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Determination of Texture and Flavour quality of Mangoes for Export

Using Near-Infrared (NIR) Spectroscopy

Padcharaporn Boodwong

" Akkchai Kopobsuk
Advisor Asst.Prof. Jiraporn Benjaphragairat
2002

Abstract

The socalled “Numdogmai” mangoes were usec to determine their texture and flavour
properties by using Near- Infrared (NIR) Spectroscopic technique .For a texture property, 100 mangoes
were tested with varying the wave numbers between 4500 — 10000 cm ™ , through partial least square
regression (PLS) technique.The NIR determined the texture property in term of enrgy absorption, and
the results were summarized as follows: multiple correlation coefficient (R ) = 0.813, standard error of
estimate (SEE) = 0.021, standard error of prediction (SEP) = 0.255 and the Bias = -1.32*10° For a
flavour property, 51 mangoed were tested with varying the wave lenghts between 1100-2500 nm,
through multiple linear regression (MLR) technique.The NIR determined the flavour property in term
of %Brix and %Acidity, and both of the results were summarized as follows: R = 0.894 , SEE =
0.792 , SEP = 1.119, Bias = -0.06 and % R= 0.906, SEE = 0.336, SEP = 0.623, Bias = -0.273
respectively.

Consequently, the conclusion could be drawn from this study as follows: The NIR can be
determine texture property of “Numdogmai” mangoes in term of energy absorption, by varying the
wave length between 1178 — 2420 nm.And the NIR can be determine the flavour property of

“Numdogmai” mangoes in term of %Birx and %Avidity , by varying the wave numbers between

4440-9000 cm ™
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uanalugusii 2.7 msSaludnuae ummsmamnﬂsmm‘wamumﬂﬂﬂnaummﬂmnﬂimm
Wi asias Rousenin Wundsmfimiooglunas) Taod
Reflectance (R)=11,  Uag  Absorbance =log 1/R

Light sourc
eh Detector

Sample

;ﬂﬁ 2.7 MIIALIL Reflectance

dioRnsnniRIvesseds o fumafiusaaziou AU NEIUI IO URBANIATY O
Tnolai &z quin Ty ludeds ummamuufﬂz‘hmvauammnnmaumamm’Iumumsami
Specular reflectance Lm'n~nmmamuwanmum'lﬂ‘lumaﬂwmnﬂm umlumuuﬂ*wana
mmﬂnmammg woziuueraiidosmsSaitond Diffuse reflectance f0ENATIUMELTEN T
Specular reflectance UA¥ Diffuse reflectance 14U wwﬂuﬂuwuagnmﬂs“mnmﬁzmumwmmm
mmﬁuﬂium"ﬂn mammmmwﬁmmnmmnuu‘lﬂﬂanivﬂﬂﬁwﬂaunamannﬂﬂu‘lwmi
alfounas drunzide Specular reflectance ﬂinumamaﬂummﬁ’uﬁua;jﬂﬁmﬁaﬁmms
NOWVUBIN TN DUUBIF D umz1ﬁﬁmnnnmsﬁu1§f§qfﬂﬁmmnfiutﬁaﬁffaaaeﬂmr}ﬁ’a
mmm'lﬂt“f'aﬁm}"gmﬂﬁiﬂuuﬂm1ﬂTﬂUNﬁ'ﬁﬁauﬁmﬁ sfouoenN UL Diffuse reflectance 1@
"lumummwaumﬂmﬂmmﬂﬂ U § dnvacvownis Wudy Tﬂumﬂnnlmmaﬂeuﬂs"wu
misAnszuRnANfuLTInAIInaENe L s nIANL

m‘manwaumnﬂnwﬂﬂnamﬂuﬂqnwmm'IﬂsqﬁmmqTmanamaamﬁﬂs"nauuu 9
muummﬂnausmmﬁ‘luﬁummw'lwﬁwmmsﬂs snp1TY 9 viufle msUsznovsazasezs)
Absorption spectrum mmﬂmqnu I@Em Absorption spectrum L‘ﬂuﬂﬁﬂﬂi‘”ﬂ’naﬂ'l‘z‘fl,ﬂﬂﬂuuﬁ'ﬁ 1)1
AMEINAY

msﬂﬂﬂauwmmmaﬂau‘nm 9 mbudhunTumas nm) Imstiew sy Beer Lambert
Low mu

A =log 1/T=abc
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Tﬂﬂ?‘l A = Absorbance
T = Transmittance
a = Absorption coefficient Fusiusasfidmiuudazessznou
b= pathlength ¥38 AwMIWEIEIBE N IUNT T
¢ = Aty (concentration) Yeemsszneuiganduua
msthaumst W dmaututuvesitets lnoms3a absorbance 19 ABINI LAY
MNYBIFIBENTIgNAD AL Iz ADIMIN  Absorption coefficient Tasmnnngudetiefing e
avwdiudu Taewaeansszndng absorbance (A) HazAMUTUTY (o) 12 Idnsmidunseriuga
origin Taefinnuduwhiy ab isannsmaug b fauogdnrsof s a 18 Tauduiinsa
Fesaums lndez 18
c=A/ab

=

é e ;,: o o & d‘ L4
Faoande iU multiregression fiflen 14 umsims calibration fieglug)
Y =B, +B(log I/T)+E

lagh Y =wediFudnmmududuvesmalsznouiiganiuues
B,= 1 intercept 91 regression
B= 1152 dN5 regression
. . 4 Agod o
i = index YBIANULINAUN 1FNATIAY T,
E = random error
lurumser B wdasmnSeuionldfuragasendne patlength (b) AU absorption

coefficient (a)

2.3 M3ANE1 NIR Spectroscopy Y0114
4 et { ar (] =
Tumshlaseamil imsAnunduaifotumaiuewmain NIR nldnsraounm

] & ' 24 1 a 1
amneluvesziedlegraoesiivieule erfigu
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2.3.1 M135M1 Total Soluble Solids ¥8IULUUNIE Okinawa Tnold NIRS Fafunasm
M3ANIY0 Tanabe and Kowno Tumsinumuldmememfieziuer NIrs 18 Soluble
Solids “v’;ﬁaﬂuu:ﬂqaﬁuﬁﬁha 7 ipann WM Okinawa Tuziniifiguamd seume ud
nszvamumsfagualiunszuumsih 1gus Tan lishi e luguameesuzsiamsz il
AanuamIlavefedssaunisalvosnude lufinounindeds fufumsiuer NIR 1190

a 1 a o v Yo 9y o 4 9 c‘f
mzmumimnanﬁjsL'ﬂumsmummuulﬂ‘luﬂmmmmmnN"IH ANAUT A9z ADado

sinmumenag ldugiganmaauiusm

nzﬁqqﬁi%”luﬂ1sﬁﬂy1ﬁauxajaaﬁ’u{ Keitt, Sensetion LagWug Irwin 19930819 88 #1061
luudaziiug unguiredsoondiu 2 ndu fie 1. nguilsuifivy (Calibration) uazngui2 ngu
¥ (Prediction) 1919384 NIR Nireco M 6500 t11er NIR 92nR1eenuudugae q 91n
700 ~ 1000 W1 LA ¥2902 2 Wi Twwns msanseyideyald Software NSAS 499U5EM Nireco
1 Calibration curve 1114 1as1d Secondary differentiated spectrum

MINHAMIANY 1YY Tanabe and Kouno 14 #1 MR (Multiple Correlatio Coefficient) 53719
NIRS wazmsdinsiermaniivesusaiaafiug Keitt ung Sensetion A 0.94 UAZ0.91 AudguLas
i1 SEC (Standard Eror of Calibration) 719 0.57 020,64 #1 SEP (Standacd Error of Prediction) Ao
0.88 2048 HadnF¥ea NIRS finanuihulAgelumsvinnes Soluble Solids Hifeduuzaaaiug
Keitt 1ta2 Sensation N511INIR 119965373 124M7191 Total Soluble Solids 174 lalermsafiasaiinns
calibration vesdazUfINIFTIMAIR ndnRedusneiinneiuzaiaciug Sensation 1511)

o o

1 £ 4
AMI30921IA Calibration ¥eINzAWHUE Irwin M1F1E iosnnuziidasiufiufidnyne

uazgmandanelunuandresiu Selumusofiszsindingeis il

232 madssidunuameesdiizsauaz gy luviaelaold Near Infra-red
Spectroscopy (Non-Invasive Assessment of Pineapple and Mango Fruit Quality using Near Infra-red
Spectroscopy) (HUNAIIUASANYIUBY Guthrie and Walsh (1997) MmNy RsIM Nz udiy
151101 NIR u1193as1 DM (Dry matter) *umLﬁramﬂwéﬂumsﬁﬂmfrﬁﬁﬂm DM 9118
U NS FMS scan whity wipsnndmziaiuna Widrauuudia ez msnEo
wlamudmesddszaeumanineluravziiandosmn wimsazauudluns s nmeui

v ¥ ] H
1A sErINIusIRidegn Aniusiaunsaldi pM dusitwendweiediguawmuzi
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windsgnuniela mses DM ﬁamﬁ%zﬁmanﬁﬂ%’mmuﬂaﬁﬂzﬁuaﬁ‘lunzu’qq Tasnanes
Tuuzaiefiug Kensington #itlgniu Queensland fuRealuszozuisn figamgd 23 ¢ inde
NIR {4 6500 SILVER SPRING, MD 19/ Software NSAS (version 3.25) Tums3inagsina 14 wave
number %39 4002500 11 Tuiwas Jann ) 2 w1 luwas M3 scan 50 ATAERIBEN Metum 1
i m3dSuifieylFauns MLR (Multiple linear regression) 9231/ R%=0.9, SEC=0.85% uag bias
0.39

dmiumsldeaums MPLS }Multiple partial lest square) W1AATIEHASITBUE 188
R'=0.98, SEC=0.54 Winz SECV=1.19 11nM3NARBINDIGuthrie iiaz Walsh g1l lddhenansofisssh

wwnatn NIR 115 lunsdanuamassuziiae1d Tneld5aa1 Dry matter

233 myldlszlewd NIRs fumalfivafou: Freanuemnduuazindostiodmiums
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LﬁuﬁwﬁmmmmLnazﬁwﬁmmuﬁmmNanzahq‘lﬁaai'umﬂuéﬂﬂa'lﬁﬁ'mﬁmw



22

2.4 wolviuluemnanvesmsanyanI Suuas o (N30 Buzuwae, 2545)
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UNA 3

NINAaBY

3.1 MSAUHUMINaaDg

manaaesuziaaiugiinenls Sy 151 v minsnaneseeniii 2 yaded
1. N3ATIVABY Textrue Properties YDINLUN 1ne3E NIR Spectroscopy 100 @
VAN 297 vndauasdgy (fu w Sui 21 unsiaw 2545) 9WMIA LR
70%, 80%, 90% L1 100%
2. MIATIADY IAMAVBIUENIN T03T NIR Spectroscopy 51 e
VM SmSaunsigu (T 13 S 2545) 2gM3IR LR 70%
1az 80%
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® pwmsAUALI0% S 50 wa
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MINAABAH 1 : 11 1imin dnymzAdFenvosnauzitaasdnynzifiousiiig
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7 3.2 mymSnesuaganunuuinyeanauzaiag

MOUN 2 Near-Infrared (NIR) Spectroscopy

PSNARBAN 3 : 1159 NIR Spectroscopy YD1

gilasal
. IP3B4 NIR Spectrometer 816 BUCHI {1 NIR Flex N<400 1 innq
2. NEBIM 1 Aaod
3. mes luiiwos 2 Gy
4. Fiber optic probe 1 U
5. Wzl (mdamsifudes 1 u) 100 WA
6. NTTANWUY (kimwipes) 1 naed
3Bms

1. U3 air condition figaingiinei 22 °C
2. nuugiia ildligungiinhdugumgidewas hmsiufinsgamginasses
a 3 Y 1 1 o Al A o
3. A probe TWoglunnaesduieNsziinminaass
4 . 4
4. WaATD4 NIR Spectroscopy 41gT1l5unsums3alef Software a0 NIRCAL
SoftwareV4.0 ¥11153@ reference ¥0992981mUAAY (450010000 cm™)

5. A1579A NIR Spectrum YBIHANLII
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{ o &
7191 3.3 M39AUATB NIR Spectrophotometer itagg1lnsal TuuMgnaToy

5.1 wauziasduiiiundeanng 3nsdafu probe Winwaiinuazdoela
Tduzaissviu Tasnalundoed deguii 3.3

52 scan wonza 1 Tneld818em18 computer 198 scan 5 Aserin 1 Aumis fo
1 AUYBINANEII T2 THIUADY 4500-10000 cm™ M990 scan A 1
(@11 A) 15 9859 scan @17 2 (G1u B) Tasvinmsnanesdmieudd 1
Thwangai it scan ¥ sudaoenuunziiiudoyaii 1413 undeq computer

53 TANAZIA probe i 19@A0ATT AT Iz oA

54 scan UL MAMTUABUMINATDNT 5.1-5.4 WATUNNHD

5.5 tufindramsnaasadild131u computer tiaf oz U3 calibrate do'la)

o ﬂ'l & s { U =
* #9993 reference N0 1 4 92 Tuaev SailgymiReafugamgd

o
L]

4 F
moUN 3 Anwuiladuiaueaueuiadie Universal Testing Machine
MInaaesii 4 : naToUAWIF Compression Test, Relaxation Test 481 Recovery Test

a & &
YUIUMINATDUY 3 YUADUAD

4.1 Double Cycle Load
; e . i,
NANLU9A8 Plate NANOUTNAIAILAIINET 10 mm/min UEe Load 7 maximum fi® 2

¥ Y v 4 a:iél =) P - =) a o" = n’:
N ummuan‘lmmu Plate 109 UNYUIULYAD Load V1 minimum AD 1 N MAISNA%FIDAATIIU

"lﬁ' Load #1 maximum
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4.2 Relaxation Test
u ¥ 24 Y\ d ¥ 1 ay 3 ol

MAININNAGIATIN 2 91 1AA1 Load 1 maximum ud21)dou1¥ plate InADUATUA TS
AuFvBINZI IUNSEIS Load i 15N
4.3 Recovery Test

angu s plate AFBUTATUFIOAUE 10 mm/min sutuna ldudamga i 18en
MInaneIvznTuintu computer wazih lins1zvinase 1t
gunsal

1. Universal Testing Machine (UTM LLOYD U LR 5 K) 1 130

2. Computer Software R Control V.3.23

3. WHUSEUN ST mSuna (Flat plate) Ao 11a5 o0 plate A M1 10 mm

i uAIgUENA19 100 mm 1AL Standless steel 1 o
4. Load cell Y119 100N 1 U
5. MFULIDIT VLU 1 U
6. W (MamaAude 2 ) 100 W

b!g
=
=
o

¥ ¥
1. ARAY plate NA LAY Load cell iWiunIes UTM i3 ouden
. Wawies UTM uazidn 1 Tsunsunisnaaeulu Software R Control V3.23

- gt euumeugsesiusg Ui 3.4

AOoOWON

. FwihmImATeuAmYLIUNITAB Double CycleLoad, Relaxation Test 1tA%
Recovery Test
4 ¥ ' : o 4 v ' ¥
5. 1aeu plate TpRnviemnuziuazhmsn/doudsunameuuziaiudiuass
F
o :ﬂ ¥
6. Mde 4-5
T ¥
7. Wasunzisadugndaluezyimmansssuniioudes 3-7
' A v w  d 1
8. i ldnnmanaaeseziunsmuaasnnuduiussenhausenauaznaly

s c: é o £=3 1
MInaTeuaIgL 3.5 FdenilAinswideld
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UM 3.4 dnwmzmsnauzaiisvaeinsnene

Compression Test (931 3.5)

Load (N)

3 Maximum Load

Minimum Load

R R —

[
|
|
2NN AL
|

¥ y

Time (min)

217 3.5 anuduiusszniussnafunamacew e Compression Test

A laannsn

+

4 g o

T1 = 9N AENAUTI9AT 1 (min)
=

T2 = IAVINYAEUAUDIAT 2 (min)

