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Research Title: Nondestructive Evaluation of Pomelo (Kao Numpung Variety) Quality By Near

Infrared Spectroscopy Technique

ABSTRACT

The objective of this research was to study the possibility of nondestructive evaluation of
pomelo (Kao Numpung Variety) maturity by near infrared spectroscopic technique at wavelength
between 633-961 nanometers by an instrument FQA NIR GUN using spectra from peel of intact
fruit and from fresh cut of pomeloes at 5 different maturity of 180, 190, 200, 210 and 220 days
after flower blooming. In addition, the determination of physical and biochemical properties of
intact fruits and fresh cut were predicted with the comparison of the values from reference
laboratory.

From the study of physical properties of intact pomeloes, the results showed that the
geometric mean diameter, weight and volume of pomeloes increased with maturities, but the
density remained the same. For the color of fruit peel, the L* increased, a* which indicated green
color decreased and b* which indicated yellow color increased. The results from puncture test,
which indicates the textural properties at specific point, showed that initial firmness, average
firmness, strength of membrane which covered flesh and penetrating energy in albedo decreased
with maturities and bioyield\distance, rupture distance, penetrating energy in flesh and toughness
increased, while rupture force, penetrating force in albedo, and penetrating force in flesh had a
little change. The results from plate compression test, which indicates the response of whole fruit,
showed that initial firmness and average firmness decreased with maturities and energy
absorption and deformation ratio increased while degree of elasticity and relaxation ratio had a
little change.

The raw spectra of intact pomeloes at 5 different maturities showed the peak at 970
nanometer and the second derivative spectra showed the same peak around 960-965 nanometers.
The raw spectra of flesh of pomeloes showed the peaks at 680 and 970 nanometers and the
second derivative spectra revealed more peaks at 652, 738, 832, 956 and 990 nanometeré.

The results of maturity classification by near infrared spectroscopy indicated that using

of spectra at 633-961 nanometers. It recommended to use every maturity models developed from



spectra at 633-961 nanometers in classification by SIMC::‘\ for self-prediction which provide the
percentage of correctness of 98.33 and PLS-DA for oth;’er group prediction which provide the
percentage of correctness of 100.

The calibration models, which related the absorbance variables to dependent variables,
the percentage of area of oil gland, density of oil gland, titratable acidity, max force, average
force and toughness, could not accurately predict those dependent variables (r = (-0.05)-0.70).
However, the model developed from multiplicative scatter correction (MSC) could fairly predict

the soluble solids r=0.87 SEP=0.35 and Bias=-0.051

Keywords : Quality, Pomelo, Kao Numpung, Non-destructive, Near infrared spectroscopy.
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anlansuiifinssantsanlnasubesdu 235 14ud 1) Multiplicative Scatter Correction (MSC)
2) Savitzky-Golay second differentiation ﬁﬁ 2 derivative éegment fio 10 uaE 20 nm Tﬂmﬁﬂ
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ndJu'i% MSC, Savitzky-Golay second differentiation ﬁ derivative segment 20 nm (10¥ Savitzky-
Golay second differentiation ﬁ derivative segment 10 nm AR udtﬁ"aﬁmsmmmg ndoq
1uﬂ1iﬁ’ﬂuﬂﬂﬂf‘imaﬂ’lﬁl‘u€u msiamsa)nasude3T Savitzky-Golay second differentiation
# derivative segment 10 nm AM130AA IAYNABIFIEA 303A9TINTF Savitzky-Golay second
differentiation i derivative segment 20 ‘nm, alnadusuduiag MSC muddy safuiie
Ansannugadeslunsfauendisnguiu msdanmsminaiudeds anasudadn
annsadauen ldgndesgega sosauiiu3t MSC, Savitzky-Golay second differentiation fi
derivative segment 20 nm (18 Savitzky-Golay second differentiation ﬁ derivative segment 10
nm NI
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WIR3 32893 SIMCA

