


9
ISHS

lnternational Society for
Soci6t6 lnternationale de

Horticultural Science
la Science Horticole

ACTA HORTtcuLtuRRf@ is a peer reviewed publication of
ISHS. lnformation about Acta Horticulturae@ and ISHS is
given at the end of this book.

Check out www.actahort.org for details on our latest titles.

Editorial Advisory Board of Acta Horticulturae@

Yves Desjardins, Faculty of Agriculture, Department of Plant
Science, Horticulture Research Centre, Laval University,
Quebec, Canada, Chair of the Editorial Advisory Board

Jorge Retamales, Universidad de Talca, Escuela de Agronomia,
Talca, Chile

Sadanori Sase, Naiional lnstitute for Rural Engineering,
. Tsukuba, Japan

Paulo lnglese, Dipartimento di Colture Arboree, Universitd
degli Studi di Palermo, Palermo, ltaly

Yuksel Tuzel, Department of Horticulture, Agriculture Faculty,
Ege University, lzmir, Turkey

Julian Heyes, lnstitute of Food, Nutrition & Human Health,
Massey University, Palmerston North, New Zealand

Janet Cubey, Science Department, Royal Hotlicultural Society,
Wisley, United Kingdom

lsaac Ore Aiyelaagbe, Department of Horticulture, University
of Agriculture, Abeokuta, Ogun State, Nigeria

Executive Director of ISHS
lr. J. Van Assche

Secretariat of ISHS
PO Box 500
3001 Leuven 1

Belgium

Phone: +32.16.22 94 27
Fax: +32.16.22 94 50
E-mail: info@ishs.org
lnternet: www.ishs.org



PROCEEDII\GS OF THE
II"I ASIA PACIFIC SYMPOSIUM

.oN
PO STHARVEST, RESEARCH, EDUCATION

AND EXTENSION

Convener

H.K. Purwadaria

Yogyakarta, Indonesia

Septemtrer 18-20,2012

ISHS Commission Education, Research Training and Consultancy
ISHS Commission Quality and Postharvest Horliculture

ISHS Commission Economics and Management

Acta Horticulturae 1011
November 2013



q
Y

:

u

ISSN 0567-7572
ISBN 978 90 6605 706 7, Acta Horticulturae no. 1011
Price for non-members of ISHS: € 111,-
Published by ISHS, November 2013

Executive Director of ISHS: J. Van Assche
Technical Processing: S. Franssens

ISHS Secretariat, PO Box 500, 3001 Leuven.1, Belgium

Printed by Drukkerij Geers, Eekhoutdriesstraat 67, 8-9041 Gent (Oostakker), Belgium

t2013 by the Intemational Society for Horticultural Science (ISHS). A11 rights reserved. No part of this book
may be reproduced andior published in any form or by any means, electronic or mechanical, including
photocopyiog, microfilm and recording, or by any information storage and retrieval system, without written
permission from the publishers.

Photographs on the front cover:

Salak Pondoh plants and fruits (by courtesy of G. Szrednicki).
Salak Pondoh fruits (by courtesy of W. Maneerat).
Mangosteen maturity index 3 for export (by courtesy of H.K. Purwadaria).
Ready to eat mangosteen (by courtesy of H.K. Purwadaria).
Demonstration facility for multipurpose plant factory, Osaka Prefechue University, Japan (by courtesy
of H. Murase).
Demonstration facility for high efficiency energy conservation plant factory, Osaka Prefecture
University, Japan (by courtesy of H. Murase).

1.

2.

J.

4.

5.



Editors

H.K. Punradaria
B o gor Agr icu l tu ral (J n iv ers i/1t, Sw is s Gertn an [Jn iver s i 11,, Ind o n e s itt

G. Srzeduicki
The (Jniyersity o.f New South ll/ales, $,dney, Australia

S. Kanlayanarat
King ll4ongkut's University of Technology Thonburi, Bangkok, Thaitand

Editorial Board

E.W. Hewett
Massey Univer,sity, Auckland, I'lew Zealand

C. Wongs-Aree
King trlongkut's Univ-ersity of Technolog,t Tlrcnburi, Bcmgkok, Thailand



The Second Asia Pacific Symposium on Postharvest Research,
Education and Extension

Convener

H.K. Purrvadaria
Bogor Agricultural Uni,-ersily, Swiss German UniversiQ, Indonesia

