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Analysis of Tea Components by Near Infrared Spectroscopy Technique
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Abstract

The Near Infrared Spectroscopy (NIRS) shows promise in carrying out the non-destructive
quality determination for agricultural products because of its fast and accurate technique. It can
be employed as a replacement of time-consuming chemical method. The contents of ten
components (caffeine; Caf, catechin; C, gallic acid; GA, gallocatechin; GC, catechin gallate; CG,
gallocatechin gallate; GCG, epicatechin; EC, epicatechin-3-gallate; ECG, epigallocatechin; EGC and
epigallocatechin-3-gallate; EGCG) in tea leaves were predicted by NIRS. Grinded tea leaf samples
were randomized and measured the spectrum by NIRSystems 6500 in wavelength region from
400 nm to 2500 nm. The contents of ground tea leaves were determined by High Performance
Liquid Chromatograph (HPLC) method and conducted from October 2013 to September 2015 at
Postharvest and Processing Research and Development Division, Bangkok. The average contents
of each 10 compounds; Caf, C, GA, GC, CG, GCG, EC, ECG, EGC and EGCG were 37.804, 11.722,
10.207, 13.999, 8.237, 8.116, 20.202, 26.027, 57.730 and 74.262 ppm, respectively. Partial least
squares regression (PLSR) was used to develop the calibration equation for prediction. The
correlation coefficient (R) of ECG, EGCG, EC, C, Caf, EGC, GC, GA, CG and GCG from calibration
model were 0.976, 0.954, 0.952, 0.939, 0.938, 0.938, 0.918, 0.888, 0.866 and 0.863 ppm,
respectively. The standard error of calibration (SEC) of ECG, EGCG, EC, C, Caf, EGC, GC, GA, CG and
GCG were 3.483, 6.973, 2.236, 1.429, 2.762, 7.606, 1.515, 1.417, 1.399 and 1.330 ppm,
respectively. The standard error of prediction (SEP) of ECG, EGCG, EC, C, Caf, EGC, GC, GA, CG and
GCG were 3.997, 8.224, 2477, 1570, 2907, 8.099, 1.630, 1.518, 1.490 and 1.375 ppm,
respectively. The results were found that the calibration equations from obtained experiment

had high values of R and low values of SEC and SEP which were indicating a good correlation



between reference values and NIRS predicted values. Therefore, these results suggest that NIRS

could be applied for the rapid determination of ten component contents in tea leaves.

Keywords : Near Infrared Spectroscopy (NIRS), components, tea leaves , High Performance Liquid
Chromatograph, Partial least squares regression
UNANED

'
=3

wATiA Near Infrared Spectroscopy (NIRS) {u3sn153asgsisaegauulivinaeiznianign
thinldfusdamansnsinunsvaneviadesnnifumaiiansaiieszinnnds wazgndes aunsaiies
thanlimaununsieszinaaiiildinaru wmeda NIRS gnihunldlunisiuneusuinaasddy
U 10 vila laun anWdu (Caf), AnBiu (Catechin; ©), nsaunada (GA), wnalaatnu (GC), ANTU
wnawas (CG), knatamndunasan (GCG), dNANIU (EC), BNAINTU 3-wnatam (ECG), dNknatanin
Fu (EGQ) wavdfiunalan1miu 3-wnawan (Episallocatechin-3-gallate; EGCG) Tuluyn lavinnisdu
FregslurunaziBunurinaiunadudisLaios NIRSysterns 6500 Tugaaainue1indy 400-2500 uly
wns waglnnendsnaasddglulualaemedalasuilnnsmivaiauiugs (HPLO) Tussninasiou
AaNAY 2556 9 Augeu 2558 o ﬂaﬁ%’aLLazﬂ’@uuﬁwsnmwé’aﬂmﬁmﬁmuazLLUigUwémmamws
NTUNN Usinadneiadovesansddysie 10 ¥ila (Caf, C, GA, GC, CG, GCG, EC, ECG, EGC way EGCG)
iU 37.804, 11.722, 10.207, 13.999, 8.237, 8.116, 20.202, 26.027, 57.730 wa g 74.262 ppm
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AEN : Near Infrared Spectroscopy (NIRS), @15d1Agy, Tua, High Performance Liquid

