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Effects of Temperature and Degree of Maturity on Electrical Conductivity,
Moisture Content and Total Soluble Solid of Banana (Musa sapientum Linn or

“Nam wa”) during Ohmic Heating
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ABSTRACT

Ohmic heating is an alternative heating
method that may help shorten sun-dried banana
production time which is generally long. As
information on electrical conductivity of food
material is necessary for a design of an ohmic
heating system, effects of temperatures and
degree of maturity on electrical conductivity,
moisture content and total soluble solid of ripe
and unripe bananas (Musa sapientum Linn or
“Nam wa”) were investigated in order to design a
sun-dried
that

increasing rate of electrical conductivity was high

proper ohmic heating system for

banana  production. Results showed

when the temperature of banana increased from

40 to 60°C. Total soluble solid of all samples
increased rapidly during heating while total
soluble solid in ripe banana was 10 times higher
than that of unripe sample. It was also found that
in the beginning period ohmic heating helped
decrease moisture contents in the samples at a
rate of 3.3%/°C. In

temperature and degree of maturity affected

maximum conclusion,
banana’s properties. Ripe banana was suitable to
be used as raw material in the production of sun-

dried banana using ohmic heating and suggested

heating temperature was between 60 and 65°C.

Keywords: Ohmic heating, Sun-dried banana,

Electrical conductivity, Musa sapientum Linn
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Figure 1 Schematic diagram of an ohmic cell
used in the experiment:1) electrodes; 2)

adjustable stand; 3) food sample.

Figure 1 WAMININAALALEIUUTENBUVDS
Toviufiawadildlun1side fwadianlndnsed
U (Food grade) #vu1AUTEU 5x5x15 cm 9
SianlnsavinanaunuLad 304 yuiafiuiinige
5x5 cm (Munglay 1) %Qﬂamﬁy’wugmﬁﬂ%’mwz
19 (2) feE1e (3) a]zgmwﬁiwd’maaﬂimmﬁgﬂ
d09 vin1susudaalnsaliuuuiudiegng
wiastufinlniaildde wiowvaslifrviinusu
wsssule (VARIAC) Tnsusesudilalunislrainudou
fiAasiivindu 100 V nszualwiuazgumaiives
fogvugiignlianudeuszgniuiingioinios

ado a

TuiinArn1simesiniuazaaumgindmdnain

d
USdnuasdeiines (Usemalng) dieg19azgnlv
mnufouangumgiviesauisgumgiifiFeanis Tu
N3 IALAzAIUANRUNNNYDIFIREN Awvlagldi
nTI33aunnduuUasNAvlana ity (Platinum
RTD) LuU 3 anefiilannuagiden +0.1°C viinnsli
Aufouauiiegaliguugll 33, 40, 60 uaz 80°C
Tngvinsnnassisauegeton 3 41 Wnireesd

H1un1shinINSeusuiuiounglivies neuvy

*fengkska@ku.ac.th

P ludausunavendenazateunlanaz ANy
sl

3. MsALIAUAINITUIHAN
An1sE e singeENsanIuInla
Tneldaunisdi 1 9]
L
T VA
dlo o Ao mnsihlnihvesems (S/m)
l way V Ae USunaunseualudi (A) way
AALASANg AN (V)
Luay Afo Sreeriesenindn

(1)

O

a X d v oo Y a s
aLaﬂI‘Vﬁﬂ (m) LLa%WUVIMuqmﬂsUaﬂsU'J@LaﬂI‘V]ﬁﬂ

(m?)

4. msIasunaendsiiazaneinld

Yieg1andrsunaniinduudituge
w3ostuoInis (Sharp, EM-44A, Usgwnalng) au
TSRS duRaNsTInandeset iy 1:2
Tnevimdn daingretunsld 1 42lus 19nszuen
3081 (Syringe) woninduvuldnasnnanainudy
‘lj’WL“ilJl’lLﬂ%a\‘im,‘lum%EJﬂ (LABQUIP, Centurion 1000,
England) YusieA313157 3,500 rpm sduiaan 20
unit Widruladiuuunnnusuave sudei
azatodrlddrouinsdudwnm (Hand
refractometer) (ATAGO, PR-32, Japan) 11113
VnasaALeEIes 3 9

AuaUsinaewdsitazarsinldnou
A5L3099MEENNTTT 2

BriX, . ="BriX e X DR (23)
W, + W,
DR=-—2—adud (2b)
Wb
Weo  °Brix,,, Wwoy °Brix ... AsAIUINIA

yoaudefiavarstldnounazndinisiFons
DR fe n31d7un15138919 (Dilution

ratio)

4 A9 U%mmﬁgwﬁagluﬂﬁw

W, uae W,

(mL) kasduashu (ML) auaisu

919156U52A7 A3, ,N1ATYTIAINTIUNTOMNS, ANEIMINTIUAIANT MUNIUAY, WINYIRBNYATAIENS, WATUTY

Lecturer Dr, Department of Food Engineering, Faculty of Engineering at Kamphaengsaen, Kasetsart University, Nakhon Pathom



