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ABSTRACT

This study investigates the influence of two drying methods - vacuum drying and conventional drying at three
temperatures (40 °C, 50 °C and 60 °C) on the quantitative properties of different potato varieties. During the study,
changes in the moisture content, protein content and elemental composition of the samples were observed. The drying
process was analyzed using three-dimensional surface plots to visualize the relationship between drying temperature,
drying time, and moisture content, and statistical analysis was performed using a factorial analysis of variance. Drying
time, method and temperature showed a statistically significant influence on the reduction in moisture content, with
drying time having the greatest influence. Significant interactions were also found between drying method and variety
and between variety and temperature. Higher temperatures led to a reduction in protein content, and colorimetric
analysis showed more pronounced color changes at higher temperatures and conventional drying. Vacuum drying at
lower temperatures proved to be the most effective method for preserving the nutritional and visual quality of the
potatoes.
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SAZETAK

Ova studija istrazuje utjecaj dviju metoda susenja - vakuumskog susenja i konvencionalnog susenja na tri tem-
perature (40 °C, 50 °C, 60 °C) na kvantitativna svojstva razli¢itih sorti krumpira. Tijekom istrazivanja promatrane su
promjene u sadrzaju vlage, sadrzaju proteina i elementarnom sastavu uzoraka. Proces susenja analiziran je pomocu
trodimenzionalnih povrsinskih prikaza koji su koriSteni za vizualizaciju odnosa izmedu temperature susenja, vremena
susenja i sadrZaja vlage, a statisticka analiza provedena je dvofaktorskom analizom varijance. Vrijeme susenja, metoda
i temperatura pokazali su statisticki znacajan utjecaj na smanjenje sadrzaja vlage, pri ¢emu je vrijeme susenja imalo
najvedi utjecaj. Znacajne interakcije pronadene su i izmedu metode suSenja i sorte te izmedu sorte i temperature. Vise
temperature dovele su do smanjenja sadrzZaja proteina, a kolorimetrijska analiza pokazala je izraZenije promjene boje na
visim temperaturama i konvencionalnom susenju. Vakuumsko susenje na nizim temperaturama pokazalo se najucinko-
vitijom metodom za o¢uvanje nutritivne i vizualne kvalitete krumpira.

Kljucne rijeci: krumpir, susenje, proteini, sadrzaj vlage, povrsinske parcele
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INTRODUCTION

The potato is one of the most widely cultivated and
consumed crops in the world due to its nutritional value
and production potential (Faik et al., 2024). It is of high
nutritional value as it is rich in carbohydrates, fiber, vita-
mins and minerals and contains a reasonable amount of
protein, making it an important part of the human diet
(King and Slavin, 2013; Singh et al., 2021). In general, the
water content of potatoes varies between 75% and 85%,
which significantly affects processing, storage, handling
and transport as well as the quality of the final product
(Decker and Ferruzzi, 2013; Golmohammadi and Afkari-
Sayyah, 2013). Post-harvest losses in potatoes are one
of the main problems in the production process and
are mostly caused by inadequate handling, storage and
spoilage or microbiological activity (Rashid et al., 2022).
Drying is a process that is crucial for preserving the
product and extending its shelf life, reducing its mass for
easier transport, but also for maintaining the quality of
the product itself (Mujumdar and Law, 2010; Pereira and
Vicente, 2010). Different drying methods have differ-
ent effects on the nutritional properties of the product,
which greatly influences the final quality of the product.
Therefore, it is important to understand the operating
principles of different drying technologies and their spe-
cific effects on nutritional properties (Liang, 2024). Ad-
vanced drying processes have been developed precisely
to solve the problems (Rashid et al., 2022; Hafezi et al.,
2015; Sikiru et al., 2024). Vacuum drying is a promising
technology to preserve color, shorten drying time and
minimize nutrient degradation compared to some con-
ventional methods (Balzarini et al., 2018; Susilo et al.,
2022). In addition to the drying method, the choice of
parameters such as temperature and process duration
is an important factor in process optimization (Xylia and
Chrysargyris, 2025). Drying kinetics and modelling are
the basis for understanding the mechanisms of water
movement (removal) and optimizing the entire process
(Demir et al., 2023; Giau et al., 2024). Most crops are
thermosensitive, which can significantly affect their
quality and physical properties due to excessive heat
accumulation during the drying process. Therefore, it is

