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ABSTRACT

The research project was the development of a total polyphenols test kit in teas for
commercialization. The present study focused on the development of a color strip that can be used to
quantitatively determine the concentration of phenolié compounds in teas. A developed color strip was
produced and validated to measure phenolic compounds in a range from 0-25%w/w in teas. The test is
performed as the procedure of the invented test kit for total polyphenols in teas. The amount of
polyphenols in teas was quantitatively determined by comparing the color intensity to the developed
standard color strip. The results obtained from validation studies indicate a fairly precision and accuracy.
The developed color strip can be used to approximately determine the content of phenolic compounds.
Next, a test kit package was designed and the cost analysis was then evaluated. In a final work, a

prototype test kit was invented providing-a model test kit for producing in a commercial scale.

Keywords : Test kit, Teas, Total polyphenols
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mAansfumunenaianid llndasnainluuesduan Camellia sinensis (L.) LWBUUIAN
nszuaumsnanazunld 3 Uszanlng q Ao
1. BUV87 (Green tea)
< { [ ] or o a A
Fugilairmunszuiumsndn (Non-fermented tea) NITUITMIHAAITUIINMINGA
o o . a ' . BJ év . e &
mstaveaenlal Polyphenol oxidase Tioglulumnaalasmsoudaylon (steaming) 30
o . 4 o d 1 ' aaa
m3fuunsEneden (pan firing) oy ldeu lusd polyphenol oxidase Taigunsnisalgnse
i a5, oo i | r g o . 4
oxidation [{Q% polymerization V94 polyphenols ﬁﬂ{_‘lclunl‘ufmulﬁ wiadnihlduae (rolling) 1o
o 3/ o A 94 e ) o n’: L] Y = f dy ot
Slgaguantazuiadioliluriiug  nahohhleunds  Svenhwszaniiezia
= | =
@WerDalgrounas
2. ‘i)‘"l’eg:‘ﬂm (Oolong tea)
=~ a0 @ A 1 [l aaa
Hugitrunszuannsniaiieaadiy (Semi-fermented tea) AOUNYALNTEIVD
onlgdisanndon  nssuEmInanvziinsien (withering) Yszanal 20-40 Wi Mond
& =& (= \3 9 (] 8 9 A @ E dyd W
Ruaaluanesgaialusudnasimfouueinszdulinaudi MR unTEUIUMTHENEIIN

Whou ol polyphenol oxidase (5 Qﬂﬁ AT61 oxidation (A polymerization U84 polyphenols il



3 3/ '
= 1 oS a

B dimers laza15U52noUITIFoUVEY polyphenols astlszneufifaauilyi ldngrasiingu

kY

] 9
uasaduandellennaden ihagraseifmbesoudva uazdimiaenies

3. %181 (Black tea)

Suanfirunszuiumsniinedauusal (Cnmpletely fermented tea) lewvnnm"lw
o laya polyphenol ox1dase LiﬂJgﬂ'smawmuw °1N polyphenols 9¢9N oxidized %Nﬁuugm

=

Aadluansdszneungy Theaflavins 1A Thearubigins W ldmdnan "mmum

2.4 ASTVIUMIHIANN

Jumswanmgnasiazanduen lul polyphenol oxidase (PPO) ﬂzlﬁ'aﬂﬁﬁ?m oxidation LAY
polymerization U84 catechins °lquaﬂmﬂumﬂwaﬂuaaw‘lwmw (i 22)  Tesdlunguues
Theaflavins 1A% Thearubigins Siardanan & Ta9R LOZNAUYDIN ﬂgmmmimmmu%n PPO (34
A151AA0DNTIATHUDY monomeric  catechins ﬂ]W’]ﬂ(-) Ep1gallocatechm 3- -gallate  (EGCG), (-)-
Epigallocatechin (EGC), (-)-Epicatechin-3-gallate (ECG) U@ (-)-Epicatechin (EC) 1815 uaslsznou
orthobenzoquinones mm‘fuﬂmﬁﬂ po]ymerizatioﬁs @11l dimeric catechins iuﬂ:ju Theaflavins L&
Theasinensins uavxﬁﬂﬂﬁﬁ?mnuﬁaﬁumﬁﬂixﬂauﬁl‘uq‘ 1¢S5 Thearubigins AifiTuianalny
ﬂamma'Iwaﬂuaﬂwmwmwwmnm Theaflavins 11a% Thearubigins Tagafiumaniinedi
aupzol e WU Thearubigins 110 i‘hﬁguuwum Theaflavins inuluanil 4 ¥ia (m# 23)  da

Thearubigins s i lnseadedudon faliaunsn identify 18



EGC, EGCG

OZ /\‘ Tea

-leaf

Theaflavins, benzotropolones

polyphenclosidase
o) _ E
o] "'\
HO~_ oo '
= . »  Thearubigins
iR
L4
OH
Quinones
Theasinensins
(Bisflavanols)
MANN 2-2 minJaﬂuuﬂmmﬂﬂw”luﬂi:mumswnmﬂ
OH
OH
OH

Theaflavin; Ry =Ry =H

Theaflavin-3-gallate; Ry =X, Rz =H
Theaflavin-3-gallate; Ry = H, Rz = X
Theaflavin-3,3'-digallate; Ry =R, =X

3 oA
AT 2-3 Theaflavins Any Tuan



2.5 MmydnnzHinailuen
msTnseilsnaassenovilealufialavamlnagldmadamaminlas v lawas 4
qunsaiidnaeds  Teoudasiteiindnmsiianeiiuandiaiuly Tuflagiumsiinsizd
miﬂizﬂau%aiﬁgmﬁ'saumua:ﬂ%’uﬂqd“lﬁﬁﬂs:ﬁw%mwmﬂﬁumatimimﬁm (Antolovich et al,
2000; Deshpande et al., 1986; Hagerman et al., 1997, Jackman et al., 1987; Makkar, 1989; Porter, 1989;
Scalbert et al, 1989; Scalbert, 1992; Tempel, 1982) matamMsnseia q ansouyudums
Smmﬁﬂfjﬂw%ﬁuaaﬁ”@wm (Total phenolic compounds) (Earp et al., 1981; Price and Butler, 1977;
Swain and Hillis, 1959) uazfim‘swﬁﬂu A UNIE (Specific phenolic compound)r (Tzagoloff, 1963; Naczk
et al 1992; Brune et al., 1991; Mole and Waterman, 1987a, b; Naczk and Shahidi, 1989; Price et al.,1978)
" i &