! = a

T3 = A19IN9A7 4 D99AAUGATIYAT 5 (min)

& 4 &
A =Wunldnsmongaiuduiegail 1 (Nmm)



B =Wunldnseingah 1539a7 2 (Nmm)
L1 =Maximum Load (N)
L1-L2 = Relaxation Load (N)

AU Texture Properties A9l (Panmanas, 2000)

L1
- Hardness (N/mm) =
T1 X 10
- Deformation (N/mm) = IN
= T
MIdgUN IN
: L1—1.2
- Relaxation (%) = T X100
T3 X10
- Recovery (%) = X 100
T1X10
T2 X10)-(T1X 10
- Degree of Elasticity = ( )-( )
TIX 10
- Energy Absorption (Nmm) = Wuh A - Wu B

: ﬂ'n} @ v w i
* mms'%‘ﬂumimﬁ'aumu-majmmﬂﬂmmu 10 mm/min

Msnaaosfi 5 : NAREURIETE Puncture Test

gyl
1. Universal Testing Machine (UTM LLOYD $14 LR 5 K) 1 A3
2. Computer Software R Control V.3.23

4. naginmsanszuenuadurNgUENaTe 2 mm 61 20 mm gy

Standless steel 1 SOU
4. Load cell Y119 100N 12U
5. MFULIDITUVLUN 1 ou
6. wzain (MFamsifuifen 2 ) 100 wa

b4 [
e LY

1. ARAeINALAY Load cell Wunies UTM 1B 0u3an

2. @n3es UTM unzidn I Tusunsumadou R Control V323 omuRUAINAAEY
R399 UTM

3. dwziansuunsuzsesiusegli 3.6 1ﬁnzﬂ1adquﬁnmﬁqﬂﬂﬂﬁNﬂma‘waﬁ

a ° ] a P d'l { .
4. [FUMMIMATDY nANUNMeTINATInAD AR 10 mm/min MWNY



N v

14
A

wienuazumsaslyuiledn 1 om fudoyal3lunies computer
é Y] 1 o 1:{ r
@punInARenNNUELIwazIIMIsudummageuuzafiugiuasey

Vv
W14 4-5

al i ' Y o :’ ] v 9

wsunziruilugnde luudwhmmaaeuduniiousude 3-6
' a:i 9 @ a ] s Y]
i Idnnminaaesszifunsmidasnuduiugse s anauas Deformation £9

{4y :
10 3.7 Fadeni I Ans1zvinade 1)

1% 3.6 Anmmznisnaeivazhnsnaasy

Puncture Test (ﬂzﬂﬁ 327)

Dr Deflection (mm)

Wi 3.7 anuduiudszndhausafumsidglveauzaing

Aoy 1ne7% Puncture Test

31
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A lRennsm
AD = msiiiegtiavngaisuiegai 2 (mm)
AF = usehifasuutasningaiSuduiged 2 (n)
4 . 2
Dr = msifsgilitlounsnzqulioninnngaisuduiegg (mm)
9 ] 4 ar
d = EUMIFUINANNINA (mm)
79
A% 2 = Bioyield point

1= A5 uAY

=

=h.

1

9% 3 = Rupture point
199 8 = gaNMgAMINAaDIHINA nAaelil 5 mm (30 sec)

¥
ATUIN Texture Properties 1431 (Panmanas, 2000)

F
- Firmness (N/mm) = —
AD
Apparent modulus of elasticity (N/mm?) ak
2 mi . €lastic mm .
o ADd
- Bioyield force (N) = AMIINGAN 2
- Toughness (Nmm) =WunlAnsoIngad 1 egadi 3
- Penctrating force (N) = (Wuildnslungadi 8 fls 37 3)

(M3nldeugilyad 8 - msulfouziyai 3)

4 v ' v
- Penetrating energy (Nmm) = Wuhildnsmlangaii s flegndi 3

MINARBIYAT 2 NITATIVABLTAFIAUBINLII 1aedE NIR Spectroscopy

’ ' v
PSNARLIN 6 : YouTsfiazansld (Soluble Solids) Tuthuzsiag

gulnyal

1. Digital Refractometer (Atago PR-32 Palatte) 1 m%"m

2. finnesuura 50 mi. 10y

3. ININDSYUIA 25 ml. 2l

4. azunsefiyara el 7 U

5. AZUATY (ﬁm?unmnfma‘lﬁ) 8 U

6. 1323 (MAIMTIVAL 1 51) 51 wa
M3

L. miswougaiseemidu 2 daumufidmuadnuen? ¢ A,B)
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ﬁ'«ﬂﬂﬁ'ﬂymzmu’lun‘faNa'ﬁ'ﬁﬁﬂgﬁuﬁnwaﬁ'!ﬁ“lummﬁ 5 7IARUIA N
ﬁm‘i’yauzﬁ'nuéﬁzﬁqumﬁzuﬁ,ﬁ'wms ﬁn&a-u:ﬁ’awﬂ‘lﬁtﬁuﬂm 9 udaldlu
AZUNIINTBUBARWIZI]] laludninesudaunieemifudiuag 2 dau
(A1,A2,B1,B2)

ﬂﬂﬂﬁ”mfjmfm:ﬁaqﬁ?%u'lﬁmiaxﬁ"mmuu Refractometer iufinma lua1s1e# 6

IANUIN .

] ¥ ¥
MINABBIN 5 : Acidity venimzaiieutsoomiiy 2 TUADUAD

L
5.1 TURBUMIIAS Y5828 Sodium Hydroxide 0.1 N

gilngal

=1

2
3.
4

h

Sodium Hydroxide (NaOH) 4 g

. UANOSY1IA 250 ml 1 Ty
YIAT YUIA 4 liter 1 T

. uviaufn 1 U4
U39 volumatic flash Y19 1000 ml 1 T

i m‘%"m%’q (Yamato ;'u HB 3000 Max 3100 g ) 1 m?m

rindy 1 ans

v v
. #91win Sodium Hydroxide 4 g
+ ASM0 Sodium Hydroxide 4 g Tu1i11%18 1000 m1 1ua29 volumetic flash
- MMI0TAY Sodium Hydroxide Nagaouds I3 luviaden Jan

¥
. e 1- 3 1 dmsazans Sodium Hydroxide 1 805



Ed "
52 duneuMs Titratable Acidity WSongnsaifagiii 3.8

7117 3.8 gUnsalun1swhi Titratable Acidity

gulnsal
1. yagUnsainsih Titratable Acidity Aag1/7i 3.8 1
2. IinnesauIn 50 ml 4
3. thadu

4. 302018 Sodium Hydroxide
5. phenolphathalein

L
6. UINZU

%0
Ty

34
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IANTI0208 Sodium Hydroxide 0.1 N a91u 1o ndsnntiuiluldasazaisiiu'la)
¥ A i r =) L
Tuuisufa9uidy 100 mi FuumwheziidunvuenSavesmsazatoey
v
athuzinlunszuenaae 118U um 2 mi
t 4 1
anhinauld 1aYS i 20 mi
¥ ] ¥ 14 3 ¥
whndusagThuzisasTuwagnsuy mauhhnduuesiwziadhiu
[ k4 v k4
N9 phenolphathalein m‘lﬂ’iumﬂgﬂww‘.wﬁﬁmnmmzﬁmsmwmﬁuag 2
non uduvennn  Widhdu
Wanenl#asazany Sodium Hydroxide Hogluuviauamenns T Tuvaagnausy
¥ ]
Tuvaziulfvi 1o o
o 9 & & @ -4 1 n” @ : ] el W 1
hawlude 6 Tisos 4 swnszisdunamuininduuas husiaafiogluun an
wurf whvnihudiios udalilafenifte hildasazaw Sodium Hydroxide iy
Tuuvisuda lvaaandns
' ' B N . a ] Vv o v o
oA NMYemInEa1Y Sodium Hydroxide Agnldfluuuumauds vieniild
b4 »
TfwaummBunavesnsalmihueinamuaunsuduiin %Acidity Tua15197

6 MANUIN N

(V X N X Meq.Wt X 100)
P
o Z =nlosiuduns Acid luiuzalig

=

V =1511a3ve9e15a2a18 Sodium Hydroxide 119 (ml)
N = Sodium Hydroxide 0.1 N

9
Meq Wt =1imiin luanaves Acid dwu Citric Acid H71 0.064 mg

v ¥ v [l ¥
* damsszTilumsiduasuilas Avsnseduna A niwesanlBoudiie nsudh vdila

NduR

[ v
M15NAARIN 6 : NIR Spectrum ¥8311 1523729

ginsal

1389 NIR Spectrometer

: g T4
U0 BRAN LUEBBE ju Infra Alyzer 500 1 1509
wmos lulines 2 ouU

British cup 1 U
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v
4, WWLN9
5. NILAWEY (kimwipes) 1 iGN
6. DnneIANYLIA 25 ml 8 Ty
v )
7. WInau
< QU
8. Tudlyn 1 U

1. 15 air condition ﬁqmmﬁﬂa'ﬁ 24°C
2. TlAATe9 NIR Spectroscopy g Tsunsumsda 1101559 reference ae
Polystyrene AauTn1snaass 19919n21me1208% 1100 - 2500 nm
3. A159A NIR Spectrum YBINANY
3.1 uﬁnfmx:.imwiazﬂ"m (%11 A, B) eonilu 2 dau (A1, A2, B1, B2)
3.2 eatimenieasly British cup 1 — 2 1t
33 usunszenTaasum British cup 3230t I iRanose A lutuzaing
Faq1lii 3.9
3.4 wisudetiuade thlyldlugesldiedsveunies NIR Spectrometer
3.5 scan Muzaiae Tne i dang Computer It scan 1 a33die 1 F1061971
F9AWLIIAAY 1100 — 2500 nm
3.6 1039 1 A10819 TAweTeIn British cup LA WAL cell §aEvInSUIES
iFnIutesdaonszarndy (kimwipes)
3.7 fhmnwude 3.2 - 3.6 sunsun B
3.8 Tuitnmafi 18y Computer thofaztir Ny Calibration de'l)

4. wan lannmsnaassaanslumsied 4.22

T ¥
U7 3.9 dnwgmswSoudeiinineindeunsnaass



37

Tasldfnatig

o A a
717 3.10 19599 NIR Spectrometer 9110 BRAN LUEBBE

U Infra Alyzer 500



UNn 4

HaNMInNaasl

38,40

MNANINAaDIANYIBALe NBUNNANEA LA AN UL AU YDz TUnS

T o A [ ey @ o Jdo w ‘g =
wﬂaaawmunawﬁmmmsﬂnaﬂﬂlmnzmquﬁa"lnummfmwuﬁﬂuanymzmama‘lmmﬁ

2 = v o de W d? ] P a o
L‘]Jﬁﬂﬂ‘l]&‘liﬂ’)'mﬁil‘wu‘ﬁﬂ‘].lﬁﬂ‘ﬂmgmﬂﬂ'lﬂcluﬂﬂllmnﬁ TIWITONILINITUNANINAITNAND

v
nmenn 1aaeil

1. osndszneunianiemn

L1 mytmunuziaemudnenzdrultennvuen Iasld3snsdauns

4 o ] o a =
AT 1N 4.1 ‘i]'l!.LHﬂ‘iJﬂJ’J\iﬁ’liJflﬂHfHSaﬂ’JL‘ﬂﬁBﬂ

a $1UIU (Ma)
Weudu 84
Weroeu 2
WD ADY 14
flieroumaeg
AVer00U

TR ndy

UM 4.1 Swunuzinndnuae fulden



1.2 mistwunuzuaamanyuzAineusn laeldnsisduna

19197 4.2 SNzl dnyaEAIn1BUen (§1u9U 100 Ma)

wthunan

a o
WA

SEAU ANWULAINYUDA U 52U
¢ (wa) (Wa)
PPN Yol 20 20
AR RO ﬁqmﬁ'ﬁ’?ma 37 52
WIS Hgade 15
Anhuna | Raeu i}ﬂaﬁy'lﬁ'lﬁ flnudmion 7 21
Aoy Jenadniey 12
vy fudenluaiuaue 2
A2 14 Afiseuunainiten 1 7
A lueruerue @ Qﬂﬁfrwma 1
i liaiuawe 3
fannszdihea 2
A 1@ %
AIRNN

UM 4.2 SumnuztismudneugAInwuen

39



Vv
1.3 mMyuunuzyNmuansuziionislu Tneldsmsdauna

v 9
M3 4.3 Suunuzdaudneuziionisluvewzaig (§1HU 100 Wa)

'
sEal anwaiionely i‘h‘uqu 39U
(wa) (wn)
ﬂy =3 -\ = d’. 1
ATLEITRT fvdoauaa tiouuu 46 51
L= J A. T’
fmdosendu Woliuwn (ueugn) 1
1 )
dmdeanes olluuin (zaign) 3
v
e N
Wiof Au1u0a wiouuy 30 30
o g 7
wefthunane | dum dieudu 2 9
AN ol S N
Fdesda Wiouy 2
= v df ]
Fivdeeseu oy 5
A et at Vo AT
e lud fvdeauIa ety 1 10
12
Fu1umd09 oy 7
9 ]
fimaeanes wetiuuin Hiduleden 1
4 4 L4
fmdeseudu Wotiuwin veunldend 1
A7 o
wie lud
2 o
(HeANIN

d‘ -] L] o ﬂ’ ]
Eﬂ‘ﬂ 4.3 MuunuzNNuanyuitenieluve g
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. ¥
1.4 msﬁmuﬂnzsjfmIﬂams%aﬂmuﬂmamanzuNmquyﬁmmmu,maamﬂu 3 JTeu
(g Tdlaruysel) Aamnsadi 4.4

v ) '
M31N 4.4 Mydwunuziae lasmsdaiminusswauesig (T4 100 Ha)

¥
LAY W (g) $1U (a)
YAdn 250-300 57
YUINAAN 301-359 31
YA N 360-420 6
Y ' o & Ao J a o g
WANRENI1250 N3 6 M FuTtuvuafidnnimguidendn
o { -t
DANTMEHY
YU 1Y) I
i o
A YRR

YHIBNDN

[ ] E
117 4.4 Szt Tasmsdaimin
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2 qmauﬁﬁuawmi‘nﬁmqmmﬁmﬁ'mﬂ'n 9
mnmsﬁnmmmnm}mﬁnmuawwmwmqmimmﬂmmanu Auaulianeg uanaeiy

vz lddatonss Svufisusznheuzieiitieymsifufeat 70% Lmuuvmmnmq

msifufendi 100% AUAUTAAN 9 dzuan1aiy (ﬂmmw 4.6 Az 4.9) Feflueduiduns

19ﬂ?ﬂﬁ7llﬂ~ﬂ1‘iﬂﬂﬂﬂuuﬂﬂﬂfﬂﬂﬁﬂﬂ f nnmzmm;mumﬂwmaﬂu

¥ ; 9/ aa ' =
2.1 Ioynipauneanavesuzen 15lumsnaaos

b

b4
=1

ﬁ'l‘i'l\'iﬁ 4.5 ‘ﬁ’ﬂ ﬂL‘iJB‘FIT—J“ﬂ'l\'ifTﬂWUENSJ”U’NWQﬂHﬂ 151 Ha

MsNAADS doya MIARTIEHNADA $1uu
X Maximum | Minimum SD (Wa)
ﬁ”mﬁmmz I A (2 296.36 | 43522 2238 41.83 100
YUINVDY - AU (mm) 69.51 80.9 61.22 s, 100
UL - 74877 (mm) 137.64 | 15495 | 123.43 6.85 100
- A7UYU] (mm) 62.89 76.1 56.93 3.37 100
Shape factor
- 41/ 1.98 221 1.71 0.09 100
- gt 2.19 2.45 1.93 0.11 100
Yswnesuag |- USu1as (em’) 303.01 | 44452 | 22796 | 4142 100
ANUNUI - ANUYHLIY 0.98 1.02 0.68 0.034 100
HUUYDY (g/em’)
2N - ANUOWI U 0.81 1.02 0.68 0.034 100
JAVIAVDY | %Brix 9.54 14.2 76 1.58 51
2199 %Acidity 5.5 4.1 1.02 0.74 51




