g. The model from NIRS method can predict the amount of isoflavone
determination in fresh Kwao Kruea and products in the range of 3.92-172.93 and 11.81-
318.86 pg/s.
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2. u°1é'ha&iNm5mﬁm6ﬁﬁu§umlﬂfmﬁmﬁ@mﬂ§uLLM@T%&JL@%ﬂ Near Infrared
Spectroscopy fiAuenIAd 400 — 2500 WA wazthieg 1T eUSnaEsnesal
uesslunanfaurviunaiieissndduiesfjoinng fe 38329 In-house's method (HPLO)
fnUadsan Pei-Yin Zhan (High-efficient column chromatographic extraction of curcumin
from Curcuma longa) Food Chemistry 129 (2011) 700-703

3. 11 spectra ‘1/115{11]mea:uaiuammswlmmﬂmi‘mmaaa‘d 2563 WUSuUgeaunslug
Uss AN nmunntu wazvihmsadenaunistnefarsanadulssansandusius (correlation
coefficient, R) mmmqﬂﬂamm 1 AvrnuAatnadeuluni1sins g (Standard Error of
Calibration, SEC) uaganuRanalniinsgiulunisviiuisvesnguiegsililunismaasy
@1n19 (Standard Error of Prediction, SEP) ffiAsn
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Tindnmsasieunasfininueninduy 400-2500 uiluns
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AANAULAIILLATEY Near Infrared Spectrometer u 6500 lngussgiiegvadlugunsaluse
fhegrs msiammsgandunadaglivdnnisagsiouuasiinnuennadu 400-2500 uiluwms
2. msUszliuUsinaaslalananlu
vanaanslalanalaulusiegng
Fadhaene 5 ndu vhnsadn 2 ads figumndes Tasifiu Methanol (MeOH) 50 ua 25
faaans udnlU sonication U1y 15 Wit 9MnTuNTRIENTALANERILNSEANEATONUES 42 1
arsavanefldlussmeliuisiligumgdl 30 ssrmiwaidea 1nduazaisietefissmeuiaiie
MeOH (HPLC grade) 91u1u 10 {adanT NI99a178¥a18A8NIZA1ENTOY nylon membrane
0.45 fiadwns Aeudadia3as HPLC
N159LAT1ZRADE
pszivsunanstelenalaulnedd HPLC — photo diode array detector finanue
naw 256 uluwns ansazareindoudl A (mobile phase A) 1u 0.1% TFA Tuihndu 1 8ns
wazasavaendouil B (mobile phase B) 18u acetonitrile Kunaduwdin YMC-Pack ODS-
AM-303 (250 mm. X 4.6 mm. 1.D.) 3ad1eg19d1ua3es HPLC U3ums 20 Tulasdns uiu 45
il isasnsindeuiivesansazats 0.4 Sadans/uni diuildns e lufuaumyiniaes
Tolawalu (bilasniusionsy)
3. mMsaswaunsUsEliuUs a1 slalananlu
thdfeyarmsgandunasdinnuenndy 400-2500 wiluiuas uazmnsiasziluvios
Ufuinsuvihaunisiasldlusunsudniaguassaunisiaeldndnadi Partial Least Square
regression WUU Full cross validation LU TKATU The Unscrambler version 9.7 (Camo, Oslo,
Norway) i@enaunsiiduszansnwlunisyseidiulasgaindrdudssansanduius (Correlation
coefficient: R) Tilndifisaiu 1 ananumaiawdeulun1siingizi (Standard Error of Calibration:
SEC) AmaRiamanntImsgIuesnIsUsEiius (Standard Error of Prediction: SEP) uazAnade
YemareszIedildnisesdatuaiildain NIR (Bias)
4. M13UTERIUANNGNFRLIUE1VIENNTT
nadouANLkIuS1vesannisiasthann1silFluldUssiu uaanslelenailauly
frogranniaIeanuaznnIonsiliegluyaiildaiisaunts Wisuifisuaedevesisnisi
Usziludomaila NIRS wagiSunsgitiasgilures fons

