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Abstract

The Aim of this research was to study the physical properties and texture properties of
pomelo, specially the outside observe properties and compressive resistance, to create the
algorithm of relationship between physical properties and maturity index to predict the maturity
of pomelo for Apply to non-destructive test.

The physical properties from image analysis technique, results showed that specific
gravity and number of oil gland reveres variation to pomelo harvesting age, but size of oil gland
direct variation to pomelo harvesting age. The physical properties from texture analysis
technique, result showed that total soluble solid and ratio of total soluble solid and titration
acidity direct variation to pomelo harvesting age, but titration acidity and firmness reverse
variation to pomelo harvesting age. When using discriminant analysis, for original and cross-
validated, the accuracy percentage to predict pomelo maturity was 96.0 % and 8§9.3 %

respectively
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AN 5 Outside Caliper
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unvoaduTo Tan 1y Texture Analysis Technique
2.1 ¥IngUFUvIIA 25 ml
2.2 TinnaTIUIA 200 ml
v '

2.3 1Inau
2.4 aoAnyA
2.5 Thila (Pipets)

A4 A v a e
2.6 ‘gﬂlﬂiﬂ&ﬂﬂ‘ﬂlﬂi‘ﬂ 5znounlu 119150 (Burets) 1azv1919 (Stand)
2.7 Hand Reflectometer

a d y 9
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Jd Jq ¥ a a A o v o d 1
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3.1 AouWIREIAIUYAAD

3.2 Tsunsuimsizyidoyan1aada SPSS 15.0 Evaluation Version
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anugaunvesduTe Tnald Image Analysis Technique
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THivwa lemx 1 em Susnaudeaniuy Sufind
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1.6 Wfdo 1.2 — 1.5 uanldeudluduToony 165, 180, 195 uag 210 U
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2. Fimsnassumasaudansmenmduiiudateniinasdonsdsznadsian
1 Y y o .
qmmmaqﬁﬂaiﬂﬂh Texture Analysis Technique
a :/’ o 3 a A v v A a d
2.1 @Aadainag Plunger 1A WATEY UTM sadldnisnauuiinaudnad
. b . LV T E=Y A d' 9/
(Quasi Static Compression) HHinA s InANzqAuABnuazIZoE N9 14
¥ 9/ ]
Tauna 3 3aM1au 120 sasdedule 1 wa gl 3 dwdimeaunds
v b3 [

2.2 denlaenwadule unziledulolsua 20 g uduautinauiSuin 80

s 1

g vhietieiuldardeaudinsealiindeudihdule  1hdaedi 60

fiadaas lavangisuysiuau 3 vaa vaeas 20 daddas neauevin
fu anududu 1% $mau 2 voa imslamsndlemsazaiy NaOH
anududu 0.1 N Tasvieasisazals NaOH %uﬁagﬂﬁyuqe\ (End Point)
ﬁaqﬂﬁﬁmmi{ﬁﬂa{?mﬂéauxﬂuﬁwuéau aaSiaans NaOH 14

23 timsfadimanimaluiidule Taoiunsos Refractometer 41
ﬂi"mﬁan“lﬁ’mu1mé1ud1”l<3fgﬂéfaﬂﬂﬂwﬂﬂﬁymé“u 1 nga wdninndes
Fusara W USudenaldvhiugud o duTemndniudamenii

v 1
AU 1 YA U Y Refractometer ﬁuﬂ%a Refractometer mﬁmﬁmm"lw
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.
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a :’ Y = 3 k) LY
2.4 Mandie 2.1 - 2.3 uanldowiludulonry 165, 180, 195 wag 210 Ju

3. Semsarde Algorithm  teidludunuanuduiusszniuguanianieuendy
dofinnugnun odinnennugaudvesdule

3.1 @WaldsunsuTinserideyaniaaia SPSS 15.0 Evaluation Version

3.2 floudeyavesorymafiuifion wu dasdumz dudu

33 ﬁ Menu (o0 Analyze > Classify > Discriminant...