No. of Model Self- Other
pretreated | maturity
fruits for predic | group
spectra | group 180 190 200 210 220 :
prediction - | -tion |prediction
180 180 5 93.89 66.11 41.11 65.56 | 67.78 93.89 60.14
L .
g 190 165 § g 240 90.91 20.61 18.79 | 26.06 90.91 21.97
[$] [ =
L <
2 200 150 §b = | 8533 56.00 92.00 72.00 76.00 92.00 72.33
= g 8
S 210 150 § S| 6333 | 1200 | 1733 | 9400 | 1667 | 94.00 27.33
[5)
220 150 ~ 56.00 | 26.00 19.33 15.33 94.00 94.00 29.17
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No. of : Model Self- Other
pretreated | maturity )
fruits for ‘ predic | group
spectra | group 180 190 200 210 220
prediction -tion |prediction
Total 795 %Correct| 64.53 51.57 37.86 52.96 55.97 92.96 42.19
- 180 180 5 96.11 | 55.56 41.67 64.44 86.11 96.11 61.94
Q
g O 2
g 3 190 165 & | s030 | 9030 | 1152 | 1515 | 2009 | 9030 | 2652
47 2 o B
2 “':’ 200 150 go’n tf:: 41.33 54.67 91.33 52.00 70.00 91.33 54,50
5 8 g 2
.g § 210 150 § % 54,00 10.67 20.00 92.67 24.00 92.67 27.17
= o
‘-é' 8 220 150 & 54,00 22,00 23.33 8.67 92.67 92.67 27.00
2 Total 795 %Correct{ 60.38 47.80 37.23 46.67 60.75 92.62 39.43
180 180 . 98.33 23.89 37.78 66.67 83.33 98.33 52.92
L
g 2 o
§ § 5 190 165 § g 16.36 96.97 9.70 15.76 35.76 96.97 19.39
g § 5 B
e S| 200 150 g & | 3333 | 1133 | 9400 | 1667 | 2067 | 9400 | 2050
=] o P o 17
o 2 = -— 3]
LOE E| 210 150 § S| 3667 8.00 8.00 89.33 | 18.00 | 89.33 17.67
§ <8 2
R 220 150 . 4600 | 2067 | 733 | 600 | 94.67 | 9467 | 20.00
v g
<
Total 795 %Correct| 47.55 33.08 31.19 39.50 51.45 94.66 26.10
180 180 5 97.78 37.78 28.89 59.44 89.44 97.78 53.89
L
< 2 o
§ § : 190 165 § = 20.00 97.58 20.61 24.85 4]1.82 97.58 26.82
g § E 5
e | 200 150 §° & | 3000 | 1400 | 9267 | 3067 | 2800 | 92.67 25.67
(=} = P ) @»
o 8 =] S 7]
_S- 8 é 210 150 § "g 37.33 5.33 19.33 90.67 24.67 90.67 21.67
T @ 54
= D 173
& & 220 150 A 4333 | 1667 | 1600 | 1067 | 94.00 | 94.00 21.67
g
Total 795 %Correct | 47.17 35.60 34,97 43.52 56.60 94.54 29.94
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k.

é’aaa‘%dwq Wy mstansailnad uAWID Savitzky-Golay second differentiation
derivative segment 20 nm annsadauonldgndosqega sesawuiluis savizky-Golay
second differentiation ﬁ derivative segment 10 nm, ainag’ uﬁgmﬁmmz MSC AIA1AY LLGiLf'lE]
ﬁmsm1mmgﬂ€1'aa'lumiﬁ'ﬂuﬂﬂmjmﬁmﬁmfu mssamsaninaiudae3s 35 Savitzky-
Golay second differentiation ﬁ derivative segment 20 nm @ ‘IM'Sﬂﬁlﬂlwﬂulﬁ'Qﬂgf 3g3gA
] mmmsﬂu%‘% Savitzky-Golay second differentiation ﬁ derivative segment 10 nm , & wlpasu
Suduuay MSC mudgy setudeRnsananugndeddunsdausndisnguin n1siams
anlnaiud075 Savitzky-Golay second differentiation “71 derivative segment 10 nm @413 afin
"lﬁ'gﬂé’fmq a3 peaauuiuis Savitzky-Golay second differentiation‘ﬁ -derivative segment 20
nm, mﬂﬂm?uﬁ"lqtﬁmmz MSC ATUa 18 Y
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13190 4.2 Nﬁﬂ'ﬁﬂﬂLLﬂﬂ't’)']fJﬂ'lﬁlﬂ‘ULﬂEl'JNﬂﬁuiﬁﬂl'l'lu'mﬁﬂ?ﬂﬁlﬂﬂﬁiuﬂnﬂ 633-961 'LHT‘N