Nan1sIvsuazanuI1gNa

UulsauasnagevannisussiliuUinaunesalivesnainnismaaesl 2563 il degeniiudu
NI 60 FeEns iufegsiiudurainnaaIndUanNs UL 140 fhegns thiegiiudunanTaen
migmﬂﬁmmﬁumﬂ%m Near Infrared spectrometer S:u 6500 04UTEN FOSS fiAuenindu 400 - 2500
uiluans MWszuvasviounas dduanaduvesnegnauiiuduns (Fisure 1) wavihodradeafuiiluinsies
MU sirespiiusealuviosuUAn1s MeT8As1e9 In-house's method (HPLC) fiaudadan Pei-Yin
Zhan (Table 1) awnasudunvunazaiiaszidildluadanuuiasmendaaansseds Partial Least
Square (PLS) regression uu Full cross validation ﬁ]WﬂIUiLLﬂima"ﬂL%fﬂgﬂ The Unscrambler® version
9.7 WU @uN15IN 157 feehefimanuduius (R) 0.93 faanunaimndeulunisusadu (Standard Error
of Prediction, SEP) 2.82 \Wasidus (Fieure 2) ArArnunatnadeulun1siins1ey (Standard Error of



Calibration, SEC) 2.44 WasiGua LLa:mLﬁmmummgm (Standard Deviation, SD) #3tA51%9i@2833 In-
house's method (HPLC) e 6.77 wWasidus wazdidadefiiendes 8 Yade (Table 2) fif regression coefficient
g9 finnue1IndY 1143 1460 1685 1900 waz 2242 wiluinas (uarueaduidauduiusiuuium
Aromatic CONH; Aromatic Starch iag Amino acid (Osborne, 1986) (Figure 3) ﬁuaamﬁmaﬁqﬁuasﬁlu
foghaiiutiung
nagauAMIgNADuiug1vasENNTUTTIUUTIN
thaumsildlunaaouussansamlunsUssdiuUiuasaefafiuosdlufosaeiiudures oy
20 fhegne uazthwaildanmada NIRS lUSsuiisuailianisensds wuin AmnuunndsvesUiuaems
\nesaiunsdainii 2 38 ogsening - 023 - 5.02 Wosidud (Table 3) aunsiilddiTsansnilulélunis
UszanmuAndesfuresuiinaasiaeigiuesdlusogiiudundld aonadosty digalad 2556) wuin
annsalfmaiayiFosnmuneudsdurimmaninsalnUlunisiauiuuasinesaiuvesdluviudy
Wisuiiisuiuitsedamanildanfigndossiugy uazaums (2557) linadayi3esnsunosudedum
seaninsalntlunsinUiinamaeodeiiuesdly  naulnsuiiuduiineluunes wuhamnsaldld
TussdunsussAugunmlumsiinnesivsinaeesaiulunayulnsiuiuldewmnnisuasldvhansiogng

Table 1 The characteristics of samples used in model construction for curcuminoid contents in

Turmeric powder samples

Items Curcuminoids
Min-Max 0.76-43.18
Mean 23.71
SD 6.77
Number 157
Unit %

Table 2 The statistical analysis of NIRS models to predict curcuminoid contents in Turmeric powder

samples by The Unscrambler® program

Qualitity Sample Math Wavelengt N SD R SEC SEP Bias
methods h (nm)
Curcuminoi .
q powder Original 400 - 2500 157  6.77 093 244 282 0.04
s

R: Coefficient of correlation, SEC: Standard error of calibration, SEP: Standard error of prediction; Bias: The average
difference between actual value and NIRS value, F: The number of factors used in the calibration equation, SD:

Standard Deviation



Table 3 Method validation between reference measurement and NIRS prediction of curcuminoid

contents in Turmeric powder samples.

Method to determine curcuminoid

d d?
Samples contents )
Reference Method NIR Prediction (x-y) (x-y)
X Y
1 19.58 21.53 -1.95 3.80
2 19.31 21.92 -2.62 6.85
3 24.34 24.58 -0.23 0.06
4 29.26 27.81 1.45 2.09
5 29.56 27.34 2.22 4.93
6 25.38 25.69 -0.31 0.10
7 21.70 21.05 0.65 0.42
8 16.64 19.35 -2.71 1.37
9 22.84 27.19 -4.36 18.97
10 25.61 24.76 0.84 0.71
11 15.65 16.63 -0.98 0.96
12 18.57 16.32 2.25 5.08
13 17.42 16.44 0.98 0.95
14 23.60 21.19 2.41 5.80
15 15.46 18.57 -3.11 9.70
16 31.53 27.49 4.04 16.33
17 24.14 23.98 0.16 0.03
18 11.99 10.99 1.01 1.01
19 25.47 20.45 5.02 25.24
20 24.95 20.57 4.39 19.23
Total 442.99 433.85 9.14 129.62

Average 22.15 21.69 0.46 6.48
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Figure 1 The original NIR spectra of Turmeric powder samples at wavelength

