
Nowadays, the conventional hot air drying method is still widely used to preserve products that do not have a long shelf life such as fruit and vegetables. However, considering the quality losses of dried end products and long drying
times with this method, alternative new drying techniques have now gained importance. Rosehip (Rosa canina L.) has a rich nutrient content due to its high antioxidant and phenolic compound content, especially vitamin C. Therefore,
in this study, it was aimed to investigate the effect of microwave-vacuum drying technique on drying time and some quality characteristics of rosehips. It is also intended to compare with hot air and freze-dried samples. Rosehips were
dehydrated by using both microwave-vacuum and hot air drying techniques until reaching below 10% moisture content on wet basis. Drying process with microwave-vacuum technique was carried out under three different microwave
power (50, 100 and 150 W) and three different system pressure (40, 75 and 110 mbar) parameters. The hot air drying was carried out in a tray dryer at 60 °C. Drying curves of microwave-vacuum dried rosehips were extracted. The dried
samples were subjected to physical (moisture content, water activity, color, rehydration rate, microstructure) and chemical hips ( (Vitamin C, total phenolic compound content, total antioxidant activity) analyses. The drying times by
microwave-vacuum method were between 75-195 minutes. In all chemical analysis results, the values of hot air dried samples were found to be the lowest. The total phenolic content was higher in all microwave-vacuum dried samples.
The amount of vitamin C of the dried rosehips by the microwave-vacuum method was close to the freeze-dried rosehips and higher than the dried rosehips by hot air. Unlike hot air dried sample, microwave-vacuum and freeze-dried
samples had similar colors, and redness (a*) values were found to increase compared to the fresh samples. While the microstructures of the microwave-vacuum and freeze-dried sample were observed to be open and porous, the
samples dried with hot air were completely closed and had a non-porous structure.
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Rose hips are fruits of Rosa genus in the Rosaceae family, these are known as rich in
phenolic compounds and valuable sources of vitamin [1]. Fresh or dried Rosehips have also
been used in food and drink such as tea, marmalades, jellies and jams; however, it has recently
been utilized as an ingredient in probiotic drinks, yoghurts and soups as health supplements
[2].

After harvesting, alternative preservation methods such as drying, freezing or canning are
applied to extend shelf life. The drying of fresh rosehips reduces moisture content and water
activity, reducing microbial growth, enzymatic activity, and chemical reactions.The drying
method influences the microstructure of the final product, as well as its physicochemical
properties and rehydration ratio [3]. Hot-air drying is the most used process for producing dried
fruits and vegetables.However, this process long drying times, presents low energy efficiency
and, in most cases, cause thermal degradation and shrinkage of the solid matrix, reducing the
quality of dehydrated products and the rehydration ratio [4]. Freez-drying process allows the
production of dehydrated fruits with preserved structure, high porosity, low degradation of
nutrients and color, excellent rehydration properties and aroma retention [5]. However, the
very long drying times and high costs limit the use of freeze-drying to products with high added
value [6].

In the present study, rosehip dried by Microwave-vacuum drying (MVD), hot-air (HD), and
freeze-drying (FD) were compared concerning vitamin C, total phenolic content, antioxidan
activity, rehydration ratioi product structure and drying times.
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with Microwave-vacuum method;
✓ The drying time greatly decreased.
✓ Total phenolic content, antioxidant activity (by FRAP method) values were found higher than

other methods.
✓ The vitamin C content was more preserved compared to the hot air dried rosehips.
✓ Color improved dry products were obtained.
✓ It showed a porous microstructure and had a higher rehydration rate than hot air samples.

Drying conditions
Total phenolic content 
(mg GAE/g dry matter)

Fresh rosehip 38,72±0,75

Microwave-vacuum drying
Microwav
e power 

(W)

Absolute pressure 
(mbar)

50

40 44,51c±0,67

75 47,77b±0,05

100 43,09cd±0,66

100

40 48,69ab±0,97

75 49,59ab±0,20

100 49,00ab±0,56

150

40 50,01a±0,31

75 50,28a±4,48

100 50,12a±1,10

Freeze-drying 43,86c±0,40

Hot-air drying 40,62d±0,73

The results of the total
phenolic content (TPC) of fresh and
three different methods dried
samples methods are given. The
amount of TPC of all dried samples
increased compared to fresh
samples. It has been reported that
phenolic compounds may be
released due to degradation of the
cellular structure of treated
samples [12]. Therefore, it has
been reported that it may cause an
increase in the amount of TFM. TPC
content of MV dried samples was
higher than other samples dried by
other methods.

