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Abstract: Potato flour is an important raw material for potato staple food products; nevertheless,
the quality and flavor vary significantly due to process changes. In this study, the physicochemical
features of fresh and five different dehydration temperature potato samples, including the degree of
starch gelatinization (DG), pasting, structure properties and volatile components, were compared to
investigate the effect of hot air drying (HAD) on potato flour. The results showed that the degree of
pasting, viscosity and volatile aroma components changed significantly with differences in drying
temperature. With the increase in drying temperature, the gelatinization degree and peak viscosity of
potato powder increased or decreased, the breakdown viscosity of HAD-50 was higher, the setback
viscosity of HAD-90 was higher, while the crystallization zone of HAD-90 was destroyed due to the
high temperature. The flavor components of potato flour are increased during processing due to lipid
oxidation, Maillard reaction and thermal degradation. The level of aldehydes,3,5-Octadien-2-one
and E,E)-3,5-Octadien-2-one gradually reduced as the processing temperature increased, while the
content of furans grew and then decreased, nonanal and 2-Penty-l-Furan increased. Overall, lower
HAD temperatures are beneficial for the quality and flavor of potato flour. The information presented
here will be useful for the further development of potato flour products.

Keywords: potato flour; gelatinization; viscosity; X-ray diffraction; volatile aroma components

1. Introduction

Potato, a highly nutritious agricultural commodity with a rich source of high-quality
protein, starch, basic vitamins, minerals and trace elements, is widely used as a food
and industrial crop [1]. With a yearly output of more than 370 million tons, potato is
among the most important crops, making it the third largest after wheat and rice in total
output [2]. Considering the important role of potato as a vital food-security crop, there
has been a concerted policy from the Chinese Government that potatoes be promoted as
the fourth major staple food in China, next to wheat, rice and corn [3]. Potato flour is an
indispensable intermediate raw material in processed potato food; the potato is processed
into whole flour and then added to the staple food in a certain proportion (processed
into a new, staple potato food product), which is conducive to improving the nutritional
value of traditional staple foods, to meet the current demand for nutritious staple foods [4].
However, the research and development of nutritional potato staple food products is
confronted with lots of constraints. For instance, the dehydration of fresh potatoes can
affect the profile of endogenous compositions, such as moisture, pasting properties and
volatile and non-volatile precursors of potatoes, which can significantly affect the quality of
the end products [5]. In order to improve the quality of potato flour, it is essential to reduce
the drying time by using modern drying technologies to replace traditional natural drying
methods [6–8].

Free starch content, microstructure, pasting characteristics and color are often used
to characterize the quality of potato flour [9]. To address the problems of high pasting
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and processing performance limitations of traditional whole potato flour, it is necessary
to seek some new processing processes to obtain potato flour with lower pasting [10]. In
addition, starch crystallinity is an important parameter that characterizes the crystalline
nature of starch granules, and its size directly affects the application performance of raw
potato powder products [11].

Different processing conditions have been noted to have a great effect on the qualities
and volatile compositions of processed potatoes. For example, Yang used SPME GC-MS to
identify key volatile compound differences between fresh potato puree and potato puree
stored at 4 ◦C for 1 day and identified more than 30 compounds in both types of puree at
varied concentrations [12]. Processing with a microwave oven, which is considered a quick
cooking method, has been reported by Jansky to produce the least flavor compounds in
potatoes [13]. Such chemical reactions during processing also lead to the development of a
blend of volatile and non-volatile chemical compounds that can make food tastier or create
desirable or unwanted flavors [14]

Many techniques and methods are available for identifying and quantifying volatile
compounds in potatoes, including simultaneous distillation and extraction [15], solvent-
assisted flavor evaporation [16], dynamic headspace extraction [17] and solid-phase mi-
croextraction (SPME), have been investigated [18]. Others include gas chromatography-
mass spectrometry (GC-MS) [19] and gas chromatography-olfactometry (GC-O) [20], whereby
volatile compounds are separated by GC, and the human nose is used as a “sniffing port”
to describe the various aromas as they exit the GC column. A portion can also be diverted
for simultaneous identification by MS (GC-MS-O). Relatively, more research has been per-
formed on the identification of volatiles and reaction products in raw and cooked potatoes,
but few on dehydrated potatoes. Therefore, much remains to be learned about the dynamic
flavor traits of potatoes and the key components that contribute to them.