157 Lﬂ‘ﬁ“’ﬂ‘r’lﬂﬁlﬁ”‘ﬂﬁ E’]ﬂ ﬂl,f‘l'tl LLﬁ“ﬁlEJil"lﬂﬂ‘ﬂLLﬂﬂﬂ'Nﬂu"lﬂ EIEI"N‘lSﬂﬂ'I‘H IPNMY G].‘PTF~lE‘1‘f’l€J‘1q!‘U']~i

] a I~ = 9) o a oM ad = %
LU uazzﬂmﬂ‘n umﬂclumsamﬁw'ﬂa 1% Folin-Ciocalteu method

2.6 3% Folin-Ciocatleu Assay

UsnSUMIIINTIE ﬂwawuaa'lﬁmm'duaiﬂﬂ Folin t1a% Denis (380731 Folin-Dennis assay ER
f5aR 14T IndueanmuaTae1des phosphomolybdic-phosphotungstic acid reagent (Folin-
Denis; FD) vinlgasendumsisznoviiuea adalsimulumsasatanuiudansnoudunds
dananenIingIzr laematla colorimetry @01 Otto Folin kA Vinitila Ciocalteu anheadl
Sins1eei Tasmaifindadauueq molybdate Loy Lithium sulfate avTurherfinsed iotlesiums
ANAZNoY mMsfSvofeunanIsnNAaeUsEHINe Folin-Denis reagent (FD) 11a¢ Folin-Ciocalteu
reagent (FC) WU91FC 19 a1 senstitivity 1@ reproducibility ﬁqafn'"t ﬁﬂfu?%ﬁﬁﬂu‘l%ﬁumn“luﬂwﬂu
fio Folin-Ciocalteu assay

2.6.1 ﬂ]iﬁ&!ﬂﬁ‘l%ﬁ Folin-Ciocalteu reagent (FC)

Folin-Ciocalteu  reagent 'mmﬁaﬁ’dmswﬂé’fhaaxma 100 N3Y  sodium tungstate
(Na,WO,-2H,0) 25 n§u sodium molybdate (Na,Mo0,*2H,0) Turhindudszanan 700 ml 1Aunse
YgTasnanamdudn 100 ml Az 50 ml Y89 85%Phosphoric acid 1 lidutazSvdnd)szua 10
$Tun Anneueumeidmindndey i 150 N¥u Li,SO, $1n@ 50 ml 1182 1 HUAVBS Bromine

= [ 1 =1 o = o a 3 a :’ o
Sandae 15 Wi slviEuieavaiites YsudSuandu 1 Gasdrethnau oz ldesdsznon

q LY

1%990U Hexavalent phosphomolybdic/phosphotungstic acid A1UTAT Tua Qﬁﬁdﬁ (Peterson, 1979)



3H,0 *P,0,13WO, *5M00,*10H,0

3H,0 xP,0,*14WO0, *4Mo0,*10H,0

= aaa = d
2.62 nilvesdisenmsdinsien
i =1 a oo § ad
nslsgneviluoadlegluanisfitorlszina 10 ey phenolate ion 1HedidinAsoU Y
phenolate ion gnayide wiegnAseenll 12ld semiquinone free radical Windmsqody
a o .:i =1 . o Y a o o =] )
2IDNATOUNTDIDIN ortho Y38 para-diphenol g vl quinone GNAITHANUDI phenol LA
quinone i]“’ﬂﬁlﬁ Hﬂﬁﬂuiﬂfm semiquinone free radical uJu intermediate 19t semiquinone 1Y free
radical (8Y3adA3L) ‘nuamﬂm5auﬂTﬂﬂLﬂﬂ’Jmm"lmaﬂmﬂﬂﬂgﬂim maﬂmauﬂTﬂﬂma’Ju
H®1U150 resonate Vlﬂﬂﬂﬂig‘lﬁﬂiﬂﬂ“h’ﬁ‘ﬂﬂﬂmud ortho LAY para ‘U@Q’NLL’H?HLUH“D’H (GﬂLL‘HUQ'ﬂ 2,4
= = aaa gl ‘w = A = 3 o
uag 6 veruILLLEY) annsaialFasnldheiueyyadassau q amsvediniuszlan

e 1ddues Tnl

w1, Polli-Clocaltey reagent ﬂi:ﬂaué’fmﬁﬁﬂisﬂam%dvﬁ’auﬁﬁmmwﬁﬁu Wuesnau
heteropolyphosphotungstates-molybdates Tﬂﬂ polyphosphotungstates lﬂuﬁﬁ‘ﬂ\lﬁﬁﬁ U
po]yphosphomolybdate (Mo) eidmana Tnseadnlunsaazlseneudioatsnamdedou hydrate
octahedral Y94 metal oxide WosuTneefuFusoy 9 Tuanavos phosphate 1uﬂgﬂimﬂmmu‘1u
msSnsen Inaueaninua fungstate (182 molybdate aziTufISUBIANATOUIIN semiquinone
free radical Tuan1iza1s 1aw tungstate forms Lﬁum?umaﬂmau"lﬂuaﬂnﬂ molybdate forms oh
tunstate forms  azfinnusunzAematielendiinaoulia  (one-electron  transfer) Wil
AS AN IZABATIATIVIA ortho-dihydric phenols  1ntazlia11n50ns795A monophenols 138
meta-dihydric phénols 18 molybdate forms 14 Folin-Ciocalteu reagent anunsasvdidnasonlade

A : i o ad 3 i ” a o« < o
WaZANT  tungstate forms  (183UBIANATENIIN semiquinone free radical 1% ldnARfMaTY

L
=Y

a o = oy =Y 5 a9 = o A:fw 1 ol — "o
asUsenoumasoudtity  Iaseadvesasisenoudadeudinduids uduinsunive

o

AR AU R AASLINMI FUBIENATOUVEA tungstate 11T molybdate dxTTimmsganduiieags
ﬁqmmwﬁaﬁu a8 phosphotungstate product 923ifi1 Amax Aamuenaduduni uasd molar
absorptivities ‘ﬁéim’h phosphomolybdate blue product Lﬁmmﬂ phosphomolybdate blue product
Uszneudavmisimadounatriliam 1iainisganiuuaaves  phosphomolybdate blue  product

doudhantelugig 750-770 nm - wdhmsFdeumhihninezganduuaslugniinhe udlu

10



a o ' = 1 y [ g = o o o
sssumanlnuasdszneuiganduuaslugail Suiumsimnsiaunsaildlagnaeia

finuenauluayig 750-770 nm
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311 M

w . 1 g ¥ g o 1 U] a ot [V} ' i ° 1 a
ﬂ')'ﬂU’\\?Gﬂ']vlnl”}fl'l_luﬁ')ﬂﬂ’]ﬁ“ﬁ‘lllﬁﬂ‘ﬁuﬂﬁ’]ﬂ i VLﬂLLﬂ “D"IL%EJ'J I IR YILAINAY DTV

o d
natlgadise

312 maAl

| Fo gaslumna . Wialwana (N3A UTHN
Bromine Br, 159.82 Analysis  Carlo Erba
Folin-Ciocatteu’s phenol reagent | - z Analysis  Carlo Erba
Gallic acid CRLO; 107.12 Analysis Sigma
Hydrochloric acid 37% | HC1 36.46 Analysis  Carlo Erba
Lithium sulfate LiSO,2H,0 Y285 Analysis  Carlo Erba
ortho-Phosphoric acid 85% H,PO, 9%99 Analysis  Carlo Erba
Sodium carbonate Na,CO, 105.99 Analysis Merck
Sodium molybdate Na,MoO,#2H,0 24195 Analysis  Carlo Erba
Sodium tungstate Na,W0,¢2H,0 329.86 Analysis ~ Carlo Erba’

