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Asparagus (Asparagus officinalis L.) is considered 
one of the world’s top 20 most valuable vegetable 
crops due to its exceptional nutritional attributes. Its 
unique flavor and fragrance stem from a variety of 
volatile components, including pyrazines and com-
pounds containing sulfur (Pegiou et al., 2019). With 

a history of cultivation spanning over two millennia 
across the globe, asparagus has firmly established it-
self as a cultivated plant. Asparagus is a perennial herb 
that typically takes 7–8 years to mature for commer-
cial use. During harvest, the roots and rhizomes are 
often left in the fields as by-products (Viera-Alcaide 
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ABSTRACT

Background. Asparagus root (Asparagus officinalis L.) is one of the herbaceous by-products with potential 
for making added-valued food products, due to its excellent nutritional properties and flavor/fragrance. In 
order to maintain its quality, several drying methods were investigated to select an advanced one that could 
be widely applied in the processing of dried vegetable products. 
Materials and methods. A thin layer at 40–90°C using a thin-layer drying oven was investigated to study 
the thermal degradation kinetic of bioactive compounds, including vitamin C, phenolic, flavonoid, saponin 
and antioxidant capacity of dried asparagus roots. Linear and non-linear regression analysis (zero-, first and 
second-order) was employed to assess the parameters, which helped select the optimal model that accurately 
characterizes an efficient drying process for asparagus roots.
Results. The first-order model was described for vitamin C degradation and matched the experimental data 
well. The decomposition of phenolic, flavonoid, saponin and antioxidant capacity followed the second-order 
model with the highest coefficient of determination value (R2 > 0.99) and the lowest root mean squared error 
(RMSE) value. Enhanced levels of bioactive compounds and antioxidant capacity notably slowed down the 
degradation of anthocyanins at a temperature of 70℃.
Conclusion. This study reflected the thermal degradation kinetic for the drying process. The results could 
provide useful information for the optimizing the drying of asparagus roots with the aim being to obtain 
a product with high nutritive quality and bioactivity.
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et al., 2021). There are two main types of asparagus: 
green and white, both with high annual consumption. 
The global asparagus market is expected to grow at 
a consistent rate of 3% annually. Asparagus contains 
various phytochemicals, including saponins, flavo-
noids, vitamins, along with other polysaccharides and 
dietary fiber (Fuentes-Alventosa et al., 2013; Zhang et 
al., 2019). These compositions exhibit a spectrum of 
effects such as anti-cancer, antitumor, antioxidant, im-
munomodulatory, hypoglycemic, anti-hypertensive, 
and anti-epileptic actions, thereby boosting the crop’s 
value (Pegiou et al., 2019; Guo et al., 2020). Addi-
tionally, bioactive compound concentrations such as 
polysaccharides, specifically fructans are primarily 
stored in the roots, with a significant accumulation 
in the lower sections of the spears, surpassing other 
segments in content (Suzuki et al., 2011; Guo et al., 
2020; Witzel and Matros, 2020). Despite these attrib-
utes, there are still few studies focusing on the use 
of this by-product. Consequently, the asparagus root 
remains a latent source material for the creation of 
value-added products, contributing to the amplifica-
tion of the crop’s value and the judicious utilization of 
this by-product.

Various technical methodologies are employed for 
the post-harvest of crop products. Drying is one such 
method, offering the dual benefits of cost reduction in 
handling and distribution, along with an extension of 
the shelf life for moisture-rich raw materials (Chen 
and Mujumdar, 2009). This drying process operates 
based on the principles of concurrent heat and mass 
transfer. Heat infiltrates the food item, inducing the 
movement of moisture from within to the surface, 
subsequently evaporating into the air stream as vapor. 
The oven-drying technique, especially when utilizing 
a thin layer, is a widely adopted approach, which is 
due to its economic viability and suitability for plant-
based materials (Chen and Mujumdar, 2009). 

