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Introduction. Fructose and sucrose osmotic solutions, were
tested in order to evaluate their effects on the characteristics of
the osmosed quince. The effect of slice thickness, solution
concentration and immersion time on the color and chemical
characteristics of dehydrated quince (Cydonia oblonga) were
studied.

Materials and methods. Weight reduction (WR), CIE
color parameters, total phenolic (TPC) and ascorbic acid (AA)
content were investigated using fructose and sucrose osmotic
solutions for 3 hours immersion time. The content of the total
polyphenols (TPC) was determined by the Folin-Ciocalteu
reagent at 765 nm using spectrophotometer. Ascorbic acid (AA)
content was separated, identified and dosed in a HPLC
SHMADZU system coupled with UV-VIS detector (DAD).

Results and discussion. Weight reduction (WR, %) of
osmosed quince showed significant differences depending on
the type and concentration of the osmotic agent and process
time. Significantly higher moisture loss of fructose
(monosaccharides) as an osmotic agent is a considerable
advantage compared to sucrose (disaccharide). The higher
values of WR were obtained when quince samples were
dehydrated with fructose solution of 80% concentration. It was
observed that after 180 min of osmotic dehydration with fructose
solution 40%, thinner slices (10 mm) have a higher WR value
compared to thicker slices (20 mm). The total polyphenols
content increased during the osmotic dehydration treatments
with 80% osmotic solution. The ascorbic acid content increased
during the treatments with fructose solution from 18.66 mg/100
g (in fresh quince samples) to 30.9 mg/100 g (in quince samples
after osmotic dehydration with fructose solution 80%). The
samples treated with 80% fructose had a lower L” coordinate,
showing an enzymatic browning. The value of a* was minimal
in the case of samples treated with 80% fructose, indicating that
the hydrated quince showed a darker color compared to the fresh
samples.

Conclusions.Osmotic dehydration for quince with the two
osmotic solutions only slightly affected the compositional
properties, such as total polyphenols and ascorbic acid content,
and weight gain of osmotically dehydrated quince.
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Introduction

By air drying the fruits biological substances mainly vitamins, provitamins, polyphenols
and other bioactive compounds sensitive to heat, light and oxygen are degraded (Zielinska et
al., 2017). In order to reduce nutrient losses, pretreatment is often applied to improve the
quality of dry products (Turkiewicz et al., 2020). Osmotic dehydration leads to prolongation
of the shelf life, small loss of colour in apple samples osmosed with glucose or sucrose
solutions 30%, 45% (w/w) at different times, and in glucose osmosed samples a greater
texture hardening rate was observed (Mandala et al, 2005).This process consumes less energy
than the air drying or vacuum drying process, osmotic dehydration of apple cubes at room
temperature acts as a pre-treatment with a beneficial effect on the firmness of the rehydrated
samples that had been air-dried at 50°C (Prothon et al., 2001).

Osmotic dehydration (OD) is the process in which pieces of fruit or vegetables are
immersed for different periods of time in a hypertonic solution, so that some of the water and
natural sugar in the fruit are replaced with sugar from the syrup (Fernandes et al., 2009).The
cellular structure of food acts as a semi-permeable membrane, which is not completely
selective and which results in two counter-currents of mass transfer: the diffusion of water
from food into solution and the diffusion of osmotic solution into fruit (Yadav et al., 2014).
Osmotic dehydration with different osmosis solutions is used to preserve the fruit, because
the enzymatic browning (initiated by the enzyme polyphenol oxidase) is reduced, the
retention of volatile substances is increased, the color is saved and the sweet taste is preserved
(McEvily et al., 1992). The selection of a particular osmotic agent depends on its cost, its
molecular weight, and the sensory characteristics of the product to be dehydrated (Ahmed et
al., 2016). The most common osmotic agents are (Ahmed et al., 2016): sucrose, corn syrup
solution, sodium chloride, maltose, honey, glucose, fructose, lactose, glycerol and ethanol.
In general, osmotic dehydration is considered as a pretreatment used in the conventional
drying of many agricultural products (da Silva et al., 2013).

