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Article info   Vacuum impregnation (VI) was applied to Jonagold apple slices using green tea infusion with honey 
(L1) and green tea with honey and elderflower juice (L2). Samples were dried by convective (CD), 
microwave–vacuum (MVD) and freeze drying (FD), followed by determinations of dry matter, wa-
ter activity, colour parameters ( L*, a*, b*), tensile properties and drying kinetics. VI slightly in-
creased dry matter and reduced water activity in fresh slices; all dried variants reached low moisture 
content (9.65–13.31%) and low water activity (0.19-0.35), ensuring shelf stability. VI -modified ap-
ple chips showed higher redness and favorable colour characteristics than no pretreated. Tensile 
tests revealed that drying method strongly affected mechanical response at rupture: CD samples 
were stiff and strong but brittle, FD samples exhibited low strength and energy absorption, whereas 
MVD samples combined moderate stiffness with markedly higher deformation capacity and rup-
ture work density, indicating enhanced mechanical resilience. In conclusion, VI with green tea, 
honey and elderflower is a promising pretreatment method to obtain stable, attractive apple chips. 
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1. Introduction  
 
Vacuum impregnation (VI) is an innovative pretreat-
ment technique for fruits and vegetables that involves 
the incorporation of an impregnating solution with 
a designed sensory profile and health -promoting 
properties into plant tissue under reduced pressure 
conditions [1]. VI can be considered a modification 
of osmotic dehydration; however, several fundamen-
tal differences can be distinguished. First, the contact 
between the plant tissue and the solution is preceded 
by a stage in which, due to the action of a vacuum 
pump “in dry conditions,” the air and free water are 
partially removed from the intercellular spaces until 
mechanical equilibrium is reached [2]. The evacuated 
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intercellular spaces are subsequently filled with the 
impregnating liquid at an intensity dependent on the 
process conditions—applied vacuum level and treat-
ment duration—as well as on the tissue porosity and 
the properties of the impregnation solution [3]. 

Secondly, the driving force of vacuum impregna-
tion is the pressure difference generated by the vac-
uum pump, rather than the osmotic pressure gradient 
between the solution and the plant tissue, as in os-
motic dehydration [4]. Consequently, the liquid up-
take by the tissue proceeds very dynamically, and the 
impregnating solution does not necessarily have to 
contain osmotic agents such as salts or sugars. This 
feature is of key importance for the development of 
healthy, low-sugar, and low-salt food products [5]. 
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The impregnating medium can include not only 
osmotic solutions but also liquids with unique and 
beneficial physicochemical and nutritional proper-
ties containing probiotics, prebiotics, vitamins, 
nutraceuticals, antioxidants, and other bioactive 
compounds [6]. The intensive mass transfer between 
the solid matrix and the impregnating liquid en-
hances the physicochemical stability of the product 
and allows for the modification of its structure and 
sensory attributes [7]. 

The application of VI prior to drying allows for the 
modification of sensory characteristics of the dried 
product, such as color, taste, aroma, and texture [8, 
9]. Consequently, the technique enables the develop-
ment of dried products with attractive new fl avor–
aroma profiles, contributing to the diversification of 
commercial offerings and promoting healthy eating 
habits. Fruits and vegetables subjected to VI must 
possess appropriate tissue porosity and internal struc-
tural stability during impregnation, while the impreg-
nating solutions can include fruit juices or any cus-
tom-designed formulations. 

Therefore, the aim of this study was to determine the 
effect of apple slices pretreatment by vacuum impregna-
tion with green tea sweetened by honey and elderflower 
juice on drying kinetics, physicochemical characteristics 
and mechanical properties of dried material. 

 
2. Material and methods 
 
2.1. Material preparation 
 
Fresh Jonagold apples from the local market were cut 
into quarters and then sliced into 4±0.01 mm thick 
pieces. 
 
