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Jaitip Wanitchang 2010: Physical Mechanical Physiological and Light Properties of
Dragon Fruits as Related to Quality Grading. Doctor of Philosophy (Postharvest
Technology), Major Field: Postharvest Technology, Interdisciplinary Graduate
Program. Thesis Advisor: Associate Professor Anupun Terdwongworakul Ph.D.

175 pages.

The objective of this research was to investigate the physical, mechanical,
physiological, and light properties of dragon fruits that related to quality grading. The dragon
fruit of concern included both varieties Hylocereus undatus and Hylocereus polyrhizus. The fruits

were harvested at 23-40 days after fruit setting.

The study revealed that the physical properties, mechanical properties, physiological
properties, and light properties were related to days after fruit set (DAFS). The best quality
performed at the mature stage which was 28-30 DAFS. Light reflectance ratio Log (R680/R550)
showed the highest correlation with the maturity. All of the mention properties can be used to
classify dragon fruit according to the maturity stage and varieties by using discriminant analysis
with 94.9 and 91.4 % correctly classified in Hylocereus polyrhizus and Hylocereus undatus,
respectively. The multivariate maturity index (MMI) was performed with destructive propertied
and DAFS by using principal component analysis (PCA). The Partial Least Square Regression
Model with color values a, b and Log (R680/R550) can predict not only MMI of Hylocereus
polyrhizus but also MMI of both varieties precisely. Whereas MMI of Hylocereus undatus used
visible spectrum at 400-700 nm as predictors. The prediction result was not significantly different
from the model with physical properties and visible spectrum at 400-700 nm as predictors. So
these nondestructive properties can be used in the design of the quality grading machine for

dragon fruit.
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FUUATINAVIINANAAINEAS (Mechanical properties of agricultural produce)
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AUDAMEAITZINGVOINANNAINBAT (Physiological properties of agricultural produce)
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nenginanugnuniidus Inasouiuld (Tha e al., 2007) uenanuziwd I8
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v v 7 1 T o 1
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. [ [l A ~ ' A = ' 9 A
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H 1 1 g % W g
M3an 7 mmmuuumammNauﬁ”gmmwuﬁmmn

IUNAIADNUIY Fruit firmness (N/mm) Flesh firmness (N/mm)
23 153+1.1% 24+0.5
24 13.5+£2.0 1.8+£0.3
25 10.8+2.9 20+04
26 6.1 £0.6 1.5+03
27 51+£0.8 1.8+£04
28 57+0.5 1.6 04
29 5.6+0.5 1.8+0.5
30 55+0.5 1.3+£04
32 52+0.5 1.5+0.5
34 5.7+1.1 1.5+£04
36 49+0.7 1.1 £0.2
38 4.7+0.8 1.3+0.2
40 5109 1.4+£04
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H 1 1 g % U g
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IUNAINDNUIY Fruit firmness (N/mm) Flesh firmness (N/mm)
23 14.8 £ 2.0* 33+0.5
24 134+£1.2 32+0.6
25 13.7+1.8 33+0.5
26 11.5+£2.2 2.7+0.5
27 7.1£1.5 1.8+£04
28 6.6 +0.8 1.8+0.5
29 50%+0.5 1.6 +0.3
30 43+0.3 1.4+£0.3
32 4.1+0.7 1.3£0.3
34 42+03 1.2+0.2
36 33+0.6 1.0+0.2
38 3.6+£0.5 1.1£03
40 33+£0.5 1.3£03

* ANUNAY + AUTIAVULIATIIY 2INA0HINTIUIU 20 WA
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Turdanen1y anfuaveaniaiazainld (TSs:*Brix)

AUUBN 1¥* fulu fulu 2 fMunen 2
23 7.6 +0.7% 8.0+0.8 8.0+0.8 7.9+0.8
24 9.6+1.3 9.8+ 1.4 10.0 £1.3 9.7+ 1.0
25 113+14 12.5+1.8 12.6+ 1.6 N4+14
26 121415 14.7+1.2 15.0+1.5 126419
27 13.9412 16.6 0.6 16.7+ 0.6 13,1+ 1.2
28 13.8+1.1 17.8+0.6 18.24 0.7 14.5+1.3
29 144+ 1.1 18.7 £ 1.1 18.8+ 1.0 14.6+1.1
30 14.6 1.4 192+0.8 18.7+ 1.0 14.3%1.1
32 14.9 £ 1.0 19.8+1.2 19.941.2 14.8+1.1
34 143+ 1.1 19.140.8 18.5+0.8 13.5+1.2
36 141+ 1.1 19.5+1.2 19.7£1.1 14.3+1.3
38 147407 19.9+ 1.0 20.240.7 14.6+1.0
40 142+0.8 19.7+0.8 19.6+1.2 14.1+0.8
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Turdanenuy anffuaveanssiiazatsld Brix)

Muuenl fulul fuluz fMuUBN2
23 5.7 £1.0* 5.9+0.8 5.8 £0.8 5.6+0.9
24 5.6 £0.6 5.6 0.5 5.7 +0.5 5.7 0.7
25 75412 7.7+1.4 77413 75412
26 9.2+1.6 9.7+1.7 9.7+1.7 93+1.5
27 11.9 41.5 13.841.6 13.9 1.6 12.141.3
28 12.4 1.4 14.7 1.1 13.9 £1.5 12.3+1.3
29 132 1.4 15.6 +1.4 15.5+1.4 12.5+1.4
30 13.6+0.8 16.7 £1.0 17.1+1.2 14.3 £0.9
32 12.3 1.6 17.4+1.8 17.6 £1.8 13.0 +1.4
34 14.2 £1.0 19.0 £1.2 18.8 £1.3 14.4 +1.0
36 14.6 £1.1 19.9 +1.1 20.240.9 15.0+1.5
38 13.5+1.4 19.4+1.8 20.1+1.5 14.5+1.5
40 13.9 +1.6 19.4 1.1 19.5 +1.4 14.5+1.7

*AUNAY + AULIAVULIATIIU DINA0INTIUIU 20 WA
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BATIAIUTLHIN TSS/TA AU 27.81 °Brix/% IASAUNNI AL 50 % 15117871 60 T 1Az

50 % 1ilunan 144 JuiiadasdIuszrang TSS/TA esiiga A 21.06 “Brix/%
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Q

MUNAIADNLIU TSS(° Brix ) TA( % )** TSS/TA (°Brix/ % )
23 7.8 £0.7* 1.7 £0.2 4.6 £0.3
24 9.8 +1.2 1.7 £0.2 5.7+0.7
25 12.0 +1.4 1.8 0.2 6.6 +1.2
26 13.6 +1.2 1.0 £0.2 15.5+7.6
27 15.1 £0.6 0.7 +0.1 21.3+3.8
28 16.1 £0.6 0.5 +0.1 31.1+4.1
29 16.6 0.9 0.4 +0.1 39.147.1
30 16.7 0.7 0.4 +0.1 45.0 +7.8
32 17.3 £0.9 0.3+0.0 56.9 £9.8
34 16.4 +0.8 0.3 +0.0 55.2+4.3
36 16.9+1.0 0.2+0.0 79.4 £14.0
38 17.3 0.5 0.2+ 0.0 84.4 £12.6
40 16.9 +0.5 0.2+0.0 87.2 £24.0
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M3197 12 A19A5187U TSS Ao TA mam%mnswuﬁmaum

a

TUNAIADNLIU TSS (°Brix ) TA (% )** TSS/TA (°Brix/ % )
23 5.7+0.8* 0.3+0.1 21.8+5.6
24 5.6£0.5 0.3+0.1 17.8+4.4
25 7.6+1.1 0.6+0.3 13.945.4
26 9.5+1.6 0.9+0.2 11.242.7
27 12.9+1.4 0.8+0.2 17.945.9
28 13.30.8 0.7+0.2 21.848.7
29 14.2+1.3 0.5+0.1 29.848.9
30 15.4+0.9 0.3+0.1 49.2+12.8
32 15.4+1.2 0.3+0.1 63.8420.8
34 16.6%1.0 0.2+0.0 101.4+16.2
36 17.4+1.0 0.120.0 142.4423.7
38 16.9+1.4 0.2+0.0 116.4+37.9
40 14.6+1.0 0.120.0 113.8+25.8
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M9199 13 FUeanand 137905 1141128 Hunter Lab 3 unaIaonu1u

Days Hylocereus undatus Hylocereus polyrhizus
After fruit

set L a b L a b

23 342 -6.6 15.0 28.8 -5.5 11.6
24 34.6 -6.1 15.2 28.5 -5.1 11.4
25 32.0 -5.7 14.2 29.8 -5.4 11.8
26 30.4 29 11.3 32.7 -5.7 12.7
27 29.9 9.9 9.4 31.2 -2.9 12.2
28 30.3 16.1 7.6 32.9 4.0 11.0
29 30.4 19.7 6.9 30.6 14.1 8.2
30 30.3 21.7 6.3 31.9 16.8 7.5
32 31.9 22.2 59 30.6 27.2 4.1

34 313 20.6 5.7 29.4 28.3 34
36 33.1 18.9 6.7 324 30.3 2.9
38 334 18.8 6.5 31.6 29.2 2.9
40 33.9 17.3 6.9 30.7 29.7 2.2
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MINATZHANITOR

a 1 a @ <] {
wami’;mﬁzﬁmmgmmNﬁmmsumwauﬁ’;mmmumqmmﬁm

{ a1 Y o g’/ v J o [
%1ﬂﬂ1i${ﬂ‘ﬁ1ﬂ1ﬁlﬂaﬂullﬂﬁ\3ﬁwﬂﬂ@ﬂ\‘l‘]GUfNNﬁLLﬂ'JiNﬂTVN 2 NWUTATNIUYIAIABN
9
U ' [ v ! . I J
UIU a6 23-40 U ﬁWﬂJWiﬂlLU\ﬁgﬁlxﬂWiﬁjﬂllﬂ (Maturlty stage) Lﬂu R A ﬁ’aiwzaau
. g A ' = v o oA
(immature stage), sz Taaun (' mature stage) U0 ILYLIN (over mature stage) FINTINUIUN
23-27, 28-30 1AL 32-40 TUHAIABNUIN AINA1AU AIUN Merten (2003); Lauder and McMahon
Y oY ~ =2 a 7 '
(2004) llmmzm"h 1NHN1TNNN 14 CINLﬂl!Naﬂ"li?]l;ﬂﬁWgﬂﬂ'ﬂllLL‘]_]T]Ji'Jusllﬂﬂﬂ??ﬂllﬁﬂﬁ"ﬁﬂl@ﬂ

1 <

H 9
AUTHUAA N AUDYNVNYI WUNTUUANNNIYNIN LBINA NILLEN Haza3TEINGT N9 12

v
9 v

A YR 1 = 1 v o A < A 1 =Y
ﬂmﬂ’hﬂﬁ%"lﬂﬂﬂkl”Ill”Iﬁﬁuiﬁmuﬂ1llﬁﬂﬂ1ﬁﬂu@uluﬂﬁZJW%Wﬂ@"IEJLﬂ‘]JLﬂEJ’Ji’)EJN‘JJ‘L!Elﬁ”lﬂillu‘ﬂ"lﬂ

Y
4 o A

afARszaInIAeI 95% snifud L mniu i liuandai Ae A1 TSS szifiudy
32EZMIGALN AIUA1 TA 3zaAad aumsnlasuntlaanediseineveasneals @3audt,
2538) ATTSS ‘ﬁ’ixﬂzmiquﬁ‘ﬁﬂ 3 52 TIAIMABT 9.98+3.36, 15.3741.56 1AL 16.76-1.20
°Brix @91 TA 1f1 0.990.58, 0.49+0.16 t1a 0.21+0.07% aua1au M lvmeasiaIuves
TSS/TA W30e Taste IA NN 13.6947.37, 35.49412.89 1Az 91.74-35.80 Tag¥afiudniang
winAuAindeuiufesziin TsSTA iy 40 fusrwariimumzanlumsfvine
(Paull, 2006) AT a fﬂzgﬂ?;ﬂumﬂ'f?n%’rﬁaqéauuaz%ﬁ%’rumgﬁuﬁmﬁewmﬁtygﬁuﬁﬂuﬂizv‘i"ﬁ
gnin Taosiamaoueamiilu -3.16+5.30, 16.2647.21 1@z 24.68+5.14 luymzdian b 1zanaq
mmzﬂzﬂmﬁty@uimﬁmmﬁﬂ 12.5442.19, 7.63+2.05 118 4.67+1.67 1WA 19U AIUAT
oRTI@IUMIALNOULAI Log (R680/R550) ﬁﬂ'uﬁwﬁu@mmm?mugﬁﬂﬁﬁfhmﬁa -0.45+0.19,
0.24+0.33 11ag 0.73+0.27 f'nuﬂ'wmmuﬂugﬁaﬂzaﬂammmmqﬂuﬁ T@g Fruit firmness 3
ARG 11.07+3.91, 5.45£0.90 1A% 4.46+1.05 N/mm 1ud214904 Flesh firmness i nag
2.33£0.75, 1.64£0.43 1Az 1.28+0.34 N/mm awaay Tuadruvesgaautianianmenin ldun
sUnseveanaudnians lunaazngy Aea1 % Sphericity TinuNAY 70.56-8.50, 73.60+10.43 112
78.06£10.16 MUY Msandmveuhmindedermiinianue (Wt ratio) W3 oma i
15152 TemTI& (%Recovery) HMstiuaumuszezMIqnUATIAINGY 40.26:8.93, 61.40:6.63
1AL 75.3145.22 MNUAIAY LAZAINIUHUUY (Density) T30 1.0240.03, 1.05:0.05 1A
1.0740.02 Ay on3uma L aunae 31.1943.99, 312043 45 uay 31.66+2.54 Taaiianlai
AR ILYTMIGNUN ﬂmﬁuﬂ”ﬁmamﬁaﬁaﬂﬁﬁﬂdnmﬁ fnaauiAfinaia

q

zdorinaedieda (Destructive) 1&un an TSS, TA, TSS/TA, Fruit firmness, Flesh firmness
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1 wn Aq Yas o 1o o 1 . Y 1
iae %Recovery ﬁ’JUﬂﬂlﬁNUﬁﬂﬂlGﬁTﬁﬂ']'iﬁﬁjﬂ’gﬂllﬂﬂllilﬂ']a']ﬂﬂ’]@ﬂ'm (Nondestructive) ulﬂllﬂ

A L, a, b, Light reflectance 59 400-700 nm , 31379 %350 A1ANNAY (Sphericity) AN

N 11azA1 light reflectance log (R680/R550)

H
aA

J d' 1 A Y o a a 1 ] [
9191 F-value Tua15199 14 wumn ﬂﬂ!ﬁ'i]ﬂﬁ"llf]ﬂllﬂ?i]\?ﬂiﬂh@ﬂ‘ﬁWﬁ@]fJﬂWillﬂﬁﬂQMﬁ

2
miseannun il d9il Ao Ad a, A Recovery, log (R680/R550), ANA b, TSS/TA, TSS, M

Fruit firmness, ) TA, f1 Flesh firmness, a1 Density, M Sphericity Hazma L auaiau

Y a J ! N
ﬂ1§1\1ﬁ 14 wamsuasizranuulsdsiu (analysis of variance) ANVUANA NUDINUTUUAN

Y o g’/ v 1 1 o
VDIUNININTTINNN 2 WUTHINATUIZYISNITYNLUN 3 581

AUAVIA FLHZMIGALN

JYUz00U szozTadud JLUUN F -value

(Immature stage) (Mature stage)  (Over mature stage )
(23-27days) (28-30days) (32-40 days)

TSS °Brix 9.98 + 3.36a* 15.37 +1.56b 16.76+ 1.20¢ 454.80
TA % 0.99 + 0.58a 0.49 +£0.16b 0.21 +£0.07c 225.34
TSS/TA °Brix/%  13.69 £7.37a  35.49 +12.89b 91.74 +35.80c 578.98
Recovery % 40.26 +8.93a 61.40 £6.63b 7531 £5.22¢ 1,210.02
Fruit firmness 11.07 +£3.91c¢ 5.45 £0.90b 4.46 +1.05a 373.21
Flesh firmness 2.33 £0.75¢ 1.64 +0.43b 1.28 £ 0.34a 185.17
Density (g/ml) 1.02 £0.03a 1.05 £0.05b 1.07 £0.02¢c 113.47
Sphericity % 70.56 +8.5a 73.60 £10.43b 78.06 £10.16¢ 30.58
L 31.19 £3.99a 31.20 +3.45a 31.66 £2.54a 1.19
a -3.16 £5.30a 16.26 +£7.21b 24.68 +5.14c 1,217.66
b 12.54 £2.19a 7.63 +£2.05b 4.67 £1.67c 809.66
Log -0.45 £0.19a 0.24 +0.33b 0.73 £0.27¢ 1,062.72
(R680/R550)

]
9 w A

*@329013 1 UL IR INULAAIAIANULUANANINIIADADE 1NN AN TEAUANWFDNY 95%
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Gluﬂﬁiﬁﬁ’ﬂnluﬂﬂﬁjuﬂl@ﬂllﬂ?u\‘]ﬂiﬁﬂwﬂﬂ 2 WUD TUIU 520 WA @@ﬂlﬂu 6 NAN AN
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Y
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Wug tagauszaumIgun Mngatauiavenduiangng 12 quauia laamasnuaunia

Y o g 1 [~ A A I U o
VDINININTNN 6 NN LLﬁﬂ\ﬂ‘HlT‘iHiHﬁWiN“ﬂ 15 IﬂEJ‘V] 1,2 uas 3 Lﬂuigﬂzmiqmm 35¢RU

@

o [ v J g 1 o @ 4 ¥
f1® Immature, Mature 1182 Over mature d1H5UWUFIUOUI dIU 4, 5 1Az 6 SIMTUN UG
=%} d’ %

Y o g‘./ 1 Y 1 [ aa ] o w
1ad Taaunansng 6 ﬂ'sjll%%ﬁﬂqmﬁhﬂ@mﬁﬂﬁNﬂuﬂNt’fﬂ@]’E)EJNﬂdJuEIﬁ1 YNITAVAINY

1¥037U 95%

! wa Y o o o !
ﬂ1§1\1ﬁ 15 AUANUAVDILUNININTNUUNATUWUTUASIZYSNITYNLUN

Maturity TSS TA TSS/TA Density Sphericity Recovery
stage
1% 11.6542.81b  1.40+£0.49d  10.44+6.78a 1.02£0.03b  63.45+4.38a  39.36+10.27a
9% 16.47£0.79d  0.45%0.09b  38.37t8.62¢ 1.05%£0.02c  64.01£3.47a  65.14%3.56¢
3% 16971£0.82d  0.25%0.06a  72.63%19.58d  1.0710.02d 69.21£4.79p 71.8613.39d
4k 8.32143.03a 0.58%£031c  16.94%6.46b 1.01£0.03a  77.67£4.90c 41.16X7.28a
Gk 1427%134c  0.5220.20bc  32.62%15.53¢c  1.0440.07c  83.20%4.48d 57.65%6.89b
6** 16.561.46d  0.17X0.6a  110.86+37.98¢ 1.07X02d  86.91%5.14e 78.78%4.38e
* Lﬂuizﬂxmiqﬂuﬁ 1,2,3 Immature, Mature, 1l8% Over mature Y9UANINT Wuﬁnﬁamn
**L‘T’Jusxaxmsqﬂuﬁ 4,5,6 Immature, Mature, L81¥ Over mature ﬂlﬂﬂuﬁj’f] ShE Wuﬁgﬁmmq

SIS v

pd Ry NIzAUANUTIY

(R

19013 1UARANILAIAULAAIAIANULANA NN A DAY
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Maturity Fruit Flesh L a b Log

stage firmness firmness (R680/R550)

1* 10.16+4.37¢ 1.89+0.45d 32.2743.77¢  -1.34+6.81b 13.19+2.55f -0.41+0.25b

2% 5.60+0.50b 1.59+0.49¢ 30.35+2.80a  19.29+5.27d 6.86+1.21c 0.43+0.21d

3% 5.22+0.82b 1.38+0.37b 32.26+2.28¢c  20.62+3.50d  6.06£0.87b 0.49+0.14¢

4** 11.9843.16d 2.77£0.74¢e 30.11£3.92a  -4.97+1.88a  11.91+1.51e -0.49+0.06a

5k 5.30+1.15b 1.69£0.36c  32.06+3.84bc  13.24+7.65¢ 8.40+2.41d 0.05+£0.31c

6** 3.71+0.62a 1.1840.28a  31.07+2.67ab  28.75+2.74¢ 3.28+0.97a 0.97+0.09f

< 1
* Lﬂuﬁzazmiqﬂuﬂ 1,2,3 Immature, Mature, L%

k4

@ o
Over mature ql@ﬂllfgljﬁu\iﬂiwu‘ﬁlﬁﬂ"ln?

& ! Y o o 2 &X
**lﬂu3$ﬁl$ﬂﬁqmlﬂ 4,5,6 Immature, Mature, (i Over mature ﬂl@i!iﬂ’)ﬂ\iﬂiwuﬁlﬁﬂuﬂi

o W v J (% ' 1 aa 1 @
@]'J'E'Jﬂ‘H511!?‘]’8]'[3“u!afl’)ﬂullﬁﬂ\‘]ﬂWﬂ'NiJLL@]ﬂG]'I\‘]‘I/n\‘]ﬁﬂG]’E]EJ'I\‘]?J’L!EI
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1NNITUATICH Discriminant analysis Lﬁ@ﬁ%lwmjmiﬁmimnuuﬂﬂqmﬂu 6 IGEY
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Tawamsnasnzviaatl 9
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’]J\iﬂaiJ‘VN‘HiJﬂLmﬂ@]NﬂuﬂNﬁﬂ@flﬁlNﬁuﬂﬁ1ﬂﬂJﬂ SAUANULY

]
A

{ <3 1 wa A
0 Test of equality of group means (A13199 16) 1HUN QaaNUAN

0311 95 % Tao

auauianionswalumsutsngu Gesonunldvnfesiinisanaina F uazal Wilks’

Lambda @t Log (R680/R550), aa a, Recovery, aa b, Sphericity, TSS/TA, TSS, TA, Fruit

firmness, Flesh firmness, Density L01& A L aua1a



M31971 16 Test of equality of group means

Wilks' Lambda F df1 df2 Sig.
TSS 271 275.924 5 514 .000
TA 276 269.637 5 514 .000
TSS/TA 226 352.208 5 514 .000
Density .684 47.545 5 514 .000
Sphericity 206 395.095 5 514 .000
Recovery .148 592.318 5 514 .000
Fruit firmness 375 171.347 5 514 .000
Flesh firmness 429 136.747 5 514 .000
L 929 7.826 5 514 .000
a 123 732.629 5 514 .000
b 177 478.727 5 514 .000
Log (R680/R550) .101 915.78 5 514 .000
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A [ 1 Y o 3 1 SR A . ~ 9 a J
mﬂmsmmmmﬂqmm'smmmu 6 NQU 93U Function V]i“ﬁ‘luﬂﬁ?miwﬂlﬂu 5

Function A9A15199 17 A1 Eigenvalue 94949 Function 1-5 m 11.910, 6.647, 1.796, 0.719 uag

0.128 uaziA1 % of variance 1A 56.2, 31.4, 8.5, 3.4 uaz 0.6 MVAIAY 1AIA1 Canonical

Correlation 3A1 0.960, 0.932, 0.801, 0.647 1AL 0.336 AVAIAY LLAAII Function 1 tag 2 X

BNTNAAONITULINGUNINNI Function 3-5 taziieimsnadonA1 Wilks’ Lambda v09

9 1 9 9
Function 114 5 #4A15197 18 WU W3 5 Function a3 lduennguins 6 nguldTasiinaw

HANANNNUN A DADE1

@

o g d‘
paAYNg

ANUFDUY 95%



Y o 1 o I '
ﬂ151\1ﬁ 17 Eigenvalue GU@\Tﬂ15ﬂ1lluﬂﬂqul!ﬁ}jm\1ﬂilﬂu 6 N

Function Eigenvalue % of Variance Cumulative % Canonical Correlation
1 15.599 62.7 62.7 0.969
2 6.505 26.1 88.9 0.931
3 1.971 7.9 96.8 0.814
4 0.634 2.5 99.3 0.623
5 0.169 0.7 100.0 0.380

4 1 ] 1 @ < U
M1519% 18 A1 Wilks' Lambda ¥99mstiianguunagians ilu 6 ngu

Test of Function(s) ~ Wilks' Lambda Chi-square df Sig.
1 through 5 0.00 3345.771 60 .000

2 through 5 0.023 1913.015 44 .000

3 through 5 0.176 885.063 30 .000

4 through 5 0.524 329.789 18 .000

5 0.856 79.454 7 .000

1 a Al g‘/ 1
NMINN 19 N5AATIZHAT Structure Matrix Y04 Function 19 5 WU Log
(R680/R550), AT a, Recovery, AINA b, 1tay TSS/TA NoNTHaaonsuLInguuIniga Tu

Function 1 &A1 Sphericity JdNTWaaon13u1anguuIngalu Function 2
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M15199 19 Structure Matrix ¥9IM3uLanguudnians (i 6 nqu
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Properties Function
1 2 3 4 5

Log (R680/R550) 0.754* 0.035 -0.012 0.073 0.375
a 0.666* 0.087 0.073 0.489 0.053
Recovery 0.600* 0.007 -0.250 0.185 -0.222

b -0.538* 0.081 0.183 -0.187 -0.183
TSS/TA 0.452%* -0.121 0.067 -0.402 -0.450
Sphericity 0.221 -0.671* 0.268 -0.345 -0.158
TA -0.312 0.259 0.580* -0.084 -0.141

Fruit firmness -0.305 -0.062 -0.005 -0.540* 0.213
TSS 0.369 0.247 -0.087 0.475* 0.340
L 0.006 0.055 0.059 0.078 -0.521%*

Flesh firmness 0.253 -0.173 -0.177 -0.256 0.458*
Desity" 0.166 0.050 -0.042 0.107 -0.210%

Pooled within-groups correlations between discriminating variables and standardized canonical

discriminant functions Variables ordered by absolute size of correlation within function.