Quinces (Cydonia oblonga Miller), are a species belonging to the Rosaceae family and
represents one of the most important sources of vitamins, calcareous salts, bioactive
components such as flavonoids and dietary fiber, compounds with health-promoting
properties (Dehghannya et al., 2018). Traditional Quince fruits uses are in the preparation of
jams, marmalades, purees and jellies, but can be added in ice cream, yogurt or confectionery
products (Turkiewicz et al., 2019).

Although, quince fruits are less suitable for direct consumption due to their astringent
and strong flesh, the most important advantage of quince over other fruits is its high content
of vitamin C. Thus, for example, in some varieties at the ripening stage of consumption, the
vitamin C content was over 70 mg/100 g fresh weight (FW) (Rop et al., 2011).

Quince is rich in polysaccharides, which is 11% (dry weight) in the flesh (Qin et al.,
2020), pectin (0.53 to 1.83 g pectin/ 100 g fresh quince) (Borazan et al., 2017), contain organic
acids such as oxalic, citric, ascorbic, malic, quinic, shikimic, and fumaric acid (Silva et al.,
2004) and phenolic compounds (16), which have health promotion roles and medicinal
properties (Wojdyto et al., 2014).

Although, osmotic dehydration of quince is little studied, there are some papers available
in the literature. For example, the effects of pretreatment on the osmotic dehydration of cubic
pieces of quince fruit with sucrose osmotic solution (control, 10, 30, 50, and 70% (w/w))
using intermittent microwave (IM) — dry hot air (HA) at a low temperature (40 °C) were
studied by Dehghannyaet et al. (2018). Thus, the increase in the concentration of the osmotic
solution, the power and the pulse ratio led to significant decreases in contraction
(Dehghannyaet et al., 2018). Recently, Turkiewicz et al. (2020) studied the effect of osmotic
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dehydration (DO) using fruit concentrates (apple, pear, pineapple, sour cherry, blackcurrant
and hot pepper), as well as the antioxidant, antidiabetic and anticholinergic activity of dried
Japanese quince before and after osmotic dehydration. After the completion of osmotic
dehydration (in water baths at 45 °C for 1.5 h), Japanese quince fruits had an increased sugar
content (up to 20 times more) and a significant reduction in organic acid content (even a 77%
reduction compared to non-OD fruits) (Turkiewicz et al., 2020)).

Therefore, the purpose of this article is to present the effect of osmotic dehydration
pretreatment (fructose and sucrose 40, 60 and 80%) on the mass transfer color and chemical
characteristics of quince fruits.

Materials and methods
Materials

Fresh Quinces (Cydonia oblonga Miller), were purchased from a local producerin
Falticeni (Romania). For each experiment, the healthy fruits were carefully sorted and
washed, cleaned by hand, and after removing the seeds were cut into 2 cm thick slice. All
chemicals used for total phenolic content analysis, Folin’s reagent and gallic acid, acid
ascorbic content, were procured from Sigma Aldrich, Germany. Deionizer water was used.

Osmotic pre-treatment

In this report, the influence of fructose and sucrose solutions concentration and
immersion time on mass transfer during osmotic dehydration was studied. Osmotic
dehydration was performed at room temperature and three concentrations of fructose and
sucrose solution (40%, 60% and 80%) were used. Osmotic solutions were prepared by
blending with distilled water on a weight-to-weight basis. The high concentration of osmotic
solution was based on a comparative study in the literature (Ispir et al., 2018). A ratio of 2:1
(200 ml osmotic solution: 100 g quince) was chosen to monitor changes in hypertonic
solution concentration.

The fruits were placed in glasses and after the addition of the osmosis agent it was stirred
with an orbital stirrer. The mass transfer between the sample and the fructose solution during
osmotic dehydration was measured within 30, 60, 90, 120, 150 and 180 min, the two
dimensions of the cubes Quince and showed a different behavior during osmotic dehydration.
The samples were removed from the osmotic solution then wiped gently with filter paper to
remove adherent water and then weighed.

