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Abstract

Project Code : MRG4680025

Project Title: Internal Pineapple Fruit Quality Evaluation Using Acoustic Response,
Image Processing and Optical Property Technique

Investigator: Siwalak Pathaveerat

E-mail Address : fengslp@ku.ac.th , fengslp@gmail.com

Project Period : July 2003 — Jun 2005

This research was investigated for pineapple classification into different maturity
levels and marbling defect. A sample of “Pattavia” cultivar pineapples was classified
into three sets of maturity levels and a set of marbling samples. Destructive parameters
including soluble solids content, acidity and firmness were measured. The Near Infrared
Spectrophotometer model Purespect was used to acquired the NIR spectra. The
spectra were analyzed by Principle Component Analysis (PCA), Partial Least Square
Regression (PLSR), and Moving Window Partial Least Square (MWPLSR) for
classified the group of pineapple maturity and marbling defect. The Acoustic impulse
response was carried out on each sample for nondestructive measurement as well as
specific gravity determination by means of water replacement. Discriminant analysis
using canonical discriminant function with leave-one-out cross validation indicated that
the most accurate classification was achieved using specific gravity and three stiffness
coefficients, f2m2/3 (where f is the frequency at peak spectrum and m is weight)
calculated from the three most distinct peaks. With specific gravity and the first two
principal components extracted from three stiffness coefficients submitted to the
classification, the maturity classification was more uniform in each grade and 90.0%
accuracy was obtained. The stiffness coefficient, f32m2/3 where f; was the third peak,
was found to be the most sensitive parameter for detection of maturity and marbling

defect in pineapple.
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S.D. 0.962 | 0.365 9.314 0.020 231.7545




~ [ - o =l I A . .
M3 7 Ageseangga 3 3a Mnnmsulasdyanandsailuniudlugi) Algorithm Fourier

g9 U

9 Y
transform Response (FFT) VoIFUUz AN 4 13l

paekl paek2 paek3 X (paek)
Max 991 1509 1902 1425
Min 750 1152 1527 1143
Average 739 1085 1416 1080
S.D. 113.9784 | 177.1049 | 223.1245 | 165.9452

=

M13199 8 Agageangaga 3 90 Mulasnnudldeglugiues Stiffness Coefficient A £'m

U Q q

2/3

F4 F4
% A

VYoIFUEIANY 4 111D

f1°2(m"2/3) | £2°2(m"2/3) | 3°2(m"2/3) £X x(m”2/3)
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Wilks' Lambda F dfl df2 Sig.
BRIX .753 12.714 3 116 .000
ACID .585 27.476 3 116 .000
FIRMNESS .534 33.732 3 116 .000
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#1319 10 Classification Function Coefficients sumﬂfjwmammuﬁwmﬂ

CODE
1.00 2.00 3.00 4.00
BRIX 21.153 20.682 19.937 19.988
ACID 33.731 39.528 37.637 41.969
FIRMNESS 1.248 1.371 1.617 1.390
(Constant) -179.524 | -184.387 -176.469 -180.343

91NA15 N Classification Function Coefficients 92 IdaumsTumsswunnguae

Function 1 =-179.524 + 21.153BRIX + 33.731 ACID + 1.248FIRMNESS

Function 2 = -184.387+ 20.682BRIX + 39.528 ACID + 1.371FIRMNESS

Function 3 = -176.469+ 19.937BRIX + 37.637 ACID + 1.617FIRMNESS

Function 4 = -180.343+ 1.390BRIX + 41.969ACID + 19.988FIRMNESS
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A15799 11 Classification Result ‘lJ’fNﬂZjﬂJ‘VIﬂﬁE]‘ULL‘U‘UﬁmWEJ

Predicted Group Membershi

CODE 1.00 2.00 3.00 4.00 Total
Original Count 1.00 23 5 1 1 30
2.00 3 16 2 30
3.00 2 5 20 3 30
4.00 2 7 2 19 30
% 1.00 76.7 16.7 3.3 3.3 100.0
2.00 10.0 53.3 6.7 30.0 100.0
3.00 6.7 16.7 66.7 10.0 100.0
4.00 6.7 23.3 6.7 63.3 100.0
Cross-validated Count 1.00 23 5 1 1 30
2.00 4 14 2 10 30
3.00 2 5 20 3 30
4.00 2 7 2 19 30
% 1.00 76.7 16.7 3.3 3.3 100.0
2.00 13.3 46.7 6.7 33.3 100.0
3.00 6.7 16.7 66.7 10.0 100.0
4.00 6.7 23.3 6.7 63.3 100.0

a. Cross validation is done only for those cases in the analysis. In cross validation, each case is
classified by the functions derived from all cases other than that case.

b. 65.0% of original grouped cases correctly classified.
€. 63.3% of cross-validated grouped cases correctly classified.

