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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 (HPLC); 6.7 7% and also low
standard error of calibration (SEC); 2.4 4 %. 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); 0.81 and 0.85 which standard error of prediction (SEP);
4.40 and 0.28 ug/g was lower than standard deviation (SD) of the In-house's method (HPLC); 12.09 and 5.84
pg/g and also low standard error of calibration (SEC); 11.41 and 0.23 pg/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/e.

Keywords: Near Infrared Spectroscopy (NIRS), turmeric powder, curcuminoids, Kwao Krua, Isoflavones
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Figure 1 The original NIR spectra of Turmeric powder samples at wavelength
400-2500 nm.

Figure 2 Scatter plots for calibration model of curcuminoid contents in Turmeric powder

Figure 3 Regression coefficient for calibration model to predict curcuminoid contents in

Turmeric powder samples
Figure 4 The Original NIR spectra of fresh Kwao Kruea at 400-2500 nm
Figure 5 The Original NIR spectra of Kwao Kruea powder at 400-2500 nm

Figure 6 The relationship of actual Isoflavone content in fresh Kwao Kruea and predicted

Isoflavone content from NIR

Figure 7 The relationship of actual Isoflavone content in Kwao:Kruea powder and

predicted Isoflavone content from NIR

Figure 8 Regression coefficient for calibration madel to predict Isoflavone content in fresh

Kwao Kruea samples

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

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

in Turmeric powder samples

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

powder samples by The Unscrambler® program

Table 3 Method validation between reference measurement and NIRS prediction of

curcuminoid contents in Turmeric powder samples.

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

Kwao Kruea and Kwao Kruea powder

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
Table 6 The Validation of Isoflavone content in fresh Kwao Kruea by using NIRS

Table 7 The Validation of Isoflavone content in Kwao Kruea ‘powder by using NIRS
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NIR Near Infrared
NIRS Near Infrared Spectroscopy
HPLC High performance liquid chromatography
PLSR Partial least square regression
R Correlation coefficient
SEC Standard error of calibration
SEP Standard error of prediction
Bias Average of difference between actual value and NIR value
SD Standard deviation

F The number of factors used in the calibration equation
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nnwesensilieglugaildainsaunts wWisuilsuraioveisnsnusedusmemeiin NIRS wagdSunsgIuiiesei
TuneaufuanTs

3. n1sUSuULkUIUUSTINaSERINeU
O i Q& eSvoyi@iioTui. (Usauanmangniluniawuan)
U asunUasauyszanns TUSADSUIAITAUREUIUB oo e oo oo

0 wasuudasinguszasd/manan TUsnoBuren SURBUIURN . e
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= =
UNN 3 WaNI19ANTN

3.1 HanIAEUNUYeslATINIG

UulssuasmasouaumsUssiuuiinaieesaiiuosdainnisvanesd 2563 Mniiuldseneiuduned
60 et LiuFeg RN NEaIRAUANS LAY 140 FreEng ﬂwﬁ’gasjwufu%ummi’mwmﬁgmﬂﬁmmﬁw
\n304 Near Infrared spectrometer §u 6500 494U FOSS firuemadu 400 — 2500 uiluns Tszuvasviounas
IHduanniuressiegisiiudun (Figure 1) uagifiegraferfuiludinsesdimuinamsinesaivossdly
WoeUf AT fe8AT189 In-house's method (HPLC) Anudasain Pei-Yin Zhan (Table 1) thawnasusuiuuwag
Adasziiilaluasiawuusiasaneadamansdaeds Partial Least Square (PLS) regression kUU Full cross
validation 91nTUsunsud1L593U The Unscrambler® version 9.7 wudn aunnsann 157 fegadeanuduiius
(R) 0.93 fArmnuaarnadoulunisuseziiiu (Standard Error of Prediction, SEP) 2.82 wWasidus (Figure 2) fn
AuaataLaaoulun1s3LAs1¥Y  (Standard Error of Calibration, SEC) 2.44 1esidus LLaszﬁmwummgm
(Standard Deviation, SD) 13tA312%#e73s In-house's method (HPLC) fie 6.77 Wesiius uaziitadeiifiendes 8 dase
(Table 2) fiAn regression coefficient g4 finaeTIAAY 1143 1460 1685 1900 uay 2242 ualutins 1urueIAFUTL
ANNENNUSAUUSUN Aromatic CONH, Aromatic Starch wag Amino acid (Osborne, 1986) (Figure 3) vada15Aes
@ﬁuaaﬂué’f’saﬂwwﬁwﬁum
nagauAUgNAadiug1vasaNNTTUTEuYSUIM

thaunsfildluneaeutszansamlunsussidiuinaaspesefiussdludogisiiudunasiuau 20
#eens wazthwadildanmada NIRS TuiSsuiisuandlsanndss1ede nuit AranaumnsisvesUunmansiaesnl
uesiaINT 2 38 agazing - 0.23 - 5.02 Woddud (Table 3) AumsiildiFaansatluldlumsyssanaridosiy

