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ABSTRACT

Preserving peanut seeds is-essential for maintaining seed quality and minimizing
losses during storage. Selecting appropriate packaging materials and storage conditions
is crucial for different seed types. This experiment aimed to determine the optimal
pressure ‘level ‘inside vacuum packaging combined with suitable storage conditions
to maintain peanut seed quality over 12 months. Conducted at the Seed Technology
Laboratory, King Mongkut’s Institute of Technology Ladkrabang, the study followed a
6 x 2 Factorial Experiment in a Completely Randomized Design (CRD) with three
replications. Factor A involved two packaging treatments: woven plastic sack and 760-
gauge polypropylene (PP), which served as control packaging materials. Vacuum levels
for the PP packaging were set at -0.02 MPa, -0.04 MPa, -0.06 MPa, and -0.08 MPa.
Factor B included storage conditions: ambient (30°C and 65% relative humidity) and
controlled (13-15°C and 19-30% relative humidity). Each bag contained 410 g of peanut
seeds, with woven plastic sack sealed by sewing and PP bags sealed using a vacuum
packaging machine (model BELTER-10). Samples were collected every 2 months to
measure quality parameters, including free fatty acid content, dehydrogenase enzyme
activity, seed moisture content, seed water activity, germination percentage, and
germination index. Results indicated that the most suitable packaging treatments for
peanut var. Tainan 9 were PP -0.04 MPa and PP -0.06 MPa under controlled conditions.
These conditions resulted in the highest dehydrogenase enzyme activity, germination
percentage, and germination index. It can maintain standard germination for a period
of 6 months, while maintaining the lowest free fatty acid content. Storage conditions

significantly impacted quality preservation, with controlled conditions extending



storage longevity compared to ambient conditions. Moreover, the analysis of
correlation coefficients revealed that free fatty acids have a low to moderate negative
correlation with dehydrogenase enzyme activity and a strong negative correlation with
germination percentage of the seeds. Meanwhile, dehydrogenase enzyme activity has
a moderate positive correlation with germination percentage in PP -0.04 MPa, PP -0.06

MPa and controlled conditions.
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= < v 6 =2 P < v ¢ a o = <
NISiERNAMN NYBNNEARUT Vi n1ITanT LS g AeAnEn INVTBAULT LTS
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9

WA WNT I WU NITUAINAY INA1TNARDIVY Branimir et al. (2007) lAAN®INS

a a Y % daa 5 | Y 2 o ew g o e
WasuuUaswesSunaduluwdaiddlulndunndrsdureaudaiug trilnad sadng
dundes wasnungiu Al 2545 83 2549 TuanmnisiusnwNuaneeiu Ao aamal

25 paAwaLded SaNAUANNTUENINS 75 1Wesidud uavanngll 12 esrnwaidua Siuiy



v 6

AT LETINS 60 WosiFud muddy wudregnsnunwidianuduiudidauiuuin
it Taeflanmmaifivinwgamad 25 ssmiwaidoa SafuauTudig 75 Wedidud
fusianiifuanaduwdaiusdninadesdnd 0.82 Wesidus duvdes 2.19 wWesiiud
waglumungiu 8.53 Wesidud wazfianmmsifivinugumgd 12 ssmiwaidoa $auiu
Aratuduig 60 wWedidud fusnanhduaradlumdatusdnlnadosdas 0.55 Wesidud
fumdes 1.30 wWesidus uazaenmiumeiu 1.75 wWefiud uenandiudniugifeasu
uiiauazdenonavzdanuialunisidenliviiiu insigdenniseadslidnisideuud

[ Y &

a < = A ' o A 2 o P = A a
dndenmilievvzidenagnouna WaiushwliseludenideusgioukaiNazidaunmunin
= 1 =3 d'> d' @ 1y o‘gj @ al d' 1 [ 5 1 @ [ [ I3
I5In1Bndeanils nswaniugnsaefanilamaeusisiunudneunsiiushwineadu
IWNTIEVATY 9 aNveeaEnY 1w Ugneneiiiu huifeisaandu 1guesieiu wasden
~ f < a e & ¢ | ) I3 o ¢ | = I3
nilsoragnauneuiiuiigwadnaenni slugnelu WHusdu waanuguraziwanludon
m’%aqqLﬁsnﬁ’uiaﬂé’ﬁﬂ’ammﬁauﬁuimqmuﬁ@ wANAINLANASAUlURRY 9 UTEN19TINNY

[ 0 [ I3 = [ o & o a LY 1  a
IEAUAMINULE E]‘LILLﬁ%E)G]i"ILi'ﬂUﬂ’]?Lﬂ BUVBDUUAANUT NUBIRYINUAITULANANIN Y

et

9
Tudsgynsiivluguienniu anvmfiudausazwdaiaudouliviadueradumszgnifiu

Aeaund ognunldvinay UVIRIdne19989nAINS OU VINARD199Eg B unsaviu
< U a o4 & ¥ o A = A My a & o 2w I
vdaneagnLuasinAy viewesdinane Wedunaililmasduiuidaiugyniude

W ouAUYT IR wiliad uu1nus edsedviliwaniugdanuwansisiuluszauaiiy

s

dauanmiiaduwardnsisaiasdenanin lngdnsustlunisdennunimvenuiniug

= Y (% 1 = v < v ¢ ! a v ¢ 3 =

Juedrudaienaliiae Jadumeluludaiug 1wy vie Wus esdussnountunil uag
Tassanenng 9 Fudwdeweviusnssutazyseifmnunduun wu nisgnasgmunseiiieulu
MsAUAEININ o wazaud@adunnugulsiesaudoniiintuetneundiseduaugn
wIeAIMENLUNLEIN1ISHARY waziadunisuen 1w Aaududuinsvesenamiulade
Ao o A o 1 - @ o [ < a & Ao 1 & o
nddgandniunisidennuninvesudaiugliiasidulinaanutundegluwiaiug

Tnenss w3eauguduinslueiniea iwdanugndaedugeazidnismelaianis

HANAEYTLUERIE e Aseu kazALTWLANIY AUSauTdzauNIN Tz liwEe

o a4 & ) l & o e Y o v A
WUﬁqﬂﬂLaaﬂJf’lmﬂ’]WLij UNINNALLUUDUATIUABDLUAANU I@ﬂ@iQLLa’JSQGU’JEJIMLGU@i’]LLa%

9

wuasasgiuladihanemaaiugla

o w 1 @ o 6

& o~ & s & ¢ A & & o &
AIMUYUNAIUAIAUFNDLUANNUT ABD ‘V!ﬂ i 1 LUDTLgUR ‘I/Iﬁ’sm‘zjuslul,mmwuﬁqammmq

v 3

(% [ <

N1SAUTNYIVOUNAAN U UUILUINT Y waza v dueIN1ATEU 9 WaANUTgungTl

9

Tulsafufianasn 9 10 ssemlusuled ergnisinusnwvesuiniiugaziinduguiu

o v A

& o sa & a a ! - & & o a1 v
Llla@WUﬁq@LUUﬁQﬁWﬂmWﬁ@IUﬂqiwf\nim’]ﬂ@urﬂﬁﬂgﬂWSU‘V!ﬂF’ﬁQLWi']SLlIa@WUﬁq@IEJ@lIIM

o

U aa [

NANAARAULAEITL WARTLSH Ao winfliausenwazaNUUIEVEalianyuenTIwINiug

]

1 A L |

YunvedudnainaneifiisduniowdnfuivUz Uy lignlsauuasdriaty wazlinudy



s

luwdeiunzausenisiiusnwidmsunisugnlugeasll n1sesvdeununInuAnTug

]

I o

Jafiaudnduegdunsizanuisaventainudaiugdulinunimegidls mungiagly

[ 3

iwugusely Tnsudmanisnsivaaudiunie q unldlunisivunganinvesuaniug

q

v '
1 IS a

WU AT FedaUu awnveaudn 1sA wuas wazdu o Welinisnsvdeununnaaniug

1

gneies wasiiunmsgiuieiuauALATIREeuAMA ARG Sz 1NUsElNA (International

Y 9

Seed Testing Association 8 w5887 ISTA) Felan1nunisn1sns19douLNa AN UsTU
(edgv9ie Lonnaly, 2547)

2.2.1 ANTU

v 1 [

& [ [ A o Ao [ 3 v s Y A | [
mwmumaama@wuﬁqlﬂu{]%Emmﬂmmamimmﬂmmamwuq ﬂ‘%mmumma@umam

o

Jutadendnninasenuammasuuaaiiug lnsanizn1suna mn euazen waznsiu
Y 2 o o < A = = v & =% o & & v
SnwudariugluvaginsnuiieRzinudugs sudeidunesanninuuadliey
lusgauiivaendaneurnisiivine nefdiaiunsansnuienadluseninanisiuing
o & 2 & a dada A A ' a 1Y H a o

nilimguaaludanddiadiefinismelagadiiaanusauuazil vindsuiunuieuy
guzhiiifaanmpdenfiiuzsemsidiinatevesutawaates ibiwdaneluluiign

INNNSVINABIUEY Patra et al. (2000) laAnwmsiiusnewdenugluussdasinunnsneiu

=Y

2 9lip Ao gele wavgamarafn wuinglednsaydennuddinauszesiiainisiusnm
A a & < v @ v I = = [ < v sa & w

My neazna1edu 0 18991001 9AUTNYINIL 9 Lhow Welleuduwaaiugmiusnw
Tuganaiafniini s uvesnudulas uag Masum et al. (2010) WuINUSIYA 9
nsgdeiuay polythene dArruaiunsalun1sfuniuvesaniutulavae Wetsuiugg

NITADUNI IﬂSUiiﬂﬁmWTﬂﬁ%ﬂ@QETQ@QQQJQWWLM&@@JQ%QW@ﬁ@@i%USLUﬁ’Wﬂ’]iLﬁU%’ﬂH’I

v
(% v s

Al unsnasuaed urenad sl udunounilelunisnsisaova o nudanug

~ a o w o & | a g e \TS A6 | & @ A a A A =
ellaudidnyuasInduegiegs anuguvsedrnegmeluiuaaiuiil 2 vila vilaninds
a ! & % 1 | & 2 =3 v < P

138071 free water 1uieglusenitagadanuisassinensogaduidi luluudaladne
waztuiinfland A9 bound water LHuiMn1zdnsgrundentdunislulead waze1ni
zispanutalagluynlmannssuInnis oxidation aulassastsnieluwadasuwladly

PIOLAANITTENYVDIANTIZLNY LTU UIITU NISNAdBUAUTUTBTUNITATIaTALAOUN

Y Y

Usunauanizdiuiidu free water windu (alguviy tenndly, 2547)

<9

< 1% v
2.2.2 ANINBNLATANNLTILIIVBIAUAG
nsnsIvdeuAentuInlunisnsvdeugunmvedudaiug wWislinsuds

ANAINNTLUNISIBNVBINBLUANT UG (seed lot) NYIIN15ATIRARUINRIBNlALINT oY

v

) Y o ' ¥ L & o U
dedladiailudantuaninls wagldnanisnsvaeuililudidinanuuansiiswesnmnin

U v 6

LWARTUGUAAZNOY N1390NVDLUAANLT (germination) MuNBEd N15NAUNANIONOBNIINLLAR

9

[ |

Juisszeziiflesdusznauiidinyang o Usingliiuegstaauliinfusouluagimu



1 Y o

waziasyiulnduduiivnauysalluan mwndeniivanzauluduldviold (algwie wowd,

<9

[

Ausnwihinnels

a
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% P a ~ L v o f & &
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75 wWoesiwud Juszegiial 6 weu waaiuiaidaiuiongitia 74-98 wWesidud ualie
wanugiwiusneligamall 25 ssenwaidea SaufupnuTLaNInS 85 Wesidud wui
fAnugen 10-68 Wasigus nasnstiusnulaies 2 1wou
2.2.3 AMUEIIVDIRUNAIUASUINLN WA
nsinmsensunasazimdnuiainnisiaeiuawsalunsiasaivlnves
wanwugwaznrsldsuudaminad el wazermsiasaililudiues endosperm

U a &

neluuand98199u398 WU Narayanaswamy. (1993) inasfinwudaiugadasiiiv

[

o I A o ¢ Y A o 1 N v o
INBUTULIAT 16 LAY Iu‘Uﬁi'ﬁﬂm‘VmQNW NWUIUAINNYT1IVD hypocotyts AIYNNNUYTF ALY

q o

wardauiiurueseudunnidlefousuiinfifusnuiluyssadas Polythene 700 1A
uag Asha (2012) Wsngsuinanuenduiazanuesiniinaaesdn Tlasubniwangreunn
Nnussade delfushwdaliluussadusiayginia gamanafn wagge Wuszeznm
14 o wuIIAueIRulagsInases 1slvednyeyluussadurianyinie 15.95 uaz
18.94 LwUMANT HIUFIBRNATERN 15.10 kay 18,57 wufiluns wazanfignlugedi 14.24
Wag 17.65 LUURAWAT ANAIAY
2.2.4 msilnia

mMsianuidaussuiagiuiivarsis duragds fmnzandmiviivudazuie
wansnafuluuadansageuanuudiseudaiugsdanisonaduudeddisns
NAROUNAIEDE193IUAY (3R9TUNS AI9RTT, 2529) Favzausavennanduuduwsele
waruiueaunINslEISnnafiediSifes EC-Test n3e electical conductivity test tJu3gwnils
Tunaneg¥snlinaseuruudussveasdniug lnsendendnnindmiusitauudausei

& o sda N

Ao wanwugndnisdeunaninudnvzgideanimnisiniiuassne o tlesnwas
a = d' < ' & [ « [ ! o

WUsWENEN N BeansiwdadanUdeseenuniiansaialalaiaiasinainisualn

(conductivity meter) Astiumnuaniugnadla nsedqegelaininisinlninageuuanain

2 o s & Y 1 & a I3 ° o = J a
LllaﬂWUﬁqﬂENuu VIDANIDYINUUNAINULLYILLTIINT Narayanaswamy (1993) MNTANYINIAES



10

s a o [3

fus JL-24 waz TMV-2 Taeihadusneinduna 16 Wweu wuidniviuinisiiusne il

9
a & v

garfiauanunsatunsiivinwites Wewlsuduiinfiiusnwluussadost polythene 700
N3 Inegadndanisinilagandnegaided iy
2.2.5 azWamandy

°o v A

pzamenFuduaisivanniesmvatevia wiviiafidimnud Ao Aspersillus

o

o

flavus waz A. Parasiticus puduiivvesesamenduwdinazlufivdngrunauisadudu

v
v A @

FreznamenduaiunsansliiinuziSwuiuayedlalaenss waarnwansaneludniade
1MoznaIMenTuaILITanaNsSINUARILS 99AN1TOIMITWALINEATEAIENUTLUIR (FAQ)
Faufuasrniseundialan (WHO) teandsznielull 2540 szylesvamenduluaisne
< LY a % o val [ :gi’ o (v

wzissludvriiniouss wagrmualilinisauausedunsduleuluemsdmsudssinalneg

4’1 ) Q-‘/ _a _a v U T YV o 1 o % v
n1sAruANN YU ausvnamendulufdasiu Jagtudiiddemnun wilinnsdeduld
YoamnuANATNINUANENTSUNSEMNShazENRn sl vTazratnandusiulueim sy
IalaiiAiu 20 AT e A. flavus wag A. parasilicus Wvnatsiazai1sesNamendulunifeas
Ialagiguannenogluauuisdndrlueg vuilvvdondn Tuanmuniwenvassinag
Ldannsadnluneluflnla esnniupiiseuasiiesvinauieduuiainasayaulala
a0 e ' S v & a o o a YY)
AN3N1F968991915 a2 NUA LU T ar a8 d989T AIIUAUNIUNINGTTUIR LUNST 89T UA LD
Fanrdarinsgnukasaziinnuauisa tunistosiudiesanas vilitesn visdessiiniaiey
Wudeninidagudnlddieyuuazsmndenininaunaainnisdivinatevesdngivnie
9nA3 oedlen 1IN RNaYAs Welldngwineraneanisaiyuasizdsliastesnamendu
MWINAUT WVDINA A A 9071 30 LUoSIG Uk (Dickens and Pattee, 1966; McDonald and
Harkness, 1967) nsdinsiosinaidasiuldlusuresudauniedndudasdiSnsanaiuidu
YouuanlEEnn1 12 1Wesiud Felasnsisainnisuuit auvesazwaineandu 1ies91nyae

dy f @ 13 I a v a 4 v

AT 12-30 Wosidud rungron1stasguazn1sasvozdaimendu (lanw 19Aun Lag
AluIDNARY, 2554)

2.2.6 NAbUNUDETY

Y] YR Ao o A

a [ % W a o [ a A o % v b oa =) .Y
adandunnasidulazlusfiudmsvuslnandragialan Tudsiuddasiiladuiiddgae
nsaletadnuagnsaalutadniluaulugUssunu 80 1Wosidud vesnsaludusisnun
Inefivsununsalo@dn 35.7-82.2 lWasidus wavnsaaluiadn 2.9-40.3 Wosigud daudunsa
lofurlinliiduda (Andersen et al., 1998; Jonnala et al., 2005) NMsinUfATeN autoxidation
wagndunuamananinnnsaluiurinlidudnihlvlsiansedluaie waznsadluade

1l a a a d%/ LY < = = 1 A Y
anas wadluFuunsalotadaiutu luduluwdanadoy 2 Ussinn Ae luduazay

(storage lipid) Aulvsiuiidudiulsznoulaseasns (functional lipid) waniwdulnegasd
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phospholipids 1 uesAUszneund wadasasenifannus @5e1 Smnvuwi, 2541) Tnevialy
& phospholipid fosAusznaullu unsaturated fatty acid %38 polyunsaturated

fatty acid #2088 7194% U oleic wag linoleic acids § s unsalviiui lamaaduidenie
1ae phospholipid azaayidsluanuuiusunaunazisininlusiy Tngianzeg1adnels
amwmmﬁ‘u%’ﬂmLuﬁmﬁuﬁﬁaﬁﬁﬂam%}uﬁuﬁuéqq waznsdudATuALSouT Y vaseIMA
Tnemss maasuulantuives phospholipid @we1aLininN lipid peroxidation Fauinan
autoxidation axle free radical ¥nunliiiAn lipid peroxidation vilALAnALE M BLA LY RS
L%W mitochondria LA¥118 enzyme 19U aUNA waza1siugnIsudonie 1Jusu
(Coolbear, 1995; McDonald, 1999; Beck, 2010) miLﬁmﬁumaqqmmﬂuamwmiLﬁu%’ﬂm
wazeiuvednegylilesiduinsnluiiudassiiumnty nsiiutuveanselasiudase
Tanudusius fun1sanaseInNBnIBLa e (Priestley, 1986) 99NA1SANYIVBY Nakayama
et al. (1980) ¥nsiinszdnnUa suudasasidsznauludurenudndaind ssuazingy
sgwinmsifuine wwihmafuadeiusdandasifenutu13 wesidud Bluilgamai
35 pgmnealdua 1uaen 6 Wou whanugintsgnydeuntuly 15 Wesiius uazgnyde
phospholipids LU 45 wWesidud uag Groot et al. (2022) Wu31 MafiusnumdaRusiaas

)

neldaninylSeandauaiuisarzaonisiuduresUsinansalasudassiddianusnendu

aaa a

5382987 87 U lnenuufnsensandimiuaasladuuisaiunszayu water activity ()
0.46 f19 0.70 fiUsurunsaleiudassuszaim 0.2 Wesidus delndidssiuuSununsaluiu
a a £ f @ ¢ o o U a Y] Al a v a
faveiRuau 0.1 wWesidus dunsvaiaasitdiuinwluaniasnlonia Ysuiunsaluiudass
\inTugauiey 10 i1 1aseau water activity gandn 0.73
2.2.7 ANMUTTIAVDUNAANUG
= & o & L o a a L.
AL auqmmwmmmamwuqiuiwmmu%m@miqmwt,m phospholipid

& = v W § @ 13 a ad =1 .
ANIULA Bl ANUFUNUS A UNTARAUBIUDSITUA 1SR AE N UG BeURdansazane tetrazolium

% £
v a =« 1

Inendetuneaunaziinisanasenuddinly embryo Tusdaiusidennunmilviafatunou

N3aNAYRIANLLTIRVT DAIINEN I BLNATULUNS U UATTANAIVBIAINNIEN NItV uae U

Y

Qe
e

YIAVBAUAANYUATANINNITNARDY UagAINNEEMIEUDS chromosome 711bUg 191 o

AN vewdaiug lnemsiiusnyiudaiugliluanmidanuiuuasoaumgligs asvinli

[

Y a 1 a £ < 1 < v ed & o &
chromosome lﬂiUﬂ’]’]MLﬁEJ%’]EJ@EJ"IQSJ’]ﬂ LLﬁSLﬂ@‘UULi’Jﬂ’JWLN@@WHQWLﬂUiﬂ‘H’ﬂ’W]ﬂ’J’]ﬂHﬁA

= a0 a v o sw aaa & a v & o saa &
$Iv qm‘VinlG]']LLa%Nﬂ'ﬂqNﬁNWUﬁﬂUQU’]NN%UG]SUENLllaﬂaﬂﬁan I@EJLJJMWUSVI&JM’];J%UQQ

9

=
iy
= Aaa d & ! & o eaa S I D) v o
3%@}3EJﬂ'J']lIﬂJSU'Jmﬁﬁaﬂ']qll\tlaﬂL'ﬁ'lﬂ'.l']l,llaﬂwuqmNﬂqu%uqu'ﬁaLﬂUiﬂwa')V]aﬂf]W