Chromatograph, Partial least squares regression (PLSR)

Hagtium (Camellia sinensis) \luiiniaswgiasdandaiugniusnludmindess Gosln
i uazwigesasy vivgnmansialuaidun Tu 2 nquaneusie v1dady wazynIu nivgnly
UszinmazUgnitetilunlunaadunluuds 3 Ussian fe v uden vigvas wazdi Gned uazeas,
2555) Faymnuiaanansasinldaniduforiuudiiunssuisunndstueenly vigndndsziannia
nszvIuNMILUTIU ndsnnsiuderluressasgnildiaanuazuu Tneviliioulelulurifnfize
sondindufuoendiaulueinia lumesdiddudu eaolsfladlulumasunnds naneduansunudulisg
dn deandudomeanisvineuveseulyd Tnsldauseudelivenufatensendindu annsinu
wu31 luwgaulusivaisamdu (Caffeine; Caf) wavansnediiuea (polyphenol) Feanswedfiueadidn
wulumlaun Ay (Catechin; O), nsawnada (Gallic acid; GA), wnalaawdu (Gallocatechin; GO), A
mTULNawan (Catechin gallate; CG), wnalaannduunalan (Gallocatechin gallate; GCG), BRANNTUY
(Epicatechin; EC), 8 A1tM T U 3-wnatan (Epicatechin-3-gallate; ECG), 8N unalam1indu
(Epigallocatechin; EGC) wazdiiunalannndu 3-unatan (Epigallocatechin-3-gallate; EGCG) (Figure 1)
aswodtuealuridnfauidulnsundvanunsasengvslumsdinueyyadass feieddnoyyadased
Hufivdesrsnedisligunmitudesiunininuangs transeduliuludon annisinnaeniden
w6 (arthrosclerosis) anseauthmaluden Paglunsiiunswinatndany wayloduddinatenis
antwidn Snwguaindestin waduadanszgnuasituliudauss sudsuuafiFeiviliug andnans
Avsannadulsaiile vzasnizuinewde (anti-aging) Prenseaulvissuulszam wagsnanevinnula
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nszU3nsziue wazanemishaeienannisvinauntniesinaumdy dudiuiiseeendintuvedluty
(lipid oxidation) Jeafunisiinnduiinlue nisiddie wazligndlunistrsdrefiveanaininenie
(detoxicating potential) 1udu (A3ss, 2557) ﬂaﬁ;ﬁuﬁjmﬁLm']zﬁmﬁa‘hﬁ’fgﬁagﬂummmiﬂ%’mﬂﬁﬂim
WWMNTMWAIAIINALES (High Performance Liquid Chromatograph; HPLC) uagimaliawalaaizodn
TnslW3da (Capillary Electrophoresis; CE) usiin3annsiiaglinansiaszsiiiuauen LAZQNADY UANUTN
HuBsildszoznalunisieneiuu Wiinseiiivszaunsal Aldaiegs wazduhanedaodng (kim
et al., 2007) Near Infrared Spectroscopy (NIRS) Lﬂumﬂﬁﬂﬁgﬂiﬁ?j’ﬂizLﬁuﬂ'%mcumiﬁﬂﬁmﬂwmLLUUI@J
vianenanna (nondestructive) 6?%@Li‘;Ju"“s%'miUizLﬁuﬂmmwﬁlé’%’ummﬁauLﬁmuwﬁuiuﬂwﬁu wadla
NIRS iumedauuiiugiuvesnmsganaunasiulnddunsisavesasusenouduniduasi eaduuann
nwnantauas (light source) Agdodundeing vioasazansuudlngy wvilviluianavesans

Meguinn1sduaiiow Lazganiunas diunainievziinisasyiou wazdoaiuainmiegeludis

) 1

Asunds (NIR detector) & mwuawzmé’zyﬁyjméﬂamﬁama% AntuAsuMImesazLUasdy I NIR
Spectrum mﬁwmﬁmwﬁ%wﬂamamﬁ FATIZINNTIUTUN WATAMAIN (WU UazAMY, 2556)
Y a a o a ) | ~ 2 v v a ¢ al < oA A | o