2.2. Vacuum impregnation of apple slices  
 
Apple slices were vacuum impregnated (VI) by using 
two infiltration liquids: L1  - green tea infusion 
(Genmaicha, Naturalnie Zdrowe, Poland) with gold-
enrod honey (4,7  °Brx) and L2  - green tea 
(Genmaicha, Naturalnie Zdrowe, Poland) with gold-
enrod honey and elderflower juice (10,9 °Brx). Gold-
enrod honey and elderflower juice were purchased 
from the local market. Impregnation was carried out 
by using patented laboratory installation (Institute of 
Agriculture Engineering, Wrocław University of En-
vironmental and Life Sciences, Poland [ 10]) in three 
stages: 2 minutes at vacuum 0.7 bar on fre sh apple 
slices, 4 minutes at vacuum 0.7 bar on apples with im-
pregnation liquid L1  or L2 , 10 minutes at atmospheric 
pressure on apples with impregnation liquid. After VI 
slices were gently dried with a paper towel and for-
warded to further processing.  

2.3. Drying methods  
 
The drying process was performed by three methods: 
convective drying (CD), microwave -vacuum drying 
(MVD) and freeze drying (FD).  

CD tests were carried out in the prototype labora-
tory installation (Institute of Agriculture Engineer-
ing, Wrocław University of Environmental and Life 
Sciences, Poland) [11]. Apple slices (50 g) were dried 
in the single layer at the air flow rate 0.5 m·s-1 at tem-
perature 70 0C until the constant weight was 
achieved.  Experiments were repeated in triplicate. 

MVD drying was conducted in the dryer Plaz-
matronika SM -200 (Institute of Agriculture Engi-
neering, Wrocław University of Environmental and 
Life Sciences, Poland) [12]. Apple slices (50 g) were 
dried in the rotary glass chamber at the pressure 5-7 
kPa and mi crowaves power 240 – 360 W until the 
constant weight was achieved. Experiments were re-
peated in triplicate. 

FD was performed in Free-Zone 4.5 L. (Labconco, 
Fort Scott. USA) after freezing in the single layer at -
26 0C, 24h at a cooling rate 1 0C·min -1. Drying was car-
ried out under the constant pressure of 50 Pa and 
shelf temperature of 22 0C for 24h. 

Dried apple chips were vacuum packed (PA/PE 
clear film, thickness 80 μm) and stored until analysis. 
 
2.4. Analy sis 
 
2.4.1. Dry matter and water activity 
 
Dry matter (d.m.) of fresh and dried material was de-
termined gravimetrically by drying the sample in the 
vacuum oven (V0101 Memmert, Schwabach, Ger-
many) at 70 0C, 3 kPa until a constant weight was 
achieved [13]. 

Water activity (aw) of fresh and dried material was 
determined by using the AquaLab 4TE (AquaLab, 
Warsaw, Poland) at room temperature in triplicate. 
 
2.4.2. Kinetics of drying  
 
Kinetics of CD and MVD was evaluated on the base 
of the moisture content ratio values, calculated as fol-
lows: 

    (1) 
     

where MR is the moisture content ratio (-), Mτ is the water con-

tent after time τ (g water/g dry matter), M0 is the initial water 

content (g water/g dry matter) and Mr is the equilibrium water 

content (g water/g dry matter) [14].  

 
For the mathematical description of the drying ki-

netics curves, Page’s model was used [14]: 

𝑀𝑅 =
𝑀𝜏 − 𝑀𝑟

𝑀0 − 𝑀𝑟
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(2)   

 
where a, k and n are function coefficients, τ is time (min). 