Scientific Committee

S. Kanlayanarat, King Mongkttt's Llniversity oJ'Technologlt Thonbttri, Bangkok, Thailand
D.E. Aldous, The [Jniversity of Qtteensland, Gatton Campus, Queensland, Australia.
P.P. Oppenheim, Deakin Bu,siness School, Dealdn University, Victoria, Australia
Haryono, Indone,gian Agency of Agriculttrrctl Research and Development, Indonesia
E,W. I'Iewett, trfiassey Universily, Auckland, lrlew Zealand
H. Murase, Osaka Prefecture University, Sakai, Japan
K. Schebesta, UNIDO, Itoly
Y. Ahmad, TFNet, Kualalumpur, Malaysia
G. Szrednicki, The Llniversity of New South Wales, Sydney, Austrctlia
S. Oslrita, The University qf Tolqto, Tolqto, Japan
N. Kondo, Kyoto Un.iversity, Kyst6, J6pa711

J. Tangtern-rtbong, AFA44, Bangkok, Thailand
L. Soetiarso, Gajah Mada University, Yogtakctrta, Indonesia
A.L. Acedo Ir., Leyte State Univer,sity, The Philippines
E.B. Esguerra, (Jniversitl; of the Philippines Los Banos, The Philippines

Organising Committee

Y. Hilrran, Chair, Ministry o;f Agricultttre, Indonesia
R. Ijahjolrutomo, Co-Chair, Ministr1, o.f Agricu|ture, Indonesia
M. Rusnrono, Co-Chair, Minislry of Agriculture, Indonesia
A. Unadi, Co-Chair, Ministry of Agriculture, Indonesia
S. Kuntarsih, Co-Chair, Ministty of Agriculture, Indonesia
Y.A. Purwanto, Co-Chair, Bo gor Agricultttral [Jniversity, Indones ia
F. Santoso, Co-Chair, Stais,s German UniversiQ, Indonesia
S. Mardjan, Bogor Agricultural University, Indonesia
M. Affan Fajar Falah, Gajah Mada University, Indonesia
N. Purwanti, Bogor Agricultural {Jniversity, Indonesia
D. Primadia Almada, Bogor Agricukural UniversiQ, Indonesia
R. Rahmat, Ministry of Agriculture, Indonesia
E. Darmawati, Bogor Agricultural UniversiQ, Indonesia
H. Zuhrotul Amanah, Gajah Mada University, Indonesia
R. Hasbullah, Bogor Agricultural (Jniversity, Indonesia
N. Bintoro, Gajah Mada University, Indonesia
J. Nugroho, Gajah Mada Universi4t, Indonesia
E. Hartulisty oso, B o go r A gricul tural Univ ers ity, Indo n es i a
A. Prabowo Harmanto, Ministry of Agriculture, Indonesia
Z. Hikmah Hassan, Ministtlt of Agriculture, Indonesia
Indratmo, Ministry of Agriculture, Indonesia
S. Rahayoe, Gajah Mada University, Indonesia
M. Ushada, Gajah Mada University, Indonesia

1



rorvave Treatment for Killing the Silo Insect Pest Sitophilus zeamais

iffiottttt in Maize

r Haflulisl iYoso

b.pu'rnr."t of Mechanical and Biosystem Engineering

iuiur,v of Agicultural TechnologY
'::'.1-^^.'A"icultural Universitvjli.i"goiaeic*ltural Un iversitv. - h( tEvr r '-_
' - rt.uittPut IPB larma
iF'ffiH,'",u*,",ft:Tiffr"

.., geywords: u-laize, microrvave treatment, Sitophilus zeamais Motsch

]., Abstract,: ^""'^-Maize represents an impo_rtant source of feed as rvell as raw material for
food. Onc of the problems normally faced in tropical countries is pest infestatioll)y
It.-i"i..t Sitopliitus zeantais Moisch during fhc storagc of maize in silo- This

,., ].""ri.fr aimed^ to study the influence of microrvave treatment to the mortality of

i"r..i p"r, Sitophitus ziamsis N{otsch and to the content of starch and protein of
,.-;;;;;;d maize. 'ihe research was conducted in the Laboratory of Agicultural En_ergy-

,,,.'rJ-i"U"ratory of Food Chemistryi-Bogor Agicultural University. The sample- of
. iiiO n of dry maize *as invested Uy SO insects and heated in a microwave exposgt! 3t

ilO,?SO uid IZO \Y, respectively, ior 60, 90 and 120 s. The results showed that 100%o

",:, 
-mo"ituiity 

could be achieved using microrvave treatment rvith 720 W in 60 s which

""""r"ted temperature of 74"C. The treatment used a very short time (60 s)

iorp^.*a to the use of hot air oven rvhich needed 22 min ex.posure for a similar
i.ri..utu.". The short time heating .by microwave had an advantage_to maintain

' iss\ starch content, and 9.4o/o protein while killing the inscct pest totally.