important to emphasize that the choice of process tem-
perature is a key factor affecting the final product quality
(Lee et al., 2016; Ntsowe, 2025). In addition, the color
change in potatoes after drying is a quality parameter,
as this is one of the ways in which consumers judge the
acceptability of the food (Bai et al., 2022). The optimiza-
tion and selection of the drying process is crucial for pro-
cess efficiency and product quality (Sikiru et al., 2024).
A previous study investigated the drying of potatoes
under vacuum conditions, where process pressure and
temperature were modified to simulate industrial condi-
tions (Bundalevski et al., 2015). The authors found that
by increasing the temperature and reducing the pres-
sure, they significantly shorten the drying time, with the
temperature having the greatest influence. Compared to
previous studies that focused mainly on drying kinetics
and moisture removal, this study includes a comparison
of multiple potato varieties with simultaneous analysis of
protein content, elemental composition, moisture chang-
es, and colorimetric properties under different drying
conditions. The integration of physicochemical, nutri-
tional, and colorimetric analyses enabled a more com-
prehensive understanding of the impact of the drying
process on potato quality and provided additional scien-
tific insights important for optimizing the drying process.

This study aims to investigate the influence of differ-
ent drying processes, especially dehydration and vacu-
um drying, as well as different process temperatures (40,
50 and 60 °C) on the changes in moisture and protein
content of four potato varieties. As part of the study, the
drying kinetics of the tested varieties will be analyzed
and the influence of temperature, drying method and
their interactions on the moisture content will be eval-

uated.

MATERIALS AND METHODS

Sample preparation

The research was conducted on four potato varieties
(Agria, Colomba, Red Magic and Sun Red). The potato
samples were collected under controlled agricultural
conditions and subjected to identical preparation proce-
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dures. For each potato variety, three individual potato
tubers were used as biological replicates. Prior to dry-
ing, samples were washed, peeled and manually cut into
standardized pieces with dimensions of approximately
(40x60x3 mm) and an average fresh mass of (7,2 + 2,01
g). The prepared slices were used as subsamples for the
drying treatment. The authors (Rubina et al., 2016) state
that the drying dynamics of potatoes of different thick-
nesses at different temperatures are significantly affect-
ed by the moisture removal rate. For this reason, it was
necessary to standardize the preparation process. Anal-
yses were performed on samples and subsamples before
and after the drying process.

Determination of moisture content

The moisture content (MC) was determined accord-
ing to the HRN ISO 18787:2020 protocol in a laboratory
oven (Memmert UN 750). The drying process was car-
ried out at a temperature of 103 °C + 2 °C for 4 hours
until the mass of the sample became constant.

Ultimate analysis and determination of protein content

The total content of carbon, hydrogen, nitrogen and
sulphur was determined using the dry combustion meth-
od on a Vario Macro CHNS analyzer (Elementar Anal-
ysensysteme GmbH). According to the methods EN
1689:2015 for carbon, hydrogen and nitrogen and EN
ISO 16994:2015 for sulphur. The sample was combusted
in an oxygen stream at a temperature of 1150 °C using
tungsten (VI) oxide as a catalyst. During combustion, the
gases NOx, CO,, SO, and H,O were released. In the re-
duction column, which was heated to 850 °C, the NOx
gases were reduced to N2 and the SO, gases to SO,
in the presence of copper as a reducing agent. Helium
(carrier gas) transported the resulting N2 gases directly
to the TCD detector (heat conduction detector), while
gases such as CO,, H,0 and SO, were passed through
adsorption columns for CO,, H,0 and SO,. The protein
content was determined by multiplying the nitrogen by a
factor of 6.25 (Zhou et al., 2015).