Each treatment was performed three times and each time with other fruits. Weight
reduction (WR) is used to characterize osmotic dehydration, and was calculated according to
the following equation (Leahu et al., 2020):

WR%:M

«100

i
where Wi is the initial weight of sample cubes (g) and W: the weight of sample cubes after
osmatic dehydration for at each sampling times t ().

Water activity

Water activity (aw) was measured using a water activity meter (AQUALAB).
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Total phenolic content (TPC)

The degree of the methanolic extract of fruits was expressed as equivalent gallic acid
(GA) (mg of gallic acid 100 g~'fw fresh weight) using a standard curve prepared at different
concentrations of GA, and were assayed using the Folin-Ciocalteau reagent (Stankov et al.,
2020). 1 ml of freshly prepared Folin-Ciocalteau’s reagent (1:10, v/v, with water) and 0.8 ml
sodium carbonate (7.5%) were added in 0.2 ml of aqueous extract to quince fruit sample.
Then, the mixture was incubated at room temperature for 2 hours, and spectrophotometric
absorbance was measured at 765 nm using a spectrophotometer T70 UV-VIS PG Instruments
Ltd.

Determination of the ascorbic acid

The ascorbic acid (AA — expressed in mg/100 g FW of fruits) content, was separated,
identified and dosed in a HPLC SHMADZU system coupled with UV-VIS detector (DAD),
A ZORBAX — C18 column (5pum, 250x4.6) (Leahu, 2019).

Colour measurement

Colour was measured on the surface of the fruit in terms of ‘L’ (lightness), ‘a’ (+a is red,
-a is green) and ‘b’ (+b is yellow, -b is blue) values (Leahu et al., 2018). Variations in the
values of L",'a" and b* were measured due to different osmotic pretreatments using a Minolta
Chroma counter (Model CR 400/410) (Leahu et al., 2018).

Moisture content

The content of water from the quince fruits was determined after drying to constant
weight at the standard temperature of 105 + 2°C (Rop et al., 2011). The samples used in the
research constituted 5 g of the sample that has been dried in an oven at 103°Cat atmospheric
pressure until constant weight was obtained. Moisture (g water/100 g of sample) % was
calculated by using the following equation:

M % = M « 100
where M; is the initial weight of sample cubes (g) and M;s is the mass of sample's dry solids
(9). The sample mass was determined using a digital balance.

Statistical analysis

Data were expressed as means * standard deviations for triplicate determination.
Statistical significance of differences between the individual treatments was evaluated by
using one-way ANOVA (Minitab 17 software). The null hypothesis was “All means are
equal”, while the alternative hypothesis was “At least one mean is different”. The significance
level considered was o = 0.05.
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Results and discussion
Physico-chemical parameters of fresh and osmotic dehydrated quince

Osmotic dehydration is a simple process that facilitates the processing of fruits and
vegetables, such as bananas, figs, pineapples, mangoes, apples, grapes, carrots, pumpkins,
etc. with preservation of the initial characteristics of the fruit. Quince samples were treated
with different osmotic solutions concentrations, 40, 60 and 80%, to evaluate the effect of
immersion time on moisture content and biochemical characteristics. Table 1 shows the
moisture content data during osmotic dehydration versus quince sampling immersion time.

Table 1
Physico-chemical parameters of fresh and osmotic dehydrated quince samples

M Dry matter aw AA? TP?2

% % mg/100 g mg GAE/100g

Fresh quince | 83.8+0.554 | 16.36+0.554 | 0.63+0.11 | 18.66+0.425 80.3+0.929
FOD4o 76.6+0.79 23.4+0.79 | 0.56+0.15 | 29.17+0.23 81.47+0.40
FODego 72.66+£0.44 | 27.09+0.44 | 0.54+0.14 | 29.36+0.49 91.13£0.85
FODgo 68.09+0.34 | 31.91+0.49 | 0.50+0.16 | 30.9+0.26 94.83+£0.504
SODgg 78.9+0.19 21.1+0.34 | 0.56+0.12 | 21.06+0.31 84.9+0.58
SODso 75.20+£0.21 | 25.79+0.48 | 0.56+0.13 | 21.43+0.27 91.13+0.85
SODgo 71.92+0.38 | 31.40+0.75 | 0.52+0.11 | 22.06+0.24 97.06+0.81