¥ b v
MInil 46 doyailiosdumsatavesueiineeremsifuie 70 %

43

M3INARY doya M3 ANTIEINNADA LTl
X Maximum | Minimum SD (H)
Yminuaz | - Y ) 31858 | 390.08 | 252.14 | 4959 10
VHINVDY - A7WAAN (mm) 71.79 74.91 68.07 2.72 10
VTN - AYYI (mm) 14024 | 15125 | 129.85 6.44 10
- A27UMU1 (mm) 65.11 70.97 58.79 435 10
Shape factor
- 41/ 1.96 2.07 1.74 0.11 10
- st 2.16 2.33 1.94 0.16 10
Yinasuar | - U511a3 (cm)) 32459 | 39341 | 25743 | 4856 10
ANUNUT - ANUHUHY 0.98 1.01 0.97 0.01 10
MRITTER (g/em’)
NLAUN - ANVONTUNIE 0.98 1.01 0.97 0.01 10
AT 4.7 %ﬂgﬂsﬂfmﬁ'ummﬁﬁmmuzﬁaamqnmﬁmﬁm 80 %
MINADDY doya | MR NEDA 1
X Maximum | Minimum SD (Wa)
vmriouny |- YT (2 281.39 | 353.11 223.8 32.53 32
YUINVDS - A27UA3 N (mm) 68.12 75.32 61.22 2.64 32
WU - A7UY13 (mm) 13644 | 15495 | 123.43 7.49 32
- ANUVUT (mm) 61.94 65.9 56.93 2.48 32
Shape factor
- o1nhe 2.004 2.162 1799 | 0.092 32
- ymnfmin 2204 2.419 1.927 0.106 32
Ynasuag | - YSu1ms (em’) 289.98 | 35957 | 22796 | 32.12 32
ANUHUT = ﬂ'mmmuiiu 0.97 1.00 0.68 0.0081 32
RILLE (g/cm’)
LU - ANUONIINIY 0.97 1.00 0.68 0.0538 32




{ g aa ] =] {
A37 48 Joyaidesdumeatidvesnziasegmsituion 90 %

44

N1INADLY Joya MIAASIEHMIADA UM
X Maximum | Minimum SD (Wa)
minuag | - Y (2 29577 | 43522 | 24243 | 37.84 50
VUIAYDY - AN (mm) 69.60 80.9 64.3 3.13 50
FUER TN - 77877 (mm) 13772 | 15379 | 124.07 6.75 50
- AUHUT (mm) 62.74 76.1 58.86 3.41 50
Shape factor
- o1/ 1.98 221 1.71 0.09 50
- mniin 2.19 2.45 1.95 0.11 50
Yswasuaz | - Jsuas (em) 302.06 | 44452 | 25171 | 38.92 50
AU - ANUHUILUY 0.98 1.01 0.90 0.017 50
UHUYY (g/cm’)
2129 - ANUANTUNIE 0.98 1.01 0.90 0.017 50
#3997 4.9 iagaLﬁaaﬁuwnaﬂﬁﬁmmuzﬂoqmqnmﬁmﬁm 100%
ManAasy Yaya MIARTIEHN DA 19U
X Maximum | Minimum SD (H@)
ﬁymﬁ’mm: A (2) 332.08 42192 | 25411 | 60.71 8
YUIAYDY - WA (mm) | 71.79 74.91 68.07 2.72 8
WSUN - A7V (mm) 140.24 151.25 129.85 6.44 8
- AWMU (mm) 65.11 70.97 58.79 435 8
Shape factor
- 11/ e 1.96 2.07 1.74 0.11 8
- srnimiin 2.16 2.33 1.94 0.16 8
Pnesuaz | - Y5183 (cm’) 334.14 | 427.16 | 260.63 | 59.19 8
AN - ANUNU MUY 0.99 1.02 0.97 0.02 8
HITIGE (g/em’)
LU - ANUANTUNY 0.99 1.02 0.97 0.02 8
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1] ¥ L4
37197 4.10 doyaidioRun19afi@una Texture Properties Y09u2I 9 anun

Lﬁ"ﬁ]ﬁuﬁﬁmaq Joya MIINTIHNADA 117U
U229 )_(' Maximum | Minimum SD (Ha)
Compression - Deformation 7.4841 17.65 1.01 2.35 100
Test at 1 N (N/mm)
- Hardness 9.583 18.05 1.78 241 100
(N/mm)
- Degree of Sl 0291 0.462 0.143 | 0.056 100
Elasticity
- Energy 0.058 0.309 0.004 0.035 100
Absorption
(Nmm)
- Relaxation (%) 23.39 28 17.76 1.968 100
- Recovery (%) 0.0037 0.0063 0.0012 0.001 100
Puncture Test | - Initial firmness 5.673 11.28 1.238 1.517 100
( N/mm)
- Average firmness 8.626 10.82 1.664 1.665 100
(N/mm)
- Toughness 40.436 83.87 11.74 8.058 100
(Nmm)
- Apparent 2.849 5.641 0.619 0.738 100
modulus of
elasticity (N/mm”)
- Penetrating force 9.886 14.36 2.425 1.470 96
(N)
- Penetrating 66.06 91.04 2.19 10.95 96
energy
(Nmm)
- Bioyield force (N) 1.631 2,331 0.049 0.394 100
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= 3 aa . r =4 {
13197 4.11 doyaifioAumaaifues Texture Properties YBINTUWRIWYNLINYT 70%

Lﬁ?ﬂﬁnﬁﬁﬂjaq Joya MIAATIEHNNADA 19U
23599 X Maximum | Minimum SD (Wa)
Compression - Deformation 11.481 17.65 6.67 2.64 10
Test at 1 N (N/mm)
- Hardness 13.431 18.05 8.72 2.13 10
(N/mm)
- Degree of 0.371 0.461 0.281 . 0.05 10
Elasticity
- Energy 0.122 0.309 0.065 0.067 10
Absorption
(Nmm)
- Relaxation (%) 26.04 28 23.24 1.12 10
- Recovery (%) 0.00532 0.0063 0.0045 | 0.0005 10
Puncture Test | - Initial firmness 7.49 11.28 5.62 1.36 10
( N/mm)
- Average firmness 9.21 10.71 5.69 1.09 10
(N/mm)
- Toughness 52.57 83.87 42.17 9.06 10
(Nmm)
- Apparent 3.75 5.641 2.81 0.66 10
modulus of
elasticity (N/mmz)
- Penetrating force 11.81 14.36 10.32 0.99 10
N)
- Penetrating 75.54 91.04 5835 8.93 10
energy
(Nmm)
- Bioyield force (N) 1.98 223 1.85 0.09 10




|

a7

v ¥ H
3197 4.12 FeymiiioAun1anifues Texture Properties YINEUNBIGPAVING 80%

Lﬂfaﬁ'uﬁﬁmgq Joya MsANTIZHNNADA 11U
12179 X Maximum | Minimum SD (wa)
Compression - Deformation 8.296 12 4.35 1.51 32
Test at 1 N (N/mm)
- Hardness 10.696 15.69 6.95 1.48 32
(N/mm)
- Degree of 0.307 0.438 0.207 0.045. 32
Elasticity
- Energy 0.056 0.101 0.011 0.019 32
Absorption
(Nmm)
- Relaxation (%) 24.58 26.78 21.14 1.02 32
- Recovery (%) 0.00412 0.0058 0.0019 | 0.0008 2
Puncture Test | - Initial firmness 6.405 7.911 493 0.598 32
( N/mm)
- Average firmness 9.298 10.82 7.864 0.633 32
(N/mm)
- Toughness 43.49 57.74 35.08 4,705 32
(Nmm)
- Apparent 3.194 3.956 2.465 0.296 32
modulus of
elasticity (N/mm”)
- Penetrating force 10.62 11.88 9.258 0.622 32
(N)
- Penetrating 71.79 84.4 61.33 5.11 32
energy
(Nmm)
- Bioyield force (N) 0.081 2.016 1.584 0.081 32
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1 3 an [ 3 A
15199 4.13 doyaifiodunmaeafifues Texture Properties Y0uzA B YR VIREI 90%

fleduiauss doya M ARTIANWADA S
2421729 X Maximum | Minimum SD (Wa)
Compression - Deformation 6.673 12.00 2.857 1.459 50
Test at 1 N (N/mm)
- Hardness 8.756 13.21 4.68 1.381 50
(N/mm)
- Degree of "l 0.029 0.4 0.142 0.044 50
Elasticity
- Energy 0.049 0.1286 0.0038 0.0194 50
Absorption
(Nmm)
- Relaxation (%) 22.69 2547 19.39 1.259 50
- Recovery (%) 0.0033 0.0051 0.0015 0.0007 50
Puncture Test | - Initial firmness 5.254 10.08 1.238 1.264 50
( N/mm)
- Average firmness 8.691 10.5 4.096 0.969 50
(N/mm)
- Toughness 38.13 49.78 25.95 4.371 50
(Nmm)
- Apparent 2.629 5.038 0.619 0.625 50
modulus of
elasticity (N/mml)
- Penetrating force 9.376 10.7 7.078 0.756 50
(N)
- Penetrating 62.55 2 RN 45.19 5.435 50
energy
(Nmm)
- Bioyield force (N) 1.565 2331 0.725 0.289 50




M3 4.14 Yoya

k4
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HiBRUN19aBAYY Texture Properties YOIULUNOAVHE 100%

l,ﬁfaﬁ’nﬁmm Joya MIARTIHNNADA $1u9u
121119 X Maximum | Minimum SD (Wa)
Compression - Deformation 4314 6.122 1.01 1.289 8
Test at I N (N/mm)
- Hardness 5.486 7.134 1.78 1.363 8
(N/mm)
- Degree of 0.262 0.369 0.171 0.054 8
Elasticity
- Energy 0.031 0.0521 0.0041 0.0136 8
Absorption
(Nmm)
- Relaxation (%) 19.78 22.63 17.76 J.532 8
- Recovery (%) 0.0024 0.0037 0.0012 | 0.0007 8
Puncture Test | - Initial firmness 3.078 3378 1.924 1.030 8
( N/mm)
- Average firmness 4.799 9.078 1.664 3.047 8
(N/mm)
- Tonghness 27.43 39.61 11.74 9.285 8
(Nmumn)
- Apparent 1.735 3.245 0.962 0.703 8
modulus of
elasticity (N/mm’)
- Penetrating force 5.539 7.759 2.425 1.968 4
N)
- Penetrating 33 54.85 12.19 15.227 4
energy
(Nmm)
- Bioyield force (N) 0.706 1.506 0.049 0.389 8
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2.2 M3nfSouNUN e BAYB4s1 Texture Properties
vnMsnanessznueymaiuReRidiui Texture Properties Aafiuganaaslu

13197 4.15 uag 4.16 MsiRsURouMenSRuesh Texture Properties 19Msainsizydoyauuy

CRD ( Completely Randomized Design) 1i9401n11m33ins1=#&63% CRD MUAIMTUMS

NABIN IS I981 TRy

4=: L= aa J & L) =
AN 4.15 esnlSeudeunied DAUDIAT Texture Properties 1ne7% Compression Test

Properties SOV S df 58 M.S F-value
Deformation %A IR 3 588.34 196.11 75.00 % %
at 1N (N/mm) | Error 196 511.88 2.61

Total 199 1100.22
Hardness %A 3 712.25 237.42 104.77 % *
(N/mm) Error 196 444.14 227
Total 199 1156.39
Degree of %AULA 3 0.205 0.068 32.21% *
elasticity Error 196 0.416 0.002
Total 199 0.620
Energy %AILLA 3 0.115 0.038 55.3G%
absorption Error 196 0.136 0.0007
(Nmm) Total 199 0.251
Relaxation (%) | %A21uA 3 488.59 162.86 113.18% *
Error 196 282.05 1.44
Total 199 770.63
Recovery (%) | %Auun 3 0.000105 3.504x10° 68.43% *
Error 196 0.0001 5.121x10”
Total 199 0.00021

* 490 s%AnuunANAudIna i uauiAniszoziodie 99 %
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Properties Sov df S.S M.S F-value
Initial firmness | %AULA 3 226.24 75.41 63.81 % *
(N/mm) Error 196 231.62 1.18

Total 199 457.85
Average %A TN 3 270.47 90.157 63.13 % *
firmness Error 196 279.93 1.48
(N/mm) Total 199 550.41
Toughness %AW 3 6783.6 2261.2 72.19 % *
(Nmm) Error 196 6138.47 31.32

Total 199 12922.07
Apparent %A NUUA 3 48.46 16.15 52.96% *
modulus of Error 196 59.79 0.31
elasticity Total 199 108.25
(N/mmz)
Penetrating %ANULA 3 914.08 304.69 239.4] * *
force (N) Error 196 246 .45 1.27

Total 199 1163.53
Penetrating %AUA 3 44348.27 14782.76 240.13 % *
energy (Nmm) Error 196 12066.04 61.56

Total 199 56414.32
Bioyield force | %A21iA 3 19.74 6.58 115.42% %
(N) Error 196 11,17 0.057

199 3091

|

Total

* %9 wRnuundeiudralinuanifmaissonivd iy 99 %
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3.3 AnuduRusszndg ﬁ'ﬂymzs&aﬁuﬁmmmqmnﬁmﬁm
oWMIfLAEI 70% S 10 wa (madt 1- 10)
oWMIRLAE 80% Swaw 32 wa (adl 11— 42)
DIMIRLRE 90% Swaw 50 WA (Wafl 43— 92)
DIYMIIALIAEY 100% $au 8 wa (wafi 93 - 100)

3.3.1 Hardness foffiuerasiisnmmuamnsalumsduussuesmauzaing femnsafiessy
usaldundfooud Inudsaziftuiweaiaefidnuaziiomiue Hardness fozan asedudy
weaaeRiiloiiy Hardness foeiisnion aqamuduiug Iggsd

1 sitldene 2 dmitunaidenuaziidilnddeetu
2. 1 Hardness Banudufuifuogmafiufier dunaenuduiuiaznig

Hardness 102 01gM3ifiuiRe) fns i 4.9

_g_ * A
% “= AU B
g — Bufu (fu )
=1 — (#Faufu (dru B)
=
0 20 40 60 80 100 120
NzudINaN

U7 4.9 anuduiusseninerymaifuifea iy Hardness

A ' A ' A
332 Deformation Anfiuanstemsidogivesuzainaude lasuusana lunsnaansld
{ é " 1 1 { 4 1 L]
Us9nAN 1 N iWon1e1 Deformation riuneaefitliiinniud sz dianlow
" & @ Vol
1. s lanie 2 dulumadersueeiidilnd@eesy
t : P @ @ da 4 o L o o '
2. 1 Deformation UANUFUNUTAUDIYMSIAUAE Faunaanuduiussznig

Deformation fi 81gA15IAHUNEIRINTING 4.10
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Deformation (N/mm)

20

¥y = -0.0619x + 10.703 ‘
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* AuaA

R = 0.531

* duB
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— wadfu (du A)
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333

Ui 4.10 Anuduiussznitegmafiuifedtiu Deformation at 1 N

Degree of elasticity Ainaumuisa lumsAugUvesuzainemdnnd 18uus

1 1 g T A . Qs
na dwginfiifeuiufezlanuainsalunsiugd Idundle 185uusena Fanaany

duUFT2M1 Degree of elasticity fu ogmsifuAe) KU 4.11

Degree of elasticity
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" e
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HEUAINDN

1WA 411 mwdiussenieegmsifufeat Degree of elasticity
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3.3.4 Energy absorption Apwdsuumsuzaiaefigady 13ludremsn/feunasgy
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: 1) J 1) 1 v o o
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absorption 1) 27Y ﬁ@zﬂﬁ 4.12
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3.3.5 Relaxation ABFNUBADIMIAMIEANUIAUNS BNTATL OIS IUNANL SUnAnIL

duiuf32119 Relaxation AU 01 Aegufl 4.13
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L] ar A
3.3.6 Recovery fioanwanunsalumsfiuglvosmaugiamdanind 1auusang
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\J r 1 L] A 1
3.3.8 Average firmness flommamuniuiloveauzaing #eezdredansmlzulit 3.5 Aesn
oA . 4, < 4 <
Ml Aeunugaigeefiegn Bioyield point n3ngaiiilonieluidomotues Funanam
o o
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3.3.9  Apparent modulus of elasticity fieffuaAfsnuaNIe lumsBangusa
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3.3.11 Penetrating force ARAMLARSTMTsRA NI N QLiTouz 14 Bale
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. a { J [ [
3.3.12 Penetrating energy AoWAs M 10z ne qiilonsiredrdesldwdaanannad