A A
3.1.3 A393UD
Analytical balance 2, 4 AL Llr,d, High speed blender, UV-Visible Spectophotometer, Hot air

oven, Heating mental, Vortex mixer, Heater, pH meter

3.2 MIMHHIUINY
321 MsHALeudATTIY
—_— g 2 ——
L msviueuduinsgiusedlima Inarlueaniviua
wipymsumsgunsaunadadudu o, 5, 10, 15, 20, 25, 30, 40 uaz 50 pg/ml

. o a act q’j acdan o 1 ada 43 o 9
dunvmlSina Indilueanmuaanislinneivesganadey  awgldfuinavu W

12
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TsunsunouRiames MiAad WszuLy CMYK wpaseaunuduty T ldwusinulse
= s 1 as 1 a Fy a I3 o
Fuinmnsoszymd asadui CMYK A1d0nTsunsuneufinnosez lduaudnld
!dy = | 3 t:i = [} 9 :’ o a a o [l
°uwﬂimmiwav!u_ﬂamwm‘nuﬁmﬂsmmluwmﬂsasaﬂmmwummzuaaﬂima
100 Jaaans

3y =
2. mInageuanyld ldvewoudunasgv
NATBUANNUNUE (Precision) ufizmmgﬂ?{eq (Accuracy) UBAUTUIATIIN

Tnorh nageufumsnasgufinswanduduiivivey  uaznageuiuAnnemn

o
o A

Aail
2.1 MINAXOUANULLUE |
1) wisuasinasgunsaunadadudu o, 5, 10, 15, 20, 25, 30, 40 Lag 50
U :' o a o ad ' 1
ug/ml odeaz 7 41 thldlineilagisvesganaaey gumlay
MeuiuaudnaIgv
. . ¥
2) WSHNAI0E19NITIUIN 5 AR AdRINAE T 41 ana waziihl
= o a 1 1 = u
Sz TagiTveganaaey s laoifiouduuanduasgiu
22 MINAABUAINYNABY
1) eleuaisinaTgIunIaLnaanudy 0, s, 10, 15, 20, 25, 30, 40 Lag 50
1 :’ o a o et 1 1
ug/ml afvae 7 31 1thllnsgd lagisvosganaaoy grumlay
MoufuLauduInIgIu
) : v
2)  @3eNAIREINS NI 5 @00 AIBUNAY 7 #1 afauazsi
a o as X 1 1 =3 o
A9zt lasdTvosyanan ey gum laefouiuLauaIATIIY
3)  fhmsduasmnasginoanududuiiviuouatludeiien
o o . o ad 1 1 = o =)
afa waztitlSms e lagdtuosgananeu 811 lagRuALUa U
23 MsNATELANUAMAINADUIINMIBIUND TAANATEY
m’?U&Jé‘f’mﬂwwmﬁ’mmzmsmmgmmmmaﬁﬂﬁmmmmL%’uﬁ’fuﬁ
1 o a o Y-l J i a ; | 3
ey 1t lUTinsv Tasitvosganeasy  ewmTa Inaluoaniun

Tnodloufuuonnasgulacldinageusnon 14 au aSenfiounaid

nagous1uld

o [y 4 ;
3.2.2 MINAUIUITINUN Hﬁgﬂgﬂ‘ﬂﬂﬁﬂﬂﬁuuﬂﬂ

[ s ) o uaj 1 [
@’ﬂﬂLL?J‘LI‘U‘i‘i‘gﬂmclf’l'ﬂmli'ltﬁﬁﬂﬁﬁﬂ'i‘iJ‘Ig’ﬂ‘i’iﬂﬁ@ll‘lNﬂ’lEJ&luﬂﬁﬂ\i tagnigusnnaod

@ o © 3 d? '
fahganaaoudunyylaslsasnuiugUnaes
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4.1 mimuammm JTIUHIN auwﬂ‘su 1l nﬂuaamﬂuﬂ

@ o

arimandasgiulasisnsae g fu 4 5% dail
1) mtrsﬂffmﬂﬂwmﬂmsmﬂgﬂim gwumdluszuy CMYK nininfosnoufinnes m"hJ

furisulseruilusamiadoeste 3 Tsanuw mmmnmuammmumamnm'smilgﬂim

=
LAY

" 3
2) 19 Munsell color book v Iaglfmuminagensiay 5 au nnuwh luieududly

U [ !

o = o o = L a @ = 4
seuy CMYK oumaluszuy emyk i liudiy TssRud ludandadossie 3 Tsanud

1 ¥
=

PR ERNaYus eI sinlgAsead

3) 19 Color book chart tHeudluszuy cMYK Taoldmumimagoudiivam 5 au swmdly

Vv
: 2

i ° = a o a o [ - | = d o =] v Aaa =
syuy cMYK i TR v Tseiusi ludanda®oasie 3 Tsanus duuneunuaninayuass
nnmsilgaseundl
9 = = 1 E) 0. ' =
4) 19 Color book chart s luszuy cMYK Taol¥asmdnacousinim 5 au srumdlu
o o ot Y o ~ o = v A a d%' = o
syuy CMYK thldWwindmuagdalussyy RGB iy nuaninaynazaeInmem
U§Aseunil
Y 1 = 1 qa‘ o ac A 9 qq‘ 9 = v e
1M IFITMIAN (MR 4-1) wudhwoudni laeish 4 1Headnlodmesiudi
a 4? = aan P [ e’j =2 9 as = At el 9 R 9 =
avuasInImlfAsenninga FarudeldWannuaudnnisn 4 nilmadnlndifsann
A 5’ ° = Y 3/ o 1 Vg A o
gau Tagiuaufinespuldianuduluszduae q  uazlvignmagon 15 aud@an@man

S

9 o o a e!? ° anaa : d = A 3 v aaa 3 =
1ﬂ'ﬁkﬂﬁﬂﬂUﬁﬂ'ﬁ\‘l"ﬂlﬂﬂ'ﬂuﬂ']ﬂﬂ']'ﬂ’l’l‘].’ﬁﬂiﬂ'lkﬂijﬂ']ﬂmﬁﬂ ma"lmzﬂ‘i_lﬁ‘ﬂummwummﬁ

q

]

°lﬂamaaﬂmﬁ1iwmﬂwﬁnﬂmsmﬂgﬂsmmuummuﬂﬂaﬁﬁ Fuoegd  1duovFunasgiui

ulﬂ'wsmuwu (ﬂTW‘ﬂ 4-2) amzumﬂmwamnﬁaummh"ﬁmmuauﬁ
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2.5