400-2500 nm.
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Figure 2 Scatter plots for calibration model of curcuminoid contents in Turmeric powder
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Figure 3 Regression coefficient for calibration model to predict curcuminoid contents in Turmeric

powder samples
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ihiegainmiaieand iy 120 feg1s luinnisganduuadlugu Near Infrared finmend
AdY 400-2500 uluiuns wudnnuAdeanaunsaganauuadldAninLeIAdy 1450 uaz 1900 urluns
(Figure 1) @471 1450 waluiing vsuonnsdueaiusy O-H WUU first overtone stretching Melulsianaves
thuazuds 1 1900 wluing Ysuannisduvesiusy O-H +2xC-O stretching nelulananaveauillusiogg
(Osbone et al.,1993) IngUsunaanslolanalaufianuduiusiulusiu insganslelanaliuuazeuiusiinig
soogiulusiu uarnmsanasasansleleviathusaidomnanfisndsnisiuifenlmi o E“J’qmﬁmm%uqa H
NTEUIUNITNIBATAN 9 Lﬁﬂ%uﬁﬂNﬁiﬁﬁﬂ%MWmﬁ’]ﬂﬁﬂ"ﬁﬂﬁ’ﬂ’m@ﬂ%ﬂ dlethudesigiusinaansiolenalau
wudegeanaseaniiviinaaslelerailiuegluyis 3.92-172.93 ug/g (Table 1)

thiegnsnmiedensiiuau 130 Methe luinAnisganduuastugiu Near Infrared firnnsenindy
400-2500 uﬂumm ‘wm'wmnLvﬁamam'1smﬂﬂé‘uLLaﬂé’ﬁﬁmmmmﬁu 1450 1900 2100 Waz 2310 w1lu
Wwns (Figure 2) 611\1‘1/1 1450 wluns muaﬂmiau%aqwuﬁv O-H wuu first overtone stretching mzfluimana
vanuazuts 7 1900 wiluiums Yauenmsduvesiuss O-H +2xC-O stretching neluluanaveudsly
#e874 (Osbone et al.,1993) lothuinsziusunaanslelanatiay nuidiesaninaionsdiusunmuans
Lolananlaueglutg 11.81-318.86 ug/s (Table 1)

a5vaunsussiiuvsnaaslolovaiuluniniaioanlazniniasoniaINAI0g 19NN NATOAALAL
MA3ens #1833 PLS regression WUy Full cross validation Tngldmanueiadu 400-2500 unluiuns wuin
aunsUszfiuvTnaanslelevalalunmniedeaniimduussansanduius (R) wiiiu 0.81 A1 SEC = 11.41
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ug/e A1 SEP = 4.40 pe/e A1 Bias = 1.060 fitadeiliuadesluaunis (Factor, F) = 9 a8 wazaAndeauu
1AIUINAAATIERlT U TRNT (SD) = 12.09 pg/g TAN Regression coefficient fiANuEIARY 1152
1450 1620 1765 waz 1900 unluiuns aunisusuiaaisleladailiuluninaionsdiainnudunus lnadlea
Fuuszansanduwus (R) winfu 0.85 A1 SEC = 0.23 pe/e A1 SEP = 0.28 pg/g A1 Bias = 1.015 fiadeil
\Aeadedluaunis (Factor, F) = 9 U998 uazAndosuumnsgiuainAiiasgsiluies juAnag (SD) = 5.84
ug/g (Table 2) &A1 Regression coefficient firnue1iAdy 1195 1450 1705 1750 1980 2100 way 2310 wilu
WAT @0AAa0IAU Lau et. al. (2009) ¥1An®1n2191ATe 2 ¥ilAA® Pueraria lobata (YG) Wag Pueraria
thomsonii (FG) 1ilens13d0uUSu183 puerarin, daidzin uag isoflavonoid walufiese iansidenuin
NIRS mmmﬁwﬁfﬁmaaﬁmmaamuﬂﬂmumﬁmmu@mmm’laagulwﬁulm” uaz Xue et. al. (2005) in1s
59991 Puerarin vasnILASeRENTIASIdsaalnsalnTlnddunssanudn aauratnndeuiiddes
YOI AR TINVDINMIINEE M ULUIUSIa0 PLS uaz ANN WU 0.0396 uae 0.0365
n1sUsTuAMNNADILIUE1VRIEINTT
Pnemuaaaedsudiethaunsuldussiudiinaasielenatulunnuedeanludietdy
WuInilen SEP waz Bias A1 WiNU 4.40 pg/e waz 1.060 Aud1du (Fieure 3) Wisuileumiildarnnisuszidiu
Tagldmatia NIRS fuiildanmsiinsedluiiesd fifinig Saeuusandiasiniu -0.11 - 0.42 (Table 3) uay
nndensluiieg1adu wudndian SEP wag Bias s WU 0.28 pg/e Wax 1.015 auady (Fisure 4)
Wisuifsuarilsannnsussiiulagléineda NIRS fuariliainnisinszsiluios foRnng Saranuunneiis
Winfu -0.61 — 1.58 (Table 4) fatiugnunsatinaia NIRS urldusziudsinaanslelawalaulunineioan
LarmAienaitamsussziuUsinaviemsussnainitesiilaglinansinduar livihanefogs

