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ABSTRACT

The effects of soluble solids content and temperature on engineering properties; i.e.,
thermophysical properties, rheological properties and dielectric properties of papaya puree with
different soluble solids contents were experimentally determined at various temperatures. In
addition, the study of kinetics of color change of papaya puree undergoing different evaporation

methods was carried out.

For thermophysical properties of papaya puree, density and specific heat were measured
using pycnometer and differential scanning calorimeter (DSC), respectively while thermal
conductivity was measured using line heat source probe. Thermal diffusivity was then calculated
from the experimental results of the specific heat, thermal conductivity and density. Thermal
properties of papaya puree were experimentally determined at soluble solids contents of 10, 15, 20
and 25 °Brix and at temperatures of 40, 50, 60, 70 and 80°C. The density, specific heat, thermal
conductivity and thermal diffusivity of papaya puree were found to be in the ranges of 1014.6 to
1098.9 kg/m’, 3.652 to 4.092 kJ/kg °C, 0.452 to 0.685 W/m °C and 1.127x10" to 1.650x10" m’/s,
respectively.  Density increased with increasing soluble solids content but decreased with
increasing temperature. Whereas specific heat, thermal conductivity and thermal diffusivity
increased with increasing temperature but decreased with increasing soluble solids content.
Moreover, the empirical models for each property as a function of soluble solids content and

temperature were obtained.

For color degradation and kinetics, color change of papaya puree during different
evaporation processes (i.e., conventional evaporation, rotary vacuum evaporation, and microwave
heating processes) was investigated. The initial and final soluble solids contents of papaya puree
were approximately 10°Brix and 25°Brix, respectively. The conditions studied in this research were
the temperatures of 70, 80, 90°C for the conventional and rotary vacuum evaporation methods and
microwave powers of 200W, 300W, and 400W for the microwave heating method. Total color
difference (AE) was used to evaluate the total color change. The zero-order, first-order and a
combined kinetics models were applied to the change in color. Results indicated that variation in

AE of papaya puree obtained from conventional evaporating and microwave heating followed a



zero-order kinetics model. Whereas variation in AE of papaya puree obtained from rotary vacuum

evaporating followed a combined kinetics model.

For rheological properties of papaya puree, the rotational rheometer was used to evaluate
the flow parameters. Rheological properties of papaya puree were experimentally determined at
soluble solids contents of 5, 15, 20 and 25 °Brix and at temperatures of 5, 20, 35, 50, 65 and 80°C.
The flow behavior of papaya puree was adequately described by the Herschel-Bulkley model. As
shear rate increased, papaya puree exhibited a pseudoplastic behavior with a yield stress. In
addition, it was found that the apparent viscosity increased with an increase in soluble solids content

and a decrease in temperature.

For dielectric properties of papaya puree, the open-ended coaxial probe method was applied
in this research. Dielectric properties of papaya puree were experimentally determined at soluble
solids contents of 10, 15, 20 and 25 °Brix and at temperatures of 40, 50, 60, 70 and 80°C. Results
showed that dielectric constant decreased with increasing soluble solids content and increasing
temperature at 915 and 2450 MHz. Whereas dielectric loss factor increased with increasing soluble
solids content at 915 and 2450 MHz. In addition, dielectric loss factor increased with increasing
temperature at 915 MHz but at 2450 MHz the influence of temperature on dielectric loss factor did

not show the obvious trend.

Keywords: Papaya puree, Soluble solids content, Temperature, Density, Specific heat, Thermal
conductivity, Thermal diffusivity, Color, Evaporation method, Kinetic model, Apparent viscosity,

Dielectric constant, Dielectric loss factor
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1 2 3
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mm%yu 86.8 g 87.1 g 90 ¢g
Tsau 0.36 g 05 g 05g
R 0.06 g 0.1g 0.1¢g
3 Tulamsa 122 ¢ 118 ¢ -
Fule 0.58 g 05¢g -
181 0.57 g 05¢g 05¢g
UADLT Y 30 mg 24 mg 24 mg
Eh 0.2 mg 0.7 mg 0.6 mg
HUN LT 21 mg - -
Woanesa 12 mg 22 mg 22 mg
Twinaidow 183 mg 221 mg 230 mg
Tasiaem 4 mg - 4 mg
A Tsnu - 710 mg 950 pg
INUULD 1093 IU - -
INAUY 84 mg 73 mg 70 mg
Tnesiiu 0.03 mg 0.03 mg 0.04 mg
15Turla3u 0.04 mg 0.05 mg 0.04 mg
Tuezdu 0.33 mg - 0.4 mg

17 : 1. Chan (1983); Nakasone (422 Paull (1998)

2. FAO uag US. Dept. of Health, Education (18 Welfare (1972)

3. Philippine Herbal Medicine Site (2006)
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Reductase L1¢ Lipoxydase

X
2.1.3 1eNzaznantlu (Ahmed Uagaue, 2002; Barrett LlazAt, 2005)

S A o

a 9)d' ) s 9 dy =l = A @ 9
Wisvsednwa ldngmiwndiu v auldveunanieGeuiisuntianuasdazdu
A ' A @ ' L A I a o s & Y A
nila 19y uzWome 659 uz19 tazuzazne (Henzazneathuilunansasiidiosdunainse
) o a o A 1 Y 1 2’ 9 gl 9 g 9 A
i ldeaadusions aelaonrainvate wiy twalsl whwa lduuunaiionals vey wad
Y] I 4 A
(Barrett tagaaig, 2005) uazduirlihilunieufoaniomuanudunilaldsoansonl luoda
"y a & Ay oA a A dy r1a
I lunszuiumseaaiiouzaznedtu e msmawa waznaunlu@  Stafford tagae

Y
1 a 1 a o 4 . 1
(1966) wWu M3nanaluiieuzaznedtlunaninmsitnuvesen lsl pectin esterase L6



v oY 9 9 A a A ya (a 2 o &
ausadudeldlasmslianuden  wiemamuihame 1vNUS ety luiie
uzazneAullszana 26°Brix (Yamamoto 11a¢ Inoue, 1963; Chang LlagaAe, 1965) 13013

[ 4 1 [ =<~ ] 09.: a
U5y pH veutlouzaznedtluliimin 3.4 Niflumsdudimsinanald (Brekke uazase, 1973)
9 Y [ lel 4 . [T | ) 09/‘ A A o Y a A (=}
mslganusoulumsduduoulesl pectin esterase Savreduduoulaiduniliinananlia
a9 ] ' < A = dy = a g A <
NAY uaoenalsnaw nauludludievzaznedtlwnauanmsuilouvesnlden waa
o (] <
14 vazenaveanzaznees (Brekke tazaalz, 1972)  msnaugnesn lledausuazaaans
a 1 (%] a' (= dy a1 Y a dy =W
wanvzeilesnunauluduazsavuluilouzazneftlu’ld  nszurumIndailouzaznedllu
v ) ' Y
Fuanmsaralaenuzazne liazeiaedadeanilsn uazensiuyatonn MEIINITUIINN
) I o 3 Qy < o 1 4 1 1
onlaen uudeeenuaziilugwan i At lnasesdtlundinsesruazunsa

A Y a o =) o <3| dy = @
!,W’aal‘lfiWa@mmﬁ’nuﬂ’nuﬁmmmvﬂumamEnﬂu (Ahmed itagaAME, 2002 )

2.2 auliAManNNSoUVD IS

[

ﬁnﬁﬁmamm?aummmmi flﬂ’ﬂlltgﬂﬂillﬂEiNll1ﬂﬁ"€)ﬂ15‘ﬁ1u1EJﬂTiﬂ'WEIWIﬂ’JHJ%I@u

9

wa v { o o Y 9 ° . o
VYOIDTNT ﬁll‘]J@Wl'Nﬂ']'liJi’f]Uﬁﬁ?ﬂﬂlu Vlﬂllﬂ AIMUIDUIUNIS (SpeCIﬁC heat) ﬂ’]iuWﬂ'J’lil%jﬂu

(thermal conductivity) NIUNTNTZVIBANWFOU (thermal diffusivity) Tunsusgdemsdie
Y
o Y A o 1 4 A
AN U nTzUIUMTINgNAILANRIsaNTaaIna1llse Tesivesauiananuiou Ao
Y I
msthunldlumsiinedasimsniemanuiouluenins duiudeyaduianieanuioun
Y [ 0o R A o 3 [ 1 a d‘ d‘ a d? [
gndeuazwiudinedianuiniuedrauindemsaamuanudsunlasimediuiuemis lu
U Y 9 @ 4 v Aad [ [
5LHINNTTUIUMS I ANNToU msnaugUnsainsia 3msia aasaruilsuily
anuamsalumsiaauianuanudouldgndesiud uazafeaunmsinneauiania
Y 9 ﬁy ¥ A 1 Aa 4 1 I~ 9 [
anuSounndoyaiiioadudun wu guvgl 0sfiznouvetes anwruiu iudu 7o
a L wvAa I (]
Tdinaanudn lwezamnsodszgnd ldautianeanuion1diilued19@ (Singh and Heldman,

1981; Choi and Okos, 1986; Rahman, 1995; Tansakul et al., 2006; Tansakul et al., 2008)

Rapusas 482 Driscoll (1995) #nt1A1mM 5113301 13T Line heat source WUAIAS

o Y Y ] Y o ' A A 4?} 1 I Y A dy
anuouvesveni IngaauazuiaiuuunIy Iaunuiueduuduas uieanuiu

v 4 2

AU AN 0.29 - 0.52 W/m°C Tusaanusuitlon 24.0 - 80.6 % WUIQUHANYI 30.7
—33.0 °C LAZAAMUNIUTI 0.09 — 0.27 Lifimagemmatinnudou uaz ladnuiannuiou
tumzvosoni luguuuuniulaedd Method of mixture WUIIAINIWIOUSUNIZUDS

@ [ Y] ' dy ~ = v o Jdo
noun 2 Inan Ny 1.82 — 3.45 kikg°C Turasnnuduilon 0 — 69.2 % Tasianuduiusny

1 3
ANMMIEATER



Chowdary (1988) lamneauiianannusonvenzaiielugia 10 -40 °C Tagrainny
Y o 1Y aa . v ] o A 1 Vg
SOUIUANIZUBINTU AT Method of Mixture WUIIAINNUTOUIUWIZUAT 1WNUUB 1T Y
F) A Am 1 A dgl v ) 9 Y o .
idunsuleUUQNTNA NN  tagiAIMsinuionTagldnann13ued Line heat source

1 o 9 =l A d? 1 I 9 di Aad A dgl
nUNMIMANUIUTAUNLAIURE T UdUAT AP UMY UNA NN Y
[ Y
Priyanto  (1992) AR¥IAIANNIOUTUIMIZVOUNOUNNANUTY  88%wb  LAZAY

HUWUY 943 keg/m’ 1a83T Method of Mixture IAAIANNTDUTUNIZVOUNAOUMNY 2.65 —

Y
=

L o o A1 A 4 1 I 4 A A 1
465 kikg’C Fanunmanuioudumnzliaunuivedraiuduasuiogaungiiinuiulugia
QUNNN 5 -45 °C
2 v
Fasina uagaz (2003) sreuavianiaanyiouveailoiunliarinm  (sweetpotato
puree) TUH19gUNYN 5-80°C
1 o Y ! ' Y
Kurozawa LazAY (2005) 31891UAINTHIANING DULAZAINITUNINTZIIANUTOU

YOIz azNogn TUBIQUHL 20-40 °C

Y
Espinoza-Guevara LlazAMe (2010) ﬁﬂi&l”Iﬁll‘]:.IJGIVINfﬂfJﬂ"IWLLﬁSﬂ’N?J%}i’J‘L!GUfNLﬁ’Ouaz

nlaenuzazneTusiegungi 20-60 °C

¢ = =~
2.3 aaunamansmsilasuudasaveserving
g} 1 a3 A o /X o . . : )
thwa ldhdudu o1aGen 1@ty waadumnaduse (Semi-finished) Faau13nrinlyley
A A a Aa o 4 3‘ Y Aa o’/’ o Y 1 A A a 1
Ranuienannansanina lsiaiug I lmiuaulsenevveunTosduriinaiee uay
[ I~ 1Y a a a [ 4
daansoldiuiagavlumssaanaasusinuune 1d8ndae (Ramteke uazame, 1993)
M A Y 9 g/ 9)3 YA ax 9
Taena ldmswivanududuvesina 1517y 921935155218 (Evaporation) 3501519
4 [ ] a 4
Lgi’JLﬁ@ﬂmu(Membrane process)  L¥U ﬂiz‘U’Juﬂﬁi’)i’]i"fill“]iﬁ(Osmosis)ﬂiz‘U’Juﬂﬁ?&’miﬁ’
00@ lu%a (Reverse Osmosis) NTEUIUMTOAATINAATFY (Ultrafiltration) HaZITATINLAIY
a [~
WUTUAIIT UL (Freeze concentration) (Ramteke tagaAale, 1993)
U d’

ax A Yy Y 3’ . 3 axda a9
'meumwmsumuiﬂﬂmﬁzmam (Evaporation) WuATNUINAUNIN 1HDIINUAUNY

Y ¥
Y v A

=
U
° v < Y  dqy¥ o q¥a a A & ¢ a9 ¥
a1 ugodelsnaw anwdounldrzildinamsgadonausa’la fitiiosninesnsznou i

Y Y
v @

2 FS 3 : ' ' v a 3 Yy g A
nausaluiwa 1 TaedmIngez haearuiou aaiunszuaumananiwa lidudun
9 =< 9 Y a g' A :I = Ao
Aoamsgun g Wdeannewliinamsszmnimsemsusmireon liiguugiidg uaz
1 = J { g’ : g’ A o a 09:
aoaluldlimsgudeosdlsznovdug  Twdhwald  Fsmsszmeineideanuioulndiiu
Y A o :} ' @ 4 !
aslszneulnausaluemszqads liuleuneunua udinelaimsiauunielion
a g’ A o @ a o J 9 g 13 ] o
awnsauennausdeendn lesiunerihngy lwanlundaduaiudinaw uan liawnsoi