This may be due to the shorter microwave-vacuum drying time and the rapid inactivation
of the PFO enzyme which disrupts phenolic compounds. The highest amount of TPM at the
highest power is might due to more degradation of the cellular structure and shorter drying
time [13, 14].

Drying conditions 
Vitamin C

(mg L-ascorbik acid/g dry matter)

Fresh rosehip 9,94a±0,19

Freeze-drying 9,60a±0,25

Microwave-vacuum drying

Microwave 
power (W)

Absolute 
pressure (mbar)

50

40 8,90b±0,28

75 8,43c±0,25

100 8,33c±0,17

100

40 8,21c±0,12

75 8,29c±0,35

100 8,11c±0,32

150

40 7,73d±0,26

75 7,68d±0,26

100 7,41d±0,33

Air-hot drying (60 °C-1.5 m/s)

Vitamin C values of the samples dried with three different drying methods are given in
Table 1. As a result of drying with three different methods, losses have occurred in vitamin c
content. In freeze-dried samples, almost all of the vitamin C has been preserved. There was a
high loss of vitamin C in HD dried samples due to long drying time and oxidation of ascorbic
acid in the presence of hot-air [15, 16].

In MV-dried samples,
considerably more vitamin C was
retained than hot-air sample due to
the higher drying rate, shorter
drying times, and less air to cause
oxidation during microwave vacuum
drying [17]. However, It has been
found that as the power increases
at constant absolute pressures and
the absolute pressure increases at
constant powers, the loss of vitamin
C increases.

Drying conditions
Antioxidant activity 

(µmol Trolox/ g dry matter)

FRAP DPPH

Fresh rosehip 294.58d±4.60 189.42b±6.02

Microwave-vacuum drying

Microwave 
power (W)

Absolute 
pressure 
(mbar)

50

40 322.01b±12.81 202.04a±14.32

75 310.51c±3.84 202.98a±4.26

110 329.15b±4.13 202.16a±7.23

100

40 326.52b±9.06 211.48a±14.19

75 328.46b±9.55 206.90a±3.22

110 348.10a±8.97 209.92a±6.86

150

40 304.22cd±6.56 210.38a±6.37

75 306.41cd±4.13 211.94a±8.35

110 305.06cd±10.24 213.02a±4.69

Freeze-drying 304.90cd±9.38 204.58a±6.02

Hot-air drying 256.39e±10.44 167.61c±6.15

Antioxidant activity values of fresh and dried samples with three different methods are
given in the Table. In both antioxidant methods (FRAP and DPPH), hot air dried samples have
shown the lowest antioxidant activity values. In contrast to HD dried samples, antioxidant
values of MVD and FD samples were higher than fresh samples. Antioxidant activity values
of MV samples were found higher than fresh samples. It has been reported that antioxidant
compounds may be better extracted because heat treatment destroys the cell structure. This
has been reported to increase the amount of antioxidant compounds [18].

The lowest value in the
HD sample may be due to the
long heat treatment time and
oxidation occurring in the
presence of hot-air [19].
Antioxidant activity values of
FD samples increased. It has
been reported that ice crystals
are able to extract antioxidant
compounds better by
disrupting the cell structure
(disintegration) and may be
due to the preservation of
antioxidant activities at low
temperatures [20].

In the DK sample, L and Hue values were the same as fresh one, whereas a, b and C
values were higher. In the FD sample, the Hue value did not change and the a value increased.
This indicates that the redness of the FD sample have increased. L and a values of SH samples
decreased and Hue values increased. This shows that it is removed from redness and
darkness samples are obtained (Figure 5.c).

L, a and C values of MV samples have increased. However, the L value has increased or
there is no statistical difference. Hue değerlerinde ise istatistiksel olarak fark yoktur. L and Hue
values of fresh and MVD samples were close to each other. The a and C values of MVD
samples increased. More saturated and increased redness the final product has been
obtained (Figure 5.d).
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A non-porous, tight microstructure
was observed in the HD sample. Porous
microstructures were observed in MVD
and FD samples. When the MVD sample
microstructure was compared with the
microstructure of the FD sample, pores of
a smaller number and larger dimensions
were observed.

