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DEVELOPMENT OF A TEMPERATURE CONTROLLED DRYING CABINET
FOR DRIED BANANA (MUSA ABB CV. ‘KLUAI NAMWA MALIONG’)

¥i¥ntl Haussms* dnfdes Shlve ofisy unadssal wazalgns umsivy

Chanirat Phungbunhan*, Saksri Rakthai, Atirat Maksuwan and Nuttakorn Intaravicha

UNANED

NAdeilyainudaiuaueungidmiveundieuriugisesdmivyusu aglalang

9 Y

a [

AnuulsiuresingAu uazanmuandendivivlvinauniwndasouliaiiaue nsveassuyaiy
2 szeg (1) Anwasgumngil 48-52, 58-62, 68-72 IANIALT A ULagiial 12-16.5 Flus it olek
AduemAnSusindoudinuTiIn T IUTes HanLod 92-2563 Waw (2) DENKUULALVIAADY
Fousuuuy wuin gamgifivenzauiiande 48-52 ssmiwaliea uazszozaiivinzade 165
s Wenmiuadsdosay 19.42+2.29 Tumsesoudeususuulinutuadesesay 15.7940.19
Auaugugiidslilasaeulnsaiaediied (setpoint) 7 50 asaneaLdea iaaosrrunmA
wasgiugpannssy (WiAu 21 %wb) neludeuduuuuindasniisany 100 Jad 2 o 18y
WAAIANTOUNAN IRNNZELAULLIAR “Boutique Technology” wudaidumsiannmealuladd
Bouineusiiuszavana (Simple but Effective) unslifanviesdunazgunsalilanuisagonusy
IeluszduaiaFou madenldvaenlrlunidanesiaduietwwesmseeniuuiiaenadosiuuiun
vosguvy laggeusutodrdnsulssaniamannuiouuidin ieuanduanudue anwayedn
uazANuansalunsiamauesveliay devarunsamunugamgilioglutig 4852
osrneaidoa Ifesnefiadosnin uazanunsnanauturesndelieglunusiinsguiisimun
msinszsiassgmansidoaiu wui ineseuuismuaugumgiidmiveundasihiwedses
AukUUTIRUNUN TREAREUTEI 2,000 UM Tndsnueds 3.3 kWh sesouniseu (16.5 93lu9)

a &

vseAnlumlnlilifiu 20 vnsdeseu wavansaAuulanely 10 seumsldau WUssina 2 dansi)

AngIngmanswasinalulad an1dumalulaguyuiu waunuiu nsanng 10330

Faculty of Science and Technology, Pathumwan Institute of Technolgy, Pathumwan District, Bangkok 10330
*corresponding author e-mail: june_chani@hotmail.com

Received: 6 August 2025; Revised: 2 October 2025; Accepted: 3 October 2025

DOI: https://doi.org/10.14456/\sej.2025.23

308



Life Sciences and Environment Journal 2025; 26(2): 308-327
N N N R —S——II——_—_—_—
Inediflsgvdiade 250 vvsaseu wandbiiiufirruAuAuazanumzauveunalulaglunis