* Largest absolute correlation between each variable and any discriminant function

a This variable not used in the analysis.
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A13197 20 1@AIA1 Classification function coefficients UB4AUNIT Fisher’s linear

. .. . { ' ' Y o I U 4 '
discriminant functions #1195 TumsutianquuAians iWu 6 ngu 6 dums Taelounua

A 1 g’.; 1 1 1 1 Y o ] 1 3’,
AuauiAA1e 19 11 mlugumsuds aumsla ldaunige naasiudaiinsog lunguiu

v [ 1 Y] I !
M135199 20 Classification Function Coefficients Gllﬂﬂﬂ”liu‘]_lﬂﬂquuﬁj’mﬂﬂﬁ!ﬂu 6 NV

Maturity
1 o 3% e S o

TSS 8.675 9.898 9.252 7.086 7.551 6.258

TA -2.676 -9.942  -11.853 22,532 -13.051  -1.384
TSS/TA -0.458 -0.545 -0.500 -0.558  -0.567  -0.400
Density 972.960  970.047 981216  979.487  983.805  981.775

Sphericity 3.261 3.123 3.329 4.220 4.290 4.237

Recovery 1.495 2.076 2.254 1.742 1.823 2.298
Fruit firmness 11.720 13.911 13.968 11373 11592 12.732
Flesh firmness ~ 12.844 11.590 10.593 15215 12913 10.399

L 1.140 1.724 2.563 2.435 2.436 2.766

a 2.058 2.075 1.465 0.510 1.401 1.425

b 7.595 5.433 3.245 3.461 3.993 2.241

Log (R680/R550)  -23.786  -9.831 -9.129  -29.287  -19.245  10.752
(Constant) -821.633  -861.045 -888.438  -866.559 -894.990 -933.761

* Hluszozmagnun 1,2,3 Immature, Mature, 1182 Over mature mmuf%ﬁmiﬁuﬁgﬁmn

I~ ' o v d j‘
**Lﬂusxaxmsqmm 4,5,6 Immature, Mature, L81¥ Over mature mamh”amﬂiwumumm

a
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INAINA 52 Scatter plot YBINI5HULINAULATINT A Function 1 1A 2 IIHUN
1 U Y o I U . 1 J <
a1nsautanguunians (u 6 ngu Tag Group centroids voauangnguuaaslmauluasg
$ . 1 1 Y o (] '
21 Tag Function 1 M130MUNNGNLNININTANTZEZNITZNLN 111 Immature stage NQN 1
tag 4 11 -4.108 1AL -4.574, Mature stage NQN 2 1A% 5 A1 1.250 g -0.803 1A Over
mature stage NQN 3 1A% 6 A1 2.525 1A 5.889 UHNIBAINIT A1 Log (R680/R550), AT a,
1 1 . [} v o 1 H
%recovery, A b, HAZA1 TSS/TA HINANWFUWUFAY Function 1 g9 a1 lua1sei 19
=2 d A 9 1 1 a a Yy Y
vilumnazouanuuanaesgranszezmsnsgaula lad @2 Function 2 811150
1 1 Y o v Y Y 1 o J v &l A
HLNNAUUANINTERNAINWUE 18 Taengu 1,2 tag3 Fuilunugilow e 2.758, 3.205 uay
1 1 . I @ &’ 1 o W
1.695 @2uUngu 4, 5 uay 6 Fuiluiugidonaa fian -3.296, -1.921 tag -1.928 AUEIAY A

~ (A - 2 o o du . 9 3 1 o o Y
A1919N 19 WUINA Sphericity FITUWUTNU Function 2 mmsaimﬂumiumsmuuﬂwuﬁhlﬂ

! . . H ! Y o 1
@1519% 21 Functions at Group Centroids UBINITUUINGULNIVINT 6 NQYU

MATURITY* Function
1 2 3 4 5
1 -4.108 2.758 1.829 -0.278 -0.117
2 1.250 3.205 -1.269 0.518 0.886
3 2.525 1.695 -1.667 -0.294 -0.544
4 -4.574 -3.296 -1.005 -0.556 0.154
5 -0.803 -1.921 0.341 2.026 -0.269
6 5.889 -1.928 1.400 -0.400 0.137
* Lﬂuizﬂxmiqﬂuﬁ 1,2,3 Immature, Mature, (la2 Overmature mamﬁ”’;ﬁmiﬁuﬁgﬁamn

< U v Y J
L‘]Juiz&lzﬂ"l’i@’ﬂuﬂ 4,5,6 Immature, Mature, Li81¥ Overmature mamﬁ"ammwuﬁmmmq

a
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Canonical discriminant function 1 (62.7%)

MWN 52 Scatter plot YBINIFLLINGUUAINTING AW Function 1 1Az 2

a

Y o o {
(1,2,3 PRGN EFTT Immature, Mature, Li01¥ Over mature UBDUNIUINTWU Hou

oo, oA

Y o o ¥
4,5,6 ‘ﬁmaﬁﬁzaz Immature, Mature, Li81¥ Over mature UBDUNIUINTWU Lﬁaum)

H [ 1 Y o I 1 ' ' ' . .
%1ﬂ@l131\1°ﬁ 22 WaNIILUNNQULINIUNNT nJu 6 YN WUINITLULNNQN Cross-validation
Y o o J dy I 1 1 1 =
VOIULNININTWUTIUOVUN L‘]Juﬂijn 1 (Immature) NQN 2 (Mature) ttazNQU 3 (Over mature) U
sl @ ' i 9 o Y ¥ 0 P v
Lﬂ@ilcﬁu@]ﬂWﬁllﬂﬁﬂQNQﬂﬁﬂﬂ LTJ‘Ll 95.0, 93.3 L1aE 86.0 MUV ﬁ')uﬂ’]illﬂﬁﬂqmﬂ]@ﬁlm')
A v o X < . y : ” /2 @
Wansviugionad 1 ungu 4 Immature) NQY 5 (Mature) 4tagNQN 6 (Over mature) Nio5iFuA

' ' < o w A A ' '
ﬂTiLL‘]NﬂQiJQﬂGQI}EN !,‘]J‘L! 100.0, 86.7 L1ae 98.0 GniJaW]UT@EliJﬂWmaEJ"UENﬂTiLL‘]NﬂQiJQﬂGQIj’EN

Y o @ -4 o ¥ 1w o w <3 1
Bumummmwumﬁmn’s Lgazwumﬁ@um IMNY 91.4 L1ag 94.9% AUaIAl uﬁmﬁlﬁ}mum

g v

1 1 Y o v J o o Y 9 [] o v J &I =\ 1 o
NITHINNQUUNINNTWUFTNN 2 Wuﬁm"lﬂﬂ@wummum IﬂﬂWH‘ELH@LLﬂQNﬂ’NNLLNHﬂT

a Q

11NN
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H ] 1 @ < U
M15199 22 Classification result ¥9aM3uianguudiansiu 6 nqu

Actual %Correct Predicted maturity group Total
maturity Classified 1 2 3 4 5 6
group
| 95.0 95 5 100
2 933 56 4 60
3 86.0 14 86 100
Total 91.4 260
4 100.0 100 100
5 86.7 2 4 52 2 60
6 98.0 2 98 100
Total 94.9 260

HansInzHa IaumsinnenNugnundafiina

<3 1 [ 1 Y o g’z v J 1 a3 1 g’/
U UM ILINguUUBIHALALINT T 2 WuFaMuANNgnuAiiv 6 Uiy Ao
9 a1 ¥ Aa x . = an @
Isnaianiian1ee) NINiu Destructive 1182 Non destructive 19WEIBINHIIT 1UNIIAAUATN
Y o o vaa . 9 o A g 4
YOIHALNINNT Taen13viuIenuauUaNu Destructive A28@11)5M11 1 Nondestructive
v & =2 a J 9 o 1 a Y ax . .
AUUIIAATITHATNANNITIUIGANUFIUNFIUITNIUAIEIT Partial least squares regression
9 ] Y o < 1 o 1 1 ] @ [ I
(PLSR) Tag lAutiaunniansiilu 2 nquludadau 3 e 1 vesnysiunasaenuiuily
o 1 o d a1 @
Calibration set ta% Validation set 91191 195 11ag 65 Ha Tuuaaz Wug laslaaauiianiae) a9

¥

A o o Y o o { ) @ o 4
159N GlumiN‘Vl 23 g 24 ﬁ’]ﬂiﬂllﬂjﬂ\?ﬂiwu‘ﬁlﬁ@uﬂﬂ @l’lﬁ’l\i‘ﬁ 25 19 26 ﬁ’l?ﬁﬂwuﬁlﬁﬂ

E]

4

v 9
V1 UaZAITNN 27 1Az 28 TINNT 2 WU

Q

o @ y o 1 [ g < o 1
AuauiAveL1iInIng 2 nugianuuanany lumsanyinsiidmualiian
I waa g o
TSS, TA, TSS/TA, Recovery, Fruit firmness 1ag Flesh firmness 1 ugaauiianilunisnsiaia
Y o o [} . g’/ o [ 9 A I @ - o @ [}
A99111818A79813 (Destructive) 3IWNITUNAIABNUIUAY 1HBINNT UM sNdAYAD
Y o [ A { U . .. 1 1

AUMNUBILANIINT dauguautiaimae laun Density, Sphericity, A1 L, a, b 1azAINS

9 ] Y] waa [ 19y o o [
AENDULLEIBIN 400-700 1!111!&1!&5]5 %ﬂlﬂu@}mﬁ'ﬂ\lﬂﬁﬂL‘]J“L!ﬂ?iﬁi?ﬁ]')ﬂlllm’f)\‘lVI”IaTEJG]’J@‘EJN



v H 9
(Non destructive) ¥4 1ungua0g19ifAnyilinm ey

M %CV Falanoud1auIneniu A1 Density 3A19N

M5190 23 gaauiaveduiang iy

s &

TIUBDLUAN LLEINATUNE

Q

U

)

Ny AIN1919N 23-28
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11 Calibration 141a% Validation sets

95

Aa v Y (% Y
VnJﬂ’JnJLWIﬂﬁ']\iﬂuu']ﬂﬂgﬁ\uﬂﬁvl@]QWﬂ

Properties Unit Calibration ( n=195) Validation (n=65)

Min Max Mean SD CV%  Min Max Mean SD CV%
Destructive
Date day 23.00 40.00 30.15 527 1749 23.00 40.00 30.15 530 17.58
TSS Brix 420 1848 12.79 427 3341 520 1848 13.07 439  33.58
TA % 0.10 1.23 040 029 71.64 0.11 1.17 043 030 69.05
TSS/TA Brix/% 7.42 185.16 57.40 5043 87.86 7.16 161.06 54.53 4898 89.81
Wt ratio % 27.73 85.12 5925 1793 3027 3247 8352 5999 17.02 2836
Fruit
firmness N/mm 213 1751 732 442 6031 298 16.16 7.06 4.02 56.89
Flesh
firmness N/mm  0.65 4.33 190 091 48.00 0.75 3.72 1.94 0.78  40.38
Nondestructive
Density g/ml 0.95 1.12 1.04  0.04 4.23 0.93 1.11 1.04  0.04 3.84
Sphericity % 67.66 9733 8249 643 779  67.01 9733 8254 6.22 7.54
L 21.61 41.02 3095 3.56 11.51 2337 41.02 3088 349 11.30
a =712 35.12 1237 15.66 126.53 -6.66 31.86 11.67 14.75 126.34
b 1.20 16.02 7.74 414 5349 186 1444 788 412 5229
logR680/550 -0.59  1.15 0.19 0.67 34520 -0.58 1.14 020 0.67 339.76
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Spectrum Calibration (n=195) Validation (n=65)
nm Min Max Mean SD CV% Min Max Mean SD CV%
400 1.07 12.03 531 261 49.16 093 11.59 542 280 51.56
410 1.60 1292 587 275 46.81 140 1232 599 296 4942
420 1.64 1298 6.00 2.78 4638 1.58 1249 6.10 2.97 48.58
430 1.71 13.69 6.11 282 46.14 1.62 1295 6.21 3.00 4841
440 1.71 1397 6.18 277 4485 1.64 1323 6.27 297 47.34
450 1.94 13.57 6.25 253 4052 1.79 13.18 6.34 2.77 43.73
460 207 1272 6.18 227 36.69 192 1285 627 2.55 40.63
470 209 11.68 6.03 2.03 33.68 194 1222 6.12 234 3825
480 207 11.01 571 175 30.65 196 11.15 579 2.05 3545
490 223 1048 559 150 2691 2.08 1023 566 1.77 31.36
500 269 1076 582 137 2358 245 971 586 1.57 26.80
510 3.65 1252 648 171 2633 322 10.61 648 1.67 2579
520 352 1621 748 2.68 3586 3.51 13.07 739 239 3232
530 336 19.59 828 3.62 4376 3.39 1580 8.12 3.18 39.18
540 347 2177 886 417 47.09 3.51 1745 8.68 3.67 42.28
550 351 2239 9.18 438 47.68 347 1822 9.00 3.89 43.19
560 3.85 21.89 931 411 4418 3.78 17.74 9.17 3.67 40.07
570 425 2020 932 350 3755 4.07 1632 925 323 34.89
580 501 20.75 945 2.87 3035 457 1737 944 291 30.86
590 5.09 2387 1049 279 2665 4.63 20.02 10.58 3.32 31.35
600 472 2719 1250 3.80 30.38 430 2599 12.73 4.76 37.38
610 443 3249 1534 6.18 4027 4.09 3375 1571 7.31 46.53
620 4.04 3888 18.63 9.79 52,55 3.79 42.10 19.07 10.81 56.72
630 4.07 48.76 2244 13.86 61.76 3.73 48.67 22.87 14.65 64.04
640 3.63 56.26 2535 17.66 69.67 3.37 56.71 25.77 1822 70.69
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Spectrum Calibration (n=195) Validation (n=65)
nm Min Max Mean SD CV% Min Max Mean SD CV%
650 3.06 62.05 2625 2049 78.07 291 62.69 26.58 20.76 78.11
660 2.69 6522 2592 21.76 8395 2.54 6492 26.01 21.68 83.35
670 248 66.28 2454 22.11 90.09 232 64.11 2433 21.65 88.99
680 222 66.67 2339 2230 9537 197 6324 2299 21.62 94.07
690 421 6934 29.51 2250 76.22 3.58 69.58 29.72 2246 75.55
700 7.56 71.19 36.10 21.40 59.30 6.68 73.55 36.72 2191 59.65

Y o @ o 1
ﬂ151\1ﬁ 25 ﬂmﬁuummuﬁammwumﬁmn HgNAINNQN Calibration 11 Validation sets

Y

E)
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Properties Unit Calibration (n=195) Validation (n=65)

Min Max Mean SD CV%  Min Max  Mean SD CV%
Destructive
Date day 23.00 40.00 30.15 527 1749 23.00 40.00 30.15 5.30 17.58
TSS Brix 6.65 18.70 14.80 3.11 21.01 728 1870 1483 3.16 21.30
TA % 0.13 2.33 0.74 0.62 84.00 0.17 2.03 0.72 0.59 81.43
TSS/TA Brix/% 4.11 135.16 41.03 31.08 7576 4.17 109.57 40.13 2885 71.87
Wt _ratio % 25.18 7831 5795 1629 28.12 28.11 7859 5736 16.68  29.08
Fruit
firmness N/mm 325 18.18 7.20 358 49.74 348 1643 723 3.77 52.16
Flesh
firmness N/mm  0.73 2.99 1.65 0.48  29.10 0.52 2.94 1.53 0.48 31.65
Nondestructive
Density g/ml 0.94 1.15 1.05 0.03 3.24 0.97 1.11 1.05 0.03 2.97
Sphericity % 5464 8512 65.60 529 8.06 5535 7792 6639 4.56 6.87
L 22.39 4024 3180 3.16 993 2553 4238 3190 3.11 9.74
a -7.63  27.67 11.53 11.61 100.68 -8.27 28.03 12.85 1225 9529
b 4.67 17.57 9.07 379 4178 491 1812 874 3.77 43.12
logR680/550 -0.65  0.833 0.13 047 35152 -0.63  0.68 0.11 0.48 43030
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Spectrum Calibration (n=195) Validation (n=65)

Min Max Mean SD CV% Min Max Mean SD CV%

400 128 720 391 130 3321 1.19 7.78 386 135 35.02
410 1.60 7.80 472 1.60 3388 1.63 820 4.67 159 33.96
420 1.84 879 522 185 3534 179 819 516 1.81 35.09
430 198 9.65 571 2.04 3574 192 9.02 565 200 3535
440 2.15 1017 6.09 2.16 3539 220 9.70 6.04 2.10 34.78
450 233 1077 6.44 216 3359 243 10.18 6.39 2.10 3291
460 2.60 1085 6.54 206 31.47 257 1016 6.50 1.99 30.64
470 273 1037 6.44 187 2896 264 968 643 181 28.13
480 284 957 6.3 161 2627 271 910 6.13 1.57 2554
490 3.04 898 6.01 137 2280 299 884 6.03 135 2232
500 363 956 627 121 1934 355 899 632 122 1931
510 373 1296 693 156 2246 390 1138 7.05 1.60 22.69
520 395 1798 7.89 2,69 3414 401 1599 8.09 273 3371
530 4.05 22.09 861 378 4388 420 19.74 888 3.79 42.67
540 4.14 2387 9.11 430 4725 436 21.57 941 430 45.73
550 429 24.66 946 447 4725 452 2244 979 449 4590
560 4.68 2410 9.74 415 4259 489 2191 10.05 419 41.74
570 5.04 2201 10.04 333 33.19 540 20.04 1030 343 33.30
580 563 1939 10.59 239 2252 629 17.76 10.76 253 2349
590 6.63 18.02 12.12 199 1646 792 17.89 12.19 2.07 17.00
600 7.86  20.60 14.62 3.02 20.67 7.45 2023 14.57 296 20.28
610 747 2733 17.70 527 29.77 695 2511 17.52 516 2945
620 6.77 34.88 20.57 797 38.75 6.18 31.69 2031 790 38.89
630 6.65 4222 2352 1039 44.18 6.06 3848 2321 1036 44.66
640 6.24 47.04 25.11 12.14 4835 571 43.51 24.75 12.15 49.09



M135197 26 (9D)

Spectrum Calibration (n=195) Validation (n=65)
nm Min Max Mean SD CV% Min Max Mean SD CV%
650 523 4731 2390 1272 5323 453 43.82 2351 12.71 54.05
660 457 4435 21.67 12.12 5591 4.09 41.77 21.35 12.11 56.69
670 3.61 39.69 18.15 10.60 58.42 321 36.69 1791 10.59 59.13
680 2.80 37.13 15.12 941 6226 261 3246 1494 935 62.58
690 6.24 49.22 2551 12.88 5048 5.62 4631 25.15 1293 5142
700 11.02 61.17 3586 14.51 4047 11.02 59.58 35.35 14.68 41.52
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MI19N 27 ﬂmﬁmummuﬁ}’smmswm 2 WUT 1InAIuNquU Calibration L1a¢ Validation sets

Properties Unit Calibration ( n=195) Validation (n=65)

Min Max Mean SD CV%  Min Max Mean SD CV%
Destructive
Date day 23.00 40.00 30.15 527 1747 23.00 4000 30.15 528 17.51
TSS Brix 420 18.70 13.79 386 28.02 520 1848 1395 391  28.02
TA % 0.10 2.33 0.57 051 90.08 0.11 2.03 0.58 049 84.36
TSS/TA Brix/% 4.11 185.16 49.21 42.63 86.63 4.17 161.06 4733 40.68 85.95
Wt _ratio % 25.18 85.12 58.60 17.12 2922 28.11 8352 58.69 16.84 28.69
Fruit
firmness N/mm  2.13 18.18 726 4.02 5531 298 1643 7.15 3.88 5433
Flesh
firmness N/mm  0.52 4.33 1.77 0.72 40.84 0.74 4.29 1.76 ~ 0.73  41.64
Nondestructive
Density g/ml 0.93 1.15 1.04  0.04 4.30 0.94 1.11 1.05  0.03 3.34
Sphericity % 5464 9733 74.04 1030 1391 5535 9733 7446 9.76 13.11
L 21.61 4238 3142 332 1057 2239 41.02 3122 358 1148
a -8.27 35.12 12.06 13.77 114.15 -7.63 31.86 1190 1346 113.09
b 1.20 18.12 841 4.03 4788 1.86 1721 827 391 4727
logR680/550 -0.41 1.10 034 052 15358 -0.39 1.08 033 053 160.28
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Spectrum Calibration (n=390) Validation (n=130)

Min Max Mean SD CV% Min Max Mean SD CV%
400 1.07 12.03 4.61 218 47.19 093 1159 464 232 50.08
410 1.60 1292 530 232 4377 140 1232 533 245 46.07
420 1.64 1298 561 239 4261 158 1249 563 249 4427
430 1.71  13.69 591 247 41.73 1.62 1295 593 256 43.12
440 1.71 1397 6.13 248 4042 1.64 1323 6.15 256 41.66
450 1.94 1357 634 235 37.10 1.79 13.18 636 245 38.51
460 207 1272 636 2.17 34.12 192 1285 639 228 3572
470 209 11.68 624 196 3141 194 1222 628 2.09 3330
480 207 1101 592 169 28.60 196 11.15 596 1.83 30.64
490 223 1048 580 145 2504 208 1023 584 158 27.03
500 269 1076 6.04 131 21.72 245 9.71 6.09 142 2331
510 3.65 1296 671 1.65 2455 322 1138 6.76 1.65 24.46
520 352 1798 7.68 269 3503 351 1599 7.74 2.58 33.30
530 336 22.09 845 370 43.82 339 1974 850 3.51 41.25
540 347 2387 898 423 47.14 351 21.57 9.04 4.00 44.23
550 351 2466 932 442 4743 347 2244 939 420 4474
560 385 2410 9.53 413 4337 378 2191 9.61 395 41.13
570 425 2201 9.68 343 3545 4.07 2004 977 336 3436
580 501 20.75 10.02 270 2690 4.57 17.76 10.10 2.80 27.69
590 509 2387 1130 256 2263 4.63 2002 1139 287 2522
600 472 27.19 1356 359 2646 430 2599 13.65 4.05 29.69
610 443 3249 16.52 585 3544 4.09 33.75 16.61 637 3832
620 4.04 3888 19.60 897 4575 3.79 42,10 19.69 9.45 48.01
630 4.07 4876 2298 1224 5328 3.73 48.67 23.04 12.64 54.86
640 3.63 5626 2523 15.14 5999 337 56.71 2526 1543 61.09
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M135190 28 (9D)

Spectrum Calibration (n=195) Validation (n=65)

nm Min Max Mean SD CV% Min Max Mean SD CV%

650 3.06 62.05 2507 17.07 68.10 291 62.69 2504 1722 68.74
660 2.69 6522 2380 17.72 7446 2.54 6492 23.68 17.64 74.51
670 248 6628 21.35 17.61 8250 232 64.11 21.12 17.28 81.82
680 222 66.67 1925 17.59 9136 197 63.24 1896 17.08 90.05
690 421 6934 2751 1841 6694 3.58 69.58 27.44 1840 67.05

700 7.56  71.19 3598 1826 50.76 6.68 73.55 36.04 1859 51.57

wad Y

kA
1 1 ] 3 a v A
A1 TSS, TA, TSS/TA tagmanuuiuile iugmautiandus Inaldlumsdaaduls
,i’ Y Y o Y a 1 9 Sld'd v =~
goua 11 Tagmwizun1ians us Inaaaulng desmswa liniiannumanuun uazll
) v & A o Y o A v vy
Pummnsatlos sy MIndunsoAanunInIeIRanniIns muiaaiaaesns laglide
o (% 1 I A o o a J s .
mawmamﬁuﬂummmg Janaanely msnszH PLSR (Partial Least Square Regression
. o Y waa . Y [ I o
Analysis) Tagmnua g auiiandlu Destructive azTurainaniy (DAFS) udauils Y
) 1 9
¥30 Predicted properties BIUAMANITADUN NNADIINNIAINT T NOUUAIFII 400-700 W1 T
< & " I o A . . g o
A3 B9 U Non destructive 11UAMI5 X W30 Predictor properties 3INNIKNA 36 AL1l5

4

|Rnams3insien samsadi 29, 30 uag 31 f?ﬁw‘i’uﬁszmm ev1aazs i 2 nug
1INMIUATIZH PLSR ﬁugzﬁ’aﬁ’qmﬁuﬁgﬁ@um lungu Calibration W21 PLSR model
fivnem DAFS T¥ramsiuneiia R’ 7999 7090301 uMIIeA %Recovery,
TSS/TA ratio, Fruit firmness, TSS, Flesh firmness wazAl TA Taglia1 RS 0y 0.88, 0.86,
0.85, 0.83.0.80, 0.69, 1A% 0.55 AEIP 11aZ1i91 Calibration model Tvinelunqu
Validation W11 wam3¥ueiien R anaq uaziion SEP iy uaziieimsing i
RPD (Ratio of standard error of prediction to standard deviation) Lﬁ’mﬁ 81 model ﬁaﬁq A Y
o1z U8q William and Sobering (1993) W31 PLSR model 711111871 DAFS i1 RPD
mﬂ"ﬁqﬂ 599090131 Recovery, TSS, TSS/TA, fruit firmness, flesh firmness 4ag TA Tagian

2.86,2.45,2.38,2.15,2.07, 1.50 1182 1.36 A1Ua191 A4915199 29
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M5190 29 udasAMNEDANNMIEIenuaNTRvewdRInsuUate Tagldgudania

= Y 1 o Y o v o &’
‘V]‘W]llﬂulllllllltﬂ1'@11811!“?731]\1?751/‘]“‘1@“@“@\1

Prediction Calibration (n=195) Validation (n=65) RPD
R’ SEC R’ SEP Bias
DAFS 0.88 1.83 0.88 1.85 -0.08 2.86
Recovery 0.86 6.76 0.83 6.96 -0.31 2.45
TSS/TA 0.85 19.38 0.78 22.77 0.99 2.15
Fruit firmness 0.83 1.82 0.76 1.94 0.27 2.07
TSS 0.80 1.91 0.82 1.84 -0.24 2.38
Flesh firmness 0.69 0.51 0.55 0.52 -0.05 1.50
TA 0.55 0.19 0.43 0.22 -0.02 1.36

#2um33iA5129 PLSR veudsiansiiuiifou1s wui Calibration model ¥04113
oA DAFS e R gegasesaauuilunisyiuen TA, %Recovery, TSS, TSS/TA ratio,
Fruit firmness 1182 Flesh firmness 1Ag%A1 R® 1111111 0.94, 0.93, 0.88, 0.85,0.83, 0.81, LA 0.22
MUAIRY uazilerinsBing1zsia RPD ileiden model iafiga Wu71 Model fivosm
DAFS 1fi RPD gafiga s09asuilu Model #1188 %Recovery, TA, TSS/TA ratio, TSS,

Fruit firmness (/8% Flesh firmness 1a83a1 4.02, 3.08, 3.01, 2.67, 2.44, 2.01, 18 1.16 MUa1AL

]
=

(M31991 30) 1AN15N William and Sobering (1993) 121131 model 7 1Fu8mNG AI3TM
[ o g’J Y o v J &I 9 wad g .