Nowadays, most studies focus on the characteristics of potato starch [21], a small
number of scholars have begun to pay attention to the properties of potato flour and
potato flour added to steamed wheat bread, including rheological and texture properties,
viscoelasticity and volatile aroma components [5], but little information is available on
the potato flour’s properties. Therefore, the aim of the current work is to investigate the
influence of the processing temperature on the pasting properties and flavor of potato
flour. In this regard, we aim to monitor the viscosity, X-ray diffraction and the profiling
of volatile compositions of raw and dehydrated potato flour by means of a rapid visco
analyzer, X-ray diffractometer and headspace solid-phase microextraction coupled with
gas chromatography-mass spectrometry (HS-SPME GC-MS).

2. Materials and Methods
2.1. Raw Material and Processing Procedures

Fresh potato tubers of the Longshu 10 variety were purchased from Gansu province,
the main potato-producing area in northwest China. To ensure the uniformity of physi-
cal characteristics of the experimental materials, the samples were carefully selected for
size uniformity, no rot, no bad odor, no sprouts, no pests or diseases infections and no
mechanical damage or greening.

Potato tubers were washed to remove residual sediment and other impurities prior to
peeling. Upon peeling, the potato tubers were sliced into uniformly thick (1 mm) slices. In
order to prevent the browning of potatoes during processing, a phenomenon that reduces
the color attributes of potato flour, slices were treated with color protectant by dipping
into 2 g/L citric acid solution and maintained for 10 min. The potato slices were then
put on a sieve to drain the color fixative and then thin-layer hot air drying (HAD). The
dryer, which was engineered and built at Jiangsu University prior to the commencement
of the experiment, is equipped with a temperature adjustment ranging from 0 to 99.9 ◦C.
The drying temperatures used for this experiment were set at 50 (HAD-50), 60 (HAD-60),
70 (HAD-70), 80 (HAD-80) and 90 ◦C (HAD-90), and HAD-0 means raw potato materials
that are not dried. Once the dryer had reached a steady state for the set points (at least
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30 min), the single slices were uniformly distributed on a perforated sieve tray. Sample
weight was recorded every 20 min until the moisture content was less than 8% or a constant
value was achieved. The dried slices were ground, screened through a 120 mesh sieve and
packed in low-density polyethylene bags.

2.2. Degree of Gelatinization

The degree of starch gelatinization (DG) was determined according to the Chemical
Industry Standards of the People’s Republic of China (HG/T 3932-2007). The DG value
of potato starch was determined by means of enzymatic hydrolysis. Gelatinized starch is
hydrolyzed to glucose by glucose amylase and can be determined by titration of iodine-
thiosulphate [22]. The principle is: the glucose is oxidized by iodine in an alkaline solution
to gluconic acid, and the excess acidified iodine is then titrated with sodium thiosulfate.

2.3. Rapid Visco Analyzer (RVA) Pasting Properties

Pasting properties were analyzed using a Brabender Amylograph (Brabender-803201,
Micro Visco-Amyl-Graph, Germany), which was carried out according to Xu [23]. Each
sample was suspended with deionized water (6% (w/w, dry basis) in an RVA aluminum
can, and a heating and cooling program was used where the initial equilibrium temperature
was 40 ◦C, heating from 40 to 95 ◦C, holding at 95 ◦C for 5 min, cooling from 95 to 50 ◦C
and holding at 50 ◦C for 10 min with a heating/cooling rate of 7.5 ◦C/min while stirring at
250 rpm. The peak, breakdown, hot paste, cold paste, setback viscosities, peak time and
pasting temperature, were recorded.

2.4. X-ray Diffraction Analysis

The crystalline structure of the sample powder (200 mesh) was investigated using
a Bruker D8-Advance X-ray powder diffractometer (Bruker, Germany), according to the
method of Yang [10]. The diffractograms were collected under the conditions of 40 kV,
30 mA, with a scanning angle (2θ) set from 5 to 45◦, with a 0.02◦ step interval, at a scanning
rate of 1◦/min and Cu Kα radiation source (λ = 0.154 nm). The data were analyzed by Jade
5.0 software (Materials Data Inc., Livermore, CA, USA).