5.0 7.5

10.0

25.0 Total Polyphenols
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MW 4-3 nmanaaeuiuinadoy

¥ = l
42 manaaevanulildvesuavaina gy

421 MInATeUFUMITNATIY

' zmuumsmmﬁmﬂwuﬂaaﬂwwu 0, 5, 10, 15, 20, 25, 30, 40 1A 50 pg/ml oy
SusluuauFnasgiu 0, 2.5, 5.0, 7.5, 10.0, 125, 15.0, 20.0 uaz 25.0%w/w AudAL) a8y 7
1 ﬂw"lﬂ'*?m'31°‘14'Iﬂmmmwﬂwmeu s InafoudunouFinasgm lidnaney 14 au wa
mamﬁsmmmmmﬂm 4-1 uavmwars 4-4 wmwamfiwﬁaaumimmmuwmmmm
Wudufiiueniuu 7 gwﬁuwwmﬁau 14 aul ummuwamaau%mmamq (Pass) NUILAL
anududuaaiy 75.40% muwawﬂaﬂu“lmaﬂﬂmaﬂiusmwsamﬂﬂ (Pass in acceptable
hxmt Pass-Acc) Ay 23.02% uwamwawﬂwmﬂ (Fail) Amilu 1.59% mamwaﬂﬂﬁaummu
Feviun (Total pass) AAITU 98.41% mnwamammuuﬂmmmuﬁmmmuw"lﬂmwmmm

1"1)"8']1”4?1m‘iﬂﬂHBUllﬂl‘].l%lilﬂﬂﬂiﬂ‘ﬁ’!ﬁﬂ?'lﬁk‘l!ﬂ‘ﬂﬂ 0-25.0%



M19199 4-1 Namimﬂﬁaummuﬁuéma:gﬂcﬁ’fewammuﬁmmgmzﬁamﬂauﬁumﬁmmgm

%Total Number of Analysts
polyphenols 1 2 3 4 5 ] 7
Expected | Acceptable Read Pass/Fail Read Pass/Fail Read Pass/Fail Read Pass/Fail Read Pass/Fail Read Pass/Fail Read PassiFail
values limit values values values values values values values

0 0-2.5 0 Pass 0 Pass 0 Pass 1] Pass 0 © Pass 25 Pass-Acc 0 Pass
25 0-5 25 Pass 5 Pass-Acc 5 Pass-Acc 25 Pass 25 Pass 25 Pass 25 Pass
5 2.5-75 5 Pass 5 Pass 75 Pass-Acc 5 Ps-ss 5 Pass 10 Fail 5 Pass
75 5-10 7.5 Pass 7.5 Pass 75 Pass 10 Pass-Acc 7.5 Pass 5 Pass-Acc 75 Pass
10 . 7.5-12.5 10 Pass 10 Pass 125 Pass-Acc 75 Pass-Acc 10 Pass 75 Pass-Acc 10 Pass

12.5 10-15 12.5 Pass 125 Pass 125 Pass 15 Pass-Acc 125 Pass 125 Pass 15 Pass-Acc

15 12.5-20 15 Pass 20 Pass-Acc 15 Pass 125 Pass-Acc 15 Pass 15 Pass 125 Pass-Acc
20 15-25 .20 Pass 25 Pass-Acc 20 Pass 25 Pass-Acc 20 Pass 20 Pass 20 Pass
25 20-25 25 Pass 25 Pass 25 Pass 25 Pass 25 Pass 25 Pass 25 Pass

%Total Number oi’ Ana\ygls
polyphenols 8 9 10 . 11 - 12 13 14
Expecled Acceptable Read Pass/Fail Read Pass/Fail Read Pass/Fail Read Pass/Fail Read Pass/Fail Read Pass/Fail Read Pass/Fail
values limit values values values ' values values values values

0 0-25 0 Pass 0 Pass o Pass 0 Pass 25 Pass-Acc -0 Pass o Pass
25 0-5 25 Pass 25 Pass 25 Pass = 7 Pass-Acc 5 Pass-Acc 25 Pass 25 Pass
5 2.5-7.5 5 Pass 5 Pass 5 Pass 5 Pass 75 Pass-Acc 5 Pass 5 Pass
75 5-10 75 Pass 7.5 - Pass 7.5 Pass 10 Pass 5 Pass-Acc 7.5 Pass 7.5 Pass
10 7.5-12.5 75 Pass-Acc 10 Pass 10 Pass 125 Pass-Acc 10 Pass 10 Pass 10 Pass
125 10-15 10 Pass-Acc 125 Pass 125 | Pass 15 Pass 125 Pass 125 Pass 125 Pass
15 1.2.5-20 125 Pass-Acc 15 Pass 15 Pass 20 Pass-Acc 10 Fail 15 Pass 15 Pass
20 15-25 20 Pass 20 Pass 20 Pass 1] Pass-Acc 15 Pass-Acc 20 Pass 20 Pass
25 20-25 25 Pass 25 Pass 25 Pass 25 Pass 7 20 Pass-Acc 25 Pass 25 Pass
Number of test 126 Number of Fall 2 Number of Pass-Acc 29 Number of Pass 95 Number of Total Pass 124
%Fall 1.59 YPass-Acc 23.02 %Pass 75.40 %Total Pass 98.41

Pass [ Pass (acceptable limit) [ Fail

2,2%

- 95,75%

M 4-4 HAMTNATOUAUAITIATIIU
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422 MSNATOUAUAIBENIT

g ¥
Sy Tnadueanaviua

) ¥ ;
o ' o o ' o v o o = d" as
INUUAIDENNTIVIUIU 6 MDY AIDYINAET T 4 11 5ms 24 Tt masg e

o a ¢ asy
uazii U Anaen laedsvesyanadou

grua laeneuduuaud

wasgu ddmaaeulumsoiuna 14 au HAMINAROUNARAIRIATIER 4-2 Lzl 4-5 WU

' o o a g
ﬁé’mﬂﬁaugmuwawﬂﬁau“Lﬁgﬂé’fmmqﬂm:ﬂm’gmm’fm’fu (Pass) AAY  65.48%

' o A o : L. = a|
nanaaey 1dgndesngluszduiiveniy’ld (Pass in acceptable limit, Pass-Acc) Aot 25.00%

81U

=
Uy

) v s/
Ao unaiianala (Fail) Al 9.52% Hi9sIWHANATOUNWIUNINUA (Total pass) Aty 90.48%

1 ) i o ¥ 1 W o ' p
mﬂrmam‘mﬂﬂeugmm:nLmuﬂmmgmﬁ"lﬁwﬁuamwn“l%’muwamsmﬁauﬂumamwﬂﬂ

Tuszaudeudhad (G1unanaaeyldgndes 90%)

maaf 42 HamsnageuasiuiunzgndoseaauFAI ILITENATRUUAIDI1Y

Sample %Total Number of Analysts
code polyphenals 1 2 3 4 5 6 i
Expected | Acceptable Read Pass/Fail Read Pass/Fail Read PassiFail Read Pass/Fail Read Pass/Fail Read PassiFail Read Pass/Fail
values limit values values values values values values values

T-001 5 2575 0 Fail 5 Pass 5 Pass 5 Pass 5 Pass 5 Pass 5 Pass

T-002 25 0-5 25 Pass 0 Pass-Acc 25 Pass 25 Pass 25 Pass 25 Pass 25 Pass
T-006 15 12.5-20 15 Pass 15 Pass 20 Pass-Acc 15 Pass 15 Pass 125 Pass-Acc 12.5 Pass-Acc