Rehydration ratio (RO) was highest at the 
highest microwave powers and FD samples. The 
HD sample showed the lowest rehydration rate.
MVD and FD showed high rehydration rates due 
to the porous microstructures of the dried 
samples. RO increased with increasing power at 
Constant absolute pressure.

Figure 3 and Figure 4 show the curves of the moisture ratio versus the drying time.
When the drying curve was examined, the drying time decreased as the power increased at
constant absolute pressures of 40, 75 and 110 mbar. At 50 and 100 W constant microwave
power, the drying time decreased as the absolute pressure decreased. However, the change in
absolute pressure at 150 W constant power did not affect the drying time Furthermore, it can
be said that the microwave power variable is less effective than the absolute pressure variable
on the drying time .
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Figure 2. Drying curves of whole rosehip at different
constant absolute pressure a: 40 mbar b: 75 mbar c: 110
mbar

Figure 3. Drying curves of whole rosehip at different
constant power a: 50 W b: 100 W c: 150 W

Table 3.Effects of various drying methods on total phenolic content, 
gallic acid equivalents (mg/g of dry matter) in whole rosehips

Table 4. Effect of various drying conditions on antioxidant activity 
(µmol Trolox/ g dry matter) in whole rosehips.

Table 5. Effect of various drying conditions on Vitamin C (L-

ascorbic acid) content in whole rosehips

Different small letters in the same column indicate significant differences (p<0.05). 

Different small letters in the same column indicate significant differences (p<0.05). 

Different small letters in the same column indicate significant differences (p<0.05). 

Statistical analysis: Statistical analysis of the experimental data was performed by analysis of
variance (ANOVA) using SPSS version 18.0 package program.One-way analysis of variance
(ANOVA) and Duncan’s multiple range test were carried out to determine significant (P<0.05)
between the means.

Rosehip (Rosa canina L), which constitutes the research was harvested in Mezitli district
of Mersin. material, The harvested rosehip fruit was stored at -24 ˚C for use in experiments
on the same day. Before each drying process, the material is thawed and brought to room
temperature. Moisture content of rosehips was determined in hot air oven at 105°C
according to AOAC method. Initial moisture content of rosehip was found to be 43,83±0,16
%. In the drying experiments, when the moisture content of the rose hip fell below 10%, the
drying process was terminated.

Mikrowave-vacuum drying (MVD):
The microwave oven (operating frequency of 2.45 GHz) had a maximum power of 1.8

kW and was equipped with a power adjustor (7) that enabled continuous power delivery at
the adjusted setting. The microwave–vacuum dryer comprised a microwave oven(4) (AWI,
180T, United Kingdom), a voltage regülatör (8) (Çetinkaya, B 1102216‐2, Turkey), a vacuum
pump (2) (Vacuubrand, PC 510 NT, Germany), a circulating water bath (1) (Polyscience, USA),
a glass vacuum chamber (6), and a cold trap unit (3) (Figure 1).

160 g of rosehips was used for each experiment. In the glass vacuum chamber placed in
the middle of the drying room was placed basket with rosehip. There is a portable turntable
(5) in the glass vacuum chamber which allows the basket to move. Samples were subjected to
different microwave power levels (150, 100, and 50 W), absolute pressure levels (110, 75, and
40 mbar).

Hot-air drying (HD) was at 60°C at an air velocity of 1.5 m/s and freeze drying (FD) was
set at 0.2 mbar with chamber temperature and condenser temperature of -45°C. At the end of
the drying experiment, the dried samples were subjected to physical (total phenolic content
[7], vitamin C [8] and antioxidant activity (FRAP [9] and DPPH [10]) [] ) and chemical
(microstructure, rehydration rate [11] and color) analysis for quality evaluations.

In the experiments, a color Mouse (CM2C, Color Savvy systems Ltd., A.B.D) working
with CIELAB (L*a*b*) ve CIELCH (L*C*h*) three-dimensional color measurement system was
used.
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Figure 6. Rehydration rate  

Figure 5. Images of fresh and dried rosehips

a) Fresh b) FD

c) Hot-air (960 min) d) MVK-( 165 min- 50 W-40 mbar ) 
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Figure 7.SEM (Scanning Electron Microscope) image of dried
rosehip microstructure by Freeze-drying (FD), Microwave-
vacuum drying(MVD) and Hot-air drying (HD) (500×
magnification)

Figure 1. Graphical abstract

Figure 4. Color parameters