2.5. HS-SPME Sampling

An SPME extraction fiber (50/30 µm) coated with divinylbenzene/carboxen/
polydimethylsiloxane (Supelco, Inc., Bellefonte, PA, USA) was used for headspace analyses
of potato sample volatiles. This fiber is commonly used for flavor analysis and is especially
useful for pyrazines [24,25]. The SPME fiber was aged in the GC inlet port at 270 ◦C for 1 h
to ensure the removal of residual gas. Then, 2 g of potato flour sample was weighed and
placed in a 20 mL glass sample vial to make way for the extraction of volatile components.

The sealed vial was placed in a 50 ◦C constant temperature water bath with thermal
equilibrium for 10 min. The SPME extraction head was inserted into the headspace of the
sample through the cap, and the fiber was exposed for 30 min. After the extraction, the
SPME fiber head was removed from the headspace bottle, inserted into the GC inlet and
was thermally desorbed for 5 min and transferred to the GC system.

2.6. Identification of Volatile Compounds Based on GC–MS Analysis

GC condition: Compounds were separated on a DB-Wax column (30 m × 0.25 mm
inside diameter, 0.25 µm film thickness, Agilent Technologies). The injection was performed
in the splitless mode, and the injector temperature was 250 ◦C. Helium (99.999%) was used
as the carrier gas with a constant flow rate starting at 1.0 mL/min. The oven temperature
was programmed as follows: 40 ◦C for 1 min, 5 ◦C/min to 100 ◦C, 3 ◦C/min to 130 ◦C,
10 ◦C/min to a final temperature of 220 ◦C, with a final holding time of 3 min.

MS condition: The detector adopted an electron impact ion source with the ionizing
potential of 70 eV set at 230 ◦C. The quadrupole temperature was set to 150 ◦C, and the
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transfer line temperature was kept at 250 ◦C. Total ion chromatograms were acquired by
scanning from 30 to 450 u.

The GC-MS experimental data were processed by Jade 6.0 software (Materials Data
Inc., Livermore, CA, USA). Volatile components of the potato flour samples were iden-
tified by comparison of the mass spectra in the commercial computer library as NIST
(107k compounds) and Wiley (320k compounds, version 6.0), and only volatiles with
matching degrees of more than 800 was recorded.

2.7. Statistical Analysis

The experiments were performed in triplicate, and the values are represented as
mean ± standard deviation, using one-way ANOVA in SPSS 21.0 (SPSS Inc., Chicago, IL,
USA), and comparisons were made using Duncan’s multiple-range test at a significant level
of p < 0.05. A clustered heat map of the volatile compounds obtained following GC-MS anal-
ysis was created using the Heat Map Dendrogram App in OriginLab 2021(Northampton,
MA, USA).

3. Results and Discussion
3.1. The Effect of Drying Temperature on Gelatinization Degree

Figure 1 shows the DG (%) of potato flour processed at different drying temperatures.
In general, the DG (%) of raw potato was around 15%, and the pasting degree of cooked
powder was almost 95% or higher. It could be said, as shown in Figure 1, that the potato
flour has not yet gelatinized (a value of 15.79–22.10%) when the temperature was below
50 ◦C, and a slight gelatinization began to occur at 60 ◦C, but at 70 ◦C, almost half of the
starch in the potato flour has been gelatinized (the value is 48.72%). The results were
consistent with the DG (%) of low gelatinization potato four (hot air drying at 65◦C) by
Zhang [26]. The DG (%) was already very high when the drying temperature reached
80 and 90 ◦C, approaching full gelatinization (the value is 86.51–90.57%). Different hot air
temperatures change the temperature, moisture and particle structure of potato starch,
resulting in different DGs of the product starch. According to the observation of the
microstructure of starch granules [6], it was found that a high temperature would destroy
the structure of starch granules, which may be due to serious gelation.

Agriculture 2022, 12, x FOR PEER REVIEW 5 of 15 
 

 

 

Figure 1. Degree of gelatinization at different drying temperatures. 

3.2. XRD Analysis 
The various temperature treatments applied in this study exerted a significant impact 

on the functional properties of the starch in the potato flour. Figure 2 shows the X-ray 
diffraction patterns of the diverse potato starches. The X-ray diffraction patterns revealed 
the typical B-type diffractions characteristic of potato starch with a doublet peak at 15° 
and a very strong reflection at 2θ = 17 and 22° [27]. There were also some minor reflections 
at 2θ = 20, 24 and 35°. 

 
Figure 2. Structural characteristics of the potato flour. X-ray diffractograms showing the effects of 
drying conditioning of samples in X-ray diffraction. 