®V/alues are referred to mg/100 g fresh weight vegetable;

Values (means + SE) (n = 3);

M=Moisture (g water/100 g of sample) %;

AA =Ascorbic acid mg/100 g;

TP = content of Total Phenols (mg GAE/100 g);

FOD= Osmotic dehydration with fructose solution 40%; 60% and 80%;

SOD= Osmotic dehydration with fructose solution 40%; 60% and 80%.

Parameters

Time of osmotic dehydration had a significant effect on moisture content. Thus moisture
content of fresh quince samples ranged from 83.8% in fresh quince to 68.09% in sample
treated with 80% fructose solution. This decrease in moisture content is in agreement with
previous research (Derossi et al., 2008). As can be seen, the use of the osmotic dehydration
(OD) process resulted in an increase in the dry matter content.

Water is the environment for the development of chemical processes that take place in
food during processing, but water also participates as reactant in hydrolytic processes. Food
stability is a characteristic related to the variation of the water content in them. The value of
water activity for fresh quince is high, which may explain the higher L*. A high-water content
may cause an increase of the reflected light. The effect of osmotic dehydration on quince was
achieved by varying the concentration of the sucrose solution (40-60°Brix) and the
immersion time (60-120 min). At a constant water activity, the decrease in the value for the
equilibrium moisture content with the increase of air temperature was observed for quince
(Noshad et al., 2012).

The total phenolic content recorded in fresh quince pulp was 80.3 mg GAE/100 g, it can
be seen that osmotic dehydration treatments with 80% osmotic solution increase the content
of total polyphenols (18.09% for fructose solution and 14.32% for sucrose solution).The
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results of the phenolic content obtained in this research are almost similar to the findings
published by Rasheed et al. (2018), they reported a total phenolic content in quince fruit pulp
from 65.73 mg GAE/100 g to 68.13 mg GAE/100 g.

During the osmotic dehydration of quince fruit, some differences can be observed in the
ascorbic acid content. The ascorbic acid content increased in a non-linear manner over time,
at all concentrations of fructose and sucrose during osmotic dehydration of quince. The
ascorbic acid values found in the present study agreed well with previously reported data.
Studying the chemical characteristics of 22 quince genotypes and cultivars (Cydonia oblonga
Mill.), the content of vitamin C was the highest in the Mu$katova variety containing up to
79.31+2.01 g/100 g FW (Rop et al., 2011).

Riva et al. (Riva et al., 2005) studied the relationship between shrinkage and colour
stability during osmodehydration and air dehydration, and chemical characteristics of apricot
cubes. The ascorbic acid content increased with the pre-treatment time and was similar in the
treatment with sorbitol, while the values were higher in the osmodehydration of sucrose (Riva
etal., 2005).

Effect of osmotic agent’s types and its concentration on weight loss

Results obtained by applying the statistical one-way analysis of variance (ANOVA)
method showed that the moisture of quince samples after osmotic dehydration with fructose
solution 80% had the lowest mean (Figure 1a), comparative with the fresh quince samples
which had obvious, the highest mean regarding the moisture content. As shown in Figure 1b,
the moisture of quince samples after osmotic dehydration, considering all three
concentrations (40, 60 and 80%) of fructose solution, cannot be grouped in the same category
and the means are significantly different. Based on the value obtained for R? (95.37%) it can
be said that the model fits well with our data and the factor explains 95.37% of the variation
of the response. It can be established that the differences between some of the means are
statistically significant due to the p-value obtained (0.000), in the case of quince samples
moisture when the osmotic dehydration is performed with fructose solution.