RPD ¥10071 3.00 Ad1Y Tunnnianswugiiev1d awiso lsgaauiianiiilu Nondestructive

@14A Density, Sphericity, A1 L, a, b azAMIazNnoULaI5I9 400-700 U1 T11AT u1ea

DAFS, %Recovery waza TA 1



104

M5190 30 udasAMEtANNMIEenuauiRvewdRiInsuuuate Taoldgudania

= Y 1 o Y o v o &’
V]W']llﬂulll]]lllﬂ1a181u&£ﬂ31]\1ﬂjwu‘];ilu@m']3

Prediction Calibration (n=195) Validation (n=65) RPD
R’ SEC R’ SEP Bias
DAFS 0.94 1.33 0.94 1.32 0.006 4.02
Recovery 0.88 5.75 0.89 541 1.04 3.08
TSS/TA 0.83 12.70 0.85 10.77 2.29 2.67
Fruit firmness 0.81 1.57 0.75 1.88 0.062 2.01
TSS 0.85 1.22 0.83 1.29 0.002 2.44
Flesh firmness 0.22 0.42 0.19 0.42 0.125 1.16
TA 0.93 0.16 0.88 0.20 0.014 3.01

iio3ins129f PLSR fumanfafansii 2 wuglungu Calibration W71 PLSR model fi
%1110 A1 Recovery 3A1 R gaga 599a93111u model %1181 DAFS, TSS/TA, Fruit
firmness, TSS, TA 8% Flesh firmness 1agiiA1 0.87, 0.86, 0.81, 0.80, 0.78, 0.76 1A 0.55
AR tazia1 SEC NN 6.20%, 1.98 14, 18.58°Brix/% , 1.78 N/mm, 1.81°Brix, 0.25%
a2 0.49 N/mm AR iaziiiorh PLSR models ﬁ"lﬁ'llﬂﬁmmf‘fumju Validation 1#wans
¥ueiia Taensviuea Recovery 11 R’ g489 3098901311 model %1081 DAFS,
TSS, TSS/TA, fruit firmness, TA a2 flesh firmness 1aalifi1 0.87, 0.84, 0.81, 0.78, 0.76, 0.66
Haz 0.55 MUAIAY taziia1 SEP (NN 6.01%, 2.09 14, 1.69°Brix, 18.74°Brix/%, 1.88 N/mm,

0.28% LA 0.46 N/mm MUa1a1 1azioininI1z1ia1 RPD (Ratio of standard error of

'
A 9

prediction to standard deviation) WOLABn model NAN g9 MUUBLIAULULUYDI William and
Sobering (1993) W31 PLSR model #1¥11116A1 Recovery 31 RPD 1nfiga s09asuuilu
DAFS, TSS, TSS/TA, fruit firmness, TA 118 flesh firmness 1agilian 2.80, 2.53, 2.31, 2.17, 2.06,

1.73 1ag 1.49 Mua1ay 939135199 31
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M5190 31 udasamuanannmsienuauiaveswdaiansuuuate Taeldguania

4

= Y 1 o o [ Y o ¥ @
1/]W”I]lﬂl!,ﬂUhliJV]"mTEJﬁWﬁTULLﬂ”JlNﬂiVN 2 WU

£l

Prediction Calibration (n=390) Validation (n=130) RPD
R’ SEC R’ SEP Bias
DAFS 0.86 1.98 0.84 2.09 0.04 2.53
Recovery 0.87 6.20 0.87 6.01 0.06 2.80
TSS/TA 0.81 18.58 0.78 18.74 2.32 2.17
Fruit firmness 0.80 1.78 0.76 1.88 0.04 2.06
TSS 0.78 1.81 0.81 1.69 -0.12 2.31
Flesh firmness 0.55 0.49 0.55 0.46 0.03 1.49
TA 0.76 0.25 0.66 0.28 -0.02 1.73

9 v
PLSR model 914 7 models 71 14%111418A1 DAFS, Recovery, TSS, TA, TSS/TA, Fruit
v U j‘ U j‘ ‘9111 Qv 1
firmness 18 Flesh firmness YR 5ansugiilonna iufilov1n uazsammna 2 wug i
9 Y
RPD #ANANAUIIN uARuauiaNng 6 M3Iuneiundinontu nadoquaimvownigang
J A A o LZN on R T Y v ~ Y
nna MsNazi@enyinnegaauiialagaanianiia litve liwalumsaaguniniigndes
¢ v & @ Y I @ [} a
awyysel aaiu Jemenewsaan)sna 7 iiudanls v Taels matinves Principal
o 3}./ o ' a 4
Component Analysis (PCA) andamilsna 7 @alveglugilves PC1 uaz PC2 11nmsinszy

9 Y
PCA WU PC1 e113993118a1a)5audnunaviue 1804 78%, 77% uag 75% Juun3ians

¥ 9
v v

uiiioua 1o Az SN2 Wng awd1au TaeliA1 X-Loading Y99 PC1 1z PC2 1o

@

. A 9 ' .. v L] ~ 0w Y o s
welght NIDN1TAIY A1 standard deviation LA LLﬁ’ﬂﬂﬁmuiu%ﬁNﬂ 32 mmmgmmmwuﬁ

4

P ' o ' v
oA M13197 33 dmFuuidansiugiiov1d uagans1eh 34 Susuudniansne 2 Wug

Q

¥

11AA15199 32 M1 PC1 voauRniansiufiionasaansofludumued Destructive
properties 118¢ DAFS #41199919i38n PC1 71 Multivariate Maturity Index (MMI_R) Tagfi
MMI_R=-0.406*DAFS-0.40*TSS+0.253*TA -0.378*TSS/TA - 0.415*Recovery +0.392 * Fruit

firmness +0.378 * Flesh firmness
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M3197 32 1AAIA1 X-Loading ¥4 PC1 1Az PC2 11011 PCA vosnaauiiauunyiiale

U QJ d U g
UagIu wmﬂaﬂummmuﬁ’ammwuﬁmaum

Q

Properties PCl1 PC2

DAFS -0.406 -0.081
TSS -0.400 0.278
TA 0.253 0.775
TSS/TA -0.378 -0.351
Recovery -0.415 0.032
Fruit firmness 0.392 -0.316
Flesh firmness 0.378 -0.301

{ ] I @ 4 c
1NMI1N 33 A1 PC1 135010 UAINUYDY Destructive properties Liag DAFS U84

o o &

Y o o & ' . . . {
uAINT UG A9UTI919580 PC1 11 Multivariate Maturity Index (MMI_W) Tagi

MMI W= 0.385*DAFS+0.400*TSS-0.407*TA +0.390*TSS/TA + 0.402*Recovery — 0.373 *

Fruit firmness -0.269 * Flesh firmness

M13199 33 11eA3A1 X-Loading Y03 PC1 1Az PC2 101 PCA vosnaiauiiatuuiale

@ @ @ o 4
L!a$'Juﬂaﬁﬂﬂﬂﬂ’]umﬂﬂllfa{ﬁﬂﬂﬂiwuﬁlﬁ@"U’l')

Properties PC1 PC2

DAFS 0.385 0.148
TSS 0.400 0.088
TA -0.407 -0.119
TSS/TA 0.390 0.087
Recovery 0.402 0.244
Fruit firmness -0.373 0.052

Flesh firmness -0.269 0.942
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v
IS 1

3 (J . .
NMNINN 34 A1 PC1 @Y UAINUVON Destructive properties Li6ig DAFS U84

9
[ Y

9 v
UAINTNI 2 WUE  Aa1UT9919i58A PC1 91 Multivariate Maturity Index (MMI_WR) Tagh

q

a

MMI WR= 0.403*DAFS+0.395*TSS-0.307*TA +0.378*TSS/TA + 0.418*Recovery — 0.394 *

Fruit firmness -0.337 * Flesh firmness

M19199 34 11EA3IA1 X-Loading Y09 PC1 az PC2 101 PCA vosnaiauiiatuuiale

4

9
uazauwamaﬂmummuﬁ’ammimm 2 UG

a

Properties PC1 PC2

DAFS 0.403 -0.147
TSS 0.395 0.318
TA -0.307 0.655
TSS/TA 0.378 -0.277
Recovery 0.418 -0.091
Fruit firmness -0.394 -0.229
Flesh firmness -0.337 -0.557

A A 1 ~Ay ¥ a 4 ] 1 ) @ Y o
ANNITNLIYNAT PC1 ‘V]IlﬂﬁnﬂﬂWi’Jmin/i PCA 1Ny MMI_R @MU IULUNINNNT

4
o o v W

A A o A ¥ v o o ' ¥
NWUTLUBLAUNDUIN PC score (PC1) ﬂulﬂu']ﬂ']ﬂ'ﬂuﬁuwu‘ﬁ VYIUNAIADNUIU W‘U'ﬂiuuﬂﬁ
s &

@ @ v o JIa v @ (%
WINTWUFH LAY UANUTUNUTIFIAY ﬁ’ﬁ) A1 MMI_R 3Zaaa83 @MU IUNAIADNUIU Taglu

q

529200U (Immature stage) A1 MMI_R v2lia11l5eanss 3 uazazlinanadisosnauiinuniny o
A Y o Y a a 3 A = [ g’z 1
WaHaUN 1 INTINGI oz Al TAANT (Mature stage) NA1E119 -1 HAIINUUAIIE

<3 ' v A Y o 1 d A o A Y I ]
a@auﬂu MmNy -3 LBINALNININTFNLUNAUN (Over mature stage) ANNINN 53 uﬁmﬁlwmu’n
]

Y I = o Y o v o A vy
ﬁ’]iﬂﬁﬂi%ﬂ’] MMI R lﬂuﬂ“ﬁuiuﬂ’]iﬂﬂﬂmﬂ’lwmﬂﬂWallﬂﬂﬂ\iﬂiwuﬁ!u@uﬂ\‘l A

E]
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MMI_R
o

Days after fruit set

Y

H v o J 1 1 @ @ @ @
mwﬁ 53 ANUAUNUTIEHINATMMI _R HASIUNAIADNUIU meauﬁ'ammwuﬁﬁeum

q

§ o 1 Y o v f o v Jd v o @
Ho1A1 MMI W 1uummﬂiwu‘q!ﬁ@mnmmmmﬁuwu‘ﬁ NUIUNNADNUIU
1 [ v Ia J A 2 @ (2 '
WTJ'J’Iﬁﬂ’J’IiJﬁiJWHﬁ!“If\TU'Jﬂ ﬁ@ 11 MMI %L‘wuiu ATUIUNNADNUIU Tﬂﬁlﬁlu‘izﬁlg’a@u
' a3 A A X2 A A A v
(Immature stage) i1 MMI W aziianduauuaz a2 ia LU WS 089 UNATLIN DRALN?
v 9 1 a a 3 A A o Y A 2 =
mmﬁngizﬁlz Lﬁ]ﬁﬂlulﬂﬂigllﬁﬂﬂ (Mature stage) 1Jﬂ1ﬂi$mm 1 UAaIINUUATIILNUNINVUDN
& Y o 1A o = Yy 1 Y1
3-4 LiJf]WﬁLlﬂjiJQﬂiijﬂL!ﬂlﬁiJVl (Over mature stage) ANNTINN 54 LLﬁﬂQiWLﬂu’J’]ﬁ’lN’liﬂiﬂfﬂ’]

I = [ F % v dy 9
MMI Lﬂuﬂ%uiuﬂ’liﬂ@ﬂmﬂ’lW"U’ENWallﬂjﬂﬁﬂiwuﬁluﬂﬂnﬁq@
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25 27 29 31 33 35 37 39 41

MMI_W
S h A O N ER O R N ® A
w

Days after fruit set

Y

Y o o o o o Y o o @
ﬂTWﬁ 54 ANUAUNUTIEHINAT MMI W LagIuraiaenuIu ﬁumummmwumﬁamn
8§ o 1 Y o g o v o Jd v o @
e MMI _WR U9UNININTIN 2 WUFUVIANVTUNUD NUIUNIADNUIU
] o v I a J A 2 @ @ o Y
W'iJ'J'Iﬁﬂ'J'I?JﬁiJWHﬁL“IN‘U'Jﬂ ﬁ@ﬂ1 MMI WR %leliu ATNUIUNANADNUIU mﬁauﬂum 2
o ¢ ' ' o ar A X A A
Wug lagluszezeol (Immature stage) A1 MMI WR 92 uauuazaz A unuy LG 089 31Ul
A Y o Y 1 a a 3 A A @ g’u J
UIN !NﬂNﬁLLﬂ'ﬂN\?ﬂi!"lﬂﬁji$ﬂ$ !%iﬂg!@]ﬂiﬁmuﬂ (Mature Stage) Nﬂ1ﬂ53N1m 1 TN UUAN
2 2 = A Y o g A o = v g
ZLWHNINVUDN 3-4 DWALNININTFNUNANN (Over mature stage) ANNINN 55 Llﬁﬂﬂiﬁlﬁu

1 Y I v A [ Y o gz v Y
31ﬁ1ﬂ15ﬂ1%ﬂ1 MMI WR L‘]Juﬂ“lfu(luﬂ"lﬁﬂﬂﬂﬂ‘lﬂ'lwsllﬂﬂNallﬂﬁmﬁﬂﬁﬁjmﬂﬂ 2 Wuﬂﬂ
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MMI_WR

Days after fruit set

—e— Hylocereus undatus —=— Hylocereus polurhizus

J

H [ v J 1 v Y] (% Y o {’,‘, 9
MNA 55 ANUAURUTTZHI9AT MMI 102 IURAIA0N DI ¥0LA0INTNG 2 WUF
Y A o v Y o A g wa
M35 19AUNT PLSR model tWoviuent MMI Tagns lgaauilsiiluauaniiavosna
v H Y
utansnansam Iduun luiaiedo619 (a15199 35) MNINAARININLA 8 Models
Tasnneeuaaaindsnldlumssiueas ey 1 Model anusudourissauraung i
o ) d A ax ] Y o " o % %
mai hlwannginsaiviedtmiasiviagunmasauninsuyuy luiatesn msaadumls

[ a a 4 AaaA Y o J Y dy a3
aﬂmmaz model Wi]1‘5m1%1ﬂN’ﬁﬂﬁ’Jlﬂﬂm’ﬁm\iﬁi‘lﬁﬂllﬂ TUINDUNHIU uazmmmu”lﬁ'alu

Y
% U

msih lsianaesenne'll Ao 1u Model 1 ialddnals Wa 36 dauals 14un a1 Density, i
Sphericity, A1d L, a, b 11a2A1 Visible spectrum B39 400-700 U1 111As Model 2 Fausi
dlunaauiianienienin 14un Density t1ag Sphericity oanvandandiiio 34 @13 Model
3 dadulsiisuaa Lab sonmasiiieenn Light reflectance fiislu Visible spectrum34 400-
700 11 TUIMAT Waoied 31 @3 Model 4 1@ similouny Model 1 s l4a1 Log
(R680/R550) LNUAN Visible spectrum %34 400-700 W1 TUAs tMaoau1l51ieq 6 §3 Model 5
annutlsaednlaedan Log (R680/R550) Wideaatls 5 @1 Model 6 andautlsasdnlaegnis
@AA1 Density 1182 Sphericity tHaBLNE9AE L, a, b Model 7 11A1 Log (R680/R550) INUAE L

Y o = v A A ' .
1ag Model 8 GlGlfﬂ’JLLTJiLWEN@nLﬂEJ’J fAIDA1 Density
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M1351990 35 tananuals (Predictors) 14 PLSR model @115 1U111801 MMI

Model Predictors

Modell Density, sphericity, L, a, b, spectrum 400-700 nm
Model 2 L,a,b, spectrum 400-700 nm

Model 3 spectrum 400-700 nm

Model 4 Density, sphericity, L, a, b, log (R680/R550)
Model 5 Density, sphericity, L, a, b,

Model 6 L,a,b

Model 7 a, b, log (R680/R550)

Model 8 Density

MIAF9AUMNT PLSR model tiioyiunea1 MMI R dvsuuniiansiusiiiouns Tag
Y v A g o Y o ~ 9 [ o 1 °
ms aulsiiuaamnidveswaud nisnsnannsom lduuy hivhaiedaedis vnis
NAABININUA 8 models (15199 35) WU WaMFUIeA1 MMI_RIungu Validation set
Y12 A o q Yt 1 A X g &
Y94 Model 2 1%A1 R* gaga = 0.92 uazlin1 SEP=0.65 ¥11A1 RPD inauilu 3.50 &9
11NN Meuenaauiavewn1iIns lunauidesiatededis 1 ldueninouudn
se9a9u LU Model 4, 7,1, 5, 6, 3 uaz 8 Taslia1 R® 1D 0.92, 0.89, 0.89, 0.89, 0.88, 0.81
az 0.58 MudIA taziia1 SEP=0.67, 0.74, 0.75, 0.77, 0.77, 1.00 uag 1.48 auaiau i1
A1 RPD 13111 3.39, 3.08, 3.04, 2.99, 2.96, 2.29 Az 1.54 MUAIAY (AN3199 36) AN William
and Sobering (1993) MU PLSR model nlFineang Al Ratio of standard
Y
error of prediction to standard deviation (RPD) 110121 3.00 A4HYU A1331UI8AT MMI_R UDIHA
v v &l = U =1
ufnfansusiitonas ansaly Model 2, 4, 7 uaz 118 Tag Model 7 1ims 19@auls 1iieos 3

AUN1TY Ao A a, b, 1AL log (R68O/R550) @31 Model Mtvan laianuisalyla
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H 1 an o 1 b4 U g
3197 36 LAAIMNNADAINNITIUIGA MMI R %ﬂﬂWﬂLLﬁ?NQﬂSWUﬁLH@LLﬂQ Iﬂfﬂ%j

Q

wa A 4 1 o
auantan lauuy hivhae

Model**  No. of Factors Calibration (n=390) Validation (n=130) RPD*
predictors R’ SEC R’ SEP Bias

1 36 3 0.92 0.65 0.89 0.75  -0.011 3.04
2 34 4 0.91 0.71 0.92 0.65 0.032 3.50
3 31 1 0.86 0.88 0.81 1.00 -0.070 2.29
4 6 1 0.92 0.68 0.91 0.67 0.064 3.39
5 5 1 0.90 0.74 0.89 0.76 0.086 2.99
6 3 1 0.88 0.81 0.88 0.77 0.087 2.96
7 3 1 0.89 0.79 0.89 0.74 0.053 3.08
8 1 1 0.51 1.66 0.58 1.48 0.104 1.54

*01 Standard deviation of MMI=2.2844

#% ¢ua)51u PLSR model 1aun

Modell Density, sphericity, L, a, b, spectrum 400-700 nm
Model 2 L,a,b, spectrum 400-700 nm

Model 3 spectrum 400-700 nm

Model 4  Density, sphericity, L, a, b, log (R680/R550)
Model 5 Density, sphericity, L, a, b,

Model 6 L,a,b

Model 7 a, b, log (R680/R550)

Model 8  Density
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M3a$19aun13 PLSR model [f{o111118A1 MMI_W ﬁm'i"uuﬁ'aﬂmiﬁuﬁ:ﬁ:@mn JEY
FINSNARBINANLA 8 Models 5RO N1 Han1siuem MMI_W lungu Validation
set Y84 Model 2 1941 R gaqm = 0.92 uazfish SEP=0.67 ¥ i1 RPD tinduiilu 3.46 34
fianfosndn maviueTundanentud Idineuseunda sesaunilu Model 1, 3, 6, 7, 4,
5 uaz 8 Taglia R* 101 0.91, 0.91, 0.86, 0.86, 0.85, 0.81 taz 0.41 MUEIAL LAzl
SEP=0.68, 0.70, 0.84, 0.86, 0.90, 1.00 ttaz 1.77 muasy v 1vian RPD 15y 3.40, 3.33, 2.75,
2.69,2.58,2.33 uaz 1.31 MUAIAD (131971 37) 926U Model fignnsaldinnenauam
mmwauﬁ'aﬁqmﬁ’uﬁ;ﬁmn A0 Model 2, 1 1182 3 AN 3 model doaldnalsann 84 31 ¢

o Y o ~ [N g
widsmlimsasiviauaznsdszaianalinNuaauFuseuuINUY
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H 1 an o 1 b4 U g
M3197 37 LEAIMNNADAINNITINUIEA MMI W maqwauﬁ'nNﬂswuﬁmama Tﬂfﬂ%j

Q

waa Y 1 o
auantan lauuy hivhae

Model**  No. of Factors Calibration (n=390) Validation (n=130) RPD*
predictors R’ SEC R’ SEP Bias

1 36 3 0.91 0.72 0.91 0.68 0.013 3.40
2 34 3 0.90 0.74 0.92 0.67 -0.044 3.46
3 31 4 0.89 0.77 0.91 0.70 -0.161 333
4 6 2 0.87 0.84 0.85 0.90 0.135 2.58
5 5 2 0.85 0.90 0.81 1.00 0.231 2.33
6 3 2 0.81 1.00 0.86 0.84 0.142 2.75
7 3 1 0.84 0.95 0.86 0.86  0.055 2.69
8 1 1 0.43 1.77 0.41 1.77 0.082 1.31

*f11 Standard deviation of MMI W=2.3171

#% ¢ua)51u PLSR model 1aun

Modell Density, sphericity, L, a, b, spectrum 400-700 nm
Model 2 L,a,b, spectrum 400-700 nm

Model 3 spectrum 400-700 nm

Model 4  Density, sphericity, L, a, b, log (R680/R550)
Model 5 Density, sphericity, L, a, b,

Model 6 L,a,b

Model 7 a, b, log (R680/R550)