Table 4 The characteristics of samples used in model for Isoflavone content of in

fresh Kwao Kruea and Kwao Kruea powder

ltems fresh Kwao Kruea Kwao Kruea powder
Min - Max 3.92-172.93 11.81-318.86
Mean 30.54 67.20
SD 12.09 5.84
Number 120 130
Unit Hg/s He/s

Table 5 The statistical analysis of NIRS model to predict Isoflavone content of in fresh

Kwao Kruea and Kwao Kruea powder by the Unscrambler program

Wavelength .
product N R SEC SEP Bias F SD
(nm)
Fresh Kwao Kruea 1000-2500 100 0.81 11.41 4.40 1.060 9 12.09
Kwao Kruea powder 800-2500 100 0.85 0.23 0.28 1.015 9 5.84

R: Coefficient of correlation F: The number of factors used in the calibration equation SEC: Standard error of
calibration
SEP: Stand error of prediction Bias: The average difference between actual value and NIRS value SD: Standard

deviation of average



Table 6 The Validation of Isoflavone content in fresh Kwao Kruea by using NIRS
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Method to determine Isoflavone contents

d d
Samples Reference Method NIR Prediction (x-y) (x-y)?
X Y

1 13.77 13.35 0.42 0.1764

2 12.03 11.99 0.04 0.0016

3 4.02 4.11 -0.09 0.0081

a 6.74 6.85 -0.11 0.1210

5 7.24 7.19 0.05 0.0025

6 3.36 3.42 -0.06 0.0036

7 6.65 6.72 -0.07 0.0049

8 25.35 25.22 0.13 0.0169
Total 79.16 78.85 0.31 0.335
Average 9.89 9.86 0.039 0.0418

Table 7 The Validation of Isoflavone content in Kwao Kruea powder by using NIRS
Method to determine Isoflavone contents ,
Samples Reference Method NIR Prediction (Xc_jy) ():'y)z
X Y

1 71.10 70.05 1.05 1.1025

2 32.76 33.02 -0.26 0.0676

3 61.90 60.32 1.58 2.4964

4 99.92 99.98 -0.06 0.0036

5 13.45 13.22 0.23 0.0529

6 21.33 20.13 1.20 1.4400

7 41.42 42.03 -0.61 0.3721

8 34.22 33.96 0.26 0.6760
Total 376.1 372.71 3.39 6.2111
Average 47.01 46.59 0.42 0.7764
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Figure 4 The Original NIR spectra of fresh Kwao Kruea at 400-2500 nm
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Figure 5 The Original NIR spectra of Kwao Kruea powder at 400-2500 nm
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Figure 8 Regression coefficient for calibration model to predict Isoflavone content in fresh Kwao

Kruea samples
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Figure 9 Regression coefficient for calibration model to predict Isoflavone content in Kwao Kruea

powder samples
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Wavelength Bond vibration Structure Wavelength Bond vibration Structure
(nm) (nm)

713 C-H str. fourth overtone benzene 1500 N-H str. first overtone NH

738 C-H str. fourth overtone ROH 1510 N-H str. first overtone protein

740 C-H str. fourth overtone CHs 1520 O-H str. first overtone CONH,

746 C-H str. fourth overtone CH, 1520 N-H str. first overtone(intramol,H-bond) ROH

a7 O-H str. third overtone ArOH 1528 O-H str. first overtone(intramol,H-bond) starch