Effective control over operational parameters dur-
ing the process and the anticipation of drying efficacy 
via mathematical models were critical for ensuring 
the quality of the end product. Using mathematical 
kinetic models including zero-, first-, and second-
order models to explain the degradation of bioactive 
compounds offers a more comprehensive understand-
ing of the degradation kinetics. Linear and non-linear 
regression models allow for a more flexible approach 

to modeling degradation kinetics, taking into ac-
count factors beyond just temperature, such as time 
and initial compound concentration. This enables 
a more accurate characterization of the degrada-
tion process and provides insights into the underly-
ing mechanisms driving the degradation of bioactive 
compounds (Ramachandran et al., 2018). This paper 
revolved around assessing the influence of different 
temperatures (ranging from 40°C to 90°C) within the 
thin-layer drying, in comparison with samples dried 
using a solar system and sun exposure. The objective 
was to ascertain the impact of these methods on the 
physicochemical attributes of dried asparagus roots, 
which shows potential as a raw material for creating 
value-added products.

MATERIAL AND METHODS

Materials and equipment 
High-quality Asparagus officinalis L. roots, which 
were fresh without physical damage and non-infesta-
tion, were acquired from My Thoi Ward in Long Xuy-
en city, An Giang province, Vietnam.

The drying process was carried out employing 
various drying techniques, using a Forced Convection 
Drying Oven (ESCO, OFA-110-8, Indonesia). 

Experimental design
The raw asparagus roots, having undergone sorting 
and washing, received a preliminary treatment of 
blanching (immersion in hot water at 85°C for 2 min-
utes) prior to the drying process. A completely rand-
omized experiment was set up with three replications, 
and each sample consisted of 2 kg of green asparagus 
roots, which were cut into pieces measuring approxi-
mately 1 cm. Following this blanching, the samples 
were spread evenly onto stainless steel trays (meas-
uring 40 × 60 cm2) and subjected to drying within 
a Forced Convection Oven (ESCO, OFA-110-8, Indo-
nesia). The oven operated with an airflow velocity of 
1 m/s, while the temperature ranged from 40°C to 90°C. 

To determine the initial moisture content before 
initiating the drying procedure, a slightly modified 
approach based on Nielsen’s method (2010) was em-
ployed. The drying process continued until the mate-
rial’s moisture content dropped below 0.1 kg H2O/kg 
dry matter, equivalent to a moisture content of 10%. 
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Analysis methods
Determination of vitamin C
Acid ascorbic was detected based on the 2,4-dinitro-
phenyl hydrazine colorimetric method described by 
Sharaa and Mussa (2019) with some modifications. 
Approximately 1 g of the sample with 5 mL of the 
solution containing 3% meta-phosphoric acid (w/v) 
and 8% glacial acetic acid (v/v) were taken in a 15 mL  
centrifuge tube. The centrifuge tube was placed on 
the reciprocating shaker (Stuart, UK) for 1 hour. 1 mL  
of supernatant after centrifugation was mixed with  
0.5 mL of 3% bromine, 0.25 mL of 10% thiourea and 
0.25 mL of 2,4-dinitrophenyl hydrazine. The mix-
ture was incubated for 3 hours at 37°C. After that, 
10 mL of 85% H2SO4 was added to the tube to form 
a red complex. The solution was cooled to room tem-
perature and analyzed with an absorption at 521 nm. 
The concentration of vitamin C was calculated with 
a standard ascorbic acid graph, y = 0.2253x + 0.0024 
(R2 = 0.9999), where y is the absorbance and x is the 
concentration of solution in the tube.

Determination of total phenolic 
Phenolic content (mg TAE/kg of dry matter) was indi-
cated based on the reaction with Folin-Ciocalteu (Su-
maiyah et al., 2015). In brief, 0.15 mL of the sample 
was mixed with 1.2 mL of distilled water and 0.45 mL 
of 5% (w/v) Na2CO3 in a test tube. The mixture was 
added to 0.1 mL of Folin-Ciocalteu reagent and left at 
room temperature for 90 mins for the reaction to take 
place. Phenolic in the extract reacts with Folin-Ciocal-
teu to form a phosphomolybdenum complex with blue 
color in the alkaline medium. The concentration of to-
tal phenolics was calculated according to the standard 
tannic acid graph (TAE), y = 0.0021x + 0.0064 (R2 = 
0.9999), where y is the absorbance and x is the concen-
tration of the solution in the tube.