1AM Classification results”™ 731/ 1831M3$WUALLY Original Furegn 65% nudingui
1 finnugadeslumsiinegafian 76.7% A 23.3% nquii 2 Sanugndeslumsinned
fiqn 53.3% fAn 46.7%

Cross-Validated 11111890 63.3% wuTnguitl Sanwgndeslumsinnegsiiaa

L)

76.7% A 23.3% nqui 2 innwugndeslumsitinedinga 46.7% ia 53.3%

3.2.3.2 ﬂ1§ﬂﬂﬁlf‘)ﬁ!!ﬂﬂ113~l'ﬁ'lﬁ1ﬁl
FoyailFlumsinaizrae f122(mr2/3), £2/2m"2/3), f1°3(m 2/3), £ X Ax(m"2/3)
. 2 ' a d I =
1ag Density FIUINMIIATIE N NIY 4 LUV AD
a ¢ A A A A vy a ¢
3.2.3.2.1 WUATICHIUD 1, IHD 2, 11D 3 1ay 11D 4 Iﬂﬂi‘“ﬂ@ﬂﬁiﬂﬂ]i?!ﬂﬁ]%ﬂﬂ@
f142(m*2/3), £2°2(m~2/3) 4oz f13(m*2/3)

{ [ 1 o a 4 4
A1519% 12 Tests of Equality of Group Means maﬂﬂqumﬁ@mmu"lmfnmmmu*wmmuﬁ 2

Wilks' Lambda F dfl df2 Sig.
F2mM1 .563 30.002 3 116 .000
F2mM2 .645 21.248 3 116 .000
F2M3 .630 22.734 3 116 .000




INA1314 Tests of Equality of Group Means t48%1915841A1 Significant = 0 LFAI
AundseR s F2MI1, F2M2 1ag F2M3 Ianuuanaenusznaenguuagamnsniiun 1y
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A15799 13 Classification Function Coefficients yoangunaaeuuuuy lisharedniiziuuui

2
CODE
1.00 2.00 3.00 4.00
F2mM1 2.116E-05 | 2.181E-05 | 3.340E-05 | 2.218E-05
F2m2 -6.60E-06 | -4.08E-06 | -1.02E-05 | -1.21E-05
F2mM3 4.737E-06 | 4.381E-06 | 7.738E-06 | 9.289E-06
(Constant) -8.888 -12.253 -21.509 -13.310

91NA1519 Classification Function Coefficients 3¢ Iderums lumsduunnqude
Function 1 = -8.888 + 2.116E-05F2M1 — 6.60E-06F2M2+ 4.737E-06F2M3
Function 2 = -12.253 + 2.181E-05F2MI — 4.08E-06F2M2+ 4.381E-06F2M3
Function 3 = -21.509 + 3.340E-05F2MI — 1.02E-05F2M2+ 7.738E-06F2M3

Function 4 =-13.310 + 2.218E-05F2M1 — 1.21E-05F2M2+ 9.289E-06F2M3
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A1519% 14 Classification Result ﬂJ@QﬂQﬂJ‘VIﬂﬁ@ULLUUuli]ﬂ'lﬁ?ﬂ')tﬂi?%‘ﬁll‘ﬂ‘ﬂﬁ 2

Predicted Group Membership

CODE 1.00 2.00 3.00 4.00 Total
Original Count  1.00 22 6 0 2 30
2.00 8 15 3 4 30
3.00 1 4 22 3 30
4.00 9 1 3 17 30
% 1.00 73.3 20.0 .0 6.7 100.0
2.00 26.7 50.0 10.0 13.3 100.0
3.00 3.3 13.3 73.3 10.0 100.0
4.00 30.0 3.3 10.0 56.7 100.0
Cross-validated® Count  1.00 22 5 1 2 30
2.00 9 13 4 4 30
3.00 1 5 20 4 30
4.00 9 1 4 16 30
% 1.00 73.3 16.7 3.3 6.7 100.0
2.00 30.0 43.3 13.3 13.3 100.0
3.00 3.3 16.7 66.7 13.3 100.0
4.00 30.0 3.3 13.3 53.3 100.0

a. Cross validation is done only for those cases in the analysis. In cross validation, each case is
classified by the functions derived from all cases other than that case.

b. 63.3% of original grouped cases correctly classified.
€. 59.2% of cross-validated grouped cases correctly classified.