L4 ¥
uansmziulin UMl dunanuduiuiaagad 4.20

Penetrating energy (Nmm)
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4. myunnzvidoyaBalIunes (Quantity) ¥99 NIR Spectroscopy
ﬁfuﬁaums Calibration of Quantity YDIHALLLI
1. WalWadoya Spectrum W IWAdoyadi 1881nm3 Scan Havziiae
2. 1191 Properties A4 q ldasluudag Spectrum Atumieauna s mua 13e
1%Lﬁuﬁ1Reference G?ﬂﬂﬁ Properties mﬁﬂyvlﬁ’uﬁ Texture Propperties
Compression Test
- Hardness
- Degrecof elasticity
- Energy absorption
- Relaxation
- Recovery
Puncture Test
- Initial firmness
- Average firmness
- Toughness
- Apparent modulus of elasticity
- Penetrating force
- Penetrating energy
3. @39eUN15 Calibration TuiiAaE Properties 1ag
3.1 1935 PLS fidasdmuanndu 4500 -10000 cm” mmmﬂmmnﬁa&wﬁwmuﬂﬁu
4000-10000 1/cm 92gnAAFU Tavs Fiber Optic et 19929n 00197
4500-10000 1/cm 1UA15¥1 Project fidon145% PLS st HudEmsfiviueio o
fioldmndiqa waziionldfunniiga
3.2 ¥11M3 Calibration NAF9AAY
3.3 9ANguYes Spectrum 1ifu 2 Agu A Calibration Set 1A Validation Set
(Prediction Set) Ingiiia 2/3 dauiiu Calibration Set tag 1/3 dauly
Validation Set

3.4 1790 Properties 119211119115 Calibration
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| 3.5 MMIAMUINMITUATS Calibration 1A8¥i1 Auto Calibration 18 Software NIR Cal

¥
3.6 Ma99INYIIAS Calibration ud292 14 mauulusmeg « feil

Standard Error of Estimate (SEE)
Standard Error of Prediction (SEP)
Bias

Regression Coefficient (r)
Consisteﬁcy

Q-Value

TUN19 Calibration f(x)

4. 199" Properties 11921113195 Calibration

v
5. H14® 3.1 - 3.6 YUATUYA Properties

6. UunAIAe 9 aslums e 4.17

MUBIYR MIATUINMETUMT Calibration Tae3% PLS A28 Auto Calibration 910 Software NIR

Cal V4.01 920511813 lunamuIn €.

WaN391 Auto Calibration Spectrum ¥BINANL UIUAAIF AT 4.17

#1379% 4.17 35M3 Calibration Spectrum ¥0IHANLI

ﬂ‘},;&‘v:% Properties Recovery
1 Method PLS
Data 1. Smooth Average 3 Points
Pretreatment | 2. Normalization by Closure, 4392-4800, 5400-6600, 7800-9996 [1/cm]
Sequence (total 320/500)
3. First Derivative BCAP
Wavelengths | 4392-4800, 5400-6600, 7800-9996 [1/cm] (total 320/500)
Calibration Set




A3IN | Properties | Deformationat 1 N
2z Method PLS
Data 1. First Derivative BCAP
Pretreatment | 2. Normalization by Closure, 4440-9000 (total 381/500)
Sequence
Wavelengths | 4440-9000 [1/cm](total 381/500)
Calibration
Set .
3 Properties | Hardness
Method PLS
Data 1. Second Derivative Smoothing
Pretreatment
Sequence
Wavelengths | 4008-9996 [1/cm] (total 500/500)
Calibration
Set
4 Properties | Relaxation
Method PLS
Data 1. First Derivative BCAP
Pretreatment | 2. Normalization by Closure, 4392-4800, 5400-6600, 7800-9996
Sequence | (total 320/500)
Wavelengths | 4392-4800, 5400-6600, 7800-9996 fl/cm] (total 320/500)
Calibration
Set
5 Properties | Degree of Elasticity
Method PLS
Data 1. MSC full , 4440-9000 (total 381/500)
Pretreatment

Sequence
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ﬂ%ﬂﬁ Properties | Degree of Elasticity
5 Wavelengths | 4440-9000 [1/cm] (total 381/500)
Calibration
Set
6 Properties | Energy Absorption
Method PLS
Data 1. First Derivative BCAP
Pretreatment | 2. Normalizz;tion by Closure, 4440-9000 (total 381/500)
Sequence
Wavelengths | 4440-9000 [1/cm] (total 381/500)
Calibration
Set
0 Properties | Average firmness
Method BLS
Data 1. MSC full , 4008-9996 (total 500/500)
Pretreatment
Sequence
Wavelengths | 4008-9996 [1/cm] (total 500/500)
Calibration
Set
8 Properties | Penetrating force
Method PLS
Data 1. First Derivative BCAP
Pretreatment | 2. Normalization by Closure, 4392-4800, 5400-6600, 7800-9996
Sequence | (total 320/500)
Wavelengths | 4392-4800, 5400-6600, 7800-9996 [1/cm] (total 320/500)
Calibration

Set

64



ﬂ’;::\?ﬁ Properties | Initial firmness
2 Method PLS
Data 1. First Derivative BCAP
Pretreatment | 2. Normalization by Closure, 4596-9996 (total 451/500)
Sequence
Wavelengths | 4596-9996 [1/cm] (total 320/500)
Calibration
Set
10 Properties | Apparent modulus of elasticity
Method PLS
Data 1. First Derivative BCAP
Pretreatment | 2. Normalization by Closure, 4392-4800, 5400-6600, 7800-999¢6
Sequence | (total 320/500)
Wavelengths | 4392-4800, 5400-6600, 7800-9996 [1/cm] (total 320/500)
Calibration
Set
11 Properties | Toughness
Method vLS
Data 1. MSC full , 4392-4800, 5400-6600, 7800-9996 (total 320/500)
Pretreatment
Sequence
Wavelengths | 4392-4800, 5400-6600, 7800-9996 [1/cm] (total 320/500)
Calibration
Set
12 Properties | Vm (cm)
Method PLS
Data 1. First Derivative BCAP
Pretreatment | 2. Normalization by Closure, 4440-9000 (total 381/500)

Sequence

65
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AN | Properties | Vim (cm)

12 Wavelengths | 4440-9000 [1/cm] (total 381/500)
Calibration

Set

13 Properties Pm (em)

Method PLS

Data L. First Derivative BCAP
Pretreatment | 2. Normalization by Closure, 4440-9000 (total 381/500)

Sequence

Wavelengths | 4440-9000 [1/cm] (total 381/500)
Calibration
Set

HINELYR ANUNUIYYBI Data pretreatment sequence A9 9 Tums19a51n8 1l unmmuan 9.

{ 1 aad v § o a
911013 Calibration 11—!91']3"!\?‘?] 4.18 ‘iJ;'u’15ﬂ1ﬂ1€ﬁﬂﬁ“ﬂ\?ﬂ'}mﬁ1ﬁﬂ$N"HJ'IEL%Wﬁ]']ifu'lﬂ'l‘i

UBUTUHANITNAND LLEAISIAIS T 4,18 s

A137971 4,18 A1 14 9IAN15 Calibration Y9INL3] 29

Properties Bias T SEE SEP
C-Set V-Set

Recovery -1.29038E-18 | 0.251105 | 0.0286461 | 0.0010057 | 0.00101278
Deformation at 1 N 9.65438E-15 0.367385 | 0.272037 2.39463 1.75524
Hardness -1.86646E-15 | 0.523702 | 0.351678 2.20521 1.90987
Relaxation -1.07E-14 0.397293 | 0.398654 1.76093 1.75335
Degree of Elasticity 8.36749E-17 | 0.250461 | 0.302214 | 0.0577912 | 0.0585792
Energy Absorption -1.32098E-16 | 0.812997 | 0.661233 0.0211991 | 0.0255735




67

Properties Bias 5 SEE SEP
C-Set V-Set
Average firmness 2.48821E-15 0.540095 | 0.50706 1.48246 1.24728
Penetrating force -8.30788E-15 | 0.389005 | 0.242138 1.62445 31575
Initial firmness -2.37E-14 0.341441 | 0.415868 1.39626 1.48797
Apparent modulus of | -6.76E-15 0.38718 | 0.374708 | 0.713054 | 0.647447
elasticity i
Penetrating energy -1.44E-13 0.470103 | 0.534187 78§ 14.7467
Toughness 3.64E-14 0.352344 | 0.376034 | 6.99601 7.12436
Vm (cm) -5.90E-14 0.755671 | 0.661947 27.3906 30.4263
Pm (cm) 5.51797E-16 | 0.602647 | 0.481898 | 0.0099545 | 0.011795
A1 4,19 A1 18NS Calibration Yearauzig

Properties Consistency Q

Recovery 99.3074 0.0292339
Deformation at 1 N 136.428 0.067292
Hardness 115.464 0.079563
Relaxation 100.432 0.275386
Degree of Elasticity 98.6548 0.0825704
Energy Absorption 82.8946 0.167899
Average firmness 118.855 0.0979593
Penetrating force 51.4474 0.0289485

Initial firmness 93.8368 C.0836728
Apparent modulus of elasticity 110.133 0.0836022
Penetrating energy 102.887 0.0753661
Toughness 98.1985 0.107021
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Properties

Consistency

Q

Vm (cm)

90.0227

0.272697

Pm (cm)

84.396

0.735119

NINEIYR

td
NINUBITNNITNNMS Calibration YoInaNaliaeil

C-Set #911910 Calibration Set

V-Set 481191A Validation Set

1. Energy Absorption

[

Predicted Property Energy Ab
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All Spectra

[ Validation Spectra tpcymmrmz 0661233
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£(x) = 0.6610x+0.0185
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True Property Energy Ab

03 0.4

NIRCal: Ladkrabang mango 220103.nir 0.1376, 1-5./25, 4440-9000.Energy Absorption 03/25/%

:ﬂﬁ 4,22 ©1uNT Calibration of Energy Absorption




2. Vm(cm®)
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Predicted Property Vm(cm)

Original Property / Predicted Property

All Spectra
4504 O Vaildation Spacrn I(xPQ4B45¢+157 8368 0661047 | :—‘
© User Spect : : ; i
400:‘.........;1 ______________ e SR — - R ——— A
! B ’B ] '
250_J/J Sadan
, el ; f(lx)=0.46451+157.836%
200 250 300 350 400 450 500

True Property Vm(cm)

NIRCal: Ladkrabang mango 220103.nir 0.1850, 1-5./5, 4440-9000.Vm(cm) 03/25/20(

zﬂ‘ﬁ 4.23 aUM3 Calibration of Vm (cm’)
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41U NIR Spectrometer 19
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fi Bias ATi319¢W01500171 Calibration Set #eaasiamion q dastoowihlssed
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Spectroscopy AU
1. N3 Calibration Y949 Energy absorption
f(x) = 0.6610x+0.0185
2. M3 Calibration 489 Vi (cm’)

f(x) = 0.5710x+129.6582
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5, MR TwideyaiFenSina: (Quantity) venihuzia
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1. @ Wadoyn Spectrum fn IWddorait 1§910ms Scan Hwgiing
2. 1A Properties A < Toasluudng Spectrum ammunsunaismun e
13ifusR eference Fas Properties aniilaun AuaulAMUTaRA
- %Brix
- %Acidity
3. 03NeuMS Calibration' Iussiog Properties Tao
3.1 @8N35 Calibration lunA391 Project #i80n195% MLR m3zdhuiiie
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32 IAnguDI Spectrum 19T 2 new Ao Calibration Set 1A% Validation Set
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3.3 M5 Calibration NNFIAIETIAGY
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3.5 (9N Properties 192151173 Calibration
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3.7 W& Calibration tB292 18 Report 1uffusnene q faii

- Wevelength

Standard Error of Calibration (SEE)

Standard Error of Prediction (SEP)
- Bias
- Regression Coefficient (1)

4. 1@ieN Properties N9 1M Calibration

5. indes1-37 IUATUN Properties

6. PuinAeme q asluaisiedi 4.20
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Properties

Method (MLR)

Wavelength

R

SEE

SEP

Bias

%Brix

NAUZ12Y

Second Derivative

1182 nm
1858 nm

2112 nm

0.847

0.919

1.019

0.192

Second Derivative

1198 nm
1640 nm
2062 nm
2110 nm

0.881

0.828

1.028

-0.092

Second Derivative

1188 nm
1640 nm
2060 nm
2110 nm
2386 nm

0.892

0.799

1.038

-0.025

First Derivative

1666 nm
1874 nm
2150 nm

0.831

0.962

1.298

0.204

First Derivative

1196 nm
1674 nm
1874 nm
2156 nm

0.855

0.907

1.17¢

-0.038

First Derivative

1264 nm
1676 nm
1874 nm
2158 nm
2310 nm

0.865

0.886

1.198

0.046

Normalization

Second Derivative

1666 nm
1874 nm

2150 nm

0.836

0.949

1.247

0.196
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Properties

Method (MLR)

Wavelength

SEE

SEP

Bias

Normalization

Second Derivative

1666 nm
1874 nm
2150 nm
2232 nm

0.846

0.931

1.253

0.096

Normalization

Second Derivative

S

1664 nm
1828 nm
2070 nm
2148 nm

2462 nm

0.896

0.785

1.174

-0.052

10

Normalization

First Derivative

1184 nm
1646 nm
2114 nm

0.859

0.885

1.116

0.024

i1

Normalization

First Derivative

1186 nm
1646 nm
2062 nm
2116 nm

0.882

0.802

1.072

-0.095

12

Normalization

First Derivative

1186 nm
1646 nm
2062 nm
2116 nm
2384 nm

0.894

0.792

1.119

-0.067

%Brix

¥
WIUZH9

Second Derivative

1236 nm
2262 nm
2378 nm

0.983

0.296

0.274

0.054

Second Derivative

1244 nm
1946 nm
2262 nm
2378 nm

0.985

0.279
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Properties

ATaN

Method (MLR)

Wavelength

SEE

SEP

Bias

Second Derivative

1384 nm
1538 nm
1582 nm
1742 nm
2262 nm

0.991

0.227

0.261

0.039

First Derivative

5

2002 nm

| 2258 nm

2274 nm

0.986

0.273

0.335

0.047

First Derivative

1646 nm
2002 nm
2260 nm
2276 nm

0.989

0.264

0.353

0.045

First Derivative

1646 nm
2002 nm
2260 nm
2276 nm
2476 nm

0.98

0.25

0.385

0.026

Normalization

Second Derivative

1928 nm
2258 nm
2274 nm

0.984

0.282

0.353

0.62

Normalization

Second Derivative

2054 nm
2260 nm
2276 nm
2348 nm

0.987

0.255

0.360

0.075

Normalization

Second Derivative

1958 nm
2054 nm
2260 nm
2276 nm
2348 nm

0.989

0.244

0.396

0.092
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Properties

e
F13IN

Method (MLR)

Wavelength

SEE

SEP

Bias

10

Normalization

First Derivative

1920 nm
2262 nm
2378 nm

0.982

0.301

0.258

0.040

11

Normalization

First Derivative

1742 nm
1926 nm
2262 nm
2376 nm

0.984

0.283

12

Normalization

First Derivative

1580 nm
1742 nm
1930 nm
2262 nm
2372 nm

0.986

0.272

%Acidity

WANZUN

Second Derivative

1750 nm
2098 nm
2342 nm

0.849

0.412

0.651

-0.265

Second Derivative

1141 nm
1750 nm
2094 nm
2342 nm

0.871

0.387

0.627

~0.227

Second Derivative

1178 nm
1636 nm
2108 nm
2340 nm
2420 nm

0.906

| 0.336

0.623

-0.237

First Derivative

1278 nm
1890 nm
2350 nm

0.814

0.452

0.636

0.126
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Properties

Method (MLR)