Determination of total flavonoid 
Flavonoid content was observed through the col-
orimetric reaction using the aluminum chloride, with 
some modifications from the method described by Su-
maiyah et al. (2015). The reaction creates a stable acid 
complex by AlCl3 with the C-4 keto groups and the hy-
droxyl C-3 or C-5 group of the flavones and flavonol. 
In brief, 0.1 mL of the sample was mixed with 1.2 mL 
of distilled water and 30 μL of 5% (w/v) NaNO2. After 

5 mins, the mixture was supplemented with 10% (w/v) 
AlCl3.H20 (60 μL), 0.2 mL of 1 M NaOH and 0.11 mL 
of water. The solution was then measured at 510 nm. 
The total flavonoid concentration was calculated based 
on the standard quercetin graph (QE), y = 8.2634x + 
0.0182 (R2 = 0.9999), where y is the absorbance, and x 
is the concentration of the solution in the tube.

Determination of saponin 
Saponin content was carried out using the vanillin-
sulfuric acid method (Le et al., 2018). A red-violet 
reaction is from the oxidation of triterpene saponins 
by sulfuric acid and vanillin. Approximately 0.25 mL 
of the sample was supplemented with 0.25 mL of 8% 
(w/v) vanillin in ethanol 96% and 2.5 mL of 72% 
H2SO4 acid. The mixture was incubated for 30 min-
utes at 60°C and then cooled at room temperature. The 
solution was measured at 560 nm. The concentration 
of saponin was calculated by a standard saponin graph 
(SE), y = 0.1348x + 0.0075 (R2 = 0.9999), where y is 
the absorbance and x is the concentration of solution 
in the tube.

Determination of DPPH (2,2-diphenyl-1-picrylhy-
drazyl) scavenging activity 
The antioxidant activity of the sample was determined 
by the free radical scavenging capacity of 2,2-diphe-
nyl-1-picrylhydrazyl (DPPH). In accordance with 
Molyneux (2004), a DPPH assay was carried out with 
slight modifications, a nd t he s ample ( 1.5 m L) was 
mixed with DPPH solution in the ratio of 1:1 (v/v). 
This assay is based on the electron transfer that pro-
duces a purple solution in ethanol and was analyzed at 
517 nm. Inhibition of DPPH free radicals was calcu-
lated using equation 1: 

Inhibition of DPPH radical (%) = 100 × (Ac – As)/Ac (1)

where: 
Ac is the absorbance of the control
As is the absorbance of the sample.

Determination of ferric reducing antioxidant pow-
er (FRAP)
A FRAP assay (mM of FeSO4/g dry matter) was meas-
ured using the method described by Sudha et al. (2012), 
with some modifications. This method is based on the 
reduction of tripyridyltriazine complex Fe (TPTZ)3+ 

http://doi.org/10.17306/J.AFS.001212
http://www.food.actapol.net/


Giang, T. N. N, Khai, T. V.  (2024). Modeling the degradation of bioactive compounds during air convection drying of asparagus 
roots (Asparagus officinalis L.). Acta Sci. Pol. Technol. Aliment., 23(4), 491–502. http://doi.org/10.17306/J.AFS.001212

494 www.food.actapol.net/

to blue colored Fe (TPTZ)2+ by antioxidants in an 
acidic medium. The FRAP reagent contained 100 mL 
of 200 mM acetate buffer (pH 3.6), 10 mL of 20 mM 
FeCl3.6H2O and 10 mL of a 10 mM TPTZ in 40 mM 
HCl. 0.05 mL of the sample was supplemented with 
1.5 mL of the FRAP reagent and 0.15 mL of distilled 
water. The mixture was incubated at 37°C for 8 mins. 
It was later analyzed at an absorption of 593 nm.

Computation the kinetics of phytochemical compo-
sitions degradations
The zero-, first-, and second-order kinetic models 
were computed using equations 2, 3, and 4, respec-
tively. The most suitable model for each function was 
determined by selecting the one with the highest the 
coefficient of determination (R2) value and the low-
est root mean squared error (RMSE) value, following 
the methodology outlined by Charurungsipong et al. 
(2020). Statistical analysis of the drying kinetics was 
conducted using Statgraphics Centurion XVI (U.S.A.) 
software. Linear and non-linear regressions analysis 
was employed to assess the parameters, aiding the se-
lection of the optimal model that accurately character-
izes the efficient drying process of asparagus roots. 

 Zero-order: C = –kt + Co (2)
 First-order: ln(C/Co) = –kt (3)
 Second-order: (1/C) – (1/Co) = kt (4)

where: 
Co is an initial target function (vitamin C, phenolic, 

flavonoid, saponin) content

C is a target function content after time (hours) of 
drying

the constant k is a parameter representing the rate 
at which a substance degrades or decays over 
time (hours–1).