A A2837 PLS-DA

No. of Model Self- Other
pretreated | maturity
fruits for predic | group
spectra | group 180 | 190 | 200 | 210 | 220 | e
prediction -tion |prediction
180 180 ° - 72.22 99.44 98.33 100.00 100.00 72.22 99.44
L
< 190 165 g E 96.97 18.18 94.55 92.73 94.55 18.18 94.70
B 5 8
3 200 150 2 lf«f 96.00 100.00 72.00 96.00 80.67 72.00 93.17
o, g g
7] < B
3 210 150 8 S| 9667 | 8933 | 9867 | 400 | 9000 | 400 93.67
« 35
=
220 150 2 93.33 97.33 98.00 93.33 23.33 23.33 95.50
Total 795 %Correct | 90.44 80.38 92.58 78.36 78.87 37.95 95.29
5 180 180 - 41.18 99.44 82.78 100.00 100.00 47.78 95.56
‘: ~ o
s 8 190 165 té g 95.76 40.61 95.15 96.97 95.15 40.61 95.76
w & 5 B
E ‘é 200 150 N :f:: 93.33 94.67 53.33 97.33 92.00 53.33 94.33
5 9 s @
.L...’ g 210 150 g 5 98.00 96.00 92.67 0.00 73.33 0.00 90.00
B K L
-‘é 8 220 150 = 100.00 96.67 96.00 100.00 40.00 40.00 98.17
=
Total 795 %Correct | 85.66 85.16 84.15 80.00 81.13 36.34 94.76
¥ 7 180 180 5 8 % 48.33 96.11 82.78 100.00 100.00 48.33 94.72
= [« [=1
=5 9 o 5]
& %L @ 190 165 < 8 - 94.55 24.24 100.00 100.00 96.36 2424 97.73
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No. of Model Self- Other
pretreated | maturity )
fruits for predic | group
spectra | group - 180 | 190 | 200 | 210 | 220 . -
prediction : -tion |prediction
200 150 100.00 | 100.00 | 86.00 | 100.00 | 91.33 86.00 | T97.83
210 150 9733 | 96.00 | 100.00 | 0.00 | 7467 | 0.00 92.00
220 150 10000 | 9667 | 9933 | 9933 | 3933 | 3933 98.83
Total 795  |%Comect| 8667 | 8201 | 9333 | 8101 | 8138 | 39.58 96.22
180 180 = 48.89 | 9880 | 77.78 | 100.00 | 10000 | 48.89 94,17
2 g
'é g 190 165 § g | 9515 | 2667 | 100.00 | 10000 | 9636 | 2667 97.88
8 & 8 “ R
e S| 200 150 §, S| 9267 | 9933 | 9467 | 10000 | 8367 | 94.67 95.17
o = =1 o8 (7]
[G) [=3 - [%]
E 2 g| 210 150 § S| 9733 | 9933 | 10000 | 067 | 7467 | 067 92.83
8 5 3 s
- 220 150 | ° 9800 | 9533 | 10000 | 99.33 | 3400 | 3400 | 98.17
g
Total 795 |%Correct| 85.16 | 8340 | 9396 | 8113 | 79.87 | 4098 95.64
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ﬂﬂﬂ'\ﬂﬂ'ﬁlﬂﬂlﬁﬂ?iﬂﬂ'ﬁﬂﬂllﬂﬂﬂﬁuﬂﬁﬂ?ﬂﬂllﬂﬂ%’]ﬁ@q Iﬂﬂﬂ'ﬁi%ﬂ'ﬁﬂﬂlwﬂg{jﬂ"]‘% SIMCA
1uﬂ’]5ﬂﬂlwﬂﬂalﬂﬂﬂ'§ﬂu 5'31”7'1]'37]' PLS-DA 61Uﬂ'\'iﬂﬂlwﬂﬁ'l\3ﬂﬁllﬂu Wﬂﬁﬂﬂﬂﬁﬂﬂﬂﬂﬂ'ﬁﬂﬂ

LwﬂmﬂmsmmﬂmmaauTeeunmmmﬂmﬂﬂmmuaaniamu 633-961 U1 TUUAS

45 Namsﬁmmmnﬁnwuammzﬂw‘luﬁﬁﬂmﬂéﬂuuﬂmﬂmmqmstﬁmﬁmmmffuia
ﬁ’uﬁmnﬁﬁ;a

mﬁﬁ%’waﬁumiﬁmwauﬁﬁmﬂuaﬂuaxﬂw“lu@{w"?% Partial least square (PLS)
Regression 5314’Janﬂ1iﬂﬂﬂﬁuLLﬂWIﬂ’ﬂilEﬂ’Jﬂﬁui‘”‘ﬂ'J‘N 633-961 11 THiAs d2uiRT B
FQA NIR GUN lumisasaviadinasuniniing ummaﬂﬂawumnmm Suauiiania’ld
mﬂmummmmwaaﬂawuﬁﬂmumﬂuwmﬂgummiﬂa drunadule wazduiiodule
m 5 ’E]’IEJﬂ'liLﬂ‘iJLﬂEJ’J 1808 180 190 200 210 way 220 Jundnnasnuiy Tasldanlnasy
Sufn (Raw  spectrum) ummﬂﬂmuwumswmsmﬂﬂmumamu 2 3% ldun 1)
Multiplicative Scatter Correction (MSC) 2) Savitzky-Golay second differentiation ‘mJ 2