Touszaua L%E]‘LJLL@%“Q@J‘*UUGUUUVILWE] Lﬁmﬂaﬁwamﬁmmqmimwm

¥
a

AEARY: 9aun il AUTU NAIWAIN FATUANRNMYI

Y

Abstract

This research aimed to develop a temperature-controlled drying cabinet for drying
Musa ABB cv. “Kluai Namwa Maliong” suitable for community use. The study was
conducted in response to the variability of raw materials and environmental conditions that
often result in inconsistent quality of dried bananas. The experiment consisted of two
phases: (1) investigation of the optimal temperature ranges (48-52, 58-62 and 68-72°C) and
drying durations (12-16.5 hours) to achieve moisture content within the Thai Industrial
Standard (TIS 92-2563) for dried bananas, and (2) design and testing of the prototype
temperature-controlled dryer. The results indicated that the optimal drying condition was
48-52°C for 16.5 hours, producing an average moisture content of 19.42+2.29%.
The prototype dryer achieved an average final moisture content of 15.79 + 0.19% under a
temperature setpoint of 50°C controlled by a microcontroller, both of which met the
industrial standard limit (<21% wb). The prototype dryer utilized two 100-watt tungsten
lamps as the main heat source, aligning with the “Boutique Technology” concept—
emphasizing simple but effective technology that is affordable, repairable, and based on
locally available materials. The use of light bulbs instead of electric heaters exemplifies an
appropriate design trade-off between heat efficiency and economic feasibility, enabling
community users to operate and maintain the system independently. The dryer maintained
a stable temperature within the 48-52°C range and effectively reduced the banana moisture
content to the desired standard. The preliminary economic analysis revealed that the
prototype dryer cost approximately 2,000 Baht to build, consumed about 3.3 kWh per
drying cycle (16.5 hours), costing less than 20 Baht per round, and achieved a payback
period of around 10 drying cycles (approximately two weeks), with an average net profit of
250 Baht per round. These findings demonstrate the economic viability and practical suitability
of the developed dryer for household- and community-level applications, promoting value

addition to local agricultural products such as bananas, mushrooms, and herbs.
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Table 1 The average percentage of moisture in dried banana at different temperature

levels is 12 hour.

Sequence 48-52°C 58-62°C 68-72°C
1 30.46 35.83 10.41
2 31.49 16.15 16.57
3 30.37 19.02 14.99
4 30.31 24.75 14.11
5 24.33 16.92 12.95
Average 29.39+2.56 22.54+7.29 13.81+£2.06

12 msnszansvesdoyaniauduvenilondaslag The Kolmogarov Sminov
One-sample Test uazAUUANATITsATBE AT UTDUdondrsIad sannsauTisedy
gaungfiuaneneiu 3 szav Wunan 12 Flus fe KW test fisgfuanuidesiufosas 95 (0<0.05)
wuin Feyariautureniondenniaudimanodliidunisnssarsuuulni (p<0.05) 39
denldnmsmaaeuuuuliidamnaiines (Kruskal-Wallis Test) lumsiuSeuiiguanuuwans1vesan
%aaasmm%um?{aswdwﬂeju A H = 9.62 §4n31A1 X2 Ingi (df=2, a=0.05) = 5.991 A5z
Wediey 0.05 F1m13719 2 (Table 2) wandlfiiuinrndesazanutuadsvoniondaoiany
unssfuoenaiitiodrdnyneadin Insdmnaesiigumnd 48-52 ssmwaidea Tiaanuduaioos
Tuthanasgiugaamnssy wasdutieumgiifivmnsauiiandmsunseundas esnliniuiy

S 6 Ay a
WﬁquaNaLLaSLu@lel LL?NR]HLﬂul‘LJ

Table 2 Results of the normality and difference tests for the moisture content of dried

banana.
Test Item Kolmogorov-Smirnov Test Kruskal-Wallis Test
Treatment 1 2 3 Overall
Temperature Range (°C) 48-52 58-62 68-72
Dcal 0.237 0.4907 0.1871
Dcrit (A=0.05, N=5) 0.708 0.708 0.708
H Value - - - 9.62
XZcrit (df=2, 01=0.05) - - - 5.991
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Table 3 The percentage of moisture content of dried banana for different periods of

time at different temperature levels 50°C.

Sequence 12 hours 13.5 hours 15 hours 16.5 hours
1 21.68 19.62 17.56 15.73
2 24.59 22.44 20.19 18.14
3 28.45 26.22 23.80 21.76
4 26.51 24.27 21.79 19.71
5 28.00 25.87 23.66 21.76
Average 25.85+2.48 23.68+2.43 21.40+2.33 19.42+2.29
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Faldnrsmaaeunuulifamisndined (Kruskal-Wallis Test) 1l o103 sULiBUAILUANA YD
AferazauTuRAsTEINtnae U 4 38U Han1IAREUNIARR Kruskal-Wallis #iflen H
WU 9.057 éi‘famma'wﬁﬁﬂqﬁ 5.991 (df = 3, p<0.05) F9919797 4 (Table 4) wansInANNEL

o W
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Table 4 Results of normality and difference tests for moisture content under different

drying durations of dried banana.

