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Effect of Hot-Air Drying Process on Properties of Dried Ripe Bananas and Pumpkins
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ABSTRACT

The aims of this work were to study the
effect of air temperature and velocity on the
drying rate, physicochemical properties and
sensory properties of dried ripe bananas and
dried pumpkins. was
performed at air temperature of 50, 60 and 70°C
and air velocity of 1.0, 1.5 and 2.0 m/s. The

results revealed that the drying rate was

The drying process

increased with increasing air temperature and air
velocity for both ripe bananas and pumpkins.
Moreover, the maximum force of dried ripe
bananas had a decreasing trend when the air
temperature was increased. Nevertheless, the
maximum force of pumpkins was not different
between drying conditions. The porosity of
dried ripe bananas and pumpkin was increased
with increasing air temperature. For total color
difference (AE*) of dried ripe bananas and
pumpkins, it was found that the lowest AE* was
obtained from the drying conditions at 70°C air
temperature and 2.0 m/s air velocity. In
addition, the highest overall liking score of dried
bananas and pumpkins was achieved from the
drying conditions at 70°C air temperature and
2.0 m/s air velocity.

Keywords: Hot air drying process, Drying rate,

Physicochemical properties, Sensory properties, Ripe

bananas, Pumpkins
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(FT 327, ltaly) il e2uRd 2081515 A mas uawe
nniign Inglvian soluble soild lnAevesineg1endae
MoUANTAWVINAY 25.28+0.71 Brix LagA1AILLLY
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315+0.20 WAz 626+0.27 A1UA1IAU 1A88IA B8NS
Aseanuunaises AOAC (2000) [16]

2. tunaunsviuie
MsiusFsandauazsufuaInAsHY
o1mAseuigumnfiuazAnnairauiidosnisius
igesiuiduiaiosilenld@nuinsiuissie
auseu (Figure 1) ugaumgdluriesviuiadng

Department of Food Technology, Faculty of Science, Ramkhamhaeng University, Bangkok, 10240

’Department of Food Technology, Faculty of Engineering and Industrial Technology, Silpakorn Univesity, NakonPathom, 73000



NIaanalulagnisems aminenduaeiu UN 15 adui 1 unsiau — dquieu 2563 39

auna Mntudsidaegaudigonihuis nsasd
nstufindoyaunminvesiaogns gamgionnie
$ou gamniiveseiniadi-oon uazauiutes
21M1ALN-08N N9 5 W ARBATIITLELLIANVBY
e TnedaegefiininUszanm 1.040.5
n¥u wagflsrogvinasenineiudiegna 5 uu. way

NSLUIUNITHN LLﬁwmﬁLﬁuIUwﬁmmguqmLﬁa
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Figure 1. The experimental setup of (1) fan; (2) heater; (3) t

mperature controller; (4) load cell; (5)

PT 100; (6) data logger; (7) humidity sensors and (8) samples

3. MsATIEdaya
My witeyan il el wans
USinaunnutiuvesiteg luguvessnsdunugy
(Moisture ratio) siauanslugsnsi (1)
Xt' Xeq

MR = (1)
X,-X

€q

slo MR Ao wsduenaiy (), X; AD USanaurnaiy
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Hoduia waveuveulngy
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(32Factorial design) Inetladefivhnsfinwndl 2 Hase
Town ausian 3 seau (1.0, 1.5 uay 2.0 m/s)
LLavam‘mm 3 i‘”ﬂ‘U (50, 60 wag 70°C) Feaznis
Vnaeianun 3 91 IneAiAsIERALLYSUTILLUY
@899119 (Analysis of variance: two way ANOVA) kag
NAROUAIULANG 19UBIA LA BR 287 Duncan's
multiple range tests (DMRT) faglusunsudi5agy
eadn SPSS® (version 12) Aiszdiunnuidesiudesas
95 (p=0.05)
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Falua 55 undi uazluaniiznismeassfigumngdl
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eilszaznannauieiiduninfiannznismaans
ﬁqquﬁ 50°C warAusaay 1.0 m/s fesauay
69 Wag 63% ANAINY
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Figure 2. The drying curve of ripe bananas (a-c) and pumpkins (d-f) in hot air drying process at various

conditions.
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Table 1. The values of k and D of ripe bananas and pumpkins in hot air drying process at various