 
2.4.3. Colour changes 
 
Colour of fresh and dried parenchyma tissue was de-
scribed on the base of measurements L *, a* and b* pa-
rameters by colorimeter Minolta-Conica RC -400 (Mi-
nolta Corp., Osaka, Japan) and the total colour 
difference ΔE, calculated as follows [15]: 
 

(3)   
 

(4)  
 

(5)  
 

(6)  
 
where L* is brightness (from 0 - black to 100 – white), a* and b* are 

chromaticity parameters (from a* =(+)60 for red to a*=(-)60 for 

green and from b*=(+)60 for yellow to b*=(-)60 for blue colour), 

sample is the dried material and reference is fresh material unpro-

cessed. 

 
2.4.4. Mechanical properties 
 
The tensile strength of dried, vacuum-impregnated ap-
ple samples was determined using a universal testing 
machine (Instron UTM 5566, Instron®, USA). Apple 
slices were cut into rectangular specimens with a nar-
rowed gauge section to promote failure within the cen-
tral region of the sample. The geometric dimensions of 
each specimen, including width (a), thickness (b), 
length (L0), were measured individually using a digital 
caliper with an accuracy of 0.01 mm. Tensile tests were 
performed under cyclic tensile loading at a constant 
crosshead speed of 0.1 mm·s⁻¹ under ambient labora-
tory conditions. During testing, the tensile force (F) 
and crosshead displacement (ΔL) were continuously 
recorded until sample rupture. 

Engineering stress –strain curves were con-
structed from the tensile test data based on the rec-
orded tensile force and crosshead displacement. En-
gineering strain ( ε) was calculated as the ratio of 
displacement (ΔL) to the initial gauge length (L 0) ac-
cording to Eq. (7), while engineering stress ( σ) was 
determined as the ratio of tensile force (F) to the in-
itial cross -sectional area (A) of the specimen, as ex-
pressed in Eq. (8).  

An apparent secant modulus (E) was calculated as 
the ratio of stress to strain at the rupture point accord-
ing to the Eq. (9). This parameter represents the 

overall stiffness of the material up to failure and does 
not correspond to the true Young’s modulus deter-
mined from the initial linear elastic region of the 
stress–strain curve [16]. 
 

(7) 
 
 

(8)  
 
 

(9) 
 

The rupture work (W) was calculated as the me-
chanical work performed during tensile stretching up 
to the failure point ( ΔL f). It was determined as the 
area under the force–displacement curve using nu-
merical integration (trapezoidal rule) according to 
Eq. (10). 
 

(10)  
 

To enable comparison between samples with dif-
ferent cross-sectional areas, the work was normalized 
by the initial gauge volume (A·L0), where A is the ini-
tial cross -sectional area and L₀ is the initial gauge 
length. The work density (ɷ) was calculated using Eq. 
(11). 
 

(11)  
 
2.5 Statistical analysis 
 
The statistical analysis was carried out by using Statis-
tica 10.0 (StatSoft, Poland). Data were recorded as 
means ± SD and analyzed by Excel 2007. Analysis of 
variance was performed by ANOVA procedures. Sig-
nificant differences (p≤0.05) between the mean values 
of dry matter and water activity were determined by 
Duncan’s multiple range test. Significant differences 
between the average values of mechanical and colour 
parameters were specified using Tukey’s test by the sig-
nificance level α=0.05. To confirm the Page’s model fit-
ting for the drying kinetics description, the following 
statistical coefficients were calculated: mean square er-
ror RMSE , reduced test values X 2 and the residual var-
iation coefficient Ve [17]. 
 
3. Results and Discussion  
 
3.1. Dry matter and water activity 
Vacuum impregnation of apple slices resulted in 
a slight increase in dry matter content and a decrease 
in water activity, in samples impregnated with both liq-
uids (Table 1). As a result of drying by all applied 

𝑀𝑅 = 𝑎 ∙ exp⁡(−𝑘 ∙ 𝜏𝑛) 