RESULTS AND DISCUSSION

Changes in bioactive compositions of asparagus 
roots at different drying conditions
The drying process hinges significantly on tempera-
ture, and numerous studies have delved into the cor-
relation between vitamin C retention, temperature, 
and degradation kinetics. This degradation could arise 
from both vitamin C oxidation and thermal break-
down (Wang et al., 2019). As the drying temperature 
increased from 40°C to 90°C, the vitamin C content 
exhibited a notable and rapid decline (Fig. 1a). The 
most significant reduction, amounting to 67.77%, oc-
curred when asparagus was dried at the highest tem-
perature of 90°C (1.29 g/100 g of dry matter), which 
was approximately 1.5 times greater than the loss ob-
served in samples dried at 70°C for the same duration 
of 6 hours (2.08 g/100 g of dry matter). Conversely, 
samples dried at lower temperatures (40°C, 50°C and 
60°C) retained a higher proportion of vitamin C, with 
losses approximately totaling 58% (2.76, 2.22 and 
2.20 g/100 g of dry matter, respectively). This phenom-
enon could be attributed to the extended drying times 
associated with temperatures of 40°C, 50°C and 60°C, 
which reached to 16, 10, and 9 hours, respectively. 

(a) vitamin C (b) phenolic

Fig. 1. Change in vitamin C and phenolic contents during drying process at different drying temperatures
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Prolonged exposure to elevated temperatures during 
the drying process could induce irreversible oxidation 
processes, leading to a reduction in vitamin C reten-
tion, as vitamin C is particularly sensitive to heat and 
susceptible to degradation throughout the drying pro-
cess (Di Scala et al., 2013; Afolabi et al., 2015). This 
was illustrated by the degradation rate (k), which de-
pends on the investigating factors (drying temperature 
and time). A significant rise in the degradation rate (k) 
occurred with an increase in temperature (Table 1), 

which was explained based on the rate of a reaction 
that typically increases exponentially with tempera-
ture (Ramachandran et al., 2018). 

Many researchers have found that when it came to 
the degradation of ascorbic acid in various materials 
due to heat or storage, the first-order kinetic model 
provided an effective and accurate fit (Gamboa-San-
tos et al., 2014; Wang et al., 2019). In the study by 
Gamboa-Santos et al. (2014) on the strawberry-drying 
process at 40–70°C, it was found that the first-order 

Table 1. The kinetic models of vitamin C and phenolic degradation in different drying modes

Vitamin C (g/g dry matter) Phenolic (g TAE/g dry matter)

Drying modes Equation R2 RMSE Equation R2 RMSE

Zero-order Model: C= –kt + Co

40°C y = –0.160x + 3.771 0.987 0.139 y = –0.010x + 0.423 0.975 0.013

50°C y = –0.207x + 3.820 0.952 0.227 y = –0.010x + 0.419 0.873 0.019

60°C y = –0.200x + 3.620 0.921 0.227 y = –0.010x + 0.426 0.909 0.013

70°C y = –0.314x + 3.781 0.958 0.152 y = –0.021x + 0.444 0.986 0.006

80°C y = –0.375x + 3.588 0.917 0.266 y = –0.025x + 0.433 0.951 0.013

90°C y = –0.398x + 3.231 0.838 0.422 y = –0.031x + 0.387 0.854 0.031

First-order Model: ln(C/Co) = –kt

40°C y = –0.067x 0.989 0.055 y = –0.029x 0.988 0.025

50°C y = –0.075x 0.965 0.074 y = –0.027x 0.886 0.051

60°C y = –0.071x 0.953 0.069 y = –0.071x 0.953 0.069

70°C y = –0.109x 0.994 0.028 y = –0.055x 0.995 0.100

80°C y = –0.146x 0.957 0.091 y = –0.069x 0.963 0.040

90°C y = –0.175x 0.903 0.172 y = –0.097x 0.902 0.096

Second-order Model: (1/C) – (1/Co) = kt

40°C y = 0.030x 0.964 0.000 y = 0.085x 0.992 0.000

50°C y = 0.028x 0.969 0.162 y = 0.071x 0.899 0.459

60°C y = 0.026x 0.976 0.018 y = 0.074x 0.932 0.089

70°C y = 0.039x 0.981 0.045 y = 0.144x 0.995 0.015

80°C y = 0.060x 0.985 0.428 y = 0.193x 0.973 0.205

90°C y = 0.085x 0.955 0.093 y = 0.318x 0.943 1.257

Y – target functions; x – drying time (hours).
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reaction model provided a good fit with the experi-
mental figures (R2 in the range of 0.97–0.99). As with 
previous studies, the vitamin C decomposition of as-
paragus roots dried at 40–90°C was described with 
the experimental outcomes using the first-order model 
with the R2 valued up to 0.994 (Table 1). 