4 1 3 @ 9)3 = a 9 o 4 % 9 1A
@Qﬂﬂﬁgﬂ@ULﬂﬁTuuﬂﬁUNTVlﬂﬂ\iﬁﬂJﬂ G]NTQEJ‘]_]ﬂﬁL!a']‘ﬂ%ﬁ'nﬂ'if]‘Lﬂ@\‘]ﬂ‘]Jﬁgﬂﬂ‘]Jﬂﬁ‘lJﬂﬂulﬂthLﬂu
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a o AN YR @ o 1 o a A Y .. & (aaa
50% AUAMVOIHAAN UNN 1AVITIRINITAYADITUAY (Thijssen, 1975) WonvINHURAToMA10
Y Y
BYN LFU pigment degradation Lmzﬂgﬂimmimﬂﬁﬁmm MATUTEHIAMS IHanuTeuuas
1 =2 A 9y . < v 1A o o Ao A
AINANIAV0991115 1@ (Barreiro et al., 1997) UBANNMTIAMA IUTLUY L a b 1Hudr1riang
C!' L=\ =~ =W oy =
lumsulasunilasma laesnvean @ty (Avila and Silva 1999) 111150A1AA (Weemaes et al.
Y
1999) a2y (Tiwari et al. 2009)
1 4 { g’ v A I~
Maskan (2006) WuIaunamaasmiasuulasdlessrmvonihmiunududu 13
1 o I 4 [ Y Q
HUUHTNTZHINOUA DU AZBUAN TS
. ' s = ~ 2 A o
Nisha tazaaie (2010)  wuIwauwamaasmsuasuulasgveationzvemantlu

1 a o [ v W :
Turregungil 50 99 120 °C HlunuuSUAVHTI

2.4 auiAMeslalatveinving

aa o w 4 { [ 1 A A 1 1
Glu‘]f’lﬁﬂ‘izﬁ]1’31!"11’8'1\'1111{]5]Ell'ﬂlﬁEI’J"ISI”ENﬂ‘U’E]TVHiL‘Viﬂ’JfJEIN‘I’TaﬂLaEN%Jhlig]j IS

Y
%

Y Y Y ] 1
Heginiivi 1huiu un nzi ideu 1A IMISIMAIDU INOLIAIY ANUNTIAYDIBINITIHAI
~ 1 4 '
UNTUNDIMADNYBAITT  INFIZANUHTAYBIOIMITIMAITINTOUNUBNINAVNTNYDI0 TN
la ANUNIAYIIMTIANUA A YOI NEITUgAAHNTINEIMIT  TaBImWIZod19Ed
[ 9
gadmnssNeIMINNeITest Uy Tuanuzvewrar  liizegluduaeuiuingan ms
3 o A o 4 9 o 1 Ay o Y 9
wls31l manusavNaaduNgaTY AI9819gAaHNITNOIMITNADIeIRIANNgANN 1o Ty
d‘ A Lﬂ' Y [} =\ a A Y 1
Feennuwtameenuuuiomsulsglomslussaugaamnssuedndidszansam  Tdun
oy o 9 oy o A | Y 9 Y A
gadmnssuuy gadmnssuhdnwald gaamnssuhduiy Judu deyaduanumnila
1 ogj I o
vo401115 lusazduneumsuilsyaziilulse Temilumseonuuunszuiumanlszilems
iy mMsdenily wazesnuuuszuune itz anlu1591Ugaa1MNIINOINT (Rao et al., 2005)
9
Rao tazAMz (1984)  AnIUNUIMUDIANUTNTULEzgUUgNaoANNrTave
A o D, A ¢ o ~ v v
welilaaziiegu HazasNaUMIAAAMAATINUIBANNHUALTINGIINANUTNTUILDE
Y 9
gangiveniwelitlasaziieu
a (A o o o3|
Ahmed trazamz (2006) IAnEIMRANTTUMS Inavesemsmsnifidudi iy
o o ] a U [ 1 a
psnilsznoy Tasiimsnylusisgamngil 5-80 °C HAWDI BIHITMINGAINAITNGANTTUMS
<
Tnauuny shear-thinning

aaa o Y

Dutta ttazamz (2006) lahimsAnyInganssums nanazlgasemsaaisdrvoauua

a

ua lsfiwtesnnanuiouluilnnesdtly  Tasiimsanuimeldgawad 60-100 °C 9

U

=2 1 AoA a 3 a . o o
msansmuNilnnesdtulingdnssums lvadluuuogTawara@dn  (Pseudoplastic) 1451

aumshl¥oFurenganssums valaun Herschel-Bulkley model
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. Y o = = a A 1
Nindo azamz (2007) lakimsAnydanganssums Inavesuguessaiuluszuing
9 Y = Y a I A ]
aszuums anudou TasAnuineldlsunavesveatsnazais 1 10% 15% 20% uag 25%

a P 1

{ ' a 1<
Nguuqil 25 40 50 Az 60 °C MNMIANHINUI NYANTIUMS Inavesugiuessatluiumuy
a 4 a { 1 a
shear-thinning LAz @3 WAUMIANAMAASIAAIWAVDIgUNYTHazAUTNTUN AN ANT T
I
M3 lvavesugiesiailu
. =2 =2 Y Y ! a E
Maceiras 11agAaIE (2007) ANHIDIHATEINS IHANNSouaengAnITuMS Inaveana d)
= 4 o = =® ] a =® o =
Atlu (raiiuess anseruess W uazwgy) Taednmlugsgumrgi 20 H9 40 °C 1IAMIANE
1 a 1 o 1 <
WU nganssums Inaveswa ldatludesnarutuluamlumeauuy Ostwald de Wale 1
Herschel-Bulkley
=< =< A z A A a A Y]
Augusto UAZAME (2010) ANYIDINGANTIUMS Inaveniweomannan luFansm
' J A < . . A a J A I~
wun wziemeniluveslvauuy  thixotropic  lasingAnssums lvaveuihwziWemen iy

. Aa 9 Y
111U pseudoplastic NUAITUIAUADINAIY

2.5 auliamMaladiann3nueI011g
9 A ad a Y 1 ~ ad Aa ] 4 = a
Joyaauiiansladannin laun ansi ladiannin vazmuamesmsgadelad
< a 1 Y Aa 9 9 Y 9 ad a [
rann3nuesems Fawldmannuianudilanszurums ldanudounnuladidonia su
4 I A 4 Av A A o vAa a
m3sldanusoulasldaaululasnn dudy) 1aasery  uddsninertesnuauianalad
< a @ 9y
aanInuosrnuazna lil wu
. . . 1 ~ ad a 1 rd = a
Sipahioglu and Barringer (2003) #1easf lagiannsn uazamnamesmsgayde’lad
< a @ Y [ a o A A ya
rann3nvesdnuazwa 1 lugaegungil 5-130°C - AW 2450 MHz  Tag 1975 open-ended

. A a A dg‘ 1 A adg a v A dy A d? 1 ~
coaxial probe WUIUNDYUUHUINUUU ﬂ'lﬂ\WlulﬂE]mﬂ‘VIiﬂﬁﬂﬁ{l ULUDANTUYULINUUU AN

Q U

v
a

ad a A dg‘ =~ Y 1 o A dy A d? 1 4 =\ a
ulﬂﬂlﬁﬂﬂﬁﬂlWiJ"llu HAagNUHYNUDENIN 34 C LUBANUTUINNUY muﬂmmamaqmyma%a
< a A A a 1 o A dy L { 1 J 2 a
m[nNnInanay Glummzﬂﬂqmwgwmﬂm 34 "C IUDANUFUINUUY ﬂuﬂ"lﬂm@iﬂWﬁthulﬁﬁlhlﬂﬂ
< a A dgl
LANNTUNUUU
[ wva ac a @ o 1 A
Guan HagaAme (2004) ’JﬂﬂTL’fﬂJ’U@]‘ﬂNvlﬂ@Lﬁﬂﬂiﬂﬂl@ﬂﬂuﬂiﬁﬂﬂiu“ﬁ’)ﬁﬂ’NiJﬂ 1-1800
' a o 1 zﬂy ~ a = 9
MHz %9241 20-120 °C ¥39ANusUAlen 81.6-87.8 % wazi3unannae 0.8-2.8%  lagly
as . 1 A Aas a 1 J = as a
99 open-ended coaxial probe WU’NﬂTﬂQVIulﬂ’f)Laﬂﬂiﬂ Llagﬂ']LW\lﬂW]@iﬂ"lﬁgﬂ]ulﬁ'ﬂllﬂﬂlaﬂﬂiﬂ

'
J 1 =

A PRI d?' 1 a a A 1A ad a 1 1
ANANUDAITUDINUUYU LWIQmﬁQllll,ag‘]_lilﬂﬂllﬂaﬂuluuWﬁﬂﬂﬂ']ﬂ\i“l/lllﬂ@mﬂﬂiﬂ aaunuila

P4
= a K

4 = ag a A dgl A a a
L@ﬂﬁfﬂﬁ@Iﬂlulﬁ'ﬂllﬂﬂlﬁﬂ“l/lﬁﬂlWiJsUuLiJ@Qﬂ!ﬂ{]NLLaZ‘]JﬁJ']ﬂ!LﬂﬁﬂLW YU
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ad o a\ %
3. IBAUHUNTIFIVY
= wa v A a
31 msﬂnmau‘um‘nNmﬂmwuazmmsaummmamaznaﬂﬂu

3.1.1 Msm3auflea1anzaznentu
) 3 Ao o o d'dy 1 Y o
WNzazngAANNNUTUYNANFONNAMATNAT NTINNA  WATIANNTZDIAIAS
v & < o & 2 . A0 o 2 A A
donuden rnTaitudseenuaziivdugwang lavzaznenviwiuswang aslwnaieadiu
~ =\ Aa ] o ) dy A A 9 o
Anmelulinzunsanfvuaseutla 1.5 mm. duiionzaznodtlun laumane lsdlu Water Bath

= a ~ A o o o s o A = &
ngauvnu 80°C Na1 1 UM memmﬂ131/mmsummu”lwuazﬁamumimamﬁﬂmmma

A o o & A o 9 Yt Y 9 P, Y, A
Mgagﬂ@@ﬂu fl]'lﬂuuu’llu@1]3a3ﬂ@@ﬂun1ﬂ11ﬂuﬂ31mlmumu@1ﬂ@@Qﬂ'liﬂ'gfllﬂi@\?iglwmlﬂﬂ

v & A AA v 9 .
f]:fymu']ﬂ’lﬁ ﬁ]gllﬂ!uallgagﬂ@@ﬂu{ﬂuﬂj’lulmﬂmu 10, 15, 20 8% 25°Brix

3.1.2 myamuasaudsazagiinialagsi
o w v @ 1 3 gl Y 9 A = a '
Mdegauiaaivendsazaterin1d lagsudreaniossula Tniiwos (refractometer)

] a -4 o 1 @ :j M) oa/l
mqmmvﬁ’u%’u 0-32 TN IﬂEJ‘VHﬂﬁE‘T’E)‘ULﬁEJ‘]Jﬂf’JUﬂTi’Jﬂg]}’JEJU”Iﬂaunﬂﬂiﬁ

3.1.3 MIIAMANNHUUY
, v P v =
ANUHUILUUYDIVD UK N5011 19 1aeld  Pycnometer Iaelduiavesveariadi
135914 Pycnometer MM3103nasudiuomnanmamanuiuuiuauaadluaunsn (3.1)

o 2 A vy Yo oy d L
MU Pycnometer V]u’]il’](lslf@’ﬂ\ihlﬂﬁ‘uﬂTiﬁﬂULﬂﬂUﬂjﬂﬂWﬂﬁ”ﬂ@u

, u7a
ANUNUMUY = ——— (3.1)

153105

3.1.4 MAMANNIoUI UL

. [ 1 v Y { 4 Y R 1 o ]
¥ Baseline Iagmsdaanuuananvosnasnuanusouiniodliunselaidadiong

= o 1

] 1o 9 a d' Y a = .
uazvouldianddsvazi lulidiedialan  Tasldaasgumngl 25 D3 100°C Haz Scanning rate

Q

2/' { g’ o 1 o I a 1
5 oc/ui - 1niuly Sapphire NnTwhmintazamaNudousumziuaisseds Tnsldeag

Y ]
QYN 1Ay Scanning rate IFURGINUNY Baseline udninilowzaznoduniianududu 1o,
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. . . a =3 Y a 9 A a2 =3 ] 3} v

15, 20 18 25°Brix ¥1U3539 1 Liquid pan Yaniinldainaieaiestlaniin  suimiiniazin

o R 9 ) d' 9 dy A 1 1 1 1o @ ' 1
Tuinld 1h Pan NussyAreilonzaznedtluuaz Pan larldaslugesldiagdediuazyos
Gl,Z‘T'EJIZ‘TQﬁa]INS\‘]ﬂJfN Microfurnace Iﬂﬂi%}"]}"}\‘]’qmﬂ{]ﬁ 25 B4 100°C wag Scanning rate 5°C/u
4
IWUIABINY Baseline Lo Sapphire  39U39 Thermogram U®N Baseline, Sapphire waziilo
=W 1 w =) v 9 1 d‘ . dy
wrazneatu wwaaswiulunsli@erny uarmmanudesuuves Sapphire LUDSIUD

yzaznomluniouuu'l1n Baseline 1A 1LIUMIAIANLS DUT UNIZIINANMST (3.2)
[

dm |,
Cp = I;Cp 3.2)
o d o 3zeziDeawuaIn baseline 1ilofidI0t190g 11 sample holder

d o szﬂzsﬁmmumﬂ baseline Lﬁlﬂﬁ sapphire agi”lu sample holder
m Ao w294 Sample (mg.)
m' Ao 130983 Sapphire (mg.)
c,  fe  MAnwTeusumzven Sapphire
C Ao manufeudumezvesdiedng

3.1.5 mammsinnuiou

v Y
dvisumatialumstaaimsthanudounldluauddedisonin “Line heat  source

9

£ o Y awv Ao ] A Y 1 4
probe method” %3 probe mi%iuamnﬂummmmmmmmmaawmmmﬁumug{uaﬂmq