Drying

The samples were dried in two different ways, namely
by vacuum drying and convectional dehydration at three
different temperatures (40 °C, 50 °C and 60 °C), and all
analyses were performed in triplicate. After determining
the initial water content (as described above), the sam-
ples were dried (Excalibur Dehydrator 4926T, USA), and
during drying, the samples were weighed every 10 min-
utes to determine the moisture loss up to the final tar-
get value of 9%. In contrast, the potatoes were vacuum
dried in a vacuum dryer (Memmert vO101), and during
drying, the samples were weighed every 15 minutes to
determine the moisture loss up to the final target of 9%.

Colorimetric analysis

Colorimetric properties of potato samples after dif-
ferent drying treatments were determined using an LC
100 Spectrocolorimeter. The color parameters L, a* and
b* were recorded according to the CIELAB color system,
where L* represents lightness, a* the red-green axis, and
b* the yellow-blue axis. In addition, the overall color
difference (AE*), chroma difference (AC*), and hue dif-
ference (AH*) were calculated relative to the untreated
reference samples. The obtained values were further vi-
sualized using a clustered heatmap to compare the influ-
ence of drying treatments and temperatures on potato

color changes.

Statistical analysis

After receiving the results, statistical analysis was
performed. The results are presented as mean values
and standard deviations. Analysis of variance (ANOVA)
was used to assess differences between the variables
analyzed for the potato varieties, and Tukey's HSD test
was used to determine statistically significant differenc-
es between the groups. Factorial ANOVA was used to
analyze the main and interaction effects of the study pa-
rameters (time, temperature, drying type, and variety) on
changes in moisture content. Three-dimensional surface
plots were used to visualize the relationship between
drying time, temperature, and moisture content for each
variety and drying method. The plots were presented in
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eight subgraphs to identify and interpret the behavior of
moisture content under different drying conditions. The
Python programming language (Drake and Van Rossum,
2011) with the packages NumPy (NumPy Developers,
2022), pandas (McKinney, 2022), SciPy (SciPy Develop-
ers, 2017), matplotlib (Hunter et al., 2017), and sklearn
(Scikit-Learn Developers, 2020) was used for the anal-
yses.

RESULTS

Table 1 shows the initial moisture content of the dif-

ferent potato varieties tested in the study.

Table 1. Initial moisture content and protein of the different
potato varieties

Sample Moisture content Proteins
(%) (%)
Colomba 78.76 +0.88 10.71 £ 0.01°
Sun Red 86.81+2.13 10.68 + 0.01°
Agria 67.99 +1.45 10.7 £ 0.02
Red Magic 76.38 +0.29 10.68 + 0.012
Statistical significance ns *

Statistical significance: ns - not significant; * P<0.01. Different letters
indicate statistically significant differences between the samples ac-
cording to Tukey post hoc HSD test (P<0.05).

Table 2 shows the ultimate analyses of the untreated
potato samples used in the study.

Table 2. Ultimate analyses of the untreated potato samples

(C) "3“‘.‘;,\__,, = '-v?’ (d) n“'iu‘::_.‘:( i -"'J?r

@ S () s

Figure 1. 3D surface plots of moisture content as a function of
drying time and temperature for different cultivars and drying
methods: (a) Colomba - dehydration; (b) Sun Red - dehydration;
(c) Agria - dehydration; (d) Red Magic - dehydration; (e) Colom-
ba - vacuum drying; (f) Sun Red - vacuum drying; (g) Agria -
vacuum drying; (h) Red Magic - vacuum drying

Sample C (%) H (%) N (%) S (%) O (%)
Sun Red 41.27 £0.02¢ 512+0° 1.714 £ O° 0.15+0.01 51.74 +0.02°
Colomba 41.42 +0.01¢ 512+ 0° 1.709 + 0° 0.13+0 51.62 +0.01?
Red Magic 40.39 £ 0.02° 513+0° 1.711+0® 0.14 £0.01 52.63+0.01°
Agria 40.35 +£0.01° 5.13+0¢ 1.709 + 0° 0.13+0.01 52.67 +0.01¢
Statistical signifcance * * * ns *

Statistical significance: ns - not significant; * P<0.01. Different letters indicate statistically significant differences between the samples according to

the Tukey post hoc HSD test (P<0.05).
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Table 3 shows a factorial ANOVA to determine the in-
fluence of the observed parameters (time, drying meth-
od and sample) and their interactions on the change in

moisture content of the treated potato samples.