'
a o

9NN UN1 (Priestley, 1986; Coolbear, 1995) Marthandan and Jerlin (2017) 7IMN15A NN

9 Y

=)

Uszansnmnisiiusnwiudniugdnigldanmiuanaeiy wudtanmnisiiusn

weaduannsasnwnanssuelulluwdaiugdmndaliwi waswdauislanniinisiusng
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Tuanwlumuay Taswdawus 9127 delduisuazindauisd Aanssuvesioules]
dehydrogenase &A1 OD WU 0.174, 0.773 uag alpha-amylase dALINAU 1.38, 1.43 mg
maltose min suddu uazneldanimmsifuinwuuuldauaudinafisturesoules]
Tuudaiigalyuiuaziudnuis catalase idwinfu 4.228, 4.210 pg H,0, mg? min was
peroxidase activity 2.27, 2.12 m moltetraguaicol ¢! usiinanssuvesoulssl dehydrogenase
anagdlA1 OD 1Ay 0.1677 wag 0.163 MUa1AU kag Vasudevan et al. (2014) @nwn
nsLfuinwdaiugirdasiuiunmsdaulamsseinianieluusseias wuihussdsi
polyethylene 700 11 21U 60 Wosidus N,, 40 Wasidud CO,, 0 Wasidud 0, @
fnugannldffiganasnsyssnatnmafiuine 10 Wou Inefinusenld 60 wWesldus
AINETITIN 5.23 WURLMAT AINE1IVUS 4.29 lwURAWAT ABdaLLTLTIvesdundT 522
Aanssuvesieuley dehydrogenase fifn OD Wiafu-0.103 waziiAanasunluiaen 1.127
dSm’? Lﬁal,ﬁauﬁ’wﬁia;ﬁmsﬁ polyethylene 400 tna
mansaveeuARiTinveaudaiuslasifistaeiiduisnaniefinnging
nsnadeunaeni szylilungainalunisnTiaaeuaun nvesud awus vosauiax

AATIVADULUAANUUIUIYIR (ISTA) LagN)dIMTUNITATIFFUAMN MNUBAUAATUT VDS

6

aunANRTIIdeuAni g (AOSA) uagdsfleuldnsisaeuauddinludagiuiiaeds

3

WS laded (tetrazolium test) @1unsansaadaukasns unalaniely 24 97lu9 wananld

aaa [

M3 UAINATIN VL UGANUTHAT S1a315019 I BAdefed1unUBINIIE OUAMNINY B

aaa

< o ya Y [ v & S = &l a
wanuglaanaae lngerdevannisiiugrunsdaniiannnd jisenveseslvialalnsdiua
(dehydrogenase) Fafogluwadndgdnvaaudanusuazifertesiunsmelalussduiwad

(respiration) (2293UNS AW, 2529)

U
a

<@ w < v W
2.3 NNV INYIUAANUTNIAEH

]
) a ~3

< (Y] § v [ v & = A Pl 1 I~ a
LWAANWUS 8 IaasIN15aAUS nwladswuvdivdennseludivden TneUn@inwnsns

]

o [~ 13 4 [ k% 1 & o A v = [
llﬂLﬂUiﬂU’]Llla@‘liuzﬂa]ﬂLLVQﬁlgLﬂ‘UiﬂUWVL@u’]Uﬂ'JWLJJ@GWIﬂ%W]’]SLUaE]ﬂLLﬁ'J PINTTILAUIN®N

'
@ Y

¢ o co ° v A &L A = a v ' 2 W = & a
waeiugnan vilvideuienlulsunu uasdenlddnegs uimninusnwiudaiugiifa

Aeun1snzwmizildanualaslfidon ey 30-40 wWoasidud vaen1sAusnel (3793uUns

[
v A

AWMTT, 2531) DN IdzAINAanITITIIU NSUTENTANUNIALAU anAIULESSUDINIT

a

YUWoultalsa kazanu1sadunaiuan muaduaniusidasladetu wu n15AnsT vue

]

wanug ward Janmsiiusnedidasiineinzdenmsinuliluanwilmnzauiiosnw

aaa [

ANsonuarANdTIalieniuiu lnsnsinusneiudaanusidadesis o MAeidemany

q

Jsgns A9
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(1) Uszmsusniladenelu fe vlavesudaiug Inswdausazsiadongnisiiiusnw
wans 13t uluauiugnsse IassassuazesdUsznaunuadveudnnug
wiu aslulamsn ludu waslusiu Jusu

(2) Uszmsfiaestladuniouen fe nsdanslunasgn miniAnanngilsiivaza
vdslssuansemsliiismenenisiaigiivln wanenadnswamnliauysalds
dsnasieagnisifivinuiludian diuguvndl AMUTLETS wazAuTuve e
ftug wiaiugvaslussmienafuinwdndugesiianudum esniudadi

ARG IITINTEUIUNTNALUATUEY nonnillsauazuuaazidviaialade

v wa

ibideununnlasgnsimiuiulililauiy wazdaiuddlinuantanisenin
lalnsalaln (hysroscopic) Aaa1unsnsunseniesnaudurefiedbiaunafu

& = A & a & cs' & a wa
UITYINIANYUDNLUA R GﬁQLﬂU"\]q@V] LHAANAINUY UAIN uaﬂRHHUMi‘LJJ;]UG}

<3 t:l

WaININ LAY kazdnnnsiiuSnenuinzauliidudussiedenmuninues

[ v ¢ @ v

WU IAUSNYT a1u1s0YIeTrasn i eunanInapLNaug livanile

]
v

FoTuses Msiunenuaatugilliofitaa nemgaienussdnszds n15an
AN NFVIAINETDTR waLNNIUTITNUL UL (nsudnasunIsinens,

2564)

< @ 1 < v &
24 amwmsmusnwmaqmmwLuaﬂwuq

nstiuinen rneds svilidnisgadevesuaniuglusasnisiuinydesiign

(%
v Y

a & 2w & o e 2 & aa &
Vlﬂ@']uﬂilﬂmuagﬂm‘ﬂqw I@E’J‘W?vLUﬂ?iLﬂUjﬂ@qLiJa@WUQIU&ﬂWWWi@IiQLﬂUV]Nﬂ')']llsﬂu

v o & A o 2 o & o v | v o
dUNNT LLaZEJm%ﬂm@’]ﬂﬂ’]Wﬂ’ﬁLﬂUiﬂ‘H’WLiJﬁ@‘W‘LIS:IﬂEJ‘Vl’J | lﬂmmsquaaﬂlmw 4 @gnn

3 Y
Toun

(1) nmsduluananund nuneds arstAvwdanus Itulsaivundleagludnisaiua

3, 9

gaundl warmuyudsing Juisdeuldiududanlugmszinisamuioouas

9 Y
doaldinea uhillonmanasianisgadenandnvaensiiuinwmas

a

(2) mafivluanmdifinsmugugumgiiiissenafeaiiorislunisarasnisgade
FaguUTun waraunidasnmadiiaisveuuas wagnsmelavesuda
WRIGR

(3) madivluanmiifinsmusueududuivduesenniea Wun mafusdaiuglilu
aruzifviifiadaanunsntesiunsedeudiiiudieenveseniald wu nsifu
widaugiluludangd vide ussadst polyethylene s nmauudnuiluanin
Invuianuiuressdaiusandudifuuaaududuinsvasenianiely

AUy §1ANTuveRNdas AN udNIMsn1elun1TUEUIIINITALAN
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I~ v 6

anudemelaies danuuduinivesndaiudgennududuivsaislunivue
U339M9da vibiudaiugiinanudemelauin dadu msiiiusnyiudasedsil
winugasiiauTunewnua sl utuszeznansoinisiiusneg ogals

[
¢ add & a1

Anulpevluanutuliamsiu 10 Wesdud 35Uduisnlonanuaziialdanesi

< 1

(@) maivluanmifinisaivauguuguazaNTuduivsvetenie 5 duIsnd

a a aa

Usz@nsnmangaaunsatostusiumianmiudemevedudnlad nsiiusnw

v a

wiaauginanunmdlmdunaiuudesinisamu uazidealdielunisguags

]

[

(NJUN19U7, 2564)

Ly

Lsafudniugaziadaaudnyuziivaniwazivruninlsanududna o luaeme
A 2 o ¢ & o ada v Naa Av vy % = Y oA ~
Adnudniug Jud wWidinnazazdesninnudPindlimelsuiviiesan i vangas
wiuse wazgarnsadesdufede q Ragunsenulumaliifindunsiesnog un1nves

2 W Y, o & & % w eaa P Y o & X do o«
LNaﬂWUﬁ:‘lﬂ Iﬂﬁ]‘maﬂﬂ’ﬁ‘m'ﬁ 9 lﬂﬂﬂWWTQQIiQLﬂULNaWWUQW@ﬂ?imaﬂwmgﬂﬂu WUNIALAU

) v

AITIIUBEU adnane wise ansasuiinidnudaiusinevuly wasdesiuinlalian
dunsannresi iuIInAEReN ¥aNsBUNILYeY WA NsszuIERINIATIALAR
msngudsuatemaetulsafuliunsyiganadesnisiinaiuseulasa T uazey
< v 6 L) A v o =3 o 1
melunesudanug Jestudnslilagamezun vy wazudas MInihagdaiuglusening
mafiusnuluegnaunn 15uAudsnisassesnadanss 3030 UsiAaInsed kazeensiuniis
a1mseuvnlidagsng q dudaumseandudunvawaudeuliiig wazaudre1ne9ls

< 1< A Ay [N o = 1 [ [y v
m‘uLﬂuawmad@uaagL‘Uuﬂﬁzmmm&Jamamﬂmiﬁzmmﬁumﬁmﬂm

(% 4
2.5 YUAVBIUTIYNNUI
o ¢ o LY [ v 61 I v a A 4 = o wa
usTaddmsudaiugaulvgludeaduileudenlinivue 5 Ussnn ailauaudi
wanenafuly - laun
(1) ganarafnanuduussgdusingniunldiuedatuns varedmsunisiduse
N13YUAIUITTVI VN UDINGAA WA RAAIMNTINRALNITNYAT KABUTITVT NI VDS
Nanfuanansnens uiliaunsalitdesiuanuauls s
2 gananadntutagtuluntenldlunsussguioiureluguuuusing 9 Juuiliunis
IHsvullesanauantidefvesussiueinatain wu uniniun lidianuseu
s1A1lige Jeafunisfuvesoniauazinlad nusenusauniedu uieindents
o ! Y a o/ & v
haneneliiiadymimuaee Jusu
(3) nszdonduussyduedenuandfvvdniu wanide wdwse Ynainaiuise
Josduuuazanuyula uenainfinseUesegiiondilannaudanglofalainy

wazdsaAuL19Ed
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(@) gsegdnunesd (aluminum foil) WuussinsTnzauiandmsunIsuTsLive
auauesegneluussadusilaeuiuninieiisuiuussadasinaiainyie

au 9 Wy msdesiuuauen ndu NMsTuIYeIANNTLAE Y WiTTIMABUTINE

cala U

(5) vanlvaufansevinlvanaafnluussadueifauauddla uduse asgd nuse

9

(% (3 (% A

avusunegly gamgdl lewuasfinagldd Juluvssydarnmanzdmsuldinusyi

9

yunrULA 87 walinoanseu wiensussqnandusiiidunsansedindeldy
dusznauludinaas udvalvalaatinisiadeudiisgalasianizvinlnaui

MINNIANWIVOI 1137 WEBS waw nswa wind (2565) %ﬁmm%uzmﬁﬁ;ﬁmaﬁamm%ﬂ

vpsudniugdn lnemafvluneururuuugimaeinauisnutugsian donsuiey

uAYUEUTIILUUGeegiilauesd waggananaina 1y IAautusiniign

(% 4 < o
2.6 UITFNUNLATHANINNITNUINYA
dmsunisinusneilutiagluainsadentdussydarisidnmie @Suiuanimnisiu
Fnwvdalsuauii e udszdnd niwilierglunisinusnviuaulu deg1991u3de

11 Pandey et al. (1987) lispauandietudniugiinenuniusnuiluussydueigein

9

uwag polythene 750 N3 NRAIMANINDIAINI30AIAIILONANUNIATTIUNITTUTOINAATUETY

3

61 70 Wesidud lhuiude 9 uay 24 1oy MINEIAU Waz Rajendraprasad et al. (1998)

wuadimauunamsegdidednglunissensesaan LagUsunmenaaulumaamaasfiiiu

'
o

Snunluussyiainalouszaedl @1N150AIMIINIBNATNIATFIUNITS UTOLUARTUTTUA

9

70 Wosidus ladunal 3 weow Tuvasfiussgdine polythene 700 109 @3nsauiusney)

'
(YY) =

ANRBNtAUINAY 15 WWou wazUszdnsamueussyiudivueyduiannldlunisuds laun

Y
+ a a a

Josiunnutiu fie lavesarudnaglianuisariulee 1wy nsesUasnun agiidion vInwi

Y

IS a

NANARNUTY wasQINatafnaAINnL 7 daduing uludasdednisWenlameniiuiou

wialiUzinulatasuiilauaydansimuniuauiiu fe leanuduannsoduruldlussezend

aa A a

WU NaERNUN ganenaRnenuiiiBenanafnydeuntely sumsgamanainuliavnildnadule
11n93 vInua waznsedasnalasuuuddiduziiuasunianionniaiule wu g

INTTAY waznszaUNAIERna1Y Wuhy feg1anvnaes 1wy Krishnappa et al. (2003)

Y | & o

enudEntdaiiiudnyluussadae polythene a1uns0AIAINIBNAZINTINIATTIY

M3sustuaniugTw 70 Wesiwud Wunan 15 weu lneddviinnuudausas luwailng

]

dasiiiusnwlugediuiy 10 weu davdauudanseiien Verma et al. (2003) WuIuan
fan13nau303N¥IANENLARALNIATEIUNTSUTEIAMUA Watiusnwluussedue
laminated neldanmeiniawinaauliuial 10 Weu Wieaisuiuwaaiiiuluginseniy

uae Singh and Dadlani (2003) l@@nwnansznuvesussaiuniuansiusenun mLuGe
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Wuguo nieaiug JS-71-05 wag PK-327 WuI1AI1u90nveuuangedie 94 wWeosigud
TuWug JS-71-05 m1udae PK-327 laviiu 14 iy dmsumdnluussysimel polythene
J 3 ¢ & & s & & °o w A 2 o o
UAATINBNTDUNAAANAITY 3 LWasigud uar 1 1Wesidud mua1au Waliusnw lugadn

N&91N 8 LieureINISAUSNY

2.7 $382aINSNUSTNEN

[ <

msusnudaiuglinunmeasegrioananisefigniuludesenn Wiewinuéa

v 6

Wusiuaadigianin1sunslafineg196oiilo 1manna1r9In ISt AuT AT AItUNISUILNERANN

3

< o A a &8 = ! I v E4
nudnunbiluaninifioumglivaganuduaidunivausenisan nvesuaaiuglilauny
= 5 Y o & o 3 v o aa & A v
U INN15NAABIUEY Dojjode (1988) LAvin1siA U NYNUTAN T 6291 T AI1UY LT UAY
7 Wosud useeziian 5 U Tuussydel polythene aneldianmnisiiusnwniigamnd 5
BIPNATEE AUTUENINS 40 Wosus uavaangll 16-3 sarwawdyd AuTuduivs

25-90 Wasiud wuduandiaugen 97 way 0 Waskiud aiuaisu agelsinIuTzezIa

i
IS [

vosiuinwnudniugivetiurliafivitarliongeglauwiiede wu fvunswiadengdu

)

17N (recalcitrant seed) ¥ee-2-3 Ju %38 2-3 LAeu Avurssiialiengla 23 U 61 15 U

[
a I

(orthodox seed) waz Doijode (1996) liisnsuanudaiuguziiowenas nszideullen
an1130AIAINATIR AU 4 uay 2 U anadeu wWaiushwlilu poly bags 700 tna neld

anmnanuShwia ol 16-35 addieaidva Welfauivguugiiani -2 esmgaided

7

g @ o =3 (K7 v &
u@ﬂf\]’]ﬂua']Qﬂ']'iLﬂU'ﬁﬂUWENGUUEJEJﬂ‘U{jT\]'ﬂUﬂﬂ(ﬂalﬂu

Y

2.7.1 wlnvaiy
gipvesigdutauansindhuseniugnsy sUsndnvazlanai e wareasAuseney
a o t%4 @ A ' a A = aa < v v ! Y
maadibiudaiivusazyiaiidiereniesssugianasinusnubilauwnndaiudndssiny

14 v 1 ¥ Y Y = [ < P~ [ ya .
3N ‘]1@ LU V1T WANTIAKA LASWIRTEALAT "'\]ﬂLUUW?ﬂVIﬁWNW?ﬂLﬂUiﬂHWI@@ Raikar

(3

et al. (2011) s18aua1AINEmnsalunIs vsnenuaad1aeud i uliluussqsiue

aaa

v 13 v [ v a1 o °
polyethylene mmmmmummLLG&NLmﬁuaammaﬂmqmmmiuﬂw%m AZAINNUYIN
& o & Y] i = A Y] 2 < v P

VBRUAANUT MIULIATFIUNITTUTRIUIUNLT 20 theu Waisuiuwaannulugedi e
= 1y} 2 A < o & adou & 1y} | o Y | v ~

Weuduwaaminulugain wasndadussaudiunans wu fe 038y 11 919808 way
F1lne duiiwnsznadifunduluwdngs wu dundes fi8adlae Singh and Dadlani (2003)
Ievinsiiushwdamdesiug PK-327 uas JS-71-05 gesaneiuglilugeiuag polythene

(700 +n9) wuMsAusnERdwaa 14 wew Tuussgiam polythene IAusenas 94 uaz

6 ¥ [ I

84 Wasiwud luanesiug JS-71-05 uaz PK-327 sudwiu Turaeiiussgsiaeigadiuaniiaany

9

v v
v a

I~ f = 3 o w [ 3 [ I v aa
19NANANYNAD 3 Ay 1 WU UA AUAINUNRAIINLNUINGYT 8 LADU NIUNINNUIIVY

1 v} I~ al'u ¥ 2" & a al [ d'al I3 1@ 1 [y}
wu oy mduminnsneilaein uenanadluivsiadednundwdavuiatuaianaieaiuly
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puaewugazionglunisiiuinuiiunndneiusag Saxena et al. (1987) imsifivinw
widanenlug) newaUd Waluin ngvanen nseidsukasdaduin 13luussy sl
polythene waxnsin Agamgiivieadunan 24 ey Menuinudaiinisanasuesninusen
wagdrianuudusanuszozan nfvinuif s uluadad i u fnvilug e
uazfinmsanasiesiigeluussgiust polythene
2.7.2 Uszifvaadn
UsgdRveandadutiadoidosiuiiamsavenldinudanoufiasifusnu
fanmuazarundumegndlsdusuusn fe sefuarusenuazaruudusadesiu Saduna
agyioumnannsufiAqualusrernisign MaAuiie) udenisdanisudsnaiuiien
uenN 1y wisuaniTdeeonnmsuaviomstiawantw faniisigunes
Waenilosnanuiaagaru Tsa wnas Andevuiviiy Tnisaanasiadludiunmgs 1ddu
viuueaiesanneny uaverasulfsdavesudaiug Talnanszvudoanwlunsiiuinm
vl muazeigvesdniuulsitasuly Insunfinsiiusawiazdaidenainudniiugi
uAiuffisayIIenIgn I Avens uaziinusenibesiugs SV linionfuine
WleRninuideiireon adnual fegnmsmaaed W 9233uns a1aiins Lazag ougagns

) v & !