The decomposition of phenolic compound primar-
ily is caused by oxidation, the breaking of covalent 
bonds, or the intensification of oxidation reactions due 
to oxidative enzyme (polyphenol oxidase and peroxi-
dase) and thermal treatment (Schweiggert et al., 2007; 
Zoric et al., 2014; Lien and Toan, 2017). The reten-
tion of phenolic compounds declined with the rise in 
temperature and drying time (Figure 1b). In particu-
lar, the phenolic content remaining in the asparagus 
roots dried at 80°C and 90°C stood at 0.30 and 0.23 g 
TAE/100 g of dry matter (about 66% and 52%, re-
spectively). It should be noted that the substantial 
preservation of phenolic compounds registered levels 
approaching over 70% when the drying conducted 
at 50°C, 60°C and 70°C, whereas at the lowest dry-
ing temperature (40°C), the phenolic retention stood 
at 61% (0.27 g TAE/100 g of dry matter) with regard 
to the longest processing duration of up to 16 hours. 
A decrease in total phenolic compounds as well as oth-
er bioactive compounds was observed clearly through 
the degradation rate (k), which rose along with the 
higher drying temperatures (Table 2). High tempera-
tures provide more thermal energy, which facilitates 
the breaking of chemical bonds and the degradation or 
decay processes. As a result, molecules may degrade 

more rapidly at elevated temperatures (Lien and Toan, 
2017; Ramachandran et al., 2018).

These findings can be rationalized by the fact that 
the enzyme polyphenol oxidase becomes inactive 
when exposed to temperatures of 80°C for 10 min-
utes, and is completely deactivated within the range of 
90°C to 100°C (Miranda et al., 2010; ElGamal et al., 
2023). However, during the drying process at 40°C, 
50°C, and 60°C, the retention of bioactive compounds 
was possible but at lower levels than those dried at 
70°C. This decline was attributed to the extended 
drying duration at lower temperatures (ranging from 
40°C to 60°C), during which these compounds were 
susceptible to decomposition when exposed to atmos-
pheric oxygen. For the samples dried at a high tem-
perature (>80°C), the oxidative potential of phenolic 
compounds was significantly enhanced due to the in-
crease of reaction rates, which consequently resulted 
in reduced phenolic content (Vega-Gálvez et al., 2009; 
Abhay et al., 2016). However, the degradation of phe-
nolic compounds during the drying process followed 
the second-order kinetics, which was described with 
the experimental data and correlation coefficients (R2) 
were up to 0.995 (Table 1).

The effects of temperature on the degradation of 
flavonoid and saponin contents were similar to the 
changes of vitamin C and phenolic compounds during 
the drying process (Fig. 2). The higher the tempera-
ture, the greater the decomposition, which supports 
the data of the degradation rate constant k shown in 
Table 2. The flavonoid and saponin retentions value 

(a) Flavonoid (b) Saponin

Fig. 2. Change in flavonoid and saponin contents during the drying process at different drying temperatures
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remained lower than 67% and 55%, respectively. It 
is notable that the substantial preservation of flavo-
noid and saponin compounds with the highest lev-
els (approximately 0.37 g QE/100 g of dry matter 
and 2.98 g SE/100 g of dry matter, respectively) ap-
peared when the drying temperature was higher than 
80°C, whereas the lowest retention of flavonoid and 
saponin was at 21% (0.12 g QE/100 g of dry matter) 
and 24% (1.32 g SE/100 g of dry matter), respective-
ly, with the longest drying duration, up to 16 hours  
at 40°C. 