∆𝐸 =  (∆𝐿∗)2 + (∆𝑎∗ )2 + (∆𝑏∗)2  

∆𝐿∗ = 𝐿𝑠𝑎𝑚𝑝𝑙𝑒
∗ − 𝐿𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒

∗  

∆𝑎∗ = 𝑎𝑠𝑎𝑚𝑝𝑙𝑒
∗ − 𝑎𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒

∗  

∆𝑏∗ = 𝑏𝑠𝑎𝑚𝑝𝑙𝑒
∗ − 𝑏𝑟𝑒𝑓𝑒𝑟𝑒𝑛𝑐𝑒

∗   

 𝜀 =
∆𝐿

𝐿0
 

𝜎 =
𝐹

𝐴
 

𝐸 =
𝜎

𝜀
 

W= 𝐹 ∆𝐿 ∙ 𝑑(∆𝐿)
∆𝐿𝑓

0
 

𝜔 =
𝑊

𝐴 · 𝐿0
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methods, low-moisture content products were ob-
tained, with water content ranging from 9.65% to 
13.31%. The use of L2, an impregnating solution con-
taining additional elderflower juice, resulted in 
a higher reduction in water content, which was most 
pronounced in the case of FD. Consequently, aw of 

apple chips impregnated by L2 was the lowest after FD 
(aw=0.19), however aw of CD and MVD apples was 
higher when the impregnation was used. All dried 
samples exhibited low aw level, ensuring high storage 
stability (aw=0.19÷0.35). 
 

 

Table 1. Dry matter and water activity of apple slices before and after drying, initially impregnated with green tea, 
honey and elderflower juice or non-impregnated 

Drying method  Impregnation d.m. (%)  aw (-) 

fresh 

no imp 14.20±0.70a 0.98±0.01a 

L1  16.62±0.02b 0.96±0.88b 

L2  16.74±0.07b 0.96±1.16b 

CD  

no imp 86.69±0.69c 0.32±0.72c 

L1  87.10±0.87c 0.33±0.40c 

L2  88.37±0.14d 0.35±0.76d 

MVD  

no imp 87.06±0.03c 0.29±0.61c 

L1  87.03±0.09c 0.34±0.07d 

L2  88.94±0.93e 0.32±0.03c 

FD  

no imp 87.95±0.61d 0.26±0.11e 

L1  88.29±0.98d 0.24±0.38f 

L2  90.35±0.42e 0.19±0.62g 

Mean within one column with a different superscript are significantly different homogeneous groups (p≤0.05); d.m. - dry matter; aw - water activity; L1- 

impregnation liquid 1: green tea with honey; L2  - impregnation liquid 2: green tea with honey and elderflower juice; no imp –  non-impregnated apple 

slices; CD – convective drying; MVD – microwave vacuum drying; FD - freeze drying 

 
The observed effect of apple's impregnation in 

both sugar-containing solution L1  and L2  on the ther-
mal drying (CD, MVD) effectiveness, analyzed by 
d.m. and aw, corresponds with the results described by 
Authors in the previous study [18]. During drying of 
apple cubes, a sucrose solution incorporated into in-
tercellular spaces leached out and at the surface of the 
tissue underwent a transition into a rubber state. As 
a consequence, a dense sucrose film inhibited effec-
tive water removal, resulting in samples ab out rela-
tively low d.m. and high aw. 

 
3.2. Colour changes 
 
The VI process caused only a slight change in the col-
our, compared to fresh material (Table 2) since the to-
tal colour difference (ΔE) was on the level perceptible 
only to a very attentive observer: ΔE=2.76÷3.10 (for L1  
and L2 respectively).  

The drying process resulted in important changes 
of apple slices colour in each of the drying techniques 
applied (ΔE=13.12÷34.64), however, the influence of 
VI on colour was inconclusive. The protective effect 
of VI on the colour stability of dried apples was  

 

 
observed only in case of FD when the total colour dif-
ference after drying without pretreatment was 
ΔE=25.51 and after VI ΔE=13.12÷19.46 for L1  and L2 
respectively. No influence of VI on ΔE after MVD was 
found, whereas after CD the ΔE was higher in VI ma-
terial (ΔE=29.58÷30.20 for L2  and L1  respectively) 
than in experiments when VI was not applied 
(ΔE=23.66).  