MyasmAluladn1semis uninenduasiy U9 10 aduil 1 gaieu 2557 - fugeu 2558 45

5. AN5IAANNTY

théneeandegn (szdudl 6) Aisinunnslar
AUSEUMIEIENSIANSauLuUlavuliaun ey
gumglanadingnmgiivies dauusiiegseandu
3 dyu Ao @i (@ufifinununaniiuendia
Uszana 3 mm), iile (drufiogseninsduiiady
wnunansdaduduiifiudasuiunnnuasidnvae
wisnidawile) warld (@uununans) udnhluse
AN UEE LATDITAAINTY (Sartorius, MAGO-
000V2, Germany) YMSNINRBITaAL 3 91

NANISNAADILAZIANTAL
1. Ansu il

91A Figure 2 agwiulainAnisihlniives
#19819na18an (Figure 20) AzilA1ganIndlegng
néefu (Figure 2a) inaamad (agldvinisifu
foyaveandreviuluszoril 4 mudviidiudenves
Mitra [8] WisnfusneifiowSeudiouliiunuilu-
Figure 2b) 1ilesanndreiduiiviidnisanuuy
Non-Climacteric ”me’mﬁﬂé’wqﬂmﬁﬂszﬂau
melurziansilsuntas liusunaveauded
azanstnldveandogniAiginiindrsiu uay
daaromnisilihdaduiladendnrednsinig
Wngavniluvaslianuieu (10, 11]

dlefarsanandnsinisiiuvesainisun
T1veendre wrenauwtansmesnilu 3 979 fe
§297 | Feilgnsnsifinduveseinisiiliiiedng
$19 qudstaedt Il Arnasdaliiihlugaeiesfiniu
98139597152 a1ainandleliainudounnndae
danavin e lulwadiialssiu Ngadauns
Ausugegafinuld ndawadiagniinanevinli
yoavadfiegnislulwadunioanuiginauen
dlesmnausuniglumasdnaisiiunnniinnudu
o1ma Tnsluvasiivhnsmadevaylddude@os
YounarfiduesnunIusieg1setesaiiios fae

*fengkska@ku.ac.th

winvetnadtugadidudailninaniiuds 39
e i divgaluyaed i
Wedsnslininudoudeluauidngyaei i

(Faust 58-63°C FufuszduAINANIBIFI9879)
Snsnsiuvosansilifilugaeit 1 9zfien
a@aa'ﬁﬂﬂ%’jq Waliszewski taganlg [12] 51891471
wlend18981AnN15 Gelatinization g3

Uszana 62°C Juld $§iTeidomarasniaiia
Gelatinization ¥93utlerinm199 211901519
auseunuulevuiiauaziansliiiugl A1nsun
Ifhvewutaazanasvasziin Gelatinization way
nduuintudnaduiiegungiigedu 113, 141 n1s
anaswesdnIIMsinvesAn i lwirluged i
Wiguiudaei 1| Jadnaginainnsiiutlindaesy
\AAN"T Gelatinization Hulos

NI uLiieu Figure 2 (a), 2 (b) uay
2 (0) azviulsegadniauin gumgiiFuduluusiay
$99zilAd1etudmsundasluszozaiiugni
fnefu Table 2 uansgaungiBuduuazaaung
anvine ufednanisifiuvesainistinliiinluus
28919 NeTseEnUIgumgGuR LA gy
anvingluda9il 11 veandaeanazilan 40-60°C
Tuvzfidmiundrefvareglugag 45-65°C viadl
o1z dunsnzin ndrefufiesdussnauneludiu
g duntaazmniuiiliazatein inldivad
nelulinsganiziuegranuiiuu [15] ndaead
Feamsonusoussiuloth st uluvas ke
$ouldfd wilusgniteindeasuanmanaudy
an ulsdsuduiiana LLazLWﬂauLﬂﬁauLﬂugﬂ
flazaneild yhldnsBanmefussrinagadiin
MUulega [15] HuganveInaIganiamnuse
wssfulednlddesniingrediv Tailiguungd
Suduuazaadineludaed I veandrsfvazien
WNNINAIean

919156U52A7 A3, ,N1ATYTIAINTIUNTOMNS, ANEIMINTIUAIANT MUNIUAY, WINYIRBNYATAIENS, WATUTY

Lecturer Dr, Department of Food Engineering, Faculty of Engineering at Kamphaengsaen, Kasetsart University, Nakhon Pathom