19U NATANABNIMSUAIDENLNEWANLBY INANITIATIEINTINSIarUTele taelivinane
feene Wlvansialivseniaaisnnang bkinelminuaiwsredawindaay (wamoto et al., 1995) wan1s
AnseiTunaasddglulumnmematia NIRS tusaeasaaunIsiiguiInsgIuniannuwiug e nag

anansavihweUTinaasafylulunldegisgndes waznauwnuismsliasgiluiesdiansla
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Figure 1 Chemical structures of major components; epigallocatechin gallate (EGCG), epicatechin
gallate (ECG), epicatechin (EC), epigallocatechin (EGC), and catechin present in tea
leaves. (Rusak et al., 2008)
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1394 Near Infrared Spectroscopy 91nU3EM FOSS U 6500
$19819%1 91U 450 F19E3
1304 HPLC
w3sdanaiey 4 sums
\adusTYegsdmsumanSyfia 1Usunsy The Unscrambler® version 7.6 (CAMO, Oslo,
Norway)
8151195574 119U 10 vile
6.1 AWNYU Catechin (C)
6.2 n3saknaam (Gallic Acid; GA)
6.3 unalaAndu gallocatechin (GC)
6.4 catechin gallate (CG)
6.5 gallocatechin gallate (GCG)
6.6 BNAUNTIU epicatechin (EC)
6.7 BNAUNTU 3-kNALAR epicatechin-3-gallate (ECG)
6.8 dNunalam iy epigallocatechin (EGC)
6.9 dNunalaAnTu 3-unalan epigallocatechin-3-gallate (EGCG)
6.10 AU (Caffeine; Caf)

1. swnNiegridoafidmiieanunasingg ludmiadesse Gedni uaznganne
1Y 450 Mee

2. af1uduNInIgIUNTeNIINLINgIU (standard curve %se calibration curve) ¥a3a13d ATy
31U 10 vila lawn a1sAndy (caffeine) WagansnguAmTud (catechins) Wu catechin
(0), gallic acid (GA), gallocatechin (GC), catechin gallate (CG), gallocatechin gallate
(GCG), epicatechin (EC), epicatechin-3-gallate (ECG), epigallocatechin (EGC) t & &
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11.

epigallocatechin-3-gallate (EGCG) Ingvinisintouanududuresarsazatsuinsgiud
aududusgg fu odrados 5 mnududug az 3 91 lasaududuvesaisazans
1AsLIzATIUARNANITIITUYRIm saraefeE v e thu e e

yhnsdnansazanemsgudnluluieiedlasnlanmiluuuveanainssfugs (HPLO) Taeld
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ARRUUSIBsALNE §-18 (Reverse phase column C18) waz@nsiaingd (UV detector) Lile

augeesiinuaiaduduinasgiusenineivawesfinduanududuresaisazane
WMIFUY

Y 1 =

thdegadendiiusiusinn ualfazdeaunu 10 3und fewissuaniun
FashogavrunaziBunnin 2.000 n3u witanatndeuniuea 70 Wesidudusunas 80
fiodans udwiluihdoufigamad 80 + 2 ssniwaidea um 30 Wil wazanINFIoE N
Snass (andusiuu 2 ady)

nangavgiiansazareiiogiaanas Ihludumdesfinimida 3,500 rpm w10 wrdl
LLé’aam%’juﬁuaqmm (liquid phase) laluwaausuusanms 250 fadans antusauuusanmsld
Ju 250 fadansmeunuea 70 Wesidua

Aeudadia3es HPLC Tinsesansazanediegeituiinseswun 0.45 lulaswns lagld
@n1¥ (condition) NMskenansilounuiunNsanansasaneuInggy
L.LﬂaéhaamsmL%sn‘umazLﬁamlﬂi’mmmi@mﬂﬁuLLmﬁwm%m Near Infrared Spectroscopy i
AVINENIARY 400 — 2500 wiluns tnetansasTiounduvatuas (reflectance)