@0
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MFOD 40-Mi ————

@
=

MFOD 60-Mi —_—

MFOD 80-Mi: +————

Moisture (%)
3 3
o

MFOD 60-MFOD 40+ ————
L MFOD 80-MFOD 40 N
o MFOD 80-MFOD 60- —
Mi  MFOD40 MFODG0 MFOD 80 30 -5 o 3 0
a b
Figure 1.

a— Interval plot for quince moisture (moisture of fresh quince samples — Mi, moisture after
osmotic dehydration with fructose solution —- MFOD (40%, 60% and 80%));
b — comparison of data by using Tukey method
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As well, in the case of quince samples moisture after osmotic dehydration with sucrose
solution, it was obtained p = 0.000. These means that the differences between some of the
means are statistically significant. Results illustrated in Figure 2a indicate that quince
samples after osmotic dehydration with sucrose solution 80% has lowest mean, similar to
osmotic dehydration with fructose solution. Moisture loss through dehydration of quince
samples is higher when osmotic dehydration is performed with fructose solution compared
to sucrose solution. In Figure 2b it can be observed that the means are significantly different,
since the intervals do not contain zero. The value obtained for R? was 96.36%, which means
that the factor explains 96.36% of the variation in the response.

=l
n

MFOD 40-Mi- ——]

o0
=]

MFOD 60-Mi { —

MFOD 80-Mi{ +————

Moisture (%)
~1
an

MFOD 60-MFOD 40 —_—
701 MFOD 80-MFOD 40 { ——
65. MFOD 80-MFOD 60 { —_—
Mi MFOD 40 MFOD 60 MFOD 80 20 -15 -10 5 0
a b
Figure 2.

a — Interval plot for quince moisture (moisture of fresh quince samples — Mi, moisture after
osmotic dehydration with fructose solution —- MFOD (40%, 60% and 80%0));
b — comparison of data by using Tukey method

Weight reduction (WR, %) of quince samples (10 mm), during the osmotic dehydration,
increased in time according to the results presented in Figure 3. It can be observed that the
higher values of WR were obtained when quince samples were dehydrated with fructose
solution of 80% concentration (Figure 3a), and with sucrose solution of 80% concentration
(Figure 3b). Results showed that weight reduction increases with increasing concentration of
solutions, and this was also stated by (Leahu et al., 2020; Kayak-Ertekin et al., 2000). The
WR values are also influenced by the quince slices size (Figure 4), it was determined that
thinner slices (10 mm) have a higher WR value compared to thicker slices (20 mm) after 180
min of osmotic dehydration with fructose solution (40%), otherwise WR had higher values
for 20 mm slices.

The results showed that the values of weight loss of quince slices of 10 mm, dehydrated
in 40% sucrose solution are higher after 30 min, 120 min, 150 min and 180 min of
dehydration, compared to the values obtained for 20 mm slices. Also, it can be seen that WR
values are higher when the fructose solution is used (Figure 4).
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Figure 3. Variation of weight reduction (WR, 96) in time of quince samples (10 mm) during
osmotic dehydration with different concentration of a — fructose solution; b — sucrose solution:
Variable:
1-WR_FS 40%;

2 — WR_FS 60%;

2 - WR_FS 80%.

=]

30 60 90 120 150 180
Time, min

Figure 4. Variation of WR (%) in time of quince samples (10 and 20 mm) during osmotic
dehydration with sucrose solution (SS) and fructose solution (FS),
both with a concentration of 40%.
Variable:
1 - quince (20mm) in SS
2 —quince (10mm) in SS
3 —quince (20mm) in FS
4 —quince (10mm) in FS
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The p-values obtained were lower than o« — value, for both types of solution used for
osmotic dehydration (p=0.002 in case of WR obtained for dehydration of quince slices with
fructose solution and p=0.000 when dehydration is done with sucrose solution) and these
mean that the differences between some of the means are statistically significant. From
Figures 5a and 5c it can be seen that the WR of quince samples after osmotic dehydration
with fructose solution 80% and sucrose solution 80% have the highest mean. The WR of
quince samples after osmotic dehydration with fructose solution (FS) 40% and 80% can be
grouped in the same category, as well as WR FS 60% and 80% (Figure 5b). In the case of
osmotic dehydration with sucrose solution (SS), the WR of quince samples can be grouped
in the same category only for WR SS 40% and 60% (Figure 5d). Their means are not
significantly different, when they can be grouped in the same category. The factor explains
37.25% of the variation in the response (R? = 37.25%) in the case of samples dehydrated with
fructose solution and 50.70% (R? = 50.70%) for samples dehydrated with sucrose solution,
respectively.