Model 8  Density
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9 o 1 Y o g’/ v o Y v A g
MIE3NAUMINUIBAT MMI WR U93n509n513 2 wugii Iaens 1daaumlsmilu
wa Y o { 1 o % v { o
audautaveswautisnshansom Iduuy livhatedaedis (15199 35) Hinsnaaes
y % y 1] 1 1
NAMUA 8 Models I¥UIRLINY WU Model 1 4 19@u1s 14 36 duds 1@un A1 Density, A
Sphericity, A1 L, a, b 1iagA1 Visible spectrum %34 400-700 11 lwmas mssunelva R® =
a0 o YA A di’ I J o o Y
0.89 uaziin1 SEP=0.74 v 1%liA1 RPD tindiwdlu 3.03 11nn1 msviiuenaauliaveia

o 1 4'9) [ ( 1 A Y o J Y
umﬂunqummmmamamq mllﬂmmﬂmﬂauum

@94 Model 2 tiipandulsaurae 34 s lasdan1 Density, Liag A1 Sphericity 98N
' ° 91 a 91 A X I ' o
wuNMsmuelia SEP anas dnalvia1 RPD iu¥u (Iu 3.12 99U Model 3 anaausas
Y
IMABIANIZAN Visible spectrum 334 400-700 11 THma M1 wu msviuie 1va R
A 3 1 [ A 2 I 1 o 1
(WA A1 SEP anad laa RPD in@wily 3.18 1anainmsyiiuiea MMI WR ¥ednain?

ansenunsaldan Visible spectrum 334 400-700 11 Tuas lauatimdudlsildae 31 dauals

3972991171 Log (R680/R550) LNUAT Visible spectrum 1 1¥duilsanas wide 6 A2
115 T Model 4 wu1 msvinelial RPD aaaamiae 2.92 Yosni1 maiine Tagldaauls
F) '
36 @115 11 Model 1 wonaniuda ldnaassaadisnldlumsiinneasdn Tae Model 5
% 1 I A [ ] [ 1 1
I¥dunlsniluaaainianianonin 1dun A1 Density, A1 sphericity, Ad L, a, tag b wua1 A
A A o A A A ° =
RPD anaaiae 2.70 uaziiloansuilsauraodiesnd L, a uaz b 11 Model 6 mM5yiuieiing
] A 2 I~ <3 o @
11 RPD tinvwanitos 11 2.80 uazgaiielu Model 7 naaoaldauilsiiios 3 dauls Ao
= ] o ] A 3 I~ dy
A a, b 11ag log (R68O/R550) WU M3¥uie a1 RPD inuuid)u 2.84 wenaniilu
R A o ~ v A A 1 . J o = Y
Model 8 F4Tifa11)51#89821A87 AD A1 Density WU wan 39118 14d 1A RPD=1.40
Y v ]
MU @910 William and Sobering (1993) M3LUL11I1 model A l4uea1NA A5l
Y Y
U YY) o 1 @ 9 v J [
RPD 110171 3.00 A31U n15¥IU10A1 MMI ¥09MaLd17anTna 2 Wug a5 ldan Visible
spectrum %349 400-700 W1 11wn5 11 Model 3 uaitioanindoaldmuls 89 31 dauls
[ = [ o 1 Y o o J dy d' 9 Y o = U
FUASINY NMITINEA MMIL W Tuudianswugiiond msndealadnlsda 31 s

o 4 [ = v o Y ds!
mlamsasivdianazmsdseuianalinnudaususounInIy
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H 1 aa o J @ Y v o
MI19N 38 UFAANMNWADAIINNITNIUIYAT MMI GIJ@\‘IWE]LLT%I’JNQﬂﬁTN 2 NUF Tﬂﬂi%ﬂmﬁil‘]_l@]

~ k) ' o
am Iduuu luvihane

Model**  No. of Factors Calibration (n=390) Validation (n=130) RPD*
predictors R’ SEC R’ SEP Bias

1 36 4 0.90 0.73 0.89 0.74 0.008 3.03
2 34 4 0.89 0.77 0.90 0.72 0.004 3.12
3 31 6 0.88 0.79 0.90 0.70 -0.026 3.18
4 6 2 0.88 0.80 0.88 0.77 -0.001 2.92
5 5 2 0.86 0.85 0.86 0.83 0.024 2.70
6 3 2 0.85 0.90 0.87 0.80 0.025 2.80
7 3 1 0.86 0.87 0.88 0.79 -0.006 2.84
8 1 1 0.47 1.68 0.49 1.60 -0.017 1.40

*f11 Standard deviation of MMI WR=2.24

#% gua)51u PLSR model 1aun

Modell

Model 2
Model 3
Model 4
Model 5
Model 6
Model 7

Model 8

Density, sphericity, L, a, b, spectrum 400-700 nm

L,a,b, spectrum 400-700 nm

spectrum 400-700 nm

Density, sphericity, L, a, b, log (R680/R550)

Density, sphericity, L, a, b,

L,a,b

a, b, log (R680/R550)

Density
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2MNMINATIEH 1WiouMeual SEP 44 Prediction model 2 model 914351304
Snedecor and Cochran (1989) Tasmsif3eueunaiiosndn SEP1/(SEP2*L) azu1nni

(SEP1*L)/SEP2 ¥94A1 model 114 2 Iagnsmuiaal L uazalk 910

L:1/|k+w/(k2—1)|

2(1- rz)t(Zprz),o.ozs
N -2

p

uae

k=1+

Tagn A’ ﬁ’ﬂ f Correlation coefficient Y94 Prediction error 52314 2 Model @71
Np f1® Prediction sample @71 tnp2.0.025 Av @IUNUINNI 2.5% percentile Y891 t N1 Np -2
Y A U

v Y Y ]
degree of freedom ATeuReun Ut S1UAWINAIN 1 1aAII1 model 14 2 THAIMTIIUIEN

lsiuanananu (NS sig)

o ' @ v 4 1 {
MIHIUIE A1 MMI_R voaudniansiusiitouaslagld PLSR model Wua1 Model #
amnsniuela wazlva1 RPD uniiga Av Model 2 5998911 Aim Model 4, 7, 1, 5, 6, 3, uag

8 A1 RPD 191101 3.50, 3.39, 3.08, 3.04, 2.99, 2.96, 2.29 az1.54 Mud1a1 99911013

] v ]
A A v =)

1 . (] [
n3euiiieun SEP 499 Model 2 #309313u Model AATIgA 11U Model 91 W11 Model 1, 4,
5, uaz 71Hanshiuten luinana19ny Model 2 (15197 39) LAAIIINITAAABNINUDIND

Y o v o & 8 1 o Y ¥ Yo = R
udiansiugitiounas Tnen1sihunea MMI R v 18 laglgaauls Aawnsoasavialduuy

() [ @ [} = o A = = 1 o Y o
lidearhanediednd iies 3 @3 Ao AF a, A b iazA log (R68O/R550) ¥ lHMTWAL

[

L4 Y o o Y
Qﬂﬂim ﬂﬂmmwmmNaummmmmmm%



118

M15191 39 M3sufSeuiiioy SEP 409 PLSR model prediction d115undnianswugua

Model RPD SEP  SEPI/SEP2 SEP1/(SEP2*L) (SEP1*L)/SEP2 Result

2 3.5 0.65

1 3.04 0.75 0.868 0.751 1.005 NS Diff.*
3 2.29 1.00 0.653 0.554 0.770 SIG Diff
4 3.39 0.67 0.968 0.821 1.141 NS Diff.
5 2.99 0.77 0.852 0.705 1.030 NS Diff.
6 2.96 0.77 0.844 0.733 0.973 SIG Diff
7 3.08 0.74 0.879 0.763 1.013 NS Diff.
8 1.54 1.48 0.440 0.347 0.558 SIG Diff

*N$S Diff #3199 M3f3euieua SEP 489 Model 2 71 Model 819 1¥inanisyiune 1y
1 o o 1 1 < { {
UANAAY (HAMTTUIAIYBIAAT Model taaalrimiuluasamuIni 3 uazmsranulni

6-12)

[ ' Y o v ¥ 1 H
M58 A1 MMI vaauniansHugiiev1 Taels PLSR model W21 Model 9
o v Y A A A
aunsniuela uazlda1 RPD uniiga Av Model 2 5898911 7D Model 1, 3, 6,7, 4, 5, uag
8 1iA1 RPD (NN 3.46, 3.40, 3.33, 2.75, 2.69, 2.58, 2.33 1az1.31 ANa 19U 1¥m3
1 X ] i~ A @ 4 v
nfieufieunt SEP 409 Model 2 3409213lu Model NANgA 11U Model 914 WU Model 1,
o d' [ 1 [ H 1 [ Y
ez 3 Timamsiiueh liuana19any Model 2 (913199 40) LEAIININMIAANBNINVDINALAD
o v d ¥ o 1 o @ A g 1
Wans Wuiieyn Tasmsvinnea MML W v 1@ Tagldaulsiitlummsaziounas
Visible spectrum %39 400-700 ¥1 TUIMA5 3991873115 1% PLSR model 111881 DAFS Lay
1 = 9 9 . = % ~ o 9y [ EY
f1 Recovery 479419 Predictors 84 36 a111l3 (115199 30) i lvimssiannginsaiaagunin

ﬂJﬂQWﬁLLf%iT\?ﬂSﬁ”I%J”ISﬂVTT]lﬁ}
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Model RPD SEP  SEPI/SEP2 SEP1/(SEP2*L) (SEP1*L)/SEP2 Result

2 3.46 0.67

1 3.40 0.68 0.984 0.837 1.156 NS Diff.*
3 3.33 0.70 0.963 0.816 1.137 NS Diff.
4 2.58 0.90 0.746 0.607 0.919 SIG Diff
5 2.33 1.00 0.672 0.540 0.836 SIG Diff
6 2.75 0.84 0.796 0.658 0.962 SIG Diff
7 2.69 0.86 0.778 0.655 0.925 SIG Diff
8 1.31 1.77 0.378 0.295 0.483 SIG Diff

*NS Diff #11894 M3fSeuiisual SEP vo4 Model 3 71 Model 819 Twamsvinue 1

1 ) o [ 1 < { 1
UANAWNNU (WANITNIUIYAIUDIUNAS Model Lmﬂﬂﬁ'muiumsnwuaﬂﬁ 4 Lla$ﬁ151\1WH3ﬂﬁ

13-19)

9 [
MU A MMI WR 990823790599 2 iug Taels PLSR model Wi Model i

awnsoringla uazliar RPD 1niiga Aiv Model 3 5098911 Aiv Model 2, 1,4, 7, 6, 5 1az8

1A RPD (M0 3.18, 3.12, 3.03, 2.92, 2.84, 2.80, 2.74, 11ag 1.40 A1Na1

Al

=2 o
WNINIT

nSeuiionn SEP 499 Model 3 #3009 3uTlu Model HATgARL Model 919 WU 1A Model

Ifwamsvhueh Linana 1970 Model 3 813U Model 8 (15197 41) 1A MIAARUATN

Y o g o o ! o Y Y o A
VDINALNININTTINNN 2 UG Iﬂﬂﬂ?ﬁﬂ']UWEJﬂ”l MMI WR VHUl,ﬂIﬂEJGlGD'WJLLﬂi NHIWITD

[ Y 19y o o 1 = o A A 1A A 1A 1A
mamﬂ”lmmu"lmammwmaem Wed 3 als Ae Aemd Lallagbviso g a, Ad b

1azA Log (R680/R550) vhlvmswannginsainananimvesnaudinisnsansnm’ld
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4

Q

Model RPD SEP  SEP1/SEP2 SEP1/(SEP2*L) (SEP1*L)/SEP2 Result

3 3.12 0.704

1 3.03 0.740 0.952 0.839 1.080 NS Diff.
2 3.12 0.718 0.980 0.874 1.099 NS Diff.
4 2.92 0.767 0.917 0.787 1.069 NS Diff.
5 2.70 0.830 0.849 0.720 1.000 NS Diff.
6 2.80 0.805 0.875 0.748 1.024 NS Diff.
7 2.84 0.790 0.891 0.770 1.032 NS Diff.
8 1.40 1.600 0.440 0.371 0.522 SIG Diff

*N$S Diff #3199 M3f3euieua1 SEP 489 Model 3 11 Model 919 T¥inanisyiune 1y

1 o o 1 1 < { {
HANAWNNU (WANITNIUIYAIUDILANAS Model meﬁlﬁ’muiumﬁnwmﬂﬁ 5 LLﬁ%GﬂiNNu’Jﬂﬁ

20-26)
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No TSS (°Brix) NaOH (ml) %TA
1 2 3 4 Ave 1 2 3 Av

Dw23 7.8 7.9 8.1 7.7 7.88 17.6 17.3 17.7 17.53 1.87
DWw23 7.6 7.6 7.7 7.7 7.65 16.5 16.6 16.7 16.60 1.77
DW23 7.6 9.1 9.1 8.8 8.65 16.6 16.0 16.9 16.50 1.76
Dw23 7.9 8.0 7.8 8.3 8.00 16.0 16.3 16.3 16.20 1.73
Dw23 8.4 9.0 9.1 9.6 9.03 17.8 17.9 17.8 17.83 1.90
DWw23 8.1 8.8 8.8 8.5 8.55 17.7 17.6 17.7 17.67 1.88
DWw23 7.0 7.2 7.4 7.6 7.30 13.9 13.6 13.7 13.73 1.46
DWw23 8.5 9.1 8.6 8.4 8.65 18.0 18.2 18.1 18.10 1.93
DW23 7.6 7.3 7.1 7.1 7.28 12.6 12.8 12.5 12.63 1.35
Dw23 7.4 8.4 8.3 7.9 8.00 16.9 16.7 16.6 16.73 1.78
DWw23 6.3 6.7 6.6 7.0 6.65 13.5 13.2 13.5 13.40 1.43
DWw23 6.7 7.2 7.1 7.4 7.10 11.9 16.5 12.1 13.50 1.44
DW23 7.4 7.5 7.8 8.2 7.73 15.5 15.6 15.8 15.63 1.67
Dw23 8.3 8.4 8.4 8.1 8.30 18.6 18.7 18.7 18.67 1.99
Dw23 7.1 7.4 7.3 6.7 7.13 16.2 16.3 16.3 16.27 1.74
Dw23 6.7 7.1 7.4 7.0 7.05 14.6 14.8 14.5 14.63 1.56
DWw23 6.8 6.8 6.8 6.5 6.73 13.0 12.8 12.6 12.80 1.37
DWw23 7.9 7.7 7.8 7.3 7.68 15.5 15.6 15.6 15.57 1.66
DW23 8.6 9.2 9.4 9.0 9.05 18.3 17.7 17.4 17.80 1.90
Dw23 8.0 8.7 8.6 8.8 8.53 17.3 17.3 17.2 17.27 1.84
Dw24  11.0 10.6 10.1 10.1 10.45 21.8 19.1 24.6 21.83 233
DwW24 104 10.3 10.6 9.2 10.13 18.2 18.4 18.4 18.33 1.96
Dw24  10.7 11.1 11.0 10.5 10.83 18.1 19.2 17.6 18.30 1.95
DW24 8.0 8.1 8.2 8.2 8.13 12.8 12.8 12.7 12.77 1.36
DW24 11.6 11.6 11.2 10.6  11.25 18.9 18.9 253 21.03 2.24
DW24 8.3 8.4 8.3 7.1 8.03 13.5 13.5 13.5 13.50 1.44
DWw24 8.9 9.1 9.5 10.1 9.40 17.4 17.3 17.6 17.43 1.86
Dw24 8.7 9.0 9.4 9.2 9.08 14.8 17.7 16.8 16.43 1.75
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MINUINN 1 (919)

No. TSS (°Brix) NaOH (ml) %TA
1 2 3 4 Av 1 2 3 Av

DWw24 11.0 10.1 10.4 9.5 10.25 16.8 16.9 17.0 16.90 1.80
DW24 9.1 10.3 10.0 10.6  10.00 16.1 16.4 16.1 16.20 1.73
DW24 9.2 8.9 9.5 9.6 9.30 16.5 16.6 16.3 16.47 1.76
Dw24 103 10.7 11.4 114 1095 16.0 16.0 15.9 15.97 1.70
Dw24  10.7 11.1 11.0 9.8 10.65 15.7 15.6 15.8 15.70 1.67
DwW24  10.1 10.8 11.5 11.0  10.85 18.9 19.1 19.0 19.00 2.03
DwW24  12.0 12.6 12.7 10.6  11.98 16.8 16.4 16.8 16.67 1.78
DW24 9.6 10.2 10.4 10.2  10.10 16.2 16.3 16.2 16.23 1.73

Dw24 8.5 8.1 8.8 8.6 8.50 15.2 15.3 153 15.27 1.63
DWwW24 8.8 9.7 9.5 9.1 9.28 16.0 16.1 16.0 16.03 1.71
DWw24 8.0 8.2 8.9 8.7 8.45 13.4 12.9 13.0 13.10 1.40
DW24 7.7 7.5 7.4 9.0 7.90 9.8 10.0 10.0 9.93 1.06
DW25 11.1 12.5 13.1 13.0 1243 18.0 17.9 18.0 17.97 1.92

DW25 11.6 12.9 12.8 10.8  12.03 17.6 17.6 17.5 17.57 1.87
DW25 11.6 13.2 133 12.0 1253 16.6 16.5 16.6 16.57 1.77
DW25 12.5 14.3 13.9 122 1323 16.5 16.6 16.6 16.57 1.77
DW25 11.8 11.4 11.0 103 11.13 18.8 18.7 18.2 18.57 1.98
DW25 12.2 14.4 14.3 12.7  13.40 14.4 14.5 14.5 14.47 1.54
DW25 10.2 11.2 11.8 10.1 10.83 19.0 19.0 18.9 18.97 2.02
DW25 11.6 12.6 12.9 11.0  12.03 19.9 19.9 19.9 19.90 2.12
DW25 13.1 15.8 14.5 134 14.20 14.5 14.9 14.6 14.67 1.56
DW25 12.1 13.7 14.3 114  12.88 14.5 14.5 14.5 14.50 1.55
DW25 13.0 14.8 14.4 123 13.63 16.7 16.5 16.8 16.67 1.78
DW25 8.4 8.9 9.0 8.3 8.65 16.6 16.2 16.9 16.57 1.77
DW25 12.5 14.3 14.1 13.0 13.48 16.4 16.5 16.5 16.47 1.76
DW25 9.4 10.6 10.7 102 10.23 17.6 17.6 17.8 17.67 1.88
DW25 9.7 11.5 12.9 11.3  11.35 19.4 19.2 19.2 19.27 2.06
DW25 11.1 11.6 11.9 11,5 11.53 18.3 18.3 18.1 18.23 1.94
DW25 12.1 11.4 10.6 10.0  11.03 17.5 17.0 17.0 17.17 1.83
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MINUINN 1 (919)

No. TSS (°Brix) NaOH (ml) %TA
1 2 3 4 Av 1 2 3 Av

DW25 11.0 11.7 12.6 11.8  11.78 19.9 20.0 19.9 19.93 2.13
DW25 12.7 14.0 13.2 132 13.28 16.4 16.4 16.4 16.40 1.75

DW25 8.9 9.8 10.1 9.7 9.63 15.1 15.7 15.2 15.33 1.64
DW26 10.7 13.8 13.5 11.8  12.45 8.7 8.5 8.8 8.67 0.92
DW26 10.2 15.0 15.2 12.0  13.10 7.2 7.0 7.2 7.13 0.76
DW26 134 16.1 15.9 11.8  14.30 8.7 8.7 8.8 8.73 0.93
DW26  14.1 15.2 17.6 143  15.30 8.3 8.0 8.3 8.20 0.87
DW26 13.9 16.3 18.3 13.6 1553 59 6.0 6.1 6.00 0.64
DW26 10.6 13.3 13.6 12.7  12.56 9.0 8.9 8.8 8.90 0.95
DW26 10.3 13.9 13.7 12.0 12.48 9.3 9.5 9.4 9.40 1.00

DW26  11.7 16.6 16.4 146  14.83 10.6 10.5 10.6 10.57 1.13

DW26  13.6 16.1 15.8 13.0 14.63 9.2 9.3 9.3 9.27 0.99
DW26  10.6 14.8 15.1 147  13.80 9.2 9.3 9.2 9.23 0.98
DW26 13.7 15.1 16.2 133 14.58 8.4 8.5 8.4 8.43 0.90
DW26 11.5 15.3 15.1 182 15.03 9.5 9.7 9.6 9.60 1.02
DW26  10.6 12.5 133 10.1 11.63 10.0 9.9 10.1 10.00 1.07
DW26  13.7 15.0 15.9 13.5 14.53 9.8 9.9 10.0 9.90 1.06
DW26 10.9 14.9 14.2 113 12.83 9.4 9.4 9.4 9.40 1.00

DW26 11.9 12.2 12.9 104 11.85 11.5 11.4 11.4 11.43 1.22
DW26 13.8 13.6 13.5 12.0  13.23 12.8 12.7 12.6 12.70 1.35
DW26 13.7 14.6 14.4 11.6  13.58 10.4 10.2 10.4 10.33 1.10
DW26 13.0 14.6 13.9 11.1 13.15 10.8 10.7 10.7 10.73 1.14

DW26 10.3 14.4 14.7 10.7  12.53 10.0 10.1 9.8 9.97 1.06

DW27 159 16.5 17.5 156  16.38 5.0 5.1 5.0 5.03 0.54
DW27  13.0 17.3 17.0 132 1513 6.1 6.3 6.1 6.17 0.66
DwW27 119 16.9 16.1 11.3 14.05 6.4 6.3 6.4 6.37 0.68
DW27 129 16.2 17.2 124 14.68 7.9 7.8 7.8 7.83 0.84
DW27  15.0 17.6 16.7 13.6  15.73 6.5 6.6 6.5 6.53 0.70

DW27 14.7 16.7 16.8 132 1535 8.3 8.2 8.4 8.30 0.89
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MINUINN 1 (919)

No. TSS (°Brix) NaOH (ml) %TA
1 2 3 4 Av 1 2 3 Av

DW27 14.5 17.0 17.3 126 1535 6.0 6.1 6.1 6.07 0.65
DW27 14.0 16.7 16.6 11.8 14.78 6.7 6.8 7.1 6.87 0.73
DW27 13.2 15.4 16.0 13.9 14.63 7.4 7.3 7.5 7.40 0.79
DW27 13.4 15.9 15.8 13.6 14.68 7.0 7.2 7.3 7.17 0.76
DW27 15.9 16.5 17.5 156 1638 5.0 5.1 5.0 5.03 0.54
DW27 13.0 17.3 17.0 132 15.13 6.1 6.3 6.1 6.17 0.66
DW27 11.9 16.9 16.1 11.3 14.05 6.4 6.3 6.4 6.37 0.68
Dw27 12.9 16.2 17.2 12.4 14.68 7.9 7.8 7.8 7.83 0.84
DW27 15.0 17.6 16.7 13.6 15.73 6.5 6.6 6.5 6.53 0.70
DW27 14.7 16.7 16.8 13.2 15.35 8.3 8.2 8.4 8.30 0.89
DW27 14.5 17.0 17.3 126 1535 6.0 6.1 6.1 6.07 0.65
DW27 14.0 16.7 16.6 11.8 14.78 6.7 6.8 7.1 6.87 0.73
DW27 13.2 154 16.0 13.9 14.63 7.4 7.3 7.5 7.40 0.79
DW27 13.4 15.9 15.8 13.6 14.68 7.0 7.2 7.3 7.17 0.76
DW28 13.9 18.6 19.1 16.2 16.95 4.5 4.6 4.5 4.53 0.48
DW28 12.4 17.3 18.5 14.5 15.68 5.2 5.1 5.2 5.17 0.55
DW28 13.7 18.4 18.5 13.0 15.90 43 4.3 4.4 4.33 0.46
DW28 13.6 17.1 17.0 12.2 14.98 4.5 4.5 4.4 4.47 0.48
DW28 12.6 17.9 17.5 15.9 15.98 5.0 5.1 5.1 5.07 0.54
DW28 13.4 18.0 17.9 154 16.18 4.8 4.8 4.9 4.83 0.52
DW28 14.6 18.5 19.0 14.7  16.70 4.4 4.1 4.1 4.20 0.45
DW28 13.2 17.1 18.0 14.5 15.70 6.6 6.6 6.7 6.63 0.71
DW28 14.6 18.1 18.6 15.5 16.70 5.0 4.9 4.9 4.93 0.53
DW28 16.1 17.2 17.6 12.9 15.95 5.1 5.1 5.2 5.13 0.55
DW28 13.9 18.6 19.1 16.2 16.95 4.5 4.6 4.5 4.53 0.48
DW28 12.4 17.3 18.5 14.5 15.68 5.2 5.1 5.2 5.17 0.55
DW28 13.7 18.4 18.5 13.0 15.90 4.3 43 4.4 4.33 0.46
DW28 13.6 17.1 17.0 12.2 14.98 4.5 4.5 4.4 4.47 0.48

DW28 12.6 17.9 17.5 159 1598 5.0 5.1 5.1 5.07 0.54
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MINUINN 1 (919)

