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Rapid Measure of Color and Catechins Contents in
Processed Teas Using NIRS

Jong Un Chun”
Dept. of Well-being Resources, Sunchon National University, Suncheon 540-742, Korea

Abstract - This study was done to measure the color and catechins contents in processed teas using the whole bands
(400~2500 nm)y with near-infrared spectroscopy(NIRS). The powder colors of 109 processed teas were measured with a
colorimeter. The a/b ratios in Hunter color scale in processed teas accounted for about 98.9% of the variation in the
fermentation degree(FD), indicating that the a/b ratio was a very useful trait for assessing fermentation degree. Also tea
powders were scanned in the visible bands used with NIRSystem. The calibration equations for powder colors were
developed using the regression method of modified partial least squares(MPLS) with the internal cross validation. The
equations had low SECV (standard errors of cross-validation), and high R’ (coefficient of determination in calibration)
values with 0.996~1.00, indicating that the visible bands(400~700 nm) with NIRS could be used to rapidly measure the
variables related to powder color and fermentation degree. Also another powders of 137 processed teas were scanned at
780~2500 nm bands in the reflectance mode. The calibration equations were developed using the regression method of
MPLS with the internal cross validation. The equations had low SECV, and high R” (0.896~ 0.983) values, showing that
NIRS could be used to rapidly discriminate the contents of EGC(R2=0.919), EC(0.896), EGCg(0.978), ECg(0.905) and total
catechins(0.983) in processed teas with high precision and ease.

Key words - powder color, fermentation degree, processed teas, visible bands, NIRS, Hunter Lab color scale, catechins
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Aolm|, T% AUkl Agko] il thesiet, AEAFYG ol
A 7 de] 0] 8E]= color scale®l= Hunter Lab scale
7} CIE L'a'b scaleo] ¢]al, Hunter Lab color scale2
1950 thef 1960t o] WA E o} ATk of 2] #ofof o]
€= 31 9Jtt(Minolta, 1994). CIE L'a’d color scale
19760l A2 G LI (CIE) A Ftit A FLgt
color scale® 0]-&3=2 HYASH Al A|AEI O 2 Hunter
Lab7} obd CIE L'a'b 9] ARgo] AlAHQ SAlolu, 242
Aol A Hunter Labgto] ol o]-&5o] gith L H=
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wo] glom|, 2}o] & gt He vk ) $9 7R A
B2 (—)—epigallocatechin(EGC), (+)—catechin(C), (-)
—epicatechin(EC), (—)—epigallocatechin gallate(EGCg),
(-)—epicatechin gallate(ECg) 522 F+8 A|&AO
2 gs, gk, shesh, WUl O e4Rs, 33
selE W BEuRs, FRAEE, B0l 9 B,
L FE 5ol BEiE o] §Jth(Moon and Park, 1995;
Schulz et al., 1999). Hollman et al,(1997)-2 Z}2] flavonoids
o] ofz|arg- 9 A%kell gt Ao disto] FH9jstA 7]
=3HT,
ofe] T2 717157 HPLCO] &J3)) =] = %™ (Goto
et al,, 1996), E3} capillary electrophoretic techniques
= olgat 71|07 ol 2AE Ul ckLarger ot al.,
1998). FUIAE HPLC WS 7|22 she 7150
Haulo] GTLE Ul 9LOL} (Han et al,, 2005), o|2]3t HH]
S AAE] Algo] ol Aal utebA HAje] W] uk2t
Aol HojA|m, th=o] AH] 9l 24 ko] Fasi,
f Lol = LA AS o8] BAIEl ofjt 23]
ALY O NIRSS B-8sh= 2ot 4 e s
= FAJolth, NIRSe]| &J3t =439 5?:_% %’“M s,
ohul=Al, B, ZH]l, ZHE%l
Goto, 1992; Tkegaya, 1990; Choi et al,, 2001) 5*40]-7]
et A4S FEslATh Schulz et al. (1999)2 NIRS
off o3t 4} 9le] 7% -,-r(EC EGC, EGCG, ECG) £4]
o) hset HAAE FEaIAOM, Fuold A glolit, 4
AEe] 9 A, SEAS 9 S Bl B4S 9
B NIRS EH ol de A7} 7ol s Agold
NIRSS] A& sialobgo] W g, ARZAV} 715
el e o] Zi5aln, o
olsit}, webA & = NIRSE o]
00~2500 nm) A} A|Z2] Huto] M
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VERCTTE

