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ABSTRACT

This research studied the microwave response of using a microwave sensor at
frequency of 2.45 GHz to maturity development of durian fruit (Durio zibethinus L. cv.
Monthong). The microwave sensor consisted of two patch antennas to couple the microwave
signal from a durian fruit. Experiments were conducted on durian fruits at 91-123 days after full-
bloom. One intact fruit on the tree was attached with the microwave sensor into the durian peel.
Microwave sensor response was recorded everyday. Meanwhile, three durian fruits with same
size and age were picked from the tree for every third day to determine their maturity indices e.g.,
reducing sugar, starch, moisture content, dry matter and dielectric properties of durian pulp.
Results indicated that microwave sensor response linearly decreased during the first period during
day 91-103, then linearly increased during day 104-118. As the wave from microwave sensor
penetrated through the peel, it might have interacted to one of the maturity indices in the pulp,
possibly moisture content, during 50-70% maturity. Dielectric constant of durian pulp at 2.45
GHz was not directly related to durian maturity thus, it may be considered as a confounding
factor affecting microwave sensor response. The transition of microwave response was
approximately at day 106, implying that durian maturity was about 70%. In conclusion,
microwave responses-may -be-beneficial for durian fammers. to predict-the suitable harvesting

period because of its non-destructive characteristic for durian maturity prediction.
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M 12 F3UY52NoVY9 INT 3 Resonant Cavity

nu: Agilent Technologies (2006)
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Std. Error of the

Model R R Square Adjusted R Square
Estimate
B8N 71 70
R, 0.831 0.691 0.671 4.26907
1o51ua
¥INNM 70
o 3 o 0.791 0.626 0.597 4.55608
1wosiua

= ' v S A [y o
MINIHUIN 8 ﬂ1531ﬂ51$ﬁANOVA szﬂ3NmmmJ’dumwuwmﬂﬁu"luTﬂsn‘Nﬂmzﬂumm

o r'd
usYsol
Sum of
Model df Mean Square F Sig.
Squares
Y Regression 612.041 1 612.041 33.583 0.000
1i98n11 70
43 o Residual 273.374 15 18.225
Wosua
Total 885.415 16
Regression 451.183 1 451.183 21.735 0.000
1NN 70
fa o Residual 269.853 13 20.758
wesua '

Total 721.035 14
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Unstandardized Standardized
Model Coefficients Coefficients t Sig.
B Std. Error Beta
fl’ﬂﬂﬂ’j‘l {Constant) 530.626 81.624 6.501 0.000
70 AMOUAUDI
Y . J -774.133 133.585 -.831 -5.795 0.000
Wosibua e
UINA  (Constant)  -599.848 146.032 -4.108 0.001
70 AMADVAUDY
1115.222 239.209 0.791 4,662 0.000
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Std. Error of the

Model R R Square Adjusted R Square
Estimate
151
2 0.972 0.945 0.939 1.35667
ANUBU
¥
minuny 0.988 0.976 0.973 0.90548
Usunauils 0.907 0.822 0.800 2.44710
5y 0.863 0.744 0.712 2.93643
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NS0
Sum of
Model df Mean Square F Sig.
Squares
Regression 255.138 1 255.138 138.620 0.000
1510
2 Residual 14.724 8 1.841
ANUFU
Total 269.862 9
Regression  263.303 | 263.303 321.142 0.000
3
WIMUAURY  Residual 6.559 8 0.820
Total 269.862 9
Regression  221.956 1 221.956 37.065 0.000
151audls  Residual 47.906 8 5.988
Total 269.862 9
Sy Regression 200.882 1 200.882 23.297 0.001
s
11918 Residual 68.981 8 8.623

aa o
AN Total 269.862 9
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Unstandardized Standardized
Model Coefficients Coefficients t Sig.
B Std. Error Beta
£ (Constant) -41.372 7.931 -5.216 0.001
ERTRLY )
2 ERTRLN
AVHY P 1.317 0.112 0.972 11.774 0.000
AUTU
v
1IMUN  (Constant) 78.639 1.521 51.704 0.000
¥
e Thmdnuda -.806 0.045 -0.988 -17.920 0.000
1YSum  (Constant) 46.528 1.170 39.767 0.000
utlh  WSwawdls 18878 3.101 0.907 6.088 0.000
15314 (Constant) 71.623 4.197 17.067 0.000

11914 51
. e 0.522 -0.863 4827  0.001
A imasaans

LY A : Y Ay
ANuEINUsIzHImnevaueurwresaaunlulasfuauiimamemn-nilvesnFuuuaz

L -1 =\
A ladanasn

@1519MUIN 13 Model Summary s¥viNAmeVTUBuTUwsnau Ty TnsnHfuaudani

-4 U a g a
Memn-alvenSouuaza ladanasn

Adjusted R Std. Error of the

Model R R Square
Square Estimate

9
USunannusu 0.612 0.375 0.297 0.005838092
W 0.651 0.423 0.351 0.005606710
Sl 0.752 0.566 0.511 0.004866260
USuanhnasaag 0.748 0.559 0.504 0.004902332