Wavelength

SEE

SEP

Bias

First Derivative

1282 nm
1890 nm
2330 nm
2350 nm

0.848

0.417

0.663

0.142

First Derivative

1290 nm
1682 nm
1890 nm
2330 nm
2350 nm

0.866

0.397

0.591

-0.188

Normalization

Second Derivative

1224 nm
2328 nm
2354 nm

0.819

0.447

0.658

-0.171

Normalization

Second Derivative

1690 nm
1784 nm
1830 nm
2328 nm
2356 nm

0.873

0.387

0.746

-0.182

Normalization

Second Derivative

1690 nm
1784 nm
1830 nm
2328 nm
2356 nm

6.873

0.387

0.746

-0.182

10

Normalization

First Derivative

1200 nm
2180 nm
2342 nm

0.859

0.39

0.68

-0.214

11

Normalization

First Derivative

1200 nm
2180 nm
2182 nm
2342 nm

0.868

0.391

0.651

-0.227
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Properties

Method (MLR)

Wavelength

SEE

SEP

Bias

Normalization

First Derivative

1142 nm
1966 nm
2180 nm
2342 nm
2364 nm

0.903

0.342

0.59

-0.188

Y% Acidity

9
WL

Second Derivative

5

1122 nm
2432 nm
2440 nm

0.522

40.90

24.74

0.007

Second Derivative

1142 nm
2388 nm
2432 nm
2440 nm

0.578

39.96

61.72

2.597

Second Derivative

1206 nm
2432 nm
2440 nm
2492 nm
2500 nm

0.578

39.96

61.72

53.25

First Derivative

1150 nm
1408 nm
2370 nm

0.503

41.44

27.08

-0.141

First Derivative

1150 nm
1408 nm
1690 nm
2370 nm

0.555

40.30

31.05

3.362

First Derivative

1150 nm
1408 nm
1472 nm
1690 nm

0.571

40.21
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Properties | A5 ﬁ; Method (MLR) Wavelength | R SEE SEP Bias
7 Normalization 1150 nm 0.498 | 41.57 |24.74 | 0.007
Second Derivative | 1410 nm
2372 nm
8 Normalization 1150 nm 0.562 | 4122 |28.08 |2.597
Second Derivative | 1410 nm
1692 nm
. 2370 nm
9 Normalization 1150 nm 0.562 |4052 |29.85 |2.077
Second Derivative | 1408 nm
1692 nm
1708 nm
2370 nm
10 Normalization 1116 nm 0.506 4135 |3254 |14.17
First Derivative 2432 nm
2440 nm
11 Normalization 1136 nm 0.537 | 40.87 * ¥
First Derivative 1316 nm
2432 nm
2440 nm
12 Normalization 1136 nm 0.548 [ 4097 (2977 |114
First Derivative 1318 nm
2432 nm
2440 nm
2456 nm

4 = ~ A af o [ 4 1
Mg * diosnnmsnanealiderawmaiosmstufindoyatoin iy annsoms'ld
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A5 TNUDIANMTNINMS Calibration ¥94911NENIHATH

Bias = -0.067
SER=H0EIR
IR =) Sud

10

~ Prediction

(1,030
1.201

.'|'ml|

Predic

] v v
U 4.25 Anuduiuiue % Brix il Idnniweaiag
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9
1. 1113192 W15U I Calibration Set 1ag Validation Set 1A 92 Ap9TA 1A
} 4 ] E4 1
171 0.750000 358 75 % Tuly szfodaumsh Idiudene Iduasannseri 119l NIR
Spectrometer 1a
1] . " qy a { G 5 2 + a 1
2. A1 Bias ATHIT192W1501791 Calibration Set @en73iiAanTos « el
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=
unn s

agiuezInisainamsnaaes

b
NNHANIINAABILALMINATIZHHANINARBIT NI DA Una IAdeT]

1L

A G

v
ﬁ'lﬂﬁﬂ‘ilﬂﬂilgﬁ’lﬁﬁﬂ'J']iJﬁiJﬁHfﬁUﬁJiJ'}ﬂ‘UﬂﬁiﬂiJ?ﬁ ﬁ’liJﬁ?Jﬂ']iﬂ’J'liJﬂ'Squ‘g
y = 0.0612x + 44.598

@

VIveINiadTnasvewmanzy wda NuFuRLT T armaunsa

FuRus

y = 0.0629x% + 43.664

VAYRINZN TR UFURUE S UA UL N INE g
= 2 (7=1 o w T w df o
Amlaennisuen lifianudunussudnunsiionanieluuassas
¥

fuldeninnuduiusnudnunziiomeluuaysaeni
r Qe dy o s 1 ar d’
MANaUUADTUN YDA

- Hardness

- Degreeof elasticity

- Energy absorption

- Relaxation

- Recovery

-y ¥ 14 )
whiinnuduiusiudnuaeiionsluvesueiing (flouiuuazifoiugaaua

'
PRI UPT ERT )

T
=

= = 4 a =1 e o .
AT NN 5.1 ﬂ']‘i'l\'ilﬂ?ﬂ‘ljmﬂﬁﬂ']mﬂﬂ‘ilﬂ\i 2ININUINGINUNDADAT Texture Properties U049

oo

o"
Compression test N2 Ae3s LSD

ﬂ‘lqmﬂﬁu Deformation | Hardness | Degree of Energy Relaxation Recovery
l'ﬁ‘.ﬂ‘:l (N/mm) (N/mm) elasticity | absorption(Nmm) (%) (%)
70% 11.481a 13.431a 0.3709 a 0.1223 a 26.039 a 0.00526 a
80% 8.296 b 10.696 b 0.3073 b 0.0564 b 24.579b 0.00412 b
90% 6.673 ¢ 8.756 ¢ 0.2694 ¢ 0.0496 ¢ 22.689 ¢ 0.00326 ¢
100% 43144 5.487d 0.2622d 0.0305d 19.78 d 0.00244 d
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7. ﬁwamﬁuﬁﬁz&aﬁuﬁﬁﬁqﬁ
- Initial firmness
- Average firmness
- Toughness
- Apparent modulus of elasticity
- Penetrating force
- Penetrating energy
wuhiimduiusfudnuaziene o (Lgauﬁmmzﬁaﬁmjmﬁuﬁﬁ
meiiaaz et

a5 5.2 maeafSsuifeusiadovos gnsiuiefiinaden Texure Properties

¥4 Puncture test AAIIEH 1A67E LSD

mqnmﬁu Initial Average Toughness | Apparent | Penetrating | Penetrating Bioyield

lﬁm firmness | firmness (Nmm) modulus of | force (N) energy force (N)
(N/mm) (N/mm) elasticity (N/mm)
(N/mm’)

70% 7499 a 9.208 a 52571 a 3.748 a 11.813 a 78.529a 1.980 a
80% 6.405b 6.298 b 43.498 b 3.193b 10.624 b 71.791 b 1.854b
90% 5.254¢ 8.691 ¢ 38.136¢ 2629¢ 9375¢ 62.551¢ 1.565¢
100% 3.079d 4.799 d 27.431d 1.735d 2.769 d 16.501 d 0.706 d

8. ﬁ'ﬂymzﬁ'a}mLﬁyﬂmaiuﬂjmnzajwﬁmmﬁuﬁuﬁﬁ’mﬁmﬁ

9. NIR Spectroscopy fﬂmsn‘ﬁﬁ]:ﬁmm'mfuﬁamf‘rﬁfﬁmmuxﬁfn"lﬁ'%Acidity 18
mnmﬁmﬂzﬁ%y‘aLmzmsﬁmmwﬁmwﬂﬁﬁmm%ﬂgﬁﬂmu’i’msﬁaqwu'h %
Brix 4890012129 A1 R = 0.894, SEE = 0.79, SEP = 1.119, Bias = -0.067 ,% Brix
venimziia e R =0.991, SEE = 0.227, SEP = 0.261, Bias = 0.039, % Acidity
YoIHaNLI39 UM R = 0.906, SEE = 0.336, SEP = 0,623, Bias = -0.237 &s8o
Hudfivensuld

10. NIR Spectroscopy ®I1M150A3539%0U Energy absorption UZUTATIUMZYDY
e 18 s Iamns et lU18u 1]

1. 414N Calibration Y84 Energy absorption
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f(x) = 0.6610x+0.0185
2. ©UN3 Calibration Y949 Vm (cms)
f(x) = 0.5710x+129.6582
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No. | afn g% | M@ | M@ | Voem) | p SG
(mm) | (mm) | (mm) (g/em’)
1 74.91 134.59 69.57 351.05 360.17 361.25 0.97 0.97
2 69.3 137.94 60.54 285.33 290.99 291.87 0.98 0.98
3 73.6 141.81 70.97 390.08 386.55 387.71 1.01 1.01
) 74.35 148.32 70.76 | 389.872 36223 39341 0.99 0.99
5 68.29 137.31 62.46 287.69 290.63 291.50 0.99 0.99
6 74.72 129.85 66.52 324.14 331.11 332.11 0.98 0.98
7 69.61 142.85 61.33 297.33 304.02 304.93 0.98 0.98
8 72.95 151.25 65.07 346 355.17 356.24 0.97 0.97




VU

No. | nha &1 M M@ | M@ | Vem) | p SG
(mm) | (mm) | (mm) (¢fem’)
9 68.07 135.96 58.79 262.2 268.69 269.50 0.97 0.98
10 72.1 142.52 65.13 252.14 256.66 257.43 0.98 0.98
11 68.84 123.85 61.1;\ 263.33 269.23 270.04 0.98 0.98
12 61.22 126.45 56.93 229.6 232.06 232.76 0.99 0.99
13 68.28 15748 62.56 287.63 290.33 291.20 0.99 0.99
14 67.74 138.1 58.1 296.43 302.03 302.94 0.98 0.98
15 70.34 13252 64.35 291.37 292.96 293.84 0.99 0.99
16 68.2 137.21 62.44 | 286.79 289.99 290.86 0.99 0.99
17 67.56 142.02 61.85 294.27 299,95 300.85 0.98 0.98
18 65.94 136.72 59.06 256.76 265.44 266.24 0.96 0.97
19 67.86 129.57 59.12 250.64 258.86 259.64 0.97 0.97
20 66.99 129.79 60.07 254.49 255.25 256.02 0.99 1.00
21 68.15 142.09 65.53 31093 311.64 312.58 0.99 1.60
22 66.79 132.43 62.27 271.04 274.65 275.48 0.98 0.99
23 69.32 139.42 63.11 295.11 298.98 299.88 0.98 0.99
24 66.88 130.45 59.22 250.63 256.73 257.50 0.97 0.98
25 71.48 138.94 64.85 223.8 328.9 329.89 0.68 0.68
26 75.32 143.57 63.1 332.75 338.67 339.69 0.98 0.98
27 67.59 140.64 62.66 288.11 293.74 294.62 0.98 0.98
28 66.83 123.43 62.8 258.84 263.33 264.12 0.98 0.98
29 69.15 126.96 65.87 289.18 291.82 292,70 0.99 0.99
30 67.1 136.81 63.06 284.9 290.74 291.61 0.98 0.98
31 66.23 132.85 60.02 256.79 263.98 264.77 097 0.97
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No. | nd e mn M | M@ | Vm) | p SG
(mm) | (mm) | (mm) (g/em)
32 68.61 141.97 62.78 299.35 301.27 302.18 0.99 0.99
33 | 6494 | 14039 | 61.56 | 27565 | 28225 | 283.10 | 097 | 098
34 | 6474 | 12436 | 57.97 | 22387 | 22728 | 22796 | 098 | 098
35 66.02 133.55 62.2(; 270.71 273.66 274.48 0.99 0.99
36 70.68 149.1 65.57 339.02 349.26 350.31 0.97 0.97
37 68.54 136.63 61.81 277.58 284.43 285.29 0.97 0.98
38 65.28 139 61.09 269.88 273.67 274.49 0.98 0.99
39 72.52 147.31 65.9 346.97 352.1 353.16 0.98 0.99
40 68.18 133.42 57.69 266.4 266.89 267.69 1.00 1.00
41 69.7 144.27 63.37 308.55 312.98 313.92 0.98 0.99
42 72.43 154.95 64.04 353.11 358.49 359.57 0.98 0.98
43 65.37 131.36 59.21 242.43 250.95 2514711 0.96 0.97
e 67.77 141.22 63.08 300.49 302.71 303.62 0.99 0.99
45 70.75 134.64 61.56 300.12 306.83 307.75 0.98 0.98
46 68.46 129.27 59.66 258.15 265.11 265.91 0.97 0.97
47 69.86 150.84 63.74 330.69 3319 332.90 0.99 1.00
48 68.95 137.61 59.01 275.61 281.93 282.78 0.97 0.98
49 65.72 130.67 62.22 259.67 265.68 266.48 0.97 0.98
50 70.44 135.22 64.1 301.09 304.52 305.44 0.99 0.99
51 71.89 134.84 64.55 306.96 314.34 315:.29 0.97 0.98
52 76.34 146.86 69.34 | 352.67 391.17 392.35 0.90 0.90
53 70.83 141.09 60.55 28547 293.36 294.24 0.97 0.97
54 71.93 13537 66.8 329.66 327.76 328.75 1.00 1.01
55 68.95 137.61 59.01 299.23 304.35 305.27 0.98 0.98
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No. | nd 01 m | M@ | M@ | V) | p SG
(mm) | (mm) | (mm) (g/em’)
56 72.25 151.19 65.83 351.56 357.82 358.90 0.98 0.98
57 | 7264 | 1385 | 6649 | 32698 | 33032 | 33131 | 099 | 0.99
58 69.6 137:32 60.79 298.93 303.52 304.43 0.98 0.98
59 72.53 147.35 65’.9; 346.99 352,153 353.21 0.98 0.99
60 73.85 141.49 64.98 331.61 336.97 337.98 0.98 0.98
61 65.81 136.26 59.76 263.55 268.08 268.89 0.98 0.98
62 | 7024 | 14252 | 6471 | 32389 | 32623 | 32721 | 099 | 0.99
63 66.68 134.21 59.6 256.37 258.5 259.28 0.99 0.99
64 73.3 125.04 60.26 276.7 289.6 290.47 0.95 0.96
65 69.01 139.97 62.85 275.26 281.18 282.03 0.98 0.98
66 70.23 139.11 62.44 294.61 305.87 306.79 0.96 0.96
67 71.01 134.98 63.86 305.85 306.33 307.25 1.00 1.00
68 | 6725 | 13974 | 5937 | 26473 | 27603 | 27686 | 096 | 096
69 65.63 13337 59.01 256.36 261.19 261.98 (.98 0.98
70 65.91 144.55 59.51 271.24 280.22 281.07 0.97 0.97
71 66.62 136.15 | 59.89 268.36 271.21 272.03 0.99 0.99
72 64.3 133.92 60.38 259.7 262.11 262.90 0.99 0.99
73 68.86 133.43 62.38 291.8 291.73 292.61 1.00 1.00
74 69.87 139.02 62.39 30043 300.85 301.76 1.00 1.00
75 68.93 134.97 64.29 294.07 295.05 295.94 0.99 1.00
76 65.77 124.07 63.62 258.7 257.32 258.09 1.00 1.01
77 67.12 134.24 60.54 264.51 270.15 270.96 0.98 0.98
78 69.01 139.97 62.85 303.84 309.33 310.26 0.98 0.98
79 | 809 | 14922 | 761 | 43522 | 443.19 | 44452 | 098 | 098
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No. | ohe | | wn | M@ | M Volem) | o | sG
@mm) | (mm) | (mm) (gfem’)
80 | 7425 | 14802 | 7074 | 38972 | 39223 | 39341 | 099 | 099
81 | 6968 | 15379 | 6273 | 32485 | 32781 | 32880 | 099 | 099
82 68.28 135.58 ‘I 59.77 276.47 282.79 283.64 0.97 0.98
83 | 6843 | 13091 | 6122-| 26711 | 27506 | 27589 | 097 | oo7
84 | 6682 | 13516 | 6022 | 26674 | 2724 | 21322 | 098 | oo8
85 | 7198 | 127.00 | 63.2 | 290.04 | 29587 | 29676 | 098 | o.98
86 | 7201 | 14252 | 6643 | 28085 | 20512 | 29601 | 098 | 008
87 | 6784 | 13107 | 6023 | 26725 | 26728 | 26808 | 100 | Lo
88 | 662 | 12594 | 5967 | 248.02 | 2536 | 25436 | 095 | 0.8
89 | 7099 | 13496 | 6385 | 30582 | 30623 | 307.15 | 100 | 100
9 | 7295 | 14625 | 6557 | 34673 | 35125 | 35231 | o098 | 099
Ol | 6779 | 13795 | 5886 | 25871 | 27107 | 27189 | 095 | 095
92 | 6838 | 13757 | 6414 | 20383 | 20132 | 29220 | 101 | Lol
9% | 79 | 14134 | 6603 | 32999 | 33053 | 33152 | 100 | Loo
o4 | 6723 |\\3534" | 6204 | 281491 2855 | Skeac 098 | 0.99
95 | ™ | 14242 | 6613 | 42092 | 42588 | 427.16 | 099 | 099
96 122 143.96 61.18 315.87 32495 325.93 0.97 0.97
97 67.32 130.69 61.25 254.11 25985 260.63 0.97 0.98
98 71.91 141.32 66.11 330.69 330.63 331.62 1.00 1.00
9 | 7075 | 13247 | 653 | 30166 | 29388 | 20476 | 102 | 103
100 | 80.07 | 14224 | 7127 | 42192 | 41388 | 41503 | 102 | Lo
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AOUTN 2 Near-Infrared (NIR) Spectroscopy
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HaNINAABIN 3 : 115290 NIR Spectrum YDINANLUN
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mewil 3 Anuiileduirusanauzaiaadas Universal Testing Machine

