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Application of the D-optimal design of experimental for determining parameters in

compression molding of banana leaf cup containers
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Abstract

This research aims the optimal forming parameters for producing cup-shaped containers from banana leaves using
the thermoforming process. The study focuses on three main conditions: the number of banana leaf layers, forming
temperature, and forming time. A D-optimal experimental design was applied to reduce the number of experimental runs
while ensuring analytical reliability. The effects of these parameters on the mechanical strength and water absorption of
the containers were analyzed. The experimental results indicate that the optimal forming parameters comprises four
layers of banana leaves, a forming temperature of 140 °C, and a forming time of 2 minutes. Under this setting, the
containers achieved an average compression strength of 9.12 kN and a water absorption rate of 15.02%. Compared with
commercial molded pulp containers, which showed an average strength of 13.61 kN and water absorption of 16.63%, the
banana leaf containers exhibited statistically significant differences as confirmed by a two-sample t-test at the 95%
confidence level. Although the banana leaf containers showed lower compression strength, the values remained within
the requirements of 1ISO 3037:2022 (minimum 8 kN), and their water absorption met the criteria of I1SO 535:2014 (not
exceeding 17%). These findings support the suitability of banana leaf containers for practical applications and highlight

their potential as biodegradable and environmentally sustainable packaging alternatives.
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A153LATITRN@DANY Two-Sample T-Test Tusgau
ALTIIY 95 Wesidus lneRsauufgIudaunisi (2)
waz (3)

Ho: “12}12 (2)
Hi: H1<“2 (3)

lne
LL; B A1RAEUBINaN1IAdeuaINn1tuElunes

L, A8 ALRR8U09INaNISNAFBUIINAIYULLED
nSEAY

Two-Sample T-Test and Cl: fusenavasianlunes, Ausinavasiandenssay
Two-Sample T for AusanavasTanlumas vs Ausinavesiandenszane

N Mean StDev SE Mean
AusenavasTaqluna 10 9.117 0.352 0.11

AusinavasTanibenszaty 10 13.610  0.856 0.27
Difference= LI, (Ausinavasianlunad) - 1, (Ausinavasiandanszany)

Estimate for difference: -4.493
95% Cl for difference: (-5.137, -3.849)

T-Test of difference = 0 (vs not =): T-Value = -15.35 P-Value = 0.000 DF = 11
E‘Uﬁ 4 [aNIVAERUYNENRYBINISNAADUALIING

NFUT 4 LARINANTNAZUNIETA Two-Sample
T-Test @1915UNISLUTHULNBUAILIINAVDINIT UL DY
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-15.35 uag p-value < 0.001 atfesninsedutudfny
M19a8# 0.05 F9Ufeas Ho wazasuladnAiusinaves
ayurluneuarn1vuziBanszarvuanaieiuegiadl
TodAynsadffiszduainudeiu 95 Wesidud lny
Arusanaadsvesniguzlunes (9.12 Alaiadu) #1nd
nvugiBenszany (13.61Alafa6w) uazdrsmnudediu
95 Wefldus vearAuuAN1eET [-5.137, -3.849]
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Two-Sample T-Test and Cl: n1sgadaiwesianlunes, nsgaduiwesiandanszans

¥ @ ¥ o
Two-Sample T for nM3gadutnvesdaglunes vs nMagaduiivesiandanszae

N Mean StDev SE Mean
magaduiwesiaglunas 10 15.020 0.219 0.069
nsgaduthussiagdanszay 10 16630  0.359 0.110

Difference= L, (M3gaduirvesianiunad) - [, (MIgadutirvasiaqianseany)

Estimate for difference: -1.610
95% Cl for difference: (-1.895, -1.325)

T-Test of difference = 0 (vs not =): T-Value = -12.11 P-Value = 0.000 DF = 14

Ul 5 HANSNAABUNNSARAYEINNSNARBUUNNSAATHLN
1N3UN 5 UAAIHANITNAADUNATA Two-Sample
T-Test dniunisidIeuinguan1sgadulivesnvuy