E4

= = Y 9 . A o
1.65 WU, UAZUANNYY 75 U, Probe H1l52noUNI80IARNSOU (heater wire) N1111910
o v o o (% 1 09: = ' < o
Constantan 1ag o3 Iudnwla (type T) dmsumruglaaregiaiuiziliadunsanssueni
9 1 4 4 o 1 )

9110 Acrylic FaFUMUFUINANNIBUDN 50 VL. UAZI 95 Wy, ganTesioianinmsiinau
Sou (3UN 3.1) Usznoudde probe (31N 3.2), Mruzldadeds, B1AIAURUNYY (water
d' a Y L] 4 Eq 9
bath) WOAIUANYUNNNUDIAIBEN, DC power supply (0-30 1204 uaz 0-5 nowil) laluns

wladIihnseng aduldidlulvihnscsuaase  waztenszualddualannudon  uazeu

v 1
~ =

1 1 a I'd 4 [ a d‘ Y [ dyd o v 9 v A
mnszuarutonines  mos luawdlanldlugansdaiil 3 dumitaleiuae Nyaninan

Q
4

~ (Y ] 1 A £ 4 v A qgj 9y A [ Y o
UB4 probe, nmyugladieg uag DNAIVANYUNHY FUN03 IuAnlans 3 IFTUUITHDUIND

a s A 9 1 C= Aaa = 1
data logger LAY ADUNUADT L‘waGhmaﬂaﬂmazuumﬂqmwgumﬂaﬂu”lﬂmmaaﬂuizmwmﬁ
% ! o [ U a y o . . Y = ~ [ T Y a &
19 NPUMMIIAAINTINLADIN calibration 1ae s 0.5% agar gel tazlTaumeunUA191999%

E]

AWM 0.628 Wm' °C” Ngairigil 30 °C
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=

~ A A 9 o 1 ) 9
?jﬂﬂ 3.1 G]gﬂ!ﬂﬁﬂﬂﬂﬂﬂi%ﬁlUﬂWi?ﬂﬂWﬂﬁu'lﬂﬂ'lﬂﬁ’f)u

31 3.2 Probe d1suaammsthanudoutazmsus ldadiod1a

u

M3aeUHYY Line Heat Source Probe ¥11d lagmstaainstinnuseuvesdiosnan
' o 9 Y g’ = = & A o 9 Y
niwmmsthanudou laun uagndweiu Fiammsiinnuieuniny 0.628 tag 0.289
[ Y Y
W/m°C Ngaungil 30°C MWAIAY (Sweat and Haugh, 1974) aniiuiinileuzaznedtlunnu
g 10, 15, 20 ey 25°Brix W33l lunszuendedis ududo Probe 11 lARINATS
Y v
yosdreduilonzazatluiussyeglunszuenlddedis ildnedu water bath udadoe

N3ZUBNAI0E191A Probe 191171 DC Power supply, Digital Multimeter, 1n5091uInguuai 1ay
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~

a 4 a g [ 31 1 1T W A o
ADNNIABS  JovUgUgNveuiiouzaznoAtlutazti i Water bath Iawmiiuigunginm

Q £

MInaaed 1aulla DC Power supply el nszue luihun Probe Wuan 1wl nszualilih

a C=

Aq ¥ Y . v R Y A v =R A
wimmﬁmuuwmfumm Multimeter i]ﬂ“lju‘i/]ﬂ"h miawu‘nﬂqmw;}mzuuwﬂqmwﬂw

U
]

v 4
WNTUYN 0.5 Infinaeaszeznaiminaasy muimlsinaunnuiounldny Probe  1Wou
aa @ 1 < {A 1 o 1 o 1
nagungin lanus In vowan a2 lAillunswhiduasaifian R? luaasdinir 0.99 shananu
Fun ldumannsmszninguugiuag n (0 dwamsmsihinnudoudaaasluaunisi

(3.3)

Q In(t,/t))

k = (3.3)
4 “ ade 4
Wwe T Ao gunQuNIa o yalaganin (°C)
k An  Amsianuseu (Wm K)
A d'o/ a d!
t Ao naIngungll o yalaganiia
Q Ae  Mdwweaassuialianuieuderitiienuey (Wm)

3.1.6 MSHIAIMTUNINIZDYANNI U
MMsuNInszareanuTou ldanmamuin Taslemanunuiiuv A1N31AY

Y ' Y o Ay ¥ @ v o J
I9U LLﬁzﬂWﬂﬂWNi@u%']LW']%‘VIU],@fﬂ']ﬂﬂTSﬂﬂﬁﬂ\iﬂ\?ﬂ?WNﬁﬂwu‘ﬁﬁlUﬁuﬂ1§ 3.4

k
o= (3.4)
PCp
' 2
A A ' 1 Y m
$\3] 0 1o AINITLNINTENYANUIDU (—j
S
A J o Y W
k fo ANNITUINNVIDU | ——
m .k
A 1 kg
p 1o AIMUUUULUU —5
m

Y o \]
o ANUIDUIUNTIS (—]
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3.1.7 MI9NUUUMINAABN

v
adaA 1l U

v
~A
°1umimamuLﬂumiﬁﬂymammmmt%’uﬂ'u UASYUNDUNUADTNUANNNIYNIN

U

Y o o

Y 1
uazmm':i”aummtﬁanzagﬂeaﬂu@a‘lﬁuﬂ ATMAITUUUULUU ATAITUIDUIUNIE ATNITUIATITY

v Y
fou uazamsunsnszaennuiou Tasvziissvesnnudndunasguvginnaneenail
- ANUAUYL 4 5¥AU Ao 10 15 20 1AY 25°Brix

[y =

- guHYN 5 33AU Ao 40 50 60 70 LAy 80°C

Y

[ wAa o I~ o
UAUNITNABDIATUITANIINIININLAZANLTDUNIH LA UV Factorial tazhiing

:j { o a Jd Aaa .
NAADI3 F1 WaMINAaIN 1Mz InIEanaannale 1Usiunsy SPSS for windows
. A [ v o w = =1 1 ~ 1 o 1 as A
Version 13.0 Nsgauisd1an 0.05 tazilisumeuaunasveasazdi98191as25499 Duncan 9
FEAUANUFONU 95%  AIANUHUILUY A1ANNTous e AN nusou uazang

J

Y 1
Lmsﬂi:::mamm%’aummgﬁamazﬂaﬁﬂuﬁ‘mam”lé’fﬁmm%’naumi‘ﬁmmmmﬁuﬁuﬁ

b

' va Y 1 dyo.l U o A A 9y = Yy 9
i314’HQﬁiJ‘]JG]‘V]NﬂWJﬂWWLm%ﬂ’JTJJiE]umiﬂuﬂﬂﬂi]i]EJ“VILﬂfJ’JGUE]\‘]ﬂ?J ANTNLVNUU LAaSQUN NN

U

= o

udnlSeumneuaunsiiuienldanmsnaassgananiuaumsiineaiauianiamenIn

'
=)

) 2
uazAaNuountdiaue 13
- ¢ o o X an A v
3.2 msan¥aaunamansmaagunlasdve urenzaznefuNFHIUNTZUIUMS TSI

HULANGY

3.2.1 MIAsENAIBEINZaznoMY
) S Ao o o d'dy [ Y o A
MuzaznogIANNHUFUUNAINEINAIANIAT  ATUNNA WA NIANVALDIALND
Miaduandasuuazeaiuuatandoon  uzazneNiumMIanuazoiaudnilen
P S o @ A2 g , A0 & 2 g A A
waen Winsuitwaseenuaziuduswang lavzazneniutuswang adlwaiesdiluay
] d'd ] a a A o Ay = d' Y o
AIRINIUAZLATINTVIAYRula 1.5 Tadwas Wnieuzazneatlun lduwiams 1541y Water
2 - 4o 2 . p o A A
Bath Ng@uuqil 80°C a1 1 w1l iedudimsinuveaen laiuazilosiumsidondeves
dy = :JI o dy = A Yy 9 A 9 a d o
Wenzaznoalu MnuiouzaznoAtluNNANMVNIWSUAUTZUI 10 VTAF 31U 250
o ° Y Y Y a 9 J ' an A o ¥
A5H W IFNANMTNTY 15, 20 uaL 25030 AI8NTTUIUMTTLMELVUA 3 FTiie 14 1a

Y 1
A

A = A Yy 9 1 @ 3 o a 4
LL!f]ll3ﬂ3ﬂ’é)ﬁﬂuﬂhﬂ’ﬂmmiﬁlu@ﬂﬂﬂuﬂﬂﬂhﬂ 4 52000 10, 15, 20 Liag 25UTN

Yy v
%

= cy QBJ’ Aag 9 1
MUNTEUIUNTTISNYUINN 3 15 Ulﬂ!,!,ﬂ
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Y 4 Y
o U

a A ] ] ¥ T o ¥y A
NIILUNRIUIUUAUAN (NANNITUTTYINA) “lwmwmaumammﬁaum

[ ]

AIVANYUHYNNYUNHUAIBE1 70 80 1A 90 DIFUTAITA

Y ¥ Y
msszmeiwuunelaanuaugyyine Tagldiniesszmverinny rotary
vacuum izﬁuﬁ’mﬂﬁﬁﬁmi (Model: Resona Model Labo Rata S-300,

Germany) 198901 UUDIAIDIIUNIND 70 80 LA 90 DIFFAITH

milanudoudlreadululasny dramiedluInsan (Model:  LOTUS

=

Model TR X3841, USA) l¥5zaumdalu#iai 200 300 uaz 400 Sad o

Adalulihgenii 400 SndeydenaliuzaynediluInd 1d

3.2.2 myamuaaudsazaeiinlalagsiy

o w Il o 1 < g’ £% 9 A ~ a 4
u"I@]'J’E’)fﬂ\?ll1'JﬂﬂTﬂlﬂﬂllmﬂﬁgaTﬂUTllﬂTﬂﬂi?Nﬂﬁﬂlﬂiﬂﬂﬁlw\lﬂjﬁﬂlﬁﬂﬁ (refractometer)

1 a 4 o J % g’ o 3
mqmwffuéffu 0-32 1IN IﬂEJ‘VITﬂﬁﬁi’)‘]JLﬁﬂﬂﬂﬂuﬂWi’Jﬂﬁ}’JﬂHWﬂﬁunﬂﬂiﬂ

3.2.3 mIdaa

11198 19017AA13A291A509 Hunter Lab 31 ColorQuest XE A dauaaslugilves L

Y )
(AANUENY)  a (MARI-ALAY) uag b (AFNRU-T11a09) TagiimMsaeusunIsdia

Y
AnoumsInfi10819A8UALNTITBIEVIINIATTIU (10° observer, Illuminant D-65)  tag

Murun1 AE 1inaunsa (3.5)

(3.5)

3.2.4 MIdNUUUMINAABN

4 = o = o an
ﬂﬁﬂﬂ’ﬁ@ﬂgﬂ’é)f)ﬂl!“]J‘]Jﬂ’JEJﬂTﬁﬂﬂﬂllﬂﬂﬂﬁllﬂﬂﬂﬂliﬂﬁﬂﬁqﬂ 3 Gl’)tlﬂi 75: ane:

Y Y
ANMUNUU) llﬂllﬂ

LUDRARY: 70 80 90 DIFUALTYE: 10 15 20 25 V5N,
HUUANUAUTYYINA: 70 80 90 BIFUYATYE: 10 15 20 25 UTNF LAy

uuu 9 Iy Tasnl: 200 300 400 Fad: 10 15 20 25 VTA

o g’ 3 Ao A =S
Tagiinmsnaaed 2 41 ausnianane @
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=3 U ) = & A
33 ﬂTiﬂﬂ‘leﬂﬁN‘lJﬂ‘i’lNﬁI@Iﬁﬂ‘llﬁﬂmszazﬂﬂﬂ‘IJ‘M

3.3.1 MIAsENAIBEIINzaznanu

v Y
A A

0 [ { o o ' o
WwzaznegnuiiuiLundfdgenaaIanen nTaumwd 1ndhanuaelanas

2

A A . o & . A0 g 2 A A
Yonlaen masuitvasesntazyiuiuguang lavzazneniuiuguang aslwnaiosdtu
d' = d‘d ] a o dy =3 d' 9 o
Anmelulinzunsanfvuiaseatla 1.5 mm. Huiionzaznodtluin lduimanelsslu Water Bath
o - N ’ v 4 2
Mgyl 80°C a1 1 Wit edudimsiinuveuen leiuazilesiumsidondevewuile

A & o A a 0§ Y Y v v v A
wzazneally  MnuNItouzaznoAl UMM IRNANUTNTIUAIUADINITAIBIAT DTSN
9 dy = A Yy 9 .
g 12 laileuzazneftuiTanuudu 10, 15, 20 1ag 25°Brix

9 0 9

3.3.2 mydamantamamslva
o w 1 dy A vAa Y . . .
Wmedaiionzaznedtluumantiamsiva Taeld rotational concentric cylinder
viscometer (Haake viscometer, Model VT500, Germany) fuUszuumsdawiia SV 1 uazl¥sas
A 1 @ A A o A I -1 = &’f [
ROULANAINNAY 3 50U AD INNOATUNDUIN 0 1JU 300 s ?Melu 11w 9Iniunwa

! . & o & N o &
@wouldn 300 s7 a1 udraedasufeuan 3001y 0 s melu 1w el

D

Snuguugiuesdiledeliaeif 5, 20, 35, 50, 65 uaz 80 °C lasldenarugugmngil

U
Y

(thermostat bath) NIN1INAADI 3 1

=X QU Aa s aQ & IS
34 m‘sﬁm.ntmmmN"lﬂmanmnmmmama:naﬂﬂu

3.4.1 MIAENAIDENINZazNaAY

[
A A

0 ] { o o ' 0
wzaznegnuiiuLundfdgenaaIanen nTaumwd 1ndhanuazeiatas

2 g

R o & . A0 g 2 J '
Yonulden rnTuiundneenuaziivdlugwang lavzaznenriwiuruang aslwnaieadilu

~ = A [] = o dy = ~ 9 o
ameludazunsantvuayeatla 1.5 mm. Wilouzaznodilunlaumiaes s i Water Bath