M dielectric
0.623 0.388 0.311 0.005777873

constant
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MINHUIN 14 N1 UATIEH ANOVA 5zmnmmammmwuw'asﬂﬁu"I,uTﬂsnﬂﬂmmmmq

~ 3 ad o
ﬂ"lﬂﬂ"lw-lﬂfﬁlﬂﬂ?]‘liﬂullagﬂ']"lﬂ'ﬂ!aﬂﬂiﬂ

Sum of
Model df Mean Square F Sig.
Squares
Regression 0.000 1 0.000 4.794 0.060
S
2 Residual 0.000 8 0.000
ANUYU
Total 0.000 9
Regression 0.000 1 0.000 5.872 0.042
v
Wninuis  Residual 0.000 8 0.000
Total 0.000 9
Regression 0.000 1 0.000 10.414 0.012
1Suauuils  Residual 0.000 8 0.000
Total 0.000 9
dSua Regression 0.000 1 0.000 10.144 0.013
¥
Hea Residual 0.000 8 0.000
Aa 4
39 Total 0.000 9
f Regression 0.000 1 0.000 5.062 0.055
dielectric Residual 0.000 8 0.000

constant Total 0.000 9




93

1 ' A a CZ
MINAUIN 15 serinmasuaussswmeinau lulasndduauianiemenm-aiiveans oy
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wazaladianasn

Unstandardized Standardized
Model Coefficients Coefficients t Sig.
B Std. Error Beta
- (Constant) 0.537 0.034 15.733 0.000
51 ~
2 151
AMUFY 2 0.001 0.000 0.612 2.190 0.060
ANUHY
WIMin  (Constant) 0.634 0.009 67.320 0.000
¥

ure  mioude -0.001 0.000 -0.651 2.423 0.042
Y58 (Constant) 0.606 0.002 260.443 0.000
uthh  WSwnawdls 0.020 0.006 0.752 3.227 0.012
15188 (Constant) 0.633 0.007 90.400 0.000
¥

ima STEALY

e v P ae . -0.003 0.001 -0.748 -3.185 0.013
A% HIANQATAIN

fn (Constant) 0.571 0.018 31.117 0.000
dielectric 1 dielectric

0.001 0.000 0.623 2.250 0.055

constant constant
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a ¢ 1a :‘ ana o .
M3A51eRU5UU11010587% (Reducing sugar as glucose, DNS-method) 4@
dy s an . aad a dar ;
uﬂﬂmuamwu AuIBUB AOAC (1984) and Miller (1956) 135533 1zviAIAD 114
ad G =
1. IEMIATENTIIAN
a o [y :‘ b4 a a ¥
1.1 Zinc acetate solution: a8 Zn (OAC), 6 N3y Tl udlivilsunas i
AU 100 AaAANT
¥
s o 14 Y
1.2 Potassium ferrocyanide solution: 25018 K Fe (CN) , 6 N5V 111i1 udq1su
suaslvnsy 100 Taddns
¥
1.3 Phosphotungstic acid solution: %018 phosphotungstic acid 20 AT Tuih
b4 a = Y a an g 9/
ualsulsinasidasy 100 H0adas 1INTiUNIT0IABNTZAILNTDY

1.4 Dinitro salicylic acid reagent (DNS)

Sodium hydroxide 10 ASUADANS
Potassium sodium tartrate 182 nSuADAAS
Dinitro salicylic acid 2 nSuADARS
Phenol 2 nSuADAAS
Sodium sulphite 0.5 ASuADARS
H,0 1 ang

shasavumazaedidsiud ldvndsn 3 lugdu
1.5 msazanong lATNIASTIY (Standard glucose solution) : agawng Inw
(AR grade) 1 031 Yt udnl3lSanasIdiasy 1 das
1.6 M1saza1wnsa lalasaassn (Hydrochloric acid solution) ANMAINIY 1.5 N
1.7 asavane lmdon laason loadudu 20 % : azarelxdonlsasonlad

b
200 n5u TuiwdlsuilSuasiiasy 1 aas



ad
2. IEMINAaoU

° dy = y “i‘] Aw s [Y
mmamsﬂum’ﬂm WIUBIReINY 10 NIV

14
+111 100  iaaaa3
+7Zn (OAC), 5 Nanans
+K,Fe (CN), 5 Nonans

U

14 ¥
windunsins @agndae) dena’ll 15w

U

[l o
aseupunzaule (¥nszaunsounes 4)