1}1 spectra fiuuuy (original spectra) ilé m%aawv‘hmmﬂaawaﬁagaLﬁaaﬂwaﬂwmmn
9386199 1 noise w3o errors AnN1sIATIUTINGLU spectrum ﬁw%’agaﬁié’ﬁgﬂwmm
Anzidsudisuiiionisnffian aisaunisannesdudu somada partial least
square regression (PLSR) mﬂIUSLLﬂiMﬁWLéﬂ'gU The Unscrambler (Camo, Oslo, Norway)
eIt eiaauuy Full cross validation

MnsAnenaun1sinefiatsana Standard Error of Calibration (SEC) wagen Correlation
Coefficient (R) psvdsUALiuEveaunsiad st ulaeSeuiioudn Standard Error of
Prediction (SEP) uag Bias titeUszifiulneldteyalugnudilsilildlunisanns
thaunsildluvszgndldfundadasians  uasmeunsliuimhonuiiierdeadel iy

madenlunsinuTunaearsarglulumdely
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anautAvasiageitldlunsvinaunis

fhetewiiunaziden S1uu 420 fegs gniannaaeduesufiRnisiilemusinauansd iy
Tne33aauuas 1SO (2006) ieldvhaunisdmiuuseduliunaasdfy sauau 10 oiia liwn awduy
(Caffeine; Caf) AnTu (Catechin; C), nsawnadn (Gallic acid; GA), wnalaA @ (Gallocatechin; GC),
ANNTULNALAR (Catechin gallate; CG), wnalanndunnaian (Gallocatechin gallate; GCG), BNANNTU
(Epicatechin; EC), 8N A1t T U 3-unatan (Epicatechin-3-gallate; ECG), 8RN unalan1in T u
(Epigallocatechin; EGC) wagdiunalanundu 3-wnatan (Epigallocatechin-3-gallate; EGCG) Tuluan
(Table 1)

Table 1 Characteristics of tea samples used for model construction by NIRS

No. of Compound contents (ppm)
Compounds
samples Min Max Average

1.Gallic Acid (GA) 270 5.652 16.187 10.207
2.Gallocatechin (GC) 225 5.097 22.178 13.999
3.Epigallocatechin (EGC) 262 6.998 111.583 57.730
4.Catechin (C) 180 5.385 22.019 11.722
5.Caffein (Caf) 297 23.469 58.172 37.804
6.Epicatechin (EC) 179 5.649 39.114 20.202

7.Epigallocatechin Gallate (EGCG) 134 7.796 127.010 74.262




8.Gallocatechin Gallate (GCG) 291 5.097 14.115 8.116
9.Epicatechin Gallate (ECG) 151 5.502 72.786 26.027
10.Catechin Gallate (CG) 307 5523 13.434 8.237

AINIAATULEITNIAUYIIATUA ) VBIA20E19Y1

o

AN3gAduLAT (absorbance) findueNIAALANY YoewEaiuTumasddYy $1udn 10 via
(Caf, C, GA, GC, G, GCG, EC, ECG, EGC uay EGCG) uandly Figure 2 Amennauiifidiinisgaduuas
1690 1725 2326 2350 waz 2000 ulung Felaruduiusiuiuss —CH,, CH,, CH,, CH, uaz CONH,
pddu Awuannluasaundululue luvazfinnugneduidainisgeaduuas 1920 uay 2140

TULAST TIHANMUAUNUSAUNUSE -OH way HC=CH mua1su lagdiaudunusiualsnodiuea

(polyphenol) fsnnululurniduiu (Lee et al, 2014)
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Figure 2 Original spectrum of tea samples in wavelength range 400 — 2500 nm.