NAMINAaRIN 4 : NadoUAIID Compression Test , Relaxation Test Ll Recovery Test

13797 N3. HAMINATOU Texture Properties YONZABIYNISIRUIAEY 70%, 80%, 90% L1

100% nadoy a7t Compression Test

No. | A Hardness Deformation Degree of Energy Relaxation Recovery
(N/mm) atIN Elasticity Absorption (%) (%)
(N/mm) (Nmm)

13.140 10.340 0.3556 0.1734 23.04 0.0037

18.050 17.650 0.4375 0.1635 20.80 0.0028

14.350 14.290 0.3810 0.3090 26.78 0.0040

14.78 12.000 0.400 0.2705 22.26 0.0042

12.720 10.340 0.3191 0.1750 25.46 0.0027

15.480 12.000 0.3947 0.1309 23.54 0.0034

14.480 12.000 0.4146 0.0715 21.20 0.0031

13.570 10.340 0.3810 0.1140 18.07 0.0030

14.560 14.290 0.3455 0.0780 23.39 0.0041

12.640 10.340 0.2813 0.0648 22.35 0.0027

11.570 10.340 0.3725 0.0811 24.25 0.0041

13.160 12.000 0.4000 0.0879 24.35 0.0037

12.300 10.340 0.3404 0.1045 24.35 0.0027

12.490 10.340 0.3404 0.1155 2241 0.0044

12.060 9.091 0.3542 0.0809 21.35 0.0027

14.860 14.290 0.4103 0.0692 22.51 0.0053

9.346 6.667 0.2857 0.0747 23.91 0.0033

10 15310 14.290 0.4615 0.0701 21.85 0.0053

A
B
A
B
A
B
A
B
A
B
6 A 15.02 12.000 0.4359 0.1215 227 0.0033
B
A
B
A
B
A
B
A
B

8.724 6.667 0.3077 0.0886 17.76 0.0044




No. | A1u Hardness Deformation Degree of Energy Relaxation Recovery
(N/mm) atlN Elasticity Absorption (%) (%)
(N/mm) (Nmm)

11 A 10.990 8.108 0.2909 0.0695 2557 0.0030
B 12.920 10.340 0.3696 0.0478 25.04 0.0036
12 A 12.360 10.340 0.3750 0.1008 22.96 0.0035
B 16.950 9.091 ° 0.2963 0.0927 24.38 0.0031
13 A 11.790 9.091 0.2833 0.0455 21.35 0.0026
B 11.090 8.108 0.2289 0.0650 20.63 0.0032
14 A 6.946 4.348 0.2069 0.0531 23.29 0.0028
B 15.690 12.000 0.4211 0.0698 21.69 0.0034
15 A 9.079 6.667 0.2769 0.0390 23.85 0.0038
B 13.520 10.340 0.3182 0.0334 23.86 0.0038
16 A 11.340 9.091 0.3556 0.0887 23.42 0.0054
B 11.230 9.091 0.4375 0.0571 oy 0.0047
17 A 11.310 9.091 0.3208 0.0683 24.81 0.0032
B 11.060 3.108 0.3148 0.0604 25.10 0.0031
18 A 11.330 9.091 0.3077 0.0857 25.44 0.0032
B 10.980 9.091 0.3519 0.0790 27.90 0.0038
19 A 12.170 10.340 0.3673 0.0813 25.52 0.0026
B 10.110 7.317 0.2881 0.0552 26.67 0.0028
20 A 9.660 7.317 0.300 0.0788 22.11 0.0035
B 12.590 10.340 0.3333 0.0423 26.33 0.0035
21 A 11.250 8.108 0.2742 0.0512 2153 0.0032
B 10.410 7.317 0.2857 0.0467 2257 0.0029
2 | A 10.610 8.108 0.3273 0.0768 23.13 0.0030
B 10.860 8.108 0.3273 0.0575 23.75 0.0030




No. | A1u Hardness Deformation Degree of Energy Relaxation Recovery
(N/mm) atlN Elasticity Absomption (%) (%)
(N/mm) (Nmm)
23 A 11.220 9.091 0.2429 0.0816 23.48 0.0047
B 10.230 8.108 0.3158 0.0743 19.39 0.0037
24 A 11.700 9.091 0.3000 0.0260 22.68 0.0026
B | . 9.705 a1 1 0.2787 0.0470 23.20 0.0034
25 A 10.080 13717 0.2931 0.0488 23.68 0.0043
B 11.270 9.091 0.3396 0.0432 25.29 0.0047
26 A 10.750 8.108 0.3133 0.0754 21.08 0.0038
B 10.530 8.108 0.2778 0.0574 20.77 0.0030
27 A 10.000 7.317 0.2712 0.0181 23.07 0.0015
B 11.260 9.091 0.3077 0.0141 23.85 0.0025
28 A 12.070 10.340 0.3469 0.0709 23.40 0.0059
B 9.066 6.667 0.2615 0.0448 23.89 0.0063
29 A 10.040 7.317 0.2632 0.0655 22.19 0.0029
B 10.850 71.317 0.2407 0.0703 2344 0.0016
30 A 11.700 10.330 0.3400 0.0226 23.08 0.0042
B 9.119 6.667 0.2769 0.0691 25.49 0.0026
31 A 8.828 6.667 0.3077 0.0656 21.14 0.0038
B 11.900 9.091 0.3200 0.0588 24.61 0.0034
32 A 10.310 7.317 0.2881 0.0470 25.03 0.0028
B 10.330 7.328 0.2883 0.0782 25.21 0.0029
33 A 11.560 9.091 0.3542 0.0268 19.59 0.0035
B 9.078 6.667 0.2813 0.0418 22.46 0.0032
34 A 8.436 6.122 0.2899 0.0464 21.03 0.0042
B 12.050 10.340 0.3673 0.0384 23.83 0.0034




No. | A1 | Hardness Deformation | Degree of Energy Relaxation Recovery
(N/mm) atIN Elasticity | Absorption (%) (%)
(N/mm) (Nmm)
35 A 11.040 9.091 0.3333 0.0450 26.30 0.0031
B 9331 7.317 0.2857 0.0465 23.17 0.0033
36 A 8.036 5.560 0.2267 0.0668 26.01 0.0028
B 12.320 10.340 » ‘0.3542 0.0789 25.16 0.0043
37 A 9.376 8.108 0.3333 0.0408 22.86 0.0052
B 10.950 9.091 0.3519 0.0452 21.68 0.0038
38 A 11.470 9.091 0.3269 0.0626 23.60 0.0048
B 8.799 6.122 0.2464 0.0393 24.88 0.0024
39 A 10.530 8.108 02982 0.0469 a3 0.0043
B 9.728 6.667 0.2742 0.0623 24.10 0.0046
40 A 11.060 10.340 0.3333 0.0501 25.67 0.0053
B 9.4:93 7.317 0.2769 0.0711 26.82 0.0026
41 A 7.350 5.263 0.2436 0.0605 19.96 0.0026
B 12.890 10.340 0.3556 0.0413 23.08 0.0020
42 A 8.172 6.122 0.2535 0.0642 24.06 0.0040
B 11.970 9.091 0.3469 0.0108 23.42 0.0034
43 A 9.898 8.108 0.3115 0.0441 25.56 0.0047
B 10.080 8.108 0.3448 0.0690 24.27 0.0036
44 A 10.760 9.091 0.3455 0.0429 22.63 0.0045
B 8973 10.000 0.2813 0.0427 21.52 0.0026
45 A 12.520 10.340 0.3750 0.0779 2324 0.0027
B 7.153 5.263 0.2143 0.0523 28.00 0.0034
46 A 10.170 8.108 0.3220 0.0563 2537 0.0035
B 9.441 T3LT 0.2857 0.0514 24.44 0.0046




No. | Hardness Deformation Degree of Energy Relaxation Recovery
(N/mm) atIN Elasticity Absorption (%) (%)
(N/mm) (Nmm)
47 A 13.210 12.000 0.4000 0.0510 24.07 0.0037
B 6.342 4.110 0.1648 0.0754 23.20 0.0018
48 A 7.868 5.263 0.2162 0.0567 23.98 0.0022
B 11.590 9.091 - 0.3269 0.0458 25.63 0.0040
49 A 9.314 6.667 0.2540 0.0438 23.99 0.0020
B 10.110 7.317 0.2586 0.0325 2421 0.0036
50 A 11.080 9.091 0.3148 0.0577 25.24 0.0046
B 8.251 6.122 0.2361 0.0753 23.50 0.0034
51 A 8.566 6.122 0.2353 0.0580 23.18 0.0019
B 10.660 8.108 0.3214 0.0717 23.21 0.0058
52 A 10.860 9.091 0.3455 0.0255 25.10 0.0060
B 8.211 6.122 0.2958 0.0408 22.77 0.0046
53 A 8.168 5.660 0.2329 0.0625 24.95 0.0034
B 10.640 8.108 0.3571 0.0571 25.16 0.0037
54 A 8.430 6.122 0.2429 0.0499 23.46 0.0052
B 10.280 8.108 0.3158 0.0351 23.45 0.0029
55 A 6.846 4.615 0.2069 0.0563 2421 0.0042
B 11.680 10.340 0.3400 0.0576 23.90 0.0042
56 A 9.325 1817 0.2813 0.0318 24.74 0.0045
B 9.062 6.667 0.2727 0.1286 24.30 0.0056
57 A 10.650 8.108 0.2963 0.0481 22.69 0.0038
B 7.679 5.263 0.2405 0.0682 25.28 0.0041
58 A 10.070 8.108 0.3103 0.082 23.91 0.0029
B 8.233 6.122 0.2500 0.0536 24.71 0.0045




No. | # | Hardness Deformation | Degree of Energy Relaxation | Recovery
(N/mm) atlN Elasticity Absorption (%) (%)
(N/mm) (Nmm)

59 A 9.364 7.317 0.2951 0.0466 18.03 0.0040
B 8.882 6.667 0.2985 0.0399 21.35 0.0037
60 A 10.510 8.108 . 0.3214 0.033 22.74 0.0023
B 7.646 5.660 0.2400 0.0316 20.75 0.0038
61 A 9.599 1317 0.2742 0.0696 25.38 0.0033
B 8.534 7317 0.2857 0.0777 25.29 0.0041
62 A 9.211 7.317 0.3065 0.0576 19.04 0.0033
B 8.891 6.667 0.2500 0.0372 20.31 0.0039
63 A 8.840 6.667 0.2941 0.0632 25.89 0.0036
B | 9215 6.667 02698 |  0.0409 2346 | 0.0039
64 | A 8.311 6.122 0.2394 0.0488 24.05 0.0029
B 9.478 .31 0.2951 0.0633 p) 2y 0.0047
65 A 9.300 7.317 0.3125 0.0349 24.03 0.0051
B 8.470 6.122 0.2754 0.0610 22.71 0.0047
66 A 8.903 6.667 0.2727 0.0453 23.76 0.0025
B 8.857 7.317 0.2985 0.0447 2430 0.0055
67 A 9.364 ) 0.3016 0.0594 20.95 0.0052
B 8.096 6.122 0.2676 0.0639 18.52 0.0040
68 A Tl 5.263 0.2179 0.0566 2225 0.0026
B 10.09 7.317 0.2456 0.0564 21.88 0.0022
69 A 7.593 5.263 0.2564 0.0046 23.96 0.0037
B 9.759 8.108 0.2833 0.043 22.28 0.0021
70 A 9.676 7317 0.3226 0.0542 24.99 0.0046
B 7552 5.660 0.2821 0.0365 25.26 0.0052




No. | a1 Hardness Deformation Degree of Energy Relaxation Recovery
(N/mm) atIN Elasticity Absorption (%) (%)
(N/mm) (Nmm)
71 A 8.270 6.122 0.2576 0.0594 24.12 0.0031
B 8.881 7.317 0.2985 0.0744 24.81 0.0037
72 A 9.658 6.667 0.2787 0.0595 233} 0.0047ﬁ
‘ B 7.350 5283 » 0.2346 0.0274 23.07 0.0025
73 A 8.685 6.667 0.2899 0.0698 24.83 0.0047
B 8.130 6.122 0.2394 0.0681 21.41 0.0035
74 A 8.436 6.122 0.2239 0.0356 21.46 0.0031
B 8.351 5.660 0.2254 0.0596 3.35 0.0012
15 A 8.980 6.667 0.2813 0.0342 21.50 0.0045
B 7.802 6.122 0.2588 0.0532 22.00 0.0050
76 A 8.389 6.122 0.2286 0.0424 24.39 0.0030
B 8.389 6.222 0.2311 0.0723 24.39 0.0031
T A 8.636 6.122 0.2537 0.045 1 21.95 0.0031
B 8.031 5.263 0.2162 0.0608 23.11 0.0044
78 A 7.616 5.265 0.2208 0.0523 23.61 0.0022
B 8.971 6.667 0.2615 0.0484 2492 0.0026
79 A 8.643 6.667 0.2239 0.019 20.25 0.0036
B 7.931 5.660 0.2254 0.0381 18.04 0.0034
80 A 9.371 7.317 0.2833 0.0240 19.13 0.0048
B 7.007 4918 0.2289 0.0385 22.63 0.003
81 A 9.264 1317 0.2923 0.0691 2547 0.0032
B 7.097 4.615 0.2073 0.0630 2242 0.0020
82 A 7.942 6.122 0.2329 0.0588 24.48 0.0017
B 8.365 6.122 0.2286 0.0376 23.65 0.0024




No. | fu Hardness Deformation Degree of Energy Relaxation Recovery
(N/mm) atlN Elasticity Absorption (%) (%)
(N/mm) (Nmm)