(2537) vihnnnsdnenAuiedindadasiiugueuinu 60-3 Taauenudngandneaznisiies

!
& ¥ =3

| Ay 3 e 2 da A v Y\ | 2 Ao A = = |
guvsudevuuanon lunanniid ovuiniietgu waswdanniigeviuudaseulive g
duedraudnuiaznanlyaTaday NUININTIATUAIILIBNATILINLATATLAINIBNVDY

;. ! ¢ o4& v < | A | i o 9] v v 1% I3 -d' a
LWangInIuaaiEsmaa e Waininuv e undwaANLD s TELTY

{ o < ° i @ Al |l 1 | <
91nANITU ITNYBAUANFININUAA TN LA EIEU FIUAIINIDNIIATFIULESAIIULTILTS
71951988UNAUIBNTEIRIUAS T D liuANAINY windsaniiuShwliNgamgliies
A o = e s A A i ° { & a1 oa ! = a
WY 4 ey AT e Ruaa g guiln uwluTEINIEA Nl TeagY iaUsiiiuain
Arnsi e unda UindniiiiveiunditazaIueeniaINIuMSLIIeTY dIUAILTY
AIINBNNATE Y WazsrTntsenuesuan iifianuiana i
2.7.3 AYUTUVDILNAN

& 2 a S av e ¢ a o <
Anutuvesuaalulsunainlilyesdussnaunaaiamisaduoonainiuan
lefednduduusvesanimnisiusnwidenudidgidududuusn waaiidanuduas
gdn1smInaIgeImsgaiunsiidudunsiesiuiadniiiannisidviateveslsa
wazwuasi udoununnlasinsaninudnuie nsiiusnwidiendnnisusn fe viuén
Tiuvis feog1an1snmaes Wi Dadlani et al. (2006) YinsAnwiAuansalunsiiusny
wanEosiAUTUdUINS 10.6 1Wesidus Tuussyin polythene 500 104 superbag

[ o Y ! ¥ U
KAEAINT WU polythene 500 N3 wag superbag mmsmﬂmﬂwﬂmquqmmﬂmamw

mAwInaedlauILbe 12 e wazwaniiwiann hysroscopic An @3NIaSUKS 08 18ANNTY
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Tifuusseanaseu o daeufiannzauna windnudadiwisdudlluiiuinwluanmis
ANUTUFLISDI01NAELLANIZAAANT WY wagynnmiwdanlanuugslufiuine

AluRan mAUTUAURNUS V990 1N AR ILAANIZA18ANNTUDIN WAL DLAUSNBMUAANY

Aesiabianneuudins Rty wiavyinziiynaunanuiuilivindy fuviuegiu

q q

€

o o A &

Usinamedlushiu aslulawmse waglaa uasiduidussdusznaunmeluwan
2.7.4 auugil

gannddunuimddgaenisiiajisemsdaaiateluwdn nsiiusnw
flgamniigeanssmsiAafanssunelumdaiiug vlidsanmanelags safimusn fe wideey
gaudennuaenlaiis ann13AnwIved Kumar et al. (2000) lalinnuiuindnisanaued
asluleinsm Tsfu wagnsiuduresuSuumiuduroudtegs Woiusnuiluussqstasi
gy nefigaumgduni iesnnmsynursueuleiozluaa tazlusiuleaananiy
szovanIsfiunnfifindu uag Mostarin et at. (2012) 31891urRmn MYBLEATTUS
fifvinwluaawisabuliaigendranmnindusneiguvgiuvinden uenaini
nsiasuLUasvesamngil dinassraldeddnsefanssuesioulss alphaamylase uay
Tusiealutsssernaniafiuinwiiiansnmeneulederbiaafiamy Wafusnuidariug
Vionmailen 5 ssmivadva Gegeninanmnsiivinunfigamaiviesuagnnsduiiagaumnd
guaadanigunaiwiuinadeUiunnialududase (Azhari et al., 2008) §nSnaves

4

amgiluazeuuninosiglunsiusnmaunsavaeuazatiuayudsiula Wy waniug

q

i '
=) o

g
a A o 2 o val o Alaa M v Lo v o I3
NUAIUYUAN Lllau’]ll’]LﬂUiﬂT‘ﬂvL'JVIaﬂqW@’]ﬂqﬁiau@'ﬁ]"\]ﬁusln@@q‘l@u’]uwmnﬂmEl')ﬂ‘LlﬂULlla@

v o & = a e A U v & o b4
Wugniiaudugaudinuinwiluaninidu uenandluanmiinaTeunazyuagyinle
LiiAanaf fumannsdinauduresang 19z 96en15193veu s3I siin ity
Al v = o o  w < o = & <
nasadnldngniudn anmiafigadinsunisiiuine Ao ne1eUanANLTUTDILLER
TsudufusnwluananenAfidulaziuia Halder and Gupta (1980) wuinwdavunzu
= i I v oA R’ w < Yoo a =
widonan e 1sadysaintgly 90 Tu Weiusnwudalinenmnil 28+10 ssrwaldes
& o o e ] 3 A @ v P &g v o e ] 3
wagAUTUALTNS 95 Weskdus witlainuinwlinaududuing 80 1Wesidud aunse
& o % yv & o oY & o e v & |
udnwdalauiudy 120 Tu wagnisiiusnwnudaaiusluinSeudy wu Ysewmelne
6 1 v

Tidaaunndladuduindusesiien Weswindanmeinmaseunasanuiuduinsaoudig

a9 winiugdsdionensiiusnwluanmviesdunlifinnsevandunitlulssmeanaugu
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A5N15AHUIUIEY
3.1 douficduauise

v a vua a |3 v & o v a
‘VI’ENUQ‘UG]ﬂ’ﬁLVIﬂI‘lJIaFJLiJaWW‘uﬁq YU 4 81AILANAUNNIT AznAlulagdnisinuns

antuwmaluladnszasuinaninammsaiansed

o/ ¢
3.2 qdquazauniad
[ U a U
- Wanndasiugluuiy 9
- NTEANBNILLUER
- dnau
[=3 o 6
- Finziuaaiug
auausou (hot airoven)

e B B

WULLARRLG

- #3043 RR Moisture

- TnagAnI1aTy

- IpSestmation 2 sumi
- NADUNIZIIAAWLS

= b4

- NsyUpsprglitiennsoudn
- vangUrn

- centrifuge tube

- spectrophotometer

- Cuvette

- Micropipette

- Pipette Tip

- Woven plastic sack

- Polypropylene 760 gauge

3.3 NMFINNUNUNITINAADY
NM3ANYINAYeIUITIS MY gy INAdfianssunsdieduagaunmnsiiuinwves

WIAATUGAIEET NUAUNITNARBILUY 6x2 Factorial Experiment in CRD 411y 3 @1 &1 2 Jade
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Uade A Ao 3Nsusseiowt taun

(% (3

Al = U339084N Woven plastic sack (3%“mim°uau)

2 L3

A2 = U3595491 Polypropylene linauauAufuggyaInIe

9

(% (3

A3 = U339t Polypropylene ise TugayaINIA -0.02 MPa

9

D

(% (3

Ad = U359n8UN Polypropylene 73

9

ee

FugEyINTe -0.04 MPa

q

A5 = U33958u91 Polypropylene 7szaugyane -0.06 MPa

q q

D.

[y

A6 = U339 Polypropylene AisgaudaINIe -0.08 MPa
ta3e B Ao anmnisiusnen leawn
B1 = llmunuan nwIndey

B2 = AUANANTNULINADY

ad o a
3.4 /NITANUUNY
Anflun1sneaadlagwaan g 18a901UTIRR878 N1TUTAUAT UANAI9TY 6

9 9

aa v J . ad aa o @ (% [ v s
35135 laun Woven plastic sack (3n13nIugumxdsnmsmivlunisiiudnwwdniiugen
§a4),  Polypropylene Aanumul 700 tna linavauAIusuagInie (38n1saiuam) way
AIUANAIINAUANINNA -0.02, -0.04, -0.06 ay -0.08 MPa §113u 410 nFusage wanily
nusnwbiluanimwindeuiiuansieiu 2 anan leiun ldaauauanmwandes dnimwindey
(Qaunfiuszaas 30 psrnwaTes mkTuduivSUszial 65 \Wositus) lasnIuntannLndex
(@aumqd 13-15 asrwalea muFudunng 19-30 Wesiwud) 1Tunat12 Weu lnydy
A8 NAANUTHI8EINN 9 2 10U INFIVFBUAUATMNAATUS ludnuaZae 9 Taun
nsnluudasy (free fatty acid), fanssuvsaeulas dehydrogenase, WWasIHUAAINTUVDS

< v & a v < i i f < (3 <@ v ¢
waniug, Nanssuvesiiatslumdna (seed water activity), WosduianLsonvouudanug

v o & o & a
LLaSW%UﬂqiﬂaﬂﬂJ@\iLﬂia@WUﬁq (nwn 3.1)

3.5 msUuiindoya
nnmafusnuiieg1audaugdrdas S1uru 12 fege Tuussgdel 6 nssuds
LAY 2 @NNANSNUSNY Wnsiedaunsalusudase (free fatty acid), fanssuveiaulasl
dehydrogenase, LUE]{L%UGTWNJJ%IWUBQLugﬂﬁuﬁ, Aanssuvesinnieluwdn (seed water
activity), iedidudausenvonsdaiug wardiimasenvesudaiuginiunisded
3.5.1 nsalusiuddase (free fatty acid)
asvaeuAnInlududassluiiod muaaiugisenislnmsnmuds Ca 5240 Tu

AOCS (1998) Fesnag1aungiu 3 n3u asluvinguvamiuauiseuea 95 Woesidua 25 Taaans

wagveaiuea A 1-2 nua-anuuilulnmsenssansasaenmssulaa sdlansen bag
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0.1 N welinuaulaasazangdyuniineiauiy 30 Jundl wiounsh blank lngldiiogng
AlaluTuka I N ULA e UT A UNNENINY waLNATN LA LA LINMIUS LN A
losfudasyesaunis

” a (A-B) x N x 28.2
nsalusiudase (%) =

YIUUNHIBE19ULU (NSU)

o A fe Uinaansazaneladoulensenlosilalunslnmnsmiets (ml)
B Ao Binaasazanslaioulensonlasiildlunislmmsnansazane Blank (mU)
N fio mudatuvesasazanelaneilonsonlesiivseu
28 2 Aa Yovarlnetmiinuesnselewadn
3.5.2 fanssuvesieulysl dehydrogenase
yhmsduiesmdniugiidas 25 wia $1uau 341 svimsdoudaiug
dranthlasnsurluihdsduiigmgiives 25 ssrwaiBea :ntusaioanzan embryo
i lUldaslu centrifuge tube WRsasara1® 0.25 Wesidudvey 2, 3, 5-triphenyl tetrazolium

chloride Y3113 2 fiaddns uazihulilundiodunar 2 Tl flgamall 40 ssmwadva uda

(% ' '
o U =

1h embryo 1d1eEtInAuLaEA L 91nTTuRs 2 methoxy ethanot USinas 10 fadans
felisPuilaugn red-colored formazan udarusialamionynou (supernatant)
TUguma optical density (OD) fesA3es spectrophotometer 71 470 ululns (Kittock
and Law, 1968)
3.5.3 AAAWYBILAAVUSAIAAS
3.5.3.1 Lﬂai‘v?juﬁﬂ'nu%’umauuﬁﬂﬁus: (seed moisture content)

p519anuaud ulu A avusa18aim935avanseu (hot air oven)

]
¥ 1%

lnedaininnszlesevgiillounsou uazantunniminnsedasdousy ntugudiegng

< [y Y]

wanugIaaudasnsNITuTmn n35udTas 5 - 10 Asu d1uau 3 91 udhnsedes

a a 4 b4

svailiflondndovauiounimuruanmgil- 130 ssruea@ua 1Wuian 1 9309 (ISTA, 2019)

Y

a

lnedarnsedeseggiidonld vasanasunanivuatisenaingevauiou wazdan
nsvUasavgilioy LLﬁaﬁwiﬂiﬁIMa@jmmm%mﬂumm 30 W NP UTUIMINNsEUaans oy
waniuuazA A LTUlLEnINgns

& M2 = M
ANUTUVDILAR (%) = _M2-M3 00

M2 - M1
W M1 = dwmtdn (n5u) veenszUes wasaUn

M2 = 1utin (n3) ve9ns2Uad HNTa-Laziaanusnauau

9
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M3 = dnidn (n5u) vaenszles l1la wazdaiuguasey
3.5.3.2 nanssuvasinneluwan (seed water activity)

MII9EDUA 1 water activity A28LA5 89 RR Moisture § e RHINO

v v
aaad )

JU HC2-AW-USB-SW 1Jun130539A1A10 8 ur0 0 aniugaenannisinAkeafinues

Tnetiudaiugunussgadiulngy andumhgelnsufiussyiedaudeiugnasly sample
holder 81uAINLARDY Feazusngudn water activity vesegamdniusudTuiinga
3.5.3.3 Wasidudnnuseanuawdanug (standard germination test)
thudaiugiidaunnsvaeuanuenimigluisaljuanig 1neds

9

between paper (BP) ¥hmsvaaesdiay 50 Wi sauau 3 41 udnilulilugineddonmai
25 pernwaliua vnnsasIatunisianasiusn (first count) Juuft 5 8IN15INNY LAYATIT
tfuafsaniine (final count) Tutudl 10 vasnisinag InethunUssdunanismaaounissen
41NaY0INT1INTIVAOULUAAWRT (ISTA, 2019) arnusreunaduesidusnisaen

1NN
Y

> | Susdanenduiundunf
AYINIDNYBIAATUS (%) = x 100

o 2 a
FIUIULLARNLNE

3.5.3.4 @¥UN1398n (germination index)
VadaURYiin13IENTEINAANIUNLY ISTA (2019) MuIBuAdaUAIINIEN
v £% Ly J B e < t% 14 a o = o v Ao &
U9 3.5.3.3 LaNTIIUVIIUIUNAANIBNLTUAUNRIUNE YUNNINUILIUNUUATILINLAY

ASIERIg SNt wanIsTuNIAInMIGYTinIsIenNve RGeS NS

° Y v al a9 o A o
ANTUAUAUNATINIRINA Iﬂmiu’lum(ﬂi’)ﬂuﬂ |

AYUNIS98N = KA
ANUAUTUNAR LNIENASANL |

3.6 N13IATIZYTRYA

TNUNUNITNAABILUY 6x2 Factorial Experiment in CRD 97117 3 11 2 Jase Jase A
Ao 18n13UsIi el Uade B Ao anmmsiiusnen Jmsiziannuulsusiuvesdeyananis
MA@ Analysis of Variance (ANOVA) waziU3 suifisuaanuuans 195131961108 8ua 93
NAABIFIETS Duncan's New Multiple Range Test (DMRT) lagldlusunsuiinsiednsagy
M19adn Statistical Analysis System (SAS) waziasziaduussansanduius (correlation

coefficient; r) sgniamsdlwasang 4 luseniransnusnwvesudnmdamiuglnui 9
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\ 4

\ 4

\ 4

\ 4

A 4

A 4

Woven plastic Polypropylene Polypropylene Polypropylene Polypropylene Polypropylene
bags (A1) (A2) 002MPa(A3) || -008MPa(A®). || -0.06 MPa(A5) || -0.08MPa(A6)
y
2w
AFAUTNE
y
A 4 ) 4 \ 4
VAFIUAMNTWANNLS liarunuaniwuwandau (B1) AIVANANINLINEGD! (B2)
flounIsiiuine DAFOURN TNNAAN S NaFOURAININAAWLS
- nanlaiudasy - nanlsiudasy - nnlvdudasy
(free fatty acid) (free fatty acid) (free fatty acid)
- Aanssuvagaulad - Ranssuveseulsd - Aanssuvoouled
dehydrogenase dehydrogenase dehydrogenase
§ @ s & 5 13 & ¢ @ (3 &
- 1Wosiudnuiu - oS uARI AL “osguanINIY

- ﬁﬁ]ﬂ'ﬁiﬂ‘ﬂ@ﬂﬁ?ﬂ?&ﬂuma@
§ @ 6
- LUBILYUAMIUIBN

- sdnissenvauudniug

- ﬁﬁmﬁmaaﬁwmﬂlumﬁm
5 @ &
- LlUDSLIUAAIILGDN

- srfinnssonvosaniug

- ﬁﬁ]ﬂiiu%ﬁ]ﬂﬁ?ﬂ’]ﬁiumgﬂ
§ @ (3
- lUDSLIUAAIILGDN

- srfinnssenveuudaiug

A 3.1 leegunsuuNuNIALTLUNNSANYINAYEIUTIYA MY INARDNINTINN

a

Fafluaznnnmnsnuinwvesuaniugiaas

9
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NAN1SIYLAZN1SDAUS19NE

4.1 Nan1578

U ]
a =

4.1.1 ﬁan‘s‘sumﬁnmﬁLLazqmmwwaam?mﬁ'uﬁ:ﬁqam HIUNITUTIRAETINTNAS
[ [ < v < =l
AUKAIIINMSNUS N TULIAT 12 1Hay
INNTANYINAVBIUTIYH U FYYINAGBAINTTUNIIT AT WAL AUAIN
msﬁu%’wwaqLmﬁmﬁ’aﬁaqﬁuﬁﬂwuwu 9 m%’dmiLﬁu%’ﬂwﬂuamwmmmamwLLma”an
waztiusnuluannlimuauaninwinden [Wunan 12 wen 4dduInsI9deuianIsunig
Fuadl laun nieluiudasey (free fatty acid) Nanssuvateulesl dehydrogenase WagAnNN
Youuaniusludnuaza o ud Wesiduwimuiuueaudaiiug fangsuvesiinigluués
¢ @ '3 3 9] [ o A <@ 9] & v (v Q’lj
Wesidudnnssenvaudniug kagavinissenvodudniug lpnan1snnaainsl
41.1.1 nsalvdiuddse (free fatty acid)

< W

gnmstdndadasiuginuiu o Winushwiluvssyduruazaninuindon

'
[ U a [ [

fs9iy kanTiadeunsalaudassuauudaiugaldasndnisinusne ludwvesdade

'
S U a a

Wnsussyiadt nudnsalududaselumaaiugiidasdinsifis@unuszeziainisinune
TAYAILALADUN O LABUN 2 HIaUN 4 LABUN 8 haLtAaun 12 lUnumNUWRNA1AUNIEDRA
v a = ~ | aa o ¢ 1 = a P a
V04030 LB asslen S Tieusem19Ien15UTsN e ddlupeuil 6 uasiioun 10 veIN13
AUSNY NUIEAMULANANAUNNADANS I UAUE 95U 99 Wasidus TagluRoun 6 wuin
U339:10491 Polypropylene lsimuauammmiaayanmea Sansnluiudaszgaiignegi 0610 wWesdus

thdAd} @

5898911 @B UTTAAUIN Polypropylene ﬁizﬁuqz‘gmﬁmﬁ -0.06 MPa wae Polypropylene isesu
deyyniel -0.04 MPa densnludiudasziviniu 0.595 uaz 0.588 Wesidusd auany diunsn
imﬁuaaizﬁ?ﬂﬁqmﬁluUﬁﬂqﬁmsﬁ woven plastic sack, Polypropylene ﬁizﬁuqagﬁmmﬂ -0.02
MPa WLag Polypropylene ﬁazﬁuqq;zqum -0.08 MPa fAvinAu 0.435, 0.503 tag 0.505
Wesldusd muddu daunluifeun 10 WUITUSIATET Woven plastic sack fnsalusiudaszgs
ﬁ'qmaq'ﬁ' 0.610 vUosLdud 599a911A8 Polypropylene lAIuANAIINAUE Y INA,
Polypropylene ﬁlizﬁuqmmﬁﬂm -0.06 MPa, Polypropylene ﬁlizﬁuqmwmﬂmﬂ -0.02 MPa
wae Polypropylene ﬁﬁzé’uqmapmﬁ -0.04 MPa fiAvinAiu 0.607, 0.604, 0.596 ag 0.573
Wedldud muddu uagnsnlushdaseiiiaaluussydust Polypropylene fisyfuanane
-0.08 MPa fAwiniu 0.468 Wasidud (ansn9fi 4.4)
dutadvanmnsiivinvmdadidaniuglnun 9 Ausndraiu liwuam

wANEIAUNIsanfRvaInsaluTudaseil oS U susEnI19an NI TAUS A lULA U 0
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WU 2 waziioui 8 vasn1siusnwy) d@uludoud 4 wWeudl 6 Weudl 10 wazwmoun 12

q‘ o 4'

vesmafiuinw wuirdanuuendnetunsadffissduaundeiu 99 wWeddud laense
lsfudaszgefianlundaiugitdasiiivsmuluanmlimuauanmuandessiduviity 0.494,
0.664,0.611 wag 0.762 Wasifus sudiy Weawssuiisuiunsfuinwluanmaiugy
anmundoudedrinsaluudasenfigaindu 0.385, 0.414, 0,501 wag 0.545 1Wosidud
MUY (137971 4.4)

UfRTendiiusssmindismsussadasiuazanmmsifunw nuirludeud o

aaa

Wounl 2 1heunl 8 waziioudl 12 veenisiiusne lunuUufAsedunussenineisnig

a 1

ussinTiaranmnIsnuinvvesnsalufudaseluudaiugindas dauludloudl 4 vesnis
< o 1 ! [ aad v ) ] 3 U a

AUTNYT NUIEAEEAnAnunEt AT syauANUg ol 95 Wes s tnensaluiudasyly
U539410491 Polypropylene MissaudaayIn1e -0.02 MPa saufuannliaiuauaniningey
fiAgafigawiniu 0616 WesWus setawAa Polypropylene lalmaununua ug ayeyInel uae
Polypropylene #1seaugeyeyinae -0.04 MPa squivaniwliavauaniniindoudiaviifiu
0.553 waz 0.490 Wasidus auanu wazuSinunsaladudaszaidaluussydud

Y

Polypropylene ﬁﬁzmuqaumpmﬂ -0.04 MPa Lag Polypropylene ﬁizﬁuqagmﬂmﬁ -0.02 MPa
PivanImeualEMNLIAde SArAU 0.320 way 0.336 Wesldus mudiu daunly
a o | A ™ & aad o A o ¢ 2 < PN
LABUN 6 WUIILAINUUANA NN UNINEDANTZAVANULT N 99 LUDI 1T UA I@aﬂimlsumuaaiijq
Nantuusafoe Polypropylene M5usiUg syayInIe -0.06 MPa, Polypropytene ez sy e -
0.04 MPa waiz Polypropylene lalmuauanusugaaniasufvaniulumuauanintingay
fifi1iu 0.793, 0.790 uag 0.773 Wosidus aud1au Badfnansaluiudasgsinfianlunn
T8I VTSNS IAUANINAIUANAN ARG 0UAaH U335 Polypropylene NIsvAugeyaInA
. Y v
-0.04 MPa, Woven plastic sack, Polypropylene %159 Udtysy1naei -0.06 MPa, Polypropylene
- 1Y) < Y
1 50 U QyeyIn1e -0.08 MPa, Polypropylene 1 580 Ud ey n1e -0.02 MPa thae Polypropylene
LimuAuANUALgYYINATINAYAN AT UANANINWIAS oY SR 0.386, 0.393, 0.396,
0.426, 0436 waz 0.446 WasITUH ua iU wazussgaiasl Woven plastic sack sauivaninlyl
Y A W s & & @ = A | A W
AIVANANINLIARBNIWINAY 0.476 Weasidua wazdnunluaaun 10 wuddanuunneiiaii
aad [y A o § 13 U a Ql‘ [ '3
MR sTAUANNWRN 99 Wesiiud leensaluiudasyamanluussysing Polypropylene
LimuauanudugyyInasuiuan wliamuauan niindau dawindu 0.769 wWesidus
389893778 Woven plastic sack saufiuaninmiuauanInwIndeu dawiniu 0.711 wWesiud,
Polypropylene 11 5¢61Ug yy1n1d -0.06 MPa 33U UANNATUANANINILING BY T AWV AU
0.692 Was\ius uaz Polypropylene 7iszaudayay1niel -0.04 MPa sauduan nliniuay
£4 a1 Y f = ¢ a v a o o [ &
annuind ey dA1av 0.689 Wesidud Feuiununsalududasyanigaluussgsios