conditions.
Drying conditions  k (s) x 10°  Deg (m%/s) x 10° R RMSE X
Ripe bananas
sooc 1.0 mM/s 6.82+0.01° 1.66+0.00° 0.9948  1.4986X10%  2.2504X10™*
1.5m/s 7.57+0.06° 1.85+0.01° 0.9974  1.0217X10%  1.0458X10™*
2.0 m/s 8.12+0.35° 1.98+0.08° 0.9970  1.3906X10°  1.9376X10*
cooc 10m/s 9.87+0.88“ 2.41+0.22 0.9981 9.7093X10°  9.4459X10™
1.5m/s 12.02+0.05° 2.93+0.01° 0.9915 2.3179X10%  5.3837X10*
2.0 m/s 13.45+0.42" 3.28+0.10" 0.9965 1.1903X10%  1.4198X10™*
700c 10 m/s 13.17+0.82" 3.22+0.20" 0.9972 1.3588X10%  1.8502X10™
1.5m/s 16.63+1.01° 4.06+0.24° 0.9972 1.1576X10%  1.3427X10*
2.0 m/s 22.13+1.27° 5.40+0.31° 0.9951 1.7024X10%  2.9053X10*
Pumpkins
sooc 1.0 mM/s 1.59+0.14" 4.02+0.35' 0.9989  7.5264x10°  5.6777X10°
1.5m/s 2.01+0.08' 5.11+0.20" 0.9996  4.6648%10°  2.1807X107
2.0 m/s 2.51+0.06° 6.36+0.14° 0.9984  7.9569X10°  6.3486X10”
co°c 1O m/s 2.81+0.12% 7.1240.31% 0.9988 7.7417X10°  6.0114X10°
1.5 m/s 3.33+0.14° 8.43+0.35° 0.9980 1.1460X10%  1.3199%10™*
2.0 m/s 3.68+0.05™ 9.34+0.14" 0.9998 3.9189X10°  1.5430X107
700c  1.0m/s 3.25+0.16™ 8.25+0.41“ 0.9963 1.5183X10%  2.3139X10™*
1.5m/s 4.01+0.07%° 10.17+0.17% 0.9975 1.0673X10%  1.1440X10™
2.0 m/s 4.34+0.06° 11.00+0.15° 0.9992 5.9850X10°  3.5977X107

abcdefy

Values in the same column followed by different letters are significantly different (p<0.05).

Table 1 h@MIAN k kaY Do MUNTZUIUNNS
MusmemgansounanMze1ee lneonuin a1 k tay

faniamsaan 1.5 uag 2.0 m/s d19umngdl
WinasduAzdmalien k uag Doy dALNaTUDE1E

v

WodAny (p<0.05) agrelsimuiiollSeuiiiaud

o

Derr WWBE1INMIVONAN LA NN W 0gnuna
aaunNIPeIny naunuINlldINala k wag Der

9 Y
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a

Y Y] a v v & ~ a | Ay o w v A a
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70°C warAIEIAN 2 m/s wenanian1zn1si
uwisiignmgdl 70°C uazAIBIIIan 2 m/s Ssdana
TlAN Doy unign Tuvaigfianinznsiuied
gl 50°C warAUL5aY 1 m/s 9dA Defr
ﬁaaﬁqm ANNSUAIDYNINNANDY WU A1 k Lag D
Tuhedsilimesiidufistudiegnmaiinazanuits
auveInsTUIUM IR slidiuty denndesiu
naeud Senounting [13, 24] W31 i aau
1.5 uar 2.0 m/s Sngumniifisasiu azdmalsian
Derr A nd uogadtfed1day (p<0.05)
uaﬂmﬂﬁyamwmiw"mﬁaﬁ'qmuqﬁ 70°C whag

k wag

AMuLsaan 2 m/s Ssdawalidan Do uindige
Tuvaifiannzmehwisiionmndl 50°C wazais)
a1 1 m/s ¢80 A1 Dugr ﬁaaﬁqm LRt usinuly
RLEANILPEV GG