ddA=
A} Ero] MAF 2o 2 1097 AEFHEA HAp/ R
FaA A TN, QFEoR ATk 54 Y ﬁ%}m}

A EFEEAE o187 A AESY A R FHERIF A% 54

357Y, S A} 9 FE
% 187 A& *l%ﬁ}?iﬂ, R 25e 2
E(@EA =2 AE 1087, ALgo® Alkst
2} 177), F2A R E A Wast 2 sug st 127))
TFYsto] EA o] o] gttt M 9 FHEHZIR HAAE
7t o AS e F A a9 4 °l—‘7*—°1 7] =
olth, Zt AlEE= ?Ldff}ojl -20C W%alo] 2 B
A5k wof ZF A& 10 g¥ sample mil (Cyclotec 1093,
Sweden) 2 E4}(200 mesh)3}o] ARESFFILE,

411:
1:014
_>|4_'4
=~
©
=

Aeee) Ay 27

7y 2} B A7 9F 3 g& #F sample cup(NIRSE, &
74 35 mm)of W2 T 4l-2-0] A %ﬂﬁ](Spectrophotometer,
CM—-2022, Minolta, Japan)E ©|-83}o] Hunter Lab color
scaleE 334 ZHsto] HdghS ottt

Catechins 2] A
7FEF152] HPLCO] 9Jgt 2Fak4] #4912 Goto et al. (1996)
o] who] whah AAEHYL) &, #4H AlR 0.1 gofl 80C
o] ZF4 100 ml & 7kste] 3087 &S & A271A] &
=z ]
3

=2 W30 100 ml 2 HLslgc) B

AN Ho thg 539 chloroformE 718l £3]3h= =
w02 33 WhEate] A5k ZH2] chloroforme HjZ
NATH $22o] G2 7}47] 3RS ethyl acetate= 32}

A ol 714 ok 4249 peke 12 1
of| A 7+e} 55310 ethyl acetated A|ASIATE °lF X5
ZZ 52 methanolo]] =21 TR pore size 0.2 M membrane
filter= o]1} A|7]1L Sep—pak Cl18 7}EZ]| R0 Z1}A]A
HPLC(Waters M244, USA)2 EX435}4c},
CrestPak—C18S(JASCO Co., Japan) 4.6 X 150 mnE A5}
91 25 40CE SR8 0] FARS- 20 mM KH,PO,/
acetonitril®] H]&L 87:13(v/v) 2 E isocratic 2L
2 924700 280 nme] SgelA] Z17e] SRIES 4
S35t

HBANAL ol JAANE R 825 A7) h
| raA oot & AslolaE 4 7HR1) 2 33
9l (—)—epigallocatechin(EGC), (+)—catechin(C), (-)
—epicatechin(EC), (—)—epigallocatechin gallate(EGCg),
(-)—epicatechin gallate (ECg) 5&-F& EFEA=Z Z+7}
of ol v} WAL HRofo] TG REIHC 9

o] column-
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& 2 shehEe dEe Foke AFEEY 7St &

ZE QA AdEY BX
Zolst Bk A|Ro] ATEYL 13 oA Higr A

(NIRSystems 6500, Foss NIRSystems Inc,, MD, USA)
= zx%o]. i, z} Hulo] AL Ao 7}A]%¥/ﬂ (400~
700 nm) 9] ABEYSE FHEZFY S A4 Y
(780~2500 nm)of| Al A5 2+ A|& 10 g& sample
mill(Cyclotec 1093, Foss, Sweden) 2 E4af5lo], E4 A=
oF 3 g& standard sample cup®] g T A-20]A4] scanning
sto] 2 EYS At P& AHEFS standard normal
variance(SNV) &} detrend® Q& X}o]ofA] £-2l&]= At
48 HAEGeT, dolX ANENS Tl WAl
2 g 98 3 ks 24 sty
Aeialol, dlolel 24 9

ol
A2 2o o2 uiAel Azl 48

Ao I’H FAeg A
sfof 1 A4S A9}
SAAE

Scanning, 4= A7 2 EAEAL 9|3 NIRSQ] R&-&

WinISI I software(Windows version 1,04, Foss and

Infrasoft International LLC, Stage College, PA, USA)
£ ol&stoir
7=lﬂ|. ol Xt

= = =

3 AF 2w B Ay 5%

2} A Eo] AR 3to] EAWy} FJHoZ 2Qe W
ofuel AL Ty ].3_Q7<1 7} 71202, g o8
Pl = T S AT E3F AL AlEe] A2 f=
2 e Jes Zji Jel=tl S8 710l 2 4= Al