derivative segment A9 10 UAY 20 nm TABAIMNNADAYDLYA Calibration LAT YA Prediction 11

34



. 35

a wva [ { & . 0 1 o o d
nsmanesluioalfians taasdamsed 43 Swansadeaumsinnomanuduius §
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d' 1 aa wa 1 Y v o ;’ldg, P Y 9y ° J
CMINA 4.3 AN NADAVDITUUAAN Naﬁuiﬂwuﬁ“lﬂ?u'lwxiﬂcl‘lfﬁi'l\ii’fllﬂ'ﬁ‘l’nu'lﬂﬂ'l

Parameter measured Calibration set Prediction set
n | max | mn | 28 | SD | n | max | min | average | SD
Soluble solids (%Brix) 146 | 10.90( 7.56 9.47 0.72 { 56 | 10.70 | 7.90 9.39 0.72
Titratable acidity (%) 146 | 0.82 | 0.40 0.57 0.08 | 56 | 0.73 | 0.41 0.57 0.08
Max force (N) 119 { 3.51 1.04 1.99 050 | 46 ] 299 | 113 1.99 0.47
Average firmness (N/mm) 119 | 2.46 | 0.62 1.31 0.42 | 46 | 1.77 | 0.57 1.26 0.31
Toughness (N mm) 119 | 24.56 | 6.23 13.14 421 | 46 | 17.73 | 5.67 12.70 | 3.14

452 wamsa%’mmms‘ﬁmmﬁhminl?;wuﬂawaqﬁﬁ'uiaﬁ’uﬁmnﬁﬁ;a

Hants e sumsiIeA A ELTE seninmimsganaunasiy USinavesaid
#iaza1v'14 (Soluble solid (%brix)) LAz US1nansaitlansn'ld (Titratable acidity (%)) 42835
PLS eumLﬁat’v’uTaﬁuﬁm1mf1ﬁaﬁmqmsnﬁmﬁm&haq e Ted 4.4 wuh uuuiaedd
AuneanlSavewdiiiazarwld goWannuuusiassnninailnaiy Muliplicative Scatter
Correction (MSC) §1f correlation coefficient (=0.87) ggalunisnenes - Taegraat/-
0.81-0.90 wilaldlumsasiaiala (Williams, 2007) drusanduvesaudsuutna g
(Standard deviation) 91098388198 9U0%A prediction ADAWHANAIANIATIM (Standard
error) U84 prediction (ratio of.the SEP to the SD=RPD) oz 8a3181UBITN (Range) ludioya
$149991n%A prediction ABANUAANAIAUIATFIUVD prediction (ratio of the .SEP o the
range=RER)'14 2.08 118 8.10 a1uddu F9RPD Tif18¢$29 0.023 uladwuudiaeslal
aunsodauenuag liaunsati 11418 daum RER Hriegeas 7-12.0 urladwwudiaedli
ansasauenldauaznistiillldasg (Williams, 2007)11.16"6waamﬂ?mmmmuﬁaﬁ'
azae'ld nszuaumstansanlaasyausedmliuuuines farmiudunniu

daumsiueaSinunsait lamsn 14 Taouuusiaes gﬂﬁ'@lmmmtﬂﬂﬁn%&tﬁu

st T 1

1 é oA IA [} 1
1861 =057 gagalunmnaass Far UABYTILH-0.51-0.70 udladfinnuusudrlia
(Williams, 2007) §2%A1 RPD=1.14 uaz RER=4.75 i1a10§%34 0.0-2.3 uag oauni1 6
anssy uastwuuiaes imansofausauaziir 119 i Idauddu (Williams, 2007) Tu
A T = o o o 1 ° Y ° =
BosvneaSuransad lamsn aszuaumsianisadnaiuldansoi lduundiaed

