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Abstract

The aim of work was to evaluate the influence ahgssmotic dehydration (OD) on drip loss (DL), waie (V), total color change
(AE), and firmness adfucumis melo Lsamples (Cantaloupe variety), stored under fngeeonditions. The samples were dehydrated up
to two humidity levels (75 and 85%, w.b.), usingasmotic sucrose solution with 55°Brix, at 27+ @.2¥he dehydrated samples were
frozen at -40°C and then stored at -18°C for 1248 30 days. Fresh fruit samples (non-osmotic rtreat) were used as control
duringthe frozen storage time. The results showatithe treated samples had significantly (p<Ol®&er DL, V, andAE, compared to
the untreated ones along the freezing processfiffhieess was significantly (p<0.05) greater in tegesamples. The quality of osmotic-
treated samples was higher than non-treated ormaweVér, treated samples with a lower content of itlityn (75%, w.b.) showed
greater firmness and lower loss in color and volume

Keywords Freezing, Osmotic dehydration; Cantaloupe medsmodehydrofreezing.

Influencia de pretratamientos osmoticos sobrelldathde muestras
de melén Cucumis melo L. durante almacenamiento en congelacion

Resumen

El objetivo de este trabajo fue evaluar la infliante la aplicacion de deshidratacion osmética (@BYia a la congelacién sobre la pérdida
de fase liquida (DL), volumen (V), cambio total c@or (AE) y firmeza de muestras de meldn (varie@ahtaloupg almacenado en
congelacion. Las muestras fueron deshidratad#s thes niveles de humedad (85 y 75%, w.b) emplesoldgion osmética de sacarosa con
55°Brix a 27+0.2°C. Las muestras deshidratadasrfusngeladas a -40°C y posteriormente almacermaek&°C durante 1, 15 y 30 dias.
Fruta fresca (no tratada osméticamente) fue empleacho muestra control durante el almacenamientooagelacion. Los resultados
mostraron significativamente (p<0.05) que las nmaedtatadas presentaron menores DL,AEyrespecto a las muestras no tratadas durante
el almacenamiento en congelacion. La firmeza fgeifigativamente (p<0.05) mayor en las muestraades. Sin embargo, las muestras
tratadas hasta el menor contenido de humedad (¥5£}.presentaron mayor firmeza y menor pérdideotter y de volumen.

Palabrasclave Congelacion; deshidratacion osmaética; mel6n Gangee; osmocongelacion.

1. Introduction Cantaloupe [1]. Cantaloupe melon production is grgwn
national and international markets; in Colombiaghaduction
Melon (Cucumis melo ).is a creeping-stem herbaceouBas increased from 20.1 tonnes in 2001 to 43.&®mM2011,
plant, whose fruit can have an oval, ellipticalfmind shape. It while international production grew in 2100 toniessing this
bears a rough skin with orange, sweet pulp. Thisliasically period [2].
is composed of water, at its maturity has a soludulds Like any other fruit, melon is highly perishablajedto
content between 7 and 12°Brix. Several varietiest,exits high moisture content (MC). Therefore, it ispiontant to
including the Spanish, the Yellow, the Written @tiBular, the seek alternative ways to preserve and store iiezfng is
Frog-like skin, and the Cantaloupe varieties, anwihgrs. The one the most commonly used food preservation pseses
most representative variety in Colombia, in terfigroduction and it is considered one of the best food conservat
and commercialization (national and internationaly methods. According to Wet al, [3] freezing helps keep
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food taste, and nutritional value, better than antler
conservation technology. However, after freezirgatimg,
food presents some drastic changes and cumulgtiadyal,
and irreversible quality loss, mainly shown in diigss
(which is due to cell damage) [4], texture altemat{loss of
turgor during thawing, thus resulting in flaccidignd
shrinking) [5,6], lower volume [7] and, in some ess
change in color [4], taste and aroma [8]. Duringefting,
part of the aqueous content is frozen, thus crgaiie
crystals which damage cell tissues. As a resudtsthucture