FRTINITVIUNAT (drying rate) TunszuaunIg
uwisngausouvewieg NaIeviaLankazinnes
wanslu Figure 3(a)-3(c) wag Figure 3(d)-3(f) muanau
HANSANYINUIN BRSINSVWRsaziiaranaadu
dunsuilednsdiunnud uildanasislusaeg s
néeviengnuariinnes Fsuandiiifiuinnszuaums
uwrslungevougniasinnaRenuLALRNITY 9
SNTINTILanaY (falling rate period) Wity 3
dennassiunuisoneumiilunssuiunsyiuis
faausaulundle [5, 26] LarNTTUIUNITHILTS
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[

prgausauluinnes [11, 13-14, 29] WenaNNU &4
wudwé’mﬂmiv‘hLLﬁaé”asJaﬁauﬁﬂuﬁ’msha naae
vougnkariinnasae m%wmawumaammmau
mmLiaaﬂuﬂiumumsmmemquawu

A3 aEarALT UFIUWAS (dy basis) uae a,
YesineEindevengnuagiinmesiiirumsvhusiae
auSauiianmzsine uandu Table 2 Fddumsanunilly
ukareg 19t sdesaunseat el A a, #3706
o a, 0.6 HugefingAdviligduridlaiananso
WIYld NHANIIVIARBINUT FBgnandeviangniian
a,, 1% 0.56-0.58 7 szt U ugtuws slug 2
19.50-20.62% Tvausdisegnaiinmesd a, w3 0.5
057 i sesupud ugruuislug 9 ovay 7.89-8.28
UenANTTanu3n msvhuisiaeausoufianmesineg
AOAN a, maqﬁaﬁaa&hmé’awamaﬂLLaU‘W nnesilalal
LL@ﬂGlNﬂ‘u (0>0.05) egalsfimunuin Uuamamity
ﬁuaamaaamaaNumt,mnmﬁﬂu (p<0.05) Tuaudien
a, duflalndiesiu seiidomndnuarlnsedns
LazaIR Usynaut unnsne uresisaoei1eg1e T
nédedunalianifdeauazmaiuiuosdussneu
A Aidnanan a, vz nnesasd w ady
peAUsznounan 5 awildanud usnat e a,
TndiAsstu §sdonadastunanIIvnaeas Kaymak-
Ertekin and Gedik (2004) [30]
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Figure 3. The drying rate of ripe bananas (a-c) and pumpkins (d-f) in hot air drying process at various

conditions.
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Table 2. Percentages of dry basis and water activity (a,) of ripe bananas and pumpkins in hot air drying

process at various conditions.

Drying Ripe bananas Pumpkins
conditions Dry basis (%)™ Water activity (a,)™ Dry basis (%)™ Water activity (@)™
1.0 m/s 20.62+0.29 0.57+0.00 8.28+0.30 0.55+0.02
50°C  1.5m/s 20.57+0.64 0.57+0.02 7.97+0.01 0.56+0.02
20 m/s 19.53+0.38 0.58+0.00 8.18+0.03 0.57+0.01
1.0 m/s 20.35+0.75 0.56+0.02 8.16+0.08 0.55+0.01
60°C  1.5m/s 19.76+0.68 0.57+0.02 7.98+0.05 0.55+0.01
20 m/s 19.50+0.74 0.56+0.02 7.89+0.21 0.57+0.03
1.0 m/s 20.24+0.04 0.57+0.02 8.02+0.10 0.56+0.00
70°C  1.5m/s 19.71+0.35 0.57+0.01 8.14+0.37 0.56+0.01
2.0 m/s 19.89+0.52 0.58+0.00 7.97+0.08 0.55+0.01

™ means that %dry basis and water acticity (aw) of ripe bananas and pumpkins are not significantly different (p>0.05).

2. mnssiiieduia uaslaseaireszdugania
Mnmsieneidodudaluguvesdiade
LSINAIERYBITIRE 1IN vieanuaTlnTe sk 1Y
nsvhuisieansouiian1iganan (Figure 4(a) way
(b)) Wi ARABLSINAZAAYEIFIBY 1IN IE VDN
anuaziinnes daegluye 9.19-24.21 N uay 13.8-
19.81 N anuasiu Taeidl og g dlunisiuis
Wutudswavilieusinageanvesiaestednunli
anas faawiuldandogandevenaniiiiunisyii
usfigaumadl 50°C uazmIEIaN 1.5 m/s JAuse
neundian iWeSeuiisuduiieg1afinunisi
wiiafigumndl 70°C uazAuLi AN 1.5 m/s B9
danna el WAEINUAUALTINAgIgalusfdeg 19
Hnves (ﬁqmmﬁ 50°C uazAsIaN 1.0 m/s uay
gaunndl 70°C wagarmiiaan 1.0 m/s) vetidlasan
ammﬂumiammqmwmu deradtedannisssime
YonfisnTu uasiin case hardening A dnuoy
Huwdenuds FaRnanmsndsundasmanzniely
1A5985 19189628819 31NVLTIAAN8E19 (rubbery
state) L0 uld9Aa18ULA (glassy state) Tusgning
nIzUAUMTIUAS Bsdanarinliioad meludegng
Annsvadaliiosas lassasaneluresiteged