T-007 20 15-25 185 Pass-Ace |© 20 Pass 20 Pass 20 Pass 25 Pass-Acc 20 Pass 20 Pass

T-009 15 12.5-20 12.5 Pass-Acc 15 Pass 15 Pass 10 Fail 15 Pass 125 Pass-Acc 15 Pass
T-014 12.5 1015 125 Pass 12,5 Pass 10 Pass-Acc 20 Fail 10 Pass-Acc 10 Pass-Acc 15 Pass-Acc

Sample %Total Number of Analysts
code polyphenols 8 9 10 1 T2 13 14
Expecled | Acceplabie Read PassiFail Read Pass/Fail Read Pass/Fail Read Pass/Fail Read. Pass/Fail Read Pass/Fail Read PassiFail
values limit values values values values values values values

T-001 5 2575 5 Pass 5 Pass 25 Pass-Acc 5 Pass 5 Pass 5 Pass 5 Pass

T-002 25 0-5 25 Pass 25 - Pass 25 .Pass 25 Pass 2.5 Pass 25 Pass 25 Pass

T-006 15 12.5-20 15 Pass 25 Fail 10 Fail 20 Pass-Acc 15 Pass 15 Pass 15 Pass

T-007 20 15-25 15 Pass-Acc 20 Pass 125 Fail 20 Pass 20 Pass 20 Pass 20 Pass
T-009 15 12.5-20 125 Pass-Acc 15 Pass SE Pass 125 Pass-Acc 10 Fail 15 Pass 12.5 Pass-Acc

T-014 125 10-15 125 Pass 125 Pass 125 Pass 10 Pass-Acc 10 Pass-Acc 15 Pass-Acc 5 Fail

Number of test 84 Number of Fall B Number of Pass-Acc 21 Number of Pass 55 Number of Total Pass 76 ]
“Fall 9.52 %Pass-Acc 25.00 %Pass 65.48 %Total Pass, 90.48

19



Pass [E§ Pass (acceptable limit) [ Fail

76, 72%

AN 4-5 HANITNATBUNUAIDLIH

4.2.3 mInagey Spiked sample
as1eaeunnugndnsennFuasglunmsmumanaaenlasmsidumanaigu
nsaunadafinsuanududuas i lufdedien nniuasaan Tnsdianed Tasisganaaon
g laafeufunandmnasg Wimaaoulumssuna 14 Ay WA ITAABULTAIR AT
4-3 LASAINT 4-6 HANISNATDY spiked samples §1UAU 16 #2081 7 Az 7 n§1ﬁm§w%au 14 AU
nuifsmmanareusuraligndosassiussdunimdudy (Pass) Amdlu 78.57% 81U
wamﬂﬂu"lﬁ'gﬂé’fmag'iuizﬁuﬁaaﬁu'lﬁ (Pass in acceptable limit, Pass-Acc) ﬁmﬂu 14.29% i
AerunaRanain (Fail) Anidlu 7.14% fiosunanAroURFUR LA (Total pass) Aniiu 92.86%
mﬂmams*ﬂﬂﬁa‘ummgns’fﬂmxﬂmimauﬁmm3§1uﬁ‘lﬁﬁnﬁummsn‘l%’a'mwammﬂﬁauﬁu
et Idluszsudoudnd  Tanugndeavesranameylavsunanaaeyldgndes Aal

15231 93%

20



M13197 4-3 HAMINAABY spiked samples TUMsBIUHANNUAUTUIATIIY

Sample %Total Number of Anaiysts
code polyphenals 1 2 3 4 5 [ 7
Expected | Acceplable Read |PassiFail Read |PassiFail Read [PassiFall Read |Pass/Fail Read |Pass/Fail Read |Pass/Fail Read |PassiFail
values limit values values values values values values values
T-001-A 10 7.5-12.5 10 Pass 10 Pass 10 Pass 15 Fail 10 Pass 10 Pass 10 Pass
T-001-8 125 10-15 125 Pass 125 Pass 125 Pass 15 Pass 12.5 Pass 125 Pass 12.5 Pass
T-001-C 15 12.5-20 15 Pass 15 Pass 20 Pass-Acc 20 Pass 15 Pass 20 Pass-Acc 15 Pass
T-001-0 L 20-25 25 Pass 25 Pass 25 _ Pass 25 Pass 25 Pass 25 © Pass 20. Pass
T-002-A 5 2575 10 Fail 5 Pass 5 Pass 7.5 Pass-Acc 5 Pass 5 Pass 5 Pass
T-002-8 10 7.5-12.5 15 Fail 10 Pass 10 Pass 10 Pass 75 Pass-Acc 10 Pass 10 Pass
T-002-C 1§ 12.5-20 20 Pass-Acc 15 Pass 15 Pass 15 Pass 15 Pass 20 Pass 15 Pass
T-002-D 20 15-25 20 Pass 20 Pass 20 Pass 15 Pass-Acc 20 Pass 25 Pass 20 Pass
T-003-A 7.5 5410 10 Pass-Acc 10 Pass-Acc 10 Pass-Acc 7.5 Fail 15 Pass 10 Pass 5 Pass
T-003-B 125 10-15 12.5 Pass 125 Pass 12.5 Pass 15 Pass 12.5 Pass 125 Pass 12.5 Pass
T-003-C 15 12.5-20 15 Pass 15 Pass 15 Pass - 20 Pass 15 Pass 15 Pass 15 Pass
T-003-D 20 15-25 25 Pass-Acc 20 Pass 20 Pass 20 Pass 20 Pass 20 Pass 20 Pass
T-009-A 20 15-25 20 Pass 25 Pass 20 Pass 20 Pass 20 Pass-Acc 125 Fail 15 Pass
T-009-B 25 20-25 25 Pass 25 Pass-Acc 25 Pass 25 Pass ‘25 Pass 15 Fail 25 Pass
T-009-C 25 20-26 25 Pass 25 Pass 25 Pass 25 Pass 25 Pass 20 Pass-Acc 25 Pass
T-009-0 25 20-27 25 Pass 25 Pass 25 Pass 25 Pass 25 Pass 25 Pass 25 Pass
Sample %Total Number of Analysls
code polyphenals 8 9 10 T 12 13 14
Expected | Acceptable Read Pass/Fail Read Pass/Fail Read Pass/Fail Read Pass/Fail Read Pass/Fail Read Pass/Fail Read Pass/Fail
values limit values values values values values values values
T-001-A 10 7.5-12.5 10 Pass 75 Pass-Acc 10 ° Pass 10 Pass 10 Pass 5 Fail 10 Pass
T-001-8 12.5 10-15 125 Pass 10 Pass-Acc 7.5 Fail 125 Pass 125 Pass 75 Fail 10 Pass-Acc
T-001-C 15 12.5-20 15 Pass 15 Pass 10 Fail 15 Pass 10 Fail 15 Pass 15 Pass
T-001-D 25 20-25 20 Pass-Acc 20 Pass-Acc 20 Pass-Acc 20 Pass-Acc 25 Pass 25 Pass 25 Pass
T-002-A 5 25715 5 Pass 5 Pass 5 Pass 5 Pass 5 Pass 5 Pass 5 Pass
T-002-8 10 7.5-125 10 Pass 125 Pass 10 Pass 10 Pass 10 Pass 125 Pass 7.5 Pass-Acc
T-002-C 15 12.5-20 10 Fail 20 Pass 19 Fail 125 Pass-Acc 125 Pass 20 Pass 10 Fail
T-002-D 20 15-25 20 Pass 20 Pass 20 Pass 20 Pass 15 Pass 20 Pass 20 Pass
T-003-A 7.5 5-10 10 Pass-Acc 10 Pass-Act 7.5 Pass 7.5 Pass 75 Pass 5 Pass-Acc 10 Pass
T-003-B 12.5 10-15 125 Pass 125 Pass 10 Pass 125 Pass 10 Pass 125 Pass 10 Pass
T-003-C 15 12.5-20 15 Pass 20 Pass-Acc 12,5 Pass 15 Pass 12.5 Pass 125 Pass-Acc 10 Fail
T-003-0 20 15-25 20 Pass 20 Pass 15 Pass 20 Pass 20 Pass 20 Pass 20 Pass
T-009-A . 20 15-25 20 Pass 20 Pass 20 Pass 20 Pass 20 Pass 125 Fail 20 Pass
T-008-8 25 20-25 20 Pass-Acc 25 Pass 20 Pass 20 Pass-Acc 25 Pass 25 Pass 25 Pass
T-008-C 25 20-26 25 Pass 20 Pass-Ace 25 Pass 25 Pass 25 Pass 20 Pass-Acc 20 Pass-Acc
T-008-D 25 20-27 25 Pass 25 Pass 20 Pass 25 Pass 25 Pass 25 Pass 25 Pass
Number of test 224 Number of Fall 16 Number of Pass-Acc 32 Number of Pass 176 Number of Total Pass 208
%Fall T.14 '/-Pass-Até 14.29 % Pass 78.57 %Total Pass 92.86
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Pass [B Pass (acceptable limit) [ Fail