.:. INTRODUCTION
, 
,, .. ' - - - 

tr,tuize is considered to be an imporlant source ol carbohydrate food and feedstuff s,
t' u, *.ll as industrial rau,materials.^According to FAO statistics (2011) lndonesia

iroduceO 17,629,000 MT of nraize. Increased maize demand in recent years is not in line^

'*'iif, tf-t. rate of increase in production in the country, resulting that the_impoftation of
, iaize is stiil necessary. Inteirsive measures to increase production have been done, bttt

' inc.eas.a production of rnaize should be followed 9p by proper postharvest handling to
, reduce losies. ln tropical regions, insect is commonly the cause of shrinkage and damage

driing rto.uge. Adams (1916) reported that Sitophitus zeamais.Motsch insect_pests are th.e

' ruin"*u.eh"ouse and most'dedtructive of m-aize gain during storage. Maize rveevil
',. lsitophilus zeamais) can penetrate the gains and multiply quickly when moisture content

.,, i'n th. gain is quite'high.'The most des-tructive stadia of the insect are larvae and-imago

.rr"' which 
"perforatid maiie gains and left the rest of the host in pou'der form. (Kalshoven,

1981). Th" ur" of insectiEides, although effective, had an impact on the environment and

. could create resistance in a long timelPhysical control, i.e., by using a "sack-of Y^usup"
'-, designed airtight had also wea[ness thatihe new insect gowth stunted after 10-12 days

.; (Ekoputro, 1990).
'': Weevil iirsect would expand rapidly if the stored maize gains or.kemels had a

r. moisture.oni"nt over than tSX 6alsnoven, 1981). Drying rvould deactivate enzymes,
, microorganisms, fungi and insects damaging agicultural materials (Henderson and Perry,
, 1976). tiop.op"i clrying allowed the outer sial[s to dry while parts of it were not dry or

:,' had not reichbd the'deJired moisfure content. This made it possible that the insect eggs or
. larvae in the gains (the endospenn) did not die yet. The heating using.microwave.was an

alternarive toitop the grolr,rh bf pests quickly and ef ficiently (-l-lartulistiyoso" 1999).
-':' Microrvave is iform of electromagnetic waves in the frequency spectrum betrveen

".'' 300 MHz and 300 GHz or betlveen radio waves and infiared (Datta and Anathesrvaran,
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2001). Microwaves cannot be absorbed by the metallic materials but can only be absorbea
by materials containing rvater. The rnicroq'ave equivalent of air moving at the speeO ni
light (c-2.9979 x 108 m/s) and can penetrate materials such as air, porcelain and plasti"'
The heating in microwave is a result of the interaction of electromagnetic rvaves rvith
foodstufl's (Decareau, 1985). An electrical generator rvhich produces 2.45 GHz frequen.u
electric field will cause the movement of the rvave field as much as 2.45 billion tirnes n"'"
second. Therefore, microwave heating is principally dielectric heating systenls that ;;
electromagnetic lvaves directly to the position of the u'ater molecules in the materiai
Thus, applying electromagnetic waves to the infected maize will expectedly kill th;
insects effectively. The process will expectedly not interfere with the quality of the maize
which mainly contains starch and other nutritional components needed for feeding
livestock.

This study aimed to observe tire effects of microwave.heating on the morlality of
n'arehouse insect pest Sitophilus zeamais Motsch and the maize moisture content, starch
content, and protein content.

RESEARCH METHOD
The study rvas conducted in the Laboratory of Agricultural Energy and

E,iectrification, and Laboratory of Food Chemistry at the Faculty of Agicultural
Technology, Bogor Agicultural University. Maize used in this study was 'A{una'.
obtained from the Post Harvest Research Center, Cimanggu, Bogor. The Sitoplilus
zeamais N4otsch was obtained from the laboratory of Pest and Diseases Management.
SEAMEO BIOTROP, Bogor. The equipment used in this study are Microwave Oven
Elektrolux 1920, EME type Hybrid recorder, digital scales type EK 1200A, capacity
1200 g - 0.1 g, oven dryer IKEDA IZU}{I type SS-200 D (220 V, 8A), digital Muttimeter
APPA-101, and other standard apparatus for chemical analysis. The moisture contentof
the materials were measured with oven rnethod. The temperature of maize u'as measured
using CC thermocouple lvith hybrid recorder for data logging. lv{easurement of maize
temperature u,as done on the three dots (the middle and edge of maize).

