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Abstract

Thermal Properties of differemt fruis snd vegetables such as Omnge, Lime, Onion,
Ok, Pepper and Tomatoes were investigated The properiies deserminad were demmiry,
marsure content, thermal conductivity, specific heal capaneity and thermal diffusivay at
varymp lemperaiures 15°C, 43°C smd 53°C. The results ohisined showed shat the
therrral conuctivity s directly proponiomal o thermal diilusivity whale specific heay
@pacily wa observed W be indireaily propanionsl o thenmal dilfusivary The resubis
were low compared 10 pure water due 10 the totsl solid contest of the frumts and
vepelibles Hence they are poos conductons of hest, consequently, the hest energy
diflissiom oo wansler through these fruis dunng drying, refngertion, fircenng and

cvaporation are likely 1o be slow

1. Introduction

Heaung and cooling of food w one of the earliest methods of applying science 1o
looads - The pomary goal of the food processmg indusiry w (o supply the markets
(consumers) with sale products. One common means of altsining ihis, is food
reservaiion by meanss of thermal processing The application of hest can indice
faviranly product changes, deactvale ensymes and kill microorganisms. The result is a
prosdict bopefully of appetizmg quality with exiended shell-life and safe o consumens.
Unfoaunately, sude effects of product heating mvolve nutritions) and textural losses
(st et ol 19720 Fowts are nutures s wonderful gift o mankind, indeed, medicine
packed with vismins, minersls, antioxudants and wany phyio-numnents. They e
absolute feast o sght. not just because of their color and (avor but for their unigue
aurnbicnsl vilues thet protect ihe human body agninst diseases in arder 1o suat healthy.

production. even though their production volumes are small compared with graims. As
M fruits, vegetables too are home of many anhosidants that, finily, help protect the
human body from oxidant siress, discases and cancers and i help the body
develop the capacity 10 fight agnimst these by immunity (Studman, 1999)
harvest This s mainly due 10 thew high mowsture contents wnd mability © munsio




UISHIOR W0 prevent wll those losses taking place Hemsonable
percentages of harvew esually go o wasie assusily As
wich, this bas led 10 vanos processng works st pmcinces
carried o by resesrchers with 8 view 1o masminng
wastnges of these crops | Kendylas, 1990)

Thermal properties of foods sre those propenies (ha
control the trussfer and storsge of heat in o paricular food
(Locans, J006) Thesmal propemies of mest fruis sl
vegclables are sigmificantly mfucscal by thew monlure
comlent snd o w alwo affecied by wempersere, the chemical
composiion  sed  phywical siruciwe  of e  fruits  and
vegetables  Bemdes procesing sl preservation, ihermal
properiies also allect the sensoey qualily of foods as well ai
enorgy sasing from prcessing  The thermal properties dha
we gemerilly conadersd m ths resenrch are density, malidure
comtent, specilic hest capmcny, thermal conductnaty el
iherira) & (Timivery

Knowiltdge of these properiss & very necessary foe
modeling wmulsnon and opimustinn of procee oprslione
which munbves heat imaaior

The wreture and peopertes of (hults snd vegesahles an
well s thew hmlogical and macmdnologesl charscsertics
and amporance creme the need for umique coraslarston of
ihen thermal properties. hence the need w0 expervmenially
deternune the thermal properes of [run and vegetables
such ss desury, mowsure contenl, spenific heal capacey,
shserrrasl condinnivity sed dillumiviny si vanoes IeMprshre.

2. Experimental
2.1. Experimental Procedure

2.1.1. Sample collection and Preparation

The (rals mnd vegetables tha were siindied in (his research
include lime, onon, orage, ok, pepper snd omate. All ihe
fruits mnd veyeubles uned 1 this research were undamaged.
fresh, mature and npe They were purchased from the Choe
market m Fmone, Enugu State. Nigeris They were properly
mia el | wrhed and drved)

2.1.2. Methods of Analysis

i) Mowsture  onienl Ditermination

Oven-dry method was used for the molsture content
detormination The elecinic oven was swilchad on A
allowed 1o run for M) menutes 3t & lempersture of The

Ukhe Eumce Fkpianehi o ol buvestigstsn of (e Thertmsl Properties of Salocsd ¥ uad Vegesbies