The pre -impregnated CD samples were darker 
than the non-impregnated ones, which was reflected 
by a decrease of the L* parameter for L1  (↓3.6%) and 
L2  (L*↓3.22%) as well. In contrast, VI resulted in 
lightening of chips dried by MVD ( L*↑10.08-14.12%) 
and FD ( L*↑15.97-17.36%). Blanda et al. [19] de-
scribed a strong darkening effect after FD of impreg-
nated apples, higher than in non-impregnated apples, 
which is in opposition to results presented in this 
study.  

VI caused also an increase of redness (a*) of sam-
ples that underwent CD and MVD whereas during 
FD the pretreatment had no influence on redness of 
material. The redness increase may be interpreted as 
beneficial, as it suggests higher saturation with nutri-
tive compounds. 
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Table 2. Colour characteristics of apple slices before and after drying initially impregnated with green tea, honey and 
elderflower juice or non-impregnated 

Drying method Impregnation L* a* b* ΔE  

fresh no imp 83.18±5.67a -2.66±0.51a 12.72±1.94a - 

L1 80.17±0.36b -2.70±0.83a 11.99±1.40b 3.10±7.51a 

L2 80,50±0.40b -2.71±0.84a 12.03±0.91b 2.76±0.79a 

CD  no imp 77.20±8.56c 0.29±0.46b 35.42±2.85d 23.66±0.98b 

L1 73.36±3.94d 5.55±2.00e 40.57±4.54e 30.20±3.54d 

L2 73.64±2.89d 4.78±0.89d 39.71±1.48e 29.58±2.00d 

MVD  no imp 66.36±4.52e 4.71±2.34g 44.87±3.73f 33.41±3.74e 

L1 75.73±2.66d 6.64±1.93f 45.25±3.29f 34.64±0.87e 

L2 73.05±3.11d 6.33±1.98f 44.38±1.72f 34.44±1.34e 

FD  no imp 72.40±5.61d 2.66±3.04c 35.22±3.12d 25.51±0.02b 

L1 83.96±0.55a 2.79±0.76c 24.63±0.76c 13.12±0.89f 

L2 85.40±3.19a 2.53±0.37c 30.89±1.00g 19.46±1.67c 

Mean within one column with a different superscript are significantly different homogeneous groups (p≤0.05). L* - lightness (0÷100), a*- redness ((-

)60÷(+)60), b*- yellowness ((-)60÷(+)60), L1- impregnation liquid 1: green tea with honey, L2- impregnation liquid 2: green tea with honey and elderflower 

juice, no imp –  non-impregnated apple slices, CD – convective drying, MVD – microwave vacuum drying, FD- freeze drying. 

 
It was noticed that VI influenced yellowness of 

chips when dried by CD ( b*↑12.11-14.54%) and FD 
(b*↓12.29-32.00%). MVD dried apple ’s yellowness 
did not depend on VI.    

The effect of VI on the colour changes can be eval-
uated as positive (more intensive redness and yellow-
ness comparing to non -impregnated apples) espe-
cially in CD, drying method which is reported as the 
most popular but also destructive for pigmented bio-
components.   

 
3.3. Dying kinetics  
 
Figure 1 presents the drying kinetics of CD and MVD 
samples subjected to impregnation and non-impreg-
nated samples. Preliminary impregnation resulted in a 
reduction of total drying time in both investigated dry-
ing methods: CD (10÷13% for impregnating soluti on 
L1 and L2 respectively) and MVD (19% for L1 and L2). 
However, VI did contribute to a decrease in the drying 
rate during drying and an increase in the drying rate at 
the end of dehydration. 