U

1a 25 Hlaaansves

14
+ 200  addnRs
+Zn(0AC), 1 1adans
+K,Fe (CN), 1 Naaans

U

] 3 g Qy Y r=3
wondunsansn dane1? 10 wfi

J

A309IABUHUNTZATENTDIUHUIAY

gt

[

awla

¥
mlSuanihmasais)

anunzNoau

(mlsuadle)
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sudSuasauasu 250

a a

yaaans

U

ilawn 1 adans + DNS 4

yaaans

gt

#uly water bath 90 °C W 30 WA

U

U

54 HCL 1.5 N (70°C) 91474 90

¥
faaans uvuilu 2 ase A

¥ N
A59N 1 : 54 HCL 1.5 N 40 3iaqans

asnunszAENsoNlinznousy (f1g

2NOUDININNTLATYNIDI la 11 flask)

¥ ]
A9 2 : U HCL 1.5 N 50 ¥adans

< :: v a
NAZNBUINATIN LLa'J!‘VIa\ﬂu flask 1Ay
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U

U5ul5mas1¥asu 100 Taddns 319

y 3 & Y o qvd ' g
AWUINAU LLﬁ’]‘V]ﬂﬁLUHﬂUNTJﬂLTJ

@1 water bath 90 DIF AT
0'1 = o o
W 1 %2739 30 ud udawvi Iy

BU19IIASD

4

gt

Jaa1 0D 1 4 = 575 U TUwAS

s

Usyanmitiduaislaeld NaoH

20% 1JSu25 Hanans

~ o/
Woufunsvnglacuasgiu

U

@ HCI (1+2) Uaanns

¥
(n5A 1 99U + 11 2 aU)

I

aeaglu flask vy

(volumetric flask) Y119 250

U

419977 flask 7 hydrolyse Ay

Phosphotungstic acid 15 uaaans

g
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4

v } 4
wenlidniu aane 13szunm 30

~
UIN
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[} 4
NISIHNIUNTSATHNTOUVDT |

U

111 Reducing sugar

(Iﬂﬂ"ﬁ DNS-method)

U

Auandumdssazveautlaly

#20814

WSinas iy 10 Hadaas lurasananes

wraFoa (11 water bath) (5J12@1 30 4

= : saa LA
USunanimaiaas (lodidud)

3. mamnnvinglamnasgiudmiveises

9y ¥
N o = Y a aa I (] =1
3.3 @i 19 IddSinasviariua 30 aaans udiiedesaasa

4. gastumssnnanllinanhmasaauazuils

_ K, B(100)(dilution)

10004
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3.1 YulamisazaengTaauiasgiuduav 0, 2, 4 uaz 6 Uadans udalsy

3.2 (AU DNS reagent 4 ilnfians w1 udahldoungungiivszuna 90 aam

v ¥ v
3.4 i lSasimsganduuasi 575 w1 Tuwas Taslsindudy blank unu

Qs [] a A o a Aaa 9 Qs a :’ q'/ a Aan
A70019 1 4000 UaZtAN DNS regent 4 Hiaaans ud5vdsunasdesinaulviasy 30 iadans


http:u~1tJfmJ~1l1~'.i~htltJlf1i1'U1M'tl'.i'U

Swnatls alosidus)

A%
A

Dilution

Il

_ K,V (100)(dilution)
10004

(Slope)'II

(Slope) (0.9)'
mildnnnsmingTnmnasgu
AMIgAnaULAa
snaftlumsnlaouhmadiuuda
WSmaveanarimuaiild dudmla)
Usnaveunarild Qudiunznow)
vhminvesdastg

SEAUNIINO
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TRUE R55

@ . TRUE R1I3
TRUE R28

TRUE R} 3.50
~
Yy
TRUE R

rroansTs R nITWBNUNT v inedeuni1E

thuibznsuwssyntan i lakEnmmTn
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wwengten! Bmzeru s whn 112
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wwanaegid gqnsih
28 QaInY 2528
Tardingithe
LY = ~ A [
vudseuAnyIneulay T5assuyyImeImendy
Taridadithe
SN sumaastingg AINTTNNYAT)
YINdou 13 der Jarea v
@ _ R G a o I - ) =
URANYIWNIU USHM Weamsa 3 Tar dailusiil
g Y o " Y 9/ [
auMaAsMIauurIat lounualvaudsunassd
dunsusa InssanidaanssulSyanas i inendendls
=% QJ =) L]
awgild ansih, vigwsd Nngnd, ¥ilas s,
[ d a a Pl
Inswey Aunua wag Tu'lue Tnsgad. 2552. wans
s A Ao o d1
apuaussveaUesaau lu Insrhdunusaeay
un-gnuaaniseu lu snumsdszyinmsinans
1 [ Vv (5%
MIEmMNaInuaNiounazinalugnsahiun
Fou a¥aN 8 MAINIAINTTUATOING AU
Jenssumaas unIneduduslni
S. Suttapa, J. Varith, M. Krairiksh, C. Noochuay and
J. Phimpimol .2009. Microwave Sensor Response In
Relation To Durian Maturity . In: 5" CIGR Section
VI International Symposium on Food Processing,
Monitoring Technilogy In Bioprocess and Food
Quality Management. 31 August-02 September
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