83 A 7.605 5.660 0.2338 0.0770 23.45 0.0037
B 8.531 6.667 0.2794 0.0350 22.49 0.0036
84 A 7.645 5.660 0.2237 0.0580 2245 0.0022
B 8.373 6.667 \ 0.2857 0.0457 24.02 0.0041
| 85 A 6.366 4.348 0.1935 0.0634 24.94 0.003-5
B 9.579 1314, 0.2742 0.0562 25.24 0.0046
86 A 8.116 6.122 0.2982 0.0820 19.06 0.0035
B 7.823 5.660 0.2742 0.0573 20.29 0.0033
87 A 8.820 L34 0.2836 0.0420 24.40 0.0043
B 6.917 4918 0.2644 0.0070 25.29 0.0051
88 A 4.680 2.857 0.1429 0.0038 23.68 0.0016
B 11.030 9.091 0.3585 0.0124 22.11 0.0039
89 A 9314 7317 0.2923 0.0542 27.03 0.0044
B 6.372 4.615 0.2151 0.0401 2433 0.0035
90 A 7.252 5.263 0.2375 0.0103 22.29 0.0036
B 7.835 6.122 0.2800 0.0431 23.56 0.0033
91 A 8.380 6.667 0.2817 0.0073 23.85 0.0052
B 6.532 4918 0.250 0.0451 21.30 0.0037
92 A 8.002 5.660 0.2432 0.0197 26.28 0.0044
B 6.613 4348 0.2000 0.0274 25.00 0.0018
93 A 7.040 6.122 0.2909 0.0238 21.99 0.0057
B 6.794 5.660 0.3696 0.0480 20.72 0.0056
94 A 7.134 6.122 0.3133 0.0434 24.16 0.0054
B 6.565 5.660 0.2778 0.0041 2895 0.0050




|

No. A Hardness Deformation Degree of Energy Relaxation Recovery
(N/mm) atIN Elasticity Absorption (%) (%)
(N/mm) (Nmm)
95 A 6.348 4918 0.3148 0.0310 24.62 0.0052
B 6.055 4.348 0.2361 0.0422 25.07 0.005
%6 A 5.527 3.529 0.1714 0.0361 21.50 0.0023
B 5.688 3.704 . 0.1881 0.0100 21.91 0.0024
97 A 5.659 4.110 0.2300 0.0294 23.76 0.0035
B 5.421 4.110 0.2252 0.0157 26.44 0.0040
98 A 5278 4.615 0.2432 0.0253 2247 0.0039
B 4.374 3.226 0.2000 0.0331 19.43 0.0031
99 A 3.888 3.371 0.27i2 0.0209 26.76 0.0057
B 4.461 3.896 0.3077 0.0284 26.99 0.0051
100 | A 1.780 1.010 0.3065 0.0521 27.09 0.0015
B 5.784 4.615 0.2500 0.0438 25.80 0.0051

NANINARDIT 5 : NAADUAIYIT Puncture Test

A15199 P4, HANTSNATDY Texture Properties YBIULUNOWMSIAUINEG 70%, 80%, 90% Lias

100% naaov o33 Puncture Test

Bioyield Initial Average Toughness Apparent Penetrating Penetrating
No. ﬁ'm force firmness firmness (Nmm) modulus force energy
™) (N/mm) | (N/mm) of elasticity ) (Nmm)

(N/mm)

1 A 1.861 11.280 10.270 47.71 5.641 12.70 60.85
B 2234 6.235 7.989 83.87 3.118 14.36 58.35
2 A 1.974 8.368 9.429 61.01 4.184 13.46 87.04
B 2.082 7.754 9.144 56.97 3.877 11.44 88.90




Bioyield Initial Average Toughness Apparent Penetrating Penetrating
No. | s force firmness | firmness {(Nmm) modulus force energy
(N) (N/mm) | (N/mm) of elasticity (N) (Nmm)

(N/mm’)

3 A 1.991 6.279 9.501 62.27 3.140 12.18 83.42
B 1.976 8.915 9.568 49.94 4.457 11.49 82.59
- A L531 5.623 6.595 50.43 2.811 12,15 91.04
B 2.028 9.062 8.569 50.53 4.531 11.50 74.05
5 A 2.062 8.331 9.714 52.91 4.166 11.69 85.37
B 1.884 6.307 9.766 47.54 3.154 11.82 79.51
6 A 1.939 L3P 10.040 54.36 3.659 12.46 76.66
B 1.984 7.288 10.270 45.41 3.644 10.80 81.48
7 A 1.885 7.967 10.120 44.59 3.983 10.32 68.27
B 2.036 6.606 9.138 54.04 3.303 1259 89.00
8 A 1.888 7.386 10.710 50.74 3.693 10.87 83.88
B 2.032 7.011 10.570 47.37 3.506 11.68 71.40
g A 1.860 8.171 8.222 52.05 4.086 11.98 78.03
B 2.054 5.960 7.415 44.17 2.98 10.45 76.65
10 | A 1.851 6.005 8.616 42.17 3.407 11.07 81.31
B 2.057 8.122 8.516 5935 3.620 11.25 72.71
11 A 2.016 6.815 9.201 4491 3.511 10.36 71.47
B 1.888 7.241 9.813 50.12 3.421 11.85 81.25
12 | A 1.882 7.021 9.854 41.55 3.484 11.69 69.10
B 2.016 6.842 8.434 52.72 3.335 10.47 82.65
131 A 1.953 6.969 8133 46.34 3.055 10.38 71.85
B 1.384 6.670 9.392 46.79 3.684 11.74 129
14| A 2.016 6.110 9232 42.92 3.267 11.45 79.35
B 1.787 7.369 9.046 50.06 3.451 10.58 70.92




Bioyield Initial Average Toughness Apparent Penetrating Penetrating
No. | #u force firmness | firmness (Nmm) modulus force energy
(N) (N/mm)} | (N/mm) of elasticity (N) (Nmm)

(N/mm’)

15 | A 1.854 6.533 9.688 57.74 2.770 11.81 71.13
B 1.946 6.902 9.760 35.08 3.926 10.09 1835
161 A 1.909 5.540 9.488 52.03 3.366 9.992 64.80
B 1.879 7.853 9.258 40.42 3.319 11.88 84.40
17 | A 1.877 6.732 3.542 40.71 3.956 11.08 76.95
B 1.905 6.639 9.031 51.18 2.678 10.70 71.94
18 | A 1.928 7511 9.601 48.81 3.647 5T 74.40
B 1.850 5.356 10.180 41.68 2.970 10.37 74.13
19 { A 1.929 7.293 9.296 40.21 3.088 10.63 72.34
B 1.847 5.941 Skl | 49.09 3.482 10.96 76.09
20 [ A 1.908 6.176 8.359 41.47 3.265 10.43 71.09
B 1.848 6.964 9.472 47.54 3.292 11.10 77.12
21 A 1.857 6.531 9.247 47.18 3.276 11.04 11,52
B 1.898 6.584 9.740 41.70 3.219 16.47 76.41
22 | A 1.839 6.552 9.086 39.87 3.002 11.42 71.76
B 1.910 6.438 8.545 48.25 3.451 10.07 69.57
23 | A 1.888 6.919 9.481 47.28 3.46 10.36 80.51
B 1.860 5.951 8.843 40.42 2.976 11.12 66.68
24 | A 1.884 6.048 10.200 45.27 3.024 11.01 73.87
B 1.863 6.679 10.820 41.57 3.340 10.33 71.70
25 | A 1.859 6.408 8.328 47.98 3.204 10.01 78.84
B 1.884 6.315 7.888 38.63 3.158 11.30 66.52
26 | A 1.878 6.173 9.084 48.09 3.087 10.85 73.27
B 1.857 6.475 9.155 38.36 3.237 10.41 71.34




Bioyield Initial Average Toughness Apparent Penetrating Penetrating
No. | #u force firmness | firmness (Nmm) modulus force energy
(N) (N/mm) (N/mm) of elasticity (N) (Nmm)
(N/mm’)

2f I A 1.843 6.253 9.831 42.88 3.127 1121 66.45
B 1.885 6.369 9.745 43.18 3.185 10.03 75.25

28 A 1.860 6.210 9.568 45.72 3.105 10.71 74.26
B 1.868 6.374 9.185 40.34 3.187 10.45 67.41

29 | A 1.891 5.774 9.003 46.73 2.887 10.39 64.50
B 1.832 6.799 9.088 39.04 3.399 10.73 77.10

30| A 1.855 7.175 10.030 47.11 3.587 10.36 73.68
B 1.852 5552 10.380 38.13 2.676 10.70 67.19

31 A 1.779 6.422 9.285 35.80 3211 10.25 64.91
B 1.899 6.086 l8.992 48.68 3.043 10.75 75.33

32| A 1.845 5.619 9.877 43.52 2.809 11.20 63.81
B 1.827 6.763 9.567 40.63 3.382 23 75.82

33 A 1.774 5.544 8.855 37!72 24172 10.38 65.88
B 1.877 6.824 9725 46.17 3.412 i0.47 73:15

34 | A 1.804 5.838 8.823 43.53 2919 11.59 72.77
B 1.847 6.520 9.621 40.28 3.260 9.25 65.89

351 A 1.794 6.910 10.390 41.99 3.455 9.811 72.23
B 1.836 5.422 10.170 41.24 2711 10.98 66.42

36 | A 1.781 6.315 7.888 41.14 3.158 9.80 64.75
B 1.815 5.991 9.889 41.96 2.996 10.90 73.18

37| A 1.915 6.560 7.864 43.32 3.280 10.38 65.13
B 1.672 5.733 8.171 39.03 2.867 9.82 72.66

38 | A 1.68 6.66 9.247 40.60 3.330 10.83 69.63
B 1.893 5.583 8.822 41.69 2.791 9.79 67.99




Bioyield Initial Average | Toughness Apparent Penetrating Penetrating
No. | #u force firmness firmness (Nmm) modulus force energy
(N) (N/mm) | (N/mm) of elasticity (N) (Nmm)

(N/mm’)

39 | A 1.707 4.93 9.997 46.69 2.465 939 66.20
B 1.855 7.298 9.725 3557 3.649 11.18 70.58
40 | A 1.584 5.822 8.492 43.99 2911 10.03 67.36
. B 1.946 6.406 9.418 37.79 3.203 10.47 68.70
41 | A L777 5.848 8.961 36.42 2.924 10.89 69.90
B 1.745 6.374 8.785 45.36 3.187 9.40 65.28
42 | A 1.894 6.123 8.927 35.68 3.061 10.21 377
B 1.626 6.077 9.855 46.01 3.039 10.07 6i.33
43 | A 1.614 6.276 8.934 38.39 3.138 10.64 69.10
B 1.891 gt 9.543 43.22 2.960 s 65.89
4 | A 1.866 6.367 9.230 45.48 3.183 9.45 63.62
B 1.598 5.782 9.290 35.99 2.891 10.66 71.02
45 | A 1.649 6.031 9.710 45.17 3.015 9.60 68.50
B 1.813 6.027 ) X ¥ 36.27 3.014 10.44 66.12
46 | A 1.847 5.114 8.417 40.65 2712 9.74 61.28
B 1.602 6.772 9.930 40.73 3.231 10.22 73.11
47 | A 1.394 5.424 8.048 43.41 A357 10.20 62.29
B 2.049 6.462 8.142 37.84 3.386 9.73 71.87
438 | A 1.105 5.598 9.640 47.42 2.799 10.42 69.98
B 2.331 6.278 9.072 33.79 3.139 9.472 64.01
49 | A 1.784 5.246 9.478 40.36 2.908 10.28 68.12
B 1.636 3.958 8.941 40.55 2.996 9.59 0315
50 | A 1.549 5.257 7.628 42.32 2.629 9.74 66.76
B 1.859 6.490 8.510 38.50 3.245 10.11 67.01




Bioyield Initial Average | Toughness Apparent Penetrating Penetrating
No. | #1u force firmness | firmness (Nmm) modulus force energy
(N) (N/mm) (N/mm) of elasticity (N) (Nmm)
(N/mm’)

31| A 1.818 7.021 8.857 36.24 3.510 10.22 67.33
B 1.582 4.651 8.056 44.29 2.325 9.61 66.17

52| A 1.859 5.291 7858 42.85 2.646 9.98 70.66
B 1.536 6.312 8.466 37.62 3.156 9.83 62.66

31 A 1.535 7.244 9.257 47.62 3.622 9.74 62.77
B 1;849 4.350 7.788 32.83 2,175 10.05 70.29

54 | A 1.774 5379 8.913 37.27 2.689 9.06 68.89
B 1.589 6.048 8.938 43.09 3.024 10.70 63.70

35| A 1.820 5.109 8.883 37.64 2.555 10.44 66.20
B 1.532 6.266 9.898 42.33 Y183 9.30 66.22

56 | A 1.693 33531 9.208 34.26 1.766 10.48 62.76
B 1.655 7.825 8.959 45.63 3.912 e 69.31

57 { A 1.430 10.080 9.998 37.48 5.038 9.78 63.69
B 1.912 1.238 10.500 42.36 0.619 9.94 67.95

8| A 1.674 6.442 8.544 40.95 3.221 9.80 65.88
B 1.654 4.794 7.998 38.71 2.397 9.86 65.51

59 [ A 1.894 4.961 9.415 37.68 2.480 9.46 64.86
B 1.431 6.268 9.439 41.02 3.134 10.20 66.40

60 | A 1.859 4.992 -7.918 42.77 2.496 10.38 64.50
B 1.457 6.067 8.185 35.46 3.034 9.24 66.06

61 A 1.661 5.677 8.600 42.49 2.839 10.37 67.16
B 1.65 5369 | 8.672 35.47 2.684 9.23 63.30




Bioyield Initial Average Toughness Apparent |. Penetrating Penetrating
No. | AU force firmness | firmness (Nmm) modulus force energy
N) (N/mm) (N/mm) of elasticity (N) (Nmm)
(N/mm’)

62 | A 1.874 4.622 9.385 41.47 2311 9.012 67.97
B 1.437 6.37 10.200 36.47 3.185 10.42 62.28

63 | A 1.701 6.029 9:55 36.48 3.015 9.46 67.93
B 1.608 4.846 9.116 41.17 2423 9.88 62.21

64 | A 1.851 4.625 9.195 37.18 3.458 9.62 65.38
B 1.447 6.171 9.057 40.34 1.940 9.69 64.39

65 | A 1.671 6.915 8.514 41.14 24312 9.44 69.49
B 1.614 3.88 2311 34.93 3.085 Q7 60.21

66 | A 1.360 6.919 9.481 42.77 2418 10.21 67.42
B 1.913 P.9%) 8.843 3301 2.906 8.96 61.58

67 | A 1.691 5.177 8.228 43.60 2.568 513 62.79
B 1.547 5.382 8.757 32.27 2.691 9.88 65.75

68 | A 1.477 4.681 7.919 95.95 2.341 9.32 60.96
B 1.756 5.809 7.891 49.78 2.905 9.59 65.02

69 | A 1,791 4.096 8.222 38.77 2.048 9.62 65.85
B 1.439 6.371 8.628 36.78 3.185 9.24 60.25

70 | A 1.75 4.794 9.307 38.84 2.397 8.28 60.00
B 1.476 5.646 8.780 36.61 2.823 10.57 66.01

71| A 1.544 4.157 7.917 43.54 2.078 9.40 60.96
B 1.650 6.264 8.481 31.86 3.132 9.40 65.03

72 | A 1.669 4.763 7.108 36.55 2.382 9.24 60.72
B 1.500 5.633 7.866 38.82 2.816 9.56 63.96

3| A 1.852 4.66 7.825 35.05 2.330 8.99 64.29
B 1316 5.462 8.000 40.20 2731 9.78 59.57




Bioyield Initial Average Toughness Apparent Penetrating Penetrating
No. | A force firmness firmness (Nmm) modulus force energy
(N) (N/mm) (N/mm) of elasticity (N) (Nmm)
(N/mm’)