Fig. 1.  Kinetics of CD and MVD of apple slices initially 
impregnated with green tea, honey and elderflower juice 

or non-impregnated 

The shortening of drying time was also reported in 
the Authors’ previous experiments concerning the 
impregnation of apple cubes in sucrose solution and 
in sucrose solution with the addition of citric acid 
[20]. 

 
3.4. Mechanical properties 
 
3.4.1.Stress–strain behavior and tensile strength 

 
The stress–strain curves obtained from tensile tests of 
dried apple samples are shown in Figure 2, while the 
corresponding mechanical parameters determined at 
the rupture point are summarized in Table 3. All sam-
ples exhibited a distinctly non-linear tensile response 
followed by abrupt failure, which is characteristic of 
dried plant tissues. 

 

Fig. 2.  Stress–strain curves of dried apple samples sub-
jected to tensile loading, illustrating the effect of drying 

method and impregnation variant on mechanical re-
sponse 
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Table 3. Mechanical parameters of dried apple samples determined at the rupture point 

 

Sample 
Stress σ  

(MPa)  

Strain ε 

(–) 

Work density 

(kJ·m -³) 

Secant modulus 

(MPa)  

CD_NO  2.22 ± 0.18 0.12 ± 0.01 162.1 ± 16.2 17.77 ± 1.42 

CD_L1  1.87 ± 0.15 0.10 ± 0.02 111.1 ± 11.1 17.77 ± 1.42 

CD_L2  2.48 ± 0.20 0.11 ± 0.01 151.9 ± 15.2 22.52 ± 1.80 

FD_NO  0.86 ± 0.09 0.13 ± 0.01 61.6 ± 6.2 6.91 ± 0.55 

FD_L1  1.10 ± 0.09 0.14 ± 0.01 89.3 ± 8.9 7.84 ± 0.67 

FD_L2  1.18 ± 0.04 0.15 ± 0.02 106.7 ± 10.7 7.87 ± 0.63 

MVD_NO  1.89 ± 0.15 0.30 ± 0.02 330.6 ± 33.1 6.30 ± 0.59 

MVD_L1  1.86 ± 0.12 0.30 ± 0.01 311.4 ± 31.1 6.31 ± 0.54 

MVD_L2  2.00 ± 0.16 0.26 ± 0.02 314.0 ± 31.4 7.54 ± 0.62 

 

Convectively dried samples (CD) reached the 
highest tensile stresses at rupture, ranging from 1.87 
to 2.48 MPa, with the maximum value observed for 
the CD_L2 variant (Table 3). These samples fractured 
at relatively low strain values (0.10–0.12), indicating 
a stiff and brittle mechanical behavior. 

Freeze-dried samples (FD) exhibited substantially 
lower tensile stresses at rupture (0.86–1.18 MPa) and 
failed at moderately higher strains (0.13 –0.15), re-
flecting a more compliant but mechanically weak 
structure. 

Microwave–vacuum–dried samples (MVD) 
showed intermediate tensile stresses at rupture (1.86–
2.00 MPa) but sustained markedly higher strains be-
fore failure (0.26–0.30), as illustrated by the extended 
stress–strain curves in Figure 2. This indicates en-
hanced deformation capacity compared to both CD 
and FD samples. 

 
3.4.2. Secant modulus 

 
T he secant modulus at rupture (E), calculated as the 
ratio of stress to strain at the failure point, is pre-
sented in Figure 3 and listed in Table 3. Convectively 
dried samples exhibited the highest apparent stiff-
ness, with E values ranging from 17.77 to 22.52 MPa. 
The highest stiffness was observed for the CD_L2 
variant, consistent with its high tensile stress and 
low strain at rupture. 

Freeze-dried samples showed significantly lower 
apparent secant modulus values (6.91–7.87 MPa), in-
dicating limited resistance to deformation under ten-
sile loading. Microwave –vacuum–dried samples ex-
hibited comparable E values (6.30–7.54 MPa), despite 
their substantially higher strain at rupture. This me-
chanical response reflects a combination of moderate 
stiffness and enhanced deformability. 

