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SUMMARY

The effect of edible starch coatings was studied with the objective to achieve higher efficiency of osmotic dehydration process of
the apple. This study encompassed treatments of apple with 3% maize starch solution applied in the form of single and double coat-
ings. The aim of application of edible coatings during osmotic dehydration was to promote water loss from calls to surrounding os-
motic solution and to prevent solid uptake from osmotic solution to samples, on the other hand. Samples of apple were dehydrated in
70% saccharose and 80% sugar beet molasses as osmotic agent, during 5 h, at 55°C and normal pressure. Insertion of edible starch
coatings achieves higher water loss and reduction of solid gain in apples. It was concluded that double-coated samples in sugar beet
molasses give the best results.
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REZIME

Da bi se postigla sto veca efikasnost pri osmotskoj dehidrataciji jabuke ispitana je mogucnost primene jestivih skrobnih previaka.
U radu je koris¢en 3% rastvor kukuruznog skroba u vidu jednostrukih i dvostrukih previaka. Upotrebom jestivih prevlaka tezi se
povecanju difuzije vode iz uzorka u okolni osmotski rastvor, s jedne strane, i onemogucavanje prodiranja materija iz osmotskog rast-
vora u uzorke s druge strane. Osmotska dehidratacija je obavijena u rastvorima 70% saharoze i 80% melasi Secerne repe, u trajanju
od 5 sati, na temperaturi 55°C i atmosferskom pritisku. Primena jestivih previaka dovodi do povecanja gubitka viage i smanjenja
prirastaja suve materije u uzorcima jabuke. Ustanovijeno je da se upotrebom dvostruke previlake, na uzorcima jabuke koji su de-
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hidrirani u melasi Secerne repe, postizu najbolji rezultati.

Kljuéne redi: Osmotska dehidratacija, jabuka, jestiva skrobna previaka, melasa Secerne repe, saharoza.

INTRODUCTION

Osmotic dehydration is one effective way to reduce the water
content with minimal negative effect on sensorial properties and
nutritive value. Osmotic drying, of mainly fruits and vegetables,
is obtained by immersing them in hypertonic solutions. In our
country and in the world concentrated saccharose solution, so-
dium chloride and their combination are usually used as hyper-
tonic solution (Joki¢ et al., 2007). At the Faculty of Technology
in Novi Sad already exists a developed method of osmotic dry-
ing in sugar beet molasses as hypertonic solution. Sugar beet
molasses emerges as excellent medium for osmotic dehydration
primarily due to higher content of dry matter (80%) which pro-
vides high osmotic pressure in solution (Levi¢ et al., 2007, Filip-
cev i sar., 2000), as well as the specific chemical composition
which is caracterised with high content of vitamins, minerals,
antioxidants and betain (Susi¢ & Sinobad, 1989). During os-
motic dehydration, the tendecy is to increase the diffusion of wa-
ter from the sample in the surrounding solution and to decrease
penetration of solids from solution in the plant tissue, on the
other hand (Matusko et al., 2004). However, when sugar beet
molasses was used as hypertonic solution penetration of mineral
matter, vitamins and etc., it could be considered as favorable be-
cause in that way the nutrition value of fruits and vegetables is
higher (Koprivica et al., 2008) .

Until now, a large number of studies have been done with the
aim of reducing of solid gain in osmo-dehydrated fruits and
vegetables. Most of the methods which have been applied are
based on the application of edible coatings. Edible coating
should be biodegradable, capable of modifying the product’s

surrounding i.e. to act as a promoter of water removal and to
prevent penetration of solids from surrounding solution in plant
tissue (Baldwin, 1994).

The edible coatings are usually made of various polysaccha-
rides, proteins or lipids. For successful application in osmotic
dehydration process, the properties of coating materials should
fit several requirements: good mechanical properties, satisfac-
tory sensory properties, easy and rapid film formation, high wa-
ter diffusivity, and prevention of excessive solute uptake by the
tissue (Camirand at al., 1992).

