unasuguIng

(Executive Summary)

1. SwaziduaiieafuLNLaIuITY
1.1 Felasanide
(wilne)  msiamuaudInUinaemueadwsuRamunisdesdevesaliiiiiy
Snwluussytasidauasusseinie: nsdidng ugshenonls
(Mw18angw) Development of Ethanol Indicator Label for Monitoring Deterioration of

Fruits Storage in Modified Atmosphere Package: Case Study of Mango cv.
Nam Dok Mai

1.2 {81UENTUHY
SA. AT.NYSTUNT SLAEU
MUY INALLLEENTOMT ANERAAIMINTIUNYAT NINeaededlny
anuiifesie 155 u 2 o wiliies 0. Wes 4. Weslml
nueauln AN 089-956-1078 a1 053-948244 E-mail: patraviyan@gmail.com 1.2
1.3 Foshmilasenis
Wnthlasesnseesd 1
SA. AT.NYSUNS 586U
#1919 WALElagN15eIMNT ANERAAINTTUNYAT W INeaedesiny
Wnthlasennseesd 2
ps3aniad AU
anUuIdeInemansuazinalulad uinenaelediny
1.4 SUUsZNULAE T2 8EA1YINIY
@5 UsuUsTINn UsesnTeuuseanad wa. 2555 suUssanadilasu 910,000 U
spzaINsTiTe 1 U Gaud 29 wunaL 2555 84 28 NguAAN 2556

2. aplasamsidy

mzmﬁﬁmaﬂlﬁtﬂumalﬁﬁmmmmﬂizmm’faqmiﬁau%qqq usitlgyndAguosnisdsenn
I¢uA maforgmaifuinuniidu mafudnvmedluussafasidauasmssenie Gyt
azmnlunisdanis aunsadaergnisiuinuld uagiliusindmenmelasuulildeandiou 4
wldunaneseduaresiaileroonn vhlvuzidinduuarsarifiinund taefensfaundt Ll
annsaszylaensdanmainnieuenls fuandslianansadnnistunananldegamnzan damnds
nesmheluiomann fuslaafarldualifidesnmua deiudaldhnsimuuutiaonmues
dioRnnunisdendeeszhinenlifiuinulusstusidauuansseinalaed g usyasd
ilethoRamuannmyesHaNyuTITluUTISuRfALUATIIINA ST TLdLaLNS
$1vmine dmiumsUsziugunmyesizing wagaisauindefiolviiuiuilag neifisnside
favun 6 Aouil



s

1. AnwinsdsuiUasUSunanenueailluussaiuaaawUasusseInIa vanausiaiug

3
[

A
g

a

wenlsEneafuifeluszezunimanisi Mfusnviiguvad 5 ssrwalea uazviliand
il 25 psrwalded sEImMBUinw Jnseimusinaiienisluussgiue uasnsiadey
ALATNYBIHANEINY HANTNAREIMU UinaiemusafinelmiAneuidevnesenauzainainents
Ausnwfigamgdl 25 esmiwaiBua aglurag 250-470 ppm uaziiguvndl 5 sariwaiea aglurg
100 ppm

2. AnwimaiaLwouTinnmuneestzsnainentdl Tngldssuuvenduludiuoanesedoant
wauiusuluiuedeanding wioualddden 2, 6- lanaslssulafiuea WuansfivilruaudTaiin
nswasud aglsvhnsfnwaneiuunzadlunsiuiiterssniadulesiuag L0NUDR
Anwinnuduiusszninsanududureneniusanazianssuvesdulusl nansdnwvinuingasd
wangandmiunsvhuFAzenseriaduled wagieniueafininududu 100-1000 ppm AilvEves
arsavaneidulesiuasunndifududisgeuinei uarannsodunmdfiulddaiaufionld
Toun nslidulusiveanesedeanding 9.0 pg WulusiilaseanTina 20 ug uavddou 2, 6- laaaals
dulpituea (DCIP) 0.1 mM Turleamntiimesidutu 0.01 M. fifiley 7.5 USuna 100 faddns

