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ARSTRACT

varieties was investigaredd.

Maowtwre-Solid: tansfer during the osmotic dehyvdration of three banana (Musa sapietuom)

Cavendish, Omini-red and Cooking hanana were ransversely sliced into

10, 15 and 20mm thicknesses. Sample of cach thickness were immersed in 52°_ 60" and 68"B sucrose
solutions. A fruit: solution ratio of 1:20 (w/c) was maintained. The firuit-solition mixtures were kept at
2734 and 40°C for 12 hours. Samples were evaluated gravimetrically‘at 2 howrs interval. Moisture
and total solids contents were determined and expressed as g water/sodm: matter (DA and ¢ solids/g

imnitial mass respectively.,

decrcased slice thickness.
concentration and temperature, but decreased with decreased slice thicknesy.

Moisture contents on dry bakis of the banana slices werefound to decrcase with increased
) ) :
IvIHIlI(,'/'\'IVI)H Iifll(', S‘HI“’I‘”” ('f”l('(’l'/l'{l’i()” (’”(l /("”l)(.”'(l“ll'l'. II”\"('I'('I', llll)i.\'flll'(' contenlts (l('("'l'll.\'('(l \"ilh

Total solids content increased avith incereased inanersion time solution

Omini red cultivar had

the lowest moisture content and the highest total solids content at the end of 12 hours of osmotic
treamcnt. Complex polynomial equation showing the velationship aich moisture and total solids

contenrewitl immersion time showed high correlation (R = 09919 - 1.000).

Kevwords Cavendish, Cooking banana, Mass transfer. Onmini red. Osmotic Dehydration

INTR(

IDUCTION

tropical frunts Maosture

Osmonie dehydration 1s used for partial removal of dehydration  modifies

water from materials such as fiuits and vegetables
when mmmersed in a concentrated solution of sugar or moisture (o be removed

- solid transfer during osmaotic
product  chardeteristics  and
stability. ‘giving a more plastic texturesand reduced

during  the  subsequent

salt. The osmotic solute diffused from the solution dehydration,  According to Lazarides and Mavroudis

into the product and water” is transported from the
material mmto the solutipn due to osmotic pressure

differential  between

(Rastopi and Niranjan, 1998; Rastogi, Estiaghi &
Knorr, 1999; Beristamet al., 1990; Barat, Chipalt &

Fito,
dehyds
hrowni

ation« include

the

(1995) almost SO% of imital moisture was lost m the
fuirst 2 hours, while an additional 20%, was lost within

food and the solution the next 3 hows of osmotic treatment @fF apples.

Prolonged osmotic treatment, will lead tp excessive
soluble solid leaching, extensive solids uptake and drop .

1996).  The wmain advantages ,of osmotic in water loss rates. Water rates dropped to-hill their
inhibition  of  enzymalic initial value within an hour of immersion of apple shees
of mnatural  colour without in  sucrose  solution  (Lazandes,  Nickolaidis &

nee refention

addition of wsolutes, higher retention ol volatile Katsandidis . 1994). The objective of this study is to

compounds during further dehydration with no phase

investigate the cficets of slice thickuess, immersion

change  mvolved, and  therefore,  less  encrgy time,  solution  concentration  and  temperature. and
consumed during dehydration (Beristain et al. 1990). vanety on moisture - sohid changes in banana during
Poor understanding of the counter - current water o notic dehvdration,

extraction and solute penctration during  osmotic
debvdration has howted its commercial application in
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MATERIALS AND METITHODS

Procurcment and prepavation ol materials

banana
The
vt the atamed swge 3 Fm

Sumples ol matme preen were

obtin o a local neoker ar Iware bhananas

were stored ar 2070
vpv Oanone red Cavendish and Cookmy hanana at
daee S o banana npenmye Chane (Uonared Frane Sales
190-1)

Conmnercrial suctose was used as the osmotie agent

Corporation were used for the expenment
ORmole st solutions ol 327 00" and 081 wae
prepared by dissolvimg o werghed amount ol sucrose
moa known wmount of disulled water with gentle
licatmg w Jacthitate complete sugar dissoluton o
the (23",

mctabesalphite was adided

cach ol osmotic solution sodiam

Osmotic dehydration of hanana varietices
Bananas were pecled and vansversely cut
1.

mavhes

o Iy and 200 shices, and were packed into

Wi Fhese were then mmvmersed mta the
prepared osmote solutions whitle mamtaming o 1:20

tabio. A
gy

fvunt solution
307°C

Osimotie solution concentration wis

(W) it syruap set ol

Nt es was bept O, anaothier setat and a
Hind et a0
montored with Abbe reltactometer and the solutons
were mamtined at the required concentiation by
addinon of solute when necessary
Banana samples swere remeved from thic
solution at regular mternvals of 2 hows, quickly nnsed
and penthy bloned waith nissue paper Lo renmove the
adbenmye syrap solutions. The samples were then
werghed and doed i a Gallenkamp ovensdlodel OV
LOO) at 1007°C for 20 howrs as descnbed by Sankat,
Custrgne & Naharay (1990).

solds contents were deternumed™according 1o the

Marsture and 1ol

method o Ruck (1969), and eapressed i tenms of g
water ¢ diny manter and g gohds g of ninal mass
Al

and averape s were ceported

respedtively axpernients  were  done

iphicates

RESULTS AND DTSR STON

Flieet of Shice Thickness on the Moisture and
Lotal Sotids Content During Osmaotic Dehvdration
Fhe shoe tackness ol banana varncenes

alteciad the Sesponse o osmote debiydiation The

misture content attamaed by banana souked

suctose solution decreased wath decreased shice

Hickness  Prgwe T oshow the varaton ol moisture

content with shoe thickness ol Omnne red banana.