o
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o o . o % ] 1 v @ g0 9) o
muAAURY PLS regression HAANAINTNT 4.17 WU ARNUFURUTADUYNNTZIANTTY
Y] ] ] d'o 9/ a o o o 1 " oA 9
sanoatigvesmniivield Taemun 417 (2 HaaIANNFURUS sz ldnms
o o | Ao a a g A 1 () o
FesuaisatswesSinamewdsiiazaeld manuaiudlumsiug r=0.87 (gl
1 o ] Y] @ o 1 [ {
AanNuAanaIn  (bias) tWE9-0.051 Fudssumsauanuduiussendemi ldanms
o Y 1 Aw = a d' Y 1 1] o o =% 1=
SrnesuaitassavesSuansailaminld aanuiuilumsvhuneies —=0.57 uall
' a . P o e & Y1 & o o
AMANUAaNaR (bias) (W9 0.003 AIMNN 4.17 (b) Feowilszna ldanmmsganauuasiin

dw 9 o v o do ' a 4 o Y 1 o 1 = e =
nnieduTofianuduiussumiSinavewdshazaeld daufuanlSinansai laswmini

-7} -7 [ =1
anuduRus hines? |

] b1
diafinsaeg1eazdeauuiug1Y0s [NAIINAT regression coefficient UAAIAY

o H ¥ 1 [l o i { [
AT 4.18 Nerd1991TENI19A1 regression coefficient Fuanuenany Tagniwi 4.18 (a) 1lu
1 = < { ° ]
#1 regression  coefficient  09UTinmyssuisiinzanld Tasuyuirassgaiaunnan .

o -} d'w Y o o T 9 a o =% o 1 d'
alna sy MSC Sftafiduiusfuadieesiuiumnalangiaysganadunuan 713 mm
(benzene) 740 nm (CH,) 746 nm (CH,) 760 nm (H,0)913 nm (CH,) 928 nm (oil) tta® 970
1 { [~ 1 X
(ROH, H,0) nm (Osborne and Fearn, 1986 ) AIUNNN 4.32 (b) RIGH! regression coefficient
vaslSinansa lanein idangfindszanmduniien 713 nm (benzene) 760 nm (H,0) 779
nm (RNH,) 832 nm (RNHR’) 840 nm (bénzene) 928 nm (oil) 1% 938 -nm (CH,) (Osborne and
Fearn, 1986 )
P

T P E \ 3 a <
f1 X-loading weight 484 PC (principle component) A3 vaulTumueINasaY

. I
A AaAan

9 a 4 = % { o @
Vlﬂ uazﬂimmﬂiﬂﬁ”lmmsm"lﬁ' LLﬁ'ﬂQﬂ\‘iﬂ'lWﬁ 4.19 (a) uag (b) AWAAL Tagg1anauniam

. . = L4 y A A S a 1 o =t
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4.19 (a) PC1-PCS gu13nAseuAuANuLsilsaY 79 109 1 Uag 0 A 1Ay FuReITURINA
4.19 (b) PC1-PC3 A5 ansoUauAnuiillslsan 97 3 uas 0 TasnIwi 4.19 (2) 1 X-loading

. ~ a g A 9 1 A Aa ' ° (R
weigh fin3 PC1 voulfinawewdsiiazay lduaastienduiiunansuuunge nunyN

4' d' Ida a LY o 9/ 1 v 1 & d' 140 a
ﬂauw"luuewﬁwaﬂmmumam"lmm 797 uag 943 nm €U PC2 ‘W‘lJ%”Nﬂﬁu‘Vlulllllﬂ‘WﬁWﬁ

€

1
Luud1analdun 763 823-838 906 Az 963 nm 3w PC3 WuFeadun luligninany
auusiaas '18un 759 866 925 939 971 iag 979 nm @I PC4 nuglenaun ilignswany

dl nﬂ' 1da ~ o

wuudians  l&un 724 809 870 902 UAg 962 nm Wag PCS nuFIenduh luidninan

[ 1 é 1 A a Q
UYVINADY 18un 710 728 756 767 829 884 912 943 1A 973 nm Wﬂﬂfﬁﬂﬂﬁu‘ﬂNi’)‘ﬂﬁWﬁﬂU

wuusiaee Uszuradiumiiai 713 nm (benzene) 738 nm (ROH) 762 nm (CH,) 760 nm (H,0)