Table 3. Factorial ANOVA for the main effects and interac-
tions on moisture content

Factor F - value P - value

Time 1674.16 P < 0.0000
Drying type 27.52 P < 0.0000
Temperature 15.18 P < 0.0000
Sample 3.45 P=0.0177
Drying type x Sample 31.16 P < 0.0000
Sample x Temperature 3.99 P =0.0008

Table 4 shows the change in protein content in the
tested potato varieties after application of different dry-
ing methods and different process temperatures.

Table 5 shows the ultimate analyses of the potato
samples after different drying methods used in the study.

Figure 2 shows a heat map comparing the standard-
ized color changes of potatoes after drying using differ-
ent methods at different temperatures. Larger positive
or negative values indicate greater changes compared to

the reference color.
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Figure 2. Clustered heatmap of standardized and original colo-
rimetric changes by drying treatment. L* represents lightness,
a* the red-green axis, and b* the yellow-blue axis of the color
space, while AE* represents the overall color difference, AC*
chroma difference, and AH* hue difference relative to the un-
treated reference sample

Table 4. Protein content in different potato varieties after different drying methods

Temperature
Drying type Sample
40 °C 50 °C 60 °C
Vacuum Sun Red 10.61 + 0.01M 10.58 + 0.01°f 10.55 £ 0.01«
Colomba 10.59 + 0.018" 10.57 £ 0.01¢fe 10.51 +0.01°
Red Magic 10.61 + 0.03k 10.57 + Qdefe 10.55 £ 0.01¢%
Agria 10.61 + 0.01Mi 10.59 + Ofen 10.56 + 0.019%f
Dehydration Sun Red 10.64 + Ok 10.58 + 0.01°" 10.54 + 0.01«
Colomba 10.59 + Ofeni 10.55 + 0.01¢ 10.51 +0.01°
Red Magic 10.64 + 0.01% 10.59 + 0.01¢" 10.57 + 0.01¢%fe
Agria 10.58 + 0.01¢f 10.52 +0.01" 10.48 £ 0.02°

Statistical significance

*

*

*

Statistical significance: ns - not significant; * P<0.01. Different letters indicate statistically significant differences between the samples according to

Tukey post hoc HSD test (P<0.05).
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Table 5. Ultimate analyses of the treated potato samples