~ a ~ § o qu o L4 o 4 = {
NYUHNHYY 80°C 1A 1 UM Lﬁﬂﬂﬂﬂ\‘lﬂﬁﬂ%ﬂu%ﬂ%ﬂuq“ﬁhLm%’ﬂﬂiﬂuﬂﬁlﬁﬂmﬁﬂﬂlﬂﬁlﬁ@

U

A o o & a 0 9 Yt Y v v v A
Nzagﬂ@ﬁﬂu Fi]'lﬂuuu']Luallgagﬂ@ﬁﬂu3JT1/]']GI;WNFI'N§JU’U§J"UUWHJ@]@Qﬂ'ﬁﬂjﬂlﬂi@\‘ﬁglﬁﬂllﬂﬂ

Y dy =3 A Yy 9 .
FUUINIA %”lmu’amazﬂ@ﬁﬂummmwmu 10, 15, 20 1ag 25°Brix

QA 909

3.42  mPamaniamaladdnnin

o w ' dy S wa ac a 9
imeduilenzaznedtlummantamalaaiannin  Taeld  network analyzer

9y
(% a

(Agilent Technologies N5230A, USA) 01 open-ended coaxial probe NUSNEIQUNY VDY

Q U
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o 1 Y A (o) Y1 A o gl =
@1081911A9NN 40, 50, 60, 70 uaL 80 °C Iﬂ&ﬂ%@ﬂﬂ’)ﬂﬂh@ﬂlﬂgu MMINaand 3 51 (31N
3.3)

—~ OO oo

\ OO OO0

W, ooo

0od ooo
OoOooo0oO0 ood ooOoooC s, oo ooo

oooo — Bu0
coooo/ ) ooooo 10 ooo
ooool )ooo oog 10 000
I:H:H:H:l\" ooo OO0000 - e e e e o J 0O ooo
ol |

[ J

g’ﬂﬁ 3.3 Open-ended coaxial probe AN network analyzer

Agiler
13.5GH
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4. wamimamuaﬁmm‘i

= v Y &’ 2
4.1 HAaMIANHIANTANIIMEMNIAZANNTOUVBIUBNZazNOATIY

\l & a Y
4.1.1 ANUHHMHHVDIUBNZ aZNOALY
Y [

NNMINeasiaAnNuMUILuYeuieuzazne@luniuvInarosilanzunse 1.5
mm. 4ag JANUYUTY 10, 15, 20 1ag 25°Brix 1u°ﬁ3qqmwgﬁ 40, 50, 60, 70, 1Az 80°C I1UIU 3
Y Y v
$1 @28 pycnometer WU Houzazneiluiinnurumnivmaseglusie 1014.61 — 1098.86
kg/m’ danaaalugii 4.1

] dy = A A 42’ Yy 9 A A 4?
ANMUHUBUUVOUH UL NDAY IS UANNNUUAINANTVANYU NN IUIIN 10-25
. A Yy 9 A d? 3’ A A 1 ; A A (A 9 31 I

°Brix W51 mammmmummuummaaaQiumamazﬂamﬂuﬂzuﬂimmuaﬂm HazuIn
1 ] o‘ 1 4 4 &
mmmwumuummmaﬂﬂizﬂauﬁuqelummi (ﬂﬂﬁ'u"lwu) (AbuDagga tta2 Kolbe, 1997)
=< o v A & Ay oA Yy v A ' A 2 =
ﬂwﬂmumuamazﬂa@]ﬂummmmmuqm AZUAANUHU WU UANUNUY HINANT

dyd [ 1 = o :’ 9 dy Y 1 A .
mamuuaﬂymzwummﬂumwa”lmmzmawallmﬂueu@] (Tsen K@iz King, 2002; Ramos Hag

Y ) ' Y
Ibarz, 1998) uﬁmmwumuummxﬁamaxﬂaa1Jufﬂzﬁmaﬂmlﬁaqmwgmwﬁumﬂ 40-80°C
A dy a a o A Yo 9 o Y dy S A
iWeann  Wieuzaznedluwnamsveeduiie lasuanuiou mlwmamuamazﬂamﬂuw
a 9 Y 1a 9 1 Pl 1 9 9
QUNYUFIA) wnlal T pycnometer 1815 nadesasaanaliiainnumuniuiissaidoe
VoA Y 9 A . 1 ] tﬂy =
wuuleanuwuywelasuliann 10-25°Brix  AaNuHULL UV ABNTaznaATlY
= tﬂ' 1 Lﬁ' a ti' 1 1 1 zﬂy

ﬂzuﬂmﬂaﬂuuﬂammmmaqmwgmﬂaa"lﬂmn 40-80°C  UEAAIIT MANUKRUUUUUDUUD

a

= = d' Yy 9 1 d'
wzaznatluazinmsnlasulasnuanuuiunnmsalasuulasmugamgi

QU
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1200.0 -
1150.0 |
1100.0 | x %
~ N
E 1050.0 | <'> L] n = . & 10 Brix
2 °® © o N m 15 Brix
< 1000.0 - _
= A 20 Brix
7))
S 950.0 - X 25 Brix
[a)
900.0 |
850.0 |
800.0 ‘ ‘ ‘ ‘ ‘ ‘ ‘
20 30 40 50 60 70 80 90

Temperature (C)

A v o 1 J ] zﬂy S A @ 9
';Sj‘]_hfl 4.1 LI NUFUNUTTTHINMANUHULH UV DN aZNOAYUNTZALANNITY

U (4) 10°Brix, (™) 15 °Brix, (A) 20 °Brix, (®) 25 °Brix ﬁuqmwgﬁ 40- 80°C

o a S v o d 1 1 1 g
’(?fﬂJﬂﬁ‘ﬂ11!']‘(’J‘VINﬂiLlW;ﬂﬁﬁiﬁLlﬁﬂﬂﬂ’J'liJﬁ'iJWu‘ﬁi$°Vi’JNﬂ1ﬂ3111ﬁu1lluuﬂlﬂﬁlﬁﬁ]ﬂzﬁ$ﬂﬁl

a

atlutuarududunezguugll  Ansananaumsniinaaeandosiurans Iz HNEIA

A ) ° ° ' 1 Y Y a IV = A

A R ge SEd awsadnemanuvunuduldindifesiuamaass wagligiuuuidae
Y

azanaemsth e lanadsil

MANUHUMUU s P =1019+4.06B - 0.517T ;(R’=0.992, SE = 2.368)

\l v o Aﬂ =
4.1.2 MANNIDVUIUWIZVDIUBNZAZNOALY
i]”Iﬂmi‘ﬂﬂ’d’ENBJJﬂ?‘i”Iﬂ’J”m%}’e]uit]’”llfv\nzﬁ!ll&lm?@d Differential Scanning Calorimeter (DSC)
o ay o Aa Yy 9 . v a
nueNzaznATUNUANMINTY 10, 15, 20 uag 25°Brix UBIQUUYN 40, 50, 60, 70 1AL
° J 1 9 ° 2 A A ~ ' '
80°C 91U 3 1 WU ANNTOUTUMITVRIBNaznaAuLAIRGs0d 1UTI9 3.652- 4.092
Q d'
kI/kg°C aauaaalugin 4.2
Y 9 & A A a 0o 9 Y1 Yy o
anuinduveutiouzaznanily tazgurgilumsnaassmai lnamnnuiouduny
ay A = d' Y 9 A 42’ 1 9 o di}
voutlouzaznomlulasuulagsl Taetilia AU UV UNUIUAINNNT DUT U IZUD LD
=l I~ A a g’ A (] dy =l & A I
yraznefuIzanad Wunatean1an Ysnanimiegluiiouzaznenilugadenly
4 [ dy a0 o qg/l g‘ A 9
penlsznouvanveaiiouzazneflly tazanenszneuluesnaua  dlmaNuIou
° A A A o s A ' ~ 2 o Y]
fumzannngaioieunuesndiznououn lues wu Tusau, a5 iulamasa ludu, b

) Y v
(Mohsenin, 1980; Nesvadba itag Eunson, 1984) iileiilouzazneailugnilddanududumu
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2 v J a J A A ' L Ay 2 Y £ =
nniuaremsszmetioon 1l USunanhimaeegluilouzaznofiluiaiesas  Fauaads
Y Y Y v
USannuyuvesiionzazne@iu (% wimiinalen) Aszauanududui0, 15, 20 tag 25°Brix
' K] ¥ o Ay y 9y A4 2 &L Ay Y £
ganalviainnudsudumziiamlsgainuanu YU IINYeuouzaznoluale  Fawa
Y v
MInaaotilinafedn oSNl (Vagenas nazame, 1990) a@rugungiluminaaod
d' a‘ d? [] Y 9 o dy a1 Q’ d? d! =
WOINNANIN  40-80°C A AINAIHAIANNTOUT ANV UHONTAZNOAYUNNUUSINAN YU
@erfunuemsaIulng (Sweat, 1995; Fasino tazame, 2003) W90 manwioudune
Y )
[V Y] =

<3| ! @ Y A o XY a v A ~ad & aa
LﬂUﬂWWﬂQQWUﬂ'ﬂMﬁ@u%‘ﬂ'ﬂ‘ﬁjﬁﬂﬂja 1 ﬂIﬁﬂiNNQﬂlW@.MLWNﬂJu 1°C  UU DU HUU

'
Y] a

4 o Y  Aq Yo £y
qwuwawmmmaauﬂﬁﬂmamz JUIMNVUANIY (Rahman, 1995)

q

4.50 -
~ o o
@) 1 o

4.00 o o s M :
Q L " A § X
g Q & X < 10 Brix
e m 15 Brix
8 3.50 | )
T A 20 Brix
(8]
L X 25 Brix
k3)
2 3.00 -
& s

2.50 ‘ ‘ ‘ ‘ ‘ ‘ ‘

20 30 40 50 60 70 80 90

Temperature (°C)

A v o J 1 9 o dy S A @
gﬂ‘ﬂ 42 nluEaInNUFUNUEIZHINMANNTOUT UNIZVOIIHONZaznoAY UNTZALA Y

141 (@) 10°Brix, (W) 15 °Brix, (A) 20 °Brix, (8) 25 °Brix nUgmufi 40- 80°C

ke

ﬂ'llﬂ'I'i‘ﬁ"I“L!WEJVI'Nﬂiﬁﬁﬁ?ﬁ'ﬂgﬁllﬁﬂ\iﬂ?ﬂhﬁmﬁu‘gigﬁ’h\iﬂl"lﬂ’J'liJ%}’E)u(ﬂoW!,W"%"U’ﬂ\uu@

a A

vzazneatunuanududutazgugl Nsaanaumsninageandotunansins ey

U

a

IS

neana A R ge SEd awnsaiinemanudeusumnz lalndifssiuaimaaes uazd

1 9
sUununde azaanaemsih 1l Tdwadadl

MANNTDUTUNE : Cp=3.97 - 0.019B + 0.004T «(R’=0.997, SE = 0.007)
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\ o % & =
4.1.3 MMIANNToHVRUHBNT AT NOALY
Y
NAMINAABIIAAINTHIAINTBUAIY Line heat source probe fULilouzaznodtluay
Y
g 10, 15, 20 ez 25°Brix TuB9gUnY 40, 50, 60, 70 1A 80°C $11IU 3 41 WU M3

9 dy = aS d' ] = [ d‘
ANuseuvaulauzaznoatulinunas 1Lyl 0.452 99 0.685 W/m°C ﬂﬁllﬁﬂﬁiugﬂ‘ﬂ 43

0.8

0.7 +

xXp K>

0.6

X pll O
Xp 1O
Xp 1O

0.5 4 <© 10 Brix
B 15 Brix
A 20 Brix

0.3 1 X 25 Brix

Xpao

0.4 -

0.2 |

Thermal Conductivity (W/m.K)

0.1 |

0.0 T T T T T T 1
20 30 40 50 60 70 80 90

Temperature (C)

v o J 1 o { S { @
ﬂ’iTV‘ILlﬁ’fﬂ\'iﬂ’JHJfffiJWu‘ﬁi$W’JNf’ﬂﬂTﬁuTﬂ’JHJ%I@M"Uﬂﬂlﬁﬂu%ﬁ%ﬂﬂﬁﬂuﬁi%ﬂﬂﬂ’ﬂu

ean
=
=)%
N
w

iud1 (@) 10°Brix, (W) 15 °Brix, (A) 20 °Brix, (#) 25 *Brix NUgan)il 40- 80°C

1 d' 9 9 da’ S Aad 1
‘qu31mﬁnJaslumJ’cNﬂammlumummmamazﬂaﬁﬂuuazqmwanammi
A ' ] ) zﬂy A A Yy 9 dy S

wWasuuilasaimsiianusouveutenzaznoallu Tﬂﬂmammwmummmamazﬂaﬁﬂu
A d? 1 ) 9 dy = = A A A d? 1 o
INNAUAINTHIANUT O UVBUH N azNeAY UL IAIaAaY HALNBD YU N HUINNFIVUAINITUN
9 dy = A A 4? A ] 9 dy =3 S
ANUTOUVBUNBNZAZNOAYUITUAUNNUL  NAINMTHIANNTOUVOIHBNEaznoATl Uz iaN

A gy v A 2 A J & ¢ o &L A
AAANIUDAITUIVNUULINUUYU Lu’ﬂﬂ’ﬂ’]ﬂuﬁlcﬁ\uﬂu@\iﬂﬂﬁgﬂﬂﬂﬁaﬂmﬂﬂlu@mgagﬂ@ﬂﬂu IUae

<Al o

P ] '
penszneumaniiveseninsiisinsinnuiouniniiga (AbuDagga  11ag Kolbe, 1997;
=\ [ @ L v v W Y 9 dy =l A
Nesvadba 1i6¥ Euson, 1984) mamau‘wuﬂumqﬂauﬂuﬂummwmuﬁummamazﬂfmﬂu 1o
A Yy 9 A dgj a g} 2K Y o Y dy A a
LUDAITUVNUUINUUU ‘1Jsmmmi}zaﬂamqmwaeh/immsmmwmﬂuﬂlmmamasﬂawﬂuum