806 nm (RNH,) 840 nm (benzene) 874 nm (benzene) 900 nm (CH,) 928 nm (oil) 938 nm (CH)-
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14
970 nm (ROH, H,0) (Osborn and Fearn, 1986 ) tia¢ 962 nm (1) (Saranwong et al., 2003) Tae
AN 4.19 (b) 1 X-loading weigh in3 1 PC1 vaavSunmnsait lawmsn1d uaasaanauidl

= ~ '

_BnEwadeuuuines WU haaeam R AuTianEnatuuIiaes dau PC2 nutaendui
Yifeniwasuuuudiaes 18un 878 nm g2y PC3 wugaeadui lufisnsnaduuuuiines
8uA 722-742 833 921 AT 961-965 nm FaTrAAURTENTNAT ULVl TINAIR WM
‘ﬁ 713 nm (benzene) 738 nm (ROH) 762 nm (CH,) 760 nm (H,0) 806 nm (RNH,) 840 nm
(benzene) 874 nm (benzene) 900 nm (CH,) 928 nm (oil) 938 nm (CH,) 970 nm (ROH, H,0)

(Osborn and Fearn, 1986 ) LIA% 962 nm (#1) (Saranwong et al., 2003)
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11 7 | RMSEP: 0.345872
SEP: 0.345125
Bias: -0.051412 *e -

Elements: 56
Slope: 0.826291
Offset: 1.591069

Correlation: 0.865556
R-Square: 0.735405
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o
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a
Elements: 56
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. Offset 0.278955
’\? Correlation: 0.568600
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2
O
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¢
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453 mamsrhsmuminnemmsinulaaifediiaveuifoduTomiugaraviia

mamsassaumsineaanuduiug szridinsganiuumsdy usafiunaneq
. nlaen (Max force (N)) mmmiuu‘iyam?;ﬂ (Average firmness (N/mm)) HASAIUHITEIVBY
nlden (Toughness (N mm) vosraduTeufunihisierymsifiufoanies 42633 pLs
(AR emT1eR 4.5 nu uuuiaesfidinesusefiunangqulden gawannuuvdnesn
mnmﬂnm%’m‘iguﬁuﬁﬁh correlation coefficient (r=0.30) qqqﬂ‘lumimam éﬂ r ﬁﬁmg’iﬂﬁ’m‘laj
Ay +/-0.50 a1 1un159314 calibration 1318 (Williams, 2007) @3UBA1EIUYDIA
WeaunAsgIY (Standard deviation) 11n903A81999909%A prediction ADAIUAANAIA
4191531 (Standard error) 484 prediction (ratio of the SEP to the SD=RPD) (10 NI IUVDY
19 (Range) 1ud3ad1989910%A prediction ABANUAANAIANIATFIUYDA prediction (ratio of
the range to the SEP =RER)4 0.95 g 3.78 aud iy H1RPD fif108914 0.02.3 ualadn
wupsaes dauenld 1A dauA1 RER Sategyae iy 6 wlaiuuuiiaesmsild1d 1414
A (Williams, 2007)“!.1;6"0@%1mﬁmsqﬁummqulﬁaﬂ nszuumstanmsalnasylianse
ynluunaesdianueiinnniu

dumsinnesIanuiuEemas Tasuuui1a0gnWaL1910 Savitzky-Golay

. . i [0090 " 1 2 J
second differentiation # derivative segment 10 nm 1éa1 =0.30 qqqﬂ“lumi‘vmam 9 r flﬂ”lﬂg
%24 laliu +- 0.50 a1 lumsade calibration 1314 (Williams, 2007) e314#1 RPD=0.80
1Az RER=3.22 §iA128134 0.0-2.3 uaz Hosn 6 a1ud 19 uiladl model Aauenld 1id uag

I 3/ .
31 11418 148 auddy (Williams, 2007) TuiSosvesaanuudiilomag nszuIums
9
sansainasuauisai ldtuuuiasdlianuududunniu
adumsinnendanianumileanlaen TesuuudiaoignWmiui191n Savitzky-Golay

. o a t ¢ " ' - é [l 1
second differentiation 11 derivative segment 10 nm 1Aa1 r=-0.05 g alumsnaaos #ar ﬁﬂ’lﬁ)g
924 ldiau +/- 0.50 ulanldlun1sashe calibration lai'ld (Williams, 2007) d71A1 RPD=0.81
uag RER=3.13 {A198%334 0.0-2.3 tiag Hoendl 6 awd1dy uiladn model dauonld lid uay

o 9 1 °o_ v gy 4 !
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Predicted Max force (N).
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Predicted Average force (N).
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Predicted Toughness (Nmm).
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