Flavonoid and saponin exhibit similar thermal deg-
radation patterns to vitamin C (Kavita et al., 2006). 
Conversely, flavonoid has reductive properties and is 
susceptible to oxidation during the drying process, with 
higher drying temperatures accelerating their reaction 
rate (ElGamal et al., 2023). As the group of flavonoid 
and saponin shares a common molecular feature, it is 
characterized by the presence of a benzene ring and 
varying numbers of hydroxyl groups (-OH) known 
for their strong reducibility. Their degradation mecha-
nisms are described when they are exposed to heat, 

Table 2. The kinetic models of flavonoid and saponin compounds degradation in different drying modes

Flavonoid (g QE/g dry matter) Saponin (g SE/g dry matter)

Drying modes Equation R2 RMSE Equation R2 RMSE

Zero-order Model: C = –kt + Co

40°C y = –0.026x + 0.549 0.989 0.021 y = –0.219x + 4.612 0.945 0.408

50°C y = –0.042x + 0.557 0.986 0.025 y = –0.297x + 3.969 0.834 0.672

60°C y = –0.045x + 0.496 0.945 0.042 y = –0.359x + 4.036 0.823 0.665

70°C y = –0.062x + 0.481 0.919 0.043 y = –0.621x + 4.389 0.877 0.554

80°C y = –0.066x + 0.483 0.932 0.042 y = –0.619x + 4.439 0.881 0.541

90°C y = –0.066x + 0.470 0.885 0.056 y = –0.613x + 4.281 0.845 0.632

First-order Model: ln(C/Co) = –kt

40°C y = –0.087x 0.969 0.120 y = –0.079x 0.958 0.094

50°C y = –0.139x 0.981 0.102 y = –0.115x 0.934 0.161

60°C y = –0.156x 0.987 0.077 y = –0.137x 0.926 0.173

70°C y = –0.207x 0.982 0.081 y = –0.234x 0.964 0.133

80°C y = –0.239x 0.992 0.062 y = –0.228x 0.929 0.187

90°C y = –0.228x 0.950 0.153 y = –0.228x 0.950 0.153

Second-order Model: (1/C) – (1/Co) = kt

40°C y = 0.338x 0.895 0.000 y = 0.032x 0.976 0.000

50°C y = 0.526x 0.931 2.451 y = 0.051x 0.973 0.264

60°C y = 0.617x 0.996 0.204 y = 0.061x 0.972 0.035

70°C y = 0.784x 0.998 0.836 y = 0.104x 0.999 0.094

80°C y = 1.022x 0.988 1.227 y = 0.101x 0.986 0.248

90°C y = 0.907x 0.987 3.606 y = 0.099x 0.983 0.076

Y – target functions; x – drying time (hours).
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and these hydroxyl groups are often transformed into 
aldehyde groups, ketone groups, or carboxyl groups 
through oxidation reactions. Consequently, the dehy-
drogenation of the hydroxyl group (-OH) in flavonoid 
and saponin leads to the formation of aldehyde groups 
(-CHO), which are subsequently oxidized into carbox-
yl groups (ElGamal et al., 2023). As is the case with 
phenolic, the decomposition of flavonoid and saponin 
compounds was both well demonstrated by the sec-
ond-order kinetics, with the most reliability of experi-
mental data (R2 > 0.98). Consequently, lower drying 
temperatures were favored in order to maximize bio-
active compounds retention during the whole process.

Changes in antioxidant activity of asparagus 
roots in different drying conditions
The degradation of antioxidant compounds such as 
phenolics, vitamin C, flavonoid, etc. leads to decreased 
antioxidant activity. The changes in the antioxidant 
capacity (DPPH and FRAP) at different tempera-
tures during the drying process are shown in Figure 3. 
Research on antioxidant activity has consistently 
demonstrated a positive association with phenolic 
compounds and their derivatives. Chemical transfor-
mations affecting the levels of phenolic and flavonoid 
compounds in dried products can take place during the 
drying process at temperatures within the range from 
40°C to 80°C (Vidinamo et al., 2022). Excessively 
elevated temperatures are found to release a greater 
amount of bioactive compounds (Maisuthisakul et al., 