760 O-H str. third overtone H,O 1530 N-H str. first overtone RNH,

762 C-H str. fourth overtone CH, 1533 C-H str. first overtone C=H

779 N-H str. third overtone RNH; 1540 OHH str. first overtone(intramol,H-bond) starch

790 N-H str. third overtone ArNH, 1570 N-H str. first overtone -CONH-

806 N-H str. third overtone RNH, 1580 O-H str. first overtone(intramol,H-bond) starch, glucose

808 2xN-H str.+2xN-H def.+2xC-N str RNHR' 1620 C-H str. first overtone =CH,

815 N-H str. third overtone RNHR' 1645 C-H str. first overtone R-CH-CH

832 2xN-H str.+2xN-H def.+2xC-N str RNHR' N

840 3xC-H str. +2xC-C str. benzene o

874 C-H str. third overtone benzene 1660 C-H str. first overtone cis-RCH=CHR'

880 C-H str. third overtone CHCl3 1685 C-H str. first overtone aromatic

900 C-H str. third overtone CHs 1695 C-H str. first overtone CHs

910 C-H str. third overtone protein 1705 C-H str. first overtone CHs

913 C-H str. third overtone CH, 1725 C-H str. first overtone CH;,

928 C-H str. third overtone oil 1740 S-H str. first overtone -SH

938 C-H str. third overtone CH, 1765 C-H str. first overtone CH;,

970 O-H str. second overtone ROH,H,0 1780 C-H str. first overtone cellulose

990 O-H str. second overtone starch 1820 O-H str.+2xC-O str. cellulose

1000 O-H str. second overtone ArOH 1900 O-H str.+2xC-O str. starch

1015 2xC-H str.+3xC-H def. CHs 1900 C=0 str. second overtone -CO,H

1020 2xN-H str.+2 amide | protein 1908 O-H str. first overtone POH

1020 N-H str. second overtone ArNH, 1920 C=0 str. second overtone CONH

1030 N-H str. second overtone RNH, 1940 O-H str.+O-H def. H,0

1037 2xC-H str.+2xC-H def.+(CH,), oil 1950 C=0 str. second overtone - COR

1053 2xC-H str.+2xC-H def.+(CH,), CH, 1960 N-H asym.str.+amide Il CONH;,

1060 N-H str. second overtone RNH, 1980 N-H asym.str.+amide Il protein

1080 2xC-H str.+2 xC-C str. benzene 2000 2xO-H def.+C-O def. starch

1097 2xC-H str.+2 xC-C str. cyclopropane 2000 N-H sym.str.+amide |l CONH,, CONHR

1143 C-H str. second overtone aromatic 2030 C=0 str. second overtone CONH,

1152 C-H str. second overtone CHs 2050 N-H sym.str.+amide |l protein

1170 C-H str. second overtone HC=CH 2050 N-H asym.str.+amide Il CONH;,

1195 C-H str. second overtone CHs 2080 O-H str.+O-H def. ROH, sucrose, starc

1215 C-H str. second overtone CH, 2100 2xO-H def+2xC-O str. starch

1225 C-H str. second overtone CH 2110 N-H sym.str.+amide Il CONH,, CONHR

1360 2xC-H str.+C-H def. CHs 2132 N-H str.+C=0 str. amino acid

1395 2xC-H str.+C-H def. CH, 2140 =C-H str+C=C str. HC=CH

1410 O-H str. first overtone ROH 2150 2 x amidel+amidelll CONH,

1415 2xC-H str.+C-H def. CH, 2160 2 x amidel+amidelll CONHR

1417 2xC-H str.+C-H def. aromatic 2180 2 x amidel+amidelll protein

1420 O-H str. first overtone ArOH 2190 CH; asym.str.+C=str. HC=CH

1430 N-H str. first overtone CONH, 2200 CH str.+C=0 str. -CHO

1440 O-H str. first overtone sucrose, starch | 2242 N-H str.+NHs" def. amino acid

1440 2xC-H str+C-H def. CH 2252 O-H str.+ O-H def. starch

1446 2xC-H str.+C-H def. aromatic 2276 O-H str.+ C-C str. starch

1450 O-H str. first overtone starch, H,0O 2280 C-H str.+ C-H def. CHs

1460 N-H str. first overtone CONH, 2294 N-H str.+C=0 str. amino acid

1471 N-H str. first overtone CONHR 2310 C-H str.+ C-H def. CH,

1480 O-H str. first overtone(intramol,H-bond) glucose 2323 C-H str.+ C-H def. CH,

1483 N-H str. first overtone CONH, 2336 C-H str.+ C-H def. cellulose

1490 N-H str. first overtone CONHR 2347 CH, sym. str.+=CH, def. HC=CH CH,

1490 N-H str. first overtone(intramol,H-bond) CONH, 2352 C-H def. second overtone cellulose

1490 O-H str. first overtone(intramol,H-bond) cellulose 2380 O-H def. second overtone ROH

1492 N-H str. first overtone ArNH, 2461 C-H str.+ C-C str. Starch

Source : Osborne (1986)