No. TSS (°Brix) NaOH (ml) %TA
1 2 3 4 Av 1 2 3 Av

DW28 13.4 18.0 17.9 154  16.18 4.8 4.8 4.9 4.83 0.52
DW28 14.6 18.5 19.0 14.7 16.70 4.4 4.1 4.1 4.20 0.45
DW28 13.2 17.1 18.0 14.5 15.70 6.6 6.6 6.7 6.63 0.71
DW28 14.6 18.1 18.6 15.5 16.70 5.0 4.9 4.9 4.93 0.53
DW28 16.1 17.2 17.6 129 1595 5.1 5.1 5.2 5.13 0.55
DW29 13.1 17.3 17.9 124 15.18 42 43 4.1 4.20 0.45
DW29 14.9 19.6 19.6 14.1 17.05 3.0 3.0 3.1 3.03 0.32
DW29 13.6 16.8 16.7 14.4 15.38 54 5.5 5.6 5.50 0.59
DW29 13.2 19.2 19.3 14.3 16.50 3.5 3.5 3.6 3.53 0.38
DW29 13.4 17.7 17.4 140 15.63 4.0 3.9 4.1 4.00 0.43
DW29 16.2 20.0 19.4 15.5 17.78 4.1 4.0 4.2 4.10 0.44
DW29 15.5 18.9 19.9 14.9 17.30 4.0 4.1 4.0 4.03 0.43
DW29 14.2 18.9 19.5 16.5 17.28 4.5 4.4 4.6 4.50 0.48
DW29 14.3 19.1 19.3 14.3 16.75 3.5 34 34 343 0.37
DW29 15.6 19.7 18.7 15.6 1740 4.6 4.7 4.7 4.67 0.50
DW29 13.1 17.3 17.9 124 15.18 42 43 4.1 4.20 0.45
DW29 14.9 19.6 19.6 14.1 17.05 3.0 3.0 3.1 3.03 0.32
DW29 13.6 16.8 16.7 14.4 15.38 54 5o 5.6 5.50 0.59
DW29 13.2 19.2 19.3 14.3 16.50 3.5 3.5 3.6 3.53 0.38
DW29 13.4 17.7 17.4 140  15.63 4.0 3.9 4.1 4.00 0.43
DW29 16.2 20.0 19.4 15.5 17.78 4.1 4.0 4.2 4.10 0.44
DW29 15.5 18.9 19.9 14.9 17.30 4.0 4.1 4.0 4.03 0.43
DW29 14.2 18.9 19.5 16.5 17.28 4.5 4.4 4.6 4.50 0.48
DW29 14.3 19.1 19.3 14.3 16.75 35 34 34 343 0.37
DW29 15.6 19.7 18.7 156 1740 4.6 4.7 4.7 4.67 0.50
DW30 14.4 19.9 20.1 14.3 17.18 2.6 2.7 2.8 2.70 0.29
DW30 18.3 20.0 18.9 14.9 18.03 3.8 3.7 3.7 3.73 0.40
DW30 14.6 18.9 18.0 14.7 16.55 4.4 4.3 4.3 4.33 0.46

DW30 14.5 20.0 20.5 14.0 17.25 3.1 32 3.0 3.10 0.33
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MINUINN 1 (919)

No. TSS (°Brix) NaOH (ml) %TA
1 2 3 4 Av 1 2 3 Av

DW30 13.6 17.2 17.1 14.1 15.50 4.0 4.1 4.2 4.10 0.44
DW30 14.5 19.0 18.6 14.0 16.53 3.6 3.5 35 3.53 0.38
DW30 14.7 19.4 18.4 15.7 17.05 35 3.5 3.5 3.50 0.37
DW30 13.0 19.5 194 16.2 17.03 3.0 3.0 3.1 3.03 0.32
DW30 14.2 19.4 18.0 129  16.13 35 3.6 3.5 3.53 0.38
DW30 14.1 18.5 17.9 12.5 15.75 4.0 4.1 4.0 4.03 0.43
DW30 14.4 19.9 20.1 14.3 17.18 2.6 2.7 2.8 2.70 0.29
DW30 18.3 20.0 18.9 14.9 18.03 3.8 3.7 3.7 3.73 0.40
DW30 14.6 18.9 18.0 14.7 16.55 4.4 4.3 4.3 4.33 0.46
DW30 14.5 20.0 20.5 140 17.25 3.1 3.2 3.0 3.10 0.33
DW30 13.6 17.2 17.1 14.1 15.50 4.0 4.1 4.2 4.10 0.44
DW30 14.5 19.0 18.6 14.0 16.53 3.6 3.5 3.5 3.53 0.38
DW30 14.7 194 18.4 15.7 17.05 3.5 3.5 3.5 3.50 0.37
DW30 13.0 19.5 19.4 16.2 17.03 3.0 3.0 3.1 3.03 0.32
DW30 14.2 19.4 18.0 129  16.13 35 3.6 35 3.53 0.38
DW30 14.1 18.5 17.9 12.5 15.75 4.0 4.1 4.0 4.03 0.43
DW32 15.1 20.7 20.8 15.2 17.95 2.5 2.5 2.6 2.53 0.27
DW32 15.4 20.6 19.4 15.8 17.80 2.8 2.9 2.8 2.83 0.30
DW32 17.3 20.9 20.7 153 18.55 2.8 2.7 2.6 2.70 0.29
DW32 14.7 19.8 19.5 15.6 1740 2.8 2.8 2.8 2.80 0.30
DW32 15.2 20.4 21.1 16.9 18.40 2.4 2.4 2.4 2.40 0.26
DW32 14.1 17.8 18.8 14.3 16.25 3.8 3.8 3.9 3.83 0.41
DW32 13.7 18.3 18.9 14.0 16.23 3.1 3.0 3.1 3.07 0.33
DW32 13.6 18.4 17.7 13.9 15.90 35 34 34 343 0.37
DW32 15.0 20.3 20.2 13.7  17.30 2.5 2.5 35 2.83 0.30
DW32 14.6 21.2 21.9 13.1 17.70 2.8 2.8 2.8 2.80 0.30
DW32 15.1 20.7 20.8 15.2 17.95 2.5 2.5 2.6 2.53 0.27
DW32 154 20.6 19.4 15.8 17.80 2.8 2.9 2.8 2.83 0.30

DW32 17.3 20.9 20.7 153 18.55 2.8 2.7 2.6 2.70 0.29
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MINUINN 1 (919)

No. TSS (°Brix) NaOH (ml) %TA
1 2 3 4 Av 1 2 3 Av

DW32 14.7 19.8 19.5 156 17.40 2.8 2.8 2.8 2.80 0.30
DW32 15.2 20.4 21.1 16.9 18.40 2.4 2.4 2.4 2.40 0.26
DW32 14.1 17.8 18.8 14.3 16.25 3.8 3.8 39 3.83 0.41
DW32 13.7 18.3 18.9 14.0 16.23 3.1 3.0 3.1 3.07 0.33
DW32 13.6 18.4 17.7 139 1590 35 34 34 3.43 0.37
DW32 15.0 20.3 20.2 13.7  17.30 2.5 2.5 35 2.83 0.30
DW32 14.6 21.2 21.9 13.1 17.70 2.8 2.8 2.8 2.80 0.30
DW34 16.2 19.6 18.6 16.1 17.63 2.8 2.8 2.8 2.80 0.30
DW34 13.6 18.7 19.1 14.0 16.35 2.5 2.4 2.5 2.47 0.26
DW34 13.1 18.7 18.6 13.5 15.98 2.7 2474 2.7 2.70 0.29
DW34 13.7 17.7 17.2 124 1525 2.6 2.6 2.6 2.60 0.28
DW34 14.3 19.0 18.7 12.3 16.08 3.0 3.0 3.0 3.00 0.32
DW34 14.8 194 18.5 14.3 16.75 3.1 3.1 3.1 3.10 0.33
DW34 15.0 18.5 17.3 11.6 15.60 2.7 3.7 2.7 3.03 0.32
DW34 14.7 20.4 19.4 14.1 17.15 3.0 2.8 2.9 2.90 0.31
DWwW34 15.4 20.0 19.7 13.5 17.15 2.8 2.8 2.8 2.80 0.30
DW34 12.6 18.5 18.0 13.3 15.60 2.5 2.5 2.5 2.50 0.27
DW34 16.2 19.6 18.6 16.1 17.63 2.8 2.8 2.8 2.80 0.30
DW34 13.6 18.7 19.1 14.0 16.35 2.5 2.4 2.5 2.47 0.26
DW34 13.1 18.7 18.6 13.5 15.98 2.7 2.7 2.7 2.70 0.29
DW34 13.7 17.7 17.2 124 1525 2.6 2.6 2.6 2.60 0.28
DW34 14.3 19.0 18.7 12.3 16.08 3.0 3.0 3.0 3.00 0.32
DW34 14.8 194 18.5 14.3 16.75 3.1 3.1 3.1 3.10 0.33
DW34 15.0 18.5 17.3 11.6 15.60 2.7 3.7 2.7 3.03 0.32
DW34 14.7 20.4 19.4 14.1 17.15 3.0 2.8 2.9 2.90 0.31
DW34 15.4 20.0 19.7 13.5 17.15 2.8 2.8 2.8 2.80 0.30
DW34 12.6 18.5 18.0 13.3 15.60 2.5 2.5 2.5 2.50 0.27
DW36 12.4 18.6 19.0 14.2 16.05 1.7 1.6 1.7 1.67 0.18

DW36 13.2 19.0 20.9 155 17.15 2.0 2.1 2.0 2.03 0.22
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MINUINN 1 (919)

No. TSS (°Brix) NaOH (ml) %TA
1 2 3 4 Av 1 2 3 Av

DW36 13.8 20.1 20.0 14.7 17.15 2.2 23 22 2.23 0.24
DW36 14.5 20.2 19.6 13.4 16.93 2.0 1.9 1.8 1.90 0.20
DW36 13.5 18.2 18.5 13.9 16.03 2.0 1.8 1.8 1.87 0.20
DW36 15.3 19.6 20.8 16.0 17.93 2.0 2.0 2.0 2.00 0.21
DW36 13.8 17.9 18.0 12.7  15.60 22 23 22 2.23 0.24
DW36 13.5 18.7 19.0 13.3 16.13 2.2 2.3 2.1 2.20 0.23
DW36 14.3 21.6 19.7 12.9 17.13 2.6 2.7 2.6 2.63 0.28
DW36 16.4 20.6 21.3 16.5 18.70 1.6 1.6 1.6 1.60 0.17
DW36 12.4 18.6 19.0 14.2 16.05 1.7 1.6 1.7 1.67 0.18
DW36 13.2 19.0 20.9 15.5 17.15 2.0 2.1 2.0 2.03 0.22
DW36 13.8 20.1 20.0 14.7  17.15 2.2 2.3 2.2 2.23 0.24
DW36 14.5 20.2 19.6 13.4 16.93 2.0 1.9 1.8 1.90 0.20
DW36 13.5 18.2 18.5 13.9 16.03 2.0 1.8 1.8 1.87 0.20
DW36 15.3 19.6 20.8 16.0 17.93 2.0 2.0 2.0 2.00 0.21
DW36 13.8 17.9 18.0 12.7  15.60 22 23 2.2 2.23 0.24
DW36 13.5 18.7 19.0 13.3 16.13 2.2 2.3 2.1 2.20 0.23
DW36 14.3 21.6 19.7 12.9 17.13 2.6 2.7 2.6 2.63 0.28
DW36 16.4 20.6 21.3 16.5 18.70 1.6 1.6 1.6 1.60 0.17
DW38 14.3 19.2 20.2 14.9 17.15 1.9 2.1 1.9 1.97 0.21
DW38 13.6 19.3 19.8 154 17.03 22 2.2 23 2.23 0.24
DW38 13.8 19.0 19.8 12.8 16.35 2.0 1.8 1.8 1.87 0.20
DW38 13.8 20.6 19.0 14.6 17.00 2.3 2.2 2.3 2.27 0.24
DW38 15.2 19.6 20.7 14.8 17.58 1.8 1.8 1.8 1.80 0.19
DW38 15.3 19.5 20.5 14.9 17.55 1.9 1.8 1.8 1.83 0.20
DW38 15.4 21.1 19.5 13.0 17.25 1.9 1.9 1.9 1.90 0.20
DW38 15.5 21.6 21.6 140 18.18 1.5 1.5 1.5 1.50 0.16
DW38 14.8 18.4 20.3 16.1 17.40 2.2 2.3 2.2 2.23 0.24
DW38 15.1 20.4 20.4 15.4 17.83 1.9 2.0 2.0 1.97 0.21

DW38 14.3 19.2 20.2 149 17.15 1.9 2.1 1.9 1.97 0.21
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MINUINN 1 (919)

No. TSS (°Brix) NaOH (ml) %TA
1 2 3 4 Av 1 2 3 Av

DW38 13.6 19.3 19.8 154 17.03 2.2 2.2 23 2.23 0.24
DW38 13.8 19.0 19.8 12.8 16.35 2.0 1.8 1.8 1.87 0.20
DW38 13.8 20.6 19.0 14.6 17.00 2.3 2.2 2.3 2.27 0.24
DW38 15.2 19.6 20.7 14.8 17.58 1.8 1.8 1.8 1.80 0.19
DW38 15.3 19.5 20.5 149  17.55 1.9 1.8 1.8 1.83 0.20
DW38 15.4 21.1 19.5 13.0 17.25 1.9 1.9 1.9 1.90 0.20
DW38 15.5 21.6 21.6 14.0 18.18 1.5 1.5 1.5 1.50 0.16
DW38 14.8 18.4 20.3 16.1 17.40 2.2 2.3 2.2 2.23 0.24
DW38 15.1 20.4 20.4 154 17.83 1.9 2.0 2.0 1.97 0.21
DW40 133 20.3 20.4 15.1 17.28 24 2.4 23 2.37 0.25
DW40 13.6 19.8 18.4 13.8 16.40 1.8 1.7 1.8 1.77 0.19
DWwW40 13.3 18.1 19.0 14.1 16.13 2.1 U 2.1 2.13 0.23
DWw40 15.7 20.2 21.2 13.7 17.70 1.7 1.6 1.6 1.63 0.17
DW40 14.7 19.3 17.5 14.4 16.48 1.7 1.8 1.7 1.73 0.18
DW40 14.6 19.6 19.7 15.3 17.30 1.2 1.2 1.2 1.20 0.13
DW40 14.3 20.5 21.3 13.6 1743 1.4 1.4 1.4 1.40 0.15
DWwW40 14.7 20.1 18.7 12.4 16.48 2.5 2.6 2.5 2.53 0.27
DWw40 13.5 20.4 20.3 14.2 17.10 2.2 2.2 2.2 2.20 0.23
DW40 14.5 18.5 19.8 14.6 16.85 2.3 2.2 2.3 2.27 0.24
DW40 133 20.3 20.4 15.1 17.28 24 2.4 23 2.37 0.25
DW40 13.6 19.8 18.4 13.8 16.40 1.8 1.7 1.8 1.77 0.19
DW40 13.3 18.1 19.0 14.1 16.13 2.1 2.2 2.1 2.13 0.23
DWw40 15.7 20.2 21.2 13.7 17.70 1.7 1.6 1.6 1.63 0.17
DWw40 14.7 19.3 17.5 14.4 16.48 1.7 1.8 1.7 1.73 0.18
DW40 14.6 19.6 19.7 15.3 17.30 1.2 1.2 1.2 1.20 0.13
DW40 14.3 20.5 21.3 13.6 1743 1.4 1.4 1.4 1.40 0.15
DW40 14.7 20.1 18.7 12.4 16.48 2.5 2.6 2.5 2.53 0.27
DW40 13.5 20.4 20.3 14.2 17.10 2.2 2.2 2.2 2.20 0.23

DW40 14.5 18.5 19.8 14.6  16.85 23 2.2 23 2.27 0.24




4 1 1 @ v g
MINWUINN 2 TSS YSu12u NaOH ttaga1 %TA Gllﬂ\ulﬁjf.lll\iﬂiwu‘ﬁlu@uﬂﬂ

No TSS (°Brix) NaOH (ml) %TA
1 2 3 4 Ave 1 2 3 AV

DR23 54 55 52 5.1 5.30 2.6 2.5 2.5 2.53 0.27
DR23 5.5 5.6 59 5.8 5.70 1.8 1.9 1.9 1.87 0.20
DR23 5.1 52 5.0 5.4 5.18 2.6 2.5 2.5 2.53 0.27
DR23 55 53 5.4 5.1 5.33 3.5 32 32 3.30 0.35
DR23 5.7 6.1 6.0 59 593 3.0 3.1 3.0 3.03 0.32
DR23 49 5.0 52 5.0 5.03 2.2 28 2.1 2.13 0.23
DR23 5.1 53 5.5 52 5.28 1.9 2.0 2.0 1.97 0.21
DR23 4.1 4.4 43 4.0 4.20 23 2.2 23 2.25 0.24
DR23 5.6 5.5 6.5 6.3 5.98 4.2 3.9 39 4.00 0.43
DR23 5.4 54 5.2 4.8 5.20 1.8 1.8 1.9 1.83 0.20
DR23 49 52 5.5 4.8 5.10 3.1 2.6 2.8 2.83 0.30
DR23 6.8 6.9 7.0 6.4 6.78 2.6 2.7 2.7 2.67 0.28
DR23 5.5 6.0 Sl 5.6 5.70 2.1 2.1 2.1 2.10 0.22
DR23 49 6.0 5.4 4.5 5.20 5.5 5.6 5.5 5.53 0.59
DR23 9.1 8.2 7.8 7.9 8.25 3.7 3.5 3.4 3.53 0.38
DR23 53 6.5 6.7 6.0 6.13 2.6 23 23 2.40 0.26
DR23 5.7 6.5 6.1 6.2 6.13 207 23 2.0 2.17 0.23
DR23 6.3 6.6 5.7 6.2 6.20 23 2.0 2.0 2.10 0.22
DR23 54 6.1 6.2 4.9 5.65 2.2 23 23 2.27 0.24
DR23 6.8 6.2 6.5 6.6 6.53 1.9 2.0 1.9 1.93 0.21
DR24 53 5.8 5.5 52 5.45 2.9 2.9 2.9 2.90 0.31
DR24 6.4 6.4 6.4 6.4 6.40 2.8 2.9 2.9 2.87 0.31
DR24 49 4.7 5.0 4.8 4.85 2.0 3.1 2.0 237 0.25
DR24 54 5.4 5.7 4.6 5.28 2.2 2.1 2.2 2.17 0.23
DR24 6.4 53 6.1 5.8 5.90 3.5 3.5 3.5 3.50 0.37
DR24 49 5.0 5.0 4.9 4.95 3.0 3.1 3.1 3.07 0.33
DR24 54 59 5.6 6.5 5.85 32 33 33 3.27 0.35
DR24 6.0 5.7 53 6.0 5.75 4.4 4.4 44 4.40 0.47
DR24 6.4 6.5 6.0 6.1 6.25 3.7 3.6 3.7 3.67 0.39
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MSINUINN 2 (510)

No. TSS (°Brix) NaOH (ml) %TA
1 2 3 4 Av 1 2 3 Av

DR24 6.2 6.1 6.3 6.4 6.25 5.0 5.0 5.1 5.03 0.54
DR24 5.5 5.1 54 54 5.35 1.8 1.9 2.0 1.90 0.20
DR24 5.5 5.6 5.8 6.4 5.83 39 4.0 4.0 3.97 0.42
DR24 5.8 6.1 6.3 6.1 6.08 4.0 4.0 4.0 4.00 0.43
DR24 5.0 53 54 5.6 5.33 2.0 2.1 2.0 2.03 0.22
DR24 6.2 6.0 59 5.8 5.98 4.0 3.9 4.0 3.97 0.42
DR24 5.2 53 5.1 5.2 5.20 2.4 2.4 2.5 2.43 0.26
DR24 54 5.6 5.6 S¢7 5.58 2.1 2.1 2.1 2.10 0.22
DR24 4.4 4.6 4.5 4.2 4.43 2.1 2.0 2.1 2.07 0.22
DR24 5.7 5.7 6.4 6.4 6.05 4.0 4.2 4.0 4.07 0.43
DR24 5.0 5.9 6.0 6.1 5.75 3.5 3.6 3.5 3.53 0.38
DR25 7.7 7.5 7.6 7.2 7.50 8.5 8.5 8.5 8.50 0.91
DR25 8.0 8.0 7.7 7.1 7.70 8.2 8.2 8.1 8.17 0.87
DR25 7.2 7.3 7.5 7.0 7.25 5.5 5.5 5.5 5.50 0.59
DR25 8.0 8.5 8.2 7.6 8.08 10.5 10.6 10.6 10.57 1.13
DR25 55 5.6 5.7 5.6 5.60 2.5 24 24 243 0.26
DR25 7.5 7.3 7.8 7.6 7.55 4.9 5.0 4.8 4.90 0.52
DR25 6.6 6.7 6.6 6.5 6.60 4.2 4.5 4.6 4.43 0.47
DR25 7.2 7.4 7.7 /ATl 7.50 3.8 3.9 3.7 3.80 0.41
DR25 7.3 7.3 7.6 7.7 7.48 5.0 5.6 4.9 5.17 0.55
DR25 7.9 7.8 7.8 7.3 7.70 9.8 9.7 9.7 9.73 1.04
DR25 6.2 6.3 6.1 6.2 6.20 2.5 2.6 2.6 2.57 0.27
DR25 7.8 7.9 7.5 8.0 7.80 6.5 6.5 6.5 6.50 0.69
DR25 7.6 7.6 8.3 8.7 8.05 8.0 8.1 8.0 8.03 0.86
DR25 9.6 9.7 9.7 9.0 9.50 7.8 7.8 7.7 7.77 0.83
DR25 6.2 6.3 6.8 6.4 6.43 2.6 2.5 2.5 2.53 0.27
DR25 9.6 10.1 10.0 9.5 9.80 9.5 9.4 9.3 9.40 1.00
DR25 9.2 9.7 9.6 9.3 9.45 10.0 9.9 9.9 9.93 1.06
DR25 6.2 6.7 6.5 8.3 6.93 3.0 2.9 2.9 2.93 0.31
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MSINUINN 2 (510)

No. TSS (°Brix) NaOH (ml) %TA
1 2 3 4 Av 1 2 3 Av

DR25 6.3 6.4 5.7 5.8 6.05 3.5 34 34 343 0.37
DR25 8.5 8.9 9.2 7.2 8.45 5.0 5.1 5.0 5.03 0.54
DR26 8.3 8.1 7.9 8.0 8.08 8.7 8.5 8.8 8.67 0.92
DR26 10.3 11.5 11.1 10.4 10.83 6.0 6.1 5.9 6.00 0.64
DR26 7.1 7.1 6.9 7.0 7.03 4.4 4.4 4.7 4.50 0.48
DR26 6.4 7.5 8.7 7.6 7.55 6.5 6.8 6.8 6.70 0.71
DR26 6.1 7.2 7.3 7.2 6.95 5.2 5.0 5.0 5.07 0.54
DR26 11.9 12.9 12.4 11.8 12.25 9.5 9.6 9.5 9.53 1.02
DR26 10.3 11.1 11.0 10.0 10.60 8.7 8.9 9.0 8.87 0.95
DR26 10.6 11.2 11.1 10.9 10.95 11.5 11.5 11.6 11.53 1.23
DR26 9.3 10.6 12.5 10.4 10.70 10.8 11.0 11.0 10.93 1.17
DR26 8.9 9.6 9.5 9.3 9.33 10.8 10.8 10.7 10.77 1.15
DR26 8.1 8.4 9.0 7.9 8.35 6.0 6.2 6.0 6.07 0.65
DR26 8.2 8.0 7.9 7.1 7.80 4.1 4.0 4.5 4.20 0.45
DR26 9.4 9.5 10.6 10.0 9.88 9.0 9.2 9.1 9.10 0.97
DR26 9.0 9.1 8.7 8.5 8.83 8.4 8.3 8.3 8.33 0.89
DR26 9.1 8.9 8.3 8.8 8.78 8.4 8.3 8.1 8.27 0.88
DR26 9.0 9.7 9.4 9.4 9.38 10.5 10.9 10.9 10.77 1.15
DR26 11.6 12.0 11.3 11.1 11.50 8.6 8.5 8.5 8.53 0.91
DR26 9.3 9.3 9.5 9.0 9.28 9.0 9.1 9.0 9.03 0.96
DR26 9.0 9.7 9.6 9.4 9.43 10.5 10.7 10.6 10.60 1.13
DR26 11.6 12.2 12.1 11.4 11.83 10.2 10.1 10.0 10.10 1.08
DR27 11.1 12.9 12.3 11.2 11.88 5.5 5.7 5.6 5.60 0.60
DR27 12.8 13.7 12.9 11.8 12.80 10.4 10.5 10.6 10.50 1.12
DR27 134 14.7 15.0 13.6 14.18 7.4 7.3 7.5 7.40 0.79
DR27 13.1 14.6 14.0 12.4 13.53 54 5.5 54 5.43 0.58
DR27 11.6 14.5 15.0 12.6 13.43 8.4 8.5 8.3 8.40 0.90
DR27 10.8 13.5 14.0 10.9 12.30 8.3 8.4 8.4 8.37 0.89
DR27 135 15.9 16.3 13.3 14.75 53 5.5 54 5.40 0.58
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MSINUINN 2 (510)