2007; Saha and Tamrakar, 2011). It is worth noting 
that excessively high temperatures can adversely im-
pact bioactive compounds by causing structural degra-
dation in certain phenolic compounds (Pashazadeh et 
al., 2020; Zannou et al., 2021). Nonetheless, asparagus 
roots dried at 70°C gave the highest phenolic and fla-
vonoid content, thus DPPH and FRAP also presented 
a high percentage at this temperature, at 43.18% and 
44.62 mM FeSO4/100 g of dry matter, respectively. 
This result is similar to the study carried out with dates 
dried at an optimum temperature at 70°C (Deng et al., 
2018; Hassan et al., 2022). The increased antioxidant 
potential observed in dried fruits and vegetables might 
be attributed to the enhanced antioxidant activity of 
partially oxidized polyphenols compared to their non-
oxidized counterparts (Dalla Nora et al., 2014). Fur-
thermore, the presence of Maillard reaction products, 
which can form during heat treatment and often pos-
sess robust antioxidant properties, can contribute to 
the heightened antioxidant capacity observed after the 
drying process (Kamiloglu et al., 2016).

The data of degradation rate constant k in Table 3 
shows that the drying temperature had an effect on the 
antioxidant capacity (DPPH and FRAP) of the prod-
uct. The second-order kinetic model was considered as 
describing the degradation of the antioxidant capacity 
well, which was seen through both indicators’ (DPPH 
and FRAP) inhibitory percentage of dried asparagus 
roots with the highest reliability and correlation coef-
ficients (R2 > 0.99).

(a) DPPH (b) FRAP

Fig. 3. Change in DPPH (%) and FRAP contents during drying process at different drying temperatures
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CONCLUSION

This study reflected the thermal degradation kinetic 
of bioactive compounds and their antioxidant in as-
paragus roots during the drying process. The math-
ematical kinetic model of vitamin C degradation 
followed the first-order model, with the highest R2 
(0.99) and the lowest RMSE (0.03). Other bioactive 
compounds including phenolic, flavonoid, saponin, 
DPPH and FRAP provided a good fit with the sec-
ond-order model. The R2 and RMSE of this model 

ranged from 0.98–0.99 and 0.02–0.84, respectively. 
Moreover, from the results obtained, the most sen-
sitive temperature of the drying process was 70°C. 
From the experimental data and the correlations 
among the indicators determined, useful informa-
tion can be provided in order to describe the dry-
ing process of other crop products with the aim of 
obtaining a product with high nutritive quality and  
bioactivity.

Table 3. The kinetic models of DPPH and FRAP inhibitory degradation at different drying modes

DPPH (%) FRAP (mM Fe2 + /g dry matter)

Drying modes Equation R2 RMSE Equation R2 RMSE

Zero-order Model: C = –kt + Co

40°C y = –0.841x + 51.674 0.828 46.236 y = –1.767x + 65.952 0.918 4.106

50°C y = –1.354x + 52.666 0.881 41.187 y = –2.528x + 70.269 0.968 2.261

60°C y = –1.742x + 54.436 0.896 2.318 y = –2.616x + 69.063 0.960 2.036

70°C y = –2.359x + 56.380 0.965 1.051 y = –4.610x + 69.490 0.951 2.442

80°C y = –2.402x + 57.253 0.983 0.728 y = –4.497x + 69.802 0.952 2.347

90°C y = –2.425x + 56.259 0.918 1.706 y = –4.538x + 69.796 0.942 2.638

First-order Model: ln(C/Co) = –kt

40°C y = –0.018x 0.851 0.059 y = –0.033x 0.947 0.060

50°C y = –0.029x 0.905 0.049 y = –0.044x 0.979 0.033

60°C y = –0.036x 0.910 0.051 y = –0.045x 0.978 0.030

70°C y = –0.048x 0.972 0.023 y = –0.081x 0.968 0.044

80°C y = –0.048x 0.988 0.015 y = –0.079x 0.967 0.042

90°C y = –0.048x 0.929 0.040 y = –0.079x 0.960 0.047

Second-order Model: (1/C) – (1/Co) = kt

40°C y = 0.0003x 0.871 0.000 y = 0.001x 0.969 0.000

50°C y = 0.001x 0.925 0.004 y = 0.001x 0.986 0.004

60°C y = 0.001x 0.923 0.001 y = 0.001x 0.989 0.000

70°C y = 0.001x 0.992 0.000 y = 0.001x 0.980 0.001

80°C y = 0.001x 0.979 0.001 y = 0.001x 0.978 0.001

90°C y = 0.001x 0.939 0.001 y = 0.001x 0.975 0.001

Y – target functions; x – drying time (hours).
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