3. AnwinsimuussydadidauUasussenmaliflanmminzausanistneignisiiusnw
ugshainenlifigamadl 5 waldea lnenadeuussyisidaulasussenia 4 via ldun gawaafin
yianedioludiateg naesianiudends naesmarafinUamenaiafnilauanes wag ussqly
NABINTEAY (YAPIUAN) HANTVAGBINUTNALZTIUTTTlugInanaRnnedteludianzsanunsaliu
Snwildunaziiawazaindenisiluldess msmdmiugiinnzgmanainnedielud iieluile
anmussemefivnzandmiuiiuinvuzing lnezsvuaduriaudnats 0.5 adluns $1udu
6,8 uag 10 3 Amsunanefiil 3 vuara 300-350 (S), 400-450 (M) wag 500-550 (L) N3 wui1nis
19123 $119 6, 8 uar 10 § WNEdWTuLEwIN S M war L muddu deuuinueanaNzsing
YUINQY UazdnnusTEiinudiusiunuamaesHalzing NMslaTy

4, ﬁﬂmm%auLﬁauﬂizﬁw%mmaﬂLmu%i’mﬁwamWﬂ?\la‘mmﬁaLﬁzjagiaauamwiu@m%’u uay
AnwsgAnsnmvssuaudtaiivangan lunmsnsafsmuauninvesushaiinentd fifudnuly
ussyfusifaulasussena figamndl 25 ssrwaidea wuiuaudiaeniueaiiangaudwiuld
fnnumaasuuasnmunmussehinentdl fifuinwiluussyfaridulasssene fouaud
fafindnannuiugedy ddldasararaduluiifanududugduanngnsildluannrasazats oy
Tfhdulwiueanesedeandinaiosay 0.15 Wuluiiveseentinaiesas 0.02 uagld DAP 2 M Teaz
Fuavd¥afiiiinGu ffeauadng (U 4845 mAdea-uns (@) -2.30 upzAdtniiu-mdes (b) -
9.68 fiANumun 180.14 um  dUSuaANTuSesas 35.18 wariliiAud unusensIe 39.10
MPa @nuunuifaiifmutulasldfiduufiawaglon llmmnzandmiunsinnunisdoudsves
uzahathaenlsl Mivinuluussgsuidanlasussennia idesnnuaudfasiailiifinnis
Wasuwlaslae Lﬁammmfmaﬂlﬁﬁmsl,ﬂﬁauLLUaa@mmw nuafullaunseiauzaiainng
e

5 LﬁaﬁwLmu?‘gfﬂﬁmammﬂmu@ﬂ%’u uldmsrainmunanmussuzatsinentsl fifuinw
Tuvssyfauridaudasusseme tnsfauavdialugmanainnedieludionzsfimnyaudmivauin



, ' Jo a ¥ a & o \ A ' a = & | ~
Yoz NUPMAUTInAzAsuInFuIRuuFi e uiiousaiasuan dalussuslinauzaiiedl
ans N Imelags ienalsueeuiiy In1sndnarsveusemevaieyindvilviinadon1siudeuulasd
YBILOUTIN %QLLﬁ’jwzlﬁmmmeﬂmmLme;iNidemaqﬂUﬂaLLazqﬂﬁﬂUﬂaléf LHANS
WaguuUasdveswaudindlouzaiiasugnil ansadrlulduselevisegusenaumsuazusian o
lagasinsidagudlawauiniuieud wielviinsuanasuieuindu Fagaiunsadesiunisia
nsgniiiaUnfla

Jo Ao £ & a = av o 1% v Py a o =
LU TanHauNTLll In1swseunligeenn Tdanulaie wasddununsudasn 3911190
luiusesendgaamnssulasel  egelsinig annglumaiiusnwuaudin wu gaumgll
& | A ' A a S < v a ~ ° v
AU dunIn-ane nudndnadenisiasuwlasdvesuauiin Inenisiiulingumgiias aelinavinly
So a a8 a & A | = ° v Jo a a8 a & Ay
waUT IR UABUANNAUNN U T U999 wazautdunsa azvinlrwaudinasuaindundududdy
gou Ay Mauinwwautin Asnulilundeamgin wu Tudiu wazaisiiulunisusitaain
Wadastuaneneusnlumunyay