Fig. 3.  Secant modulus at rupture of dried apple samples 
pre-impregnated under vacuum and dried using convec-
tive drying (CD), freeze drying (FD) and microwave –vac-

uum drying (MVD), determined from the stress –strain 
response at the failure point. 

 
3.4.3. Rupture work density 
 
The rupture work density (w), calculated as the rupture 
work normalized by the initial gauge volume, is shown 
in Figure 4 and summarized in Table 3. Normalization 
enabled a geometry-independent comparison of the 
energy absorption capacity of the samples. 

Fig. 4.  Rupture work density of dried apple samples pre-
impregnated under vacuum and dried using convective 

drying (CD), freeze drying (FD) and microwave –vacuum 
drying (MVD), calculated as the rupture work normalized 

by the initial gauge volume. 
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Rupture work density ranged from 61.6 to 
330.6 kJ·m⁻³. Microwave–vacuum–dried samples ex-
hibited the highest energy absorption capacity per 
unit volume, with w values exceeding 300 kJ·m⁻³ for 
all impregnation variants. Convectively dried samples 
showed intermediate rupture work density values 
(111.1–162.1 kJ·m⁻³), whereas freeze-dried samples 
exhibited the lowest values (61.6–106.7 kJ·m⁻³). 

 
3.4.4. Combined mechanical response at rupture 
 
The combined analysis of stress–strain behavior, ap-
parent secant modulus at rupture and rupture work 
density (Figure 2–4), together with the numerical val-
ues summarized in Table 3, demonstrates that the dry-
ing method governs not only the strength and stiffness 
but also the energy absorption mechanisms of dried 
apple samples.  

Convectively dried samples exhibited the highest 
tensile stress and apparent secant modulus at rup-
ture, combined with the lowest strain values, con-
firming a  stiff and brittle mechanical response. 
Freeze-dried samples showed consistently lower 
stress, stiffness and rupture work density, indicating 
mechanically weak structures with limited resistance 
to tensile loading. In contrast, microwave–vacuum–
dried samples combined moderate tensile stress and 
apparent stiffness with substantially higher strain at 
rupture and the highest rupture work density, re-
flecting an enhanced ability to absorb mechanical 
energy and mechanically resilient behavior under 
tensile loading. 

 
 
 
 
 

4. Conclusions  
 
In summary, the presented research results indicate 
a positive effect of vacuum impregnation of apple slices 
in a green tea infusion enriched with honey and elder-
flower juice on drying effects, as evaluated based on se-
lected physicochemical parameters and drying kinet-
ics. The samples obtained through CD, MVD, and FD 
processed by VI were characterized by low moisture 
content and water activity, ensuring high storage sta-
bility. The application of preliminary impregnation re-
sulted in a beneficial shortening of  the dehydration 
process in all experimental variants. 

Vacuum -impregnated apple chips differed in col-
our from non -impregnated ones, exhibiting higher 
contributions of red and yellow hues, which is a pos-
itive effect as it enhances the sensory attractiveness of 
the product. The observed increase in crispness of 
pre-impregnated dried samples may also indicate the 
potential applicability of VI using the proposed solu-
tions to improve both the sensory appeal and the nu-
tritional quality of dried apple snacks. 

The drying method significantly influenced the ten-
sile behavior of dried apple samples. Convective drying 
resulted in stiff and strong but brittle structures, freeze 
drying produced mechanically weak materials with low 
stiffness and energy absorption, whereas microwave–
vacuum drying yielded samples with moderate stiffness 
but markedly higher deformation capacity and the high-
est rupture work density. Normalization of rupture 
work by the initial gauge volume enabled a geometry-
independent comparison and clearly distinguished the 
mechanical resilience of microwave –vacuum–dried 
samples from the other drying methods. 
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