Mesgnineanlunsiuaz Janideansza1y wue T-Value

v o w

=-12.11 uag p-value < 0.001 FupsniszAvldEIAgY

v
= o

AR 0.05 F9UGias Hy wazasuliiiinisgadutives
ayurlumesuazniwuziionszaivunndnsfusgiedl
Foddy Inermsgadutniadsvesnivuglunes (15.02
Wefldud) sniveadonseany (16.63 Wesidud) uaz
F23A1aBesiu 95 Wesldud vosA1AINNLANGIET
[-1.895, —-1.325] %QLLamqﬁmmmLmﬂﬁmf\]sagﬂuﬂmﬁ

95 wWasidud veesrazIan warduduinnivuslunegn

1%
o

FUUUaunI1 F9TAIUAIUNIUNSTUNIUVDILFANTN

[

Snviadsegluinausiunmsgiu 1SO 535:2014 Aifvunlsiiu

17 Wosidud dmsunsldauiily
Faunsiaseinsaaataeldlusunsy Minitab lu

szfuAILTesy 95 Wesiud nan1snadeuTTain

N19uglUABITAIANULTIL T AN TAATUUNTILANGA

o 14

nAvuzLionszaweseilduddey ula1auudans

voslunesaviagnin widvegluinagiuinsgiunas

Wingausani1sltIuase wieunslivelawseuluudniy
Juiansssuvdnauisagesaaisle dadidnaninlunis
Julaguaununisusnatafinuazdenszaivlusuiag



NIaFImnssumansuazuinnisy U9 18 atuil 4 Uszdsieu natau - Suneu 2568 49

5. 2AUsIBNANTINY
ideildsfnudmsiinesfvmnzandmiuns
Satusuniruziaeainlumes Tasfiarsunilafeddy
18 1) $ruauduvedlunes 2) gaunglinesatugy way
3) 3zazwmmié’meﬁugﬂ NAN1TODNWUUNITNABDILUY
D-optimal #1Ui1AIMII1 e munzaudign fe 1)
$ruutureslunesdiuiu 4 $u 2) qmwgﬁmié’mﬁﬁugﬂ
140 earwalfed way 3) izaznmmiﬁwﬁugﬂ 2 U
falsiAusenaiade 9.12 Aladdfy uazAmagadaiuade
15.02 Wasigud
derSsuriteufiumvuziensyauiidismiinemly
nuiALsINALazAINIgaTutiivesluauaneIeDn
\Henszaveredifeddaymneadn (p-value < 0.001) Ty
Ausanaveslunssiinindenszany (9.12 Aladadu
< 13.61 Alafdadiu) uddasganirdunsgiudush 8 Ala
fafu M1NuIAT3IU 150 3037:2022 virlvidulalan
mauglupesdinsdinnuudnsaiissmadmiunisldau
dauAnisgadutnveslunesiinindensznty (15.02
Wesldud < 16.63 Woaidusd) uazdiegluinnsiumnsgiu
IS0 535:2014 AfmualaiAu 17 Wesidud Faaansn
seefunsusTyeIMsusevasmailusefunisldedig
Uaanfy n13iiaaizinisadfvanuasiiiunisdae
TUsunsa Minitab fisgsuanuidesiu 95 wedldusd
ansAnEEdALnndesUsELiuuITeves
Arumugam et al. [2] fifnwiauautRIZsnaveslundae
waznuinafinsaudureduiinadenisifiuaiiy
WU9U39909UT59 91 U9 Arumugam ldanudeu
140 peaneaidoa wWuderiuaud wilanuwanddly
viinvasfaguazdunounistugy esarnlundaed
anwazdulosazanununlimioudulunes eg1elsh
P HansvAaesaaesTuiudl e e
msdensuaudunaronmndfionnzauiinaonuauts
Fuaruudusauasnsgatuthuesnvusinanty
nuiedannsaneuingUssasdndnlidaiaud
mMurindnainluneanigldaimsiimesimungaud
Anauifogluinamifisensuldmuunsgiu wagaansa