Y & 14 19 A ' o S o Y
AANNAIY  HITDANADIN Sweat (1995) NF1YNUN 't’)'n’niIﬂﬂﬂ?llﬂﬂﬂTﬂTiu']ﬂ’J"IiJiﬂu
A 2 a S da & ' ' ° 9 &2 Ay A A 2
lwuﬂluﬁ’luﬂim’]mu1%“@@1“@1”15”“ f;T’Juﬂ1ﬂ1iu1ﬂiﬂlli’EJW]JENLL!EJ?J&agﬂ’aﬁﬂuuﬂu‘wnﬂlu

v Y

ﬁ' a A =2 & Ao = [ - A dy o
INDRUUHUINNFIVY BINANHUSIAYD ﬂuﬂummwumm%uqqm‘lﬂ (AbuDagga ta¢ Kolbe,

U
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Pl
S

Y v 1
1997) WnsanldoinaimsihanuieuveuhnigniniiaunuInaIn 0.615 - 0.678 W/m°C 1o
3 4
QUUUINYFIIUIN 30-90°C IFUAY

o a & A [ Y o 1 1 ) g
’(?fllﬂ'li“l/l1u18ﬂ13ﬂmﬂﬁ1ﬁ@]5ﬁuﬁﬂQﬂ’JﬁJﬁ'iJ‘WL!‘ﬁ53W’J'I\iﬂ'lﬂ?il!'lﬂ??ﬂ%lﬁluﬂ]@\‘]l,ﬁﬁ]

L4

vzaznedtluiuaNududutazgauunl Ansannnaunsninadeandednunan1suns1zw

U

aa A 2 o o 1 ) 3 Y Y 2 o U =
neada Ui R’ g SEd awnsasineamsihanudeuldlndifssduaimanes nazdl
H Y
sUnuunde azaanademsinluly Idwadail
Mmannudon: k=0557-6.74x10°B+9.2x 10"T +2.0x 10°T" ;(R’=0.994, SE =

0.005)

\l \ v &’ =
4.1.4 MMIUNINITUANN3 UV AHBNTATNOALIU
NANAMINAAYIAMANNYIILIY  Aanudeudne  uazamshanudeuves
k2
iowzaznoAtuanududu 10, 15, 20 uag 25°Brix Tugaegungl 40, 50, 60, 70 wag 80°C

o o 1 1 9 dy a1 Yo ~
ﬁnl'liﬂl!'l‘ll'lﬂTl!'JﬂlﬁTﬂTﬂTﬁLLWﬁﬂi$fl]"lfJﬂ'J"Illi’E)L!GUﬂﬂlu@ﬂ%a%ﬂ@ﬂﬂuqﬂﬂﬂﬁMﬂWTVI 3.4)

J 1 9 dy S a0 A -7 2 =2
AMTUNTNTZBANNTOUVOBHNZazNoAYUIAIRAsIUTIY  1.127%x107 m’/s 04

- o { <3 1 a 1 1 1
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a15197 4.5 Yield stress (ty), Flow behavior index (n) and Consistency coefficient (m)

dy = Yy 9
Voo azNoAY UITNUU

TSS* QUKL T, m

(°Brix) (°C) (Pa) n (Pa.s")
5 12.700 | 0.333 7.786

20 10.900 | 0.336 7.173

35 10.600 | 0.340 6.304

50 9.700 0.358 5.119

65 8.350 0.369 4.666

10 80 8.180 0.380 3.827
5 35.400 | 0.323 | 28.379

20 30.300 | 0.327 | 25.177

35 26.700 | 0.341 | 20.917

50 25.300 | 0.342 | 17.394

65 23.980 | 0.347 | 14.733
15 80 22.600 | 0.350 | 13.459
5 53.900 | 0.312 | 34.096
20 44,200 | 0.316 | 32.278
35 35.400 | 0.321 | 29.174
50 34.400 | 0.335 | 23.561
65 28.400 | 0.341 | 22.568
20 80 27.700 | 0.347 | 20.989
5 104.067 | 0.305 | 61.916
20 87.400 | 0.308 | 56.807
35 85.336 | 0.318 | 45.740
50 71.350 | 0.320 | 40.031
65 54,960 | 0.326 | 36.166
25 80 48.910 | 0.334 | 32.048

< Y
*TSS = m@ﬁllﬂlﬂﬁzﬁqﬂu'ﬂlﬂjﬂﬂiju
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Abstract

The effects of soluble solids content and temperature on thermal properties of
papaya puree were studied. Density and specific heat were measured using
pycnometer and differential scanning calorimeter (DSC), respectively while
thermal conductivity was measured using line heat source probe. Thermal
diffusivity was then calculated from the experimental results of the specific heat,
thermal conductivity and density. Thermal properties of papaya puree was
experimentally determined within a soluble solids content range of 10 to 25 °Brix
and temperature between 40 and 80°C. The density, specific heat, thermal
conductivity and thermal diffusivity of papaya puree were found to be in the

ranges of 1014.6 to 1098.9 kg/m3, 3.652 to 4.092 kJ/kg °C, 0.452 to 0.685 W/m °
C and 1.127x107 to 1.650x10" m?/s, respectively. Moreover, the empirical
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models for each property as a function of soluble solids content and temperature
were obtained.

Keywords: Papaya puree; Density; Specific heat; Thermal conductivity; Thermal
diffusivity

Introduction

Papaya (Carica papaya L.) is an important fruit of the tropical and subtropical
regions of the world including Thailand. Nutritionally, it is a good source of
provitamin A, ascorbic acid, some B complex vitamins and many phytochemicals
having antioxidant properties. Papaya is consumed fresh and processed into
various forms such as dehydrated slices, chunk and slices for tropical fruit salad
and cocktail, or processed into puree which is an intermediate papaya products
and is thermally processed and stored for the production of beverage, ice cream,
jam, jelly, juice and nectar.[1-2] Papaya is considered as one of the climacteric
fruits, which can be ripened after harvest. Chemical changes, i.e., soluble solids
content, pH and acidity in papaya are indicators to identify and evaluate its
degree of ripeness. The chemical changes in ripened papaya involve a decrease
in acidity and an increase in soluble solids content. The degree of ripeness of
papaya causes different food compositions which consequently affects thermal
properties.

Knowledge of thermal properties of food, i.e., thermal conductivity, specific heat,
and thermal diffusivity, and how these properties change during processing are
necessary for proper designing and development of the equipment and
processes.[3] The substantial changes of these properties strongly depend on
the temperature, chemical composition and the physical structure of food.
General models for predicting thermal properties of each specific food material
based on its basic components (fat, protein, water, carbohydrate, fiber, and ash)
and temperature was proposed by Choi and Okos [4]. The experimental data on
thermal properties of an individual food material are needed for model
development. It is expected that empirical models of thermal properties for food
materials would give more specific and accurate predictions.[5-8

Many literatures related to thermal properties of several food products are
available.[9]) Kurozawa et al.[10] reported the thermal conductivity and the
thermal diffusivity of fresh ripe papaya in the temperature range of 20-40 °C.
Espinoza-Guevara et al.[11] observed the thermophysical properties of pulp and
rind of papaya (Carica papaya L., cv. Maradol) in the temperature range of 20-60
°C. Fasina et al.[12] reported thermal properties of sweetpotato puree at
temperature of 5-80°C. However, there is no information on thermal properties of
papaya puree as a function of both soluble solids content and temperature.
Thermal properties of papaya puree would be necessary for designing
equipment and evaporating process during the value-added utilization of papaya
puree. Thus, the objectives of this research were to investigate the effects of
soluble solids content within the concentration range of 10 to 25°Brix and
temperature between 40 and 80°C on thermal properties of papaya puree and to
propose an empirical correlation relating each thermal property as a function of
soluble solids content and temperature.

MATERIALS AND METHODS
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Sample Preparation

Each fresh ripe papaya (Carica papaya L., cv. Kaekdum) from the local market
was washed with tap water to remove pesticides and contaminated substances.
Then, papaya was peeled, halved, deseeded and cut into small pieces. Papaya
puree was prepared from papaya flesh using a pilot plant crushing machine fitted
with a screen of 1.5 mm opening size and operated at 100 rpm. Initial
concentration of papaya puree was about 10 °Brix. Then, 250 g of papaya puree
obtained was concentrated in a rotary evaporator (Resona Model Labo Rata S-
300, Germany) at vacuum pressure of 80 kPa and water bath temperature of 70
°C to various soluble solids contents of 15, 20 and 25 °Brix. The evaporation
time required to concentrate papaya puree to 15, 20 and 25 °Brix were 20, 28
and 39 minutes, respectively. The papaya puree samples were finally packed
into polyethylene bottles and stored in the refrigerator at 4°C for experimental
measurement.

Determination of Physicochemical Characteristics

Proximate compositions including fat, moisture content, protein, fiber and ash of
the single strength papaya puree samples were first analyzed according to the
Association of Official Analytical Chemists method.[13] The moisture content
was determined by the oven drying method at 70 °C for 24 h. The protein
content, the fat content, and the fiber content were determined by the Kjeldahl
method, the Soxhlet method, and acid and alkali digestion, respectively. For ash
content, the sample was first dried in an oven at 105 °C before being transferred
to a muffle furnace at 550 °C until a white or light gray ash obtained. In addition,
soluble solids content, pH and acidity were measured by refractometer (Atago,
Japan), pH meter (Schott Gerate, Model CG841, Hofheim, West Germany) and
titration, respectively. For soluble solids content determination, 30 g of sample
was centrifuged at 20,000 rpm for 30 minutes using a refrigerated centrifuger
(Hitachi, model CR21, Japan). After centrifugation, the supernatant was poured
off. The obtained supernatant was used to find soluble solids content by
refractometer.

Density Measurement

Papaya puree was filled into a known weight volumetric pycnometer using a
syringe. The pycnometer of 25 ml capacity had previously been calibrated with
distilled water. The reference values of water density at 40, 50, 60, 70 and 80°C
are 992.2, 988.1, 983.2, 977.8, and 971.8 kg/m>, respectively.[9] The
temperature was controlled by a thermostatic water bath (Hato-Holten A/S Type
AT 110, Denmark). Density was then calculated from the ratio of weight of
sample in the pycnometer to the volume of pycnometer.
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Specific Heat Measurement

Specific heat of papaya puree was measured using a Differential Scanning
Calorimeter (DSC), model Pyris1 (Perkin Elmer, USA). The DSC was calibrated
prior to the experiments with indium (temperature and enthalpy) as described in
the DSC operating manual. Papaya puree samples (10-15 mg) with different
soluble solids contents were sealed in aluminum pans and were scanned from
40 to 80°C at a heating rate of 5°C/min using an empty pan as the reference.
Thermograms of sample, baseline and sapphire, as a standard with a known
specific heat value, were used to determine the specific heat of sample as
expressed in'Eq. (1).[3]

d m ' _
C,=——C (1)
Podm P

where C, and C,' are the specific heats of sample and sapphire, respectively
(kJ/kg°C), m and m' are the weights of sample and sapphire, respectively (kg), d
and d' are the deflections from baseline due to sample and sapphire,
respectively (mWw).

Thermal Conductivity Measurement

Thermal conductivity was determined by the line-heat source probe method. A
schematic diagram of the apparatus used in this research is shown in Fig. 1. The
thermal conductivity probe was constructed according to the research of
Nithatkusol.[14] To test a sample, a cylinder containing papaya puree was
placed in a controlled temperature water bath (Hato-Holten A/S Type AT 110,
Denmark). The sample was then allowed to equilibrate to the desired
temperature. After equilibration, the thermal conductivity probe was inserted into
the sample and the power for the heater wire in the probe was turned on,
resulting in a constant electric current through the heater wire. A digital multi-
meter was used to monitor the current. Power levels of 9-10.4 W/m were used to
raise the temperature of the probe to about 5.8-10.1 °C. Time and temperature
data were recorded by a datalogger (Hybrid Temperature Recorder, Yokogawa
DR230, Japan) every 0.5 second for a total duration of 1 minute. The datalogger
contains an accuracy of +(0.05% of reading + 2 digits) and a resolution of 0.1 °C.

mhtml:file://D:\Drive E téu finau(sraowddaaduauusal)\da 321a15\RMUS180014\F... 7/6/2554



Thermophysical Properties of Papaya Puree - International Journal of Food Properties Page 5 of 26

Thermal conductivity was calculated using E% Ig2).[3]
Computer DC Power Supply
30V,5A

Ammeter

Data Logger —

Thermocouple
Heater Wire
Needle
Sample

k ....... 50 MM =e=e==s *

Water Bath
Fig. 1 Thermal conductivity apparatus.
_ Qln(t,/t)) (2)
47[(T2 - TI) where K is

thermal conductivity (W/m°C), Q is heat input per unit length of the line heat
source (W/m), T is temperature (°C) and t is time (s). The temperature versus In
(time) curve converges toward a straight line as time increases from 5 to 60 s.

The range of temperature rise (AT ) were from 2.83 to 4.19 °C. Slopes with R?
values of more than 0.990 were used in the thermal conductivity determination.

Before measuring the samples, the probe was calibrated with 0.5 % agar gel and
glycerine. The expected values of 0.5 % agar gel and glycerine at 30°C was
0.628 and 0.289 W/m°C, respectively.[15] The expected values of glycerine at
80 °C was 0.285 W/m °C.[16] The measured average thermal conductivity (3
replications) of 0.5% agar gel at 30°C was 0.625+0.007 W/m°C, an
approximately 0.48 % deviation from the expected value. The measured average
thermal conductivity (3 replications) of glycerine at 30°C was 0.287+0.008 W/m®
C, an approximately 0.69 % deviation from the expected value. The measured
average thermal conductivity (3 replications) of glycerine at 80°C was
0.281+0.008 W/m°C, an approximately 1.1 % deviation from the expected value.

Determination of Thermal Diffusivity
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Thermal diffusivity was calculated from the experimental results of density,
specific heat and thermal conductivity of papaya puree, using the relationship

given in Eq. (3):
a=—r (3)
1000pC,

where a is thermal diffusivity (m?%s), k is thermal conductivity (W/m °C),Cp is
specific heat (kJ/kg °C), and p is density (kg/m°).