Fumq:mh-ﬂlﬂpﬂﬂlﬂ' thn

Mh - Ma
Mpisture loss (ML)% = T 100

Then, the peroouinge moashae contcst ol 3% wm
nkm-dhymmmﬂnhh-
shee Jistd peercemda e MaIUE Comenl

44 miadure content (M,) = 1007 - My (%)=t 35°C

Mwmwhh—mﬂﬂhn
16T wnd 390 and thei repechive POICOMAGE moistire

comtent wny caloulaiod and recorded

i Doy Dererminstun 1

All the samples were weighed wung the weighing
wale and thewr respective weight were - e
Mvﬂmﬂummmww
methind | Archimedes p The conical flask was bept

made the bowel and (illed 10 (he bomn with watey smg
uphon botile Then ithe weighed smple was whelly
immersed (Mo the waser-filled beaker %o as in duplace #y
wmﬂ-ﬂﬁw“dﬁ
in the bowel wes collecied and mensred using the
messurmg cylinder

Thes procedure was repeated for all the variows ssmples
andd thew comeapondng vishumes were reconded

The density of each mmple was caleulsicd wing the mass
~ wolume ratio by dividing the mams of sach ample by i

'!hmhhnu_.["' s

The inital tempersture of cach of the sample
MﬂhﬂﬂhWﬂ‘
recorded ma T,

- ww.:.:.:m;mw
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mensured with the aid of & suitable wentmeler connected 10 these range of lomperitures were very hagh m'.*f:.ﬂ
'MTTI“‘“M““"“'M rwstLre mntnffnmlummmmflﬂm ;
procedures were repesied for all the wunples sl vanery of reasoms, for example. # # an imponant (oo
data got were vecorded for dhew dhermal conductivity mwm.muwmuwm i
(e i Kaymak, J002) Misture conlend s reascs “-tﬂl*
) Speaific Heat Capacity Determimatn ﬂhﬂwrhctmd-mhmumm e
Tlie various samples and empty calorimeter were weighed  diflerences i conductivily or qualily and oa h""'“
with the aid of the dignal weighing scale and thewr masses  somge ability of the [od Coasequently, k'“_ e
were recarded. The mass of the calonimeter and wates was  conlent of the fruits makes thern ssitahle spotlage .
also weighed and recorded. The elecine aven was susiched Wuﬂwmpwuﬂw:tc-mﬂn:.
on and set w0 35'C then the sample wi placed in the umﬂvmblﬂnﬁmmﬂl#h“_k
cylindrical mewallic heaker and was put insde the eleciric and oml cawiiy cancers (Dunthy, |995). Vegetahles Ys
oven and lefl for G0mimmutes 100l of water was fibled 0 mmmmwwmu
the calonmeter m room lcmperstare Al ihe elapse of the upuidﬂmnlhp-nlphnﬂtﬂﬁlﬂr:ﬂiﬂ o
e, the cylindrical metallic beaker coneining (he sample as & result of atsck from becteria, yeasi mhﬂ
was removed from the oven and guickly tnnsferred imio the pmhhmul'mu'nrln-ﬁ_-.lﬂlﬂ
calorimeter The equilibriam temperature herween the mmple  enli. Masour, fespimtory sctivities and mowmtire Conlomt
and waier owide whe ealonmersr was  determined  and .Mhmnrwmhﬂ-n—:m“
reconded the mass of the sample = equilibrmam temperature e of the vegotables High maoisute conent 1lso

i
was ol desermined 4o the quality of detznoranon and mdwectly 1o & decrease
' h Thas the way oui of
Then the ific heal capacty (c,) of the sample was Mmﬂhﬂd.m.}.
ulmh:edih:zm . this problem s converung the fresh produce 1o sustahle

Emmﬁmllnhﬂlimqnpeu_lnﬂ Therefore all

(HE + M, Cw)(Te = Tew) = He(T, — Te)
MI(T, —Te)