34 denogmuduineniudulsaw uagldanudreiume Ui
yoaudefiazare’ld Ysmmnsa SasidauvesnrsdumzuazlSna
vowdaitnzaw1d aruiuiie vinadewniiy uazilSaiienthiiy
Hudwlsdasy

3.5 180N Use stepwise method

3.6 ﬁ Statistic 1A®0 Descriptive > Means, Function Coefﬁcient > Fisher’s,
Matrixes > With-in Groups Corelation

3.7 # Method 301 Method > Wilic's Lambda, Criteria > Use F Value,

Display > nﬂé'u

3.8 “71 Classify (fi@n Prior Probabilities > All group, Use Covariance Matrix >
With-in Groups, Display > Leave one out classification, Plots > Combined
Groups

3.9 fion OK
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dulolaoly Image Analysis Technique
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v d : J @ ~ '
Image Analysis Technique YoswaduloWugu1thie ldwademsni 2 uaz 3 wuhany
e = b & 4 A g N & ~
drdumziiuun WuasaudeaymaduRsnnnudsaaslunmii 11 Tasaunsadouily
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a A g 4 < { 5 @ { a
waduTedii WuiuudiongmsAuiRsunaiuswaaslunmi 12 Tasannsadouily
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Properties

Diameter (cm)

High (cm)

Weight (g)

Mean+SD*

14.28+0.76

11.68+0.62

1,024.64+141.37

*Mean = AUNAY

SD = AndguuuIAI§Iu

M13199 3 aautianianen i ialaoly Image Analysis Technique

Pomelo Age (Days) | Specific Gravity | Gland Size (sq.mm) Number of Oil Gland
150 0.804+0.02 0.772+0.04 30.324+2.45
165 0.800+0.02 0.88240.02 28.02+2.37
180 0.786+0.01 0.921+0.02 26.24+1.79
195 0.787+0.03 0.932+0.02 25.71+1.13
210 0.770+0.02 0.942+0.04 24.5241.26

Relationship between pomelo age and specific gravity

T o

10— 5 2115 s~
0.8 - Ly . 3 by N
L —
2
3 06 . y = -0.0005x + 0.8874
® 0.
o R?=0.926
o
L]
S 04
Q.
/5]
0.2
0.0 , . ' : ‘
140 150 160 170 180 190 200 210

Pomelo age (days)

~ v W ' ] = @ J o
i 11 aswluaasanuduiuisznineymanunemaduToduanunidumne

73650

220



Size of oil gland (sq.mm)

Number of oil gland / sq.mm

0.6 1

0.4 -

0.2 -

(Density)

‘Relationship between pomelo age and size of oil giand
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y = 0.0026x + 0.4218
R2=0.783
140 150 160 170 180 190 200 210 220
Pomelo age (Days)
A v @ o ' g e )
Ad 12 nsuaasnnuduinsseniegmsinuiemadule
E
fuvinavsssuiniuuuAidy Ie
Relationship between pomelo age and density

35

30 -

25 |

| y = -0.0927x + 43.654
20 )
R?=0.946
15 -
10 4
5 i
0 T T T T T T - T
140 150 160 170 180 190 200 210 220

Pomelo age (days)

a @ o o 1 < ~ 9
NINN 13 ﬂi’W‘hLﬁﬂQﬂ'ﬂllﬁllwuﬁﬁgfﬁ'31\1@1EJﬂ15lﬂ1JLﬂEJ'JNﬁﬁMI§J

v 1
fususeminiunadule



19

Relationship between Size of oil gland and density

35

E 30 4
£ .
g 25

1 .
T o~ =
£ 3, | y 31.2244x+ 54,763
= 7 ~R%=0.927
o c
B A 15
Y e
<)
o 10 -
E
: °

0 T T T T T
0.7 0.75 .08 0:85 <.._08 0.95

Size of oil gland (sgq.mm)

=

4 g 270 W5 901 B 1--‘:"v~<vn 1 :’wt:l
ﬂ'l‘Wﬁ 14 ﬂiwﬂu’dmmm’cmwuﬁ5zmwwmmaamuumuﬂummumumuummﬁ'uia
wa 2 o Aa v v A '
2. Nﬂﬂ'l‘i‘ﬂﬂﬁ"é]ﬂﬁWﬂmﬁhﬂﬂﬂ’lﬁﬂﬁjﬂ'lwmﬂ&ﬂu‘ﬂi]%EJ‘VI%JNﬂﬁﬂﬂﬁﬂizlﬂmﬂﬁlﬁ«m’]'lllq’ﬂuﬂ