A15911 Calibration #78 Partial Least Square Regression

91nn19911 calibration @nsd1Agyluluruaazyiin 28738 Partial Least Square Regression
(PLSR) #1n1531m31¢9uu Full cross-validation Tnenisldaiunasusadia (original spectrum) #inan
§717AAUT 400-2500 WTULLAT WU

nsawnadn (GA) Srduuszansanduius (Coefficient of correlation, R) winfu 0.888 Tuveedi

AALAaIARReuNInIgIulunquaiisaunis (Standard error of calibration, SEC) iU 1.417 ppm



ﬂ'wmmﬂmmLﬂﬁaumwmgmiumjmmaauamms (Standard error of prediction, SEP) M1fiu 1.518 ppm
AaAETeINaR1ITENINNATlFaNITEsBatuamiilaann NIRS (averages of difference between actual
and NIR values, Bias) 111U 0.001 ppm tadefivizates (Factor, F) §1uau 9 Jad wazA1A1y
AaALAAeY (Standard deviation, SD) 3.081 ppm (Table 2, Figure 3)

arsunalanmdu (GO) A1 R, SEC, SEP, Bias, F wag SD winfiu 0.918, 1.513 ppm, 1.630 ppm,
0.001 ppm, 9 Way 3.822 ppm MNa1RU (Table 2, Figure 4)

a199fiunalanmnu (EGC) &A1 R, SEC, SEP, Bias, F wag SD winAu 0.938, 7.606 ppm, 8.099
ppm, -0.024 ppm, 8 tag 20.170 ppm AawU (Table 2, Figure 5)

a13AunTu (C) dA1 R, SEC, SEP, Bias, F tay SD windu 0.939, 1.429 ppm, 1.570 ppm, -0.004
ppm, 9 kag 4.159 ppm AWAINU (Table 2, Figure 6)

a13ANWBU (Caf) A1 R, SEC, SEP, Bias, F Wwag SD winu 0.938, 2.762 ppm, 2.907 ppm, 0.001
ppm, 8 ag 7.981 ppm M1uaeu (Table 2, Figure 7)

d199NANTU (EC) AT R, SEC, SEP, Bias, F thag SD 111U 0.952, 2.236 ppm, 2.477 ppm, -
0.007 ppm, 9 tay 7.301 ppm aua1eU (Table 2, Figure 8)

a159nunalaninu 3-unatan (EGCG) UA R, SEC, SEP, Bias, F ag SD wi1Au 0.954, 6.973
ppm, 8.224 ppm, -0.039 ppm, 9 Way 23.316 ppm Mua1su (Table 2, Figure 9)

arsunalanndulnatan (GCG) dAn R, SEC, SEP, Bias, F tag SD 1fiu 0.863, 1.330 ppm,
1.375 ppm, 0.006 ppm, 8 Wag 2.633 ppm A1ua19u (Table 2, Figure 10)

d159NANNTU 3-natan (ECG) UAn R, SEC, SEP, Bias, F wag SD winfiu 0.976, 3.483 ppm,
3.997ppm, -0.002 ppm, 9 Way 15.956 ppm g ua1nu (Table 2, Figure 11)

waza1sANTULNaLan (CG) A1 R, SEC, SEP, Bias, F way SD windu 0.866, 1.399 ppm, 1.490
ppm, 0.009 ppm, 10 kag 2.797 ppm f1uasu (Table 2, Figure 12)
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spectrum) @eanunsaihunlavaununsitaseinueiils

LONEIT19D
Sened wmnsal neyaun waseAs wavetg LeARUS. 2555. asruseneuransalutiuluiniuilowan

YFAAUVDIINGY. MTAITINGEERNS L. 40 (4): 1225- 1235,

WA Juns Yyurn asady WA 1hesana wasyiuseud n1waing. 2556, nsldillesdunlsisnsman
wanaalasalatvinueesrusenevrediusiuludnlnatimiled. 7. ne. ny. 44 : 3 (FAw) ;

410-413
355 Aseunssal. 2557, ansdueyyadasyluemns. ledeualns ngavme. 272 v

International Organization for Standardization (ISO). 2006. Determination of substances
characteristic of green and black tea—part 2: content of catechins in green tea—
method using high-performance liquid chromatography. ISO 14502-2:2005/Cor. 1:2006(E)

Iwamoto, M., S. Kawano and Y. Ozaki. 1995. An overview of research and development of near
infrared spectroscopy in Japan. Journal of Near Infrared Spectroscopy 3: 179-189.