Drying type Sample Temperature (°C) C (%) H (%) N (%) S (%) O (%)
Sun Red 40 °C 41.06 £ 0.02° 5.11 QM 1.7 £0M 0.15+0" 51.98 +0.01°
50°C 40.97 £0.01" 5.11 + Of 1.69 + 0°fe 0.14+ 0™ 52.09 + 0.01¢
60 °C 40.91 £ 0.01™ 51+0° 1.69 + O« 0.14 £ 0 52.16 +0.01¢
Colomba 40 °C 41.21 £0.01" 5.11 + Ocfe 1.7 £ Oeh 0.13 + 0" 51.86 + 0.01°
50°C 41.16 £0.01° 5.1 + 0« 1.69 + Qdefe 0.12 + Of¢ 51.93+0.01°
60°C 41.08 +0.01° 51+0° 1.68 £ O° 0.12 £ O¢f 52.02 +0.01¢
Vacuum
Red Magic 40 °C 39.86 +0.028 5.12 + 0l 1.7 £ O 0.14 £+ QM 53.19 + 0.02
50 °C 39.79 £ 0.02f 5.11 + Qen 1.69 + Qdefe 0.13 £ 0l 53.27 £ 0.02¢
60°C 39.72 +0.01¢ 5.1 £ Qcde 1.69 + Qe 0.13+ 0 53.36 +0.01"
Agria 40 °C 39.43 £ 0.02¢ 5.13+0" 1.7 + Ohij 0.12 + 0« 53.63 £ 0.02™
50 °C 39.39 +£0.01¢ 5.12 0™ 1.69 + Ofeh 0.11 + O®e 53.68 + 0.01"
60 °C 39.32 +£0.01¢ 5.12 + O 1.69 + O 0.11+0* 53.76 £ 0.01°
Sun Red 40 °C 40.87 £ 0.03" 5.11 £ Q¢ 1.7 £ Ok 0.14 + QO™ 52.18 +0.03¢
50 °C 40.63 +0.02' 5.1 +0« 1.69 + 0°fe 0.14 £ OM 52.43 £+ 0.02f
60°C 40.53 + 0.02¢ 51+0° 1.69 + 0« 0.13 +0f 52.55+0.01¢
Colomba 40 °C 40.23 £ 0.02 5.11 +0fe 1.69 + Ofeni 0.12 £ Of 52.85+0.02"
50 °C 40.09 + 0.01 5.1+0c 1.69 + Q¢ 0.12 + Qe 53.01 0
60°C 39.95+0.01" 51+0%® 1.68 + Qb 0.11 £ 0 53.16 + 0.0
Dehydration
Red Magic 40 °C 39.86 +0.03s 511 0N 1.7 £ O 0.13 + 0k 53.19 + 0.02
50 °C 39.81 +0.01f 5.11 +0f 1.7 £ 0 0.13 £ O" 53.26 £ 0.01k
60°C 39.72 +0.01¢ 5.09 +0? 1.69 + Qdefe 0.12 + Ofe 53.37 £ 0.01'
Agria 40 °C 39.22 +0.01° 512+ Qm 1.69 + O°fe 0.12 £ Of 53.84 +0.01°
50°C 39.15 +£0.01° 5.12 £ Ok 1.68 £ 0 0.11 £ 0 53.94 +0.01"
60 °C 39.33 +£0.01¢ 5.11 + Q¢ 1.68 +0? 0.11+0° 53.78 £ 0.01°

* * * * *

Statistical significance

Statistical significance: ns - not significant; * P<0.01. Different letters indicate statistically significant differences between the samples according to
the Tukey post hoc HSD test (P<0.05); C - Carbon; H - Hydrogen; N - Nitrogen; S - sulfur; O - Oxygen.
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DISCUSSION

Four potato varieties were analyzed in the study -
Colomba, Sun Red, Agria and Red Magic. Table 1 shows
that there is no statistically significant difference be-
tween the varieties, while the content ranges from 68%
(Agria) to 87% (Sun Red). Muruganantham et al. (2023)
give MC potato values in the range of 50 - 80%, while
Bai et al. (2022) give an average value of 84.23%. On the
other hand, the observed protein content in untreated
potato samples shows statistically significant differenc-
es. Sun Red and Red Magic have slightly lower protein
content, ranging between 10.68 and 10.71%. Zarzecka
et al. (2020) give values for real proteins in the range of
9.16 - 11.17%, which is consistent with the values de-
termined in this study. The ultimate analysis of the un-
treated samples confirmed statistically significant differ-
ences between the varieties in the proportions of C, H,
N and O, with Colomba having the highest proportion
of C (41.42%) and Sun Red having the highest propor-
tion of N (1.714%), while there was no statistically signif-
icant difference in the proportion of sulfur. The results
indicate compositional differences among the potato
varieties. Vilakazi et al. (2023) give the average values
for potatoes, the total proportion of C (38.9%) and N
(1.47%) in the study carried out. After the drying pro-
cess, there was a significant reduction in the moisture
content of the raw material. Figure 1 shows 3D surface
plots depicting the change in MC (%) as a function of
drying time (minutes) and temperature. Both methods
effectively reduce the moisture content, but vacuum
drying is faster and more efficient. Krecisz et al. (2021)
state that vacuum drying is considered a suitable process
because it offers the possibility of drying more sensitive
materials. Vacuum drying shortens the process time and
preserves product quality (Bai et al., 2022; Gomide et
al., 2022). The factorial ANOVA analysis (Table 3) shows
that all main factors - drying time, drying method and
temperature - have a statistically significant influence on
the moisture content of the potatoes (P < 0.0000), with
the influence of time being the greatest (F = 1674.16).
The interaction between drying type and variety (P <
0.0000) and variety and temperature (P = 0.0008) is