Experimental Design and Data Analysis

The experiments were performed at five levels of temperature as 40, 50, 60, 70
and 80°C and four levels of soluble solids content as 10, 15, 20 and 25°Brix
which are common conditions applied during evaporation processes of papaya
puree. A 2-factor factorial design was used in scheduling of the experiments with
three replications in each case. The results were reported as an average of three
replicates. Analysis of variance of the two factors and interactions were applied
to the different sets of data. Least significant differences were calculated by the
Fisher test (a = 0.05). The analysis was performed using Microsoft Excel.

RESULTS AND DISCUSSION

The physicochemical characteristics of single strength papaya puree are given in
Table 1. Among the physicochemical determinants; pH, acidity and soluble
solids are very good quantifiers of ripening of the papaya fruit. In addition, the
corresponding values of moisture content of papaya puree with 15, 20 and 25 °
Brix were 84.3, 80.0 and 75.8 g/100 g sample, respectively.

Table 1 Physicochemical characteristics of the
single strength papaya puree

Total soluble solids (°Brix) 10.10
pH 4.84
Acidity (g citric acid/ 100 mL) 0.16
Water (%) 88.41

* Calculated from [100 - water - protein - fat - fiber - ash]
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Protein (%) 0.54
Fat (%) 0.06
Fiber (%) 0.66
Ash (%) 0.52
Carbohydrate* (%) 9.81

* Calculated from [100 - water - protein - fat - fiber - ash]

Density

The average density values of papaya puree with various soluble solids contents
at different temperatures varied in the range of 1014.61 to 1098.86 kg/m®. It was
observed from Fig. 2 and Table 2 that density of papaya puree decreased with
increasing temperature but increased with increasing soluble solids content.
Similar response has been reported for banana puree[17], Brazilian orange juice
[18], and apple and quince puree[19]. The density of papaya puree decreased
with increasing temperature is due to thermal expansion. While the density of
papaya puree increased with increasing soluble solids content (decreasing
moisture content) because the density of water is lower than that of all other
components except for fat.[20] From statistical analysis, both soluble solids
content and temperature were found to have significant effects on density of
papaya puree at a 95% confidence level. Multiple regression of density as a
function of soluble solids content (B) and temperature (T) was developed as
shown in Eq. (4). The suitability of the fitted model was evaluated by high

coefficient of determination (R?) and low standard error of prediction (SE) which
is the standard deviation of the residuals.

Table 2 Density of papaya puree at different soluble solids contents and
temperatures
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Density (kg/m?)

Temperature
(°C)
10 °Brix 15 °Brix 20 °Brix 25 °Brix

40 1,035.5+1.3*% 1,059.2+1.2%2 1,081.7+1.2°® 1,098.9+0.9°?
50 1,032.5+1.3*" 1,055.1+1.1%° 1,076.3+1.2°° 1,092.4+2.7PP
60 1,028.5+0.5"¢ 1,051.4+1.2%¢ 1,072.0+1.5°° 1,088.3+1.5°°
70 1,022.8+1.6"Y 1,046.6+1.6% 1,065.8+2.0°¢ 1,082.1+0.8°¢
80 1,014.6+0.6"® 1,039.7+1.7%° 1,061.4+0.6°° 1,075.6+0.3°°

* -The mean values with the same capital letters are not significantly different at
the same temperature.

-The mean values with the same lowercase letters are not significantly different
at the same soluble solids content.

1120
® 10 Brix
1100 - v 15 Brix
m 20 Brix
< 25 Brix
s~ 1080 -
E
=7]
=
> 1060 1
I
c
Q
Q 1040 A
1020
1000 : . . . .
30 40 50 60 70 80 90
Temperature (°C) Fig. 2
Density of papaya puree at different soluble solids contents and temperatures.
p=1019+4.06B -0.517T (4)

(R*=0.992, SE = 2.368)
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The calculated density values of papaya puree based on Eg. (5)[4], Eq. (6)[21],
Eq. (7)[22] were compared with the experimental data and those from the
regression model based on Eq. (4) as shown in Fig. 3. Within the range of the
study, all predictive equations had similar relationships that increasing soluble
solids content resulted in an increase in density whereas increasing temperature
caused a decrease in density. The different values obtained from those
predictive equations were variability in the magnitude because those equations
were developed from the different types of food products.

10 °Brix 15 *Brix
1200 1200
1150 1150
N N
s 1100 = 1100
E} 2 e,
= - g = o=
2. 1050 - -m--__g 3. 1050
E ‘g b——b——a__
g 1000 A——A__ £ 1000 ==& -0
a —6---_5__$___0 a
950 950
9200 T T T T T 900 T T T T T
30 40 S50 60 70 80 90 30 40 S0 60 70 80 90
Temperature (°C) Temperature (°C)
20 *Brix 25 ®Brix
1200 1200
1150 1150
- e e S
“C 1100 B--m_ g g % 1100 . S
2 & ' 2 Joso o g4
= 1050 —_— = 105
g R e £
& 1000 g 1000
950 950
200 900 : . . . .
30 40 50 60 70 30 90 30 40 50 60 70 8 90
Temperature (°C) Temperature (°C)

Fig. 3 Experimental data and predicted density of 10-25 °Brix papaya puree in
the temperature range of 40 to 80°C.

Specific Heat

The average specific heat values of papaya puree with various soluble solids
contents at different temperatures varied in the range of 3.652 to 4.092 kJ/kg °
C . The experimental data obtained for the specific heat of papaya puree at the
studied soluble solids contents and temperatures are shown in Fig. 4 and Table
3. Specific heat of papaya puree was found to decrease with increasing soluble
solids contents but increased with increasing temperature. Similar response has
been reported for Brazilian orange juice.[18] An increase in soluble solids
content means a decrease in moisture content which in turn decreases the
specific heat of papaya puree due to the relatively high specific heat of water.[3
Both soluble solids content and temperature were found to have significant
effects on specific heat of papaya puree at a 95% confidence level. Multiple
regression of specific heat as a function of soluble solids content (B) and
temperature (T) was obtained as shown in Eq. (8).
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Table 3 Specific heat of papaya puree at different soluble solids contents
and temperatures

Specific heat (kJ/kg-°C)

Temperature
(°C)
10 °Brix 15 °Brix 20 °Brix 25 °Brix

40 3.959+0.006"? 3.851+0.003%2 3.751+0.018%% 3.652+0.007°2
50 3.988+0.003*" 3.855+0.013%" 3.788+0.020°° 3.710+0.013°P
60 4.022+0.005*¢ 3.927+0.0228%° 3.831+0.007°¢ 3.743+0.010°°¢
70 4.056+0.008™Y 3.964+0.005%¢ 3.880+0.007%¢ 3.783+0.009°¢
80 4.092+0.011*° 4.017+0.018%¢ 3.914+0.003%° 3.827+0.006"*°

* -The mean values with the same capital letters are not significantly different at
the same temperature.

-The mean values with the same lowercase letters are not significantly different
at the same soluble solids content.

4.2
41
%)
o
o 4.0
=
2
)
S 3.9 A
i -
2
=
8 3.8
-4
» ® 10 Brix
3.7 4 v 15 Brix
' m 20 Brix
& 25 Brix
36 T T T T T
30 40 50 60 70 80 90
Temperature (°C) Fig. 4

Specific heat of papaya puree at different soluble solids contents and
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temperatures. _
Cp =3.97 - 0.019B + 0.004T (8)

(R*=0.997, SE =0.007)

The calculated specific heat values of papaya puree based on Eqg. (9) [4], Eq. (3)
[21], Eq.(3) [22] and the regression model based on Eq. (8) were compared with
the experimental data as shown in Fig. 5. All predictive equations had similar

trend that the specific heat decreased with soluble solids content and increased

with temperature.
10 ®Brix 15 ®Brix

4.5 4.5
& 4.0 o 4.0
S S
=35 FEE
=~ =
E, 3.0 £ 3.0
k- =
225 £as
< =
£ 20 Z 20
@ @
= =
“ 1.5 “2 15
1.0 T T T T T 1.0 T T T T T
30 40 50 60 70 80 20 30 40 50 60 70 80 90
Temperature (°C) Temperature (°C)
20 ®Brix 25 Brix
4.5 45
-~ 4. o 4
5 0 3 4.0
3 3
&35 EE
% 3.0 3 3.0
k] =
225 £ 25
& &
'z 2.0 S 2.0
- @
£ £
® 15 “os
1.0 T T T T T 1.0 r r T x .
30 40 50 60 70 80 20 30 40 50 60 70 80 920
Temperature (°C) Temperature (°C)

Fig. 5 Experimental data and predicted specific heat of 10-25 °Brix papaya
puree in the temperature range of 40 to 80°C.

Thermal Conductivity

The thermal conductivity of papaya puree with various soluble solids contents at
different temperatures ranged from 0.452 to 0.685 W/m °C as shown in Fig. 6
and Table 4. An increase in temperature resulted in an increase in thermal
conductivity whereas an increase in soluble solids content resulted in a decrease
in thermal conductivity. Similar response has been reported for Brazilian orange
juice.[18] Among all basic components, i.e., water, protein, fat, carbohydrate,
fiber and ash, the thermal conductivity of water is the highest.[9] Therefore, as
the moisture content decreased due to concentration, the thermal conductivity
decreased accordingly. In addition, the thermal conductivity of water is higher at
higher temperature.[9] Thus, as the temperature increased, the thermal
conductivity of papaya puree increased. Both the soluble solids content and
temperature were found to have significant effects on thermal conductivity of
papaya puree at a 95% confidence level. Multiple regression of thermal

conductivity as a function of soluble solids content (B) and temperature (T) was
obtained as shown in Eq. (10).
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Table 4 Thermal conductivity of papaya puree at different soluble solids
contents and temperatures

Thermal conductivity (W/m-°C)

Temperature
(°C)
10 °Brix 15 °Brix 20 °Brix 25 °Brix

40 0.567+0.004°2 0.527+0.015%% 0.490+0.0125%2 0.452+0.003*2
50 0.591+0.015°" 0.549+0.005°° 0.525+0.009%" 0.480+0.010"°
60 0.620+0.005°¢ 0.590+0.012°° 0.551+0.013%° 0.520+0.001"°¢
70 0.651+0.008°¢ 0.621+0.009%" 0.584+0.015%¢ 0.553+0.004"¢
80 0.685+0.008°° 0.662+0.011%° 0.629+0.005%°¢ 0.603+0.004"°

* -The mean values with the same capital letters are not significantly different at
the same temperature.

-The mean values with the same lowercase letters are not significantly different
at the same soluble solids content.

0.75

o

|

o
1

Thermal conductivity (W/m°C)
o =
3 &
om<d e \\

0.55 -
0.50 A
10 Brix
15 Brix
0.45 - 20 Brix
25 Brix
040 T T T T T
30 40 50 60 70 80 90

Temperature (°C) Fig. 6
Thermal conductivity of papaya puree at different soluble solids contents and
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temperatures. R
k=0.557-6.74x 10°B+9.2 x 10T +2.0x 10°T? (10)

(R>=0.994, SE = 0.003)

The calculated thermal conductivity values of papaya puree based on Eq. (11)
[4], Eq. (12) [21], Eq. (13)[22] were compared with the experimental data and
those from the regression model based on Eq. (6) as shown in Fig. 7. Within the
range of the study, all predictive equations had similar trend that increasing
temperature and decreasing soluble solids content resulted in an increase in
thermal conductivity. The different values obtained from those predictive
eguations were variability in the magnitude because those equations were
developed from the different types of food products.
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Fig. 7 Experimental data and predicted thermal conductivity of 10-25 °Brix
papaya puree in the temperature range of 40 to 80°C.

Thermal Diffusivity

The calculated thermal diffusivity values of papaya puree at different soluble
solids contents and temperatures are illustrated in Fig. 8 and Table 5. An
increase in temperature resulted in an increase in thermal diffusivity whereas an
increase in soluble solid contents resulted in a decrease in thermal diffusivity.
Similar response has been reported for Brazilian orange juice.[18] Among all
basic components, i.e., water, protein, fat, carbohydrate, fiber and ash, the
thermal diffusivity of water is the highest.[9] Therefore, as the moisture content
decreased due to concentration, the thermal diffusivity decreased accordingly. In
addition, the thermal diffusivity of water is higher at higher temperature.[9] Thus,
as the temperature increased, the thermal diffusivity of papaya puree increased.

The thermal diffusivity values of papaya puree samples varied from 1.127x10" to
1.650x10" m?/s. Both the soluble solids content and temperature were found to
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have significant effects on thermal diffusivity of papaya puree at a 95%
confidence level. Multiple regression of thermal diffusivity as a function of soluble
solids content (B) and temperature (T) was obtained as given in Eq. (14).

Table 5 Thermal diffusivity of papaya puree at different soluble solids
contents and temperatures

Thermal diffusivity (x10”7 m?/s)

Temperature
(°C)
10 °Brix 15 °Brix 20 °Brix 25 °Brix

40 1.382+0.012" 1.291+0.038%2% 1.208+0.034%? 1.127+0.006°2
50 1.435+0.038"° 1.339+0.014%° 1.288+0.024°° 1.184+0.018°"
60 1.499+0.012"° 1.429+0.034%° 1.341+0.034%°¢ 1.277+0.005°°¢
70 1.568+0.019" 1.498+0.024%¢ 1.413+0.036“¢ 1.350+0.007°¢
80 1.650+0.017”¢ 1.585+0.028%° 1.514+0.012°° 1.466+0.009°°

* -The mean values with the same capital letters are not significantly different at
the same temperature.

-The mean values with the same lowercase letters are not significantly different
at the same soluble solids content.
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ax10" =138 —1.51 x 10”°B + 1.51 x 10°T + 5.0 x 10°T* (14)

(R*=0.993 SE=0.012)

The calculated bulk thermal diffusivity values of papaya puree based on Eq. (15)
[4], Eq. (16)[21], EqQ. (17)[22] and the regression model based on Eq. (14) were
compared with the experimental data as shown in Fig. 9. All predictive equations
had similar trend that an increase in temperature increased in thermal diffusivity

for all soluble solids contents considered.
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Fig. 9 Experimental data and predicted thermal diffusivity of 10-25 °Brix papaya
puree in the temperature range of 40 to 80°C.