No. TSS (°Brix) NaOH (ml) %TA
1 2 3 4 Av 1 2 3 Av

DR27 144 17.2 17.0 13.5 15.53 43 4.2 4.4 4.30 0.46
DR27 11.1 11.8 12.6 11.2 11.68 4.1 4.1 4.1 4.10 0.44
DR27 103 12.9 11.9 11.6 11.68 8.3 8.2 8.3 8.27 0.88
DR28 13.9 14.3 12.2 11.2 12.90 8.3 8.2 8.2 8.23 0.88
DR28 113 14.6 15.1 10.7 12.93 4.4 4.5 4.7 4.53 0.48
DR28 9.6 13.4 13.4 12.3 12.18 5.2 53 5.4 5.30 0.57
DR28 129 14.1 12.0 10.6 12.40 9.2 9.3 9.1 9.20 0.98
DR28 134 15.6 13.3 13.2 13.88 5.1 5.0 5.1 5.07 0.54
DR28 114 13.3 14.5 13.2 13.10 7.2 7.2 7.1 7.17 0.76
DR28 133 154 12.1 10.8 12.90 6.7 6.8 6.8 6.77 0.72
DR28 12.4 13.5 12.1 13.4 12.85 8.2 8.1 8.1 8.13 0.87
DR28 143 14.0 14.6 13.6 14.13 7.7 7.7 7.8 7.73 0.82
DR28 12.6 16.0 16.2 14.1 14.73 6.8 6.7 6.7 6.73 0.72
DR29 15.1 17.1 17.2 14.5 15.98 4.2 4.2 4.1 4.17 0.44
DR29 14.0 17.5 17.6 13.0 15.53 2.8 2.8 2.8 2.80 0.30
DR29 135 15.2 15.1 12.2 14.00 4.2 43 42 423 0.45
DR29 11.1 14.4 14.5 11.2 12.80 4.9 5.0 5.0 4.97 0.53
DR29 138 15.9 15.6 13.8 14.78 4.9 4.8 4.9 4.87 0.52
DR29 10.7 13.8 13.9 10.6 12.25 54 54 53 5.37 0.57
DR29 125 14.0 14.1 11.6 13.05 5.0 5.0 4.9 4.97 0.53
DR29 144 16.7 16.5 13.9 15.38 4.9 5.0 5.0 4.97 0.53
DR29 133 17.3 16.6 13.2 15.10 5.0 5.1 5.1 5.07 0.54
DR29 132 14.5 14.2 11.0 13.23 54 53 54 5.37 0.57
DR30 122 15.1 15.6 13.6 14.13 2.5 2.5 2.5 2.50 0.27
DR30 142 16.8 16.5 14.5 15.50 24 2.1 23 2.27 0.24
DR30 129 16.9 16.8 13.6 15.05 6.0 6.0 59 5.97 0.64
DR30 145 17.8 18.6 154 16.58 2.4 2.4 2.4 2.40 0.26
DR30 13.7 16.8 16.7 13.3 15.13 33 3.5 3.5 343 0.37
DR30 129 15.9 16.3 13.4 14.63 2.9 2.8 2.8 2.83 0.30
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MSINUINN 2 (510)

No. TSS (°Brix) NaOH (ml) %TA
1 2 3 4 Av 1 2 3 Av

DR30 139 16.7 17.1 15.1 15.70 2.6 2.5 2.6 2.57 0.27
DR30 129 16.0 15.8 13.4 14.53 2.3 2.4 2.4 2.37 0.25
DR30 144 18.5 19.6 15.3 16.95 3.6 3.6 3.6 3.60 0.38
DR30 144 16.5 17.5 154 15.95 3.9 3.9 4.0 3.93 0.42
DR32 139 19.9 19.6 13.1 16.63 1.6 1.6 1.6 1.60 0.17
DR32 11.0 15.9 16.0 12.0 13.73 2.6 2.6 2.7 2.63 0.28
DR32 114 16.4 15.4 11.2 13.60 2.7 2.7 2.7 2.70 0.29
DR32 119 17.5 18.2 13.6 15.30 2.7 2.8 2.8 2.77 0.30
DR32 103 14.2 15.3 10.9 12.68 2.3 2.3 2.3 2.30 0.25
DR32 145 18.9 19.8 14.5 16.93 1.5 1.4 1.5 1.47 0.16
DR32 123 18.8 18.8 14.6 16.13 2.7 2.6 2.6 2.63 0.28
DR32 109 15.6 16.0 11.8 13.58 2.6 2.6 2.6 2.60 0.28
DR32 147 18.5 19.2 14.6 16.75 2.6 2.5 2.5 2.53 0.27
DR32 124 17.8 17.7 13.4 15.33 2.7 2.7 2.7 2.70 0.29
DR34 13.0 18.4 17.3 12.6 15.33 1.7 1.8 1.7 1.73 0.18
DR34 158 212 20.9 16.0 18.48 1.8 1.9 1.8 1.83 0.20
DR34 14.1 18.7 18.6 14.4 16.45 1.8 1.8 1.7 1.77 0.19
DR34 14.1 20.2 20.1 14.8 17.30 1.2 1.3 1.2 1.23 0.13
DR34 154 18.5 18.9 15.7 17.13 1.6 1.6 1.6 1.60 0.17
DR34 13.7 18.7 18.6 14.1 16.28 1.4 1.4 1.4 1.40 0.15
DR34 139 19.5 19.6 15.0 17.00 1.4 1.5 1.5 1.47 0.16
DR34 147 18.8 18.9 13.7 16.53 1.4 1.4 1.4 1.40 0.15
DR34 128 16.7 16.2 13.8 14.88 1.8 1.8 1.8 1.80 0.19
DR34 14.8 19.4 18.7 13.6 16.63 1.4 1.4 1.4 1.40 0.15
DR36 14.8 21.0 21.2 15.2 18.05 1.2 1.3 1.2 1.23 0.13
DR36 15.1 19.0 19.4 14.6 17.03 1.1 1.1 1.1 1.10 0.12
DR36 147 204 20.8 14.9 17.70 1.4 1.4 1.4 1.40 0.15
DR36 15.1 20.5 20.9 16.8 18.33 1.2 1.0 1.0 1.07 0.11
DR36 15.5 20.3 20.6 17.0 18.35 1.1 1.1 1.1 1.10 0.12
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MSINUINN 2 (510)

No. TSS (°Brix) NaOH (ml) %TA
1 2 3 4 Av 1 2 3 Av

DR36 15.0 19.5 20.0 13.9 17.10 1.0 1.0 1.0 1.00 0.11
DR36 11.7 17.6 18.1 12.4 14.95 1.3 1.3 1.3 1.30 0.14
DR36 146  20.9 21.1 14.5 17.78 0.9 0.9 0.9 0.90 0.10
DR36 147  20.5 20.4 16.6 18.05 1.3 1.3 1.3 1.30 0.14
DR36 14.8 19.3 19.8 13.9 16.95 1.3 1.3 1.3 1.30 0.14
DR38 15.2 19.7 20.1 15.8 17.70 1.5 1.5 1.4 1.47 0.16
DR38 13.1 19.9 20.6 15.6 17.30 1.7 1.6 1.6 1.63 0.17
DR38 12.6 18.6 17.8 12.7 15.43 1.6 1.7 1.7 1.67 0.18
DR38 125 19.0 19.3 12.8 15.90 2.5 2.5 2.4 2.47 0.26
DR38 109 14.7 17.6 11.7 13.73 1.7 1.8 1.8 1.77 0.19
DR38 14.2 19.4 20.3 15.6 17.38 1.2 1.2 1.2 1.20 0.13
DR38 12,7 203 20.6 15.0 17.15 1.2 1.2 1.2 1.20 0.13
DR38 13.6  20.6 214 14.4 17.50 0.9 0.8 1.0 0.90 0.10
DR38 146 21.0 223 16.0 18.48 1.1 1.1 1.1 1.10 0.12
DR38 15.6 21.0 21.3 14.9 18.20 1.4 1.4 1.4 1.40 0.15
DR40 17.1 19.7 19.6 16 18.10 1.1 1.1 1.2 1.13 0.12
DR40 13.6 19.6 19.9 14.2 16.83 1.4 1.4 1.4 1.40 0.15
DR40 15.1 20.9 21.0 15.7 18.18 1 1 1 1.00 0.11
DR40 128 204 21.3 14.3 17.20 1.7 1.6 1.8 1.70 0.18
DR40 13.7 19.0 18.8 14.6 16.53 1.3 1.3 1.3 1.30 0.14
DR40 13,5  20.1 19.7 13.1 16.60 0.9 0.9 0.9 0.90 0.10
DR40 11.0 17.0 16.0 11.1 13.78 1.6 1.6 1.6 1.60 0.17
DR40 135 18.9 19.2 14.3 16.48 1.1 1.1 1.1 1.10 0.12
DR40 139 18.6 19.8 14 16.58 1.2 1.1 1.2 1.17 0.12
DR40 149 19.9 20.0 17.2 18.00 1.2 1.2 1.2 1.20 0.13
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v Y
M39NUINN 3 M3fTeuey MMI_R prediction ¥94 model 14 8

146

Sample Reference Modell Model2 Model3 Model4 Model5 Model6 Model7 Model8
R23 1 2.99 3.25 2.73 2.38 3.46 3.73 2.68 2.63 2.58
R23 1 3.25 2.63 2.63 2.34 2.57 2.55 2.51 2.45 1.13
R23 1 3.26 2.71 2.46 2.49 2.06 1.84 2.08 2.03 2.28
R23 1 3.20 2.04 2.65 2.24 2.01 1.84 2.62 2.58 -0.20
R23 1 2.14 2.97 2.65 2.52 3.10 3.17 2.72 2.70 1.30
R24 1 3.08 2.21 2.52 2.38 2.15 2.03 2.45 2.37 -0.89
R24 1 2.89 3.43 2.72 2.43 3.07 3.27 2.15 1.96 2.97
R24 1 2.38 2.57 2.45 2.49 2.77 2.76 2.62 2.79 2.70
R24 1 3.29 3.64 2.68 2.61 3.30 3.48 2.07 2.01 431
R24 1 2.94 3.23 2.47 2.15 3.40 3.66 2.49 2.51 3.29
R25 1 3.34 2.63 2.62 2.45 2.55 2.56 2.40 2.36 1.29
R25 1 3.14 2.60 2.64 2.51 2.42 2.40 2.45 2.38 1.93
R25 1 2.08 2.14 2.60 2.34 2.40 2.38 2.80 2.77 -0.31
R25 1 3.49 2.87 2.62 242 291 3.03 2.40 2.36 0.46
R25 1 2.82 1.84 2.66 2.37 1.68 1.44 2.50 2.38 -1.87
R26 1 2.76 2.71 2.57 2.24 2.29 2.24 2.37 2.24 3.12
R26 1 2.23 2.34 2.59 2.25 2.50 2.54 2.66 2.64 1.41
R26 1 2.70 2.63 2.59 2.16 2.81 2.95 2.74 2.70 3.21
R26 1 2.29 2.61 2.66 2.29 2.64 2.70 2.54 2.50 1.30
R26 1 1.46 2.53 2.41 2.33 2.17 2.05 2.25 2.19 1.38
R27 1 0.76 1.80 2.26 2.08 2.02 1.89 2.61 2.67 0.78
R27 1 0.74 1.81 1.50 2.17 1.39 1.03 1.20 1.58 0.55
R27 1 0.76 1.72 2.31 2.19 2.01 1.89 2.61 2.66 0.78
R27 1 0.74 1.83 1.55 2.37 1.41 1.03 1.20 1.62 0.55
R27 1 1.54 1.85 2.21 2.25 1.19 0.73 2.01 1.98 -0.27
R28 2 1.31 -0.17 -0.36 0.82 -0.24 -0.78 -0.60 0.23 -0.04
R28 2 0.76 1.06 1.63 0.02 2.18 2.60 227 1.84 1.96
R28 2 1.31 0.38 0.40 1.67 -0.19 -0.78 -0.60 0.30 -0.04
R28 2 0.76 1.67 1.67 1.15 2.40 2.60 2.27 2.13 1.96
R28 2 -0.17 0.62 0.42 1.12 0.46 0.04 0.41 0.79 -0.22
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AS1INUINN 3 (919)

Sample Reference Modell Model2 Model3 Model4 Model5 Model6 Model7 Model8

R29 2 0.09 -0.02 0.05 -0.03 0.21 0.13 0.26 0.14 0.03
R29 2 -0.21 0.64 0.35 0.63 0.68 0.66 0.10 0.26 1.51
R29 2 0.09 0.18 0.44 0.23 0.19 0.13 0.26 0.11 0.03
R29 2 -0.21 -0.01 0.07 -0.60 0.47 0.66 0.10 -0.02 1.51
R29 2 0.23 -0.80 0.28 -0.79 0.60 0.84 1.39 1.20 0.54
R30 2 -0.96 -0.59 -0.83 -0.32 -0.13 -0.53 -0.65 -0.05 0.03
R30 2 -0.60 -0.72 -0.07 -0.26 -0.83 -0.84 -0.03 -0.38 0.12
R30 2 -0.96 -1.46 -1.07 -1.84 -0.50 -0.53 -0.65 -0.55 0.03
R30 2 -0.60 -2.11 -1.10 -2.74 -0.85 -0.84 -0.03 -0.40 0.12
R30 2 -0.34 -2.69 -2.04 -3.49 -1.02 -0.79 -0.66 -0.90 -0.46
R32 3 -1.06 -0.64 -1.15 -1.27 -0.62 -0.16 -1.29 -1.58 0.30
R32 3 -1.43 -1.60 -1.74 -1.28 -1.93 -1.80 -2.14 -2.13 -1.36
R32 3 -1.06 -1.46 -1.79 -2.91 -0.61 -0.16 -1.29 -1.57 0.30
R32 3 -1.43 -2.11 -2.23 -2.14 -1.96 -1.80 -2.14 -2.16 -1.36
R32 3 -1.17 -1.25 -1.70 -1.56 -1.56 -1.37 -2.02 -2.15 0.86
R34 3 -2.67 -2.63 -2.48 -3.01 -2.49 -2.39 -2.29 -2.53 -1.56
R34 3 -1.96 -2.15 -2.37 -2.06 -2.43 -2.18 -2.38 -2.57 -1.59
R34 3 -2.67 -1.41 -1.56 -0.75 -2.55 -2.39 -2.29 -2.61 -1.56
R34 3 -1.96 -1.80 -2.09 -1.15 -2.31 -2.18 -2.38 -2.41 -1.59
R34 3 -2.35 -2.33 -2.44 -2.18 -2.54 -2.28 -2.19 -2.56 -2.69
R36_3 -3.40 -3.35 -2.86 -3.35 -2.94 -2.90 -2.27 -2.43 -2.00
R36_3 -2.76 -2.53 -2.58 -1.98 -2.69 -2.56 -2.39 -2.52 -2.29
R36 3 -3.40 -3.54 -3.13 -3.63 -2.95 -2.90 -2.27 -2.44 -2.00
R36_3 -2.76 -3.19 -2.80 -3.30 -2.47 -2.56 -2.39 -2.22 -2.29
R36_3 -2.78 -3.87 -3.01 -4.23 -3.08 -3.30 -2.63 -2.44 -0.98
R38 3 -1.97 -2.60 -2.22 -3.17 -2.18 -2.05 -1.90 -2.19 -1.98
R38 3 -3.48 -2.49 -2.61 -1.66 -3.05 -3.08 -2.91 -2.79 -1.24
R38 3 -1.97 -1.97 -1.90 -2.04 -2.27 -2.05 -1.90 -2.31 -1.98
R38 3 -3.48 -2.69 -2.83 -2.04 -3.03 -3.08 -2.91 -2.76 -1.24

R38 3 -2.99 -3.05 -3.30 -3.20 -2.61 -2.53 -3.02 -2.75 -1.03
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AS1INUINN 3 (919)

Sample Reference Modell Model2 Model3 Model4 Model5 Model6 Model7 Model8

R40_3 -2.55 -3.45 -2.59 -4.11 -2.53 -2.48 -1.97 -2.13 -1.23
R40_3 -2.91 -1.84 -2.11 -1.33 -2.57 -2.41 -2.61 -2.71 -1.40
R40 3 -2.55 -2.98 -2.72 -3.04 -2.67 -2.48 -1.97 -2.31 -1.23
R40_3 -2.91 -1.96 -2.38 -1.70 -2.67 -2.41 -2.61 -2.84 -1.40
R40_3 -3.00 -2.22 -2.80 -2.01 -2.67 -2.50 -2.99 -3.00 -1.41

v Y
MIRUINT 4 M3fTeuey MMI_W prediction U949 model 119 8

Sample Reference Modell Model2 Model3 Model4 Model5 Model6 Model7 Model8

W23_1 -4.78 -4.12 -3.95 -4.41 -3.56 -3.63 -3.66 -3.75 -2.22
W23_1 -4.48 -3.54 -3.69 -3.67 338 B -3.93 -4.15 -0.96
w231 -3.83 -3.74 -3.61 -3.12 -3.63 -3.49 -2.82 -3.00 -1.70
W23 1 -4.17 -3.46 -3.61 -3.49 -3.04 -2.86 -2.77 -3.30 -0.50
W23 1 -4.23 -3.33 -3.61 -3.11 -3.17 -2.86 -2.79 -3.06 -0.46
W24 1 -3.96 -3.50 -3.37 -3.11 -3.45 -3.62 -3.36 -3.28 -3.42
W24 1 -3.85 -2.64 -3.50 -3.20 -2.67 -2.58 -2.89 -3.32 -3.66
w241 -3.30 -3.57 -3.56 -3.37 -3.12 -2.78 -2.32 -2.74 -0.37
w241 -3.79 -3.46 -3.74 -3.86 -3.28 -3.30 -3.78 -3.71 -3.24
w24 1 -3.50 -4.04 -3.56 -3.28 -3.76 -3.73 -3.50 -3.28 -0.53
W25_1 -2.45 -3.31 -3.54 -3.21 3D -3.14 -3.01 -3.18 -2.59
W25_1 -1.88 -2.87 -3.47 -3.11 -2.52 -2.20 -2.76 -3.14 0.53
W25_1 -3.94 -2.76 -3.61 -2.97 -2.71 -2.28 -2.65 -2.92 -0.60
W25_1 -3.29 -3.14 -3.51 -3.87 -2.76 -2.73 -3.32 -3.58 -1.96
W25_1 -2.26 -2.67 -3.85 -3.49 -2.33 -1.86 -3.35 -3.28 1.15
W26_1 -1.08 -1.90 -2.17 -1.28 -2.51 -2.61 -2.83 -2.70 -0.74
W26_1 -0.97 -1.43 -0.98 -1.33 -2.05 -1.96 -1.52 -1.84 -1.20
W26_1 -1.42 -1.88 -2.17 -1.99 -1.87 -1.35 -1.31 -1.76 -0.04
W26_1 -1.54 -1.61 -1.72 -2.93 -0.70 0.24 0.00 -0.79 -0.30
W26_1 -1.41 -1.83 -1.95 -3.04 -0.76 0.13 0.18 -0.62 -0.28

W27_1 -0.34 -0.12 -0.41 0.15 -0.57 -0.72 -1.19 -0.49 -1.02
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AS1INUINN 4 (91D)

Sample Reference Modell Model2 Model3 Model4 Model5 Model6 Model7 Model8

W27_1 -0.42 -0.01 -0.05 -0.65 0.28 0.96 0.44 0.17 1.79
W27_1 -0.34 0.00 -0.20 -0.04 -0.63 -0.72 -1.19 -0.57 -1.02
W27_1 -0.42 -0.56 -0.41 -1.50 0.03 0.96 0.44 -0.11 1.79
W27_1 -0.71 -0.73 -0.35 -1.02 -1.32 -0.98 -1.17 -1.07 0.42
W28 2 0.10 0.67 0.92 0.44 0.43 0.48 0.68 0.68 -0.20
W28 2 0.44 0.38 0.49 0.63 -0.03 -0.61 -0.34 0.23 -0.54
W28 2 0.10 0.36 0.53 0.26 0.44 0.48 0.68 0.68 -0.20
W28 2 0.44 0.07 0.50 -0.02 -0.48 -0.61 -0.34 -0.28 -0.54
W28 2 0.47 1.53 1G5 0.99 1.37 1.69 1.36 1.37 -0.85
W29 2 0.71 1.55 1.26 0.86 1.38 1.47 1.09 1.42 0.43
W29 2 0.96 1.83 2.04 1.69 1.96 1.88 1.53 2.21 1.47
W29 2 0.71 0.83 0.16 -0.05 1.46 1.47 1.09 1.51 0.43
W29 2 0.96 1.30 1.41 0.66 1.81 1.88 1.53 2.04 1.47
W29 2 0.63 1.08 1.62 1.58 0.76 0.52 0.69 1.32 -0.24
W30 2 1.47 1.78 1.17 0.29 2.77 2.84 1.57 2.36 1.68
W30 2 1.41 0.87 1.27 1.18 1.16 0.98 1.15 1.67 0.92
W30 2 1.47 2.16 1.77 0.85 2.68 2.84 1.57 2.26 1.68
W30 2 1.41 0.58 0.95 0.35 1.10 0.98 1.15 1.59 0.92
W30 2 0.83 1.17 1.91 0.87 1.40 1.24 2.00 241 0.36
W32 3 1.75 1.46 1.80 1.58 1.88 1.93 2.00 2.13 1.40
W32 3 1.81 2.78 1.69 1.38 3.51 3.61 245 243 2.88
W32 3 1.75 1.60 1.96 1.79 1.82 1.93 2.00 2.06 1.40
W32 3 1.81 2.67 1.51 1.18 3.53 3.61 245 2.45 2.88
W32 3 1.67 2.13 1.73 1.00 291 3.25 2.57 2.19 2.88
W34 3 0.99 2.39 2.19 1.96 2.55 2.69 2.45 2.06 0.48
W34 3 1.98 2.53 2.20 2.19 2.86 3.02 2.62 2.25 1.78
W34 3 0.99 2.05 1.54 1.38 2.75 2.69 245 2.29 0.48
W34 3 1.98 2.34 1.81 1.66 2.94 3.02 2.62 2.34 1.78
W34 3 1.31 0.28 0.99 1.63 0.48 0.19 1.43 1.68 1.99

W36_3 2.53 2.26 2.20 2.87 2.03 1.75 1.69 1.65 0.58
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AS1INUINN 4 (91D)

Sample Reference Modell Model2 Model3 Model4 Model5 Model6 Model7 Model8

W36_3 2.24 1.96 2.24 2.74 1.81 1.57 223 2.04 0.93
W36_3 2.53 227 2.15 2.58 2.03 1.75 1.69 1.65 0.58
W36_3 2.24 1.47 1.77 2.15 1.64 1.57 2.23 1.85 0.93
W36_3 3.33 2.59 1.43 1.76 2.81 2.54 1.55 1.55 1.42
W38 3 2.14 0.76 0.91 0.76 0.39 0.62 0.65 0.32 -0.34
W38 3 2.40 1.33 1.77 1.33 1.46 1.75 2.55 1.61 -0.27
W38 3 2.14 091 1.10 1.09 0.56 0.62 0.65 0.52 -0.34
W38 3 2.40 1.84 2.07 227 1.93 1.75 2.55 2.14 -0.27
W38 3 248 1.62 2.11 2.20 1.07 1.01 1.59 1.36 0.12
W40 3 2.75 2.22 2.61 2.55 1.91 2.11 2.73 1.66 0.54
W40 3 2.46 2.26 2.75 2.48 1.44 1.70 1.90 1.19 -0.33
W40 3 2.75 248 2.89 2.94 1.92 2.11 2.73 1.66 0.54
W40 3 2.46 1.52 1.60 1.25 1.62 1.70 1.90 1.40 -0.33
W40 3 2.15 1.95 1.66 1.87 2.17 2.20 1.98 1.85 0.65

v )
M39WHINT 5 M3fSeuiiey MMI WR prediction ¥89 model 119 8

Sample Reference Modell Model2 Model3 Model4 Model5 Model6 Model7 Model8

R23_1 -3.21 -3.07 -2.68 -2.59 -3.00 -3.11 -2.61 -2.63 -2.78
R23_1 -3.47 -2.65 -2.75 -2.64 -2.57 -2.50 -2.54 -2.45 -1.30
R231 -3.43 -2.92 -2.95 -3.05 -2.86 -2.75 -2.32 -2.03 -2.47
R23_1 -3.48 -2.16 -2.69 -2.65 -2.13 -1.96 -2.58 -2.57 0.05
R23_1 -2.32 -2.94 -2.92 -2.88 -2.80 -2.72 -2.70 -2.71 -1.48
R24 1 -3.35 -2.17 -2.73 -2.40 -2.01 -1.79 -2.50 -2.36 0.75
R24 1 -3.10 -3.19 -2.74 -2.39 -3.09 -3.21 -2.36 -1.94 -3.17
R24 1 -2.60 -2.73 -2.56 -2.68 -2.79 -2.76 -2.43 -2.79 -2.89
R24_1 -3.51 -3.44 -2.71 -2.35 -3.48 -3.58 -2.27 -2.01 -4.54
R24_1 -3.15 -3.09 -2.53 -2.63 -3.02 -3.14 -2.40 -2.50 -3.50
R25_1 -3.35 -2.58 -2.62 -2.36 -2.50 -2.45 -2.40 -2.35 -1.46

R25_1 -3.32 -2.66 -2.70 -2.44 -2.66 -2.67 -2.47 -2.37 -2.12
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d’ 1
MTNNUINN 5 (919)