16, 7%

N

176, 79%

AN 4-6 HAN13NAEBUAY Spiked sample

4.2.4 MINATOUANMNUEN
astsaouuiweouduInspulumssuranaaoy Tasm s suA108133 7
¥
o T o o = " =, U ' o =
faote 9 ax 7 41 hmsdenelaitganadey B lauieuduioumnasyy 194
nageulumIgIuKa 7 AU HAMINARBLLAAIAINIINNA 4-4 1WA 47 nUdHaMINANDL
E 4
awsiuE M e uHageE1IE Y 7 faetn A ax 7 difufnadey 7 Aw fifeu
Y ¥ o o v w LA ' Yy oy '
nanawoy ldgnAnnsIfuIzAUANUANIY (Pass) aeuilu 72.24% euwanadouldgndssaglu
o A o b i S . a g FF & o 1
s:ﬂuwﬂamn"lﬂ (Pass in acceptable limit, Pass-Acc) fAanly 27.76% quiJPjEﬂl.!NﬁN@Wﬂ‘lﬂ (Fail)
4 4 n’: a g 1 e
Basiumanageunfunavua (Total pass) AALY 100% INHAMINATOULAAIIWAVT
a1 9o d?JI a1 @ o 1 9 qa' =t ] o
nsgiud i Tuaunsaldemmanmsnadeududaed i laluniboy fanuuiudves

wanaaoy v unanaden ldgades Amuyszune 100%
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A15190 4-4 w_amﬁmﬁaummm'ut"nﬂumuauﬁmmgwmﬁwﬂﬁauﬁ’uﬁmdwm

Sample %Total Repeat Number of Analysls
code polyphenols 3 4 5 6
Expected | Acceptable Read Pass/Fail Read Pass/Fail Read Pass/Fail Read Pass/Fail Read Pass/Fail Read PassiFail Read Pass/Fail
values limit values values values values values values values
1 5 Pass 2.5 Pass-Acc 5 Pass 25 . Pass-Acc 5 Pass 5 Pass 5 Pass
2 5 Pass 2.5 Pass-Acc 5 Pass 25 Pass-Acc 5 Pass 5 Pass 25 Pass-Acc
3 5 Pass 2.5 Pass-Acc 5 Pass 2.5 Pass-Acc 5 Pass 5 Pass 5 Pass
T-001 5 2575 4 5 Pass 25 Pass-Acc ] Pass 2.5 Pass-Acc 5 Pass 5 Pass 5 Pass
5 5 Pass 25 Pass-Acc 5 Pass 25 Pass-Acc 5 Pass 5 Pass 5 Pass
6 5 Pass 25 Pass-Acc 25 Pass-Acc 2.5 Pass-Act 5 Pass 5 Pass 25 Pass-Acc
7 5 Pass 2.5 Pass-Acc 25 Pass-Acc 25 Pass-Acc 5 Pass 5 Pass 25 Pass-Acc
1 2.5 Pass 5 Pass-Acc 25 Pass 25 Pass 25 Pass 25 Pass 5 Pass-Acc
2 25 Pass 5 Pass-Acc 2.5 Pass 25 Pass 25 Pass 2.5 Pass 5 Pass-Acc
3 25 Pass 5 Pass-Acc 2.5 Pass 25 Pass 25 Pass 25 Pass § Pass-Acc
T-002 25 0:5 4 25 Pass 5 Pass-Acc 2.5 Pass 2.5 Pass 25 Pass 2.5 Pass 5 Pass-Acc
5 25 Pass 5 Pass-Acc 2.5 Pass 25 Pass 25 Pass 2.5 Pass 5 Pass-Acc
] 2.5 Pass § Pass-Acc 25 Pass 26, Pass 25 Pass 25 Pass 5 Pass-Acc
7 25 Pass 5 Pass-Acc 25 Pass 2.5 Pass 25 Pass 25 Pass 5 Pass-Acc
) 12.5| Pass-Acc 15 Pass 15 Pass 15 Pass 15 Pass 15 Pass 15 Pass
2 12.5| Pass-Acc 15 Pass 15 Pass 15 Pass 15 - Pass 15 Pess 15 Pass
3 12.5] Pass-Acc 15 Pass 15 Pass 15 Pass 15 Pass 15 Pass 15 Pas
T-006 15 12.5-20 4 12.5| Pass-Acc 15 Pass 15 Pass 15 Pass 15 ) Pass 15 Pass 15 Pass
5 12.5| Pass-Acc 15 Pass 15 Pass 15 Pass 15 Pass 15 Pass 15 Pass
] 12.5| Pass-Acc 15 Pass 15 Pass. 15 Pass 15 Pass 15 Pass 15 Pass
7 12.5| Pass-Acc 15 Pass 15 Pass 15 Pass 15 Pass 15 Pass 15 Pass
1 20 Pass 15 Pass-Act 20 Pass 20 Pass ] Pass-Acc 20 Pass 20 Pass
2 20 Pass 15 Pass-Acc 20 Pass 20 Pass 15 Pass-Acc 20 Pass 20 Pass
3 20 Pass 15 Pass-Acc 20 Pass 20 Pass 15 Pass-Acc 20 Pass 20 Pass
T-007 20 15-25 4 20 Pass 15 Pass-Acc 20 Pass 20 Pass 15 Pass-Acc 20 Pass 20 Pass
§ 20 Pass 15 Pass-Acc 20 Pass 20 Pass 15 Pass-Acc 20 Pass 20 Pass
20 Pass 15 Pass-Acc 20 Pass 20 Pass 15 Pass-Acc 20 Pass 20 Pass
T 20 Pass 15 Pass-Acc 20 Pass 20 Pass 15 Pass-Acc 20 Pass 20 Pass
1 15 Pass 125 Pass-Acc 15 Pass 15 Pass 15 Pass-Acc 12.5 Pass 15 Pass
2 15 Pass 125 Pass-Acc 15 Pass 15 Pass 15 Pass-Acc 12.5 Pess 15 Pass
3 15 Pass 12.5 Pass-Act 15 Pass 15 Pass 15 Pass-Acc 12.5 Pass 15 Pass
T-008 15 12.5-20 4 15 Pass 125 Pass-Acc 15 Pass 15 Pass 15 Pass-Acc 125 Pass 15 Pass
5 15 Pass 125 | Pass-Ace 15 Pass 15 Pass 15 Pass-Acc 12.5 Pass 15 Pass
€ 15 Pass 125 Pass-Acc 15 Pass 15 Pass 15 Pass-Acc 12.5 Pass 15 Pass
T 15 Pass 125 Pass-Acc 15 Pass 15 Pass 15 Pass-Acc 125 Pass 15 Pass
Number of test ‘ 245 Number of Fall L] MNumber of Pass 177 Number of Pass-Acc (Pass in acceptable limit) 68
*%Fall o %Pass 72.24 *%Pass (scceptable limit) 27.76
%Total Pass 100.00
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Pass [ Pass (acceptable limit) & Fail