For the preparation of edible coatings aqueous solutions of
several substances which, most often, include pectins, gelatine,
agar-agar, tragant gum, maltodextrins, starch, alginic acid, so-
dium-alginate, low metoxy pectinate (LMP), maltodextrines and
starch were used most often (Khin et al., 2005; Matusko et al.,
2004, Lenart and Piotrowski, 2001, Levi¢ et al, 2008) . Investi-
gation of Lenart and Dabrowska (2001) indicate that 2% LMP
has the greatest influence on increasing of the water loss of ap-
ple, while maltodextrine solution has the greatest influence on
decreasing of solid gain.

The usage of maize starch as edible coating improves the
process of osmotic dehydration of carrots in sugar beet molasses
and saccharose solution (Levi¢ at al., 2008).

The objective of this study was to investigate the possibility
of using maize starch in the form of single and double edible
coating, whether and how much maize starch has an effect on
efficiency of osmotic dehydration process and decreasing of
solid gain. The results of osmotic dehydration in sugar beet mo-
lasses and 70 % saccharose solution were compared.
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MATERIAL AND METHOD

Apples were purchased on a local market in Novi Sad, Serbia
and stored at 4°C. Prior to the treatment, the apples were thor-
oughly washed and cut into cylindrical shapes, 20 mm in height
and diameter, with a sharp apple corer.

For the preparation of hypertonic solution white sugar sa-
luted in distillate water and pure sugar beet molasses obtained
from sugar factory Bac, Serbia were used.

Commercialy available maize starch (produced by Dr. Oet-
ker Kft, Hungary) was used as a coating material. A 3% starch
suspension was used for the preparation of mono- and double-
layered edible coatings.

For the formation of a single coating, samples of apple were
dipped in 3% starch suspension for 60 s, prior to osmotic dehy-
dration. In order to fix starch coating samples were left at room
temperature for 15 minutes and then submitted to osmotic de-
hydration.

For the formation of a double coating, the apple samples
were dipped in 3% starch suspension for 60 s, and then taken out
and left for 15 minutes at room temperature to fix coating. After
the first coating was fixed, the starch dipping was repeated under
the same coating procedure.

Each sample was tested in duplicate and mean values were
used in calculation.

Osmotic dehydration

Osmotic dehydration was carried out at 55°C under atmos-
pheric pressure. The coated apple pieces were placed in 600 ml
beakers and kept submerged in 70% saccharose solution or sugar
beet molasses.

The material to solution ratio was 1:4 (w/w). The beakers
were kept in a thermostat at 55°C for 5 hours. Finally, the apple
pieces were removed from osmotic solutions, washed with water
and gently blotted to remove excessive water. The samples were
weighed and analyzed.

Moisture content of the samples was determined by oven
drying method according to AOAC methods (A0AC, 2000). The
samples were kept in an oven (Instrumentaria Sutjeska, Serbia)
at 105°C for 24 hours until a constant weight was attained.

Calculation of osmotic parameters

Kinetics of the process of osmotic dehydration is usually rep-
resented with water loss (WL), solid gain (SG) and weight re-
duction (WR) of the material immersed in osmotic solution.
There are different ways to define these quantities but most
widely used definitions are: the water loss as net water lost from
fresh sample calculated on initial sample mass, the solid gain as
net increase in solids calculated on initial sample mass:

WL{E} _me—m (1)
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where: m, — initial moisture content of fresh sample before
osmotic treatment (g); m — moisture content in sample after os-
motic dehydration(g); u, — initial solid content in fresh sample
(g); u — solid content in sample after osmotic dehydration (g) and
w, — initial mass of fresh sample (g).

WR=WL - SG 3)

RESULTS AND DISCUSSION

The usage of edible coatings causes a small increase in water
loss from apple tissue. In the coated samples, water loss is about
10% higher in comparison to the control (Figure 1). There was

no significant difference in water loss between single-(S;) and
double—(S,) coated samples in case when sugar beet molasses
was used as hypertonic solution. In case when saccharose solu-
tion was used as hypertonic solution, there the findings contra-
dict the hypothesis. Namely, greater water loss was found in sin-
gle—coated samples in relation with double — coated. A reason-
able explanation could be that double starch coating is a barrier
for the water removal from the samples.