9INA1519 Classification results™ ﬁqﬂ“lﬁimm‘imummu Original ﬁTmEJQﬂ 63.3%
wunnguil danugndeslumsinnegeiige 73.3% fa 26.7% nqui 2 Innugnaeeluns

MUeAINgA 50% Ha 50%

=

Cross-Validated 111890 59.2% Wunguill Ianugndeslumsinneganga

L)

73.3% AR 26.7% nquil 2 ianwugndeelumsitinedinga 43.3% ia 56.7%

a 1 A A A Y Y a ¢
3.2.3.2.2 WUATICHIHD 1, 11D 2, 11D 3 1ay 11D 4 iﬂﬂi‘ﬂﬂl@yiﬂuﬂ'ﬁ?!ﬂﬁ]gﬁﬂﬂ

f1°2(m"2/3), £222(m"2/3), f1*3(m"2/3) ttazDensity
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A15199 15 Tests of Equality of Group Means ﬂl@ﬂﬂq&l‘ﬂﬂﬁ@mmﬂhlIJVI”IaWEJ’JLﬂiWSmL‘]_I‘]_Iﬁ 5

Wilks' Lambda F dfl df2 Sig.
F2m1 .563 30.002 3 116 .000
F2M2 .645 21.248 3 116 .000
F2M3 .630 22.734 3 116 .000
DENSITY .250 116.301 3 116 .000

IAA1314 Tests of Equality of Group Means t48%1915841A1 Significant = 0 LF#AI
ANNABYDIAIT F2M1, F2M2, F2M31a¢ Density JAUHANANAUIEHINNGUIASTINITO

Wl lumsadsaumsudangu1d



15799 16 Classification Function Coefficients yoangunaaouuuy hiviaelnsigduuui 5

CODE
1.00 2.00 3.00 4.00
F2m1 1.698E-04 | 1.713E-04 | 1.777E-04 | 1.670E-04
DENSITY 10446.56 | 10218.36 | 10047.27 | 10057.84
(Constant) |-5392.033 [ -5162.616 | -4999.420 | -5000.625

9INA13 1 Classification Function Coefficients 9% lagums lumsswunngquie

Function 1 =-5392.033 + 1.698E-04F2M1 + 10446.56Density

Function 2 =-5162.161 + 1.713E-04F2M1 + 10218.36Density

Function 3 =-4999.42 + 1.777E-04F2M1 + 10047.27Density

Function 4 = -5000.625 + 1.67E-04F2M1 + 10057.84Density
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A1519% 17 Classification Result ﬂJ@QﬂQﬂJ‘VIﬂﬁ@ULLUUuli]ﬂ'lﬁ?ﬂ')tﬂi?%‘ﬁll‘ﬂ‘ﬂﬁ 5

Predicted Group Membershi

CODE 1.00 2.00 3.00 4.00 Total
Original Count 1.00 30 0 0 0 30
2.00 3 22 4 1 30
3.00 0 4 22 4 30
4.00 0 4 4 22 30
% 1.00 100.0 .0 .0 .0 100.0
2.00 10.0 73.3 13.3 3.3 100.0
3.00 .0 13.3 73.3 13.3 100.0
4.00 .0 13.3 13.3 73.3 100.0
Cross-validate@ Count 1.00 30 0 0 0 30
2.00 3 21 4 2 30
3.00 0 5 21 4 30
4.00 0 4 5 21 30
% 1.00 100.0 .0 .0 .0 100.0
2.00 10.0 70.0 13.3 6.7 100.0
3.00 .0 16.7 70.0 13.3 100.0
4.00 .0 13.3 16.7 70.0 100.0

a. Cross validation is done only for those cases in the analysis. In cross validation, each case is

classified by the functions derived from all cases other than that case.

b. 80.0% of original grouped cases correctly classified.

C. 77.5% of cross-validated grouped cases correctly classified.

9INA1519 Classification results”™ ﬁqﬂ“lﬁiwmﬁﬁmummu Original ﬁTmEJQﬂ 80%
' oA A 9 [ = 2 oA = P4
NUNNQUN1 ummgﬂﬁaﬂumi‘mm&lqmqsa 100% WA 0% NQuN 2, 3,4 ummgﬂmﬂu
MINEAINGA 70% WA 30%

=

Cross-Validated 1111890 77.5% Wunguill Ianugndeslumsinneganga

L)

100% An 0% Nqua 2, 3, 4 Tnnugndeslumsiinedings 70% Wa 30%

a ¢ A A A A vy a dA
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A15199 18 Tests of Equality of Group Means "UENﬂQﬂJ‘ﬂﬂﬁ’e)‘ULL‘U‘Uth‘VHmEJ’JLﬂ‘imeUUﬁ 8

Wilks' Lambda F dfl
.590 26.879 3

df2
116

Sig.
.000

F2MX

INA1314 Tests of Equality of Group Means t48%1915841A1 Significant = 0 LE#AI
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M15799 19 Classification Function Coefficients yoangunaaeuuyuy hiiaelmsizruuun 8

CODE
1.00 2.00 3.00 4.00
F2MX 9.287E-06 |1.178E-05 [1.154E-05 |1.545E-05
(Constant) -7.331 -10.946 -10.559 -17.830