The observations of the mortality of Sitophilus zeanmis 
"vere 

conducted by
looking at the condition of imago directly afler it was heated on the respL-cti,\'e powcr
levels and time. The analysis of the starch content rvas peiformed using the hydro-lysate
acid metliod, whereas the protein content was measured using the Kjeldahl method.

Fol tbe treatment, 200 g of maize in plastic jars containing 50 tails of Silophilw
zeamais insects was treated in microu'ave oven rvith various setting of power levels and

times. The treatment lvas done at tnicrowave power input of 0 (control), 240, 480 and
720W, with heating time of 60,90 and 120 s. The plastic jars rvere used to avoid insects
creeping out into the space around the oven. The jars were made of plastic material that

could be used for microwave ovens. The experimental design used was the Basic Design
rvith Factorial Experiment RAL (Complete Random Design) with three replicates.

RESULTS AND DISCUSSION
The measured surface temperature of maize infected with Sitophilels insect pest

after microwave treatment is illustrated in Frigure 1. Figure I and the results of statistical
of the material lvas influenced both bv oorvettests indicated that the surface the material lvas influenced both by porvertests lndlcated that the surtace tempel-ature oI tne naterlal lvas lnlluencecl botn by power

level and treatment time. (F6.2a:18.6, P<0.0001). Higher power level and longer heating
time resulted in higher surface temperature. Each power level and time showed significant
difference in temneratures excent on heatins with the Dower level of 240 Ws for 120 sdifference in temperatures except on heating with the power level of 240 Ws for 120 solllerence ln temperatures
and 480 W for 60 s. Bothand 480 W for 60 s. Both produced no significant temperature difference. Similarly, on

heating with the power level of a8O W for 90 s and 72OWs for 60 s also showed that the

tempeiature did riot differ significantly. In light of energy, it was found out that increasing
tl-re amount of energy applied to the treatments would increase the temperature
independent of the power l&el. Thus, the energy applied was an impoftant factor in the

microwave treatment.
Figure 2 showed the water content (wet basis, wb) of treated maize infected
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tliH ^,o;n.iotl1'rvith Sitophilus irrsect pest after r.nicrou'ave treatntent at various levels of
'.l ''.' i'",".r and heatirrg time. Statistically, both tirne and po\ver treatuent had no eflect on the

..-. - fl',,r1 rvlter content alier treatment (F::+-9.33, P:0.0001, F:.:+>:2.-50, P>0.000 1 and

ifl,=O.Z:, P>0.0001) except at heating ri'ith 720 Ws that decreased the urater content
.,' -., ...] 9'" , 1 ) 

^o,^ '.'h nn fha hcofirra .r';fh ?/{) \l/c 1rn. KO o'rrl OO c the rrrqfr-r r.nrrfent hrrl nnfii,1i,t 2-J.4nro *'b. On the heating rvith 240 Ws 1or 60 and 90 s the tt'ater coutent had not

. :-, I'nericnced a dori ntttrtt'
...''-' Table I indicated difltrent mortality ol S. zeantais outside and inside maize at

.,rrious porver levcls and exposr-rre tirnes. The percentages of S. zeamais mortality outside

ni3i2s rierc liigher than tlre,orrcs inside nraizc drre"to lhe,!irt'ct lni-1ro\ ll)c :xposurcl
, 
- 

i".;ae niajze. the insect pest had lor.vcrpercentages of mortality since the microlvave u'as

;i;; absorbed b1, the maize .water content. The insect mortirlity of S. zectmttis due k-r
l^,,^1. ^,"..1 +i,..o. .,,-" ;11,..r..r^.1 ;,.

-..-.. ii.ro*^ve tleatrnent at various poriel levels and exposure tirles u,as illuslrated in

iio,,r.3. The rcsult sho\\.ed that both the pou'er 1el'el and heating title u,ere statisticaly
- : 2 -r:^1 ^..^i..rt Q -.,-,..^;- ,-.^-+-l;r., lI:, ^.:<'1 ,4\ p>n nr.lnlVt-ha h;aL,.r fha.- infiuential against S. zeantctis r-nortality (Fe :+:57.45, P>0.000 1). The higher the pou'er' 

i.vel and thc longer the heating time, the insect rrortality became greater. Il.rterestir.rgly,