[y

Polypropylene 15¢UgeyeyIn1e -0,08 MPa $1ufumIuANANINEINAY HA1viiy 0.414



26

Wosidus se9au1@e Polypropylene laimiuauA Ui gy InIASIMAUAIUANENIN
windel, Polypropylene ﬁizé’ungzgwmﬁ -0.04 MPa 521 UAIUANENINKINA DY, Woven
plastic sack sauAvannlimIuAuanInLInday Lag Polypropylene ﬁisﬁ’uqmagwmﬂ
-0.06 MPa saufvan mliauauanInkIngey dA11v1U 0.444, 0.457, 0.508 uaz 0.517

Wosdud auaisu (ans199 4.4)
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nsalviudase (%)

Jadt feuiio Gewiz Geuiia’  Geuile’  Weuiis  Feudi 10V Geudt 12
Bmsusaias (A)
Al 0.336 0.351 0406 0435 b 0.727 0610 a 0.716
A2 0.351 0.335 0478 0610a 0674 0607 a 0617
A3 0.348 0.350 0476 0503 b 0.583 059 a 0.666
A4 0.333 0.340 0.405 0588 a 0511 0573a 0576
A5 0.345 0.346 0435 0595 a 0611 0604 a 0672
Ab 0.331 0.320 0438 0505b 0.625 0468 b 0672
anmmsnunen (8)
B1 0.356 0.369 04943 0664 a 0.648 0611a 0.762 a
B2 0.325 0311 0385b 0414 b 0.595 0541 b 0545 b
AXxB
Al1xB1 0.336 0.390 0.396 cd 0476 bc 0672 0.508 cd 0.752
Al1xB2 0.336 0313 0416bcd ~ 0.393c¢ 0.783 0.711 ab 0681
A2xB1 0.383 0.363 0.553 ab 0773 a 0.799 0.769 a 0.712
A2xB2 0.320 0.306 0403 cd 0446 ¢ 0549 0.444 cd 0523
A3xB1 0.363 0.373 06162 0570b 0527 0663 b 0822
A3xB2 0.333 0326 0.336d 0436 ¢ 0640 0529 c 0.510
AdxB1 0.333 0.383 0.490 abc 0.790 a 0.607 0.689 ab 0.703
AdxB2 0.333 0.296 0.320d 0.386 ¢ 0415 0457 cd 0449
A5xB1 0.396 0.383 0463bcd 0793 a 0.594 0517 cd 0.839
A5xB2 0.293 0.310 0406 cd 0.39% ¢ 0.628 0.692 ab 0.504
A6xB1 0.326 0.323 0446bcd 0583 b 0692 0522 c 0.743
A6xB2 0.336 0316 0430 bcd 0426 C 0.558 0414d 0.601
F-test
A ns ns ns .k ns x> ns
5 s s wx wx s wx wx
AxB ns ns * x* ns x* ns
C.V. (%) 5832 2651 17.24 11.54 271.75 9.712 1641

ns LUANFANSTUMEDR *, ** uanenanunee

aaa

RN

v

Yidnwimumsinguiisvidniiuenaslulinsafeiuliersuwsnsnsiuegsiduddyniadn 1neis

Duncan’s New Multiple Range Test (DMRT)

sysuAMUERLIU 95 Wasidud way 99 Wasidud audeiu
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4.1.1.2 fanssuvesoulysl dehydrogenase
inmsidendasiugivuiu 9 Thusnunluussydasivazaninwinden

a v [

f19iu wdmsiadeunanssuveneuleyd dehydrogenase U UAANUS D IBAINGINITA

9

(% s

S luduveatladeiBnisussydng wudnfanssuvesoulesl dehydrogenase Tudniug

)

'
[

7849 1nN15aAa9RIUTLEEI8INSMAUTNEIN LN AT U TULA oUN 2 999015LA U NN

aaa

WUIILANUUANF1ATUNNET AT SzAUAINT oY 99 Wasidud lnedSn1sussydue
Polypropylene isgRugaIn1e -0.08 MPa Aanssuvedioulysl dehydrogenase A1 OD
gafigawviniu 1.356 509a9U1A8 Polypropylene 7iseAugyayIn1A -0.06 MPa dA1vinfy

1.203 uazfanssuvedouleyl dehydrogenase finigaluussyias Polypropylene Nsgfu

geutun1e -0.02 MPa, Woven plastic sack Wag Polypropylene iaiﬂ’m@mmmﬁuqmimmﬂ

9

i1 OD windv 0.998, 1.014 az 1.017 aua1du sesasufie Polypropylene 7iszdu
AQINIA ~0.04 MPa §1d1 OD winfu 1.046 drwlufoud 0 (oudl 4 \ieudl 6 Woud 8
Foud 10 wassieud 12 lunuanuuandisdunisadfvesfanssuvesouley
dehydrogenase tilaSaurivuseningisnsussaast dauluifiougenevesnsiiusnu
Gfloufl 12) Arnanssuvenauleyl dehydrogenase luuss9a Polypropylene 5o
qayey1nae -0.08 MPa a1 OD qqﬁ'qmvhﬁu 0.740 5998937@ 8 Polypropylene 7 5¢fu
geyeyInad -0.04 MPa A1 OD Wiy 0.724 wazussanad Polypropylene lipaumuaiy
A Ud BN, Woven plastic sack, Polypropylene ﬁ'iwvuqaumunmﬂ -0.02 MPa uay
Polypropylene ﬁi&’ﬁuqm@ﬁmﬂ -0.05 MPa #iA1 OD LAY 0.683,0.679, 0.662 Way 0.656
audIRU (915197 4.5)

drutladean mnnfvinwndadsdaaiuginuiu 9 dunnsisiu laiwy
AULANGATUNIET Avaaf anssuve ol dehydrosenase 1l a3 ouiiiausening
anmnsfiusnuludeud 0 Woudl 2 ioudl 4 WWoudl 8 eudl 10 uazioudl 12 veanns
FAudnw wagnuidinanuuandnediunmsadaisesumiandesiy 99 Wesidud Tudeudl 6 ves

a

2 @ a ¢ 4:4' & o so A& o
nsiiusnw TneRanssuvesoulasl dehydrogenase gangnluwiniugaifasinuinuily
ANTNATUANANINKIAG BN A1 OD VAU 1.124 i adSeuiiiguivaninlialuay
anmuwindey  ARnssuvenaulyyl dehydrogenase sfigadiAn OD Wiy 0.937 lagille
qy @ v I~ PN a L3
duaanisiiudnuilutioun 12 Aanssuveseulyyd dehydrogenase luaninmiuny

1% a1 [ - = 1 =3 1 1 14 a0
an nwingeniia1 OD Wiy 0.721 Faasninmsiiuinuluanwliauauanimwindeuie
OD Wiy 0.660 (113199 4.5)

lainuUAsedunussenineisn1sussdaeinazanInnsAus eI ved
Aanssueulesd dehydrogenase Tumdnstugaaaas lnglifinuunnaresiunisaianauaLou

]

71 0 Wfioudl 2 \Wiouil 4 Weudl 6 eull 8 Woudl 10 wagifieudl 12 lnafleduannisiusnm
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ludoui 12 wudAtfanssuveeulesl dehydrogenase Tuyn3snsussysindiuazaninns
WAusnwndlen OD og3z1Ine 0.627-0.853 Tagluussqsini Polypropylene Mszaugeyey1n e
-0.08 MPa 3uAUANINAIUANANINLIAG ONTA1 OD d9aalvinfiyu 0.853 F89a3U1AB

Polypropylene M5¥AUaayey1A1e -0.04 MPa $3uAUANIMAIUANANINLIAABY SR OD
WINAU 0.750 (m1519% 4.5)
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M191991 4.2 Aanssuveseulusl dehydrogenase meluandidasiuglnuiu 9 Milunis
UsTMEIsNIsAiuneuLazndinsiiusnuluan nuandauiiuansieiu
Huwian 12 eu

fanssuvosieulesl dehydrogenase

U2y : : : : : : :
PN 0  weum 2’  Weund waun e’ Waun8  Houn 10  heaun 12

Bnmusias (A)

Al 1.126 1.014 c 1.060 1.003 0.824 0.773 0.679
A2 1.052 1.017 ¢ 1.037 0.968 0.916 0.750 0.683
A3 1.073 0.998 c 1.041 0.940 0.922 0.743 0.662
Ad 1.019 1.046 bc  0.963 1.155 0.886 0.813 0.724
A5 1.034 1.203 ab  1.062 1.042 0.956 0.836 0.656
A6 1.108 1.356 a 1.261 1.076 0.935 0.861 0.740

amwmManusme (B)

B1 1.111 1.097 1.033 0.937b  0.896 0.802 0.660
B2 1.027 1.114 1.108 1.124a 0917 0.790 0.721
AxB
A1xB1 1.196 1.024 1.013 0.970 0.814 0.807 0.663
AlxB2 1.057 1.003 1.108 1.035 0.835 0.739 0.695
A2xB1 1.103 0.980 1.025 0.885 0.866 0.757 0.695
A2xB2 1.001 1.054 1.050 1.050 0.967 0.743 0.671
A3%xB1 1.080 0.992 1.022 0.838 0.918 0.740 0.644
A3xB2 1.066 1.004 1.059 1.042 0.926 0.747 0.681
AdxB1 1.034 1.019 0.920 0.984 0.863 0.840 0.698
AdxB2 1.004 1.073 1.006 1.327 0.910 0.787 0.750
A5%B1 1.064 1.264 1.028 0.913 0.968 0.846 0.635
A5xB2 1.004 1.142 1.095 1171 0.945 0.826 0.676
A6xB1 1.187 1.302 1.190 1.034 0.951 0.823 0.627
A6xB2 1.030 1.410 1.333 1.119 0.920 0.899 0.853
F-test
A ns xx ns ns ns ns ns
B ns ns ns xx ns ns ns
AxB ns ns ns ns ns ns ns
C.V. (%) 16.68 12.70 14.76 16.69 15.41 9.64 17.97

ns liuaneneiuneadn * unnssiuned AnseAum Loy 99 Wesidun
Yisnwsmwsingeiiniidnfiuenasluindsdeaiulleuuenmsiuetadidudfgmneeda 1neis

Duncan’s New Multiple Range Test (DMRT)
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& <

4.1.1.3 WasigudnuTuvaINEnnUg

inmsidendasiugivuiu 9 Thusnunluussydasivazaninwinden

a v 3

AR19TY kAT ULUBSI T URANNTUTBLNAATUS R aIndIn1sAUS Y Tudiuvestladey

9

A8n1sussy el wudnesidudniuduvesudaiugadasludinisiuasunlasain

ANAUTULSUAUNBDATEEZLIAINTAUTNE 1AeLUasEURANUTUTDIIAANUSAIFAI AN

3

2 o ] = = = ca' & = & A & = a = I3
ANTENUTNWIBNLLFLADUN 2 LADUN 4 LADUN 6 LABDUN 8 LABUN 10 LLAaZADUN 12 YBIN1TLAU

a IS

£ NUIUDSEURAMUTUTDAUAANUSTIAET TAMULANAIITUNNARANTLAUAULTDITY

9

99 WWasidus lnadsn15us39 091 Woven plastic sack virbiwdaiugiiosiduiaiuiu
aeluudeinfign WeaiUSeuileuseninndsnisussgdueiisau diudoud 8 wuinignis
U33941491 Woven plastic sack virbiaaniugiiuosidudnanuiiuiiignegn 5.29 wWeosidus
599891178 Polypropylene 7 38AUa 1N -0.04 MPa waz Polypropylene 7 5AU
Ayy1n1A <0.02 MPa deUasiguinuueg 5.39 uaz 5.51 Wesidud auanu dwlu
= q' 2 o . v aa s 2 < & 2 o &
Woaun 0 Yoan1ssiusawlinuaLuanA i unIEiAveWesidudnuRuvasudniug
= = = | an v € =i

WIBLUIYUNYUTERINIGNITUIIVNUD (113199 4.6)

anlladuanmnisinuinwimanddasiuglnuin 9 iwnnsaeiu wudidaa

WANANAUNTIARANSZAUANTENW 99 Wasidud TuRoun 2 theull 4 Woun 6 Wwoaun 10

a a @ [

a0 = 2 o s & ¢ & = 8 o e
LAZLADUY 12 VBINITLAUINEN I@EJW'ULU@?L%UG\Q?’]@J%U@QVI@@IULNa@WUﬁﬂ'ﬂaaﬁm AUINWI

9

TuanmaruranIwIndsudiawiniu 5.88, 5.79, 5.89, 5.48 uaz 5.72 \Wesidud aua1su
d' = = v 1 v ¢ & & = & o a1 o A

WawFeuiigunvaninliaiuauaninuindoy tWesiduaniutiuusauaanugiianian
Winy 5.67, 5.49, 5:49,5.26 uaz 5.10 Wasidua sudny danluifioud 0 wazidoud 8
Y93n15Lfiusaw ldwuauuandrenunsadaveslesidus anurulumdniug e
Wisuleusznininisiiusned luaaanldeuauanimwindaguaznsiiusneiluann

¥

AIUANANTNIING BN (AN51991 4.6)

[ % [ 1 aa v (3

YATUNUDTITHINITNITUTIYNEUN LLﬁ%ﬁﬂ’WWﬂ’ﬁLﬁ‘U%ﬂ‘tﬂ WUILAIY

oD

U

| o aad 5] & ¢ _ag® ¢ = N & o
WANAINAUNINAD AN TZAUAINLT 93U 99 LUaTtdus TulAouN 4 ¥93n19LAUTAEA

d' a a | aa D 2 o | ¢ & ¢ &
WalTeulgusenInedsnsuIIINUNUAZANINAITAUITNY NUINLWUBSITUAAINUTUYDS
< [ ¢ o o aa [ I3 . | (% < [ 1
WanNugaNantuIsn15ussyanel Woven plastic sack saufiunisiiusnutuaninly

14 a1 [ & @ & o = P I 6§ @ 13 dy
AIUANENINLINA BN AW 4.87 Wesiud daunludioun 10 nudnlesiiudniuures
& o sa J Y} aad 9 Y s & & s & & &
WaANUZHANMULANANNAUNET AT SEAUANYRNY 95 Wasigus laaiesidudniuiu

<@ v o a (% 6 . [l (9] 1 %

neludaiugennantuussiug Woven plastic sack sufivaninlimuauaniniindey
AU 4.67 WesiHuR 5998911A0 Woven plastic sack saufunsiiusnwluanin
AIUANANINLINGBN LAz Polypropylene AiszRuadaayIn1e -0.04 MPa Sauiun1siusnen

Tuanldarvauaninwindeu dawvindu 5.05 waz 5.09 wWesidud auadu daunludou
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' '
aad LY IS

A 12 99N19AUSAET NUINHAMULANANTUNINARAN TEAUANT BTY 99 LWasiFua

=

dlelU3auLiisuseninedsnisussydaeivaranmnsiiuine laewesidudeuiiunigly

Wwanuga1Ngaluussyias Woven plastic sack Saudvaninliaiuquaninwind oy

]

a0 1

fiewindu 4.46 Wesldud uazlinuufisenduiusszninaidnsussydusiuazanimnisiiv
U0 Uas i uAAMUTUTULADUT 0 WU 2 WWauf 6 waztiauf 8 YaInNIsLAUSNEN

(mswﬁ 4.6)
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M191991 4.3 Woesldudanuuresuandidasiugivuiu 9 Aikun1sussemedsnisasiuy
AoulazndInsinusnw luaninindeufiuanaieiy Wual 12 weu

. wWosidudauiiu (%)
Uady

waun 0 w2 wemd’ weune’ wems’ wom10'  weum 12V

ABmsussadias (A)

Al 5.75 528 c 523b 510b 529d 486 b 502 b
A2 583 572b 567a 580a 58l a 550a 548a
A3 563 590 ab 576a 571a 551 bcd  552a 543a
Ad 584 578 ab 578a 588a 539 cd 527 a 545a
A5 596 599 a 563a 571a 572 ab 556a 552a
A6 624 597 a 577 a 592a 562abc  549a 556a

anmsusnen (8)

B1 595 567 b 549 b 549 b 556 526 b 510b
B2 581 588a 579a 58%a 555 548a 572a

AxB
AlxB1 518 506 487d 4.79 521 467 e 446t
A1xB2 572 549 560 be 541 538 505ed 558 abc
A2xB1 580 5.70 544c 566 582 565ab 513e
A2xB2 586 574 58%a 593 5.9 535bcd  583a
A3xB1 5.70 585 560 bc 552 544 55labc 508e
A3xB2 557 595 592a 590 558 553abc  578a
AdxB1 5714 559 566abc 576 555 509cde  518de
AdxB2 595 598 591a 599 522 544 3bcd  573ab
A5xB1 6.04 584 560 bc 538 5719 527bcd 533 cde
A5%B2 5.88 6.14 565abc 604 566 584a 571ab
A6xB1 6.61 598 577ab 581 556 53dbcd  545bcd
A6xB2 587 597 577ab 6.04 568 564 ab 568ab

F-test

A ns o > *x > *x *x

B ns % % *x ns %% %%

AxB ns ns o ns ns * **

C.V. (%) 632 286 262 373 385 4.39 305

T
aaa

ns LiuANAAUMERR *, * wanensiumsedAnseRuANIEeITY 95 Wasiud way 99 Wasidud mudeu

Yisnwinunsangeiisidniiuenaslulisafetullieuuwnansiueesliduddynisada 1ne3s

Duncan’s New Multiple Range Test (DMRT)



34

4.1.1.4 fanssuvesihneluwan

[

inmsidendasiugivuiu 9 Thusnunluussydasivazaninwinden

) a [ [

AR197U wamTvEUANTsLVRItNsTuAaRus a8 ammdam s usne Tudruvestade

]

FBn15UsTdae nufanssuvesiinegluudaiugiidadifinisisuwdasinaniusu

YoudniugnasnszezIaInIsiiuine lnedusluioui 0 Weoudl 2 WWeoud 4 ol 6

[y

Foudl 8 Woudl 10 wazifoudl 12 vesnsifvine wuindanuuanaiumsedafsedu
mnudesiu 99 Wesidud Tnuidniugindasiiussaieussafus Woven plastic sack fien
Anssuvesinglusdamiige WewFeuieuseningdnisussdnsiissu deawifu
0.609, 0.550, 0.556, 0.625, 0.557 Az 0.584 MudIsU (Gl’]i’N‘ﬁl 4.7)

drutadsanmnisiusnyiwdaddaiug lnuiu 9 Auwanaieiu ndewn

=

2 o v & | a B < 4 A 2 o
Lﬂ‘UﬁﬂU’ﬂ;‘ULLﬁ'ﬂ 12 thau WU’JWﬂf\]ﬂﬁillsﬂ'P]QU']ﬂ']EJIUL@Jﬁ@I‘UL@@UV] 0 YvINITLNUTNW AU

' '
aa a1 =

LANANIAUNINARRTISZAUAITRN 95 Wadldus tngfanssuvesdinuluwdniagfian

Y

luaninAIvANanIwkInFaNAlANINAY 0.680 Wasuiilsuivaninlinmuauanintinde
a H 2 o A i & = A = QJ' A a
ffanssuvesngluudan1igaiaiu 0.677 LagAuaRoui 2 \iouil 4 uastioun 6
Y9IN1TNUTNY TAuuwanediusad A seduANY ety 99 wWesidusd laefanssuves
uneluwdedargaiantuanimeiuaraninwiesaeudAviadu. 0.660, 0.635 kay 0.636
audy diasgudisuivaninliruguanimiandeudinanssuvesnigluudasiian
WU 0.646, 0.597 wag 0.610 AUESU ANlWAoUY 8 Lasiaun 10 ¥aIn15AUsNE
| ) aad o Y ¢ & ¢a H &
WuUIEANUUANANRUNNERANTEIUANNT RN 99 Wasitud Aanssuvesdinigluwén
wugddaannusnwiluaninlipauauaninianden SArgwianvindu 0.651 uaz 0.631
daiiguivanineuaran nInaeNdimianintu 0.640 wag 0.609 M@RU dauliou
Ql' [ oA 1 [ aaa v = o §f = s
1 12 90an13AUsnYT Wudadadruuans 19iunadfnseauaagetu 99 Wesidud
a 5 2 o fd a S & o £ a1 v
Aanssuvesdameludaiuinifasnnushwludanimeuatanmiagey dawindu 0.652