TEnawnun1vuznatafnusetianszawle luaniunsal

vl uenaniidsiliiudnanmvedunedunisluian
naunuulinsdediindon
n1snaassiidniinluaniiviesdfuRnisiiaruay

aaunikazANTIL virlildasnaudaulunisldanuasals

9 Y
o [

vanda 8nnsguninvesluneterandsiuniuggnia
uwasUgn uaznsiiuinw dsenadamaierauudauss
wagmagaduiiluusazads
lusunAnAsiinsimLImALlANITIATOURINTONS
aSufaniielfinaununiuiazannisgaduti aas
NAFBUNITLTIIUITI WU N1TUTIRDWMNTTOU BT
venisifvluaniiziudaiieussiiumnumnzauly
svorem nNsveneHagnsHandagnamn st l

aunsalivauwnuussyiueinaainlaededstiu

6. d3UNAN1TIY
muﬁsﬁgﬁﬂmmwwﬁLm@%ﬁmmzamﬁqmﬁw%’u
n38ndugUunruzdisinlunes Inserdeniseeniuy
N15MAaBILUY D-optimal titel#ldAa1nis1fimesi
wngaudigaanunsalvsyansangsgalunisudnussy
fuafudeussunazldauaiald Yadedrdgildlunng
Ans1e9t 1w 1) Sruauduredlunes 2) guugiinisdn
%ugﬂ wag 3) iw:nmmsé’mﬁugﬂ HANNSANYINUIINTG
T wruturedunesdunu 4 44 2) gumgfinisdniugy
140 a3fwalTed uay 3) wasmawmié’mﬁugﬂ 2 U1
Duenlvinadign Inonvuedldfidusinaiade 9.12
Alafadu uazAn1agafutiiaie 15.02 wWedidud
nsnaaesuLUSsuLfisuAunivuziionsyaiuild
Smievhluuandiifiuinmanuudausagainisgady

U1Y0INITULIINTUABINANLANA DT T A1 AR N4

'
o

ahi (p-value < 0.001) wiAANULdILs D IlURBIRY
nindenszany LLﬁié’ﬂﬂngﬂdwmwmigwu%uﬁﬂ 8 flatlafu
AINNIATFIL 1SO 3037:2022 VaugfiAnsgadutiives
lunesmnindensearvuazegluinusiladiiy 17
Wasidud aruu1nsgiu 1S 535:2014 FaBudulén
myuglupesdigaautBnaiunsasosfumsldasiluls
339 uazilianulaensduden1sussyomviseveavadly

U dl U v
seaungausule



NIaFImnssumansuazuinnisy U9 18 atuil 4 Uszdsieu natau - Suneu 2568 50

nan1sAnwfaaenadosfuiuidoiinuiinigidu
$1auduresluinasgandennuudusinasnis
Josfunsfuriuvesi ufazdianuuandidludnuue
U997aAUAYNTFUIUNITHEN waDsaIuEusUINng
Bendrurudunasgungifinzauduifodidyd
AMVUAANNINYBIUTIYTUNTTIUYR

\losesenn1site AstinisUsEiiunNnuNIuYes
nvugantumetluaniiznisidauase wu n1sussy
pnsfifianuougs ownsfitiihiiy viemafuinuly
b dusrzinauiu Snisarmasoddtansssued
¥indu ewisuiflsuquandinazainuinuizay
uenaniiginsiauinadaaiuanuuiouss Wy nng
\ndouihmsusuanuvuveslunes wiensiiiuianasy
diglinsugdinumuniuinniuuagndousonisldoy
Bamdvdluranii Saazteanmslinwanafinuazuss

fasiwuuldasafed wavatuanyunisimuieg gy

L@NEN591999

[1] Usednd wussesini. senuuuussedusisnslan.
Journal  of
Innovation. 2018;17(1): 37-48.

Pugazhenthi G,

Investigations on mechanical

Information  Technology and

[2] Arumugam S, Selvaraj S.

properties of
processed banana leaves for sustainable food
packaging applications. Biomass Conversion and
Biorefinery. 2024;14(18): 22527-22537.