MyasmAluladn1semis uninenduasiy U9 10 aduil 1 gaieu 2557 - fugeu 2558 46

03 , y=0.0052x-0.157
025 l | R?=0.9833 A/
£ ! | /

C 02 y=0.0056x - 0.1793 | /
= | ]
2 R?=0.9994
g 0.15 ! _ |
2 y =0.0023x - 0.0291! !
S o1 T |
3 R2=0.981 ; :
E 0.05 ! i
w ® : ONE @
0
25 35 45 55 65 75 85
Temperature (°C)
(a)
0.6 | y=0.0128x-0.265
8 | B
5 05 ! R2=0.9978 /
~ 1 !
2 o4 : a
> . 1 1
£ y =0.026x - 1.0315 :
€ 03 R? £ 0.9895 :
(&] 1 1
ER y=0.0057x-0.1197 | T L !
g |
2 R2=0.9531 |
0.1 @ . @
0
30 35 40 45 50 55 60 65
Temperature (°C)
(b)
0.7
y =0.0065x + 0.0197 \

0.6 //
o . R2= 0.995§5/A/t
3 05 ! /4
2 04 y=0.0137x - 0.418 ’/e/é
3 R2=0.9841 .'

2 03 !
8 : :
502 | O © o
3 o1 y =0.0049x - 0.0979
Iw |
0 R2=1
30 40 50 60 70 80 90 100
Temperature (°C)
(o)

Figure 2 Relationship between temperature and electrical conductivity of samples having
different degree of maturity: (a) 1, (b) 4 and (c) 6.
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Table 2 Increasing rates of electrical conductivity of samples at different heating temperatures

Zone Degree of Temperature °0) Increasing Rate
maturity Begin End (S/m. °C)
1 30 a5 0.0023
4 30 a5 0.0057
6 30 a0 0.0049
Il 1 45 65 0.0056
4 a5 60 0.0260
6 40 60 0.0137
Il 1 65 - 0.0052
4 60 - 0.0128
6 60 - 0.0065
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Figure 3 Total soluble solid of ripe (degree of maturity= 6) and unripe (degree of maturity= 1)

bananas at different temperatures

*fengkska@ku.ac.th
919156U52A7 A3, ,N1ATYTIAINTIUNTOMNS, ANEIMINTIUAIANT MUNIUAY, WINYIRBNYATAIENS, WATUTY

Lecturer Dr, Department of Food Engineering, Faculty of Engineering at Kamphaengsaen, Kasetsart University, Nakhon Pathom



MyasmAluladn1semis uninenduasiy U9 10 aduil 1 gaieu 2557 - fugeu 2558 48

deliaueufeguugd 40°C Ui
vosudafiaranstildunendaogn Tensnndy
0819590157 1 23 °Brix vdeAndusnInsLin
= (23-11 “Brix)/(40-25°C) = 0.80°C Fai19z1fin
mﬂmsamaamLuaamﬂmumaaaﬂmma vilsk
arududuresinuveudefiozaretfiugedy

SasnafintuvesUSunavewditazareilaly
ﬂé’asjqﬂ%a@aat,ﬁaqmmﬁqmdw 40°C (31n 0.80
Wideliles 0.03 °Brix/°C) donndesiun1sanadves
mm%uasiw%ﬂ (nan535e7 3.3) daunisiiinty

'
=

yeslSnamendiiiazanein Idveandelusses
1 azduluegadng drednsiaafiann 1 OBrix 9
guungivesluauda 1.8 ®Brix fgangil 80°C
(0.03 ®Brix/°C) Fathasidumsendrefviiviunan
ﬁf’jﬁma(ﬁ’]LLazﬁé’mwmiq@L%Bﬁﬂﬁ@?ﬂﬁuLaq
Tuaaglinnudounnnaisszagaeg 1ad
n1stuiinanlunisliainudouliaae (ldla
wansran1snaaasluii) nuitnailunisliniy
Youndwfvurunindregnuin dadunaniain

nsfindrefvivinavewdsitazarsinlduazen
msihlaidisniindaean ilssnsinsliaig
ZouiiAntudinintues uenand elraueu
ndeRvLuTu R RN d e fidnuarutudande
& waziinseslusl vinlrdanmduauulvidi
ldanunsalrannudouniedsnisliainuseuuuy
Tovindiaseluls ndreaniaianumnzaniiagldly
NSNARNAI8AINAIEITNSIANNSauLUUleLEA
1710A

3. N15ANAYBIAINTUTUSIUA9Y vaendae
gnuauzlinanuiou

Figure 4 uanslifuinanudulugiusingg
vasndganvziaranasluvagliaiiuou lng
U%Lamﬁaazﬁﬂawm%uuﬂﬂﬁqﬂLLawhmm%uiué’m
199 ansaeadiulasel] dauiin (skin) > e
(middle) > 1& (core) Tuszuinenisliainuiou
mutuarilanasedwiaios

J
(e}

E 8 3
- e
e

W
(e}

Moisture content (%w-wet basis)

N}
[}

o S H M- A C

20 30 40

50 60 70 80 90
Temperature (°C)

Figure 4 Moisture contents of ripe banana (degree of maturity = 6) at different positions (S=skin;

M=middle; C=core) during ohmic heating
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