91NA15 N Classification Function Coefficients 92 IdaumsTumsswunnguae
Function 1 =-7.331 + 9.287E-06F2MX
Function 2 =-10.946 + 1.178E-05F2MX
Function 3 =-10.559 + 1.154E-05F2MX

Function 3 =-17.83 + 1.545E-05F2MX

{ 1 1 o a 4 {
G]’liNﬁ 20 Classification Result 511E]\‘lﬂQSJ‘V]ﬂﬁE]‘lJLL“lJ“lJﬂJJVHEﬂEJ'JLﬂiW%WLLU‘Uﬁ 8

Predicted Group Membership

CODE 1.00 2.00 3.00 4.00 Total
Original Count  1.00 23 4 3 30
2.00 10 9 5 6 30
3.00 13 3 4 10 30
4.00 1 5 2 22 30
% 1.00 76.7 13.3 10.0 .0 100.0
2.00 33.3 30.0 16.7 20.0 100.0
3.00 43.3 10.0 13.3 33.3 100.0
4.00 3.3 16.7 6.7 73.3 100.0
Cross-validated® Count  1.00 23 4 3 0 30
2.00 10 9 5 6 30
3.00 13 3 4 10 30
4.00 1 5 2 22 30
% 1.00 76.7 13.3 10.0 .0 100.0
2.00 33.3 30.0 16.7 20.0 100.0
3.00 43.3 10.0 13.3 33.3 100.0
4.00 3.3 16.7 6.7 73.3 100.0

a. Cross validation is done only for those cases in the analysis. In cross validation, each case is
classified by the functions derived from all cases other than that case.

b. 48.3% of original grouped cases correctly classified.
C. 48.3% of cross-validated grouped cases correctly classified.

9INM1319 Classification results™ ﬁ;ﬂ”lﬁ”hmsﬁmummu Original ‘ﬁ”liﬂilgﬂ 48.3%

1 oA A 9 o A a oA = 9
WuNNgu1 Nanugnaeelumsiinnegeaiga 76.7% ia 23.3% ngui 3 Innugndedlums
Muednga 13.3% Ha 86.7%

Cross-Validated 111890 48.3% wunguill finnugndeslumsinnegeiige

L)

76.7% iR 23.3% nquil 3 innwugndeslumsitinedinga 13.3% ia 86.7%
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M1517 21 Tests of Equality of Group Means Upsngunadaunuy lishatedmiziunui 11

Wilks' Lambda F dfl df2 Sig.
F2MX .590 26.879 3 116 .000
DENSITY .250 116.301 3 116 .000

1NA19 19 Tests of Equality of Group Means YOI RERTRER Significant = 0 HAASN
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msasaumsuiangyd

{ 1 1 o a J {
M13799 22 Classification Function Coefficients éumﬂiqumﬁammu'lumm&mmwmmuﬁ 11

CODE
1.00 2.00 3.00 4.00
F2MX 1.182E-05 | 1.425E-05 | 1.396E-05 | 1.788E-05
DENSITY 9772.730 | 9539.676 | 9342.972 | 9397.209
(Constant) | -5002.331 | -4770.552 | -4575.906 | -4636.336

91NA159 Classification Function Coefficients 3¢ Iderums lumsduunnqude

Function 1 =-5002.331 + 1.182E-05F2MX + 9772.73DENSITY

Function 2 =-4770.552 + 1.425E-05F2MX + 9539.676DENSITY

Function 3 =-4575.906 + 1.396E-05F2MX + 9342.972DENSITY

Function 4 =-4636.336 + 1.788E-05F2MX + 9397.209DENSITY
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M13797 23 Classification Result voangunagounuy lishatednsigwuuui 11

Predicted Group Membershi

CODE 1.00 2.00 3.00 4.00 Total
Original Count 1.00 30 0 0 0 30
2.00 1 24 1 4 30
3.00 0 5 17 8 30
4.00 0 3 4 23 30
% 1.00 100.0 .0 .0 .0 100.0
2.00 3.3 80.0 3.3 13.3 100.0
3.00 .0 16.7 56.7 26.7 100.0
4.00 .0 10.0 13.3 76.7 100.0
Cross-validate@ Count 1.00 30 0 0 0 30
2.00 1 24 1 4 30
3.00 0 5 17 8 30
4.00 0 3 4 23 30
% 1.00 100.0 .0 .0 .0 100.0
2.00 3.3 80.0 3.3 13.3 100.0
3.00 .0 16.7 56.7 26.7 100.0
4.00 .0 10.0 13.3 76.7 100.0

a. Cross validation is done only for those cases in the analysis. In cross validation, each case is
classified by the functions derived from all cases other than that case.

b. 78.3% of original grouped cases correctly classified.

C. 78.3% of cross-validated grouped cases correctly classified.
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