SAAZ SAT et A AlES] A 54(Table

™ Hunter color scaleo]|A] LgFe] H{l= 26,98
~56.20, Bk 45,13, HolAI4 13.4%% 1L, agte ‘:HH
—3.97~10.15, Batgk 2,83, HO|AIS 160.1%2 Al £
HHol o] w9 Zict, bake] H9] 5.02~10.46, Btk 9.05,
Ho A4~ 13.4%%93L, a/bgte WY —0.43~1.45 A3k
0.36, Ho|A4: 150, 0%& WHolAo] Fc} E3t 2} A= 7+
Mool B3| 2 ENS a%t a/bz MolAt 2t 2t
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Table 1. Means, ranges, standard deviations(SD), and
coefficients variation(CV) for Hunter Lab color scale of
processed teas measured with a spectrophotometer (n=109)

Hunter Lab color scale FD
a b alb (%)

Variable

Mean  45.13 2.83 9.05 0.36 47.9

2698~ 397~  5.02~ -043~ 3.0~
56.20 10.15 10.46 1.45 94.0

SD 6.03 4.53 1.21 0.54 30.7
CV(%) 13.4 160.1 134 150.0 64.2

Range

L indicates lightness, a and b indicate color chromaticity, +a for
red direction, -a for green direction, +b for yellow direction, -b
for blue direction, FD; fermentation degree(0~100%).

160.1%2} 150, 0% = NIRS 7oAl
29| S HArh

Smaied AR A

2} AlFolA Ta(S) Jx=o 4

2} A|Zo] e r 310lo] Ao ZAHEt Aol £
Golize] sl 2 A EE 24 RS We )
Q1S = 2 Hunter color scale®|A] a/bgkS o]-8sfo] 2|12
oA HAXNE W S A= WrolA A8kl
a/beke 71ELR 1294 100%7H4] WA LIEh H=E
3lel 8 Y212 olgslart

kel A=V)E #4517 9t v A e
@ Az e 2,

Y =27.873 + 31, 525 X1(a/b) + 3, 025" Xz(a) ( =0,995)

714 a2} b= color chromaticityS YEFHTH Hunter
color scale9|A] HEAE(Y)S] HolE Xi(a/b)E 98.7%
A7 AE 4= d%len, Xo(a) HE 371 S wo) 2
A2 710,95 B3I, WA £ 2K
AFs 2Lt SMAF o83t a, b, a/bite 54
ol B3, a/b WOR A AES YEAEE AHT -
L 583 3 B4R ol3% 4 Aok

webd] A EE} op BRaa ] wagE

FgsR) A AES) o] A4S ol ok Zlo] nhe-

3:30

E
Aotsirial AY71= ik, £3] Hunter color scaledlA] a/b
Zog MEATE n)o o Hslr g 23} 27} 99T}



2 Alge A g9 AHEY £4
b AEe 2HAT S $JalA 1097] &} AEol of
sto] ZHAEA tf &1(400~700 nm)ol|lAl, 7HIZIF A3
5385 e 1377 A AlFel diste] FAM di o
(7800~2500 nm)of|A] AHMEHS A} 7IA|F o
400 nmolA] 700 nm fHof A= Ao 7|15k &
T35 Ho|il 9lon LHLA JoofA= 71EA3
=9 A B4 3¢ w2 EQ FElA 7|8t
1960 nm 4] 9] A9} 1450 nm ¥ <] viS(overtone
band)7} B25o) 2 W 2200 nm 2] C-H7]9| 7|28}
ZAgtiele], 2000 nm 2] N-He|| 7|918l= &4 9
50| #ET BHHA O 1800 nm Y o]t C-H,
—H, O-H9| 7]Ql8}= &34 gjaAE50] FHE o] HjS&
F& AL BE sAHEo] 2= 7=

63 740 /\‘ﬂ lﬂ—ﬂﬂxl(}_?ﬂ

T,

off o 1R
(ol 2 4

of

fra 59 37 & da F
O, N, CE©] 4=4:¢} Z3}E|o] 27} O-H, N-H, C-H 4
o] NIR A8 Eo| vehdtt =3 o] AdEY
2 AbkR A (scatter correction) W 12} n]E-S =335}
th o|gst ATEHS Hajsto @A o] 7|9leks 7]
A9 He W FFY FHE Eeldider 7 WiE —%94
g Beeg Bl 2A9A oA A A=
o] b= Al FF Ao gt A= HaE vf ok

(Goto, 1992; Tkegaya, 1990; Choi et al,,
1999).