[
[

6. MINAdaUNITEaNTUTRIUIINARaNauzL U TIluUT TS Tkt Tauau tagld
Luvaeuay Suuiuilae 44 au wuiduslaedinnufisnela 80 wWesidud
¥ = v aw
darauauuznliainn1ive

an1azn1snusne W aamgll anudunsa-as dnarenisasuslasdvesauiin lng
maiulingamglias azdnaibikavdialiswanduiduludineeu wazanudunsa awvinli

Jo a 2% a & aw o & 2 W Fo o % a o s A
wouindguannduituluddudou dadu nsiushwuaudin asivluligeeglilouviesnvse
awidy lunidgaumagiion wu Tugddu Wedeaduanzaeueniilimunzay

nsiluldusslovnd

AN TAdBaIsaiedeyaildluiandesenmenisinveslafiayandmiuidelia
mauanivdsuresimuniudienauzangn warilugmadusuuuulumandnussadasiianunud
TaUsuanemuead miugusenaunndnussadue lngiinsanauazaindmiunsujiRasely
Bemsivesiuenazguslaauazdununsndn aunsadnergnisfvinwinangshaiodsunely
widsitlnatu anmnuidsadiosnmagaydessnitninfuinyvesesidsoenuasdUanugig
paonILaINI0TUUsEAunuAmALAMasausiulalRiuduslan wasdunsarsyaiisliiuna
uzahsld wardifedianansadiedoyaildlufmundmiundanasindun el uazdlddoyad
annsolretiuaaningaumaya wazansailuiaudesonludandysly



UNANED

AT aUsasdilemuuouiamadenan mauesuzsisimentdl fiiuinwiluuss
Fsidpudasussernia dfimsmelauvuldldoondiauiniu uarlinmsazauveseniusanisly
v359 et Tnsnaviianisidovaninvesuzianiinenldl Iavautulaeldssvuveadule
ueanesedeeanTinasmiudulusiosoonting niewialddden 2, 6- lnnaelsdulefiuea ifuansd
liuauiinfnnsddeud TngldvinsAnumuiinaeniuealuussySueiffinansenuse
Aunmresuzshaiusiinenls mannzfimunzaulunsiuiasenssniaduleiuagionuea
Anwimuduiusseninanududuresenusanazianssuvenduleyd Wuuiussadusidaulas
ussnAlilanmneaurensinegmaivinwushainents Anwiieudisulssansam
mSQLLaU%fmﬁmﬁmmﬂWa‘mmﬁaLsziaqiaml,azLLM@@%’U warAnusyAvEnmueaua Ut iz
Tunsesaafammaunwestgsainenld Afusnuluussadusidawasseinia figungi 25
ENGRLBIGHEL

nan1sAnwInUI USunauduledueanesadeanding 9.0 pg wulwiiesoending
20 pg warddeu DCIP AMLUNTY 0.1 mM L‘Uuam‘wmmva;ftumsmﬂgﬂsmizmwmiavmEJ
Bulwsiwazioniueail 50-1000 ppm WazwoudialeviusafiianTuInuHugadu Tuszansam
Anthmslifidunfiawaglon waznsldfnnunisanuasdondsvesugai ol vl
UsTisiaulasusseInie desldanududuvenduludiuoanegedeondinadosas 0.15 1oulwsl
WoseenTinadosay 0.02 uazaradudues DAP 2 M Tnsuaudin asBoundiiiuudng
soudlourhadugn uazanddeuduivaydenzihanuniudedude uovdiafiiaundut fns
weuiligsenn Mauldie Sdunumsudnd wazideasununmsseuiuvesiuslaanuin fuslaa
80 Weddusdiimufieldluusssusifiuuiinfney Ssausaiiluiaudesendsgnamnsay
lowialy

[

AdAey: U zihanenlsd Sufiames teviuea Wuled usse auafawlaIuTIEINIA

Abstract



This research aims to develop the ethanol Indicator Label for monitoring
deterioration of Mango cv. Nam Dok Mai stored in the Modified Atmosphere Package (MAP),
in which the anaerobic respiration occurs and results in ethanol accumulation. Ethanol
indicator label was developed using the alcohol oxidase enzyme, peroxidase enzyme and 2,
6-dichloroindophenol (DCIP) dye. The quantity of ethanol that affected quality of the mango
was examined. The conditions of MAP suited for extending shelf life of the mango were
studied. The optimal condition for enzyme-ethanol reaction and the relation between
ethanol concentration and enzyme activity were examined. The efficiencies of indicator
prepared from methyl cellulose film and absorption paper were compared. The
appropriated type of indicator was studied for its efficiency in indicating the quality of the
Mango cv. Nam Dok Mai stored in the MAP at 25°C.