CONCLUSIONS

The effects of soluble solids content in the range of 10-25 °Brix and temperature
in the range of 40-80 °C on the thermophysical properties, i.e., density, thermal
conductivity, specific heat and thermal diffusivity of papaya puree were
determined in this research. Density, specific heat and thermal conductivity were
determined through experiments while thermal diffusivity was calculated
afterwards. For the range of soluble solids content and temperature used in this
study, it was concluded that an increase in temperature decreased the density
but increased the specific heat and thermal conductivity. While an increase in
soluble solids content increased the density but decreased the specific heat and
thermal conductivity. These two effects (i.e., temperature and soluble solids
content) on density, specific heat and thermal conductivity could not compensate
each other in calculation of thermal diffusivity. Thus, an increase in temperature
resulted in an increase in thermal diffusivity whereas an increase in soluble solid
contents resulted in a decrease in thermal diffusivity. In addition, empirical
models for these thermal properties of papaya puree were also proposed and
compared with other models.
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List of Tables

Table 1 Physicochemical characteristics of the
single strength papaya puree

Total soluble solids (°Brix) 10.10
pH 4.84
Acidity (g citric acid/ 100 mL) 0.16
Water (%) 88.41
Protein (%) 0.54
Fat (%) 0.06

* Calculated from [100 - water - protein - fat - fiber - ash]
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Fiber (%) 0.66
Ash (%) 0.52
Carbohydrate* (%) 9.81

* Calculated from [100 - water - protein - fat - fiber - ash]

Table 2 Density of papaya puree at different soluble solids contents and
temperatures

Density (kg/m?3)

Temperature
(°C)
10 °Brix 15 °Brix 20 °Brix 25 °Brix

40 1,035.5+1.3*% 1,059.2+1.2%2% 1,081.7+1.2°® 1,098.9+0.9°2
50 1,032.5+1.3*" 1,055.1+1.1%° 1,076.3+1.2°° 1,092.4+2.7PP
60 1,028.5+0.5"¢ 1,051.4+1.2%¢ 1,072.0+1.5°° 1,088.3+1.5°°
70 1,022.8+1.6™Y 1,046.6+1.6% 1,065.8+2.0°¢ 1,082.1+0.8°¢
80 1,014.6+0.6"% 1,039.7+1.7%° 1,061.4+0.6°° 1,075.6+0.3°°

* -The mean values with the same capital letters are not significantly different at
the same temperature.

-The mean values with the same lowercase letters are not significantly different
at the same soluble solids content.

Table 3 Specific heat of papaya puree at different soluble solids contents
and temperatures
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Specific heat (kJ/kg-°C)

Temperature
(°C)
10 °Brix 15 °Brix 20 °Brix 25 °Brix

40 3.959+0.006"? 3.851+0.003%? 3.751+0.018%?% 3.652+0.007°?2
50 3.988+0.003*" 3.855+0.013%" 3.788+0.020°° 3.710+0.013°P
60 4.022+0.005*¢ 3.927+0.0225%° 3.831+0.007°°¢ 3.743+0.010°°¢
70 4.056+0.008™Y 3.964+0.005%¢ 3.880+0.007°" 3.783+0.009°¢
80 4.092+0.011*° 4.017+0.018%¢ 3.914+0.003%° 3.827+0.006"*°

* -The mean values with the same capital letters are not significantly different at
the same temperature.

-The mean values with the same lowercase letters are not significantly different
at the same soluble solids content.

Table 4 Thermal conductivity of papaya puree at different soluble solids
contents and temperatures

Thermal conductivity (W/m-°C)

Temperature
(°C)

10 °Brix 15 °Brix 20 °Brix 25 °Brix
40 0.567+0.004°2 0.527+0.015? 0.490+0.012%? 0.452+0.003*2
50 0.591+0.015°" 0.549+0.005°° 0.525+0.009%° 0.480+0.010""

* -The mean values with the same capital letters are not significantly different at
the same temperature.

-The mean values with the same lowercase letters are not significantly different
at the same soluble solids content.
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Thermal conductivity (W/m-°C)

Temperature
(°C)

10 °Brix 15 °Brix 20 °Brix 25 °Brix
60 0.620+0.005°¢ 0.590+0.012°° 0.551+0.013%° 0.520+0.001"°¢
70 0.651+0.008°¢ 0.621+0.009%% 0.584+0.015%¢ 0.553+0.004"¢
80 0.685+0.008°° 0.662+0.011°° 0.629+0.005%¢ 0.603+0.004"°

* -The mean values with the same capital letters are not significantly different at
the same temperature.

-The mean values with the same lowercase letters are not significantly different
at the same soluble solids content.

Table 5 Thermal diffusivity of papaya puree at different soluble solids
contents and temperatures

Thermal diffusivity (x10”7 m?/s)

Temperature
(°C)

10 °Brix 15 °Brix 20 °Brix 25 °Brix
40 1.382+0.012” 1.291+0.038%2 1.208+0.034%? 1.127+0.006°2
50 1.435+0.038"° 1.339+0.014%° 1.288+0.024°° 1.184+0.018°"
60 1.499+0.012"° 1.429+0.034%° 1.341+0.034°° 1.277+0.005°°¢
70 1.568+0.019”¢ 1.498+0.024%¢ 1.413+0.036“¢ 1.350+0.007°¢

* -The mean values with the same capital letters are not significantly different at
the same temperature.

-The mean values with the same lowercase letters are not significantly different
at the same soluble solids content.
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Thermal diffusivity (x107" m?%/s)

Temperature
(°C)

10 °Brix 15 °Brix 20 °Brix 25 °Brix
80 1.650+0.017”¢ 1.585+0.028%° 1.514+0.012°° 1.466+0.009°°

* -The mean values with the same capital letters are not significantly different at
the same temperature.

-The mean values with the same lowercase letters are not significantly different
at the same soluble solids content.
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Abstract

The effects of soluble solid content and temperature on thermophysical properties of
papaya puree were studied. Density and specific heat were measured using pycnometer and
differential scanning calorimeter (DSC), respectively while thermal conductivity was
measured using line heat source probe. Thermal diffusivity was then calculated from the
experimental results of the specific heat, thermal conductivity and density. The papaya puree
was experimentally determined within a soluble solid content range of 10 to 25°Brix and
temperature between 40 and 80°C. The density, specific heat, thermal conductivity and
thermal diffusivity of papaya puree were found to be in the ranges of 1014.61 to 1098.86
kg/m®, 3.652 to 4.092 kJ/kg°C, 0.452 to 0.685 W/m°C and 1.127x10” to 1.650x10'm?/s,

respectively.

Keywords: Papaya puree / Density / Specific heat / Thermal conductivity / Thermal
diffusivity

Introduction

Papaya (Carica papaya Linn.) is an important fruit of the tropics and subtropics
regions of the world (Ahmed et al., 2002) including Thailand. Nutritionally, it is a good
source of provitamin A and ascorbic acid. Papaya is consumed fresh and processed into
various forms such as dehydrated slices, chunk and slices for tropical fruit salad and cocktail,
or processed into puree which is an intermediate papaya products and stored for using as an
ingredient in beverage, ice cream, jam, jelly, juice and nectar (Nakasone and Paull, 1998).

In the food and agricultural industries, all processing operations as well as storage of
many of their products are subjected to various types of thermal processing before they are
sold to the consumers. The thermal processes that involve heat transfer are heating, cooling,

drying, and freezing. Knowledge of thermal properties of food, such as thermal conductivity,
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specific heat, and thermal diffusivity, are crucial for proper designing of the equipment and
prediction of those processes (Mohsenin, 1970). These properties greatly depend on the
temperature, state (frozen or unfrozen), compositional parameters (moisture content, fat
content, protein, and ash), and fiber orientation. However, many food and agricultural
products contain individual constituents hence their thermal properties are also different. Choi
and Okos (1986), have developed a general model to predict thermal properties of each
specific food material based on its compositions (fat, protein, water, carbohydrate, fiber, and
ash) and temperature. However, in the mentioned models, it was assumed that each
component has the same thermal properties regardless of structure in different food materials.
This is not always true (Choi and Okos, 1986; Sweat, 1995; Singh and Heldman, 1981;
Tansakul and Chaisawang, 2006; Tansakul and Lumyong, 2008). Therefore, empirical models
of thermal properties for food materials would give more specific and accurate predictions.
The objectives of this study were to investigate the effects of soluble solid content
and temperature on thermophysical properties of papaya puree and to propose an empirical
correlation relating each thermal property as a function of soluble solid content and

temperature.

Materials and methods

Sample preparation

Each full ripe papaya (Carica papaya L., cv. Keak Dam) from the local market was
washed with tap water to remove pesticides and contaminated substances. Then, papaya was
peeled, halved, deseeded and cut into small pieces. Papaya puree was prepared from papaya
flesh using a crushing machine. Then it was passed through a screen of 1.5 mm opening size.
Initial concentration of papaya puree was about 10 °Brix. After that the papaya puree was
heated in a water bath (Hato-Holten A/S Type AT 110, Denmark) at a temperature of 80°C
for 1 minute to inactivate enzyme activity and prevent deterioration due to microbial spoilage.
Then, the papaya puree samples at different soluble solid contents of 15, 20 and 25 °Brix
were prepared using a rotary evaporator (Resona Model Labo Rata S-300, Germany) at
60 °C. The papaya puree samples were finally packed into polyethylene bottles and stored in

the refrigerator at 4°C before measurement.
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Density measurement

Papaya puree was filled into a known weight volumetric pycnometer using a syringe.
The pycnometer had previously been calibrated with distilled water at 10°C interval from 40
to 80°C and the temperature was controlled by a thermostatic water bath (Hato-Holten A/S
Type AT 110, Denmark). Density was then calculated from the ratio of weight of sample in

the pycnometer to the volume of pycnometer.

Specific heat measurement

Specific heat of papaya puree was measured using a Differential Scanning Calorimeter
(DSC), model Pyrisl (Perkin Elmer, USA). The DSC was calibrated prior to the experiments
with indium (temperature and enthalpy) as described in the DSC operating manual. Papaya
puree samples (10-15 mg) with different soluble solid contents were sealed in aluminum pans
and were scanned from 40 to 80°C at a heating rate of 5°C/min using an empty pan as the
reference. Thermograms of sample, baseline and sapphire, as a standard with a known

specific heat value, were used to determine the specific heat of sample as expressed in Eq. (1).

dam’
C.=——C 1
p d m p ( )

where Cpand cp'are the specific heats of sample and sapphire, respectively (kJ/kg°C), m and

m'are the weights of sample and sapphire, respectively (kg), d and d' are the deflections

from baseline due to sample and sapphire, respectively (mW).

Thermal conductivity measurement

Thermal conductivity was determined by the line-heat source probe method. The
probe apparatus was constructed according to the research of Nithakusol (1998). To test a
sample, a cylinder containing papaya puree was placed in a controlled temperature water bath
(Hato-Holten A/S Type AT 110, Denmark). The sample was then allowed to equilibrate to the
desired temperature. After equilibration, the thermal conductivity probe was inserted into the
sample and the power for the heater wire in the probe was turned on. Time and temperature
data were recorded by a datalogger (Hybrid Temperature Recorder, Yokokawa DR230, Japan)

every 0.5 second for a total duration of 1 minute. Thermal conductivity was calculated using
Eq. (2).
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K~ QIn,/t) )
4n(T2 _Tl)

where Kk is thermal conductivity (W/m°C), Q is heat input per unit length of the line heat

source (W/m), T is temperature (°C) and t is time (5).

Thermal diffusivity measurement
Thermal diffusivity was calculated from the experimental results of density, specific

heat and thermal conductivity of papaya puree, using the relationship given in Eqg. (3):

L ©)

where a is thermal diffusivity (m?/s), k is thermal conductivity (W/m°C),Cp is specific heat
(kJ/kg°C), and p is density (kg/m?®).

Experimental design

The experiments were performed at five levels of temperature (40, 50, 60, 70 and
80°C) and 4 levels of soluble solid content (10, 15, 20 and 25°Brix). A 2-factor factorial

design was used in scheduling of the experiments with three replications in each case.

Results and discussion

Density of papaya puree

The average density values of papaya puree with various soluble solid contents at
different temperatures varied in the range of 1014.61 to 1098.86 kg/m®. It was observed from
Fig. 1 that density of papaya puree decreased with temperature but increased with soluble
solid content. Multiple regression of density as a function of soluble solid content (B) and
temperature (T) was developed as shown in Eq. (4).

p=1019 + 4.06B - 0.517T (4)
(R=0.992, SE =2.368)
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Fig.1 Density of papaya puree at different soluble solid contents and temperatures.

Specific heat of papaya puree

The experimental data obtained for the specific heat of papaya puree at the studied
soluble solid contents and temperatures are shown in Fig. 2.  Specific heat of papaya puree
was found to decrease with soluble solid contents and increased with temperature. An
increase in soluble solid contents means a decrease in moisture content (Table 1) which in
turn decreases the specific heat of papaya puree due to the relatively high specific heat of
water (Mohsenin, 1980).  Multiple regression of specific heat as a function of soluble solid
content (B) and temperature (T) was obtained as shown in Eqg. (5).

Cp=3.96 - 0.0187B + 0.0041T (5)
(R*=0.992, SE =0.011)
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Fig.2 Specific heat of papaya puree at different soluble solid contents and temperatures.

Thermal conductivity of papaya puree

The thermal conductivity of papaya puree with various soluble solid contents at
different temperatures ranged from 0.452 to 0.685 W/m °C as shown in Fig. 3. An increase in
temperature resulted in an increase in thermal conductivity whereas an increase in soluble
solid contents resulted in a decrease in thermal conductivity. Among all basic components,
i.e., water, protein, fat, carbohydrate, fiber and ash, the thermal conductivity of water is the
highest (Rahman, 1995). Therefore, as the moisture content decreased due to evaporation,
the thermal conductivity decreased accordingly. Multiple regression of thermal conductivity
as a function of soluble solid content (B) and temperature (T) was obtained as shown in
Eq. (6).

k=0.488 — 0.0067B + 0.0034T (6)
(R®=0.991, SE =0.006)
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Fig. 3 Thermal conductivity of papaya puree at different soluble solid contents and
temperatures.