2001; Schulz

et al,,

NIRSo]| &% A0y F g A3 7%=
Modified partial least square(MPLS)E ©]-&3}o] x}
AlE ) AT S tigt AFAE f=skatt
(Table 2), ThHEHE LTEet W dA77} o] Fo|A] gko
Thomas(1994) 9] 9J3]] AW E]oJ#], principal component
regression(PCR) ¥ principal least square(PLS) W'
9] A=FAlo] multiple linear regression(MLR) S of
Askar gk, ol 72 wAHESS ©l88h= MPLS
wpe Thgel Ajeln 4Aete] Aue fEshe 1y
o 2 RASKE ] T AR 8 B
A5 A& F QOB F overfittingE| A Y= HAHFAIS

(

FE= T 4 ek, ol2iR ARG olgslo} 2% PLS
AT 2719 Aol Hs)A s v o1,
EEITLY e

TFFEAE oF8RE AF AlFe] A B 7R Al S

A} AlEo] A I 549 S4S It HRAE e
3t ATE Table 2004 HH, o ¥47L STkt whet
QAL sk, BYARE) 2 B34 ABEI-VR

= 7kl 2% 2A3H A9 415 KW, Hunter
color scaleol|A] LEre] AAATE 0,997, HAZA| ALE

, A
= 0,9952 - =0tk agke] AAAGE= 1,00
L 0,999 & =9k} bre] AAAGE
A= 0,992 =9t a/bke] AAAGE 0,999
Al AAEE 0,999 19 =dc),

ﬂ]i A2 A4} A EATE NIRSS] HHAE A
o] AT Fig, 1~20]4] B nje} o] o]
J9] A E = ¢ =11 Ho|2] 99 6~100%7} AT
% THTable 2). o5 22} A& gk 71&7]7} 1.009]
A2} AR08

]
y o
i

ox, _Il)lr
) 1=
gg\l
rN

o
|m
ox.

11, standard error of prediction(SEP)

Table 2. Statistics of calibration equations for prediction
of authentication of powder color in processed teas by
applying NIRS in the reflectance mode

Variable n Mean SEC SECV SD/SECV R’ 1-VR

L 101 4528 0.327 0414 1343 0.997 0.995
a 99 2.88 0.092 0.106 4226 1.00 0.999
b 99 9.16 0.064 0.097 11.67 0.996 0.992
ab 97 034 0014 0.020 26.10 0.999 0.999
FD 99 47.05 0920 1253 2412  0.999 0.998

n; sample number, SEC; standard error of calibration, SECV; standard
error of cross validation. Rz; coefficient of determination of calibration.
1-VR; percentage of variation in the reference method values explained
by NIRS. FD; fermentation degree.

Scatter plot

56.448

49.330

2213

L (temp8._ANL)

35.095

21911
28.466 35.366 42.265 49.164 56.064

L temp7.ANL)

Slope: 1.004 RSQ: 0.997
SEP: 0.328 BIAS: 0.010 SEP(C): 0.330

Fig. 1. Relationship between predicted L values acquired by
NIRS prediction and spectrophotometer in processed teas.
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Scatter plot

1531

1.009

0.486

ab (temp10.ANL)

-0.036

-0.559
0.576 -0.043 0.489 1.022 1.555

b (empOANL) Slope: 0.995RSQ: 0.999

SEP: 0.015 BIAS: -0.000 SEP(C): 0.015

Fig. 2. Relationship between predicted a/b values acquired
by NIRS prediction and spectrophotometer in processed teas.

o] YolA] over—fitting©] Zth= A
T Aol A A} Al 2 AT
of izt AzF4e] He=rt vl =
A3 9 9(400~700 nm)oJ|A] 05 EAL Lolsti A