yo3du ToTaeld Texture Analysis Technique

nnmsnadeungaeuian1amunniasld Texture Analysis Technique lénans
,~ o A " ja g o v & = y A4 4 g
nAERURIAI1eT 4 wuhSinavewdsiarane lanavuaiinud iy es1gn TNy
= -g @ = = o s} A
Dewndy daaaslunmnd 15 Tesasadowtuaunisdunsane y = 0.0196x + 10.027
\ o/ s Q( 1 [ 1 ey 3 4
mdulszAninnuulsdsu ®) mify 0932 udllSumnsaneavuaiia iuasawuiionny
g 4 o = st IS 9 &
msfwReniy dwealunmi 16 Tasamnsadsuiluaumsiduasae y =-0.0008x +
1 o a 2 (Y dyw 1 a g o
02527 dudlszansanualsUsiu ®) vy 0.955 wenantidnstdiulTuInveuh
9 a a9 9 a lg & o a lg Y] ~
azawldmulSunansadu Iuiududioegmadunennniuduwaaslunmi 17 lag
= o 1 o a o
annsameuiluaunsduasdio y = 0937x - 48.772 miduiszAnianuulilsm ®?
1 .7 A U Q oy
IRy 0.982 FareandeaduauIfevesasan (2542) nenIng LAz unAn (2545)
1 A a 3 & g 4 A £ o &
anuuduilefiuua IvasauiieegmafuRsuiniudwaadlunmin 18 lap

awsamsuiluaumsiduasadio y = -0.0065x + 94318 mdulszdndanuulsdion ®?)
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AL 0.988 aARdBInUNUITBVRInITeraenU (Earker ef al.,1996; Chen et al., 1996; A4

AT UATANE, 2527; Reyes ef al.,1996; Delwiche, 1996 Ling Zhang,1994)

31971 4 paautAanianenwiialaeld Texture Analysis Technique

Pomelo Age (Days) Tss (Brix) Ta (g/ml) Tss/Ta F/D (N/mm)
150 13.12+0.43 0.1440.01 92.72+8.96 8.47+0.31
165 13.1740.24 0.12+0.01 107.62+3.27 8.33+0.32
180 13.41+0.43 0.11£0.02 116.94+2.67 8.26+0.49
195 13.85+0.28 0.10+0.01 l30.69:i:7.58 ..'8'.15:i:0.48
210 14.25+0.35 0.094£0.01 151.46+9.92 8.07+0.58

Total Soluble Solid (Brix)

Relationship between pomelo age and total soluble solid

16

14 -

12 A

10 1

2 o

e

y = 0.0196x + 10.027

R?=0.932

160 160"

170 180

190

Pomelo age (days)

210

& v o d 1 2 o 9/
NN 15 ﬂﬁ'W‘lLlﬁﬂQﬂ31uﬁuwuﬁi$ﬂ31\‘li’]1q‘fﬂiLﬂUlﬂﬂ?WﬁﬁﬂJIﬂ

v Y
fuifsuaveadeiazateldluirdule

220



Total Acitdty (g/ml)

0.16

0.14 -

0.12 -

0.10 +

0.08

0.06

0.04 -

0.02

Reltionship between pomelo age and total acidity

21

R?=0.955

|

1

1

0.00 T T T T ¥ T T

y = -0.0008x + 0.2527

140 150 160 170 180 190 200 210
Pomelo age (days)

o o o d T o a 9 s a :’ FY
A 16 nsvluananuduiusszneegmManungwaau ledulsmunsaluidule

TSSI/TA Ratio

180
160
140
120
100

80

60

40 -

20

Relationship between pomelo age and TSS/TA ratio

220

y =0.937x - 48.772
R2=0.982

T T T T T T T

140 150 160 170 180 190 200 210
Pomelo age (days)

o o 3 d

Al 17 anduaasmnuduiusszrinegmsinunemadu e

¥
v W 1 =Y [~ Y] a o
fusasdudsuavewdsnazme lasudSinansalinihdule

220
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Relationship between pomelo age and firmness

) T I '
L T _L } }:

y = -0.0065x + 9.4318
R2=0.988

Firmness (N/mm)
[8;]

0 T T T T T

140 150 160 170 180 190 200 210
Pomelo age (days)

= v w 1 =] { a ] -4
A 18 namluaasnnuduiusizninemsnuinemady Tenuanuuiuiie

= q o ) v o & 1 wa v v oA
3. WAMST39 Algorithm ol umuanuduiusiznisguaruidneusnfudaiini
gnun evhueanugaunvesdule
a Sy aay s a A .
NNMIAATIEYYoyan1eananlg ldsunsuduiagy SPSS 15.0 Evaluation Version
9 ac . P . v aSa LY () J 9 A
A2075 Discriminant Analysis W11 dautlshlimadunmsilssanadriangnunuesdulens
o 3 s v =Y [ { [ a g’
USinansanavua (A) sandndsnavsadanazae lddudsuansaluiihdule ®) uae
T :’ Qs % d' d‘ A o -7 -1
Yiaveereuthily (G) dwdadluaaed 4, A 18 uazdez ldaumsinnedsiinnugn

v 9/ w o us) da‘ A 1 7] dy
LLﬂql@\‘]Waﬁui@WNﬁﬂ’]'ﬁu’]Wﬂﬂ@’lq@’N qadU

o o 1 o :’ § A u
3.1 gumsinnedsilianugnunveswady Tewuguiathiehety 150 u fe

D =1343.63A + 2.62R + 781.6G — 529.81

k4
o

o a ' v d ? 4 [
32 aumsinearinnugnuivewadu Tewugunirsiieny 165 u Ao

D =1191.08A + 2.81R + 875.66G — 607.95

3
&K

o o A J w uy (Y
33 ﬁuﬂ’li‘V]'lu'lﬁlﬂ‘lf‘Llﬂ'JnJEIﬂLLﬂ‘U@QNﬁfsTlllIﬂWUﬁ“UTlu']W\Tﬂ'ﬂ']q 180 U ﬁﬂ