WR (%)

35

30 WR_FS 60%-WR_FS 40%{ | |

25
WR_FS 80%-WR_FS 40% } !

20

15
WR_FS 80%-WR_FS 60%{ } |

10

WR_FS40% WR_FS60%  WR_FS80% 5 10 15 20 25
a b

WR (%)

25

20 WR_SS 60%-WR_SS 40% - p———r]

15 i
WR_SS 80%-WR_SS 40%1 ! L

10

5 WR_SS 80%-WR_SS 60% 1 | }———s—-—
WR_SS40% WR_SS60%  WR_SS 80% s 3 10 5 20
c d

Figure 5. Interval plot for WR of quince samples (10 mm) (WR (%)
after osmotic dehydration (OD) with:
a — fructose solution (FS) and c — sucrose solution (SS);
WR comparison of data by using Tukey method
b — OD with FS and d — OD with SS
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CIE colour coordinates

CIE L%, a", and b" values of quince slices after osmotic dehydration using different
osmotic solutions are presented in Table 2.

Table 2

Colour CIELAB parameters for samples during the osmotic dehydration
Samples L a* b* Hue angle | Chroma
Quince initial 41.8 1 3.33 66.43 3.73
Quince after treatment with 36.06 453 | -1.26 33.93 4.76
fructose 40 % solution
Quince after treatment with 33.73 -1.8 | 1.26 28.05 4.13
fructose 60 % solution
Quince after treatment with 29.25 -2.31 | 1.01 26.41 4.86
fructose 80 % solution
Quince after treatmentwith 35.73 41 | -1.76 33.06 4.53
sucrose 40 %solution
Quince after treatmentwith 32.06 -1.55 | 1.11 27.63 4.38
sucrose 60 %solution
Quince after treatmentwith 28.18 -2.12 |1 0.90 25.73 4.95
sucrose 80 %solution

The use of different osmotic agents affected the L", a*, and b*values of the final product
during the osmotic process. Thus, for fresh quince the values were L"=41.8, a"=1.00, b"=3.33,
and for OD fruits with fructose solution these values ranged as follows: L from 36.06 to
29.25, a" from 4.53 to -2.33, and b” from -1.26 to 1.01. It can be observed that coordinate L*
presents the lowest values 28.18 after treatment with sucrose 80 %solution indicating that
quince dehydrated presented a darker colour compared to the fresh samples. Chauhan et al.
(Chauhan et al., 2011) reported that the color changes of the fruits (darkening) due to the
enzymatic browning are correlated with the L™ and a" values. Changes in the * (green — red)
coordinate for dehydrated samples with sugar solution show a change in color from greenish
yellow to fresh samples (1) in reddish yellow (-2.12).

The results of the current study were quite in agreement with those of El-Aouar et al.
(El-Aoua et al., 2006); these authors reported that the concentration of the osmotic solution
was the most important effect on weight loss of osmatically dehydrated slices of papaya
(Carica papaya L.) with sucrose and corn syrup (EI-Aoua et al., 2006).

Conclusion

1. Processing of quince by osmotic dehydration using three concentrations of fructose and
sucrose solution (40%, 60% and 80%) osmatic solutions significantly increased the total
phenolic and acid ascorbic content in comparison to control sample.

2. Weight reduction (WR) were higher for fructose osmosis samples compared to sucrose
osmosis samples at the same concentration of the solution. Both weight reduction (WR)
increased with increasing osmotic agent concentration. This can be attributed to the fact
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that fructose is a low molecular weight monosaccharide and therefore has a more
pronounced effect on water loss compared to sucrose which is a polysaccharide.

3. The studied factors of osmotic dehydration (process duration, type of agent and sugar
solution concentration) showed a significant influence on weight reduction.
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