3

Feganhannldmuanan nuingdeusiaviniu 0.615 (1351991 4.7)

aaa o/ Y s

UARS o FuNUS 58131935 N5 UTIAA R WAZANINAITLAUSTNBY WU H 06
9

= Ql' = Ql' & -d' & et' = ! o aada 1y A o
BUN O LABUN 4 LABUN 6 WALLADUN 12 UAINULANANAUNNADANIEAUAIULYDNY 99
Wesidud WewSeuiiieuszningdsnisussydasivazanmnisiuing tneaianssuved
I3 o a [ '3 . 1 [y @ [ 1

nelulud anv aeluussy el Woven plastic sack 3auiunisiiusnetuaninlaaiuay
ANNWINABUTAYINAU 0.666, 0.494, 0.529 kay 0.535 ANUANU wazlufaun 10 Y8903
< [ =] 1 [y aad % N & ¢ @ 13 a1 a
LAUFNEY WUILANULANANAUNEDANTZAUANUGINY 99 Wasidus lneliANanIsuves
Unelundannanluussysias Woven plastic sack wag Polypropylene Lipunuausi

AEUEUINTA SIUAUANINAIUANANINWINS X LAWY 0.538 wag 0.549 auainy diulu
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Woudl 2 uazidieud 8 vesmsiiusnen lunuuisenduiusseninadsmsussdueivay

annnisinusnwvesianssuvesinnelumLén (599 4.7)

g = Y o 1% v = = Y 1 ¥ o v (53 v
wnanstluenansianubidmsunisidnuiensfinyivingu ldeugalnhluldusslevdaunis

Lidnsdilaeisdu Snviwvnuiilvdaudadiion wazdesdsdedadivaaenaisynasaninisunluly
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M19199 4.4 Aanssuvestnneluwdadidasiuslvuiu 9 iNunsussyedsnisaneiu

1 [ @ v 1% a ' LY & A
NoULALNaINISIAUS N luan NIRdauALana19n Yy LJual 12 heu

fanssuvasitneluwan

Ui Goulio  Fewiiz Geulida  Feuiie Geulis  Weudi 10 deudi 12
ABmsussadias (A)
Al 0672c 0609 d 0550 e 0556 b 0625 c 0557d 0584 c
A2 0681a 0670a 0636 b 0631a 0652a 0595 ¢ 0630b
A3 0680a 0.664 ab 0670a 0630a 0651a 0650a 0641b
Ad 0678 ab 0652 ¢ 0.646 b 06352a 0641 b 0633 b 0639b
A5 0676 b 0.666 ab 0616 ¢ 0645 a 0651 a 0.644 ab 0652a
Ab 0682 a 0.658 bc 0577d 0642a 0653 a 0.642 ab 0.655a
anmmsnuinen (8)
B1 0677b 0646 b 0597 b 0610b 0651a 0631a 0615b
B2 0680a 0660 a 0.635a 0636 a 0640 b 0609 b 0.652a
AxB
AlxB1 0.666 d 0.598 0494 ¢ 0529 f 0.629 0576 d 0535e
AlxB2 0678bc - 0620 0607de  0582e 0622 0538 e 0.632 e
A2xB1 0.683a 0.665 0609 de 0627 cd 0.660 0641abc  0609d
A2xB2 0678abc 0674 0.663 b 0.636abc 0645 0549 e 0651a
A3xB1 0678abc 0.659 0.646 bc 0.608d 0654 0644 ab 0627 c
A3xB2 0682 ab 0.669 0694 a 0653 a 0.649 0656 a 0.655a
AdxB1 0.677 bc 0651 0649 bc 0630 bc 0.649 0639bc 0623 cd
AdxB2 0680abc 0652 0.643 bc 0641 abc - 0633 0627 c 0.655a
A5xB1 0676 ¢ 0.658 0.626 cd 0634abc 0662 0650ab 0646 ab
A5xB2 0676 ¢ 0.675 0.605de 0656 a 0641 0638 bc 0.658 a
A6xB1 0680abc 0647 0558f 0634 abc 0653 0.637 bc 0649 a
A6xB2 0684 a 0.669 0595e 0650ab 0653 0647ab  0661a
F-test
A xx x o % x *x *x
5 « xx xx . . - -
A x B x ns x *x ns x x
C.V. (%) 043 1.19 212 1.88 1.14 140 143

ns LUANANITUMERR *, ** uansinaiune

v

aaa

061

SEFuAIULTRITY 95 Wasidus wag 99 Wasidus mudeu

Yisnwinunsangeiisidniiuenaslulisafetullieuuwnansiueesliduddynisada 1ne3s

Duncan’s New Multiple Range Test (DMRT)
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4.1.1.5 WasiguRnNuIeNvRANEANUG

inmsidendasiugivuiu 9 Thusnunluussydasivazaninwinden

'
1 [y 1% a (7 [

ARNAY wansvaaulasidudmnuIanvaldaus d8amaansiiusne Tudiuvestade

9

A8N15UTIA 9 nuTNUesiudAILIeNTN1TANAIINAIINIBNS UANTDLUAATUT AL

a

S2ULIAINTAUSNETLANTY TAeAILALAOUN 0 LAY 2 LHauTl 4 Woudl 6 LHaui 8 way

Woudl 12 999n1siusny wudnlifianuuananeiunieaifssningdsnisussydau dwlu

AOUN 10 999N15LAUTNY WUINTAULANAIAUNERATN TEAUAMLADIIY 95 1asLdud

a PN [

Tneaniugdr8aeniussgluussgiae Polypropylene fiszaudeyay1n1e -0.04 MPa @150

) ]

o s & & o e v a @ s & & N
iﬂUWLUE’JiL%umﬂ'ﬂqmﬁaﬂm@\ﬂua@WUQI@QQW?!ﬂL‘VI']ﬂ‘U 44.33 LUasLgUN T9989U1AB

Polypropylene ﬁizﬁuqmﬁmmﬂ -0.06 MPa Waz Polypropylene ﬁizﬁuqqﬁmmﬂ -0.08

s o

MPa fiAinfu 41.33 uaz 39.66 wWesdud sua1nu Inelleduaansiiusnuluboui 12
b

WUIUTIAA Polypropylene 7sgavaaueynel -0.02 MPa Hilasidudirmuenadiignamiiiu

1Y

39.33 1Weslius se3aeAe Polypropylene ﬁizquggmmﬂ -0.06 MPa fliasifunminugen
Wiy 37.00 wWestus wag Polypropylene ﬁizﬁ%@iyiyﬂmﬁ -0.04-MPa, Polypropylene i
¥R UR Yey1nIe-0.08 MPa, Woven plastic sack wag Polypropylene laiaaumundudu

AEUINIe TLUDSITUAAILIBANNY 36.66, 35.66, 34.00 WA 33.00 WastFud a1uaau

LR v}

($15W9N4.8)
1 (% [ Y < J  a L 3 a 1 (%
ﬁ’l‘u{I‘U"ﬂEJ’dﬂ’TWﬂ’]iLﬂUiﬂ‘H’]LﬂJﬁﬂﬂ’JﬁﬁQWUﬁqlVI‘Uﬁu 9 Mupne1enuly

= aq' = A & o | | Y] aa c 2 e
LABUN O LLASLADUN 2 SUENﬂ'ﬁLﬂUiﬂ‘H’]‘lll‘W‘Uﬂ’ﬂlll’mﬂ(ﬂqﬂﬂu‘l/l'\\?ﬁﬂm“ﬂ@ﬂLU@ﬁL‘UU@ﬂ’JWﬂN@ﬂ

a ! A =

Tudanusardasdruluioud 4, \ioud 6, LU 8, LAoun 10 LazlAou? 12 ¥99n1ssAU

)

'
a = a a

$n91 WU U LE UAATINLIDNVBILUE ANUS D IR AIHAIULANA A UNIER N TEAUANY

]

Woilu 99 Wesidus Tnadausifoud 4 aufiudoun 12 wudlesiguiausentuudaiug

'
[y

aamnnuTawluanimaiuaan nkIndeuiiagaianyindy 78.88, 76.44, 61.33, 59.22
§ @ s o w = = [ 1 £ = ¢ = s

ez 60.88 Wasldud audeu iamguiuaninlinlunuaninwingeuiivasiduiainuten

ANgAINTU 61.55, 42.22.35.77,.16.55 Uay 11004085 @U6 AUa1AU (913199 4.8)

U AT edunus 521935 N15UTI T 9T Lazan NS UTNET WUT 16 us

Foudl 0 Weudl 2 Woud 4 Woud 8 Weoud 10 waziiiouil 12 veamaiusny lunuufise

duiusseninadsmsussdausiwasanmnsiiusnyvesdesidudanuanluudeaiugidas

9

dulufoudl 6 Y9INISLAUSAYY WU ANULANA 1A UNINAT AN SEAUANULT 17U 95

[y

Wesidus lneusssiast Polypropylene AseauagaIne -0.04 MPa sauiudnImeIuny
anmwindeuivesidudninutengaiaaviniu 82.66 Wasidus aueie Polypropylene

NszRuagINIe -0.06 MPa SaufuanImamIuALan LInd ey Jilosiduianusenyiniu 80.66

\Wosiiud se3a381@8 Polypropylene linauaua11udugyey 11, Polypropylene szay
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dayay1n1e -0.02 MPa uae Polypropylene 7isgaudayay1n1e -0.08 MPa saufuanInAIuAy

ANNKINAY TUBsSIEURAININYINAY 79.33, 79.33 waz 70.00 1UasLHud ANasU way

[ <

deduganisiiusnen Tudeun 12 wudnlunniSnisussadurisauiunsiiusnwluanin
muaNanmIndeuiiilesidudmuienginiimnisnisussydasisiudunisiiuinuly

anldauauanInuIngeu lagussinei Polypropylene 75eAudeyy1n1a -0.06 MPa

§ =

Wosidudauengananyindu 66.00 wWesidud se9atu1fe Polypropylene 7iszdiu

eInA -0.04 MPa filasidudainusenindu 64.66 1Wosidus uag Polypropylene

[y

sERvanIN1A -0.02 MPa, Polypropylene ﬁizmu@@@yﬂﬂﬂﬁ -0.08 MPa, Polypropylene

q

g M VI =) )

LdauauaNAugyyINe ag Woven plastic sack fUasidusininuianyiniu 62.66,

60.00, 57.33 Wag 54.66 WoSTus Ausy (115197 4.8)
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M19199 4.5 Wesidudnnusenveawdndidasiuglvuny 9 Akiunsussgeeisnseneiu

1 [ @ v 1% a ' LY & A
NoULALNaINISIAUS N luan nIndauALana1eiy LJulal 12 heu

wWasidudadusan (%)

o Goilo Gollz GoRld Godd e Godio0 God 2
ABmsussadias (A)
Al 95.33 81.33 69.66 59.33 44.00 33.66 b 34.00
A2 90.66 78.00 75.00 61.33 48.66 3333 b 33.00
A3 94.33 80.00 65.00 62.33 48.00 34.66 b 39.33
Ad 91.00 79.66 68.66 62.33 49.66 44.33 a 36.66
A5 94.33 79.33 71.00 57.33 51.33 41.33ab  37.00
Ab 92.00 82.33 72.00 53.33 49.66 39.66 ab  35.66
anmmsnuinen (8)
B1 93.77 79.14 61.55Db 42.22 b 35.77 b 16.55 b 11.00 b
B2 92.11 81.11 78.88 a 76.44 a 61.33 a 59.22 a 60.88 a
AXxB
AlxB1 95.33 18.66 64.00 52.00 c 38.00 14.00 13.33
AlxB2 95.33 84.00 75.33 66.66 b 50.00 53.33 54.66
A2xB1 94.00 79.33 68.66 4333 cd  33.33 10.00 8.66
A2xB2 87.33 76.66 81.33 79.33 ab  64.00 56.66 57.33
A3xB1 94.00 78.00 52.66 4533 cd  32.00 11.33 16.00
A3xB2 94.66 82.00 17.33 79.33 ab  64.00 58.00 62.66
AdxB1 94.66 80.66 60.66 42.00 cd 38.66 26.00 8.66
AdxB2 87.33 78.66 16.66 82.66 a 60.66 62.66 64.66
A5xB1 93.33 76.00 61.33 34.00 d 41.33 20.00 8.00
A5xB2 95.33 82.66 80.66 80.66 a 61.33 62.66 66.00
A6xB1 91.33 82.00 62.00 36.66 d 31.33 18.00 11.33
A6xB2 92.66 82.66 82.00 70.00 ab  68.00 61.33 60.00
F-test
A ns ns ns ns ns * ns
5 e e o o o o o
AxB ns ns ns * ns ns ns
C.V. (%) 4.74 5.95 8.30 11.98 21.95 18.18 15.87

ns LUANANITUMERR *, ** uansinaiune

v

aaa

061

SEFuAIULTRITY 95 Wasidus wag 99 Wasidus mudeu

Yisnwinunsangeiisidniiuenaslulisafetullieuuwnansiueesliduddynisada 1ne3s

Duncan’s New Multiple Range Test (DMRT)



40

4.1.1.6 fvdnIsEnvaINAANUS

Mnmsthidaddasiuglnu o luifuinuiluussatasitazanndes
frnetu whmseaeudsinssenvessdaiusitdamdmaiuinu ludiuvestladsisns
ERRREIL nuidrinisseniinisanasainaniudumuszegiainisiusnu i udu
Tnesaudiioudl 0 Weud 2 Woudl 4 Woudl 6 WWoudl 8 wasidoudl 12 vesnafudnw
wuilifianuuandsfunsadfvesisinssenvesudausindas daulufioud 10 veq
mMafiuinw wuhilnnausnesiunsadfnsssuenandediu 95 Wedidud Tnewdaiugin
dasiussgluussgiuet Polypropylene fisydugaynInia -0.04 MPa fienduiinissanvas
Lmﬁmﬁ’uﬁ:qﬂﬁqmmﬁ’u 4.43 599831178 Polypropylene ﬁizﬁuqﬁymﬂmﬂ -0.06 MPa Way
Polypropylene #iszfugyainie -0.08 MPa SAviify 4.13-Uaw 3.96 Anaady ImaLﬁaéuqm

%

nsiusnw Tugieun 12 wudaussqsiae Polypropylene szdugeyayinie -0.02 MPa difn

[y Ly

yiln139engenaninnu 3.93 sesaunAe Polypropylene Ns¥auanaINe -0.06 MPa fifn

q

N

=) 1

YUNITIDNNIAY-3.70 ez Polypropylene ﬁizﬁu@igigﬁmﬁ -0.04 MPa, Polypropylene

'
[y

£AUAYYINIA ~0.08 MPa, Woven plastic sack waz Polypropylene lalmauauausu

=N =)

QaINIA UAIRYTINITIBALINAY 3.66, 3.56, 3.40 WAz 3.30 AINAIRNU (113199 4.9)

dwdadsanmnisiusnenuandfasiugineng 9 Tusnsrsduludeud o

1

LAz oudl 2 U99N15AUSNEY LUNUAIINLANA1IA UN19FD AYDIABTIN15I0N VD LUA AW US

U a | 2 P

"8a drulULRBUN 4 1HPUN 6 AU 8 LADUN 10 LASAPUN 12 ¥9nI1stAUSAET WuInil

ol

)

(3 v A a

ANULANEN T UNNADA NTEAUAIINITBITY 99 Wasidud vesnvtnisionluludanuidifas

3

Tnodsudiioud 4 audadoud 12 wudrwdanusdraaifuineuludaninaiugy
ANNLINA UL AR TTNNTIBAWINAY 7.88, 7.64, 6.13, 5.91 4ay 6.08 A1UAHU e?qumdw
anlipiuatan IniIndey IA1ayln1390mvaiy 6.15, 4.22, 3.57, 1.65 way 1.10
AU (113971 4.9)

U aduius sewriadiB nsussg Aniuazanmniaiusnw wuindasifeud o
Foudl 2 1Foudl 4 ifeuil 8 Liewuil 10 uaziiouil 12 vasmsiiuine linuufAseonduius

FENINIBNITUTIUILazaA NSNS hwvewrdnistenvetuaniugidas dwluieu

'
aaa [y

a" [~ 1o ! [y = < ¢ < [ v o
7 6 Y9INSNUSNYT NULAULANANAUNEDANTEAUANULTRNU 95 Wasidgun tnnwil

3 v sd a A& o [ L3 d' LY
M3senveALdntugIFamNUSNlUUTII 91 Polypropylene 7seRugaay1nA -0.04 MPa

9

ufvanmeluauanImLIndeu lAdviinisienasnianviniu 8.26 nuele Polypropylene

[ v A |

NsgAvgeINa -0.06 MPa s1ufuan mAluANanInLIngaey da1avtinisenvinfu 8.06

[y

30989U1AD Polypropylene 3zﬁung§gﬂmﬁ, Polypropylene fiszduaqaIna -0.02 MPa

9 U YU

P
7
wag Polypropylene M5eRUgayay1n1A -0.08 MPa $3AUANITNAIUANANINLING 01 AR

q

MFOAMNAY 7.93, 7.93 1ag 7.00 AINSIAU LLazLﬁaﬁuqﬂmilﬁu%’ﬂwﬂulﬁauﬁ 12 WUty
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NMIENMsUIIYiaTsiunsiushnluanmasuauannwanden ddwinissenganiiyn

A8n1sussadudisiudunisiiusnwluanimldmuauaninwindou lasussqsdua

[y

Polypropylene #15¢6iugeysyIn1e -0.06 MPa $iA16utin1598ngeianviniu 6.60 589a91AD

= 1

Polypropylene ﬁizé’uqigigwmﬂ -0.04 MPa ANAUEN1TI9AVINAY 6.46 Lag Polypropylene

ﬁizﬁuqmig’lmﬁ -0.02 MPa, Polypropylene ﬁizﬁuqmig’]mﬁ -0.08 MPa, Polypropylene

LY

LinauauANRUEaLQINTA Wag Woven plastic sack dadutinissenyiiiu 6.26, 6.00, 5.73

q

[ A

Lag 5.46 MUAIAU (15199 4.9)
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M15719% 4.6 Artinissonvanuandldasiugluuiu 9 NHun1TUIIYEITNTEAY
AoukazunaINsAusnu luan I nIndsuAwAnA19Y Wuan 12 wou

AYtin1se8n

Uade : : : : : : :
SN0  Woun2 weund’ weme’ weung’ weun 10V weun 12¥

BnmuTias (A)

Al 9.53 8.13 6.96 593 4.40 336 b 3.40
A2 9.06 7.80 7.50 6.13 4.86 333b 3.30
A3 9.43 8.00 6.50 6.23 4.80 346 b 3.93
Ad 9.10 7.96 6.86 6.23 4.96 4.43 a 3.66
A5 9.43 7.93 7.10 5.73 513 413ab  3.70
Ab 9.20 8.23 7.20 5.33 4.96 396ab 356

aAMWNMINUSNE (B)

B1 9.37 791 6.15b 4.22b 357b 1.65b 1.10b
B2 9.21 8.11 7.88a 7.642a 6.13 a 591a 6.08 a

AxB
A1xB1 9.53 7.86 6.40 520 c 3.80 1.40 1.33
A1xB2 998 8.40 7.53 6.66 b 5.00 5.33 5.46
A2xB1 9.40 7.93 6.86 433 cd 333 1.00 0.86
A2xB2 8.73 7.66 8.13 793ab  6.40 5.66 573
A3%B1 9.40 7.80 5.26 453 cd = 3.20 1.13 1.60
A3xB2 9.46 8.20 Y=z 793 ab 6.40 5.80 6.26
AdxB1 9.46 8.06 6.06 4.20 cd- 3.86 2.60 0.86
AdxB2 8.73 7.86 7.66 826 a 6.06 6.26 6.46
A5%B1 9.33 7.60 6.13 3.40.d 4.13 2.00 0.80
A5xB2 9.53 8.26 8.06 8.06 a 6.13 6.26 6.60
A6xB1 9.13 8.20 6.20 3.66 d 3.13 1.80 1.13
A6xB2 9.26 8.26 8.20 7.00ab 6.80 6.13 6.00

F-test

A ns ns ns ns ns * ns

B ns ns o *x *x *% *%

AxB ns ns ns * ns ns ns

C.V. (%) 4.74 5.95 8.30 11.98 21.95 18.18 15.87

aaa

ns TiuanENaTumIgEna *, = wane i uneaEnRNseauANU Ty 95 Wasius wax 99 Wasbus mudsu
Yisnwsmwsingeiiniidnfiuenasluindsfeiulleuenmsiuetedidudfgmneeda 1neis

Duncan’s New Multiple Range Test (DMRT)
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4.1.2 mMalnszadulssAnianduiusssudnadeidudnsalusiudass Aanssu
vaaauluyl dehydrogenase uazilasiduinINENUDLUAANUGUDINAANLS
ddadluiiiunsussadaeismsiidnsiundanmaiuinwidunm 12 fay
31NN1IANYINAVBIVTIVA WA A YYINIARBAINTTUN T NAT LazA AN

mMsifuinvvessdndidaniuglnui 9 ndamsifuinuiluanimaiuguan nindou
waziiusnyluaninlimivauaninwind e Wunar 12 wWeu watuIiaszi
AduUsy s anduwussyninansalastudasy (free fatty acid) Aanssuvasiovles]
dehydrogenase waziUasidudnisionvaudnug I§nantsnaaasll

4.1.2.1 U559A091 Woven plastic sack

mnmisthidaddasiuglnu o luifuinefluussatasitasanndes
ety wdadranAduUseans anduiusszninadesidud nsalusiudase Aanssuves

a [ I3

woulasl dehydrogenase waziosguRnILIBNTDHUAANUTUDLUAANUGIIEANEINTILA

9

$nwluussqsiaui Woven plastic sack wuinasidusdnsaladudase (FFA) daauduius

WJeavegrsnnnuianssuasweulesl dehydrogenase (DHA) LagiuesidunnINNIanve

< Y s 1

WAANUS (G) A8AIGUUIEANTANAUNUSININU -0.92812%* wag -0.90614%* A1ua1nU

9

'
Y aada L%

TledAnsaianssauadedy 99 wWasidud dunanssuveaaulysd dehydrogenase

2

(DHA) e uduiusiisuinagunividesidudarianvauaniug (G) meadulszdns

'
L aada

AVEUNUSLYINAY 0.93311* fudrAmnieaianTzauaudony 99 WWosidus (15199 4.7)

i 1 U a Q‘ 7 ¥ I o a a
A15199 4.7 AduUssAnsaudunusseinalesdudnsalusiudase (FFA) Aanssuvasoulayd
dehydrogenase (DHA) uaziUasidusnusonvauaniug (G) ndnsiiusnm