The results indicated that the ethanol concentration above 100 ppm resulted in the
abnormal ripening and off-odor of the mango The suitable package for 300-350, 400-450 and
500-550 ¢ mango stored at 5°C were polyamide plastic bag with 6, 8 and 10 holes (0.5 mm
diameter hole), respectively. The optimal concentrations of enzymes solution to react with
50-1000 ppm ethanol were 9.0 pg, 20 g and 0.1 M of alcohol oxidase, peroxidase and DCIP,
respectively. The efficiency of the indicator label prepared from the absorption paper is
better that of the methyl cellulose film. The suitable formula of the indicator label used in
monitoring the ripening and deterioration of the mango was 0.15%, 0.02% and 2 M of
alcohol oxidase, peroxidase and DCIP, respectively. The color of the indicator was changed
from blue to purplish-blue and then to pink when the mango started ripening and ripening
or deteriorating, respectively. The simplicity of preparation and usage, cost effective as well
as 80 % acceptation by the target consumer would enable the industrial application in the

future.

Keywords: mango cv. Nam Dok Mai, Indicator, ethanol, enzyme, modified atmosphere

packaging
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Abstract

This research aims to develop the ethanol Indicator Label for monitoring
deterioration of Mango cv. Nam Dok Mai stored in the Modified Atmosphere Package (MAP),
in which the anaerobic respiration occurs and results in ethanol accumulation. Ethanol
indicator label was developed using the alcohol oxidase enzyme, peroxidase enzyme and 2,
6-dichloroindophenol (DCIP) dye. The optimal condition for enzyme-ethanol reaction and
the relation between ethanol concentration and enzyme activity were examined. The
efficiencies of indicator prepared from methyl cellulose film and absorption paper were

compared. The appropriated type of indicator was studied for its efficiency in indicating the

quality of the Mango cv. Nam Dok Mai stored in the MAP at 25°C. The results showed the
optimal concentrations of enzymes solution to react with 50-1000 ppm ethanol were 9.0 pg,
20 pg and 0.1 M of alcohol oxidase, peroxidase and DCIP, respectively. The efficiency of the
indicator label prepared from the absorption paper is better that of the methyl cellulose
film. The suitable formula of the indicator label used in monitoring the ripening and
deterioration of the mango was 0.15% , 0.02% and 2 M of alcohol oxidase, peroxidase and
DCIP, respectively. The color of the indicator was changed from blue to purplish-blue and
then to pink when the mango started to ripe and deteriorated, respectively. The simplicity
of preparation and usage as well as cost effective would enable the industrial application in

the future.

Keywords: Indicator, ethanol, enzyme, modified atmosphere packaging



unasuguIng

(Executive Summary)

1. TazBeaiieafiulasniside
1.130lA5aM13
(wlng) nsUszgnduouitauTinaiemueadmiuianunisgyderoszaneiug
theenliifiAunuluussySusidaulasssenie
(n119189n%) Application of Ethanol Indicator Label for monitoring deterioration of
Mango cv. Nam Dok Mai Storage in Modified Atmosphere Package
1.2 Jonnzf3dy
n3.3a1Tad Adau

annduddeInemanswazwmalulad unInetdudedlud msEnw (053) 943351 fia 1203

HALAT. I1UIA YNEYNT
AAIVTIINGT AULINGFERNS UnINededeadlui Insdnw (053) 943346 Aa1201