0, 0%

177, 712%

MNA 4-7 HANTNATOUANNLNUE

24




4.3 mIvenuuULaWRANYIIINN

o [ ot o o . [
I&imssenuunussyfamannzaudmsuganaaoy Awaaslunm

ey

o |

s sﬁ
i b

£

"_J; a‘

195 swatay (e

wATo e,
Wi

333 =0 B 6160 Cooww STI

e TEIRIETSE Paew WIS TNY

Eotaed v
k Hemiad Lote Lrvaun R
L] 3 e T Teak Mg Tz e 50 Telend

\ R O AL A

1 ¥
M 4-9 naoagarieuall

25



o A AR R

1 w0
2 dux 2 6u
3. uloam dwou 1 we
4 LoaSodw Jwuw 1 wa
5 Guloen Tun 2 &u
6. rooonosoo dwou 5 naxa
7. SwreD FCMUT a1 wa
B. JwnaG MFU dwou 1 wo
. eNAG MAU2 dwa 1w
10, nuToudnasu g 1 ea
11. foomskou dw 1 wsa

3Emsnasou
FEmenasouRolu 2 Seou fio Mearfu samsInsTi

dunoud 1 msarfasn
1.1 uolunexberanumumbon  Esouhuilduucosr
12 rudhteoscucea o olouSuss Dow isehtuom 5 uri
1.3 fudeengadn 2 05505 TdhuwoaSoom Cudmutoda
s weHHRgYTy
duooul 2 msInse
21 ruodhennd FCMFU 3 rpnstlesacanoscs
22 moodhenad MRUT ouotodsuast 1 eehibaru
2.3 ihudotnoadwiteam (Go 1.3) 05 dadas
Thraoonaaon LT
24 noohenal MRU2 ufoloUSNGsnt 2 wEiETvL
25 ol usintu 10wl MeuBrenuBu s

' i
Test Kit for Total Pelyphenals’

ernansuivivuoamnnatu

B1B0COMBRWEIN W iwultk1Eens “WwERuoa™ wiRuoaly
ssrousTuitioaun iy TARATNIUOULASES {onfcadonl) EXU&CATU
Aoamsiozrudo ekl othlefiw uRandeSnucal AT
crmonehoRC uaERasY VAIUEN MSQKIEN MESLTEMESWAG 1auta
woDE1  MISOSIERIUSUIUINETUS AT S 1U1SAU RS USLINUASSIATY
mausbraiasomsiun  audu sonaseulsERusaforodle Taldoniony
Tu  BOO0aUDRL O-USLINIAIS3ONNNE MOE MWl e Ss M s
a00n 32053 MO0 wlsndd  RodeASoTo rELUENOUMEEILALY
wWwdae CAccoEWUENAMIUGAY WSS 00MEosoTacuMuradugEine
AMUEACEINADUIRITLAUICO WRSBOUASETCOILNBUSLUSONSUoUINS SIS
sourli0unsossolmstahdansonuowiusha
HANNIS

eonosoulsdRuosTrwaley OwoceRIrTAnkviRuoarione
Taswindoels Folin-Ciccatey essoy DEMEYIFENGSII0 Foiin-Ciocalter
sGgant 1881SUENOURLOALEIIWEOMUSRNCLRS LSS SEaOEUIN
unounUUBTRIUEURISE

Q’:‘k ditiea
/-

L GReSUD Lsoumn Buoat suhon SUmTassIn

-

T
€ RIGOUN

4
{

rastherind AMFU2
Do 2 LT

reodensd FC-MFU 3 son - qodewsore 05 Dasse
bernd WU putolan 1 Whrsooncaon
wthln wabonvl

M 4-10 giems e

26



Exrracting Bogle
TIHAAR | o
Bilting Boutie

i

THOREYH

= Z ¢ <
M 4-11 aAninesgUnsalluganaaol

27



o o v
4.4 ﬂ1§i’lﬂ"i’l1‘§ﬂﬂﬂﬁﬂﬂﬂulmﬂ

¥ 3arganaTeuAuILLI NI 40 4n A lunIng 4-12

M 4-12 gAnAdaUALILY

28



d
4.5 MIUANZHAUNUVDIYANATDY
dosmnudunuuosganaasunyhdunulumsndaganaaeuniiny - 284.20 VINADYA
oy : = Y " < P v
uiadludunieunil 24.20 un Aunuiaquazgunsel 185 UM UASAUYHLITINWN 75 1N

M990 4-5 AuNUVBIFANATDL

v H o
Aunuiheunil

siiavoaiouatl | sidenae (U1n) | 9181 (L)
FC-MFU ' 1| - 17.20 1720
MFU1 1 2.00 2.00
MFU2 1 5.00 5.00

sadumuhound 24.20
FunuiaquazgUnsal

yiiaveaTaauazeunsall $waw | S1mdemiae ) | 5101 (VM)
asnndeufiun 1 ' 32.00 32.00
FoUWaIEan ) e 0.50 1.00
VIAaNA 1 : 25.00 25.00
YIADI N I _ 38.00 38.00
nsTUBRRAYT : 2 3.00 6.00
NADANARDY 5 11.00 55.00
¥Rl FC-MFU 1| 250 250
¥l MFUI 1 5.00 5.00
yaAtheuA MFU2 . 1 5.00 5.00
uoufoudnasgIu 1 500 5.00
Adens 1 1 7.00 7.00
afnnes = 3.50 3.5
sadunuiaquazeinsal 185.00

o g

AUNHUTIPA N ANATO

L

¥UANADI $wau | sieeenuae (L) | 9181 (L)
napIgANATOU 1 75.00 75.00
TWAUNUUT I - 75.00
SIMAUNUYANATOY 284.20