Juaan 12 ihey YBUT390491 Woven plastic sack

ABINTNLLAANLT FFA DHA G

wWesiunnsalududasy (FFA) 1.00000
Aanssuvesouleil dehydrogenase (DHA)-0.92812**  1.00000

Wesidudnuenvawdaiug (G) -0.90614**  0.93311**  1.00000

** L ANANAUNINEDRNTEAUANUTBNU 99 Wasidua

4.1.2.2 U353l Polypropylene liaauauauaugeyyInIa
ynmstudadidasiuginuiu 9 TWiiusnwiluussyduruazaninuinday
79197 udrAnaaduszdnsanduiusssninadesidudnsalududasy Aanssuves

L4 ] (3 < v ¢ < v ¢ a [ I3
Lol dehydrogenase LLﬁBLU@iL‘UUC‘Iﬂ'JWNQ@ﬂ%@QLllﬁ@lWUﬁq“UaﬂLiJaﬂWUﬁqﬂ'Jﬁﬁﬂﬂaﬂﬂ’]iLﬂU

$nwluussiodt ussain Polypropylene lipauauauauamINIA WUIIYO3 U



aq

nsalagiudasy (FFA) danuduiusitsavinunansduianssuveseulesl dehydrogenase

(DHA) wazdiAruduusideaueg19u1nduides g us aAa1uenvouudaius (G)

,
£ o o s o w aad

AeAFUUTEANTANAUITUSIVNAU -0.65800 Way -0.84401** auaay Atvd Ay 9aian
sEAuANTEIL 99 Wasidud drufanssuveseulayd dehydrogenase (DHA) Aanudusius
Fevanegnunniulesidudaiusenvesudniug (G) deaduussansanduiusiviaiu

Y [y

0.93986** HjudAnadAnszAUAINTEIIU 99 Wosldud (A5197 4.8)
A5 4.8 AnduuszAvisanduiussewinalesidudnsalududasy (FFA) Aanssuvesoulesl
dehydrogenase (DHA) uazilasiduimauianveuaniug (G) naanisiiusnw

< A (Y L3 1 U
\Juan 12 #lew ve3u59siaui Polypropylene limiuauanusiugayayinia

AN TWNAANUG FFA DHA G

wWesudnsalududase (FFA) 1.00000
Aanssuveaeulusl dehydrogenase (DHA) - -0.65800 1.00000

Wesiudaieenvauaniug (G) -0.84401%* ~ 0.93986* . 1.00000

* LANANAUNIERANSZIUANUTOIY 99 Weosidud

4.1.2.3 U352A0491 Polypropylene fisgausgaiaynia -0.02 MPa
nmstdendasiugining 9 Whvsnyluussydasiseraninwinden
{ U o/ £ o 1 U a Qo‘ U L U U a a
7019y W AuAduYsEansanduiusssninndesidudnsnluiudase Aanssuves

¢ ey ) ¢ & o ¢ & o U a Y <
L@uvLGUlI dehydrogenase LLagLﬂaiL‘?ﬁumﬂ’ﬂNQ@ﬂﬂJaﬂLﬂJﬁ@W‘UﬁﬂJ@\‘iLM@@WUﬁqﬂjaﬁ\‘iﬁa\iﬂqﬁm‘U

LY

$nwluusssae Polypropylene fisaugainia -0.02 MPa wuanwlesidusnsaluiiy

dasy (FFA) fauduwusidsavesismanivianssuaesioulysl dehydrogenase (DHA) Lay

3 1 [

oS UAAINNIPNVIUUAATUS (G) AraAFuUsEaNTandunusvinny -0.86171%* uay

9

aad

-0.95536%* pua1eu HueF1AUNIEan RNz AUAILTaNY 99 Wasigud diufanssuvag

oulwsl dehydrogenase (DHA) fliansduiusidauineganniuiussifudninusenveudn

Wug (G) MgAduUseavTanduiiusivindu 0.86426** IvdAgynisadanseduaudodiu

§ @

99 Wasldus (5197 4.9)
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AN51991 4.9 AduUsEATSanduiussenalesidudnsalusiudase (FFA) Aanssuveoulas

v 6

dehydrogenase (DHA) LaziUasifunnnusonvosuaniug (G) esnsiiusne

3

[y

Juian 12 Weu vesussysiae Polypropylene iszaugeyey1ne -0.02 MPa

AN TWNAAWLG FFA DHA G

wWesWudnsalududasey (FFA) 1.00000
Aanssuvesoulwil dehydrogenase (DHA) -0.86171**  1.00000

Wesidusanuenvaudaiug (G) -0.95536**  0.86426**  1.00000

** 1 ANANTUNIERANSEAUANLT BT 99 Wasidua

4.1.2.4 U539fiu91 Polypropylene NszAugeysyInIA -0.04 MPa
ganmsiaadaasugnue 9 Tiusnuiluussgduriuazaninuindon
719y waamuanmdudssanianduiusssninesidudnsaluiudase Aanssuves

woulwsl dehydrogenase wagiUosigudninusonvauaniugvedudniudaidamanisiiu

LY

Snwiluussasiail Polypropylene fiszsiugaaania -0.02 MPa wusawesidusinsaluiiy
dase (FFA) dauduiudidsavmsudnsmnuianssursseulesl dehydrogenase (DHA) Lay

fianuduiusidsavag1anniuilesidudainusanveauaanys (6) Aea1dulszans

' '
aada (2 =)

ANFUNUSLNIAY -0.39018 way -0.87505** ddeda1AyNINaEfANszA UAILT 03U 99

Wasidud drufanssuveeulyd dehydrogenase (DHA) dpuduiusidsulindiunaiafiu

o

\Wesiuraueenvesaniug (G) mer1dulssansanduiusiindu 0.73883* dduddey

'
aa Y

NEDANSEFTUANLLTRIY 95 Wasidus (151991 4.10)

A151991 4.10 AduUsEAVSanduRuSssaasBusnsalusiudasy (FFA) Aanssuvadoulel

s

dehydrogenase (DHA) Lazilasidunnssanuaduaaius (G) naanmsiiusnm

]

Juan 12 Weu 183usssia Polypropylene fissiuaaainie -0.04 MPa

LR AR

AN TNLIAATUT FFA DHA G

wWosiduinsalutiudase (FFA) 1.00000
Aanssuveaeulell dehydrogenase (DHA) -0.39018 1.00000
Wesidudanusonuaudaiug (G) -0.87505%*  0.73883*  1.00000

o

* L ananaiuNIEdANsEAUANTRNY 95 Wasdud way 99 Wosidus muasy
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4.1.2.5 U359au91 Polypropylene ﬁszﬁquuzyﬂmﬂ -0.06 MPa
Mnmsthidaddasiuglnu o luifuinuiluussatasitazanndes
Annaifu udamunuadulseans anduiusseninadesifudnsaleiudase Aanssuves
ioules] dehydrogenase uaziUosifudanusonveaudaiugvonudaiugiaamasnisiu
Snwiluussaiast Polypropylene Aisgdugnania -0.06 MPa wuiesidudnsalusiy

dasy (FFA) danuduiusisavununarsiuianssuvesioulasl dehydrogenase (DHA) Lay

< [ s

finuduiusi@savegaunduesidud anusenvesudanug (G) aruardulszans

'
[ aa LY

ANAUNUSIYINAU -0.78676* hay -0.95287** @udsu JJud AN 9anfnssauAIULT

o

95 uay 99 Woslud auanu dufanssuvesoulsl dehydrogenase (DHA) Sanudusius
a Y] > o gll® & o ¢ 9 W a £ v v & 1w
LBUINUIUNANA VWO SIFURANLIDNTBANAANUS (G) AagArduUsEanSanduiusiviniu

0.78187* fidudAgMsaiANTEAUANLLTNY 95 1WasHus (M3 4.11)

AN51991 4.11 ArdulsyarsanduRusSssalasBudnsalusiudasy (FFA) Aanssuvadaoull

o s

dehydrogenase (DHA) laziasldunni1LIenvaduaniug (G) nasnmsiiusnm

]

Wunan 12 oy 193us59Aaal Polypropylene Mszaudsysy 1 -0.06 MPa

AN TNAAWS FFA DHA G

wWesiiunnsalududass (FFA) 1.00000
Aanssuvedioulesl dehydrogenase (DHA) -0.78676* 1.00000

Wesidudautonveddaiug (G) -0.95287%% - 0.78187* .~ 1.00000

* %% 0 RN NADRNTERUAMLRBLY 95 Wesidud way 99 Wasidus muaisu

4.1.2.6 U333 Polypropylene #sgfiugayeynae -0.08 MPa
sannasidendasiuginuag 9 Tihusnunluussgiarivazaninwinden
759U uaAurAIduUsEans andunussenisesidudnsalviudasy fanssuves
¢ s & & a” . & o s a o I3
wouleyl dehydrogenase waglUasifufnINI0NYBRIEARUGUANAANUNIRAIMEINITAY

Snwiluussgsiasi Polypropylene szaugaay1nia -0.08 MPa wuinesigusinsnludiu

a

dasy (FFA) danuduiusidsauiiunansiuianssuvesioulssl dehydrogenase (DHA) Way

4 v o & a | ) s & & 2 o & % Y a £
llﬂ')quaﬂ\lwu’ﬁwﬂauaﬂqﬂﬂflﬂﬂﬂLﬂa'ﬁLsﬁumﬂﬁflﬂﬁaﬂmaﬂlallaﬂwuq (Q) ArgA1duUseans

o w aaa [y a

ANAUNUSIVNAU -0.79262% tay -0.85499%* ANuaIaU Atyd AN NENAN Tz AUAINLTDIIU

95 way 99 Wesidus drunanssuveeulesl dehydrogenase (DHA) finuduiiusidauan

§ < (3

sghanniuesidudmnusenvaauaniug (G) Mmerdulssavsanduiusiviniu 0.83031*

a o LY

TTodAun1sadanseauaUtatiu 99 Wasidusd (115199 4.12)

>
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AN51991 4.12 ArduUsEAVSanduRusSseinaesdudnsalusiudasy (FFA) Aanssuvadoule

dehydrogenase (DHA) wagosidusinuionvosudaiug (G) ndinsiiusnw

[y

Junian 12 ey vaussysiae Polypropylene szaugeyayinie -0.08 MPa

ABINTNLIAATUT FFA DHA G
Woesidusnsaluiudase (FFA) 1.00000

Aanssuvesouleil dehydrogenase (DHA) -0.79262*  1.00000
Woesidudauenvaawdaiug (G) -0.85499**  0.83031*  1.00000

o

* %% 0 ARNIAUNINEDANSEA UMDY 95 Wasidud war 99 Wasidus muaisu

4.1.2.7 d@nwnistusneuuuliinouauanmuindou
° & @ a Y] & o o ¢ o

InNsURaadIfasug g 9 luiusnunluussdneiuazaninwindey
79197 U uaaAwIsAIduUsEaNS audunus senanaesdudnsaluiudasy fanssuves
wulwsl dehydrogenase wazilosigurainusonvasaniuguotudaiugaidaanaanisiiu
[ <@ [ 1 1% 1 § < [ v a
Snwiluanimnmsinusnwukuuliauauaninuingen nuIndesiduansalududase (FFA)
TanudunusiBeavegrauiniuianssuvesouleyl dehydrogenase (DHA) wagiUasidud

1 [ v 6 I %

AINLIBATDINAANUT (G) FreAIdNUssAVEanduTUsNAY -0.90914% Uag -0.93144**

o o a v o o aaa o a o § < 4 1 a L4
ANAIAY TUEAIAYNNAR AT 9ZA VAT 03T W 99 1Wasiaus drufanTsuvosouly
dehydrogenase (DHA) #mnuduiusifeurnagraunniusosigudninuenveadniug (G)
A8AIFUUTEANSANFUNUS LA 0.95654** JUuAIAYNINAAANTLAVANULT LU 99

Wosldud (Mn5197 4.13)

A15197 4.13 ArduUsyavSanduiusseminaasiduinsalusiudass (FFA) Aanssuvasaulasl
dehydrogenase (DHA) wazlUasiudaruonuetuaniug (G) ndsnmsiiuinem

[ A [~3Y 1 v
Wuaan 12 wau sﬂaﬂﬁﬂ"l‘WﬂWiLﬂ‘Uﬁﬂ‘lﬁLLUUI&Jﬂ’JUQNﬁﬂ’]WLL’D@ﬁ@M

AN TWNAAWLG FFA DHA G
Wesiudnsaluiudase (FFA) 1.00000

Aanssuvesouleil dehydrogenase (DHA) -0.90914**  1.00000
Wesidudanuenvadudaiug (G) -0.93144%*  0.95654**  1.00000

** 1ANANTUNERANTEAUANLTBTIY 99 Wasidud
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< s 1'%
4.1.2.8 ANTNNITNUINYILUUATUANENTINLLINA DU

inmsiwdendasiugivunu 9 Thusnunluussydadivazaninwinden

v a a

A919AU wWAIAUINAFUUSEANS anduiusSsenInwlesidudnsaluiudass AanTsuves

a [ 13

wulwsl dehydrogenase wagiUasidudaiuenvadudniuivetuaniusiifamanisid

9

[ < [ 14 1 §f = 13 U oa
3ﬂ‘lﬂ'ﬂ,uaﬂ’]Wﬂ"ﬁLﬂ‘UiﬂEWLLUUﬂTlUF’]‘MﬁﬂWWLL'JG]a'@lI wuanlesidusnsalusiudasy (FFA)

s

fauduiusieavuiunansiuianssuvesouleyd dehydrogenase (DHA) wazdanudusius

< [y o a

Feavsgannduilesiduiainuenvesudaiug (G) seadulss@nsanduiusiviaiu

o w aaa v =

-0.78671* uay -0.93993** miua1avu AUYd1AYNINENATT2AUAMULTDIY 95 Lag 99
Wasiius drufanssureaoules dehydrogenase (DHA) inuduiusiBsuaniiunaiafiu

§ @ o w

Wesiduriauenveauaniug (G) meaduuszavsanduiusivindu 0.77853* Iud Ay

o

NNERANTEAUAIT DT 95 1WasiEus (115197 4.14)

A15197 4.14 Ardulsvavcandunusserinaesifudnsaluiudasy (FFA) Aanssuveaeuluy
dehydrogenase (DHA) WaziUasiduin 1190 YBRaANUS (G) MAINBAUTAY

Wunan 12 ieu SU’e]\iﬁ.ﬂ’TWﬂﬂiLﬁU%ﬂU’]LLUUﬂ’JU@Nﬁﬂ’]WLL’méjE’Jll

AN TNAAWS FFA DHA G

wWesiiunnsalududass (FFA) 1.00000
Aanssuvedioulesl dehydrogenase (DHA) -0.78671* 1.00000

Wesidudautonveddaiug (G) -0.93993%% - 0.77853% - 1.00000

* %% 0 RN NADRNTERUAMLRBLY 95 Wesidud way 99 Wasidus muaisu
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4.2 9AUSIBNANISNAADY

S

FBnsiuinvwdeiugiielilinaunmivududuneunididanuddgylunisdiean

mMainAUdEMELazIraoNE suAun MLALAAT LU NaunYasN St daiugluUan

8w [

(M55 wiBs waz wuswa wegl, 2565) Msgadsaniuglussninnssuaunsiusnendinis

a [

Auideadiaudrdgduegrannlunswdaianisnisineas Ineilludaiusiifamaain

9

nsneizdsnsenualsvdyidenuninlaeg1asimsa Wewinduwde Awuwdedy
(semi-perishable) M3mIVANAUAINVDLLAATLS v LABnTuLasdnddadiculase
an1MWIRgax LU N15UA suLUaweTINIAANTY ANNTUFUNMS Uazgumgiivinli
= ! =Y v I o & v Aad [ E4
919guiduA A mMsEnItmsAUinv setudndudesdisnsusulsmn s eun gy
U359410491 (Vasudevan et al., 2014) m3dienldussyi eI sienudAyed 19 Jensldussy

SrgayanadumaienisiausedaeignsiuinywasszaeMadoun U sAag

14 = L

19 Inedlnaaud@lunisfidanisduageenveseandiauluussgdug dwalinsasgiulnves

A
5 v

Jaunsdnlveandnunaznsiiauiseioendmduanadls (Maniket al., 2023) 31nN15ANY)

o

NAvIITNTUITYTUNTMIALA DN 1SAUTNYIA AT UG D28 89 NUIINITUTIPUAATY

>N o,

U [y

0788938 UT5A 040N Polypropylene 71sefua aigy1n1e -0.04 MPa Lag Polypropylene 715e6iu
4eysynand -0.06 MPa wu31liarAanssuvesioulesl dehydrogenase U3 dusna1uson

v a Y N a v a o al A a ¢ 1w a £
wazdvdnistengeiian wavdvsuiunsalududaseainan Weliasgna1dulsedns
andunus nuandesiduinsnleduddsyilauduius i Tsauao Ut 19ATURNS TUUDY
1oulysl ‘dehydrogenase IUUiiﬁlﬁJw“ﬁ Polypropylene ﬁizﬁuqmmﬂﬂﬁﬁ -0.04 MPa uag

& @ 1 v a a % v 6 a v a 4
Wesldudnsalududaseiinuduiusidsaviunatsiuianssnveseulesl dehydrogenase
luus53A8u91 Polypropylene 7 sgAvudyeyan1e -0.06 MPa Li19931n35n15U353 A uaiuy
gy INAaInanse usenBuuastasiuniaufAseeendndu laenislaenniFesnain
vssyiaeineunsdalanguiiaunsafizets nsin uinwlAuuiy tasainnan1snnass
WUIMIUTTTTilaunsasneguamiaiuglasgwiiuszd@nsan Inedwesiduinuiu
wagnanssuvesnelundalndifesiuansuduneumMsinusne ylienusanImuenway
v <@ % Yl (% @ W Y A g."/ éj a (% 6
Artinsenveadaiuginavainmanusnelugadune 12 Weu etlitlownanussysios
JEuINANNITTUNIUYRI00NTLAUAT FIUTTYTUIITRINAlIAINTaTUNUlAvTEN 5B
1 ° dy |3 o P oA = [y [ sala = 1
AN TR WRIAaT LS InAnI Il aSsuisuiuu TS ae NIN SR 1WYe e INAg
(Kothari and Jadhav, 1998; Alam et al., 2008) @paAa 84 UN155189IUVD Harrington (1973)
NA1731U5 AU 71 A UAUT UAINI5ATNYIAINIBNRATAIIULT IUTIVBUUAATUT LA T
535UYAVONNAANUT AN TORAN UG BUANNTUAVUTTEINIALAETBY JUNTLIHANAIY

L% s

& = o 4 < & A
AUNRVBIAINTU TR NYBUNAATUSARAY (Copeland, 1976) WagAINUTUTIES

9

o

w3enunnuluansyiinuninveuudaiusatdamnas waniinanudeyeuniudniugla

3
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WU NSRRI YDILUAIA AT Y wazmsdud oufl 01af el uldlusewinsnisfusnw
(Muhammad et al., 2017) luvusadentiu Mutegi et al. (2013) T1eauIMsiivsSnuuan
wugdaaasluussgdausiiunnsiaiu fe Uanszian polypropylene way polyethylene WU
Usmannud uvessadasil nnuuans1efusg el Tedd ey laeussRiau polypropylene
ﬁﬂ%mmmmﬁyumﬁﬁ'qmaaaamﬁa Polyethylene 4azUansLan AINEIRU uanaING

<

I a %,’ R I al o Ao w %
AnanssuvenneluwEdn (water activity) iWudnladenddglunismivay uazdesiung

§ = A

Aoupunmueawdenug Jalinalaenswonisfimunegnsiuinw Wesinainsaven

9

[
aaa

fsseiudsnanivhanfidodunisannsailvldlumaeigidviawesnninfizen
AR 9 (fjus’]ui’mﬂii:umwiuia@wa“qmﬂﬁuﬁm, 2546) LLazmsLﬁmﬂﬁﬁ%maaﬂ%m%LfJu
A0 V09ANEENIERINBDNTLIUABNITIDNVDLUAAR UG TEMI NS VTN TaeAw
Bemeilifedesiunmavhamedaiana i DNA RNA Lag TUsiu (Sano et al., 2016) Gams
AeUfRssoendinduvedlututiueg fuvatedade 1w sandiou uas Ay gamgd sad