Sample Reference Modell Model2 Model3 Model4 Model5 Model6 Model7 Model8

R25_1 -2.08 -2.15 -2.61 -2.45 -2.07 -1.96 -2.64 -2.76 0.16
R25_1 -3.76 -2.65 -2.66 -2.57 -2.37 -2.27 -2.41 -2.35 -0.62
R25_1 -2.97 -1.86 -2.73 -2.56 -1.69 -1.42 -2.53 -2.37 1.76
R26_1 -2.87 -2.89 -2.77 -2.62 -2.98 -3.07 -2.47 -2.23 -3.32
R26_1 -2.14 -2.40 -2.49 -2.35 -2.39 -2.41 -2.50 -2.63 -1.58
R26 1 -2.74 -2.72 -2.47 -2.41 -2.85 -3.04 -2.55 -2.69 -3.42
R26 1 -2.21 -2.56 -2.59 -2.64 -2.46 -2.46 -2.47 -2.49 -1.47
R26_1 -1.33 -2.63 -2.77 -2.70 -2.54 -2.45 -2.36 -2.18 -1.55
R271 -0.74 -1.99 -2.35 -2.31 -2.11 -2.01 -2.40 -2.66 -0.95
R27_1 -0.77 -1.81 -1.92 -2.30 -1.51 -1.05 -1.10 -1.53 -0.72
R27_1 -0.74 -1.88 -2.26 -1.76 -2.09 -2.01 -2.40 -2.64 -0.95
R27_1 -0.77 -1.84 -1.96 -2.29 -1.55 -1.05 -1.10 -1.57 -0.72
R27_1 -1.49 -2.12 -2.82 -2.82 -2.04 -1.71 -2.22 -1.97 0.13
R28 2 -1.21 0.46 0.40 -0.74 0.31 1.00 0.95 -0.09 -0.11
R28 2 -0.67 -0.72 -0.76 0.37 -1.88 -2.34 -2.11 -1.74 -2.14
R28 2 -1.21 -0.04 -0.02 -0.76 0.24 1.00 0.95 -0.17 -0.11
R28 2 -0.67 -1.49 -1.44 -0.32 -2.17 -2.34 -2.11 -2.07 -2.14
R28 2 0.30 -0.44 -0.72 -0.44 -0.69 -0.20 -0.37 -0.70 0.07
R29 2 -0.05 0.31 -0.07 -0.60 -0.39 -0.34 -0.32 0.01 -0.19
R29 2 0.28 -0.31 -0.11 0.05 -0.61 -0.53 0.00 -0.12 -1.69
R29 2 -0.05 0.20 -0.13 0.17 -0.36 -0.34 -0.32 0.04 -0.19
R29 2 0.28 0.40 0.51 0.91 -0.33 -0.53 0.00 0.20 -1.69
R29 2 -0.19 0.88 0.42 0.62 -0.20 -0.51 -0.84 -1.02 -0.70
R30 2 1.02 1.05 0.99 0.81 0.21 0.77 0.87 0.20 -0.19
R30 2 0.66 0.78 0.25 0.32 0.36 0.12 0.07 0.57 -0.28
R30 2 1.02 1.96 1.72 1.20 0.71 0.77 0.87 0.75 -0.19
R30 2 0.66 2.26 1.60 0.76 0.38 0.12 0.07 0.60 -0.28
R30 2 0.39 2.93 247 1.26 1.43 1.14 1.01 1.16 0.31
R32 3 1.11 1.16 1.46 1.03 1.37 1.00 1.48 1.87 -0.46

R32 3 1.52 2.00 2.04 1.74 2.61 2.56 2.50 2.46 1.23
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A ]
MTNNUINN 5 (91D)

Sample Reference Modell Model2 Model3 Model4 Model5 Model6 Model7 Model8

R32 3 1.11 1.95 2.24 2.50 1.36 1.00 1.48 1.86 -0.46
R32 3 1.52 2.46 241 1.91 2.64 2.56 2.50 2.49 1.23
R32 3 1.23 1.59 1.89 1.72 1.71 1.46 2.17 2.46 -1.03
R34 3 2.84 2.86 2.66 2.96 2.70 2.53 2.44 2.87 1.43
R34 3 2.06 2.32 245 2.87 3.09 2.83 2.71 2.92 1.47
R34 3 2.84 1.67 1.60 2.01 2.78 2.53 2.44 2.96 1.43
R34 3 2.06 2.06 2.02 1.24 2.93 2.83 2.71 2.75 1.47
R34 3 2.49 247 2.25 2.89 3.18 291 242 2.91 2.59
R36_3 3.64 3.38 3.04 3.30 3.19 3.03 2.63 2.79 1.88
R36_3 2.93 2.62 242 2.14 3.28 3.14 2.74 2.87 2.18
R36 3 3.64 3.41 3.09 3.31 3.20 3.03 2.63 2.80 1.88
R36_3 2.93 3.50 3.16 2.00 2.98 3.14 2.74 2.53 2.18
R36 3 2.95 4.10 3.82 3.61 2.93 3.01 2.97 2.77 0.85
R38 3 2.05 2.82 2.56 3.04 2.51 2.34 2.04 2.50 1.86
R38 3 3.71 2.68 2.69 2.36 3.35 3.31 3.30 3.14 1.11
R38 3 2.05 2.11 1.98 2.97 2.63 2.34 2.04 2.64 1.86
R38 3 3.71 2.81 2.82 2.00 332 3.31 3.30 3.11 1.11
R38 3 3.16 3.34 3.56 2.78 3.34 3.35 3.48 3.10 0.90
R40 3 2.65 3.60 3.33 3.79 2.64 2.44 2.25 2.44 1.10
R40 3 3.06 2.14 222 1.79 3.04 2.87 2.87 3.05 1.27
R40 3 2.65 2.81 2.62 2.96 2.82 2.44 2.25 2.65 1.10
R40_3 3.06 2.11 2.37 3.45 3.17 2.87 2.87 3.20 1.27
R40_3 3.17 2.51 2.73 2.55 332 3.20 3.30 3.37 1.29
W23_1 -4.30 -3.47 -3.24 -3.57 -3.12 -3.23 -3.19 -3.42 -1.91
W23 1 -4.04 -2.99 -3.10 -3.39 -2.75 -2.76 -3.29 -3.78 -0.74
W23 1 -3.48 -3.42 -3.14 -3.08 -3.05 -3.06 -2.87 -2.74 -1.42
W23 1 -3.78 -2.96 -3.05 -3.29 -2.58 -2.48 -2.86 -3.01 -0.32
W23_1 -3.83 -3.04 -3.14 -3.09 -2.73 -2.59 -2.86 -2.80 -0.27
W24 1 -3.59 -3.48 -2.97 -2.93 -3.30 -3.55 -3.01 -3.01 -3.03

W24 1 -3.51 -3.33 -3.01 -3.06 -3.30 -3.38 -2.86 -3.03 -3.25
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d’ 1
MTNNUINN 5 (919)

Sample Reference Modell Model2 Model3 Model4 Model5 Model6 Model7 Model8

W24 1 -3.02 -3.03 -3.05 -3.08 -2.62 -2.45 -2.64 -2.51 -0.19
W24 1 -3.44 -3.47 -3.12 -3.17 -3.30 -3.40 -3.06 -3.39 -2.86
W24 1 -3.19 -3.13 -3.12 -2.93 -2.80 -2.83 -3.11 -3.00 -0.34
W25_1 -2.23 -3.38 -3.08 -3.01 -3.18 -3.24 -2.92 -2.90 -2.26
W25_1 -1.71 -2.61 -3.01 -3.00 -2.32 -2.13 -2.85 -2.87 0.65
W25_1 -3.53 -2.95 -3.15 -2.80 -2.76 -2.58 -2.81 -2.66 -0.41
W25_1 -3.02 -3.01 -2.95 -3.21 -2.84 -2.88 -2.98 -3.27 -1.67
W25_1 -2.04 -2.56 -3.28 -3.00 -2.35 -2.08 -3.05 -2.99 1.22
W26_1 -1.01 -2.15 -2.30 -1.41 -2.30 -2.46 -2.72 -2.52 -0.53
W26_1 -0.93 -1.52 -1.31 -0.96 -1.83 -1.81 -1.67 -1.75 -0.97
W26 1 -1.34 -2.01 -2.03 -1.72 -1.78 -1.45 -1.59 -1.65 0.12
W26 _1 -1.44 -1.59 -1.27 -2.18 -0.91 -0.19 -0.03 -0.80 -0.13
W26_1 -1.31 -1.77 -1.47 -2.31 -1.04 -0.40 -0.19 -0.65 -0.11
W27_1 -0.29 -0.87 -0.81 -0.34 -0.99 -1.22 -0.99 -0.60 -0.80
W27_1 -0.40 -0.10 -0.27 -0.90 0.22 0.78 0.39 0.01 1.82
W27_1 -0.29 -0.77 -0.72 -0.20 -1.04 -1.22 -0.99 -0.66 -0.80
W27_1 -0.40 -0.39 -0.47 -0.98 0.02 0.78 0.39 -0.22 1.82
W27_1 -0.63 -0.71 -0.91 -0.17 0S5 -1.06 -1.25 -1.07 0.54
W28 2 0.09 0.24 0.48 0.35 0.26 0.31 0.55 0.41 -0.04
W28 2 0.36 0.11 0.21 0.46 -0.14 -0.64 -0.49 0.00 -0.35
W28 2 0.09 0.04 0.33 -0.03 0.26 0.31 0.55 0.42 -0.04
W28 2 0.36 -0.09 0.07 0.15 -0.51 -0.64 -0.49 -0.42 -0.35
W28 2 0.41 0.74 1.20 0.51 0.75 1.03 1.61 1.03 -0.64
W29 2 0.61 0.95 0.88 0.72 0.61 0.60 0.74 1.06 0.55
W29 2 0.83 1.90 1.86 1.37 1.72 1.70 1.65 1.72 1.52
W29 2 0.61 0.13 0.16 -0.16 0.67 0.60 0.74 1.14 0.55
W29 2 0.83 1.38 1.43 0.60 1.60 1.70 1.65 1.59 1.52
W29 2 0.57 0.93 1.24 1.00 0.68 0.50 0.85 0.95 -0.07
W30 2 1.27 1.54 1.47 0.68 2.05 2.15 1.98 1.85 1.71

W30 2 1.21 0.99 1.21 0.83 1.23 1.13 1.19 1.26 1.00
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d’ 1
MTNNUINN 5 (919)

Sample Reference Modell Model2 Model3 Model4 Model5 Model6 Model7 Model8

W30 2 1.27 1.73 1.65 0.53 1.98 2.15 1.98 1.77 1.71
W30 2 1.21 0.90 1.13 0.57 1.17 1.13 1.19 1.19 1.00
W30 2 0.73 1.41 2.02 1.26 1.59 1.54 1.98 1.90 0.49
W32 3 1.50 1.42 1.55 0.79 1.73 1.85 1.83 1.67 1.45
W32 3 1.57 2.50 1.98 1.80 245 2.57 1.93 1.92 2.83
W32 3 1.50 1.56 1.72 1.29 1.68 1.85 1.83 1.61 1.45
W32 3 1.57 233 1.88 1.78 247 =51} 1.93 1.94 2.83
W32 3 1.47 2.07 1.79 1.16 2.33 2.70 2.13 1.73 2.83
W34 3 0.92 1.88 2.09 1.86 1.70 1.86 2.02 1.61 0.60
W34 3 1.78 2.23 2.11 1.92 2.08 2.27 2.04 1.78 1.81
W34 3 0.92 1.49 1.71 1.15 1.86 1.86 2.02 1.79 0.60
W34 3 1.78 1.93 1.86 1.44 2.15 227 2.04 1.85 1.81
W34 3 1.19 0.87 0.89 1.39 1.04 0.82 0.65 1.28 2.00
W36_3 2.21 2.05 2.09 2.77 1.47 1.30 1.29 1.23 0.69
W36_3 2.01 1.98 2.13 2.86 1.59 1.45 1.52 1.58 1.01
W36 3 2.21 2.00 2.05 2.95 1.47 1.30 1.29 1.23 0.69
W36 3 2.01 1.38 1.59 1.87 1.45 1.45 1.52 1.42 1.01
W36_3 2.84 1.98 1.59 2.30 1.61 1.41 0.97 1.14 1.47
W38 3 1.92 0.21 0.42 0.69 0.03 0.22 0.43 0.12 -0.16
W38 3 2.15 0.88 1.45 0.94 1.07 1.36 1.83 1.24 -0.10
W38 3 1.92 0.41 0.63 0.89 0.18 0.22 0.43 0.28 -0.16
W38 3 2.15 1.60 2.09 2.51 1.45 1.36 1.83 1.67 -0.10
W38 3 2.19 1.34 1.59 2.39 0.86 0.84 1.09 1.01 0.26
W40 3 242 1.79 2.07 2.08 1.47 1.72 1.85 1.27 0.66
W40 3 2.24 1.57 1.90 1.96 0.89 1.15 1.49 0.87 -0.16
W40 3 242 1.97 2.21 2.48 1.47 1.72 1.85 1.28 0.66
W40 3 2.24 1.01 1.39 1.11 1.04 1.15 1.49 1.04 -0.16

W40 3 1.99 1.40 1.54 2.02 1.42 1.47 1.55 1.42 0.75
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M39RUINT 6 M3fTeueual SEP Y09 MMI_R Prediction Model 2 N 1

Parameters Model2 Modell
Bias -0.032 0.011

SEP 0.651772 0.750477
r 0.8137
r 0.6621
11 03379
K 1.0428
K’ 1.0875
L 1.1570
SEP1/SEP2 0.8685
(SEP1/SEP2) x (1/L) 0.7506
(SEP1/SEP2) x L 1.0048
Result NS Diff.

M39RUINN 7 M3fTeufeual SEP 409 MMI_R Prediction Model 2 1 3

Parameters Model2 Model3
Bias -0.032 0.080

SEP 0.651772 0.998232
r 0.7541
r 0.5687
11 0.4313
K 1.0547
K’ 1.1123
L 1.1789
SEP1/SEP2 0.6529
(SEP1/SEP2) x (1/L) 0.5538
(SEP1/SEP2) x L 0.7698

Result SIG Diff
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MRN8 M31fTeueual SEP 409 MMI_R Prediction Model 2 1 4

Parameters Model2 Model4
Bias -0.032 -0.065

SEP 0.651772 0.673317
r 0.7551
r 0.5702
1-r 0.4298
K 1.0545
K’ 1.1119
L 1.1786
SEP1/SEP2 0.9680
(SEP1/SEP2) x (1/L) 0.8213
(SEP1/SEP2) x L 1.1409
Result NS Diff.

MS9RUINTI 9 M3fTeueual SEP Y09 MMI_R Prediction Model 2 A 5

Parameters Model2 Model5
Bias -0.032 -0.087

SEP 0.651772 0.765084
r 0.6518
r 0.4249
1-r 0.5751
K 1.0729
K’ 1.1511
L 1.2090
SEP1/SEP2 0.8519
(SEP1/SEP2) x (1/L) 0.7046
(SEP1/SEP2) x L 1.0299

Result NS Diff.
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M39RUINT 10 M3fSeneun1 SEP ¥99 MMI_R Prediction Model 2 11 6

Parameters Model2 Model6
Bias -0.032 -0.088
SEP 0.651772 0.771965
r 0.8258
r 0.6820
1 0.3180
K 1.0403
K’ 1.0823
L 1.1520
SEP1/SEP2 0.8443
(SEP1/SEP2) x (1/L) 0.7329
(SEP1/SEP2) x L 0.9726
Result SIG Diff

M39RUINA 11 M3fSeuneunt SEP 499 MMI_R Prediction Model 2 11 7

Parameters Model2 Model7
Bias -0.032 -0.054

SEP 0.651772 0.741506
r 0.8241
r 0.6791
1 0.3209
K 1.0407
K’ 1.0830
L 1.1527
SEP1/SEP2 0.8790
(SEP1/SEP2) x (1/L) 0.7625
(SEP1/SEP2) x L 1.0132

Result NS Diff.
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MI9RUINT 12 M3ifSeuneunt SEP 499 MMI_R Prediction Model 2 11 8

Parameters Model3 Modell

Bias -0.032 -0.104

SEP 0.651772 1.48147
r 0.3021
v 0.0913
1-r 0.9087
K 1.1152
K’ 1.2437
L 1.2684
SEP1/SEP2 0.4399
(SEP1/SEP2) x (1/L) 0.3469
(SEP1/SEP2) x L 0.5580

Result SIG Diff

M39RUINA 13 M3fSeueunl SEP ¥99 MMI_W Prediction Model 2 111 1

Parameters Model2 Modell
Bias 0.045 -0.012
SEP 0.669817 0.681024

r 0.7636
r 0.5831
1-r 0.4169
K 1.0529
K’ 1.1085
L 1.1757
SEP1/SEP2 0.9835
(SEP1/SEP2) x (1/L) 0.8366
(SEP1/SEP2) x L 1.1563

Result NS Diff.
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MIRUINA 14 M31fSeneun1 SEP ¥99 MMI_W Prediction Model 2 11 3

Parameters Model2 Model3
Bias 0.045 0.161

SEP 0.669817 0.695204
r 0.7494
r 0.5615
1-r 0.4385
K 1.0556
K’ 1.1143
L 1.1805
SEP1/SEP2 0.9635
(SEP1/SEP2) x (1/L) 0.8162
(SEP1/SEP2) x L 1.1374
Result NS Diff.

M3RUINA 15 M3fSeuneunt SEP 499 MMI_ W Prediction Model 2 A1) 4

Parameters Model2 Model4
Bias 0.045 -0.136

SEP 0.669817 0.897352
r 0.5575
r 0.3108
1-r 0.6892
K 1.0874
K’ 1.1824
L 1.2306
SEP1/SEP2 0.7464
(SEP1/SEP2) x (1/L) 0.6066
(SEP1/SEP2) x L 0.9186

Result SIG Diff
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MIRUINT 16 M3fSeuneun1 SEP 499 MMI_W Prediction Model 2 A1) 5

Parameters Model2 Model5
Bias 0.045 -0.231

SEP 0.669817 0.996533
r 0.4833
r 0.2335
1-r 0.7665
K 1.0972
K’ 1.2038
L 1.2444
SEP1/SEP2 0.6721
(SEP1/SEP2) x (1/L) 0.5401
(SEP1/SEP2) x L 0.8364

Result SIG Diff

M39RUINA 17 M3ifSeuneunt SEP 499 MMI_W Prediction Model 2 1) 6

Parameters Model2 Model6
Bias 0.045 -0.143

SEP 0.669817 0.841849
r 0.6512
r 0.4240
1-r 0.5760
K 1.0730
K’ 1.1514
L 1.2092
SEP1/SEP2 0.7957
(SEP1/SEP2) x (1/L) 0.6580
(SEP1/SEP2) x L 0.9621

Result SIG Diff
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M39RUINT 18 M3fSeueun1 SEP 499 MMI_W Prediction Model 2 1) 7

Parameters Model2 Model7
Bias 0.045 -0.055

SEP 0.669817 0.860469
r 0.7272
r 0.5288
1-r 0.4712
K 1.0597
K’ 1.1231
L 1.1877
SEP1/SEP2 0.7784
(SEP1/SEP2) x (1/L) 0.6554
(SEP1/SEP2) x L 0.9245

Result SIG Diff

M39RUINT 19 M3fSeuneun SEP 499 MMI_W Prediction Model 2 1) 8

Parameters Model2 Model8
Bias 0.045 -0.081

SEP 0.669817 1.774185
r 0.1710
r 0.0293
1-r 0.9707
K 1.1231
K’ 1.2613
L 1.2784
SEP1/SEP2 0.3775
(SEP1/SEP2) x (1/L) 0.2953
(SEP1/SEP2) x L 0.4826

Result SIG Diff
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MI9RUINT 20 M3fSeNeun1 SEP ¥99 MMI_WR Prediction Model 3 N 1

Parameters Model3 Modell
Bias 0.026 -0.008
SEP 0.70435 0.740156

r 0.6910
v 0.4774
1-r 0.5226
K 1.0320
K’ 1.0650
L 1.1344
SEP1/SEP2 0.9516
(SEP1/SEP2) x (1/L) 0.8389
(SEP1/SEP2) x L 1.0795
Result NS Diff.

MI9RUINT 21 M3fSeuneun SEP 499 MMI_WR Prediction Model 3 11 2

Parameters Model 3 Model 2
Bias 0.026 -0.005

SEP 0.70435 0.718863
r 0.7546
r 0.5694
1 0.4306
K 1.0263
K’ 1.0534
L 1.1213
SEP1/SEP2 0.9798
(SEP1/SEP2) x (1/L) 0.8738
(SEP1/SEP2) x L 1.0987

Result NS Diff.




MIRUINT 22 M3fSeuneun1 SEP 499 MMI_WR Prediction Model 3 N 4

Parameters Model 3 Model 4
Bias 0.026 0.001

SEP 0.70435 0.7679
r 0.4743
r 0.2249
I-r 0.7751
K 1.0474
K’ 1.0971
L 1.1658
SEP1/SEP2 0.9172
(SEP1/SEP2) x (1/L) 0.7868
(SEPI1/SEP2) x L 1.0693
Result NS Diff.

MI9RUINT 23 M3fSeuneun1 SEP 499 MMI_WR Prediction Model 3 0 5

Parameters Model 3 Model 5
Bias 0.026 -0.024

SEP 0.70435 0.829893
r 0.3353
r 0.1124
1-r 0.8876
K 1.0543
K’ 1.1115
L 1.1782
SEP1/SEP2 0.8487
(SEP1/SEP2) x (1/L) 0.7203
(SEP1/SEP2) x L 1.0000
Result NS Diff.
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M519RUINT 24 M31fTeueua1 SEP ¥09 MMI_WR Prediction Model 3 N 6

Parameters Model 3 Model 6
Bias 0.026 -0.025
SEP 0.70435 0.804895
r 0.4259
r 0.1814
1 0.8186
K 1.0501
K 1.1027
L 1.1707
SEP1/SEP2 0.8751
(SEP1/SEP2) x (1/L) 0.7475
(SEP1/SEP2) x L 1.0244
Result NS Diff.

MI9RUINT 25 M3fSeneun1 SEP ¥99 MMI_WR Prediction Model 3 N 7

Parameters Model 3 Model7
Bias 0.026 0.006

SEP 0.70435 0.790103
r 0.5391
r 0.2906
1 0.7094
K 1.0434
K’ 1.0887
L 1.1581
SEP1/SEP2 0.8915
(SEP1/SEP2) x (1/L) 0.7698
(SEP1/SEP2) x L 1.0324

Result NS Diff.
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MIRUINT 26 M3fSeNeUA SEP 499 MMI_WR Prediction Model 3 11 8

parameters model3 model8
Bias 0.026 0.017
SEP 0.70435 1.600508
r 0.1898
r 0.0360
1-r 0.9640
K 1.0590
K’ 1.1214
L 1.1863
SEP1/SEP2 0.4401
(SEP1/SEP2) x (1/L) 0.3710
(SEP1/SEP2) x L 0.5221

Result SIG Diff
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The purpose of this research was to investigate maturity prediction of red flesh dragon fruit based on
non-destructive measures, Specific weight, sphericity, color value L, a, b and light reflectance spectrum
were linearly combined by partial least squares regression { PLSR ) analysis. The PLSR models could predict
days after fruit set, weight ratio and total soluble solids relatively well with standard deviation divided by
standard error of prediction (RPD) of 2.86, 2.45 and 2.38, respectively. Date after fruit set, total soluble
solids, total acid, ratio of total soluble solids and total acidity and weight ratio were transformed into

Keywords: . a principal component 1 (PC1) by the principal component analysis and used to represent a single matu-
Dragon fruit P f . . .

Pitaya rity index. The PLSR model with non-destructive parameters resulted in an improved performance in the
Non-destructive prediction of the maturity index {PC1) with a RPD increase to 3.49. The model could be further simplified
Maturity but retained a comparable accuracy by the application of a log (R680/R550) in place of the light reflec-

tance spectmim.

® 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Dragon fruit (Hylocereus) or pitaya in Latin America (Nerd and
Mizrahi, 1997) is of a member of the cactus family and known to
be rich in nutritional value, high in economical value and medicinal
uses. Pitaya exists in different variations of color known as white,
magenta, red and yellow (Grimaldo-Juarez et al, 2007). The red
flesh variety is in particular richer in betalains which meet the
increasing trade interest for antioxidant products and natural food
colorants (Le Bellec et al, 2006). However the proper stage of
maturity at harvest is the most important determinant of storage
life and final fruit quality.

The majority of researches have been carried out in attempts to
monitor tropical fruit maturity and related properties. A common
destructive method for measurement of the maturity and growth
of fruit is to analyze its soluble solids and acidity. Subhadrabandhu
and Ketsa (2001) suggested that the soluble solids content of dur-
ian is parallel to aril firmness with respect to maturity develop-
ment. The decrease in firmness coincides with an increase in
water-soluble pectin. More mature durian aril has greater water-
soluble pectin which increases faster than that of less mature
durian aril (Ketsa and Daengkanit, 1999). Acidity is extensively
studied as a parameter in the description of growth of guava
(Mercado-5Silva et al,, 1998) and mango (Saranwong et al., 2004).