IOOZ. nrorralitl' reached at the:elatjvely jlT::^lgunt ol cnergy, those are I 6 Wh (480 \\'
: i r120/3600) h) and 15 wh (720 w x (7513600) h)-
: . T5e r.uortality of S. :eamars in this casc \\,as influenced by the reaction of the

, liouid in the body of insects exposed in rnicrorvave and also afttcted by maize sr-rrlace

.- iemperatule, Th.e liquid in the_body.of S. zeamois..contained u'ater (H2O) which rvas

airdtrt. ln the electronagnetic field, tiris u'ater u'ould expcrience ionic conduction due to

the collision betu een u'ater rrolecules and dipole rotation of ri'ater molecules (dipolar).
..::.i;.itrls raised tlre body heat of S. zeamais and caused death. This ri'as also evident by

. conparing to tite test or.r l.reating S. zeattctis in hot air oven. At the same temperature of
57.5?'C, the norlality usirrg nricrou,ave heating reached an average of 96% (240 W lor,*'ji.l[C, tlie morlality using nriJrou,ave heating reached an average of 96% 1i+O W lor

.' qO s). rvhile using hot air dryer it reached an a\rerage of 4% in 9 min ol treatntent. To
,,?.achiei,e 1000/o nrortalib/, ilot air oven needed longer time ol 10 min atl4.9"C. (Table 2).

..tt" un+r$'l:Lt:ll'L:i:::iltl'J,ir^, 
pro'idecl no sigr.rificant efr-ect or.r the nutrient content of

l:'-:, the treated maize. The results of statistical tests shovn'ed that neither the ltorver nor the
,.-,t exposure tinte gave significant influence on the starch content changes alter rvarming

(Fr.r:4.25. P>0:0001 iirct Fz,+:1.83, P>0.0001). Starcli rvhich rvas liie largest maizi
* nutrient conrponent (.17.l%) remained as such after microwave heating r'vith the longest

$..1.,, e*posule tirne at all pou'er levels. Insignificant changes of protein content nere also
.,',1.i1'shou,n during the microwave treatrrents of maize. The protein content in all treatrnents

H,was above the Indonesian National Standard (SNI01-4483-19986) of 7.5o/,'.

iiI:: CONCLUSIONS AND RECOMI\{ENDATIONS
The dielectric heating ol microrvave made possible to kill insect pest Sitolthilus

Ll,ii:.zeamais Motsch in n-raize rvithout significant changes of nutrient content. 100% morlality
{,,'of Sitoohilas could be achievecl in a ihort time of 60 s and lorv enersv use of l6 Wh. This' of Sitophil us could be achieved in a shorl time of 60 s and lorv energy use o{' l6 Wh. Tltis
, 
- 

indicated a very shorl and lorv energy consumption treatment comparing rvith that of- hot
i:9air oven rvhicli neerled.22 tntn eto6s,,rc. Thii short time microu':ave tleatu.rent had the
.i,'advantage to keep 68.5% starch content and 9.4%o protein content as high maize quality

posurc. This short time microu''ave treatuetrt had the

: advantage to keep 68.5% starch content and9.4%o protein content as higlt maize quality:' standartl. Fol fitlther study, it was recommended that the experiment would be carried out
!l':for Sitophilus zeantais in larvae, pupae and egg stadiurn.
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Tables

Table l. Mortality percentage of Sitophilus zeamais during microlvave treatment outside
and inside maize on the various power levels and heating times.

Heating
time
(s) Outside Inside Outside lnside Outside Inside Outside Inside
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007029482
0096610094
0 0 100 26 100 98
0 0 100 s0 100 100

15

30
45
60
75
90
105
120

Table 2. Mortality percentage of S. zeamais during hot air oven treatment on
lemperatures and exposure times.

Ternperafure (oC) Time (minutes) Mortality (%)
47.47
48.30
4',7.01

50.00
57.50
58.30
60.00
63.70
68.1 6
74.90
80.30

7

7
7

9

9

9

t2
15

15

22
22

0

0
0
4
4
6
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98

100
100
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able 3. Maize starch contcnt (%) afier nriclolravc treatlnel)t at \.arious por.ler IcVels and

exposure tlmes'

tlo 64.9 67.0

Table 4. Protein content (%) alter microrval'e treatment at

exPosure ttmes'

,^, 0 240 480 720
tJl-^- 9.18 9.38 9.28 9.18

various porver levels attd

90 9.28
1ro 9.38

9.44 9.36 9.28

9.29 9.34 9.3 8

Figures

:
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Fig. 1. Surface temperature of maize infected with Sit.ophill^s insect pest after microrvave

treatment at various power levels and heating time'
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