[3] Mvuma AC, Alexander AN. The emerging use of
palm and banana leaves in food packaging.
International  Journal — of  Multidisciplinary
Research and Development. 2023;10(12): 81-3.

[4]  uSws e, Wammned s, fivey 9197303,
Yualg Yunoes. N19IANEIANBULNIINTEAINYD
ANYULIINGIIUYIR. 2755753910 154mAlulad
OAFINNTIUUALTAINTTU UNIINEIFETITALNYA
aA9ATI4. 2564;3(1): 1-9.

[5] Luthfi N, Wang X, Kito K. Effect of drying
temperature on the physical properties of

binderless fiberboard from bagasse: study of

water absorption. Science & Technology Asia.
2021;26(3): 30-8.

Adekunle K, Akesson D, Skrifvars M. Biobased
composites prepared by compression molding
with a novel thermoset resin from soybean oil
and a natural-fiber reinforcement. Journal of
Applied Polymer Science. 2010;116(3): 1759 -
1765.

Alibekov RS, Urazbayeva KU, Azimov AM,
Rozman AS, Hashim N, Maringgal B. Advances in
biodegradable food packaging using wheat-
based materials: fabrications and innovations,
applications, potentials, and challenges. Foods.
2024;13(18): 2964.

Begum HA, Tanni TR, Shahid MA. Analysis of
water absorption of different natural fibers.
Journal of Textile Science and Technology.
2021;7(4): 152-160.

Klein P, Kennedy M. Fundamentals of plastics
thermoforming [Internet]. Cham: Springer Nature
2025. Lectures on
Materials and Optics). Available from: https://
link.springer.com/10.1007/978-3-031-63528-1.
Bootklad M, Kaewtatip K. Biodegradation of

thermoplastic

Switzerland; Synthesis

starch/eggshell powder
composites. Carbohydrate Polymers. 2013;97(2):
315-320.

Yuvaraj G, Ramesh M. Mechanical, wear, and
hydrophobic properties of silane-treated Corn
husk fiber and betel nut epoxy composites.
Biomass Conversion and
2023;13(16): 15227-15234.

Henrion D, Lasserre JB. Approximate D-optimal

Biorefinery.

design and equilibrium measure. Comptes
Rendus. Mathématique. 2025;363(G8): 739-756.

Luesak P, Pitakaso R, Sethanan K, Golinska-
Dawson P, Srichok T, Chokanat P. Multi-objective
modified differential evolution methods for the

optimal parameters of aluminum friction stir



[14]

[15]

NIaFImnssumansuazuinnisy U9 18 atuil 4 Uszdsieu natau - Suneu 2568

welding processes of AA6061-T6 and AA5083-
H112. Metals. 2023;13(2): 252.

Huang Y, Li K, Mandal A, Yang J. ForLion: A new
algorithm for D-optimal designs under general
parametric statistical models with mixed factors.
Statistics and Computing. 2024;34(5): 157.

Kang L, Deng X, Jin R. Bayesian D-optimal design
of experiments with quantitative and qualitative
Responses. Available from: https://arxiv.org/abs/
2304.08701 [Accessed 28th July 2025].

[16] Sriamornsak P, Sunthornvarabhas J, Nunthanid J.

(17]

Design of biodegradable food packaging using
heat-molded natural materials.  Kasetsart
Journal: Natural Science. 2017;51(3): 499-506.
International Organization for Standardization.
Corrugated  Fibreboard—Determination — of
Edgewise Crush Resistance (Non-Waxed Edge
Method) (ISO Standard No. 3037:2022). Geneva,
Switzerland: International  Organization for
Standardization;  2022. Report No.. 1SO
3037:2022. Available from: https://www.iso.org/
standard/80310.html [Accessed 7th May 2025].
International Organization for Standardization.
Paper and Board — Determination of Water
Absorptiveness — Cobb Method (ISO Standard
No. 535:2014). Geneva, Switzerland:
International Organization for Standardization;
2014. Report No.: I1SO 535:2014. Available from:
https://www.iso.org/standard/60490.html
[Accessed 7th May 2025].

51