[

Yanussiua wazan112n13NUsnY (Liscanlen et al., 2000; Reed et al., 2002) Waan
n134An autoxidation tldoyuadaszdazdnidlyiaa lipid peroxidation M lviiinA Y
Femeiuiwad waznisiie lipid peroxidation foilutladedirmlunsideuaninvesudn
- U a ~ o g v & o & & = A v I3
Hykaznsnbududasyddiuinliud anus A suan mainaudenigue g 0y uiwad
(Trawatha et al., 1995) Figenndeafun133189UY01 Kukoyi et al. (2014) nd1331 U39
Susianmnstiusng tagszesallinansznuasauavesdiunaas laeuidudd
a A + - ¢ 2w =~ =i a v 0 N
dasnussglunszletlaveindounaninasuaziiusnuiunde (Momumgivies) edaegns
Aushwuazaun nuesinduled @ Demir and Kadioglu (2024) 5189143158 U08nTLaU
Tuvssyiadissninenasiiusnyiludiudseneuidussdvs amlunissnwimiusenteaude
WazN19L93 A UlATBIR UNa1 1ag Bulaong and Dharmaputra (2002) $1897U1152A UUDINTA
lesfudasuiauesnedidedfyaussagnainisiiusnuaiaas uonantnanssuveseule
Tudniudazanaeniuszoz NN UsnwIiududmalinnueenuasAuLdusianas
(Khan et al., 2013) 4 1@8aAa@IiUN1531891U89 Chauhan et al. (2011) Na@1331N13
= @ A [ 7 o & o ¢
Houannvasudnigniuetgealuanmnlinisinauvedeuledluudaiusuaznisvigla
anas daNaliiiandsy (ATP) 8 m1sd1sesvesudn uaznisiasunladlassadisluanag
YA liUsEavnmanas 1nn1sAnwIves Manik et al. (2023) wudndeiugmnuing
luvssydudigyiniaainisasnwqua mudaniug bildganan lneduanssnune
aaa a L3 14 Y ~ = = v v (3
AMNATInuazAInssuvesauleyl dehydrogenase Hosidn Ll aiUSeuiioufuussYa
yiladu 9 FelndiAesiuran1ImAaedves Patil et al. (2018) 18MUIUTTVA 0 PICS @13nsa
IR NN NAE auazALIeNa e 78.0 Wesidud nasainiiusnel 9 wiieu 1edain

[ [ (3 g = LY dy v A = a LY [ s a A
LﬂUUiiﬂﬂm%quyﬂﬂqﬁﬁ'}ﬂJsﬁu s?iﬂﬁ']ﬂ\l']’ﬁﬂﬂuﬂ'ﬁ'lllsl]uvl@ﬂLll'e]LU?EJULV]EJUﬂUU'ﬁ'ﬁQﬂm%GUU(ﬂE]u 9
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LAz Meena et al. (2017) Seauiwanidasiiussqluussednsigyainia @snsasnu
A mveasdnld TnefinmsdennunmilosiigailienSouiivuiuussaiasivindu
MnnMsAnwiudaddaniuginuu 9 Aiunsussgeeisnnsng 9 lWifudnw
Tuanwiluandnadu wuin mafusnwiudeiusluanmauauan mwindon amnsasnm
Aunmiudaiusldfnimafuinuluanmbinuuanmuinden elnnziadusyans
anduius wuanlesiudnsaladudassiinnuduiusiiauiunansdiuianssuvesouled
dehydrogenase Tuanmmaifiuinwuvuamuauaniwedon luvasiiefidudnsnlusiy
Sasyilanuduwus savedrsuniuianssuvesioules dehydrogenase uagiuesidusd
Ansenveasdniiusluanmnsituinwuullimuauanmwedey iesnudniiaaemdi
Tunsgarudu AaunmsasdadsldunansenuanmauasuulaswesUdnumuty
Arududuivs iaggumnd (Roberts et al,, 1972) Tnsuidafiviniumafvnyiluaninid
A udiingennin 60 Wesifud iilesnndmmudssfiasfaaudaussminennfuinw
wardwaliiinnisgadenmunimasaudaiugle (Caddick, 2021) denndesiunisdnuives
Patil et al. (2018) T uIsatidiaadhrsanmnsAusnw Wy guumgdl enuduveude
i wazuas Wudu Magaiasnmmyvasmaniug s1anaannsasuamsdunil W
Tusiu andlulatnse namleiiu uazdoniiu Wusy demuidinvoasdnldsudvsnasgrann
mnanmiadaslussrinmaiuing adedaaaduadeiifusmanisugemadennanin

£
= = 1

Jeueg Avaninluszndnenisn usnwa NS UN 9 LayAIsanALTWUARE 18 a9 ATl

6

AU UATIN 10 WS us (Rahmianna and Yusnawan, 2007; WHO/FAO, 2012) aeislsiinny

P I N A & o Aaa 2 & v e i
WM USINuAIR A AsilTInvean@anausaanadliilogamgiluseninens
AUy LTY Wewngaumglifisdwiisnsmansudisemaailuwdaiuudwal

WAAAANISLS HAUN15LE auanInlussezwsn (Hartmann-Filho et al., 2016) @anAd 941y

nMsAnwIvel Nautiyal et al. (1990) seuiaaafidusinanindugwhiigadennuenuas
Auudesslunadudu Teeilunisiinnduiiuainufisersendindudniinainnsduia
fuaNsouLazoandLau (Mercer et al,, 1990) 357N ARdAtuNT nEIAMANVBUNAATY

sEinnaAuinwfe MsangaumalinarAnuTuvesNdn (Manik et al., 2023) @enadosiu

'
a =

nM3ANY1ved Nithya and Renugadevi (2017) s18auindniugaidasiiiuinwigumgd

]

-20 BIFANBATEA wAZAIUTUAUNNS 6 WS HUA A1NITAIANNINNIIETTINEIVBUNER
! v A < s = S s ! a a
Wy ANenuAAYAuLTwsege Tnedin1sgideamnimmnisdaiai 1wy USinalusiu

Wi waznnsanasvefanssuveteulwilesfigniiaUiouiisuiuudaiuginusnely

]

ANINWINADY LAE Marthandan and Jerlin (2017) s1897u31015 AUS WL LdaRus 317 Tu

9

4 @ a a al 4 =Y 1% a a1 a 3
an v duliussansninaninnisiiusne luan InInaauUn e I@EJ@JV’]’]ﬂ"OﬂiiﬂHJ@QL@UI‘?J@J

dehydrogenase g4 #IUn15ANw1ve4 Davidson et al. (1982) s1891undndlaasauisaiiy
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Shwlildegtosuu 1 U gaungl 1-5 ssrwailoa uazinudy 7 Wesduivsesingd
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U a

druflonngll -18 ssrnwadua uazauTy 6 Wesiiud anunsafiushwlndidasu 2 s

a
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o q
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ey linaun ndsnamdsniniusnwliuds 2 U wazfigamgll 4 sarwaided AUty
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5.1 d@3unantmaasg

FFNsUITAMguaINIALaZEN NSNS N T IzaNs ons us e A A g

ddadlnuu 9 Ao UTAsia Polypropylene ﬁﬁzﬁungimmﬂ -0.04 MPa 8z Polypropylene

D.

U [

¥ @ (% 4 ¥ o ¥ =3 o
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a v a o a ¢ s & U =
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Abstract The results showed that seeds stored in 760-gauge polypropylene bags at vacuum levels
of -0.04 MPa and -0.06 MPa under centrolled cenditions exhibited the highest dehydrogenase
enzyme activity, germination percentage and index; and also displayed the lowest free fatty acid
content. Additionally, it was observed that the moisture content and water activity of seeds in all
packaging materials remained consistent from the beginning to the end of the storage period.

Keywords: Free fatty acid, Dehydrogenase activity, Woven plastic bag, Polypropylene, Peanut

Introduction

Peanut is known as groundnuts (4Arachis hypogaea L.), which belongs
Fabaceae and hold significant economic importance as they ean be cultivated
year-round. Peanuts are widely grown across the globe, with approximately 41.4
million metric tons produced worldwide in the 2019/2020 season, showing a
slight decrease from 42.79 million metric tons in 2018/2019 (International Nut
and Dried Fruit Couneil, 2020). In the 2019/2020 production year, Thailand
reported peanut cultivation on 93,258 rai of land, yielding a fotal of 31,097 tons,
while the domestic demand for peanuts in Thailand stood at 126,178 tons. Due
to increased processing demands, which outstrip production capacity, peanuts are
imported from abroad. In 2019, Thailand imported 64.494 tons of peanuts,
valued at 2053.66 million baht (Department of Agriculture, 2015; Office of
Agricultural Economics, 2019). Peanuts are rich in oil, comprising 31-46 percent
of their composition, followed by protein (20.7-25.3 percent), carbohydrates (21-
37 percent), fiber (1.4-3.9 percent), and ash (1.2-2.3 percent) (Alhassan ef al.,
2017). The high oil content in peanuts makes them susceptible to rapid quality
deterioration through lipid oxidation, catalyzed mainly by factors such as
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oxygen, light, humidity, and high temperatures (Reed et al., 2002). Relative
humidity and ambient temperature during storage are crucial factors influencing
seed quality, directly tied to seed moisture content. Subtropical and tropical
regions often experience unfavorable conditions for seed storage, with groundnut
seeds harvested in the summer season losing approximately 50 percent of their
viability within 4-5 months. Proper seed storage is essential to maintain
germination and vigor, as high temperatures and relative humidity can rapidly
degrade peanut seed quality. Environmental conditions during growth and
harvest also play a significant role in seed quality and storability (Meena et al.,
2017). One of the most common quality issues with peanut seeds is excessive
aflatoxin contamination during postharvest processes like drying and shelling
(Department of Agriculture, 2015). Controlling temperature, relative humidity,
and using appropriate packaging materials can reduce aflatoxin contamination
during storage (Duangpatra and Promchote, 2000). Maintaining low relative
humidity levels, along with storing soybean kernels in aluminum foil bags, has
been shown to delay seed deterioration, particularly in terms of phospholipid and
protein contents of the mitochondrial inner membrane, germination, and
germination velocity (Tatipata, 2009). A widely accepted approach to mitigating
lipid autoxidation in peanut seeds is controlling the gas composition within the
packaging, utilizing techniques such as vacuum packaging and careful
temperature regulation (Sandhya, 2010). Kowalski et al. (1994) reported that
vacuum pressure can inhibit the oxidation of linoleic acid, as oxygen s a primary
catalyst for the oxidation of enclosed products. Therefore, packaging with
minimal voids can effectively prevent oxidation (Anonymous, 2000). In general,
seeds stored In scaled containers exhibit greater resistance to moisture
fluctuations compared to seeds in permeable containers when subjected to
ambient and cold storage conditions. The choice of packaging materials should
consider factors such as seed type, quantity, packaging method, storage duration,
storage temperature, and ‘relative humidity of the storage area (Meena et al.,
2020). Vacuum technology minimizes quality loss by reducing insect activity,
fungal growth, and metabolic processes within the seeds. In contrast, seeds stored
under non-hermetie conditions tend to experience reduced quality, manifesting
as increased fatty acid content and buoyancy index. Dry peanut seeds should be
stored in containers that prevent moisture increase. According to Mutegi ef al.
(2013), peanuts stored in various types of bags showed different moisture levels
after 6 months, with averages of 5.1% for polypropylene, 5.2% for polyethylene,
and 5.3% for jute. Jute bags readily absorb moisture but provide good ventilation,
whereas polypropylene and polyethylene bags do not absorb moisture but retain
heat (Kennedy and Devereau, 1994). Combining polypropylene packaging with
vacuum pressure can effectively maintain peanut seed quality, resulting in low
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acid and peroxide values, low relative electrical conductivity, and a higher
germination rate compared to traditional plastic sacks. The reduced vacuum
pressure within the packaging decreases oxygen levels and, consequently,
oxidation (Anjian et al., 2016). The objective was to identify a seed storage
method to be effectively preserved peanut seed quality under specific storage
conditions and vacuum pressure levels, and to provide the guidelines for peanut
seed and product storage to minimize quality loss during storage.

Materials and methods
Preparation of peanut seed for storage

A storage experiment was conducted over a period of 6 months, spanning
from January 2023 to July 2023, at the Department of Plant Production
Technology, School of Agricultural Technology, King Mongkut’s Institute of
Technology - Ladkrabang. The research was done using 2-factor factorial
experiment in a completely randomized design. Factor A was the packaging
treatment, and Factor B was the storage condition. Peanut seeds were placed in
two types packaging materials; woven plastic bags and polypropylene 760-gauge
(PP), which were considered as control packaging materials. The vacuum levels
employed for'the polypropylene (PP) packaging were set at -0.02 MPa, -0.04
MPa, -0.06 MPa, and -0.08 MPa, respectively. Each bag contained a sample size
of 410 g, and the packaging treatment was replicated three times. The
polypropylene 760-gauge bags were sealed using a vacuum packaging machine
(model BELTER-10), while the woven plastic bags were sealed through sewing.
All packages were stored in two distinct environmental conditions; ambient
conditions: (approximately 35.5°C) and controlled conditions (13+£2°C and
19£11% relative humidity) for 6 months. Sampling was conducted every 2
months to determine various quality parameters in all treatments, including free
fatty acid content, dehydrogenase enzyme activity, seed moisture content, seed
water activity, seed germination percentage in  the laboratory, and seed
germination index.

Free fatty acids content

The percentage of free fatty acids in the oil sample was determined by
titrating the oil in neutralized ethanol (95%) using a NaOH solution, following
the method outlined in AOCS (1998), specifically method no. Ca 5a-40.
Three grams of the sample were placed into a clean, dry conical flask, along with
50 mL of 95% ethanol. The mixture was adequately stirred to ensure complete
dissolution of the sample. Subsequently, 1-2 drops of phenolphthalein indicator
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were added, and the contents were titrated against a 0.1 N NaOH solution. The
titration was carried out with continuous shaking until a pink color persisted for

at least 30 seconds. The percentage of free fatty acids was then calculated as
follows:

(A-B) x Nx 28.2
Weight of oil sample (g)

% FFA as oleic acid =

where

A = is the amount of sodium hydroxide solution used to titrate the sample (ml).

B = is the amount of sodium hydroxide solution used to titrate the Blank
solution (ml).

N = 1s the concentration of the prepared sodium hydroxide solution.

28.2 = is the percentage by weight of oleic acid-

Dehydrogenase enzyme activity (OD Value)

Representative seeds (25) from each treatment were selected and
preconditioned by soaking them in water overnight at room temperature. The
seeds. were chosen randomly, and their embryos were then excised. These
embryos were immersed in a 0.25 percent solution of 2, 3, 5-triphenyl tetrazolium
chloride and lefi in the dark for two hours at 40°C to allow for staining. Following
staining, the seeds were thoroughly washed with water and subsequently soaked
in 10 ml of 2-methoxy ethanol (methyl cellulose) and left overnight to extract the
red-colored formazan. The mtensity of the red color was measured using an
ELICO UV-VIS spectrophotometer (model SC-159) equipped with a blue filter
(470 nm), and methyl cellulose was used as the blank. The optical density (OD)
value obtained was reported as dehydrogenase activity (Kittock and Law, 1968).

Seed moisture content

The moisture content of peanut seed was determined using the hot air oven
method. The procedure invelved the following steps: Weigh the aluminum can
with its cover and record the initial weight-as M1. Collect samples ranging from
5 to 10 grams of the seed and place them in an aluminum can. Weigh the can
with the sample, recording this weight for each treatment with three replications
as M2. Place the aluminum can, along with its cover, in a hot air oven set at
130°C for 1 hour (ISTA, 2019). After the prescribed period, remove the
aluminum can from the hot air oven and place it in a desiccator for 30 minutes.
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After cooling, weigh the aluminum can with the cover and the sample inside as
M3. Calculate the seed moisture content using the following formula:

M> — M3
Seed moisture content (%)= | ——— | x 100
M2 - Mi
where
M, = The weight in grams (to a minimum of three decimal places) of the
aluminium can and its cover.
M; = The Weight in grams (to a minimum of three decimal places) of the
aluminium can, its cover and its contents before drying.
M3 = The weight in grams (to a minimum of three decimal places) of the
aluminium can, its cover and its contents after drying.

Seed water activity

The determination of seed water activity was conducted using the RR
Moisture instrument (RHINO, model HC2-AW-USB-SW),. which measures
water activity in seeds. The seeds were placed into probes and these probes were
then positioned in the sample holder of the instrument. The  instrument
thenprovided readings of the seed water activity, which were recorded as the
results of the study.

Germination percentage of seeds in laboratory condition

The percentages of peanut seed germination were determined using the
between-paper method. Random samples of 50 seeds were selected, and these
seeds were placed between two damp planting papers. The stack of papers with
the seeds was then incubated in an environment where the temperature was
controlled at 25°C. Germination was assessed by counting the number of
normally germinated seedlings at both 5 days (as the first count) and 10 days (as
the final count) following incubation (ISTA, 2019).

number of normal seedlings

seed germination (%) = x 100

number of cultivated seeds
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Germination index

Peanut seeds were cultivated following the laboratory seed germination
test method. The counting of normally germinated seeds was conducted on day
5 (as the first count) and day 10 (as the final count) (ISTA, 2019).

o number of normal seedlings in each day
germination index =}

number of days afier cultivation
Data analysis

The experiment was designed as a 6 x 2 factorial experiment in a
completely randomized design with three replications. Factor A represented the
packaging treatments, while Factor B represented the storage conditions. The
data were subjected to-analysis of variance (ANOVA), and comparative analyses
between means were conducted using the Duncan’s New Multiple Range Test
(DMRT) within the Statistical Analysis System (SAS).

Results
Free fatty acids content

The study investigated the effects of different packaging treatments on the
preservation of peanut seeds over a 6-month period. The results indicated that
the free fatty acid content increased from the imitial stage in all packaging
treatments, with no significant differences observed up to 4 months. However,
after 6. months of storage, significant differences were observed at a 99%
confidence level: The highest free fatty acid content was observed in PP (-0.06
MPa) at 0.610%, which was not statistically different from PP (-0.04 MPa) and
PP (-0.02 MPa), with values of 0.595% and 0.588%, respectively. Conversely,
the lowest free fatty acid content was found in woven plastic bags at 0.435%, but
this was not statistically different from PP (-0.08 MPa), which had a value of
0.503%, or PP (-0.02 MPa) at0.505%. The study assessed the effects of different
storage conditions on free fatty acid content in peanut seeds. The results showed
that there were no statistically significant differences in free fatty acid content
between 0 and 2 months of storage. However, significant differences, with a 99%
confidence level, were observed at 4 and 6 months. The highest free fatty acid
content was recorded in ambient conditions at 0.494% and 0.664% for 4 and 6
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months, respectively. In contrast, the lowest levels of free fatty acids were found
in controlled conditions at 0.385% and 0.414% for 4 and 6 months, respectively.
A significant statistical interaction was observed between the packaging
treatments and storage conditions for peanut seeds, except during the first 2
months. At 4 months, the highest free fatty acid content was observed in the
combination of PP (-0.02 MPa) with ambient conditions, at 0.616%. However,
there were no statistically significant differences when compared with PP and PP
(-0.04 MPa) in combination with ambient conditions, which were at 0.553% and
0.490%, respectively. The lowest free fatty acid content was recorded in the
combination of PP (-0.04 MPa) with controlled conditions, at 0.320%, followed
by PP (-0.02 MPa) with controlled conditions, at0.336%, respectively. After 6
months, the highest free fatty acid content was found in PP (-0.04 MPa) with
ambient conditions, at (.790%, but this was not statistically different from PP
with ambient conditions at 0.773%, respectively. The lowest free fatty acid
content among all packaging treatments was observed in the combination of
controlled conditions with PP (-0.06 MPa) with ambient conditions (Table 1).

Dehydrogenase enzyme activity (OD Value)

The study investigated the effects of different packaging treatments on the
dehydrogenase activity of stored peanut seeds at various time intervals. The
results indicated that there were no statistically significant differences in
dehydrogenase activity at 0, 4, and 6 months. However, at the 2-month mark,
statistically significant differences, with a 99% confidence level, were observed.
The highest dehydrogenase activity, measured at 1:356 OD value, was recorded
in PP (-0.08 MPa). Nevertheless, this was not statistically different from PP (-
0.06 MPa), which had a dehydrogenase activity of 1.203 OD value. After 6
months of storage; the highest dehydrogenase activity was observed in PP (-0.04
MPa), with a value of 1.155 OD. However, this was not statistically different
from other packaging treatments. Regarding the effects of storage conditions, the
results indicated that dehydrogenase activity was not statistically different at 0,
2, and 4 months. However, a significant difference, with a 99% confidence level,
was observed at the 6-month mark. The highest dehydrogenase activity,
measured at 1.124 OD wvalue, was found in controlled conditions, while the
lowest dehydrogenase activity, at 0.937 OD value, was observed in ambient
conditions. No significant interaction was observed between the packaging
treatments and storage conditions for peanut seeds regarding dehydrogenase
activity at 0, 2, 4, and 6 months. At 2 and 4 months, the highest dehydrogenase
activity was observed in the combination of PP (-0.08 MPa) with controlled
conditions, with OD values of 1.410 and 1.333, respectively. At 6 months, the
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highest dehydrogenase activity was observed in PP (-0.04 MPa) combined with
controlled conditions, with an OD value of 1.327. However, no statistically
significant differences were observed when compared to other treatments for the
same month. Additionally, the total dehydrogenase activity (TDH) decreased in
all packaging treatments stored in ambient conditions (Table 2).