74 | A 1.510 4.241 9.365 37.80 2.121 9.26 60.36
B 1.654 5.822 9357 37.18 2.911 937 - 63.35

75 | A 1.481 3.620 8.957 34.99 1.810 8.90 61.81
B 1.669 6.284 9.061 38.90 3.142 9.70 61.45

76 | A 2.053 4.270 8.322 41.60 2.135 9.53 60.26
B 1.076 5.460 8.943 3222 2.730 8.99 62.79

77 A 1.576 4.711 8.887 3523 2.30% 8.91 60.42
B 1.447 4.994 8.781 40.14 2.497 9.48 62.10

8| A 1.589 6.969 6.754 41.25 3.485 8.79 58.69
B 1.427 2,706 9.33% 32.07 1.358 9.49 62.55

79 | A 1.128 3.740 8.798 32.58 1.870 10.34 53.38
B 1.875 5.877 10.050 40.59 2.938 7.93 67.81

80 | A 1.784 1.749 10.350 44.41 0.8747 8.89 67.14
B 1151 7.696 10.400 28.53 3.848 9.32 53.62

81 A 1.088 4.622 9.385 30591 234 8.42 59.95
B 1.847 4.794 7.998 40.88 2397 9.49 60.61

82 | A 1.342 3.424 8.196 39,33 1.712 8.96 60.85
B 1.077 5.969 8.469 3131 2.985 8.89 58.35

83 | A 1.427 4,500 8.600 36.06 2.250 9.12 55.60
B 1.423 4.885 8.192 36.59 2.442 8.68 63.50

84 | A 1.436 6.273 1579 36.43 3.137 8.01 61.98
B 1.405 3.064 9.680 35.93 1.532 9.77 57.00




! Bioyield Initial Average | Toughness Apparent Penetrating Penetrating
No. | M force firmness | firmness (Nmm) modulus force energy
(N) (N/mm) (N/mm) of elasticity N) (Nmm)
(N/mm’)
8 | A 1.454 3.899 7.744 32.92 1.949 8.58 58.41
B 1.193 5.382 8.803 39.43 2.691 8.76 57.85
8 | A 1.351 3.462 9.112 : 32.60 1.731 3.82 53.72
B 1.248 5.780 8.694 39.72 2.89 8.43 60.91
&7 | A 0.791 5.246 9.478 3724 2.623 8.54 55.91
B 1759 3.958 8.941 34.69 1940 8.55 57.03
8 | A 1.810 4.617 6.840 39.04 2.308 8.55 54.65
B 0.730 4.549 7.111 32:53 2. 913 8.20 56.68
89 | A 1.368 5.578 10.230 37.30 2.789 7.90 S111
B 1.163 3.576 9.504 33.59 1.788 8.47 56.58
% | A 1.661 4.002 7.970 40.31 2.001 7.98 56.60
B 0.818 5.066 7197 29.68 2.533 8.27 46.15
91 | A 0.725 3.986 3.821 36.64 1.993 7.49 50.68 |
B 1.738 4.875 8.885 32.93 2.438 8.21 50.23
92 | A 1.076 4.343 4.096 30.9 2.172 7-99 45.19
B 1.302 4.267 Sal55 37.66 2.134 7.07 53.14
93 | A 0.667 3.024 4.779 32.35 1.512 6.62 42.28
B 1.059 4.951 5.97T 35.63 2.476 1.75 54.85
94 | A 0.138 3.521 7.258 27.62 1.761 7.58 40.52
B 1.506 4.208 3.091 39.61 2.104 6.55 46.88
95 | A 0.830 2274 8.202 33.9 1.137 3.28 17.15
B 0.765 3.375 9.078 32.49 2.688 5.55 24.72




Bioyield Initial Average Toughness Apparent Penetrating Penetrating
No. | Mu force firmness firmness (Nmm) modulus force energy
() (N/mm) | (N/mm) of elasticity (N) (Nmm)
(N/mm’)
9% | A 1.253 3.812 8.683 32.09 1.906 242 12.19
B 0.334 2.968 8.507 33.81 1.484 4.53 2542
97 | A 0.666 2.671 2.576 3295 2.629 * ia
B 0.7257 2.812 2.360 32.03 3.245 * *
8 | A 0.327 2.158 1.937 12.61 1.079 2 »
B 1.007 2.661 2.240 33.07 1.330 * *
9 | A 0.481 2.093 1.766 13.91 1.046 = *
B 0.804 2.430 1.872 18.61 1.215 A i
100 | A 0.689 2.381 1.794 16.67 1.190 ® |
B 0.049 1.924 1.664 11.74 0.961 & 3
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" v
HOMINANDIN 5 : Acidity vouriuealag

v ' ‘v
A1319% 6. HamInARBervesLiefiaza1eld(Soluble Solids) taga %Acidity Turimeiing

No. %Brix %Acidity

Al A2 Bl B2 Al A2 Bl B2
I 8.5 8.6 8.3 8 259 | 253 | 236 2.72
2 2l 8.1 4] 8.2 294 | 234 2.62 2.94
3 7.9 8.1 8.6 8.7 256 | 298 2.53 2.40
4 9.2 8.9 9.1 8.9 346 | 329 3.26 3.49
5 8.8 3.8 8.8 8.9 400 | 400 3.62 3.52
6 8.4 8.3 8.6 8.8 2.02 1.98 2.34 2.14
7 8.8 8.7 8.8 8.9 346 | 240 3.49 2.85
8 10.5 10.2 10.6 105 | 253 | 218 2.53 2.62




No. %Brix %Acidity
Al A2 Bl B2 Al A2 Bl B2

9 8.5 8.5 8.5 8.6 3.04 | 320 3.14 3.20
10 8.8 8.9 8.5 8.5 2.91 3.36 3.8 3.65
11 9.5 9.0 9.1 9.8 326 | 2.94 3.04 2.98
12 8.1 8.0 7.9 8.3 400 | 4.10 3.71 3.68
13 8.9 8.7 9.5 9.1 410 | 3.6 3.90 3.68
14 9.5 9.5 9.8 9.7 249 | 249 2.53 2.78
15 7.9 7.8 %5 53 266 | 3.0 2.94 2.85
16 8.2 8.2 32 8.2 205 | 208 2.30 2.53
17 %7 7.7 7.9 7.6 374 | 406 4.00 3.62
18 8.8 8.7 8.6 8.8 234 | 230 2.46 2.40
19 8.2 8.3 8.1 8.2 3,23 1T =738 3.62 3.26
20 8.4 8.4 8.4 8.5 317 | 326 3.40 3.42
21 8.0 g 8.1 8.1 SITD 282 2.64 2.85
22 12.4 122 12.0 118 1.60 1.57 1.66 1.98
23 9.4 9.6 9.5 9.4 1.38 1.47 1.38 1.47
24 9.5 9.4 9.5 9.7 262 | 269 2.75 2.82
25 13.8 14.0 14.0 14.1 1.12 1.02 1.22 1.02
26 10.4 10.6 10.6 105 | 208 | 214 2.14 2.05
27 9.0 9.2 9.1 9.3 205 | 2.08 1.98 1.92
28 12.8 12.5 12.5 124 | 134 138 1.47 1.47
29 9.9 10.1 9.7 9.7 195 | 2,05 2.02 1.95
30 8.2 8.2 8.3 8.3 282 | 285 2.91 2.85
31 9.2 9.0 9.1 3.8 240 | 234 234 2.46




No. %Brix % Acidity
Al A2 Bl B2 Al A2 Bl B2
32 9.0 21 95 9.4 2.94 323 3.04 2.98
33 8.0 8.0 8.5 8.4 3.23 323 3.04 2.94
34 8.6 8.4 8.7 8.6 2.62 2.75 2.30 2.53
35 8.3 8.2 8.2 8.3 3.23 3.17 3.14 3.04
36 8.4 8.2 8.4 8.5 2.56 B 2.53 2.66
7 9.2 o1 9.0 9.1 2.72 2.62 240 243
38 10.3 10.3 10.4 10.5 1.44 1.34 1.24 1.25
39 9.9 9.8 D5 95 1.98 1.98 d ] 2.24
40 10.7 10.6 10.2 10.1 1.57 1.66 1.63 1.66
4] 10.1 10.1 10.0 10.0 1.70 N9 1.82 1.82
42 9.3 9.5 9.5 9.9 R.75 2.72 291 2.94
43 9.4 9.2 9.9 9.9 1.66 1.57 1.57 1.54
41 8.7 8.9 8.9 8.9 3.26 3.26 317 3.26
45 14.2 14.2 14.1 14.1 1.31 1.25 1.18 1.25
46 13.7 13.7 13)7 13.8 1.44 1.44 1.47 1.41
47 8.8 8.7 9.1 9.2 2.08 22l 1.98 2.08
48 111 10.1 11.6 11.7 1.89 1.98 1.79 1.89
49 10.1 10.1 9.9 9.6 P 221 2.34 2.40
50 10.3 10.4 10.8 10.9 1.98 1.98 2.08 2.21
51 10.3 10.3 10.5 10.5 2.82 2.94 3.07 3.10
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[ ¥
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/ i -0.5
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13.1 Normalization

The aim of normalization is to reduce baseline variations.

13.1.2 Normalization by Maxima

Eretreated Specira

&) Sor

The example shows the effect of the different normalization functions. It is possible to select that normalization
function which gives the best results for a given data set.

NIRCal 4.0
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13.1.5 Formulae
Normalizalion by Closure (Martens, Naes 1989, p. 337)

(“consideration of wavelength selection)

Normalization by Maxima

(“consideration of wavelength selection)-

I
N=——
max(7)

Normalization between 0 and 1

~ (“consideration of wavelength selection)

1

S —min(S)1
max(s = min(S)])

i

Vector Normalization to Unit Length

(*consideration of wavelength selection)

NIRCal 4.0 Page 13.6
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13.2 Smoothing

Smoothing is used in order to reduce the noise level in spectra. However when using smooting the spectral
resolution will be affected. The smoothing function should be chosen according to the original data.

- NIRCal 4.0 Page 13.7



~»

User Manual BUCHI NIRCal Software

Please Note

Please chose the smoothing function carefully. No loss of spectral information
should appear.

13.2.4 Formulae

Average 3 and 9 Points

i 5
- _-7;-1+T:'.|' i+l
onzi_ 3 .
om :7;—4+I;—3+T;—2+I;—1+7;+ f+1+];+2+ j+3+2:'+4
S
9

Savitzky-Golay Smoothing (=zero-order derivative), 9 points, cubic

£ ' (x )_‘_2]f(xi+4)+14f(xi+.\)+39f(xi+2)+54f(xi+l)+ng(xi)+54f(xi—l)+39f(xi—2)+14f(:x};'
smooth i/ Toa

231

NIRCal 4.0 Page 13.8
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13.3 15! Derivative

Derivative is used in order to reduce baseline effects. The first derivative will eliminate a linear ordinate offset. The
second derivative will eliminate a sloping baseline.

= original Spectra

13.3.2 Taylor 3 Point 1° Derivative

NIRCal 4.0
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i

| 13.3.4 Formulae

|

| BCAP 1% Derivative
O e T

f,(x.') = f(xi+1)+f(-\',-+| )—f(xH = f(x.,)

4

Savitzky-Golay 1** Derivative, 9 Points

Savitzky-Golay derivative works with orthogonal polynoms (here cubic)

— 861(xiyy ) +1420(x5) +193F(x,) +126£(x,1) = 126f(x;) —193F(x,.) = 142€(x,5 ) +86f (x,_,)

£ =

1188

Literature:

Savitzky, Golay Analytical Chemistry Vol. 36, No. 8, July 1964, p.1627-1639, "Smoothing and leferentlatlon of

_ Data by Simplified Least Squares Procedures”

Taylor-Progression 1 Derivative

f,(xr')z

B

&Ym ) PAE

;centered

NIRCal 4.0

Page 13.10
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13.7 Ordinate Transformations

K
13.7.1 Kubelka-Munk Transformation

=¥
13.7.3 Absorbance Inverse

This is simply the inverse function of the ordinate transformation into absorbance; i.e. an absorbance spectrum will
be tranformed into transmission/reflectance.

NIRCal 4.0

Page 13.18
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13.7.4 Formulae

Kubelka-Munk

Absorbance

|4 =log (1/7)]

Implemented as:
A4 =-log,,(T)

_ g (1)
~ log, (10)

=—0.434294481902log, (T")
Te R*

o

NIRCal 4.0 Page13.19 *
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13.5 Multiplicative Scatter Correction (MSC)

MSC is used in order to reduce or to increae baseline effects caused by scattering.

L2314

13.5.1 MSC Full

NIRCal 4.0 Page 13.14
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13.5.4 Formulae

(‘consideration of wavelength selection)

T=al+bT+E

MST, g0

MSC,,., =T -al

‘{WSCamph'ﬁcalon = I-
b

T = Mean

E = Error

e

NIRCal 4.0 . Page 13.15
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M3 TAY3T Multiterm linear regression (MLR)

H?ﬂﬂ'lﬂ'l?‘ﬂ msmmmﬁn‘wuﬁmﬂimmmmmama mﬂ'}"iﬂ'lﬂﬂ’l'lllﬂnﬂﬁu 1 1‘H HRNS

FICER 'H‘ﬂﬂllﬁw Qﬂﬁﬂ\‘iﬂ?ﬂﬂ'ﬂﬂ?ﬁ'ﬂ msmmmmﬂnﬂaum g1 Llﬂﬂ15ﬂ1u?ﬂ1ﬂ Hﬁ']ﬂﬂ?']ilﬂ']’iﬂﬁﬂﬁ

=

Q\iﬂ'lﬂliﬁ:.;“ﬂﬁ“ﬁﬂuu’]ﬂ‘lluﬂ’)ﬂ PNTTUNIS %wmmmauﬂwmuaﬂmmmmm b Lmﬂ‘ﬁuﬂﬁﬂﬁiu Xy

014 k &2 1950 A1 log(1/R) Amuemndy k Awmus Tumsiunaezdosiinmsmen b, LAZA b

UM k AN
AUNITIINT THY Y =by +b X, +b,X, +.....+ b X,
TunaSinssdu Yy =b +b,X;; +b,Xy +..... +b X, +e¢,

mﬁmmﬁu‘ﬂiwﬁ‘mimmuﬂ"“lmﬁﬂ'mﬁmuﬂﬂwm (least square method) TunsANAILS
oasel liinniannsnsz 198 msudaunsUnald udmndulsaseiinnadses 195z
a é LY ar { 1 o o
wasndlumsudaunis eiogutimanann Talsunsuiisrelumssman ldnzain, saasa

anANNgINAUDZANAANAIR TuMIAuIn 180

¥ = X * B + y
Ba\N (X11X21X31 A b, (ﬂ\
Y, X XpXy.aX K2 b, 2
Y, AL KRG 1y e K3 *1b, |+ 3
(Yo ) X X, XX ,mj Uy ¥ L )

V-IbX, b= (x"x)"x"y r= Vb Y)

2

RMSEC = ‘/Zn:( 0;=Y) /N-1-A) ;n = Swangothe, A = §1u component



Bran + Luebbe SESAME version 3.00

MT1-60EN-02

You can examine the spectrum visuaily and access the Graphics Menu options. See page

159.

You must now either store or discard the spectrum before you

5 SESAME - Project Libtast
. Onercsion - [lnta Opdons =] Grophics’ 1)

EE[e]BIE
Spectrua aveiladle

= | Ipectrua '990702 Citric acid.2® ,  saxple "930702 Citric acid.?’
o, seored at 01/22/1398 L0:04:34 an
== Spectrua availeble .
._H Spectrua '990702 Citric ac1d.)* , saaple "9%0702 Cictric acid.d
: atored e

M | Spectou
T peng I

Please select amenu tem " e e T

© 1;0U221999 T1GCE1Tam

can proceed to the next

scan or other Data Collection options. Operator level users can only store the spectrum.

Storing or discarding the spectrum

To store the spectrum:

1.

Graphics Menu.

Click the SAVE icon in the Graphics window or select Save Spectrum from the

If you chose to store the spectra in a new series when you opened the Data

Collection window, you will be now asked to enter a name and a comment for the
series in which the spectrum will be stored. Afterwards select OK.

3. Enter information about the sample the spectrum was taken of. Select:

L 4

Create to create a new sample. The "Create New Sample” dialog box will open.
Proceed as follows:

T

2

Enter a name for the sample. For the first sample the default name is the
series name followed by a number, for later samples it is the name of the

previous sample. You can accept it or overwrite or edit it.

The name can be, for example, the name in the laboratory logbook or the

product code followed by a number.

If you like, type in @ comment to make it easier to recognize the sample.
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