W okl AR 1ot B2 FA0 2o hsetne

P EF S AFHOR BE T 4

3 AES) AT Bk 2
SelZRe e 3 Zol oF 20~35% TEo| I

on], ae] 29} §e ol T0~75% AR 7|olals 4R

olch, HEI7IRE) ShlARE-L T, GABE L WAL A
A, B33 2e2 Al UL 2 WY Y3k, A4 By
[e]

& 50| ItH(Choi, 1999; Hollman et al., 1997; Mon and
Park, 1995; Schulz et al,, 1999),

HPLCEA Rl oot 7HI7l 2k A9l Bt &%=
H2}, W9 9 HoAFE Table 3004 B, FAH
Aol 77 S8 % Bl 1 S EGCe?)
= 0,01~10, 48% 2 BFA= 63191, HO|A=E 45.3%
R Ul w9 EGC &> MS17F 0.0~3.58%%, Bt
A 1.50%SL, ol A4 63,3%2 Wlol o] £ e}
Wk C oS #917E0.0~0.99% %A Bt A= 0.34%,
Hol Al 67.6%0] 1L, EC T2 He7} 0.01~3.06%=

o A H
do >4 pn

Table 3. Means, ranges, standard deviations(SD), and
coefficients of variation(CV) for catechins contents of
processed teas used with the HPLC(n=137)

EGC C EC EGCg ECg Total

Variable .
%) (%) (%) (%) (%) catechins(%)

Mean 150 034 129 631 189 11.34

0.0~ 0.0~ 0.01~ 0.01~ 0.01~ 0.04~
358 099 306 1048 3.25 17.78

SD 095 023 074 286 086 5.16
CV(%) 633 676 574 453 456 45.5

Range

EGC; (-)-epigallocatechin, C; (+)-catechin, EC; (-)-epicatechin,
EGCg; (-)-epigallocatechin gallate, ECg; (-)-epicatechin gallate.

A BHA= 1.29%, HolAlGE 57.4%01%12H, ECg &

o WO7} 0,01~3,25%F A BHA = 1.89%, Ho|AS:
45.6%% A =Sl T, F 71719 FERE RSt
0.04~17.78% 2 A BHA= 11.3%, Wo| A4 45 5%
UHERRT

7HIZ) 313 & B 2«9 EGCg(6.31%))
ECg(1.89%)> EGC (1,50%)) EC(1,29%)) C(0.34%) ©]%}
o ESF 7 RS HolARTt 45.3~67.6%E AR
7t 7HE R ShEke Zto|7t A4 NIRS A4S fEdhe
o At AR oS Byt ol FAIE A A&7}
=2poll A FEas), dazt, ez 5 ookt AES
o-§3t97] o & AZHE, & 71Xl 5 F EGCg
7} 55.7%, ECg 16.7%, EGC 13.2%, EC 11,4%% 7}z} 2}
Aste] EGCg7} =2k 9 7gAlEol gk 7HIXIR ok
FA9| AR JEOR ogd 47} Slrkar wkE

[e]
e
-
—

NIRS] 215 = AF2) 7621 ] o)
A AFO] T e 2

S
AME Table 4014 EH, o4 W7l S74go] whebA
=i

=
o
oft
i
o
it

EZoAE Pasty, 2YA% ¥ 4EA AuEs 371
steh 2% A4Y AFAe) A0S Be, BGCgd] 2%
AgE 0.978% w9 1L, ,

HSA A= 09758 w9 =9kt}, E3F EGCo| 2%
A4 09198 wi¢- =11, AR HE EE 2= 0,296,
HSA does 0,896 9 =9t} ECO| ARAS=
0.896% =11, 7oA AZ FZ 0= 0,252, HAZA] A
e 0.879% =9tk Z 71219 AAAI5= 0.9832
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Table 4. Statistics of calibration equations for prediction of authentication for catechins contents in processed teas by

applying NIRS in the reflectance mode

Variable n Mean SEC SECV SD/SECV R’ 1-VR
EGC(%) 105 1.48 0.222 0.296 3.03 0.919 0.896
C(%) 79 041 0.076 0.079 0.65 0.299 0.276
EC(%) 107 121 0.223 0.252 2.89 0.896 0.879
EGCg(%) 96 6.08 0314 0.450 6.62 0.978 0.975
ECg(%) 97 1.77 0211 0.232 3.48 0.905 0.930
Total catechins(%) 104 11.10 0.737 0.923 5.77 0.983 0.970

n; sample number, SEC; standard error of calibration, SECV; standard error of cross validation. Rz; coefficient of determination of calibration.
1-VR; percentage of variation in the reference method values explained by NIRS.