The intensity of peaks for treated samples HAD-50, HAD-60, HAD-70 and HAD-80 
were on par or very similar, implying that the molecular arrangement of the starch under 
these treatment conditions was not adversely affected, the crystalline shape of starch was 
not altered and the diffraction intensity of HAD-50 was the highest. On the contrary, after 
high-temperature dehydration processing, the crystal diffraction peak of HAD-90 com-
pletely disappeared, and the diffraction curve showed a typical amorphous structure dif-
fraction curve, indicating that the crystalline structure of starch granules had been de-
stroyed by heating and shear force. 

  

0%

20%

40%

60%

80%

100%

50 60 70 80 90

D
eg

re
e 

of
 g

el
at

in
iz

at
io

n

Temperature ℃

Figure 1. Degree of gelatinization at different drying temperatures.

3.2. XRD Analysis

The various temperature treatments applied in this study exerted a significant impact
on the functional properties of the starch in the potato flour. Figure 2 shows the X-ray
diffraction patterns of the diverse potato starches. The X-ray diffraction patterns revealed
the typical B-type diffractions characteristic of potato starch with a doublet peak at 15◦ and
a very strong reflection at 2θ = 17 and 22◦ [27]. There were also some minor reflections at
2θ = 20, 24 and 35◦.
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Figure 2. Structural characteristics of the potato flour. X-ray diffractograms showing the effects of
drying conditioning of samples in X-ray diffraction.

The intensity of peaks for treated samples HAD-50, HAD-60, HAD-70 and HAD-80
were on par or very similar, implying that the molecular arrangement of the starch under
these treatment conditions was not adversely affected, the crystalline shape of starch was
not altered and the diffraction intensity of HAD-50 was the highest. On the contrary,
after high-temperature dehydration processing, the crystal diffraction peak of HAD-90
completely disappeared, and the diffraction curve showed a typical amorphous structure
diffraction curve, indicating that the crystalline structure of starch granules had been
destroyed by heating and shear force.

3.3. Pasting Properties

Starch’s pasting behavior is a mixture of complex processes that occur after gelatiniza-
tion, including starch granules transitioning from swelling to rupturing, amylose leaching
and high-energy gel development [28,29]. Figure 3 presents the pasting properties of potato
starch under different temperature regimes. As shown in Figure 3, the peak viscosity
and valley viscosity of HAD-50 and HAD-60 were higher, whereas those for HAD-90 and
HAD-80 were lower, which may be attributed to the following potential explanations.
The HAD-90 samples may have undergone varying degrees of heat treatment during the
production process, and some of the starch has undergone gelatinization and aging, causing
the starch crystals to be partially damaged; the aged starch after gelatinization cannot be
re-gelatinized at high temperatures, which also results in a decrease in the starch gelation
temperature [30]. Secondly, because low-temperature drying can significantly reduce the
loss of heat-sensitive nutrients and prevent starch crystals from being destroyed, it is clear
that HAD-50 and HAD-60 are difficult to gelatinize, while the gelatinization temperature
of HAD-90 was low [31].

According to the characteristic value of the gelatinization characteristic curve, the
breakdown viscosity of HAD-50 is large, which indicates that the viscosity stability is not
good, and the setback viscosity of HAD-90 is large, which indicates that the gel ability
formed after cooling is poor and easily subject to aging.
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In addition, in potato flour, a certain proportion of protein on the surface of starch
granules can also inhibit the swelling of starch granules, according to Bharti [32] and
Regina [33], which can also effectively reduce the gelatinization degree of HAD-50 and
HAD-60. However, with the increase in HAD temperature, protein bond breakage may
occur, resulting in the rapid transition of starch particles from expansion to decomposition.
This claim is based on the fact that proteins are denatured during cooking, making them
inactive [34,35].

Researchers have recently reported on the impact of various processing techniques on
the quality of whole potato powder. The findings demonstrate that low-temperature hot-air
drying and freeze-drying improve various aspects of potato powder [26,36]. However,
there is no further study on the effect of different hot-air drying temperatures, which is
supplemented by the results of this study. According to our findings, potato flour produced
by low-temperature HAD had better processing characteristics, including low levels of
gelatinization, internal starch particles that were completely intact and good gel stability,
which was consistent with the findings of Zhang [26] and Shen [37].