29



: d a o ;v = n’: oy pRp
yanaaoufilszAvivulszneudishouaiifiawisalimaeuld 75 ads wintheuainly
. & ° = yn v g = v 3 = o s =
nageunyagmnsagemmizgmiwnni W1F18 gadwuatlsznoudiehonail 3 yiade Wiuail
¥ ¥ ¥ 3/
FC-MFU 1wunil MFU1 wazshouadl MFU2  gwnsaldnadeu’ld 75 a3 Aunuuesyathounil
, ,
oW o ' [ o
11U 36.20 UM Usenoudie Aunuiienail 24.20 1IN LAZAUNUNABIUTIPAUN 12 UM

i i v
M5190 4-6 AuuIBIgATheuATl

duipniendl
T Man | simeenule (W) | 5181 (W)
FC-MFU 1 17.20 17.20
MFU1 | 1 2.00 2.00
|MFU2 1 | ~5.00 5.00
sadunuiieuad 24.20

q

kY

AunuUssyiamiganageu

¥UANADY $1wau | smieenule (W) | 51A1 (L)
Ed
naesgatieIall 1 12.00 12.00
. @ 4
AU NS T 12.00
by : =
saAUNHEAT LAl 36.20

30



UNN 5

k4
agilwa uozvetauauus

51 agUwamsive
uﬂuaumimuﬂ‘lﬂwmmwiﬂamﬂ'ﬂﬁ“lu'svuu CMYK @28 Color book chart 1daomd

nageusmdluszuy eMYK wh'hlfuniiifusagldlissuy RGB musndfeufudi
a cg a o aaa = | At o 1 dv L au:id = 9 o dda d =
Aavussiinmsingateound  wuhididainaniiuoudntimedlnamenudninaynesan
Aana = o P 3y Ay Yo a:? " o
Ugnssuaiinninga dieasraaouanuld ldvewaudn ldannau laenadouanuuuut

]

NATBLAINYNADY LsnaroUANUAMAmasYINMseIura Tasinadey  WuduoudEf
o H ] t o [T cty a ot u’/‘
Wannvuiianugndesazisiudiga amnsalddudnidyS e Inaflueamualunld Taod

naaroudmlng (00%) srunannuaudldgndewazegludiunusimseensy

5.2 UolarHalMZUBINTIVY
L msiinsduasunnumineide nieniisnumouen dioliTinsnanlugandiyd
2. mﬂwﬂﬁauiwaﬂuaaﬂawnﬂ”luﬂmqﬂsmwwmmmmmwauwmwami‘nﬂﬁ@u
Twaﬂuaammﬂ”lum wa 'l uawﬁnu”lwmu q detandevn Srusamstinsduaiy

”lﬁﬁmsﬁnwﬁmﬁmwmmﬂwamimﬁau‘lﬁmwwu

31



VI

Antolovich,‘ M., Prenzler, P., Robards, K., and Ryan, D. 200@. Sample preparation in the determination of
phenolic compounds in fruits. Analyst, 125:989-1009. o

Brune, M., Hallberg, L., and Skanberg, A.B. 1991. Determination of iron-binding phenolic groups in
foods. J. Food Sci., 56:128-131; 167.

Deshpande, S.S., Cheryan, M., and Salunkhe, D.K. 1986. Tannin analysis of food products. CRC Crit.
Rev. Food Sci. Nutr., 24:401-449. _ _

Earp, C.F., Akingbala, J.O,, Ring, S.H., and Rodney, L.W. 1981. Evaluation of several methods to
determine tannins in sorghum with varying kernel characteristics. Cereal Chem., 58:234 238.
Hagerman, A.E., Zhao, Y, and Johnson, S. 1997. Methods for determination of condensed and
hydrolyzable tannins, in Antinutrients and Phytochemicals in Food, Shahidi, F., Ed., ACS

- Symposium Series 662, American Chemical Society, Washington, D.C., 209-222.

Ikawa M, Schaper TD, Dollard CA, Sasner JJ (2003). "Utilization of Folin-Ciocalteu phenol reagent for
the detection of certain nitrogen compounds". J. Agric. Food Chem. 51 (7): 1811-5.

Jackman, R.L., Yada, R.Y., and Tung, M.A. 1987. A review: separation and chemical properties of
anthocyanins used for their qualitative and quantitative analysis. J. Food Biochem., 11:279 308.

Makkar, H.P.S. 1989. Protein precipitation rﬁethods for quantification of tannins: a review. J. Agric. Food
Chem., 37:1197-1202.

Mole, S. and Waterman, P. 1987a. A critical analysis of techniques for measuring tannins in ecological
studies. I. Techniques for chemically defining tannins. Oecologia, 72:137-147.

Mole, S. and Waterman, P. 1987b. A criticél anaiysis of techniques for measuring tannins in ecological
studies. II. Techniques for biochemically deﬁning tannins. Oecologia. 72:148-156.

Naczk, M. and Shahidi, F. 1989. The effect of methanol-ammonia—water treatment on the content of
phenolic acids of canola. Food Chem., 3 1:159-164.

Naczk, M., Wanasundara, P.K.J .P.lj., and Shahidi, F. 1992b. A facile spectrophotometric quantification
method of sinapic acid in hexane-extracted and methanol-ammonia—water treated mustard and
rapeseed meals. J. Agric. Food Chem., 40:444-448.

Porter, L.J. 1989. Tannins, in Methods in Plant Biochemistry, vol. 1, Harborne, 1.B., Ed., Academic Press,

San Diego, CA, 389-420.

32



Price, M.L. and Butler, L.G. 1977. Rapid visual estimation and spectrophotometric determination of tannin
content of sorghum grain. J. Agric. Food Chem., 25:1268-1273.

Price, M.L., Van Scoyoc, S., and Butler, L.G. 1978. A critical evaluation of the vanillin reaction as an
assay for tannin in sorghum. J. 4gric. Food Chem.,26:1214-1218.

Scalbert, A., Monties, B., and Janin, G. 1989. Tannins in woods: comparison of different estimation
methods.. J. Agric. Food Chem., 37:1324-1329.

Singleton VL, Orthofer R, Lamuela-Raventos RM. Analysis of total phenols and other oxidation substrates
and antioxidants by means of Folin-Ciocalteu reagent. Meth Enzymol 1999; 299: 152-178.

Swain, T. and Hillis, W.E. 1959. Phenolic constituents of Prunus domestica. 1. Quantitative analysis of
phenolic constituents. J. Sci. Food Agric., 10:63—68.

Tzagoloff, A. 1963. Metabolism of sinapine in mustard plants. 1. Degradation of sinapine into sinapic acid

and choline. Plant Physiol., 38:202-206.

33