guarantee the OS concentration along OD [17-20]zadtl
reduction of the impulse force during the procexH.[ At
two time periods of OD 35 and 98 min, samples vtaken
out of the OS so as to achieve two MC levels 00850.18
and 75.00+0.21% (w.b.) respectively. The times ireguto
reach MC levels were previously calculated in me@in
kinetics [22]. These MC levels were chosen in ortter
reduce the content of freezable water melon. Thaoes
dehydrated samples were placed on humid paper sowel
eliminate OS excess on their surface. The MC otribated

of the cell membrane weakens causing the cellss® their and non-treated samples was determined by using the
osmotic state and their semi-permeability [9]. 934.06 Method of the AOAC [23] and the MC of the
Osmodehydrofreezing (ODF) is considered an altematsoluble solids (°Brix) was calculated by means of a

technique to avoid substantial quality loss in tfrand
vegetables during frozen storage. It minimizesuiexioss [6],
structural collapse, and drip loss [10], among othenefits.
ODF consists in osmotic dehydration (OD) of thedpic,
prior to the freezing process [9]. This techniquas been
reported as a tool in fruit conservation, mainlye do the
reduction of freezable water content [11]. Paréaluction of
the product's freezable water results in fewer dogstals
duringthe freezing time [8]. Therefore, using Oluees the
content of freezable water in the product, a pmcessisting
in the extraction of water in the product, by sulyirg it in a
hyper-tonic osmotic solution (OS), along a speciiime
period and temperature rate [12]. This OS must baglaly-
concentrated solute, like salt or sugar [4].

OD has been used with different fruits and vegetbl

including apples [4, 9], kiwis [4,6], pears [4],ggdant [3], and
carrots [13]. Research on melon is scarce [14yiiH}, a few
studies on varieties others than Cantaloupe, usirggose
concentrations different from the ones reportee (&5°Brix).

The objective of this work was to study the effe€t
osmotic pre-treatment on the drip loss (DL),

refractometer (Abbe Atago 1T, Zeiss, thermostate2D2C).
2.3. Freezing, storage and thawing

Both the treated and non-treated samples weredsiore
resealable plastic bag sin a commercial freez8f@tfor 12
hours, in order to enhance the internal equilibriafrthe
concentration [6, 24]. Then, the samples were fioae—
40°C (Revco, USA) at a rate of 1.3°C/min and stoned
commercial freezer at -18°C, along 1, 15 and 3G.dagr
each storage time, the samples were thawed at r8°€ i

commercial freezer, for 14 hours to ensure complete

thawing [8,25,26]. The physical properties (DL, &glor,
and texture) of the samples were measured aftefiriga

2.4. Physical properties
DL was calculated considering the weight differencé

the samples before and after the freezing-thawinggss [6,
26], using an analytic balance (Mettler Toledo A&20

vatumSwitzerland), with a 0.001g precision. DL was chited

change AV), total color changeAE), and texture of melon using eq. (1).

(Cucumismelo L.) tissue, stored under freezing Fprl5
and 30 days.

2. Materials and methods

2.1. Sample preparation

_r 9o D

Where m and m correspond to the weight of the sample
. - . on.Defore and after freezing-thawing respectively.

Melons having similar fIpeness degree 7.75:0.79BriX The volume of each sample before and after freezing
moisture content (MC) of 92.5+0.5% (w.b), and beathe {haying was calculated by measuring its diameted an

extra category, according to NTC 5207 standards [16pwerqeight at three 120° separate points on one ofytfieder's

used. The fruit was purchased at a local store af, Cqirojiar sides, using a digital caliper (Bull TolSSA). The
Colombia. Fruits were washed, peeled (using a Is&8n sy of shrinking was calculated with eq. (2).

steel knife) and cut in halves, in order to remthese eds.
Each half was cut into 20mm-high and 15mm-diameter
cylinders, using a stainless cylindrical steel tvlpunch.