Thermal diffusivity of papaya puree

The calculated thermal diffusivity values of papaya puree at different soluble solid
contents and temperatures are illustrated in Fig. 4. The thermal diffusivity values of papaya
puree samples varied from 1.127x107 to 1.650x10”" m?/s. Multiple regression of thermal
diffusivity as a function of soluble solid content (B) and temperature (T) was obtained as

given in Eq. (7).

o x107 = 1.21 - 0.0151B + 0.0075T 7)
(R*=0.991, SE =0.014)
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Fig. 4 Thermal diffusivity of papaya puree at at different soluble solid contents and
temperatures.

Conclusions

The effects of soluble solid content in the range of 10-25 °Brix and temperature in the
range of 40-80 °C on the thermophysical properties, i.e., density, thermal conductivity,
specific heat and thermal diffusivity of papaya puree were determined in this research. It was
concluded that a decrease in soluble solid content of papaya puree samples and an increase in
temperature resulted in an increase in values of thermal properties, i.e., thermal conductivity,
specific heat and thermal diffusivity of papaya puree. An empirical correlation for each

thermal property of papaya puree was obtained.
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ABSTRACT

Color change of papaya puree during different evaporation processes (i.e., conventional
evaporation, vacuum evaporation, and microwave heating processes) was studied in this
research. The initial and final concentrations of papaya puree were approximately 10°Brix
and 25°Brix, respectively. The conditions studied in this research were the temperatures of
70, 80, 90°C for the conventional and vacuum evaporation methods and microwave powers of
200w, 300w, and 400W for the microwave heating method. The total color differece (

was then investigatedAE was fitted with the zeroth order kinetic model in the case of
conventional evaporation, with the combined kinetic model in the case of vacuum
evaporation, and with the zeroth order kinetic model in the case of microwave heating.

Keywords: Color, Concentration, Evaporation method, Kinetic Model
1. INTRODUCTION

Papaya Carica papaya L.), a native of tropical world is rich in antioxidants. It is an
important fleshy fruit of the tropics and is an excellent source of vitamins A and C. The color
of fruit varies from yellow to orange or reddish-orange and the pigments responsible for the
attractive color are the carotenoids. Puree is one of the important intermediate papaya
products, and is thermally processed and stored for the manufacture of beverage, ice cream,
jam, jelly, and so on. In terms of thermal treatment, it is generally applied to extend the shelf
life of fruit products. However, heating processes can affect the quality of product which
leads to consumer dissatisfaction. For examples of evaporation treatments which are direct
heat at atmospheric condition, vacuum evaporation, microwave heating, membrane process,
freeze concentration, and others. For papaya, color and vitamin have affected quality of
product. Color is one of the most important appearance attribute of food materials, since it
influences consumer acceptability. Abnormal colors, especially those associated with
deterioration or with spoilage cause the product to be rejected by the consumer (Maskan,
2001).

Microwave is a form of electromagnetic energy. The microwave range has two narrow bands
which are 915 and 2450 MHz. When a dielectric material is placed in an electric or
electromagnetic field, the material becomes polarized, and stores electric energy through
polarization. The level and mechanism of polarization available to materials depend on the
state and composition of the material, and the frequency of the applied electric field.
Microwaves are not forms of heat, but rather forms of energy that are manifested as heat
through their interaction with materials (Piotrowski et al., 2004).

1
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In 2006, Maskan studied the production of concentrated pomegranate juice by various
heating methods and studied kinetics of degradation of visual color during processes. The
final concentration is 60.5°Brix using microwave, rotary vacuum, and atmospheric heating
processes. The evaporation rate constant of microwave heating is greater than both vacuum
heating process and atmospheric heating process because the microwave process is a rapid
heating. Based on the color change during evaporation process, it was found that the
microwave energy can use in the processes successfully. The objectives of this study were to
investigate evaporation process of papaya puree by conventional heating, vacuum
evaporation, and microwave heating methods and to compare color degradation kinetics of
papaya puree undergoing different evaporation methods and conditions.

2. MATERIAL AND METHODS
2.1 Material and Sample Preparation

Ripe papaya with 50% yellow of skin was purchased from local market and washed by tap
water. Then it was peeled, deseeded and cut into small pieces. Then, papaya flesh was
ground by grinder (WCG75E, Waring, USA) and passed through sieve with 1.5 mm opening
size. Finally puree was measured the initial total soluble solid and concentrated using
different evaporation methods.

2.2 Papaya Puree Concentration

250 gram of single strength papaya puree sample with 10°Brix was used to prepare
concentrated papaya puree with 15, 20, and 25°Brix. The papaya puree was concentrated by
three evaporation methods, i.e., conventional evaporation, rotary vacuum evaporation and
microwave heating. The details of the three evaporation methods were as follows:

(a) Conventional evaporation (atmospheric condition) was a heating method using water bath
(W600, MEMMERT, Germany) to control the temperature of samples at 70, 80, and 90°C.

(b) Rotary vacuum evaporation was a heating method using laboratory rotary vacuum
evaporator (Labo Rata S-300, Resona, Germany). It was another method to concentrate the
sample at three temperature levels which are 70, 80, 90°C.

(c) Microwave heating was a heating method using microwave oven (TR X3841, Lotus,
Thailand). This method was used to evaporate the sample at three energy levels which were
200, 300, and 400W.

2.3 Soluble Solids Content Deter mination

Sample was measured the total soluble solid by hand refractometer (ATAGBHXLO-

32%, ATAGO, USA). The refractometer was calibrated by distilled water before each
measurement.

2.4 Color M easurement

Sample was measured the color using a Hunter Lab Color Measurement System Model

ColorQuest XE (Hunter Associates Laboratory Inc., USA) in terms of universally accepted
Hunter Lab color scale. L value signifies “lightness”, a value represents changes from
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“greenness to redness”, and b value from “blueness to yellowness”. The instrument (10°
observer, llluminantD-65) was calibrated against a standard white reference tile.

2.5 Kinetics Models

The change in concentration (°Brix) of samples against time was fitted to a three-parameter
exponential equation (Eqg. (1)).

B =B, - B exp(l) (1)
whereB is Brix concentration at time t (°BrixBo, B; are the constank is evaporation rate
constant (mift), and tis process time (min).

A basic approach to determine the reaction order for a simple reaction is as follows.

The zeroth order: C=C;+kp 2)
The first order: C=Cyap (k1 3

where C is the variable content studied at timeCg, the value at time zerd is kinetics
constantkg the zeroth order kinetic constant, dqdis the first order kinetic constarit,s
process time.

For the zeroth order reaction, rate of reaction is independent on concentration. However, for
the first order reaction, rate of reaction is dependent on concentration as expressed in Eq. (3).
Application of kinetics for visual color is not as simple as the first order or the zeroth order
for describing the color changes of purees because the changing of color was due to the
Maillard reaction and the thermal destruction of pigments. The Maillard reaction caused the
reaction between reducing sugars and amino acids following the zeroth order kinetics and the
thermal destruction of pigments following the first order kinetics. A two stage mechanisms
are proposed. The first stage which is color formation follows the zeroth order kinetics and
the second stage which is color destruction follows the first order kinetics (Ibarz et al., 1999).
This can be written as:

k
0

) Sugars + Amino acids olored polymers
1

Pigments >None colored products

The reaction kinetics equation can express by:

= =kt C @)
Eq. (4) can be integrated and employed the limit of initial conditiots=Gtthe color has
C=Cy. Eq. (5) was then obtained.

C =:— —/{’f— —C;)expf—;r; 0 (5)
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2.6 Statistical Analysis

The data were analyzed and presented as mean values with standard deviations. Differences
between mean values were established by using Tukey's pairwise comparison tests. Values
were considered at 95% level of significance (P < 0.05) and analysis of variance (ANOVA)
was conducted to determine the effect of processing variables on color parametg+s and
carotene degradation using a MiniTab program (Miffitabrsion 15.1.0.0). The data were

fitted to reaction kinetics equation by SigmaPlot program (SigmaPlot version 11.0).

3. RESULTSAND DISCUSSION

Papaya puree with 10°Brix was used as a raw material for concentration. The physical and
chemical properties of papaya puree with 10°Brix are total soluble solid (°Brix), total acidity,
pH, moisture contentL value, a value andb value which are 10.1+0.35, 0.16%0.04,
4.84+0.09, 88.41+0.47, 25.58+0.98, 13.95+0.11, and 9.35+0.11, respectively.

3.1 Changing the Concentration during different Evaporation Processes

The concentration profiles were studied using different evaporation methods to estimate
evaporating time to achieve 15, 20, and 25°BFig. 1(a)-1(c) shows the concentration
profile of conventional evaporation, vacuum evaporation, and microwave heating,
respectively. It was found that microwave heating used shorter evaporation time to
concentrate the papaya puree than the other two methiatiée 1 shows the kinetics
parameters of concentration papaya puree from 10°Brix to 25°Brix using different
evaporation processes. It was found that microwave heating required less evaporating time
than vacuum evaporation and conventional evaporation. Based on the results of
concentration profile, it was found that they were similar to those studied by Maskan (2006)
on the production of pomegranate juice concentrate.

Table 1 Kinetics parameters of Eq. (1) for changing the concentration of papaya puree

concentration
Evaporation - . 4iion ButSE BtSE ktSE R
process

Conventional  70°C 9.4053+0.4107 1.6182+0.2547 0.0050+0.0003953
80°C 4.0446+2.6627 7.2901+2.4444  0.0031+0.000:8924
90°C 7.0664+0.8019 2.8843+0.6053 0.0077+0.000:R971

3 -
Vacuum 70°C 38 6363+58.2389 47.1571+57.7801 0.0065+0.0068 0.9887
80°C -7.9266+15.6643 18.0909+15.2951.0170+0.0108 0.9949

o -
90°C 24 8204427 5641 35.2915+27.2364 0.0166+0.0105 0.9966

Microwave 200W 8.7622+1.2026 2.4346+0.8458 0.0650+0.0(R8915
300W 7.5003+2.1181  3.2853+s1.6211 0.0914+0.0209917
400W 1.6222+1.8525 8.6784+1.7127 0.0644+0.0009992

SE: Standard error of estimatiorf: Rorrelation coefficient.
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Figure 1 Concentration profile of papaya puree concentrated using
(a) Conventional evaporation, (b) Vacuum evaporation, (c) Microwave heating

3.2 Changing the Color of Papaya Puree Concentrated using different Evaporation
Processes

Color is an important attribute because it is usually the first property that the consumer
observes. The Huntdr a b has been accepted as rapid and simple instrumental method of
specifying color of the food products. Therefore, the results of this study can be used to
compute the extent of color degradation during evaporation processes of papaya puree.
Hunter L, a, and b values were used to calculate total color differencds) (during
evaporation processes, which indicated the overall color change between initial papaya puree
and concentrated papaya pureék values increased with time during all evaporation
processes as shown king. 2(a)-2(c). Comparing these results and those previously reported

by other researchers for production of pomegranate juice concentrate (Maskan, 2006),
thermal degradation kinetics of carotenoids and visual color of papaya puree (Ahmed et al.,
2002), heating of pear puree at high temperatures (Ibarz et al., 1999), and heating peach puree
at 110-135°C (Avila & Silva, 1999); thE values in this study showed similar trend despite
different systems and the heat treatment applied.
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Figure 2 Total color differenceaf) of papaya puree concentrated using:
(a) Conventional evaporation, (b) Vacuum evaporation, (c) Microwave heating

In this study, total color difference valu#E) was studied for the kinetic degradation. It was
found that total color difference value was fitted with the zeroth order, the combined, and the
zeroth order kinetics model for conventional evaporation, vacuum evaporation, and
microwave heating processes, respectively. Thus, correlation coefficients and kinetics
constant value of estimating parameters were used for making a decision in selecting the best
model describing the experimental data. The values of estimating parameters from the fittings
were shown in Table 2.
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Table 2 Kinetics parameters of Eq. (2) and (5) for total color differext€edf papaya puree
concentrated using different evaporation methods

Evaporation . jiion  Order kotSE kitSE R
process

Conventional 70°C n=0 0.0142+0.0011 - 0.9889
80°C n=0 0.0194+0.0012 - 0.9929
90°C n=0 0.0251+0.0034 - 0.9653

Vacuum 70°C Combined  0.3621 0.0379+0.0091 0.9966
80°C Combined 0.4271 0.0489+0.0079 0.9980
90°C Combined 0.8495 0.1092+0.0036 0.9998

Microwave 200W n=0 0.2451+0.0054 - 0.9990
300W n=0 0.3813+0.0325 - 0.9856
400W n=0 0.4818+0.0367 - 0.9885

SE: Standard error of estimatiorf: Rorrelation coefficient.

It was noticed that the kinetic constant values of total color difference of concentrated papaya
puree from conventional evaporation, vacuum evaporation, and microwave heating increased
with increasing treatment levels. While the kinetic constant values of total color difference
for the vacuum evaporation showed two values due to the two main reactions, i.e., color
formation and color destruction. Comparing these results with those previously reported by
other researchers for non-enzymatic browning in peach puree during heating (Garza et al.,
1999), and heating of pear puree at high temperatures (Ibarz et al., 1999) the kinetic constant
values increased as temperature increased. The Kkinetics constant values of vacuum
evaporation and microwave heating were 25-34 times, and 17-19 times, respectively higher
than those of conventional evaporation process. This means that the total color difference
values of papaya puree undergoing vacuum evaporation and microwave heating were higher
than those of conventional evaporation. However, the evaporation times of the two processes
were shorter than that of conventional evaporation.

4. CONCLUSIONS

The change of color of papaya puree during different evaporation processes was studied. It
was found thathE value was fitted with the zeroth order, with combined model, and with the
zeroth order kinetic models for conventional evaporation, vacuum evaporation, and
microwave heating methods, respectively. Based on the results obtained, microwave heating
could be successfully used in the production of concentrated papaya puree with acceptable
color. In addition, microwave heating required shorter evaporating time than vacuum
evaporation and conventional evaporation.
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