also significant, indicating that different varieties react
differently to the drying conditions. The factor "sample"
(potato variety) itself also has a significant, but smaller
effect (P = 0.0177). A gradual decrease in protein content
was observed for all potato varieties analyzed (Table 4)
that were dried at different temperatures. An increase
in drying temperature decreases protein content, ob-
served across all varieties and both drying methods. The
authors Claussen et al. (2007) state that drying, especial-
ly at higher temperatures, leads to denaturation of pro-
teins, meaning the loss of their natural structure. Higher
drying temperatures and exposure to atmospheric oxy-
gen during conventional drying may intensify oxidative
reactions and heat-induced degradation of thermosen-
sitive compounds. In addition, elevated temperatures
can promote Maillard reactions between reducing sug-
ars and amino acids, contributing to the observed col-
or changes in potato samples. Thermal processing may
also affect volatile nitrogen-containing compounds and
partially influence the measured protein and elemental
composition values. Furthermore, structural changes
occurring during drying, including tissue shrinkage and
collapse, can influence mass transfer processes and an-
alytical measurements. These changes are primarily as-
sociated with drying conditions and thermal treatment
rather than exclusively with varietal differences (Clauss-
en et al., 2007; Liang, 2024). The improved preservation
observed during vacuum drying may additionally be as-
sociated with reduced oxygen availability, which can limit
oxidative degradation reactions during thermal process-
ing. The greatest overall color changes (Figure 2) (AE¥)
were observed for Red Magic when vacuum drying at 40
°C and for Colomba when vacuum drying at 60 °C. Vac-
uum drying at lower temperatures generally preserves
color better, while higher temperatures and dehydration
lead to greater changes in brightness (AL*) and yellowing
(Ab*). Islam et al. (2022) state that color change is one
of the most important parameters as it has a direct im-
pact on the acceptability of the product. A lighter color is
considered desirable as it indicates a low level of reduc-
ing sugars and prevents the formation of an undesirable
dark color during further processing. Different methods
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of drying potatoes have a significant impact on the nutri-
tional value, functional properties and quality of the final
product, with the use of advanced techniques allowing
better preservation of nutrients and color with less en-
ergy consumption. Therefore, the choice of the optimal
process is crucial for satisfactory quality and sustainabil-
ity of the process. To optimize the entire process, several
parameters must be considered. The authors Naderine-
zhad et al. (2016) mention the influence of temperature,
air flow rate and mould on the drying kinetics. In summa-
ry, the results obtained confirm that the choice of vari-
ety, process and drying conditions significantly influence
the physico-chemical properties of potatoes, and the use
of vacuum drying at lower temperatures has proven to
be the most effective strategy for maintaining the nutri-
tional value, color and energy efficiency of the process,
providing a scientifically sound basis for optimizing the
industrial drying of this raw material.

CONCLUSION

The results obtained in this study showed that the
drying method and process temperature have a signifi-
cant influence on the physico-chemical properties of po-
tatoes, including moisture content, protein content and
changes in elemental composition and color. Among the
processes used, vacuum drying, especially at lower tem-
peratures, proved to be more effective in preserving the
nutritional properties and visual quality of the samples
compared to conventional drying. Statistical analysis
confirmed that drying time has the greatest influence on
moisture reduction, but the interaction between the va-
riety and the drying method is also important, indicating
the need to adapt the technological parameters to each
variety. With increasing temperature, a trend towards a
decrease in protein content was observed, confirming
the sensitivity of protein compounds to heat treatment.
In addition, color changes were more pronounced in de-
hydrated samples at higher temperatures, further con-
firming the advantage of vacuum drying for the preser-
vation of visual properties.
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