3.4. Identification of Volatile Compounds in Different Potato Samples

The volatile compounds in raw and processed potato samples were extracted at
different temperatures by HS-SPME and then analyzed by GC-MS. A total of 52 compounds
were tentatively identified using the NIST and Wiley MS Library Database (Table 1). These
included 9 alcohols, 12 hydrocarbons, 15 aldehydes, 7 ketones, 2 furans and 7 additional
compounds. Hexanal, a major constituent of processed potato (above 30% of the total area),
was not found in the raw samples.
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Table 1. Volatiles and their relative content (%) in raw and dehydrated potatoes at different
drying temperatures.

No. Compounds Retention
Time (min)

The Relative Peak Area (%)

HAD-0 HAD-50 HAD-60 HAD-70 HAD-80 HAD-90

Alcohol
1 Ethyl alcohol 10.16 ND 1.63 ± 0.10 2.48 ± 0.09 1.74 ± 0.06 3.98 ± 0.14 2.75 ± 0.11
2 1-Pentanol 20.52 ND 1.66 ± 0.12 1.3 ± 0.07 2.17 ± 0.09 ND 1.09 ± 0.15
3 1-Octen-3-ol 26.93 9.56 ± 0.11 1.92 ± 0.04 1.8 ± 0.09 2.21 ± 0.08 ND 2.18 ± 0.07

4 1-Methoxy-2-
propanol 15.52 ND ND 2.69 ± 0.10 ND 2.82 ± 0.12 2.48 ± 0.05

5 2-Ehyl-1-hexanol 28.37 ND ND 1.16 ± 0.11 1.73 ± 0.06 1.71 ± 0.13 1.14 ± 0.05
6 1-Pentanol 15.9 6.3 ± 0.08 ND ND ND ND ND
7 Benzyl alcohol 25.71 2.58 ± 0.10 ND ND ND ND ND
8 3-Methyl-1-butanol 8.39 2.55 ± 0.07 ND ND ND ND ND
9 1-Penten-3-ol 14.08 2.32 ± 0.06 ND ND ND ND ND

Hydrocarbon
10 Hexane 5.72 1.14 ± 0.07 ND 0.7 ± 0.04 1.12 ± 0.04 1.6 ± 0.03 ND
11 Methylene Chloride 9.88 ND 1.77 ± 0.07 1.75 ± 0.06 ND 1.56 ± 0.09 0.96 ± 0.08

12 Octamethyl-
cyclotetrasiloxane 11.08 0.71 ± 0.05 1.69 ± 0.12 ND 0.97 ± 0.06 1.24 ± 0.07 1.02 ± 0.05

13 Decamethyl-
cyclopentasiloxane 16.1 ND 0.83 ± 0.08 0.7 ± 0.03 1.78 ± 0.09 0.62 ± 0.03 0.85 ± 0.05

14 Dodecane 18.43 ND 1.89 ± 0.06 2.06 ± 0.05 2.39 ± 0.09 2.99 ± 0.10 3.02 ± 0.07
15 Tridecane 21.16 ND ND ND ND 2.7 ± 0.09 ND
16 Tetradecane 24.9 ND ND 1.8 ± 0.03 1.75 ± 0.11 2.63 ± 0.04 1.88 ± 0.03
17 Trichloromethane 11.88 ND ND ND ND ND 0.87 ± 0.04
18 3-Methyl-tridecane 22.64 ND ND ND ND 1.38 ± 0.06 ND