1.3 UUTEINAILALIZEZIIAMNIRY
Isunuganyun1TIdy Usednt 2555 9auauEu 420,000 UM

528217819015998 1 U Aaue 29 wewnlau 2555 89 28 WewAIAN 2556
2. #3UlATeN153dY

nsnusnenaliluussydudidaulasusseinaindnnisie andnsinisiiudisenves
finwr1uussYie Juiliangluvssaduniivsunanisveulasanleniiniy wasuSuiaeendiau

anas Lesannismgle vliaunsednergnisiuinele widalfiegluaninesndiausuin

= a

Auld orvviliAanismelasuulildeandau dienueaintu vliAnn saniiaund waziindu

AAUNG n1saTamUsinaseniuealuussduiasainagyitlimsuisaunmeealdseninenis

Ya o = sl

Ausnwld FedunnedideTsldhnside Tneiinguszasdiio mulinaiemuoaluussqfasiig
maGiaﬂmmwsuaqmmaﬁm%’uﬁﬂﬂﬁ@umLmu%‘?@] yanMvINgaureauTTENElLUTIYSouei
manzaufiedinorgnsiiuinwinauzinmdaniuife uasnaaeununmvesuzisluusIyAusilng
Tuoudiniinaienueatsuenaunmusmanshssswiunmafuing lneuusisnsidsoaniiu

4 nau A9l

1. Anwimsidgunuassunaeniueaiiluussyiuandauuasussenie Yamaugaeiug

(%
o

nenlii@neniuiieiluszazuinienisd mivinwfiaunall 5 osrwalded wazvinlvan

Y

a

gl 25 ssrwadud seninanisiiuing Anseiivsunaiienisluussydue wazesiadey

10



ANNNYBINANEIN NANISVAGBINUT USinasemueaiineliinannudemasdenauysiaiinenld
Aushwfgamnll 25 sarwaded oglurag 250-470 ppm wagfionugil 5 esrwadua oglutis

100 ppm fetukaudinUsunaenueadsnsinisustluaninusseanianilieniuealiiiu 100

pPpm

v [ 3

2. Wawvssydudisaulasussenialidanmmanzaudenisineignisiiusnuiuzaig
iheenldiftgnmndl 5 waidea TasveaeuussafasidauUasussennia 4 oin léud gavanafnuia
wodloluianeg naewnandudUsnds naesmarafinUamienanafniiduaney wag ussglundas
N3EAY (YAAIUAL) HANITVIARBINUTNANZIIUTTlugmanaRnedleludlanyganunsaiiuin
Tuuuariimnuazansensiluldass msmdiugiianzgaanainnediolud elildann
UssEIMAINzandmiuAUIIYvILzIg InelnzsruiaiduriAudnas 0.5 Tadluns S 6, 8
wag 10 gﬁm%’umﬁwﬁlﬁ 3 YUIANEa 300-350 AU (S), 400-450 Asu (M) wag 500-550 n3u (L)
WUINN5I91E3 TIUU 6, 8 LAz 10 3 WNzAMFUNEIIUIN S M uag L Aud iy S9uunnveina
1233 Y1998 uazS U TauduTLSAURMA YR INALEING MTIaNES

3. msldusiud fnUSinaevuead wiuRnmunuamueszssiiusTaluu s Susidaudas
ussenansliusiud IndmiuRnmunuamumzansiiussgluussyfusidauasussena lagfn
woutinlugananafinnedieludianesfivngaudmivanavosmsing nutuautnasudsunUasd
Slonauzanusudignszuaunisan dvlussesnanzinesfisnanismelags enaiFudoudy 3
nsuAnanTneNsEenasriadwiliinason1 s AsuuUasdvesunudin Seinliliannsouen
ARNLANAISTERIRaanUnfinazaniaunale wiaiuisadlulduselevidegusenaunisuas
fulne Wlaedavdoguilouavdtaiudeud welviinisuanideufneunduanuisateatunisia
nsaniiaaUn@ly

v eda o

4. NINAABUNITERNTUTBIUIIAABNANLINUTTYluUT TR e N vi Tnuaulaely

9

wuugauny S1uuguslaa 44 au wudguslaaiinnuiianela 80 Wosidua

darauauuznlianisideuaznisirlulduselevd
aw o v = @ ] % o 1 a A o W a vy
KA INNTITeaInTatiedeyanlaluiauresanmeni syt Unfiasmnd msuUnlll
msuanUasuresieunntulenauzaingn wazihludnisdususuulumsndnussydnminfnuaud