2.2. Osmotic pretreatment

The samples were submerged in a commercial sucrosewhereV, and  are volume of the sample before and
OS at 55% wi/w, in a plastic container. The OS wast lat  after freezing, respectively.
27.0+0.2°C and constantly stirred at 1000 rpm, gisin  The color coordinates CIEL*a*h* were calculated
mechanical stirrer (Kika Labor Technik Pol Col, U8) between 400-700 nm, based on the reflexion spettitae
order to avoid crusting resulting from the preseateugar samples, using a spectrocolorimeter (Hunterlab drest
on the samples' surface. Virginia USA). llluminant D65 and Observer 10° were
The OS to fruit ratio was 1:20 (w/w), in order tqsed as referents. Total color chang&) was calculated
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i

ONon-treated

with eq. (3).
AE = AL *? +Aa*? +Ab*?

Where:

L*: Lightness

a*: Green — red color axis

b*: Blue — yellow color axis

AL*, Aa* y Ab* were calculated following:

AL*=L* a—L*br, Aa*=a*a—a*or, Ab*=b* a—b*ut

Where:

at: after freezing-thawing

bf: before freezing

The texture (in terms of firmness, N) of the trelasad
non-treated samples was evaluated by using a @hiakigure 1. Drip Loss in treated and non-treated mefamples during the
compression test. A texturometer (EZ-Test modcgeez'”g“ha"v'”g process

Shimadzu, Somerset, New Jersey), adapted with aTnOmburce: The authors

©)

Drip Loss (%)

B Treated 85
OTreated 75

Storage Time (Days)

diameter cylindrical plate was used for this pugoshe
plate was lubricated, in order to avoid sampleepfattion
[27]. The samples were compressed to 75% of thdiali
height, at 30mm/min speed. The firmness was cakalby
means of the maximum force peak.

2.5. Experimental design

A factor 3x3 design was used, with two factors emoat
random:

Humidity content of the fruit at three levels: 92%&sh),
85% (OD) and 75% (OD), and frozen storage timé&5Jand 30
days.

Each treatment was carried out in triplicate. Eseilts were
analyzed using analysis of variance (ANOVA), with
confidence level of 95%, using Minitab 16 (Minitalmc.,
State College, Pennsylvania, 2009).

3. Results and discussion
3.1. Driplossevaluation

Drip loss of the treated and non-treated samples
shown in Fig.1.

It can be noticed that in all the treatments (&daind
non-treated samples) DL of the samples increasetheas
storage time period increases, which may be dueetoe-
crystallization during the storage period, thusultsg in
loss of cell content and loss of cell water remitapacity
[28]. Recrystallization is the change in size, shand
number of ice crystals during frozen storage [2P,3Bese
findings are similar to those reported for kiwi [20],
strawberry [25], apple, and pear [4]. It can algonticed
that during frozen storage, treated samples showerid®L
than non-treated samples. This is an indicationthef
cryoprotecting effect of osmotic treatment, prewda the
freezing process. Similar findings have been regabfor
different fruits and vegetables [4,13]. As to tharfidity
levels in the treated samples, the treatment vaiet MC
level (75%) showed lower DL value in each storageet
period (23.02+0.32, 26.68 + 0.13 and 30.36+0.14 % for
15 and 30 days, respectively). This may be duewet
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Figure 2.Volume change in osmo-dehydrofreezingtéctand non-treated
melon samples during frozenstorage
gource: The authors

ice recrystallization because of less freezablemabntent,
which leads to less structural collapse. A simbahavior
has been found for Kiwi [6]. ANOVA showed a signéint
(p<0.05) effect of the factors frozen storage time &/C
level on the DL of cantaloupe samples.

ar
3.2. Volumeloss

Fig. 2 shows the volume losa\() for treated and non-
treated samples during frozen storage. It can lieeabthat
in all the treatments there wa¥ along the freezing storing
time period. However, the non-treated samples shigiver
AV, with 37.80+0.21, 42.90+0.43 and 43.80+0.29%l1{ot5
and 30 days, respectively. As to the treated sanghose
with lower MC (75%) show loweAV, with 29.6+0.40,
34.8+0.18 and 37.3+0.26% for days 1, 15 and 30,
respectively. These highexV in non-treated samples are
associated with higher drip loss in the freezirgatimg
process, due to higher freezable water contentorflony to
Koc and Eren[31], water loss in food leads to dstmad
damage, which causes shrinking and microstructuaeges
in the product.