19 Hexamethyl-
cyclotrisiloxane 7.71 ND ND ND ND 1.61 ± 0.05 ND

20 cis-1-Ethyl-2-Methyl-
cyclopentane 18.62 5.5 ± 0.03 ND ND ND ND ND

21 3-ethyl-2-methyl-1,3-
hexadiene 19.08 1.03 ± 0.10 ND ND ND ND ND

Aldehydes
22 Pentanal 11.31 ND 2.38 ± 0.08 1.79 ± 0.08 1.74 ± 0.08 1.05 ± 0.09 1.32 ± 0.05
23 Hexanal 14.62 ND 51.73 ± 1.23 43.99 ± 0.77 37.7 ± 0.92 31.26 ± 0.95 28.63 ± 1.16
24 (Z)-2-Heptenal 23.24 ND 1.1 ± 0.06 1.12 ± 0.26 1.78 ± 0.06 1.32 ± 0.08 2.08 ± 0.04
25 Nonanal 25.43 ND 2.58 ± 0.08 5.84 ± 0.05 6.58 ± 0.17 7.13 ± 0.19 7.32 ± 0.47
26 Decanal 28.27 ND 2.65 ± 0.06 3.53 ± 0.05 1.53 ± 0.07 5.26 ± 0.08 ND
27 Octanal 22.16 0.31 ± 0.04 ND ND ND ND 2.56 ± 0.12
28 Heptanal 18.24 ND 2.18 ± 0.03 2.42 ± 0.04 2.38 ± 0.04 2.35 ± 0.10 ND
29 Benzaldehyde 29.07 ND 2.54 ± 0.08 2.38 ± 0.05 2.49 ± 0.08 2.7 ± 0.06 2.73 ± 0.05
30 (E)- 2-Octenal 26.62 1.22 ± 0.06 ND ND 1.67 ± 0.19 ND ND
31 2-Dodecenal 29.82 ND ND ND 1.95 ± 0.07 ND ND

32 4-Ethyl-
Benzaldehyde 33.62 ND ND ND ND ND 0.85 ± 0.05

33 2-Methy-l-Butanal 8.32 6.36 ± 0.10 ND ND ND ND ND
34 Benzeneacetaldehyde 22.77 4.65 ± 0.11 ND ND ND ND ND
35 3-Methy-l-Butanal 8.39 2.84 ± 0.57 ND ND ND ND ND
36 2-Methyl-Propanal 6.48 2.7 ± 0.10 ND ND ND ND ND

Ketone
37 Acetone 7.62 ND 1.24 ± 0.06 1.63 ± 0.06 2.41 ± 0.13 2.7 ± 0.11 5.84 ± 0.14

38 6-Methyl-5-Hepten-2-
one 23.01 ND 1.78 ± 0.08 2.89 ± 0.11 2.14 ± 0.06 3.22 ± 0.09 2.41 ± 0.03

39 3-Octen-2-one 25.97 ND 4.62 ± 0.17 4.4 ± 0.12 3.82 ± 0.14 3.74 ± 0.17 3.18 ± 0.11
40 3,5-Octadien-2-one 28.84 ND 7.64 ± 0.15 6.85 ± 0.10 5.71 ± 0.16 5.2 ± 0.10 4.75 ± 0.14

41 (E,E)-3,5-Octadien-2-
one 29.96 ND 4.12 ± 0.01 3.57 ± 0.15 2.71 ± 0.07 1.98 ± 0.10 1.73 ± 0.18

42 1-Penten-3-one 10.76 7.66 ± 0.10 ND ND ND ND ND
43 2,3-Octanedione 16.96 0.82 ± 0.06 ND ND ND ND ND

Furan
44 2-Ethy-l-Furan 10.08 ND ND ND 3.21 ± 0.09 3.7 ± 0.06 3.88 ± 0.11
45 2-Penty-l-Furan 18.96 ND 1.66 ± 0.60 3.31 ± 0.08 8.29 ± 0.13 3.2 ± 0.16 6.0 ± 0.16

Additional volatiles
46 Toluene 12.62 0.44 ± 0.09 ND ND ND 1.29 ± 0.02 1.42 ± 0.14
47 15-Crown-5 35.67 ND ND ND ND 0.89 ± 0.07 ND

48 1-Methyl-
naphthalene 25.99 ND ND ND ND 0.87 ± 0.06 0.87 ± 0.08

49 Triethylamine 7.18 ND ND ND ND ND 1.93 ± 0.04
50 Acetic acid 27.33 ND ND ND ND ND 3.87 ± 0.10
51 1,3-dichloro-Benzene 19.43 1.14 ± 0.07 ND ND ND ND ND

52 2-Methyl-7-
phenylindole 24.07 0.88 ± 0.03 ND ND ND ND ND

Note: The relative peak area (%) of each compound was mean value ± SD. Abbreviations: ND, not found.

Based on the GC-MS results in Table 1, a stacking histogram was created and displayed
in Figure 4. As shown in Figure 4, the volatile flavor components of raw potato samples
differed significantly from those of dehydrated potatoes, while in dehydrated potato
samples, some substances tended to change regularly with the drying temperature course.
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The content of aldehydes gradually decreased with increasing processing temperature,
while furans first rose and then decreased, with the highest content in the HAD-70 samples.
Alcohols and ketones were not linearly correlated to the grades but were obviously rich in
HAD-0, and hydrocarbons were rich in HAD-50 and HAD-60 samples.
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Figure 4. Comparison of the types and contents of volatile substances in different processed samples.