Kim, K.S., S.H. Park and M.G. Choung. 2007. Nondestructive determination of oil content and fatty
acid composition in perilla seeds by near-infrared spectroscopy. Journal of Agricultural
and Food Chemistry, 55, 1679-1685.

Lee, M.S., Y.S. Hwang, J. Lee and M.G. Choung. 2014. The characterization of caffeine and nine
individual catechins in the leaves of green tea (Camellia sinensis L.) By near-infrared
reflectance spectroscopy. Food Chemistry 158. 351-357

Rusak, G., D. Komes, S. Liki¢, D. Horzi¢ and M. Kova¢. 2008. Phenolic content and antioxidative
capacity of green and white tea extracts depending on extraction conditions and the

solvent used. Food Chemistry. 110(4):852-858.



Williams, P., 2007. Near-infrared Technology - Getting the Best out of Light. Edition 5.0. A Short
Course in the Practical Implementation of Near-Infrared Spectroscopy for the User. PDK
Grain, Nanaimo, Canada, pp. (5-1)-(5-17).
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Table 2 Results of PLSR calibration for component determinations in tea leaves.

Wavelength No. of SEC SEP Bias SD
Compounds R F
(nm) samples (ppm)  (ppm)  (ppm) (ppm)
1.Gallic Acid (GA) 400-2500 270 0.888 1.417 1.518 0.001 9 3.081
2.Gallocatechin (GC) 400-2500 225 0.918 1.513 1.630 0.001 9 3.822
3.Epigallocatechin (EGC) 400-2500 262 0.938 7.606 8.099 -0.024 8 20.170
4.Catechin (C) 400-2500 180 0.939 1.429 1.570 -0.004 9 4.159
5.Caffein (Caf) 400-2500 297 0.938 2.762 2.907 0.001 8 7.981
6.Epicatechin (EC) 400-2500 179 0.952 2.236 2.477 -0.007 9 7.301
7.Epigallocatechin Gallate
400-2500 134 0.954 6.973 8.224  -0.039 9 23.316
(EGCG)
8.Gallocatechin Gallate (GCG) 400-2500 291 0.863 1.330 1.375 0.006 8 2.633
9.Epicatechin Gallate (ECG) 400-2500 151 0.976 3.483 3.997 -0.002 9 15.956
10.Catechin Gallate (CG) 400-2500 307 0.866 1.399 1.490 0.009 10 2.797

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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Figure 3. Scatter plot of Gallic Acid (GA) content in tea leaves determined by HPLC (X-axis) vs. by

NIRS (Y-axis).
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Figure 4. Scatter plot of Gallocatechin (GC) content in tea leaves determined by HPLC (X-axis) vs.
by NIRS (Y-axis).
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Figure 5. Scatter plot of Epigallocatechin (EGC) content in tea leaves determined by HPLC (X-axis)
vs. by NIRS (Y-axis).
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Figure 6. Scatter plot of Catechin (C) content in tea leaves determined by HPLC (X-axis) vs. by
NIRS (Y-axis).
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Figure 7. Scatter plot of Caffein (Caf) content in tea leaves determined by HPLC (X-axis) vs. by
NIRS (Y-axis).
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Figure 8. Scatter plot of Epicatechin (EC) content in tea leaves determined by HPLC (X-axis) vs. by
NIRS (Y-axis).
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Figure 9. Scatter plot of Epigallocatechin Gallate (EGCG) content in tea leaves determined by
HPLC (X-axis) vs. by NIRS (Y-axis).
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Figure 10. Scatter plot of Gallocatechin Gallate (GCG) content in tea leaves determined by HPLC

(X-axis) vs. by NIRS (Y-axis).
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Figure 11. Scatter plot of Epicatechin Gallate (ECG) content in tea leaves determined by HPLC (X-

axis) vs. by NIRS (Y-axis).
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Figure 12. Scatter plot of Catechin Gallate (CG) content in tea leaves determined by HPLC (X-axis)
vs. by NIRS (Y-axis).