*Corresponding author e-mail: c_withu@hotmail.com

fanafanundugnguann [31] Anedsusinagagnis
funliufianas luvasdislofivgamgiifasziunils
(60°C A 70°C) AUSINAGIAAYTDI adsH1DE 4]
Alduana A uey 19T ud A n19ad @ (p>0.05)
iesmuunauazsnuessnguiieg nelulasaiing
Yomanhegnfimilouiu (Figure 5 way Figure 6)
fie figngurunalvguagduauan Weiisuiuns
wiafigamnfian (50°0) @ sflaungunainanudy
aneluwad (internal stress) lshiAnusssiulafigly
1A398519 39UAUNTTLAA case hardening Tuseiing
N3z [32] dddumsnduiiuiaoginsiivh
LLﬁﬂﬁqquﬁm"’w (50°C) aginAnsyUA7 (collapse)
i esnussdules [32] denasonnuud sueq
Freg 197l ud u uenanddamudtanussaud
Wity Fonmgiidsrt) lumsviuidliinade
AUSINAZaEAveIag WeE il Tuddyada (o>
0.05) 81941 paxnanaIEan i liAanng
\WauuUaswar k uaz Der (Table 1) S9uanenis
winnEanlidwavinliiAansa suanugi
HantaglAssas 193EAUan1AT09iI0Ene 39l
AusINAgsgAvawIeg A liuanseiy [33]
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Figure 4. Effect of hot air drying process at various conditions on texture of ripe bananas (a) and
pumpkins (b)

Means followed by different letters are significantly different (P<0.05).

\ --

60°C My T

- - --
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Figure 5. Scanning electron microscope (SEM) of ripe bananas from hot air drying process at various
conditions (200x; a scale bar = 100 um)
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Figure 6. Scanning electron microscope (SEM) of pumpkins from hot air drying process at various

conditions (200x; a scale bar = 100 um)

3. NMFIATISHAE

NnmsAnwmud Werugamailunish
W 93710 50°C LU 70°C A1 AL* (ANEIN9) kA
Aa* (Areududun) vesiegrindieneuaniay
finvesdiuuiliuanas n1sldgamalinazannuiiay
ainlun1sviukad snavinlidog 19 saesiidaan
A Lﬁaﬂmﬂﬂmﬁmﬂﬁﬁ%mﬁfﬂma (browning
reaction) HaRedostueule] (enzymatic browning
reaction) wazliifedostuiouls] (non-enzymatic
bronwing reacton) Tmaﬂg’jﬁ%mﬁfwmaﬁﬁmﬁmﬁu
lia1dvesdiiog1uinn s sunladussning
ALY [36-35] Taudern AE* Fiwansnng
WA sunlasdlnesuveiiogns Jea1nnsmnass
wuInsEUIWIhUA s gamn T uavasdaudigs
annsaravannsasullasdvesiethaiadadld
(Table 3)
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4. NM15ATITAAUNMNNIUTTENTURE
31NN1TNAADUNIUTEANFUNEA 18NS
UseLiluAUYBUYDILNARBUNUI fI8E19Nd 8
vesgnuazilnvesiinunszuumviuisigumgl
wazAUsIaNgeldsuAriuuAIINYO U TUE
Snwazdang eduda uazaruvoulnesiy 6N
nideesivhusslugamafiuazannaniiausi 49
mMsvhuststanigdnan vilinauninvesiedng
néaeveugnuazilnnesudsuuvasly wu dfiam
AusINAgIgnYesietfianas wazdamasionsly
ATWUUALYOUYBINAFBUlUAUA9Y an1dzly
nsviured gnaasulinzuuuauveulae sy
auanvesadesiaegefie flgamgll 70°C A
A 1.0-2.0 m/s Fevinlimaog1andevenanouuiis
lisunzuuunurevaglutisweuidniesfvey
U1unans (6.6) kagadeg1afinnateuunsegluyig
venlilddweufivweuidntes (5.7) (Table 4)
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Table 3. Color parameters (AL*, Aa*, Ab* and AE¥) of ripe bananas and pumpkins in hot air drying

process at various conditions.