Table 1. Free fatty acids content of peanut var. Tainan 9 with different packaging
treatments before and after stored in different conditions for 6 months

Factors Eree fatty acids content
Month 0 Month2  Month4 Month 6

Packaging treatment
woven plastic bag 0:336 0:351 0.406 0.435b
PP 0.351 0.335 0.478 0.610a
PP (-0.02 MPa) 0.348 0.350 0.476 0.503 b
PP (-0.04 MPa) 0.333 0.340 0.405 0.588 a
PP (-0.06 MPa) 0.345 0.346 0.435 0.595 a
PP (-0.08 MPa) 0.331 0.320 0.438 0.505b
Storage condition
Ambient 0.356 0.369 0.494 a 0.664 a
Controlled 0.325 0311 0.385b 04140
Packaging treatment x Storage condition
Control Ambient 0.336 0.390 0.396¢cd 0.476 bc

Controlled 0.336 0.313 0416bed 0393 ¢
PP Ambient 0.383 0.363 0.553.ab — 0.773 a

Controlled 0.320 0.306 0403cd  0446¢
PP (-0.02 MPa) Ambient 0.363 0.373 0.616a 0.570 b

Controlled 0.333 0.326 0.336.d 0.436 ¢
PP (-0.04- MPa) Ambient 0.333 0.383 0.490 abc 1 0.790 a

Controlled 0.333 0.296 0.320d 0.386 ¢
PP (-0.06 MPa) Ambient 0:396 0.383 0.463bed 0.793 ¢

Controlled 0293 0.310 0406cd  0.3%c
PP (-0.08 MPa) Ambjent 0.326 0.323 0446 bcd  0.583 b

Controlled 0.336 0316 0.430becd 0.426¢c
F-test
Packaging treatment ns ns ns e
Storage condition ns ns = b
Packaging treatment x Storage condition  ns ns Ly b
C.V. (%) 58.32 26.51 17.24 11.54

ns: not significantly different, * and ** significantly different at 95% and 99% levels.
!/Different uppercase letters in same vertical are significantly different by method of Ducan’s

New Multiple Range Test (DMRT).
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Table 2. Dehydrogenase enzyme activity of peanut var. Tainan 9 with different
packaging treatments before and after stored in different conditions for 6 months

Factors Dehydrogenase enzyme Activity (OD Value)
Month0 Month2 Month4  Month 6

Packaging treatment
woven plastic bag 1.126 1.014 ¢ 1.060 1.003
PP 1.052 1.017 ¢ 1.037 0.968
PP (-0.02 MPa) 1.073 0.998 ¢ 1.041 0.940
PP (-0.04 MPa) 1.019 1.046 be 0.963 1.155
PP (-0.06 MPa) 1.034 1.203 ab 1.062 1.042
PP (-0.08 MPa) 1.108 1356 a 1.261 1.076
Storage condition
Ambient LIN 1.097 1.033 0.937b
Controlled 1.027 1.114 1.108 1.124 a
Packaging treatment * Storage condition
Control Ambient 1.196 1.024 1.013 0.970
Controlled 1.057 1.003 1.108 1.035
PP Ambient 1.103 0.980 1.025 0.885
Controlled 1.001 1.054 1.050 1.050
PP (-0.02 MPa) Ambient 1.080 0.992 1.022 0.838
Controlled 1.066 1.004 1.059 1.042
PP (-0.04 MPa) Ambient 1.034 1.019 0.920 0.984
Controlled 1.004 1.073 1.006 1.327
PP (-0.06 MPa) Ambient 1.064 1.264 1.028 0.913
Controlled 1.004 1.142 1.095 1.171
PP (-0.08 MPa) Ambient 1.187 1.302 £190 1.034
Controlled 1.030 1.410 1.333 1.119
F-test
Packaging treatment ns T ns ns
Storage condition ns ns ns b
Packaging treatment » Storage condition ns ns ns ns
C.V. (%) 16.681 12,705 14.762 16.698

ns: not significantly different and ** significantly different at 99% levels.
YDifferent uppercase letters in same vertical are significantly different by method of Ducan’s New Multiple Range
Test (DMRT).

Seed moisture content

The study examined the influence of different packaging treatments on the
moisture content of stored peanut seeds. The observations on the moisture
content of peanut seeds were significantly different at the 99% confidence level
from 2 to 6 months of storage, except at the initial stage. At 2, 4, and 6 months
of storage, seeds stored in woven plastic bags recorded the lowest moisture
content for all the months, which were 5.28%, 5.23%, and 5.10%, respectively.
However, the moisture content for each month was nearly similar when
compared to the initial stage. Regarding the moisture content under different
storage conditions, significant differences were observed at the 99% confidence
level at 2, 4, and 6 months of storage. The highest moisture content was recorded
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in controlled conditions, at 5.88%, 5.79%, and 5.89% for 2, 4, and 6 months,
respectively. Conversely, the lowest moisture content was observed in ambient
conditions, which measured 5.67%, 5.49%, and 5.49%, respectively. A
significant statistical interaction between packaging materials and storage
conditions for peanut seeds was observed at 4 months of storage, except at 0, 2,
and 6 months. At 4 months, the highest moisture content was found in the
combination of PP (-0.02 MPa) with controlled conditions, at 5.92%. However,
this was not statistically different from PP (-0.04 MPa) and PP in combination
with controlled conditions; Which measured 5.91% and 5.89%, respectively.
Conversely, the lowest moisture content was observed in woven plastic bags
combined withambient conditions, at 4.87% (Table 3).

Table 3. Seed moisture content of peanut var. Tainan 9 with different packaging
treatments before and after stored in different conditions for 6 months

Factors Seed moisture content (%)
Month )  Month 2 Month4 = Month 6

Packaging treatment
woven plastic bag 5. %5 5.28¢ 523b 5.10b
EP 5.83 5.72b 567a 5.80a
PP (-0.02 MPa) 5.63 5.90 ab 5.76a 5.71a
PP (-0.04 MPa) 5.84 5.78 ab 5.78a 5.88 a
PP (-0.06 MPa) 5.96 599a 563a 571a
PP (<0.08 MPa) 6.24 5.97a S77a 5.92a
Storage condition
Ambient 5.95 5.67b 5.49b 549b
Controlled 581 5.88a 5:79 a 5.89a
Packaging treatment < Storage condition
Control Ambient 5.78 5.06 487d 4.79
Controlled 3.72 5.49 5.60 be 5.41
PP Ambient 5.80 5.70 544c¢ 5.66
Controlled 5.86 5.74 5.89a 5.93
PP (-0.02 MPa) Ambient 5.70 5.85 5.60 be 5.52
Controlled 5.57 5.95 592 a 5.90
PP (-0.04 MPa) Ambient 5.74 5.59 5.66abc  5.76
Controlled 5.95 5.98 591a 5.99
PP (-0.06 MPa) Ambient 6.04 5.84 5.60 be 5.38
Controlled 5.88 6.14 5.65abc  6.04
PP (-0.08 MPa) Ambient 6.61 5.98 5.77 ab 5.81
Controlled 5.87 5.97 5.77 ab 6.04
F-test
Packaging treatment ns ol - .
Storage condition ns »* e b
Packaging treatment x Storage condition ns ns ae ns
C.V. (%) 6.82 2.86 2.62 3.73

ns: not significantly different and ** significantly different at 99% levels.
!/Different uppercase letters in same vertical are significantly different by method of Ducan’s New
Multiple Range Test (DMRT).
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Seed water activity

The water activity in peanut seeds was measured using an RR moisture
analyzer. Peanut seeds stored with different packaging treatments showed
significant differences at a 99% confidence level after 0 to 6 months of storage.
At 0, 2, 4, and 6 months, peanut seeds stored in woven plastic bags recorded the
lowest water activities, measuring 0.672, 0.609, 0.550, and 0.556, respectively.
The effects of storage conditions were found to be significantly different at a
95% confidence level at the initial stage and statistically different at a 99%
confidence level at 2, 4, and 6 months. From 0 to 6 months, the highest water
activities under controlled conditions were 0.680,0.660, 0.635, and 0.636, while
the lowest water activities at ambient conditions were 0.677, 0.646, 0.597, and
0.610, respectively. However, there was no significant difference when
compared with the initial water activity value. A significant statistical interaction
between packaging treatments and the storage conditions of peanut seeds was
observed at 0, 4, and 6 months, except at 2 months. At 0, 4, and 6 months, the
lowest water activity was observed in woven plastic bags combined with ambient
conditions, measuring 0.666, 0.494, and 0.529, respectively (Table 4).

Germination percentage

The study examined the effects of different packaging treatments on the
germmation  percentage of peanut seeds. The results indicated that the
germination percentage declined as the storage period advanced, but no
significant changes were recorded throughout the 0 to 6 months of storage.
Germination decreased in all packaging treatments. The overall ranking of
germination percentages in peanuts with different packaging treatments was as
follows, in decreasing order: PP (-0.08 MPa), PP (-0.06- MPa), woven plastic bag,
PP, PP (-0.02 MPa), and PP (-0.04 MPa), with values of 53.33%, 57.33%,
59.33%, 61.33%, 62.33%, and 62.33%, respectively. Regarding the influence of
different storage conditions on the germination percentage of peanut seeds, the
results showed no significant differences at 0 to 2 months. However, a
statistically significant difference of 99% was observed at 4 and 6 months of
storage. The highest germination percentages were recorded in controlled
conditions, at 78.88% and 76.44% for 4 and 6 months, respectively, while the
lowest germination percentages were observed in ambient conditions, at 61.55%
and 42.22%, respectively. No interaction was observed between packaging
treatments and storage conditions on germination percentage at 0, 2, and 4
months of storage. However, a significant statistical interaction between
packaging materials and storage conditions on germination percentage was
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observed at 6 months. The seeds treated with PP (-0.04 MPa) in combination
with controlled conditions recorded the highest germination percentage of
82.66%, followed by PP (-0.06 MPa) in combination with controlled conditions
at 80.66%. Nevertheless, there was no statistical difference when compared with
all packaging treatments stored in controlled conditions, except for woven plastic
bags (Table 5).

Table 4. Seed water activity of peanut var. Tainan 9 with different packaging
treatments before and after stored in different conditions for 6 months
Factors Seed water activity
Month 00 Month2 Month4 Month 6

Packaging treatment
woven plastic bag 0.672¢ 0.609d 0.550 ¢ 0.556 b
PP 0.681 a 0.670 a 0.636b 0.631 a
PP (-0.02 MPa) 0.680 a 0.664ab 0.670a 0.630 a
PP (-0.04 MPa) 0.678 ab 0:652¢ 0.646b  0.635a
PP (-0.06 MPa) 0.676b 0.666ab 06l6¢ 0.645 a
PP (-0.08 MPa) 0.682 a 0.658be -« 0.577d 0.642 a
Storage condition
Ambient 0.677 b 0.646 b 0.597b 0.610 b
Conirolled 0.680 a 0.660 a 0.635/a 0.636 a
Packaging treatment ¥ Storage condition
Control Ambient 0.666 d 0.598 0494g  0.529f
Controlled 0.678 be 0.620 0.607de ~0.582¢
PP Ambient 0.683 a 0.665 0.609de  0.627 cd
Controlled 0.678abe  0.674 0.663 b 0.636 abc
PP (-0.02 MPa) Ambient 0.678 abc_ '0.659 0.646bc  0.608d
Controlled 0.682 ab 0.669 0.694 a 0.653 a
PP (-0.04 MPa) Ambient 0.677 be 0.651 0.649be ~ 0.630 be
Controlled 0.680abc - 0.652 0.643be  0.641 abe
PP (-0.06 MPa) Ambient 0676 ¢ 0.658 0.626cd 0.634 abc
Controlled 0.676¢ 0.675 0.605de 0.656a
PP (-0.08 MPa) Ambient 0.680 abc  0.647 0.558 f 0.634 abc
Controlled 0.684 a 0.669 0595 ¢ 0.650 ab
F-test
Packaging treatment o o o o
Storage condition * o o o
Packaging treatment x Storage condition ~— ** ns ok *
C.V. (%) 0.43 1.19 2.12 1.88

ns: not significantly different, * and ** significantly different at 95% and 99% levels.

!/Different uppercase letters in same vertical are significantly different by method of Ducan’s New
Multiple Range Test (DMRT).
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Table 5. Germination percentage of peanut var. Tainan 9 with different
packaging treatments before and after stored in different conditions for 6 months

Factors Germination (%)
Month 0  Month 2 Month4  Month 6

Packaging treatment
woven plastic bag 95.33 81.33 69.66 59.33
PP 90.66 78.00 75.00 61.33
PP (-0.02 MPa) 94.33 80.00 65.00 62.33
PP (-0.04 MPa) 91.00 79.66 68.660 62.33
PP (-0.06 MPa) 94.33 79.33 71.00 57.33
PP (-0.08 MPa) 92.00 82.33 72.00 53.33
Storage condition
Ambient 93.77 79.11 61.55b 422206
Controlled 92.11 8L 78.88a 76.44 a
Packaging treatment > Storage condition
Control Ambient 9533 78.66 64.00 5200¢
Controlled 95.33 84.00 75.33 52.00b
PP Ambient 94.00 7933 68.66 4333 ed
Controlled 87.33 76.66 81.33 79.33 ab
PP/(-0.02 MPa) Ambient 94.00 78.00 52.66 4533 cd
Controlled 94.66 82.00 71.33 79.33 ab
PP (<0.04 MPa) Ambient 94.66 80.66 60.66 4200 cd
Controlled 87.33 78.66 76.66 82.66a
PP (-0.06 MPa) Ambient 93.33 76.00 61.33 34.00d
Controlled 95.33 82.66 80.66 80.66 a
PP (-0.08 MPa) Ambient 91.33 §2.00 62.00 Jo.06d
Controlled 92.66 82.66 82.00 70.00 ab
F-test
Packaging treatment ns ns ns ns
Storage condition ns ns - *
Packaging treatment x Storage condition ns ns ns *
C.V. (%) 4.74 5.95 8.30 11.98

ns: not significantly different, * and ** significantly different at 95% and 99% levels.
!/Different uppercase letters in same vertical are significantly different by method of Ducan’s New
Multiple Range Test (DMRT).

Germination index

The study assessed the effects of different packaging treatments on the
germination index of peanut seeds, and no significant changes were observed
throughout the storage period from 0 to 6 months. In the germination index, a
decrease was noted in all packaging treatments. The overall ranking of the
germination index for peanuts in different containers was as follows, in
decreasing order: PP (-0.08 MPa), PP (-0.06 MPa), woven plastic bag, PP, PP (-
0.02 MPa), and PP (-0.04 MPa), with values of 2.66%, 2.86%, 2.96%, 3.06%,
3.11%, and 3.11%, respectively. Regarding the influence of different storage
conditions on the germination index of peanut seeds, there were no statistically
significant differences at 0 and 2 months. However, at 4 and 6 months, a
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statistically significant difference of 99% was observed. The highest germination
index was recorded in controlled conditions, at 3.94% and 3.82% for 4 and 6
months, respectively, while the lowest germination index was observed in
ambient conditions, at 2.96% and 2.11%, respectively. No interaction was
observed between packaging treatments and storage conditions on the
germination index at 0, 2, and 4 months. However, a significant statistical
interaction was observed after 6 months of storage. The seeds treated with PP (-
0.04 MPa) in combination with controlled conditions recorded the highest
germination index of 4.13%, followed by PP (-0.06 MPa) in combination with
controlled conditions at 4.03%. Nevertheless, there was no statistical difference
when compared with all packaging treatments stored in controlled conditions,
except for woven plastic bags (Table 6).

Table 6. Germination index of peanut var. Tainan 9 with different packaging

treatments before and after stored in different conditions for 6 months
Factors Germination index
Month 0 Monih 2 Month 4 Month 6

Packaging treatment
woven plastic bag 4.76 4.06 3.41 2.96
PP 4.53 3.90 3.65 3.06
PP (-0.02 MPa) 4.71 4.00 3.25 3.11
PP (-0.04 MPa) 4.55 3.98 341 311
PP (-0.06 MPa) 4.71 3.90 3.38 2.86
PP (-0.08 MPa) 4.60 4.08 3.60 2.66
Storage condition
Ambient 4.68 3.93 296 b 2.11b
Controlled 4.60 4.04 394a 3.82a
Packaging treatment < Storage condition
Control Ambient 4.76 3.93 3.06 260 ¢
Controlled 4.76 4.20 3.76 333b
PP Ambient 4.70 396 323 2.16cd
Controlled 4.36 3.83 4.06 3.96 ab
PP (-0.02 MPa) Ambient 4.70 3.90 2.63 226¢cd
Controlled 4.73 4.10 3.86 3.96 ab
PP (-0.04 MPa) Ambient 4.73 4.03 3.00 2.10¢cd
Controlled 4.36 3.93 383 413a
PP (-0.06 MPa) Ambient 4.66 3.66 273 1.70d
Controlled 4.76 4.13 4.03 4.03a
PP (-0.08 MPa) Ambient 4.56 4.10 3.10 1.83d
Controlled 4.63 4.06 4.10 3.50 ab
F-test
Packaging treatment ns ns ns ns
Storage condition ns ns w **
Packaging treatment x Storage condition ns ns ns *
C.V. (%) 4.74 6.29 9.34 11.98

ns: not significantly different, * and ** significantly different at 95% and 99% levels.
!/Different uppercase letters in same vertical are significantly different by method of Ducan’s New
Multiple Range Test (DMRT).
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Discussion

Peanut seeds often suffer from oxidation and moisture fluctuations during
storage. The quality of peanut seeds decreases as the storage period increases.
Seeds lose their germination and viability, and vacuum packaging can be used to
extend their shelf life because seeds are essential raw materials in agriculture.
Therefore, seed viability and vigor must be maintained (Anjian et al., 2016;
Meena et al., 2020). Packaging and packaging types have a direct influence on
physical and chemical changes. In general, the most widely used packaging
material is plastic due to its light weight, good preduct quality, ability to
determine the shape of the packaging, and reeyclability (Narayanan and Dordi,
1998). Peanut seed quality deterioration increases with the advancement of the
storage period. Factors such as dehydrogenase activity, seedling vigor index,
germination percentage, seed infection, and moisture content increase over time.
However, when peanuts are stored in polyethylene 700-gauge packaging, seed
quality is better maintained even after 10 months of storage (Vasudevan ef al.,
2014). Sheik ez al. (1985) reported that vacuum and nitrogen gas replacement in
the packaging of peanuts inhibited rancidity and fungal growth. In this study,
packaging treatments affected the percentage of free fatty acids, which increased
during the 4 to 6 months of storage. The germination percentage and germination
index decreased throughout the increasing storage period, while dehydrogenase
enzyme aetivity, moisture content, and water activity remained close to their
initial values. The most suitable packaging treatments for Tainan 9 peanut seeds
were PP (-0.04 MPa), followed by PP (-0.06 MPa), as they were the best at
maintaining quality. Dehydrogenase activity, germination, and germination
index were the highest, while free fatty acids were the lowest. This is consistent
with Anjian et al. (2016) who reported that vacuum packaging at a pressure of -
0.06 MPa was the most suitable for preserving peanut quality.

Storage conditions are crucial for maintaining the quality of peanut seeds.
Due to their high oil content, the deterioration of peanut seeds depends on the
postharvest storage conditions, including relative humidity and temperature in
the atmosphere, which generally influence seed longevity (Meena ef al., 2020).
The storage conditions of peanut seeds affected several factors during storage.
These include an increase in free faity acids, a decrease in dehydrogenase enzyme
activity, germination percentage, and germination index in ambient conditions.
Moisture content and water activity of peanuts under ambient conditions had the
lowest values but were not significantly different from the initial values. The
most efficient packaging treatments for Tainan 9 peanut seeds were controlled
conditions (13 + 2°C, 19 £+ 11% RH), as they were the most effective in
maintaining quality. Dehydrogenase activity, germination, and germination
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index were the highest, while free fatty acids were the lowest. This aligns with
the findings of Koskosidis et al. (2022), who reported that storing soybeans in
cold conditions preserved quality better than at room temperature. Storage of
peanut seeds at relatively low temperatures and high relative humidity can also
affect peanut quality. For example, peanut kernels stored at 19°C and 64%
relative humidity had the highest moisture content and the largest physical
damage, while samples stored at 24°C and 56% relative humidity had the lowest
moisture content, physical damage, and rancidity (Mutegi et al., 2013).
Consistent with these findings, peanut kernels stored hermetically at room
temperature (23-25°C) with low humidity (below 4%) maintained high
germination rates (>85%) for up to 8 years (Rao et al., 2002). Additionally, Liu
et al. (2022) reported that storing peanuts at 15°C for 160 days maintained the
protein composition and structure of peanuts. Similarly, Liu ef al. (2019) found
that peanut seeds stored at 15°C or subjected to short-term storage at 25°C were
suitable options. Temperature during storage can significantly impact lipid levels
and peanut oxidation, with higher temperatures leading to increased lipid
oxidation and nutrient loss.

In general, seeds stored in moisture-proof containers retain better quality
compared to moisture-permeable containers under ambient and cold conditions.
This is because seed moisture fluctuates more in a moisture-permeable container
than in a moisture-proof container (Meena et al., 2020). This finding is consistent
with the report by Bhattacharya and Raha (2002), who stated that hulled peanut
seeds with a moisture content of not more than 6% can be stored for at least 10
years without a loss of germination when stored in a sealed container at
temperatures-slightly above freezing (2 to 5 °C). Different packaging methods
can maintain the quality of peanuts for varying periods of storage. Therefore,
choosing an appropriate container for storing peanut seeds is essential and should
be determined based on the desired storage period and desired quality (Fu ez al.,
2018). The choice of packaging treatment combined with storage conditions
affects the percentages of free fatty acids, dehydrogenase enzyme activity,
germination percentage, and germination index. There is a reduction in all
packaging treatments when combined with ambient conditions. Meanwhile, the
moisture content and water activity in the woven plastic bag packaging combined
with ambient conditions are the lowest. This experiment demonstrated that the
most suitable packaging treatment and storage conditions for the peanut variety
Tainan 9 were polypropylene 760 gauge (-0.04 MPa) combined with controlled
conditions, followed by PP (-0.06 MPa) combined with controlled conditions.
These treatments were the most effective in maintaining quality for 6 months
throughout the storage period, resulting in the highest dehydrogenase activity,
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germination percentage, and germination index, while free fatty acids were the
lowest.
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