W 31, @A A% BEQAE 0,923, WEA AT
£ 0.9702 vhg Bt} whEe] cof ARALet AFA
AT EE 00,2999 0.2760.2 w9 o Ho|ioh

Ak 7HE|7IRe] $4 22191 SD/SECV H|E(2,89~
6.62), 24A4 AU ABA HH=E TEE del, EGC,
BC, EGCg, ECg @ % 7el7le] dhstel =8l AFale
AR B4l v AU B4 o 08T 7
Qlth(Schulz et al,, 1999), WHHo||, (+)—catechin®] A4
Al 9 AEA) AT} 0,200 8 027608 T B
Bo2 ofF 4ol HHL YUE shek AE,

E3 HPLC B4WHo] o8] A& 7}e|715 ek} NIRS
o) HRAEON £ g 2o ABES Fig, 3~40l4 8
W, F8 7H|715(EGC, EC, EGCg, ECg) ¥ % 71€71¢]
UEE WS 2 Holo 89.6~98,3%7F AT E U
= 27 il digh 718717k 1,009 A9l Aol $
A E9] SEPo] YolA] over—fittingo| Ath= A
Ak

AAEL 7HF o ARS8t A2H(Table 4),
AAAG= EGC 0.919, EC 0.896, EGCg 0.978, ECg
0.905, & 7}H17]1 0,9832.2 AeFA|o] At r} uj$- i=of
A ZHIR S &4 Bolskal US| 43E
7F Qlek, 53] Fig 30l|4] Hi=H}e} Zo] EGCg g 7t
B2 Fe] 55, 7% AHAISHL 4 AU =7} zobA 7}
G759 AR o83 4 9lOm, EGC(13.2%), EC
(11.4%), EGCg(55.7%)-& % 7Ve]719] 97%2 2}A|3t0] =
Aol 203 1548 1 AERe Be fed 4
SAS o|galol HeT AT 471 Yeka ke,

Schulz et al. (1999)2 957]9] X5 A FS A5t

o

=
=
or A
]‘T

iEZ
o

AR Z(microwave—oven; 100w, 40~60s)S ©]&3}]
ALE EFAIANA AR(AESR 94%), BW 350 7}

Scatter plot
11.054

8.045

5.035

EGCg (temp6.ANL)

2.025

-0.985
2073 1.130 4332 7534

EGCq emp5.ANL) Slope: 1.005_RSQ: 0.978
SEP: 0.449 BIAS: 0.021 SEP(C): 0.451

Fig. 3. Relationship between predicted EGCg values acquired
by NIRS prediction and lab. values in processed teas.

Scatter plot
19.398

14123

8.047

CATE (temp6.ANL)

3572

-1.704
-2.614 2197 8.207

CATE (temp5.ANL)

13.618 19.028

Slope: 0.979 RSQ: 0.983
SEP: 0.787 BIAS:-0.103 SEP(C): 0.786

Fig. 4. Relationship between predicted total catechins acquired
by NIRS prediction and lab. values in processed teas.
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71& BA819ItE EGCG, ECG, EC(0,93~0.97) ¥ EGC
(0.85)0] thall S Ao AARAST} wf>- =11,
SD/SECVH| &L 2,58~6 27 |- -85t A= gl
o], & ATl A %= EGCg(0.978), EGC(0.919) EC(0.896),
ECg(0,905) 9 % 7}€71(0.983)2] AAA4;E wf$ =
of, f=® AFA oz 7HRIF A vl F-&35HA
ol-8d 4= qlrfal whehEr

M Q

WA, FEMEAL, YA 2 PEERE o 4 A
£ HukS NIRSystemE 0]-835ko] A tf¥(400-2500 nm)
oA AHERE Qo] A o3 A4 B B4

color scaleo|A TaA L2 Ho|
5 9] a/bFroE AAFE
MPLSE o]-&sto] A/ g4l A
AA AAAIGE 0,997, aghe] AAAIG= 1.00, bt 4
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