D=1118.77A + 2.94R + 922.33G - 626.56
) v ¥

3.4 qumsinnedsiianugnudvesrady Teugurarimsfiong 195 u A

Q

D =1071.48A +3.18R + 983.37G -717.06

220
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b4
-]

o w ot 1 w & g 4 Y
3.5 gumannnessiianugaunveswaduy Towuguiniiaiong 210 fu fe

D= 1127.33A +3.62R + 983.37G - 805.70

#15199 5 Classification Function Coefficients

Pomelo Age
150 165 180 190 210
Total Acidity (A) 1343.631 1191.075 1118.770 1071479 1127.332
TSS/TA Ratio (R) 2.616- 2.809 2.942 3.182 3.621
il gland size (G) 781.600 875.660  922.327  961.106  983.371
(Constant) -529.809 -607.949  -656.248  -717.057  -805.696

Fisher's linear discriminant functions
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MTNHLING 1 garauiianismenvidesdu

2

No. L’&'umquﬁnmq (cm) ANUFY (cm) min (kg)
1 15.00 11.80 1.15
2 14.20 11.20 1.05
3 14.50 12.40 1.15
4 14.60 11.40 1.10
5 14.40 11.50 1.06
6 15.40 12.00 1.19
7 14.20 11.90 1.06
8 14.30 1160 1.03
9 14.60 11.50 1.06
10 14.70 11.90 1.04
11 14.50 10.60 1.00
12 13.90 11.30 0.95
13 14.00 11.40 1.00
14 13.50 11.40 0.94
15 13.70 11.50 0.89
16 14.80 11.60 1.10
17 14.20 10.10 : 0.99
18 13.90 11.30 , 0.93
19 13.70 11.00 0.93
20 13.70 11.70 0.91
21 14.60 1240 1.09
22 13.90 11.80 091
23 14.10 11.50 1.02
24 13.80 9.90 0.93

25 13.80 10.90 0.92



[] b4
M3wuINt 1 garauiianismeniiiedu (ae)

A

No. durigudnaa (om) AN (cm) i (kg)
26 13.40 11.10 0.80
27 13.80 10.90 0.95
28 14.20 11.50 1.02
29 14.80 11.70 0.98
30 14.90 12.10 1.13
31 15.10 12.40 1.09
32 13.10 10.60 0.86
33 13.60 11.60 0.84
34 14.50 11.80 0.99
35 14.00 11.60 0.94
36 15.20 13.00 1.27
37 14.30 12.00 1.02
38 15.00 12.60 1.14
39 12.70 11.80 0.75
40 14.00 12.80 0.99
41 13.80 10.80 0.88
42 13.20 11.60 0.86
43 14.10 11.90 1.01
44 15.80 12.70 1.19
45 13.10 10.90 0.83
46 14.40 12.30 1.07
47. 12.90 10.90 0.74
48 13.20 11.30 0.84
49 13.40 11.90 0.93
50 14.50 12.20 1.17
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No. Furgudnaia (cm) ANEA (cm) imidn (kg)
51 16.90 13.10 1.57
52 15.90 11.70 1.28
53 14.50 11.70 1.02
54 15.70 12.80 1.22
55 14.10 11.30 0.98
56 13.40 11.40 0.92
57 - 14.00 12.00 0.99
58 15.20 12.80 121
59 14.90 12.30 118
60 13.40 11.30 0.84
61 14.80 12.50 1.22
62 13.90 11.60 0.94
63 13.00 11.20 0.77
64 14.80 12.10 1.13
65 14.70 12.00 115
66 14.70 11.80 111
67 14.20 11.40 0.98
68 14.40 12.10 1.06
69 13.90 11.20 1.00
70 14.00 11.80 1.01
71 15.00 11.70 1.19
72 15.00 12.00 1.18
73 15.30 11.10 1.21
74 14.30 11.90 1.04
75 13.80 11.30 0.95
MEAN 14.28 11.68 1.02
SD 0.76 0.62 0.14