In addition, it is very important to notice that the water loss
is higher when the hypertonic solution was used sugar beet mo-
lasses, and in that case, the water loss is higher for about 12%.

The hypothesis of the experiment was that edible coatings
limiting solid uptake in apples during osmotic dehydration. SG
value indicates the degree of penetration of solids from osmotic
solution in the samples. Results show a decreasing of solid gain
to a great extent in samples that edible starch coatings have been
applied on (Figure 2). Solid gain was double decreased in coated
samples. The highest solid gain was found in non-coated sample
osmo-dehydrated in 70% saccharose solution (0.0867 g/g i.s.w.),
while the lowest solid gain was encountered in double — coated
sample osmo-dehydrated in sugar beet molasses (0.0407 g/g
1.S.W.).
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Fig. 1. linfluence of starch coatings on water loss during os-
motic dehydration of apple in sugar beet molasses (®) and in
70% saccharose solution (®)

SI. 1. Uticaj skrobnih prevlaka na gubitak vode tokom osmotske
dehidratacije jabuke u melasi Secerne repe (®) i 70% rastvoru
saharoze (®)
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Fig. 2. Influence of starch coatings on
solid gain during osmotic dehydration of apple in sugar beet
molasses (®) and in 70% saccharose solution ()
SI. 2. Uticaj skrobnih prevlaka na prirastaj suve materije tokom
osmotske dehidratacije jabuke u melasi Secerne repe (®) i 70%
rastvoru saharoze ()

Weight reduction (WR) is defined as difference in water re-
moval and solid uptake. The highest weight reduction was found
in apple coated twice with 3% starch solution, which was
dehtdrated in sugar beet molasses, and it come 0.549 g/g i.s.w
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(Figure 3). Difference in weight reduction between single- and
double- coated samples was insignificant.
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Fig. 3.linfluence of starch coatings on weight reduction during
osmotic dehydration of apple in sugar beet molasses (®) and in
70% saccharose solution (®)

SI. 3. Uticaj skrobnih prevliaka na smanjenje mase tokom osmot-
ske dehidratacije jabuke u melasi Secerne repe (®) i 70% rast-
voru saharoze (®)
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Fig. 4. Influence of starch coating on WL/SG ratio during os-
motic dehydration of apple in sugar beet molasses (®) and in
70% saccharose solution (®)

SI. 4. Uticaj skrobnih prevlaka na odnos parametara WL/SG to-
kom osmotske dehidratacije jabuke u melasi Secerne repe (®) i
70% rastvoru saharoze (®)

Water loss (WL) to solid gain (SG) ratio (WL/SG) is a
unique index that clearly indicates the efficiency of osmotic de-
hydration process. High values of this ratio indicate an extensive
dehydration with minimal solid uptake. On the other hand, a
small WL/SG ratio indicates that during the process comes to
significant diffusion of solids from osmotic solution in samples
with minimal water loss (i.e. candying).

WL/SG ratio indicates the effectiveness of various edible
coatings. The lowest value of WL/SG ratio was determinated in
non — coated apples, osmo—dehydrated in 70% saccharose solu-
tion. Double — coated samples, which were dehydrated in sugar
beet molasses, have a higher WL/SG ratio (14.49). All coated
samples have a highest WL/SG ratio compared to control, which
indicates the efficiency and relevance of applying edible coat-
ings in osmotic dehydration (Figure 4).

All previously presented results show that the application of
double starch coatings have the most influence on the efficiency
of osmotic dehydration of apple.

CONCLUSION

Sugar beet molasses was shown as a much better hipertonic
solution compared to 70% saccharose solution at all samples of
apple which were osmoticaly dehydrated. Edible starch coatings
reduced the penetration of solids from osmotic solution in the

samples. The best results were observed in cases of double
starch coatings. WL/SG ratio has proved as an excellent parame-
ter for assessment of efficiency of osmotic dehydration. On the
basis of this parameter we can conclude that the double coating
gave the best results and it is a very effective and simple way
for improving the osmotic dehydration process.
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