Sumhi tends were noted  wath Cavendish and

Cooking bananas. Moste content ol Cavendish
decreased trom 2878 ¢owater ¢ DN o 07910 1510
ad 1AL respectvely, for 100 1S el ‘o shiees
micrsed e 6071 suciose solution Ands moisture
content ol Covkang hanang decieased rome 3388 g

water ¢ DAL o 1 TON, 1270 and A9 Tor 10, 15

“total

35

and 200 shices, respectively  ammiersed e 6078
suciose soluton Total solids conient mcrcased wBh.
decreased shice thickness, as shown for Onume red

banana (Frgure 290 A sinndar tend was obsenved o

Cavendish and Cooking banana. Total solids content ol
Cavendish mcreased from 0 2051 ¢ sohd v onitial mass
0558510 30974 03725 10,

shices, respecuvely, imersed m 6071 sucrose solution

and o IS and 20mim
And. otal sohids content nl'('nnl.'m_\; banana, mcicused
from 0.2279 ¢ sohd g mital mass w0 -16:00, O 4211 and
04008, 10, 15 and 20mmeshices, respecnvely

mimmersed m 60" sucrose solution Oecrcased -morsture

lor

and total sohids contents of banana with dearcase shice
thickness s due to mcreaseaniexposed s lace arca po
unil nass The mercase mSurface arca of contact with
the osmotie solution assthedshice thickness Jecreased.
allowed for greater contact with omonte soluton (Y ao
and Le NMaguer, 1996,

Lazandes and®Navioudis, 1995) 0 [ has sinnlarly-been
found for pamcapple that one ol the Gctors allecing
mass transtes tlm'lng ostnolic (l\'h_\‘kllillllll) is the size and
peomelry of the solid (Rastogr and Nuanjan. 199N
Rastopretdl., 1999)

Effeey Osmaotic  Solution  Concentration
Moisture and Total Solids Content During Osmotic
Dehydration.

ol on

Mosture contents attamed by banana shoes
with concentation
Increasimg osmotic solution concentration facihitated tic

extraction ol mosture from the fraits resulung m los el

decreased morcasig - osmobic

moisture contents e the frat pieces
the  vanaton
concentration of Omint red banana, Sudar tends were
oy and bananas The
moisture content of fresh ot Cavendish and Cooking
banana 3878 and 3A8NN ¢ 1)\
Moistute ol baiana

Frgpare 3 shows

ol mostuwre  contents with - solunon

noted Cuvendish Cooking

were waler
content
decreased 1o L3750 12760 and 1063 ¢ water ¢ DN an

respechively. Cookimg
327607 and 0S”B sucrose solutions. respectively, atier
12 [he  maossture

Cavendish banana decreased o FSTS0 TS0 and 1235
eowater g DN 3270607 and 68713

content of vsmosed bananas mcreased with mcicasiny

hours ol mmersion content ol

1 he wotal solids

osimoie solution concennaton Consistentdy Inghe

wlal sohids were abtamed e the bananas osmosed o
68713 suctose solution. Figure < shows the vination ol
solids with osmonic solution concentation. ol
Sinuhar resule, were obtamed® o
[ he total

solids of fresh Omine red and Cooking banana were

Cavendish banana
Omun aed and Cooking banana vanctes

02071 and 02279 ¢ sohd g oantial mass. respecinely
Fotal sohds of Ot red mercasad to 0 3901 04006
and 007 ccaid pomatial niass i Y200 600 ad 6D
Moreover, the total sohds on Codking bavana mcrcgad
o 04201, 0393 and 04847 ¢ osohd g oamnal nass
Gl | e

<

aind G870 alter 12 Lhouis of mmmcrsion
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differential in concentration of solution and the fruit
solids. affected water- solid  transfer.
concentration of the solution was il\(‘.!'t?il.’i(‘(l.,m()rL’
sugar migrated into the fruit. Similarly, Beristain et

As sucrose

L L1090 reported that water loss from pineapple

rer

pA
/
7

slice increased with increased sugar concentration and
temperature. Higher water extractions from. apple -and
kiwi fruits were recorded as the solution concentration

increased (Panagiotu, Karanthanos & Maroulis, 1999)

e 10mm
B 15mm
A 20mm

MC(20mm) = -GE-051° + 0.0022t* - 0.030 11" + 0 19541 - 0 A344L + 2.7463
R? = 0.9005

! T ;:.::a_“\i
o 15 “‘\'“.\‘«L\ K & -
: ; ———
| MC(15mm) = -0.00011% + 0.0037t* - 0.04681" + 0.278417 - 0 81001 +2 7467
e R? = 0.9999
04! CMC(10mm) = -8E-051 + 0.0031" - 0.04141" +0.27 117.- 0.8651 + 2.7456

R? = 0.9987

8 10 12 14

frntnorsion fune sy

Fig. 1 Variation of Molsture Content with Thickness of Omin! Red Banana limmersed in

60°B Sucrose Solution.