3.4.1. Volatile Composition of Raw Potato Samples

In total, there were 20 volatile compounds identified in the raw potato samples prior
to processing; they include: five alcohols, four hydrocarbons, six aldehydes, two ketones
and three additional compounds. Alcohols have been considered the main odorants of
raw potato aroma, higher concentrations of which were detected in varieties of potatoes
such as Longshu 11, Atlantic and Shepody [38]. Among the alcoholic compounds identi-
fied, 1-octen-3-ol, which is a degradation product of hydroperoxide in linoleic acid, was
predominant. 3-Methyl- 1-butanol was also present, which is common in plant materi-
als resulting from enzymatic deamination and the decarboxylation of amino acids [39].
It was reported that most unsaturated aldehydes have a pleasant odor; for instance,
3-methyl-butyraldehyde has a pleasant fruit aroma [40], and 2-methyl-butyraldehyde has
a sweet and fruity flavor [41]. Chloride is present in fresh potatoes at room temperature
and reacts with starch to produce ethers [42]. Methoxyphenyl-oxime, which is a kind of
nitrogen-containing compound with a musty taste and meaty flavor, was also detected in
the raw potato.

3.4.2. Volatile Composition of Dehydrated Potato Samples

The results of this study, as presented in Table 1, revealed that the types and concen-
trations of volatile compounds in potato flour changed at varying processing temperatures.
From Table 1, the samples treated at 80 and 90 ◦C had the highest concentrations of volatile
compounds with three and five alcohols, nine and six hydrocarbons, seven aldehydes, five
ketones, two furans and three and four additional non-identified compounds, respectively.
The rest of the samples yielded 20, 23 and 25 kinds of main volatiles at the processing
temperature of 50, 60 and 70 ◦C, respectively.

Aldehydes, alcohols and furans are key components of dehydrated potato aromas.
For instance, hexanal is the basic product of linoleic acid oxidation [43], playing a major
role in the formation of the characteristic flavors of potato flour. Among the aldehydes
detected in the present work, hexanal recorded the highest relative contents at all levels of
processing (Table 1). According to Pérez [44], Linoleic acid containing double bonds easily
oxidizes in the air to produce peroxide and aldehydes. They also serve as a precursor to
many other aldehydes and alcohols, including (E)-2-heptenal and nonanal. Regarding the
characteristic aromas of the various aldehydes detected in this study, hexanal has a nutty
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and roasted odor, and benzaldehyde has a roasted peanut or almond aroma and fruity
flavor. Nonanal is known to have a strong aroma of sweet orange and can be similar to
fried peanuts, decanal has a sweet floral aroma, while heptaldehyde has a strong smell of
grease [45], and phenylacetaldehyde has a rich aroma of Oriental hairpin. 1-amyl alcohol
and 2-ethyl-1-hexanol, known to originate from linoleic acid oxidation, have a mushroom
aroma, while 2-undecanone is considered to be the main compound responsible for the
fruity aroma.

3.4.3. The Effect of Drying Temperature on Volatile Compounds during Processing

The relative peak area matrix of the GC-MS results for volatile potato components
at different temperatures as also analyzed by heat map clustering analysis, as shown in
Figure 5. The results show that the distance between 50 and 60 ◦C is the closest, and
the component similarity is higher, then the distance increases at 70, 80 and 90 ◦C. The
difference between all dried materials and fresh materials was the most significant. This
can correspond to the result of gelatinization of Figure 5, because at low temperatures,
the gelatinization degree of potato is lower, and the flavor component is close, but after
high-temperature processing, the potato is basically gelatinized and the flavor substances
produced have changed greatly.
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High concentrations of 1-octen-3-ol in raw tubers, which decreased significantly in
dehydrated potatoes from 9.55% to 1.72%, and 1-penten-3-one, 1-pentanol were found
only in raw samples. This may be from sample tissue degradation as a result of cutting or
because the compounds were generated through lipid oxidation and lipoxygenase-initiated
reaction. Several new volatile components were generated as a result of Maillard reaction
and lipid oxidation during dehydration processing.