The statistical analysis (ANOVA) showed significant
differences (p<0.05) for the storing time period &odthe
MC in connection with the volume of the samples.
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3.2. Color change

Fig. 3 shows the total color changeE] for the different
treatments during frozen storage. Higke values indicate
greater color changes. Total color change increasatl the
treatments during the freezing time. However, tsea@
dehydrated samples show significantly (p<0.05) les®r
changes (values lower than 10). There were no fwigni

81 (186), pp. 81-86. August, 2014.

which prevents oxygen transfer to the fruit, consedy
reducing enzymatic brownness [33, 34]. These fusliare
similar to those reported in research studies mgalth kiwi,
apple [4] and eggplant [3].

3.4. Firmness

Fig. 4 shows the values for texture of treated and non-

(p>0.05)AE in the osmo-dehydrated samples in the two M@ated melon samples. It can be noticed that th bgpes

levels (75 and 85%). Thead were mainly influenced by L*
coordinate, which indicates clarity or luminosity the color
space, and is indicative of the degree of browninthe food
[3,32]. The non-treated samples showed greater (%)
during the storing time period (from day 1 to 3@)daarying
from13.92+0.88 to 16.39+0.93%, while the osmo-dedigd
samples (75 y 85%) varied from 4.32+0.22 to 6.33#% and
from 8.53+0.39 to 10.15+0.76%, respectively. Thesrilts

of treatments the fruit's firmness significantly<Qp05)
decreased during the storage time period, posdimyto ice
crystal formation during storage, which can catsectural
cell damage in the fruit. However, the treated damfr5%
and 85%) showed significantly (p<0.05) higher coasgion
force values (higher firmness) when compared torite-
treated samples, which may be a result of les<tsiiai
damage, since they contain less freezable watés. rébult

indicate that non-treated samples experienced egred in accordance the ones found in mango [24] anthto

brownness, compared to that of the osmo-dehydsatexgbles.
These findings further explain the cryoprotectirfieat of
osmotic treatments in frozen fruit color. This effenay be
due to lower freezable water content, which playsl&@in the
decrease of the number of reactions leading tdttenness
of the fruit tissues [3]. Another explanation mag the
presence of sugar on the surface of the treategleagm

ONon-Treated @Treated 85 M Treated 75
15 4

10 4

AE

HH HOH

e ale SR
HH e

15 30
Storage Time (Days)

Figure 3.Color change in osmodehydrofreezing treated andtreated
melon samples during frozen storage
Source: The authors

ONon-trated B Treated 85 DOTreated 75

F(N)

1 15 30

Storage Time (Days)

Figure 4. Firmness change of osmodehydrofreezeéaged and non-treated
melon samples during frozen storage
Source: The authors
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[35]. Thus, the cryoprotecting effect of OD on tfrait
texture during frozen storage is evident.

When comparing the texture of the treated samgley (
85%), it was noticed that the treatment with loweater
volume (75%) showed the highest firmness values, ith
5.7+0.8, 4.1+0.6 y 3.8+1.8 N, for 1, 15 and 30 days
respectively. Similar results were found for papagmo-
dehydrofreezing treatment [36]. A possible reaswriliis is
that the most dehydrated cell structure (less &elezwater
content) was least affected, because of lower ice
recrystallization [13]. According to Moncayo et,dB5], an
OD time period increment (lower humidity contergsults
into greater firmness of the osmo-dehydrated prpdac
consequence of its solids gain and water loss.

4. Conclusions

The use of the osmo-dehydrofreezing technique,rbefo
the freezing of melon samples had a cryoproteatifiigct
(drip loss, color, volume and firmness reductia@oynpared
to non-treated samples during frozen storage. én fitst
case, the treatment using lower humidity level (Y5%
showed lower quality loss (higher firmness, lowdr, DV
and AE) than the non-treated samples, probably because o
their lower freezable water content and, consedydotver
cell damage in the product. The frozen storage peréod
significantly (p<0.05) influenced the fruit's qusliloss,
perhaps because of ice recrystallization duringage,
which led to cell content loss. These results skioat the
osmo-dehydrofreezing technique is effective in ool
quality loss in melon samples during frozen storage
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