TaUTnaemuead UL UTENBUNMINEAUTTAIMI lagiiansanauazand msunsuuaassly

=

FansAveseuazUslaawazaunuNsHas anunsalnengnisiiusnynanziisiiedensly
wasiilnadu anaudsuiiosinnsgadeseninansnuinyivesveddieenuaziAuinueiag
naenIuanTasulsiuaunmdudasanuiulaliduiuilan wasdunsaiaanialiiuae

wzahila wardsanunsadneteyaiilalUimund miundanaviingue sialy

11



unAnga
< o 2/ (Y ¢l [ v o Y a Y =

nsivsnynalilanluussydusininisdawdasusseinia enadniiiinnisvdnuasiinig
azauvesemusainlu vilvnaldiinnsgniiiaund waslindulinung Usunaneniusaluussy

[ &= Y < o Jo a 1% av = Au ¢ 2
fundalddumyinnuanvesrandals TunideddliingUszasd iemuSinaeniuealuussy
fuginiinansenusonun nveziiuuInenliendnla vt inUsunaseniues dmsudinaiy
nsiasunUasnuninvesizaisluserinamsnuinwluussydaueidauwlasussennia lnenusuna
e ueaninasensgaLdenunnvetiiudiinenld WauussadaddauUasussenAlill
an mmuzausenisgneensinusneuziahnenlyl wagnageunislduavdialunisfinaunis
gy deveauziing nan1sveaeanudl Usinaseniuealuussyduannlineliinanudenieiung
1 I [y 1 a [ ¢ al o o v 1 d‘ < W P
uzanasegluseduldiiy 100 ppm ussadusiimzaudmiuldussauedianaiuinwlin

aunil 5 eeALTaLTEd Ao ganatainnodielALUUTEIRILALIINEFIUIALEUNIALENATS 0.5

9 Y

a a [ o o 1

fadns 91U 6, 8 wag 10 3 dmiunaugsisvuin 300-350, 400-450 uag 500-550 niusena
o w = Y 1 o a ' Y o & ] o a N
mua1eu Tunsalveensldusug iausunaeniueasiuusTaiue nuluaudinasiuisuulasd
dlanauzausugn wonantuaudinlianunsauivenanuuanaesenitnagnUniuasuagniaung
' & Y oA A %% a = Y a av v P
agalsidaunsaldiieimesulviuisilaguiedesiulyminisgniiaunild uazillaaauniunis

[

o Y a Y a ~ ~ s Lo a ) s & &
EJEJ&J?U“UENQUiIﬂﬂWU'J’] qu\IJ‘UiIﬂﬂ Nﬂ’l?ﬂW\‘]W@IﬁﬂH‘Uii‘i}ﬂm%%ﬂJLLO‘U“U’J@G\@EJEUJ 80 LUaILUR
Abstract

Modified atmosphere packaging for fresh fruit storages may induce an ethanol
accumulation and fermentation cause on abnormal ripening and off-odor. Thereby the
quantity of ethanol in the package is used as an indicator of product quality. The objectives
of this research were to indicate the ethanol quantity that effect on ‘Nam Dok Mai’ mango
fruit quality and to produce an ethanol indicator label for the investigation of mango quality
change during storage. The results indicated that the ethanol concentration above 100 ppm
caused on the abnormal ripening and off-odor of ‘Nam Dok Mai’ mango The suitable
package for mango fruit storage at 5 °C were polyamide plastic bag with 6, 8 and 10 holes
(0.5 mm diameter hole) for the fruit of 300-350, 400-450 and 500-550 ¢ per fruit,
respectively. In case of using an ethanol indicator label with the package, it was found that
the indicator label changed its color when the fruit was going to ripe. Moreover the indicator
label could not indicate the difference between normal and abnormal ripening of the fruit.

However it could be used as a reminder for a seller to open the package in odor to prevent
12



of abnormal ripening. For the acceptability of consumer, eighty percent of the consumers

accepted the package with an indicator label.
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