Cy sample =

Where

HU - Hest capacity of caknmeter

H, = Hems capacily of cylinder

Mew = Mass of oold weier

Cw - Specific capacily of waler

Te ~ Temperstare equilibnum of cold water

Tew = Temperatere of cold saser

Iy = Temperaiure of frum

M, = Mass of Frud

This espermment was abo repesied for sl the various
samples ot 45°C and $5°C for the same penod of lime
| el araria b

3. Results and Discussion
31.1. Moisture Content

Tahie | tyormpe Mooy Condent of b semples ol progeraiees of 190
AP il BT

Ave % Viektmrr  Ave. % Madstwrr  Ave % Malie of
Nmpb . owMT o Cuss™c V9 dgem' while pepper bas the least demsity value of
{rasge wm L] ) m‘wi
:J:: :i: :_: n The quality of a particular fruit is mfluenced by ws density.
Uy @0 Wi 0 This mmplies that the lower the densry, the higher the
Peppe 100 (0 wm w\ o fotaton of the frun semples on 1op of water. Amd as 2 resubt
Tuarnasi 1 M el A may ool be of & high guality and may m tmuth be rejecied by
e wahle above shows thist the mossture contenl of Ry I Engnacting rOpy is wnalty

Iine omion. okis, pepper and tomato g1 35°C, 45"C and & —;ilor by o VRN especully duning separstion of

towpeciively. The moilure content were ohserved e be
decreaning as the iemperalure increased. The figures revealed
thai 1he porcentnge moimure comtent of the fruns examined ol



1.3, Specific Haat

F.
abir | The spuific ot soguaiy of the ssosgies s 110 4800 amd 17Y

ample Cruie Cp o b5 Cpmssc
[FU 3 1 e o
AT 1 (1 | b
Poppe 1673 L7 ) .

From the daia above, 0 could be discoverod that the
wecific heat capacay of the wmples were (ownd 10 be high
running wio thousands of joule per kilogrem for & uni
change in wempeaiure T This rasslaies that ki of enetgy
will he required 1o heat of conl these {rus asd once heated
or coolad they rotam their temperatures for o very long tme.
This 15 55 o result of theis hagh moisture content and speeific
heat capacity yalue Mest capscity is disectly haked with
tempersture and fin vegemsbles, me cssential for ngonus
control of processes. Realistic  designs of procewses
mdustry (Morsd e al J004) 1 ko wsefol n determining
the behassour dunng different techmological proceses a3
they wvary with chermenl cimmpositinn iNgndh o ol M)
Apan from mossiure content, specific heat capacity il
miluenced by the compoution of frums and vepetables sach
2s prosem and (1 ( Wang and Hienner, 19497)

3.4. Thermal Conducthvity

PSS e e ssaegekes o e

Takde o
ramny w Tullm® 8

K s K ut 44 s
—— Kusy
Cieange i 14w aisn gg
(e alv njise 01ss
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Mrs aise ais alm
Trpgee 0| i 6
Tewsaiis nis 0%l m-

The smportance of thermal of foods s o predict or control
ihe hest Mun in food duriiig processes such as cooking, frying.
frecsmz, drymg or pasicurcestion. M is also dependen on
OISR whach 15 aflen comsadored  as  porosily an
el condent, mnsien techobgues are of high anpornece
duning eemurements (Sweal, 2006). The result shows that
ihe thermal conductivity of the firuils s very low compared to
purc water, thns may he due o the prescoce af other salids m
ihe frust bulk, This wnplies sl they are [ comducion of
hest Muorsoves, the best energy diffusion or wansler thiough
these (runts during best processes fike drying. relingoraisen
wnd cvaporsinn e likely io be very sl

1.5. Thermal Diffusivity

The thermal dilfussvity of & materinl bewng & MU ol
biarem -||JILH:— 1 !'\'ld} cCan l:hlﬂtt [1E" umlm an he
cakculatesd when il piher paremelers such as demity, H-Fﬂﬂ-l

hest and Thermal conduchivity are known The relaikonabip

che Fumice Fipunohi o ol m“ﬂhmmdwldrm—dw

hetween these paramaiers 13 given &
w= Kip X Cy

Where = - Thermal dilfussyly
K Thermal comluctivity

p = Denaaty

Cp = Specific best capacily

The thermal diffusivity of the fruits where calculmied at

15°C 15°C and 55°C 2 shown on the thle below
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