Drying Ripe bananas Pumpkins

conditions AL* Aa* Nb* ANF* AL* Aa* Ab* NF*
10ms -10.99+4098° 362+159° -242+302° 12.17+0.20° -11.70+061° 5614001F -7.24+026™ 14.86 +0.61°

50C  15mi -9.33+047°% 267+241%° 0162261  1000+1.03" 435+135 297+0.78™ 536+1.71% 7.63+1.65°
20m/s 9T7+156% 3254097 -038+328%° 10.56+1.86™ 590+080° 2.80+0.80™ -6.10+1.12"° 9.00+1.13
10ms  -102940.19° 1.79+027" 2204009 10.67+0.12% 670+1.19° 3204023 -4.83+1.87 9.00+0.04™

60°C  15mb -845+003 1444030 193+021% 879+0.12" 576+376° 60241567 -894+4.29° 12914057
20m/s 7744001 105+0.13% 229+071° 816+023% 733:122% 199+4123%  328+173" 850065
10ms -6.04+4064° 042+007° 4634023  7.64+037 4762217 17142477 -267+1.664°  628+030°

70°C  15ms 632+4085° 1.89+001% 135+004° 6.74+081% 528+008° 183+054 -576+1.26 806+0.75°
20m/s -548+030° 1.22+0.85™ -021+1.14® 5704052 5114043 05040547 202+4339" 601073

abedel v/alyes in the same column followed by different letters are significantly different (p<0.05).

Table 4. Sensory evaluation of ripe bananas and pumpkins in hot air drying process at various conditions.

. Ripe bananas Pumpkins
Drying
" e Overall s Overall
conditions Color Appearance Odor® Texture Color  Appearance™ Odor Texture .
liking liking
10m/s  44+18°  46+21°  54+16 44+23° 48+19° 40+20° 45417  58+17  41+l6  38+15
50°C 15m/s  39+15%  54+19™ 45418 59+17° 50418 48+18™ 54421  53+19° 48+ 7 47+21F
20m/s 47417 55417 51417 55+15° 45418 54+16% 46419 61418 47+14% 41417
10m/s  48+18™  53:20™ 52417 59+14 50417 55418 52418 434217 51+13" 50416~
60°C 15m/s  60+17° 56416 59+15 42+18 551277 444207 56420  55+18° 55:20° 48+15™
20m/s 51415 48+16°  55+18 54+15° 46200 47420 56415 48+21° 60415 514197
70°C 10m/s  59+16™ 59412  57+19 51+22° 505+¢15° 64+15 46420  59+15 49+17  56+14°
15m/is  65+18  66+20° 58+17 45+19° 59+20% 59+18° 56417  52+414° 57+19° 56418
20m/s 64417 60+19° 54414 58+17 66224 61421°  53+19  55+19° 54+18" 57418

3cd values in the same column followed by different letters are significantly different (p<0.05).

" means that odor of ripe bananas and appearance of pumpkins are not significantly different (p>0.05).

dyuna

anefinsand s unisiiuandae
veuuaziinnesde anzilgaumad 70°C uaz
AUSIaN 2.0 m/s Filrensusqlunisvinuieves
ndrevougnuariinnesdauiiugedu lnoen
FuUsEANS n1suns AL uUsEANSHE (Do) V04
Aaeg1andeveuaniiAteglugig (1.66-5.40) x10
® m?/s wagsiqegafnnesdiatey luyas (4.02-
11.00) x 10%m?/s d1115UA1 a,, V8IFRIDE19NAY
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veuanouwazda10g luye 0.56- 0.58 (MR:
19.50-20.62% (dry basis)) luvaizfifaogeiinnes
9wiA a, Y39 0.55-0.57 (MR: 7.89- 8.28% (dry
basis)) vauzdien a,, Huialndideatu dusunsld
qmwgﬁuazmm%aamﬁm"’w (50°C, mNuLSay 1
m/s) danavinlvisleg1anaigneugnuaziinnes
puwafiauudennty iesnnlassadisfioun
wazsururesgngulion suilufidadiniiaegig
fviuislugamnfinazamisiauiigs §991n013
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