£% @ O

v93UsIuasIneTaluesAluiiegaliutunild aenndesiy aigalyd (2556) nudrawnsaldmalianiFesnsiu

a

WosuifledunnsaaninsalnUlunisindsinauansieesaduesaluviiudu Uisuieuiuiseedamanillaiignaes
wiudn wazauns (2557) Tdmadayisesnsunesudedurisaanlnsalntlunisiasnuaisinesgivesaly
grayulnsvivtuiingludurse nudenasaldlalussaunisuseiunmuninlunisimmeivinanadaiivlue

anulnsviuduldegasinsuazliitatediegn

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 %
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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 F
methods h (nm)
Curcuminoi
g powder Original 400 - 2500 157 6.77 093 244 282  0.04 8
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?
contents
Samples
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
a 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 7.37
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
Asnaaai 2 nsuseiiudsunaansielanalulunineseanwasngndnsilaowadadesdunsisaaUnlnsaladl

thiegwhmniedeandiuau 120 foegns L iamnsganduuadlugi Near Infrared fieug1andu 400-
2500 wluiuas wuinmiedeanaunsaganauuasldiinmevndu 1450 waz 1900 wiluins (Figure 1) 97t 1450
unluiuns Ysuannisduresitusy O-H wuu first overtone stretching melulananavasthuazuth 7 1900 uiluims
Usuenmsduresiusy O-H +2xC-O stretching neluliianaveutlslugiogne (Osbone et al,1993) TngUsannans
Lelgviahudlanuduiusiulusfivansivansiolonaliunazoyiusiinisdesgivlusiiu uasnisanasasasielam
anlwonailoswnmniisndnsfiufeamall gﬂﬂaﬁﬂ'zwm%uqa finszuruniamaeiiang o detudmaliivsana
arslolenalugaty dethuimsgidiinuasieolevalau nuimesunnuedeaniiviinaaslolsalauey
Tut24 3.92-172.93 pg/g (Table 1)

théneesnesenss L 130 feens luinAinisganduuasiugu Near Infrared findue i@y 400-
2500 WlUAS wm'wmnLvﬁammmaa@mﬂﬁuuaﬂﬁaﬁmmmmﬁlu 1450 1900 2100 uay 2310 wiluwmas (Figure
2) B4t 1450 urluins Ysuennisdumesiusy O-H wuu first overtone stretching nelulaanavestiuazuds 7
1900 Urluluns Yauonnisduvesiuse O-H +2xC-O stretching neluluanaveutslusiedns (Osbone et al.,1993)
dlothuinszilsunaaslolevailou wudegnasendivTinaanstelenaliueglutie 11.81-318.86 pg/s
(Table 1)

asvaunsUszdiuUsunaaisielavanliuluninieioaniaz n11LATERIINFIDE19NIN LA OAALAZ NI ILATE
B3 6873 PLS regression WUy Full cross validation tngldaanusnandy 400-2500 wiluuns wudn aunisuseidiv
Usunaanshelavalauluninuedeaniiandudszansandunus (R) Wi 0.81 A1 SEC = 11.41 pg/e A1 SEP = 4.40
ne/g A1 Bias = 1.060 AYadefiisadesluaunis (Factor, F) = 9 Y98 LLazﬂ'wLﬁmLuummgmmnf-ﬁﬁmiwﬁiu
%osUfURNTT (SD) = 12.09 pg/g fif1 Regression coefficient fiAuB19AAY 1152 1450 1620 1765 Wag 1900 ulu

Wes @aunisusunaanstelanantiuluninasesneiliianuduius lnedadudssandandunus (R) winiu 0.85 A SEC
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= 0.23 pg/g A1 SEP = 0.28 pg/g A1 Bias = 1.015 fifadefiiieadesluaunis (Factor, F) = 9 a3 wazandoauu
WINIFINIINAIATILALUTRIUURNTS (SD) = 5.84 pg/g (Table 2) fiF1 Regression coefficient fimnueandy 1195
1450 1705 1750 1980 2100 Way 2310 ululuns @onnaediu Lau et. al. (2009) yiAnwInaA3e 2 ¥infe Pueraria
lobata (YG) wa Pueraria thomsonii (FG) 1ilans9aeuu3uimues puerarin, daidzin ka¥ isoflavonoid Wanualy
g wan1FAdemudn NIRS annsavimihiinsadansesmudnilunismueununinenayulnsduld uag Xue et al
(2005) ¥1N1595999 Puerarin Yan ATt IS IsaAlnsalnUlnddunssnnuin Aauranndeuiids
409 LRALTINTBINTIYIIWIEdMSULUUS I8 PLS uaz ANN Wiy 0.0396 waz 0.0365
nsUsEiuAMUgNSR g1V IHINTT
nAaueatsadoudiothaunsuldussfiudsunaaslelenalauluninunioanlusiogidu wuinden

SEP wa Bias /1 WU 4.40 pg/e way 1.060 MudIU (Figure 3) wWisuleueiiléannisussiulagldinadia NIRS

'
1ol

fuenfildannisiinsgiluiesufiainng deranuuandarindy -0.11 - 0.42 (Table 3) waznnuaTensluiiog1edy
WUITAn SEP waw Bias 61 WU 0.28 pg/e wag 1.015 muadu (Figure 4) WWisuiiisueniildainnisusaiulagld
wiadia NIRS fuenfildanmstiasgiluiiosujiinng deraruuansiaiifu 061 - 1.58(Table 4) fyduanunson
wadla NIRS wlduszduvinaasiolevalnlunuededauazniniedenaiionsuussesuUsnavienisuseuial

Andowmulagldnansinsnasldvinaesieogna

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/g Hg/g

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
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Table 6 The Validation of Isoflavone content in fresh Kwao Kruea by using NIRS

Method to determine Isoflavone contents

2
Samples Reference Method NIR Prediction ‘ ¢ 2
(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
a4 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 ‘ ‘ 2
(x-y) (x-y)
X Y
1 71.10 70.05 1.05 1.1025
2 33.02 -0.26 0.0676
32,76
3 61.90 60.32 1.58 2.4964
a4 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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ATNHUINT 2 SNYaENILATVINITAATULATIAINE1IATUAY Tugu NIRS

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

747 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 O-H 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 0

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

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

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

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-0 str. starch

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

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,O

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 I 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 I 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 Il 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 =CH 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 OH 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 CHj 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)
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