Slope of the force—deformation curve is another measure that
has been used to determine fruit maturity. For example, Jarimopas

* Corresponding author. Tel.: 66 86 7751723; fax: +66 34 351896,
E-muail address: anu d@yahoo.com (A Terdwongworakul).

0260-8774/§ - see front matter © 2010 Elsevier Ltd. All rights reserved.
doi: 10,1016/ jfoodeng 2010.04.025

and Kittawee (2007) subjected mango to slow compression as a
means of determination of the relationship between firmness
and maturity. They found that the slope remained constant from
immaturity to maturity but decreased as the fruit became over-
mature. Alternatively, maturity of a fruit can be evaluated from
the force response of the fruit at constant deformation compres-
sion. Takao and Ohmori (1994) successfully developed a hardness
immaturity tester (HIT) based on experiments with kiwi fruit. With
the dragon fruit, Hoa et al. (2006) and Nerd et al. (1999) used a
penetrometer to measure the firmness of fruit.

As for non-destructive method, there have been reports on
physical, mechanical, light and physiological properties of the fruit.
For example, Kato (1997) showed the relationship between the
density and the maturity of Japanese watermelon. The threshold
of pleasantly sweet watermelon without cavities had a density
equal or greater than 0.934. Specific weight is also a physical and
physiological property that is recognized by horticulturists and
post harvest technologists. It has been investigated by researchers
to determine the maturity of mango (Jarimopas and Kittawee,
2007), mangosteen (Sornsrivichai et al,, 1999) as well as dragon
fruit (Wanitchang and Jarimopas, 2008).

The dynamic frequency response of pear dropped onto a flat
plate was investigated and found to be able to predict pear firm-
ness (Wang et al.,, 2007). Wang et al. (2006) reported use of acous-
tic impulse response to monitor firmness change of mandarin
during storage.

Light reflectance properties of fruit were also investigated as a
sorting parameter of fruit maturity. Sound and green oranges of
Shamuti variety differed in the light spectrum between 600 and
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TA total acidity (%)

FLF flesh firmness (Nf/mm)

TSS total soluble solids (*Brix)
MMI multivariate maturity index

PLSR partial least squares regression
coefficient of determination of calibration
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Nomenclature

L lightness axis in Hunter L, a, b color scale

a redness-greenness coordinate in Hunter L, a, b color
scale

b yellowness-blueness coordinate in Hunter L, a, b color
scale

DAFS number of days after fruit set

X major axis of dragon fruit (mm)

Y minor axis of dragon fruit (mm)

SPH sphericity (%)

w sample weight (g)

v sample volume (ml)

SW specific weight (g/ml)

F flesh weight (g)

WR weight ratio (%)

FRF fruit firmness (N/mm)

R coefficient of determination of prediction

SECQV standard error of cross validation

SEC standard error of calibration

SEP standard error of prediction

RPD ratio between the standard error of prediction and the
sample standard deviation for the prediction set

PC1 principal component 1

Bias average difference between predicted and measured
values

660 nm by 70% of reflectance. This reflectance difference was
subsequently employed in the design of a device to segregate green
oranges from good oranges (Peleg, 1985). With mangosteen,
Jarimopas et al. (2008) measured the color of sound and defective
fruit in terms of their tristimulus values. The corresponding chro-
maticity coordinates of a mangosteen were showed to be depen-
dent on the maturity stage. Sweetness of mango naturally relates
to its maturity. Jha et al. (2005) applied the multiple linear regres-
sions to develop models for total soluble solids as indicators of
sweetness of intact mangoes based on visible spectrum ranging
from 440 to 480 nm. A high correlation between the predicted
and the calibrated values of total soluble solids was established.
Hoa et al. (2006) and Nerd et al. (1999) applied the hue angle sys-
tem to evaluate skin and flesh color of dragon fruit.

Some essential physiological properties such as specific weight,
total soluble solids content and acidity are commonly appreciated
by consumers. However, no specific studies of mechanical, light
and physiological properties of the Thai dragon fruit are known to
exist. Therefore, the purpose of this research was to investigate
those properties and to analyze their use as maturity indices inrela-
tion to non-destructive parameters as predictors. This could be
used to ensure the commercial quality sorting of the dragon fruit.

2. Materials and methods

Dragon fruits of the red (Hylocereus polyrhizus) variety (red peel
and red-purple pulp) were selected randomly from a commercial
orchard in Chonburee province, Thailand. The fruit samples were
tagged after fruit set and hand-harvested between the 23rd and
40th day after fruit set (DAFS)in June, 2007. The samples were har-
vested daily between the 23rd and 30th day and later that every
two days until day forty, to follow the growth the rate, which
was rapid at the early stages of the DAFS. Twenty individual fruits
were selected for each harvesting day. The experiments were done
immediately after the arrival of the samples in the laboratory con-
ditioned at 25°C and an average relative humidity of 67%.

2.1. Determination of light property

The each fruit sample was measured for light reflectance by
spectrometer (Hunter L, a, b Color Flex model CFLX-45-2: D 65/
10°, Reston, USA) at the equator of the sample. Four positions, 90
degree apart, along the fruit equator were exposed to the aperture
for the measurement of each fruit. Twenty samples were dupli-
cated. The Hunter L, a, b color scale was used to indicate the fruit
color. The L value (lightness) is scaled between 0 (black) and 100

(white). The a value is from —a (greenness) to +a (redness) whereas
the b value changes from —b (blueness) to +b (yellowness). The
fruit color value L, a, b and the reflectance of the visible spectrum
(400-700 nm) were recorded. The average value of four measure-
ments was used for further analyses.

2.2. Determination of physical characteristics

Major (X) and minor (Y) axes of the fruit sample were measured
and the percentage sphericity (SPH) was calculated from
SPH =(Y = 100)/X. Weight (W) of each sample was measured by
electronic balance (Mettler Toledo PB 3002-5, Switzerland).
Volume (V) of each above sample was measured by water displace-
ment based on the platform scale technique as described by
Mohsenin (1986). The specific weight (SW) was derived from
SW=W/V. Each individual fruit was peeled and its flesh (F) was
weighed and recorded. The weight ratio (WR) of F and W was
expressed as the percent of recovery or the usable part from
WR =(F = 100)/W (Chuachoochat and Babprasert, 1999).

2.3. Determination of mechanical property

The mechanical property in terms of firmness was measured at
two opposite locations on the equator of each fruit. Each sample
was axially cut in half. Each bisection with cut surface downward
was slowly compressed on the peel surface with an 8 mm cylinder
probe mounted on a Universal Testing Machine (Lloyd EZ 20,
Segensworth East Fareham, Hampshire, UK) to a deformation of
10 mm at a loading rate of 30 mm/min (ASAE Standards, 1998).
The average diameter of fruit was 82.5 mm. The fruit firmness
(FRF) as defined by the slope of the force-deformation graph at
30% of the peak force was analyzed. The second fruit half was
subsequently peeled and its flesh firmness (FLF) was assessed
analogously. Next, the FRF and FLF readings were then averaged
for further analyses. The measurements were duplicated twenty
times.

2.4. Determination of physiological properties

Flesh of each half was cut perpendicular to the fruit axis to ob-
tain apportion of 10 mm thickness of the equator area. The flesh
portion was crushed to get juice for the measurement of total sol-
uble solids (TSS) using a hand digital refractometer (ATAGO PAL-1,
Japan). The excess juice was filtered through cotton sheets. Clear
juice was titrated with 0.1 N NaOH to an end point of 8.2 pH
(measured with pH meter Mettler Toledo GmbH MP 120, Switzer-
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land) for the measurement of total acidity (TA). Again the two mea-
surements were averaged, This procedure was once more repeated
20-fold.

2.5, Data analysis

As this research was aimed to sort dragon fruit into different
maturity levels, DAFS and other destructive parameters e.g. TS5,
TA, TSS/TA, WR, FRF, FLF were to be used as predicted references
of maturity indices. Predictors were thus the non-destructive
parameters e.g. SW, SPH, L, a, b and light reflectance from 400 to
700 nm.

Partial least squares regression (PLSR) analysis was performed
to build a model for each predicted property. The samples were
sorted based on each predicted property and approximately one
fourth (65 samples) as a validation set with the remainder (195
samples) to constitute the calibration set. This resulted in samples
with a range of similarly distributed maturity to be present in both
sets and additionally a wider range in the calibration set than the
validation set.

For each predicted property, the calibration set was used to
build a calibration model with the application of PLSR in the
Unscrambler V9.8 program (Camo, Oslo, Norway). The optimal
number of PLSR factors was determined by full cross validation
with the calibration sample having the lowest standard error of
cross validation (SECV). The calibration model was assessed for
the performance based on the coefficient of determination (R%)
and SECV.

The prediction performance of the model was validated by com-
parison of the measured values and model prediction values. The
statistics for the performance assessment were the coefficient of
determination of calibration (R%), standard error of calibration
(SEC), coefficient of determination of prediction (Rp), standard er-
ror of prediction (SEP), bias and the standard deviation of reference
values in the validation set divided by SEP (RPD, ratio of standard
error of prediction to sample standard deviation). The most suit-
able models proved to be the highest RE the lowest SEP and the
highest RPD (Williams and Sobering, 1993).

3. Results and discussion
3.1. Change of properties with days after fruit set

3.1.1. Destructive properties

The maturity stages were defined as immature (23-27 DAFS),
mature (28-30 DAFS) and over-mature (31-40 DAFS) in accor-
dance with the days after fruit set (Merten, 2003). Although the
mentioned maturity stages were established in regard to dragon
fruit in the United States, they were used as guidelines for dragon
fruit in this experiment as there were similarities in the property
changes. TS5 of dragon fruit promptly increased with DAFS from
5°Brix to 13.3 “Brix during the immature stage as displayed in
Fig. 1a. TSS continued to rise to 15.3 °Brix as the fruit was mature
and further increased to 17.5 °Brix at over-mature stage before
dropping. The results coincided with the fact that during fruit
development there are changes in the concentration of soluble sol-
ids and a number of non-structural carbohydrate components of
the pulp. With consistent variability of the TSS value with the
maturity stages it appeared to be a quite acceptable indicator for
maturity as suggested by Nerd et al. (1999). Dragon fruit grown
in California was found to have the brix reading fall between 13%
and 16% on average with the highest value of 20% for the red
fleshed wvariety. However for most consumers, fruit with a brix
reading in excess of 12% or 13% appears to be acceptable (Merten,
2003).

TA of dragon fruit tended to increase during 23rd to 26th DAFS
and constantly decreased until entering the over-mature stage
(Fig. 1a). The highest TA was less than 1% which accounts for the
good flavor and sweetness in dragon fruit. This was well in accor-
dance with the findings of Nerd et al. (1999). TSS/TA ratio defined
as the taste score remained at about 20 °Brix [% in the immature
stages and grew to 50 “Brix/% at the end of mature stage with a
peak of 142 =Brix/#%. The ratio of flesh to total weight of dragon fruit
(WR or recovery) remained less than 40% for the first four days of
the immature stage and continuously increased to about 80%
through the mature and over-mature stages (Fig 1b). The maxi-
mum WR value coincided with TSS/TA. During maturing, the thick-
ness of peel reduced whereas the fruit weight enhanced
(Chuachoochat and Babprasert, 1999).

The FRF and FLF of dragon fruits (i.e. slope of force deformation
curve) showed similar changes. They remained constant for three
days in the immature stage and started to decrease with matura-
tion and remaining constant in the over-mature stage (Fig. 1c).
The FRF of red dragon fruit was roughly 13 N/mm in the immature
stage and dropped to about 5 N/mm during maturing before level-
ing off towards the end of the over-mature stage. On the other
hand, the FLF of red dragon fruit varied in a range of 1.0-3.5 N/
mm. The change of firmness occurred during the fruit-maturing
period on the plant but was minimal after harvest. At about the
same time as the FLF approached a minimum, eating quality as de-
picted by TSS/TA reached a maximum at 33-37 DAFS, Sugiyvama
et al.(2005)indicated that in most of the fruit and vegetables, firm-
ness could be used as the key factor in the assessment of the com-
mercial acceptance of the produce and the determination of
firmness of horticultural produce by means of non-destructive
methods is of prime importance.

3.1.2. Non-destructive properties

The specific weight of dragon fruits slightly increased during
fruit development. Changes in sphericity of the fruit occurred in
a similar sigmoid trend to the specific weight (Fig. 2a). The fruit
length always exceeded and additionally increased at a faster rate
than the fruit diameter (Nerd et al., 1999) and thus resulted in an
oblong fruit shape (Merten, 2003).

Color value 'L' remained relatively constant along DAFS while
color value 'a’ changed from -5 (greenness) during the immature
stage to 30 (redness) in the over-mature stage. Color value 'b'
(yellowness) remained constant in the immature stage and slightly
decreased during fruit-maturing before remaining constant in the
over-mature stage (Fig. 2b). This coincided with a report that skin
color of fruit started to change from 25 to 30 DAFS (Nerd et al,
1999; Merten, 2003). The red color of pitaya fruit was character-
ized by betacyanin, which was a class of water-soluble pigments
(Le Bellec et al,, 2006; Wybraniec et al., 2007). The development
of pigments in red fleshed pitaya occurred analogous to changes
in skin color (Merten, 2003). The light reflectance at a wavelength
of 400-700nm of red flesh dragon fruits exhibited different
patterns with the stages of maturity (Fig. 2c). At around 550 nm
higher reflectance was observed in the immature stage which was
related to the green color of the peel. During maturing fruit peel
color changed tored (Nerd et al., 1999). On the contrary, at around
680 nm, which was known as chlorophyll absorbance peak, the
light reflectance increased from the mature to the over-mature
stages.

3.2, Prediction of maturity of dragon fruit with the application of non-
destructive properties

The properties of dragon fruits in both calibration and
validation set varied from the immature to the over-mature
stages as shown in Table 1. The PLSR models with the application
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Fig. 1. Destructive properties of dragon fruits as related to days after fruit set({a) TSS and TA (b) TSS/TA ratio and wt. ratio (¢} fruit and flesh firmness. (TSS: total soluble solids,

TA: total acidity, WR: weight ratio of flesh to whole fruit)

of non-destructive parameters as the predictors were used to
predict the destructive properties and DAFS. The results showed
that the calibration model can predict DAFS with the largest RPD
of 2.86 and Rf SEP and bias of 0.88, 1.85 and —0.008, respectively
(Table 2). Prediction of TA was the least accurate with a minimum
RPD of 1.36. A partial explanation of this is that the change in TA
was slight after a surge (Fig. 1a) prior to color change (Nerd
et al, 1999).

For mechanical properties, the FRF prediction was better than
the FLF as reflected in RPD values of 2.01 and 1.47, respectively

although both properties changed similarly with DAFS (Fig. 1c).
The probable reason is that the FRF partially represented the peel
characteristic which attributed to most of the variability in the
non-destructive parameters.

The RPD value was one of the most frequently used measure
for assessing the efficiency of NIR analysis. Efficient prediction
was indicated by high value for RPD of at least 3 (Williams and
Sobering, 1993). However all prediction models had RPD values
of less than 3 (Table 2). Therefore these models could not be used
to efficiently quantify the quality for sorting applications.
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Fig. 2. Non-destructive properties of dragon fruits as related to days after fruit set (a) specific weight and sphericity (b) color value L a and b and (c) light reflectance
(immature: 23-27 days after fruit set (DAFS), Mature: 28-30 DAFS and over-mature: 31-40 DAFS).

3.3, Quality sorting index Fig. 1 illustrates that destructive parameters accord with a
change in dragon fruit maturity as represented by DAFS. Some of

As there are several predicted parameters for sorting the dragon these destructive parameters were reliable indices for the maturity
fruit quality we next investizated a single parameter to guantify assessment. However, the implementation of only one of these
the quality sorting of red flesh dragon fruit. parameters as a maturity index for the PLSR analysis was to
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Table 1
Properties of dragon fruits in calibration and validation sets.

Properties Unit Calibration (n = 195) Validation (n= 65)

Min Max Mean 5D Vi Min Max Mean 5D o
Destructive parameters
DAFS Days 23.00 40.00 3015 527 1749 23.00 40.00 30.15 5.30 17.58
S8 “Brix 420 1848 1279 427 334 5.20 18.48 13.07 4.39 33.58
TA ® 0.10 123 040 029 7164 0.11 1.17 0.43 0.30 69.05
TSS/TA “Brix /% 742 185.16 5740 5043 8786 7.16 161.06 54.53 48.98 849.81
WR ® 2773 85.12 5925 17.93 3027 3247 83.52 59.99 17.02 28.36
FRF MN/mm 213 1751 732 442 6031 2.98 16.16 7.06 4.02 56.89
FLF MN/mm 065 433 190 091 48.00 0.75 3.72 1.94 0.78 40.38
Non-destructive parameters
W g'ml 095 112 1.04 004 423 0.93 1.11 1.04 0.04 3.84
SPH ® 67.66 9733 8249 643 7.79 67.01 97.33 82.54 6.22 7.54
L - 2161 41.02 3095 3.56 11.51 23.37 41.02 30.88 3.49 11.30
a - -7.12 35.12 1237 15.66 126.53 —6.66 31.86 11.67 14.75 126.34
b - 120 16.02 774 4.14 5349 1.86 14.44 7.88 412 52.29

DAFS = days after fruit set; TSS = Total soluble solids; TA = Total acidity; WR = Weight ratio between flesh and the whole fruit: FRF = Fruit firmness represented by the slope of
tl_'ie force-deformation curve at 30% of the peak force; FLF = Flesh firmness; SW = Specific weight; SPH = Sphericity.

RE = coefficient of determination of calibration.
R = coefficient of determination of prediction.

Table 2
PLSR models for prediction of destructive properties with non-destructive properties’
of red flesh dragon fruits,

Prediction Factors Calibration (n=185) Validation (n=65) RFD
RE SECV Rﬁ SEP Bias
DAFS 3 0.88 1.83 0.88 185 -008 2.86
WR 1 086 6.76 0.83 696 -031 245
S8 3 0.80 191 0.82 184 -024 238
TSS/TA [ 085 19.38 0.78 2277 099 215
FRF 3 0.83 1.82 0.76 154 027 207
FLF 3 069 051 0.55 052 -005 1.50
TA 5 055 0.19 0.43 022 -002 1.36

DAFS = days after fruit set; TSS = total soluble solids; TA = total acidity; WR = weight
ratio between flesh and the whole fruit; FRF = fruit firmness represented by the
slope of the force-deformation curve at 30% of the peak force; FLF = flesh firmness.
SECV = standard error of cross wvalidation: SEP =Standard error of prediction;
RPD = standard deviation of validation set divided by corresponding SEP.

RE = coefficient of determination of calibration.

R = coefficient of determination of prediction.

* Mon-destructive parameters including specific weight, sphericity, color L, a, and b
and light reflectance from 400 to 700 nm.

disregard maturity related information of disparate destructive
parameters. Thus a principal component analysis (PCA) was
performed to transform DAFS and other destructive factors into a
single parameter for maturity assessment. The PCA is a multivari-
ate data analysis used to explain the variability of the original data
with a few principal components (PCs). In PCA each parameter is
weighed with the corresponding standard deviation to compensate
for different scales of measurements.

The loading plot of PCA is displayed in Fig. 3. Principal compo-
nent 1{PC1) was found to capture 78% of the variability of DAFS
and destructive parameters while PC2 accounted for 14% of incon-
sistencies. PC1 was subsequently used to represent the set of
parameters measured at different maturity stages of dragon fruit
and was hence designated as multivariate maturity index (MMI).
The loading plot suggested that MMI (PC1) correlated with most
of WR, DAFS and TSS (PC1 loading = —0.415, —0.406 and —0.400,
respectively) but in a negative trend. The MMI incorporated the
minimum variability of TA (PC1 loading = 0.253). The PCA results
implied that the greater the MMI value, the lower the level of fruit
maturity. Fig. 4 shows changes of the MMI over DAFS which is alike
to the variations in FRF and FLF but is opposite to the changes in
TSS.

Maturity

r 3

t

0.8 4 «TA

0.6 4

TSS 0.4 4

X 0.2 FRF
WR

4 T T T f T
/0.4 02024 0.2 D,ﬂ/[)é 038
%
X ]
Tssma ™

y i FLF
-84

DAFS

Principal component 2 (14%)

Principal component 1 (78% )

Fig. 3. Loading plot of destructive properties and DAFS of red flesh dragon fruits
from principal component analysis showing relationship between initial properties
and principal component 1 (PC1).

Further PLSR was performed to evaluate whether the MMI model
would improve the prediction performance with the application of
non-destructive parameters.

3.4. Prediction of multivariate maturity index

From Table 3, the non-destructive PLSR model for the prediction
of the MMI (model No. 1) had the highest Rj of 0.92 with the SEP
and bias of 0.65 and 0.003, respectively when predictors are SW,
SPH, L, a, and b and reflectance from 400 to 700 nm. Moreover
the RPD of 3.49 indicated a well improved performance of an effi-
cient prediction. However this model was performed by the appli-
cation of many non-destructive properties totaling 36 parameters.

The next step of investigation was to reduce the predictors be-
cause the large number of variables renders the sorting instrument
complex. The measurement of a whole spectrum of light reflec-
tance requires expensive instruments and makes the model overly
elaborate, Thus simplified parameters of light reflectance, such as a
combination of reflectance at each wavelength and a ration in cor-
relation with DAFS, was sought. After the analysis of all possible
cases, it was found that the logarithm of reflectance ratio
log(R680/R550) provided the best correlation. This can be partially
explained by the fact that the reflectance at 550 nm is related to
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Table 3
Mondestructive PLSR models for prediction of multivariate maturity index of red flesh
dragon fruits.

Model*  Factor  Calibration (n= 165) Validation (n =65) RFD

R SECQV R SEP Bias

1 3 092 0.68 092 065 0003 3.49

2 1 091 0.70 091 070 -0.01 326

1 1 086 0.88 081 100 -0.08 228

4 1 089 0.79 089 074 005 3.08

*Model 1: predictors including specific weight, sphericity, color value L, a, band
light reflectance from 400 to 700 nm.

Model 2: predictors including specific weight, sphericity, color value L, a, b and
log(R6BOJRS 50).

Model 3: predictors including light reflectance from 400 to 700 nm.

Model 4: predictors including color value a, b and log{ RE80/R550).

the green color of the peel and the reflectance at 680 nm is associ-
ated with chlorophyll (Kramer and Smith, 1947) Therefore the
log(RG80/R550) signifies that by the standardization of each reflec-
tance with at 550 nm, a change in chlorophyll (reflectance at
680 nm) becomes more distinct with DAFS. The logarithm of the
reflectance ratio in addition linearizes the relationship.

Changes of light reflectance ratio in terms of log(R680/R550)
with DAFS (Fig. 5) exhibited the same pattern; however converse
values to the MMI (Fig. 4). The value was lower during the imma-
ture stage and higher during the over-mature stage. The light
reflectance ratio in terms of log{R680/R550) was used instead of
light reflectance from 400 to 700 nm. The new PLSR model was
performed (model No. 2) with specific weight, sphericity, color L,
a, and b and log{R680/R550) as predictors. The PLSR model incor-
porated log(R680/R550) instead of the whole spectrum and other
non-destructive parameters (SW, SPH, L, a and b) showed a slight
decrease in accuracy with RPD of 3.26 compared with RPD of
3.49 from the model based on the non-destructive parameters
inclusive of the whole spectrum. The SEP was 0.70 with a —-0.01
bias, whereas the RPD was 3.26. Although peel color change (hue
angle) was shown to be accompanied by changes in TSS and TA,
as reported by Nerd et al. (1999), as well as DAFS (Phebe et al.,
2009) the PLSR model from light reflectance alone (Model Mos. 3
and 4 in Table 3) did not perform as well as the model with the
combination of log(R680/R550) and other non-destructive
parameters.

The scatter plots of reference and prediction quality index are
shown with 36 parameters, model No. 1 (Fig. 6a) and with 6

Days after fruit set

Fig. 5. Change of light reflectance ratio with days after fruit set (IM= immature,
M = mature, OM = over-mature ).
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Fig. 6. Prediction on multivariate maturity index (MMI) of red flesh dragon fruit
withscatter plot in model 1 (a) with nondestructive properties and light reflectance
at 400-700 nm and model 2 (b) with non-destructive properties and log{R680/
R550).

parameters, model No. 2 (Fig. 6b). The quality index prediction
model with non-destructive parameters inclusive of SW, SPH, color
L, o, and b and log{RGBO/R550) appeared to be an efficient
predictor.
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4. Conclusion

MNon-destructive parameters could be used to predict the matu-
rity indices of red flesh dragon fruit such as DAFS, TSS, TA, TSS/TA
and WR with relatively high levels of accuracy based on PLSR.
However with MMI (2 multivariate maturity index) created from
the original destructive parameters and DAFS by PCA, the predic-
tion performance was improved. A simplified PLSR model was cre-
ated with the application of log (R680/R550) in place of the whole
spectrum of light reflectance) and non-destructive parameters
which resulted in a comparably accurate prediction of MMI.
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