Fifect of Varietal Dilference on Moisture and
Total  Solids During  Osmotic
Dehyvdeation,

Contents

maisture  contents
attnned by TOmm shices of Ominit red, Cavendish

The  varation  of

and Cooking hananas in S2"B sucrose solution is
shown m Figure S0 Cooking and Cavendish
bananas had higher mital moisture content than
Omimi red banana For all the banana varietics,
motsture contents declined rapidly i the first 2
hours of mmerston. Retween 2 and 12 hours of
mmersionsatalmost Tear relationship occurred
benwveen moisture content and nersion time.
Although the Omine red variety (2.747 g waler g
DN had the Towest il moisture content,
attnined the highest moisture content among the
three  varieties  after 12 hours of - osmoltic
dehvdration. This is due 1o the higher mitial
" soluble solids (2313) content of Omini red prior
to nsmone treatment
t1994) the overall couse of water extraction from
the producy mto the solunon s (he  internal

3

According to Saurel et al, ¢

concentriation eradient  Alter 4 howms of osmotie

dehyedrnon there  was no further  appreciable
reduction m o moistire content of the banana. NMore
than 0% of the morsture teduction ook place n the
first 2 howrs of osmotie dehvdration. This agerees

with the work ot Lazandes and Mavrouitis (1904

on apples.

Fresh Omini red (0.2671 ¢ solids/g initia} mass) and

Cooking banana (0.2279 ¢ solidig uiuifxd.; mass)

varictics had higher total solids than the Cavendish

banana (0.2051 ¢ sehd‘g imtial mass). Total solids
content of Cooking banana increased rapidlv and

attaned the maximam total solids, but consistently

lower total solids were recorded for Cavendish and

Onmimi red bananas (Iigure 6). Onumi red had the

lowest change i total sohids content aner +2 hours

ol osmotic hrcodnent This showed  thiat solate

uptake of the Oy resl was Tower compated 1o the

other 2 vanenes
solute mfuston wonld S solute deplenon m the

Thas o advantageous, sigev lower

osmote solnton, thas vnhdncm},}. SHEOAU crononty

durmg the proce s
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Flfect of Osmotic Solution Temperature and
Immersion Time on Moisture and Total Solids
Contents During Osmotic Dehydration,

Figure 7 and 8 show the effect of osmotic solution
temperature on the moisture and tolal solids contents
respectively. There was higher decline of moisture
centent of bhanana slices immersed in the 40°C
than in the 34"C and 27'C
obtained at  higher
temperature showed increased water removal. - This
is due to the increased solute infusion into the fruits
resulting m higher total solids content. "According o
Yao and ¢ Maguer (1996) solute infusion into
materials of cellular stracture, inttiated the outflow
ol from the fruit. Inereasc in solution
teraperature could have resulted in greater mobility
of osmotic solution and diffusion of sugar molecules

solution
Steeper

osmolic

solutions. curves

waler

into the fruit picces. Increasing the osmotic solution

temperature resulted i increased water extraction
ard solute mfusion frompincapple, apple. and carrot
(Peristam et al.,1990; Lenart and Tewicks, 1990;
Sawrel et al, 1994 Rastogi et al., 1999).

Generally, moisture content of banana slice
decreased with increased immersion time (Figure §).
Maisturescontents drapped rapidly during the first 2
hours, but an almost lincar relationship prevailed
from the second to the twelfth hour of timmersion. A
corresponding increase in total solids was also
recarded i the first 2 hours, followed by a lincar
retationship between the second to the twelfth hour
of mmmersion. Complex  polynomial  cequations
showing the relationship between experimental and

predicted values of moisture and total solids content
during  osmotic dchydration are  shown on the
Figures 1-8. Predicted and experimental values of
moisture and total solids content showed high
correlation (R7 = 0.9919 - 1.000).

CONCLUSIONS

Moisture contents of the banana slices were found to
decrease with increased immersion time, snlq(&m
concentration and temperature. However, moiség
contents decreased with decreased slice thickness.
Total solids content increased with increaed
immersion  time,  solution  concentration  Awd

temperature, but decreased with  decreased  slige

thickness. Moisture contents dropped rapidly (»I\f}.,'ing
the first 2 hours, but an almost lincar relationship
prevailed  until  the termmation  of  osmatic
dehydration. A corresponding  increase in (otal

" solids was recorded in the first 2 hours, followed by

a lincar relationship between the second to the
twelfth hour of immersion. Osmotic pretreatment
helps to reduce moisture content and increased total
solids of bananas prior to further air-drying or
vacuum drying. This will enhance energy cconomy

during air-drying. and limit the collapse of strugture

in preosmoscd banana beeause of the sucrose infiis
into the bananas.
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