Test item Kolmogorov-Smirnov test Kruskal-Wallis test
Treatment 1 2 3 a4 Overall
Drying Duration (hours) 12 13.5 15 16.5

Dcal 0.1608 0.1929 0.2404 0.1893

Dcrit (0t=0.05, N=5) 0.708 0.708 0.708 0.708

H Value - - - - 9.057

Xzcrit (df=2, 0l=0.05) - - - - 5.991
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Figure 1 Convection temperature properties of thermal insulation materials with overall

thermal conductivity kT.
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Figure 3 Draft plan of the temperature control cabinet for drying bananas the maste
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Figure 2 Thermal Radiance Temperature Properties of Thermal Insulation Materials with.
overall thermal conductivity kT.
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5. MinegeuUsEanSn1mn1sAIvANMMglvesdatuAtaauiidmIunsaundeh

1ULADDIAULUU MIA157199 5 (Table 5)

Table 5 The temperature of the cabinet controls the temperature for drying bananas

according to different sizes of bulbs.

Time (Hrs) Temperature inside the cabinet (°C) /Lamp size (watt)
40 Watts 60 Watts 100 Watts
08.00 254 25.7 26.3
10.00 34.5 40.6 46.6
12.00 36.3 42.0 4a7.3
14.00 37.8 43.1 a8.7
16.00 38.4 43.8 49.5
Average 34.78+4.73 39.04+6.75 43.68+8.74

Han1sAnwIN1siUdsuwlasgamgiinglumalulagmuaugamgddmsuniseunday

s

ihfusugases nmenuvmauAsuasguvgiinelugeuilivasnlvivun 40, 60 uag 100 Jad
wuh derdsindvsvanaliiiuiu gumpiiniglugouifngdumudisu Tagluteduduresiy
(a1 8.00 w) gamgilndiAssiugmmgiives (25.4-26.3 ssrniwaldos) usasifintuog1aolios
Turasine Teegeuiliveenll 100 ad annsaviligamaTiaantie 49.5 ssnwaidea o i 16.00 u.
Fefiasandedvgamgiinaeniu wui1 vaonlul 40 Yo Tidade 34.78+4.73 ssrwaiea
viaonlyl 60 Yad IiAade 39.00+6.75 ssrmwaidea waznasnln 100 Sad Tidadogeand
43.68+8.74 peAgadea uaniduuildunnuduiusideuinseninamasinduazaamgiinigly
FaU KANSNAABUALNAFIUAYE Friedman Two-Way Analysis of Variance by Rank #wudnanadia
nAEau (xr Wiy 10.00 WewSeuifisuduaingd Critical Value) snnninAningd 5.991 (df = 2,
a = 0.05) U'ﬁjydﬂﬂdwmamqumuﬁmmLLG}ﬂm"mﬁuas'wﬁﬂ'aﬁwﬁ’zymmaﬁ (p<0.05)
Feaguladn Mmasindvewmaenlidwmadogumginigludeuvsgrliteddyniais lnevasal
yun 100 Yo Tinadfigalunsinuaumgilurag 48-52 ssmwaidoa imnzandmiuniseu

% Vv @ '

naevenuwUsilinunsidesnsanuiounsiiseiuiuna1aiieas Amnsatiageasiowliiiuii
v v ¢ <)

Mavindvevaenlidasreussdnsamlunaivgamgiineludeulaense uasidudadenaig

wsnlunsesnuuusruulinnuieuliientuugungidmiunmseuwisegeliusednsam
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6. MNARRUUSEAVBANNNIMUANAT TR IBNTIBUTINIEAERY AW 6 (Table 6)

Table 6 Moisture value (percentage) of the dried banana according to the drying period

in the temperature control cabinet for drying bananas.