This exhibited an obvious difference in the variety of aldehyde compounds between
raw and processed samples. Hexanal was found only in the processed potato, of which
the concentration reached 51.73% with a 50 ◦C drying process. The formation of hexanal,
reported in previous potato studies, depends on the time and opportunity for lipoxygenase
to be in contact with the substrate [18]. It has been observed that high lipoxygenase activity
at a lower temperature (50 ◦C) with a longer dehydration period results in a relatively high
aldehyde content. On the contrary, higher temperatures lead to the rapid dehydration of
potato slices and also to a reduction in lipoxygenase activity and oxidation of linoleic acid,
which reduces the concentration of aldehydes.

The total amount of lipid degradation products formed by different processing meth-
ods are quite different. Oruna-Concha reported that different cooking methods (boiling,
conventional baking and microwave baking) resulted in a unique profile of flavor com-
pounds and a relatively high concentration of lipid oxidation products in boiled tubers [18].
More opportunities were provided for the interaction of lipoxygenase with the substrate
during the slicing and boiling, while gradual heating of the tuber provides more time
for oxidizing reaction. The flavor compounds of boiled potatoes are mainly caused by
lipid degradation and Maillard reaction and/or sugar degradation, while those in roasted
potatoes are formed by thermal degradation. Another oxidative product contributing to
the flavor of the boiled potato is c4-heptanal, which produces a soil aroma at low concen-
trations [46], while high concentrations cause a stale flavor of potato tubers [47].

The concentration of aromatic compounds and furan in processed potatoes was higher.
Benzaldehyde is an aromatic aldehyde with a pleasant aroma resulting from the enzyme
breakdown of the diglucoside amygdalin [48]. Furans are formed during heating by
Maillard sugar-amine reactions and thermal degradation of sugars, such as fructose and
glucose [49]. The furans detected in the present work were 2-ethy-l-furan and 2-Penty-l-
Furan. 2-ethy-l-furan was formed in potatoes processed at a higher temperature (above
70 ◦C). They have a very strong meat flavor and a low aroma threshold; in almost all
food, 2-pentylfuran has a ham flavor, making a special contribution to the flavor of cooked
potato [50].

According to Figure 6, new volatile compounds produced formed via several chem-
ical reactions that occurred during drying, and the relative content changed according
to the temperature. The concentration of hexanal dropped dramatically from 51.73% to
28.63%, 3,5-Octadien-2-one and E,E)-3,5-Octadien-2-one also decreased from 7.64% and
4.12% to 4.75% and 1.73%, respectively. Significant increases in Maillard reactions and
thermal degradation as a result of lipid oxidation were noted for two volatiles: nonanal
and 2-Penty-l-Furan. Some bad flavors were produced, while some of the aromas were lost.
It has been reported that the temperature of the gelatinization of potato starch is approxi-
mately 57–69 ◦C [51]; hence, a processing temperature higher than 70 ◦C will result in starch
gelatinization, which is unfavorable for the preparation of raw potato flour. It is, therefore,
important to note that high temperatures reduce the processing properties of staple foods,
such as water absorption, kneading properties, gluten-like strength, viscosity, amylase
activity and regenerative properties. Therefore, 60 °C is a moderate HAD temperature,
which is beneficial to the formation of comprehensive properties of potato powder.
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4. Conclusions

Potato is an important raw food material, but the limited storage and transportation
of fresh potato lead to fewer types of processed products, while after drying and milling,
potato can retain most of the nutrients, is easy to use, has stable storage and can provide spe-
cial tastes and aromas. Compared with potato starch, potato flour has more comprehensive
nutrition and superior processing performance and is an important raw material for staple
potato food products. The variation in physicochemical properties, including viscosity,
X-ray diffraction and volatile compositions, of HAD potato flour were observed using
enzyme hydrolysis, rapid visco analyzer, X-ray diffractometer and headspace solid-phase
microextraction coupled with gas chromatography-mass spectrometry (HS-SPME GC-MS).
The results indicate that HAD temperature is an important index affecting the quality of
potato powder. Higher temperatures lead to an increase in DG value, a decrease in peak
viscosity, poor gel ability and aging, the destruction of the crystal structure and the loss of
bad flavor and key flavors of potato powder. However, low-temperature HAD for a long
time will also reduce the viscosity stability; HAD-60 has more comprehensive nutrition
and flavor and better processability. The results provide more detailed data for the raw
material processing technology of staple potato foods and can effectively guide the process
optimization and quality classification of potato flour. However, there are other ways to
process potato flour, such as infrared drying, microwave drying, etc. The influence of
different drying methods needs to be further analyzed in future research.
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