Duration Row Humidity value The Overall average of each

period

—_

68.18+ 0.80 68.55+ 0.30
68.56+1.16
68.45+0.87
69.01+1.02
37.49+ 6.19 35.89+1.16
34.22+6.55
36.04+5.87
35.82+4.14
Bake for 16 hours 1 16.51+2.17 15.90+ 0.54
15.11+0.84
15.73+1.35

Before baking

A WO N

—_

Bake for 8 hours

A W N

A W N

16.26+1.14
Baked for 16.5 hours 1 16.02+0.85 15.79 + 0.19
15.61+0.69
15.59+0.60

A ON

15.96+0.46

nA15197 6 (Table 6) LioTiaT1evidneaiAvaaeuauufgiu The friedman two-way
Analysis of variance by rank test wuin fdosazarudureaiiondreluusazdiciaenisou
fud neweu ndseudunan 8 Flus ndseufuna 16 42lus wasndseuduan 16.5 4alus
fauai@ Friedman Two-Way Analysis of Variance by Rank Ana@fdi@vadauilatv1Ay 11.10

Faunniiarinmualilunnsaunnsgiuiseavidedidg 0.05 Fallawindu 7.815 wazdlen

% '

p-value iU 0.011 Fetiosnan 0.05 wandliliiuin Asesavanuduvesnalglunpazdiiaiou

o a

fanuuansiiueg1alidedAgyneada nafe ndleneuluwsiazyiial JUTuaALTUN
TawinAueg19tman kazi9anlunIsaudIHan aAUTUVBINA8T IV RS T aLLIaN lUANSaU

foluthdvddgiiinasonunnvewdndae dnvasnenenmusindieininugddes dunmi

4 (Figure 4) \iloauasuiian 16.5 Talus lnggrivaugungiidimsuniseunaleurinugises
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Figure 4 Dried banana for drying 16.5 hours.
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2. wasnuInwglun1eulis (Specific Energy Consumption: SEC)
SEC waneis Usinamdsnulwihildlunssemeineananndas 1 Alansa Ausa
Ihnaunsi (2)
SEC=Pxt

mvvater

P o w

Tned P Ao madsluihsuvemaesliaudeu (latnd) t Ao szoziiareuiomun

(#09) wag m,., Ao Wavenhiiszmeasn (Alansu)
3, SasmsataruTus Iz (Specific Moisture Extraction Rate: SMER)
SMER (HustSausyavsnnmslindanulumsou duadldanaunisi (3)
SMER = Myater
Pxt

Tneft M. Aomnaveshiissivenen (Aland)

MnnamsuIalums1eil 7 (Tabel 7) wudn 8nsinisouusgeanaglugae 0-8
Falus (4.083 %/h) §udugaeiifinssumetnesnainiendrsegesnigs ndwintusas
nseuWisanavde 2.499 %/h Turae 8-16 Flus uavamaamdeliies 0.220 %/h Tutisgaving
(16-16.5 F2la1a) wandliiuienisdngssezdnsiniseuuisanas (falling rate period) lusnunis
THWa39U WU A1 SEC LAY 5.27 kWh/kg thiiszine uavAn SMER 53wy 0.19 kg/kWh
FauansdsUszansamnisldndsnuluseiumnzay dmsussuvouniaduuuuiildnasala
Duwnaeiuiinnudou Insdulngvesnisszmeinindulugae 8 Faluusn dudugasi

nsruIUNTaUIUTEANSA NG agR

Table 7 Drying Performance Indicators.

Drying Mid- A DR Energy Water SEC SMER
interval time Moisture  (%wb/h) used evaporated  (kWh/kg)  (kg/kWh)
(h) (h) (%wb) (kwWh) (kg)
0-8 4.0 32.66 4.083 1.60 0.50944 3.141 0.318
8-16 12.0 19.99 2.499 1.60 0.11660 13.722 0.073
16-16.5 16.25 0.11 0.220 0.10 0.00049 204.71 0.0049
Overall - 52.76 3.198 3.30 0.62653 5.267 0.1899

HANTSIATIENATUEA1anS I TR i YR ouwiIRIUANg M) I MTUBUNd 18U
Ngd989 WU LATBIRUALLULTIDRNLULKATaT LN Tan Ui ladgluvie iy ddunu

U a1

ASHANUTEUIA 2,000 U FIANIAS 98U INmvEN U dnvadalialaanglunisaiuau
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