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Objective: To identify the optimal harvesting age, timing, and drying method for 
Paeoniae Radix Rubra in Tongliao, Inner Mongolia, China.
Methods: The plant traits, biomass, and contents of eight pharmacodynamic 
substances were measured in 3-, 4-, and 5-year-old cultivated Paeonia lactiflora 
Pall. plants. 5 drying methods were applied to the roots of 4-year-old root. The 
bioactive components were quantified, followed by comprehensive evaluation 
using the CRITIC method and correlation analysis.
Results: The comprehensive evaluation of yield and quality showed that 4-year-
old plants scored the highest at 0.5, followed by 3-year-old plants at 0.47, while 
5-year-old plants scored the lowest at 0.4. Regarding the harvest time for 4-year-
old plants, September 26 yielded the highest score at 0.87, followed by October 
16 at 0.46, whereas September 11 received the lowest score at 0.41. Among the 
drying methods, shade drying resulted in the highest quality, ranking as fol-
lows: shade drying > step-down drying (105–80 °C) > high-temperature drying 
(>80 °C) > sun drying > low-temperature drying (60 °C). Correlation analysis 
revealed a significant positive correlation between paeoniflorin content and root 
dry weight across different harvesting ages. Additionally, paeoniflorin showed sig-
nificant positive correlations with the contents of catechin, oxidized paeoniflorin, 
and lactiflorin across different harvesting dates.
Conclusion: The present findings are specific to Tongliao City, Inner Mongolia, 
and are not universally applicable. In this regional context, the optimal harvest 
period for Paeoniae Radix Rubra falls in late September of the fourth growing 
year, and shade drying proves to be the most suitable post-harvest processing 
method.
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1 Introduction

Paeoniae Radix Rubra was the dried root of Paeonia lactiflora Pall. 
or Paeonia veitchii Lynch., belonging to the Ranunculaceae family. It 
had a slightly bitter taste and a faint, aromatic fragrance. Its therapeu-
tic effects included clearing heat, cooling the blood, promoting blood 
circulation, and relieving pain (1–3). The main bioactive constituents 
of Paeoniae Radix Rubra included total peony glycosides, flavonoids, 
volatile oils, tannins, phenolic acids, and other chemical compounds 
(4, 5). Paeoniflorin, a component of the total glycosides extracted from 
Paeoniae Radix Rubra, exhibited analgesic, anti-inflammatory, hypo-
glycemic, hypotensive, and antithrombotic effects (6). Lactiflorin 
demonstrated sedative, analgesic, anticonvulsant, immunomodula-
tory, antidepressant, and detoxifying properties (7, 8). Oxypaeoniflorin 
showed significant anti-inflammatory activity (9), whereas benzoyl-
paeoniflorin had anti-allergic effects (10). 1,2,3,4,6-Penta-O-galloyl-
β-D-glucose was a polyphenolic tannin compound with diverse 
biological activities, including anticancer, antidiabetic, anti-inflamma-
tory, and antioxidant properties (11–13). Gallic acid played an impor-
tant role in protecting brain and nerve cells, and exhibited 
anti-inflammatory, anticancer, antioxidant, antimicrobial, and anti-
diabetic activities (14, 15). Catechin demonstrated antitumor effects, 
provided protection against cardiovascular and cerebrovascular dis-
eases, scavenged free radicals, and possessed antioxidant and anti-
radiation properties (16, 17). Benzoic acid had certain preservative 
effects but was also shown to be mutagenic (18–20).

In previous years, the growing demand for Paeoniae Radix Rubra 
coupled with the decline of its wild populations made cultivation the 
main source for supplying the market. However, the quality of the 
medicinal material was affected by multiple factors, including the cul-
tivation duration, the timing of harvest in autumn, and the drying 
methods applied—all of which significantly influenced its final quality 
(21, 22). Most existing studies on medicinal materials focused pre-
dominantly on the relationship between harvest time and quality, with 
little or no consideration given to yield-related factors. Consequently, 
systematic research addressing the balance between harvest time, 
yield, and quality remained lacking. In light of this research gap, iden-
tifying the optimal harvest period and appropriate drying technique 
was of pivotal importance for ensuring the quality of medicinal prod-
ucts derived from Paeoniae Radix Rubra.

Studies indicated that the quality of Paeoniae Radix Rubra did not 
necessarily improve with increased cultivation duration, as it was 
influenced by multiple factors (23, 24). For Paeonia veitchii, although 
the paeoniflorin content did not peak at 5 years, this age yielded the 
highest production. Comprehensive evaluations suggested harvesting 
at 5 years (25). This study compared the quality and yield of 3-, 4-, and 
5-year-old Paeoniae Radix Rubra to determine the optimal harvesting 
age for red peony.

The quality of Chinese herbal medicines was profoundly influ-
enced by the developmental stage of their medicinal parts, making the 
appropriate harvesting period crucial for ensuring final product qual-
ity. Studies showed that the active constituents of Angelica dahurica 
varied significantly depending on the time of harvest. Harvesting in 
mid-July resulted in the highest concentration of active compounds, 
which was significantly greater than that obtained during spring har-
vesting (26). Huang et al. (27) investigated Scutellaria baicalensis har-
vested at different times and evaluated the content of medicinal 
substances based on morphological characteristics. They concluded 
that mid-October provided the highest overall quality in terms of 

appearance and baicalin content, making it the optimal harvest time. 
Fu (28) compared six bioactive compounds in Paeoniae Radix Rubra 
harvested at different periods and determined that late September to 
mid-October yielded the best results. Additional research indicated 
that the total content of monoterpenoid glycosides and phenolic com-
pounds in Paeoniae Radix Rubra peaked in December, while the 
drying rate of the root was highest in mid-September. The compre-
hensive score of active ingredient content remained relatively high 
from September to October (29). However, optimal harvesting peri-
ods could vary across regions. This study aimed to identify the best 
harvest time for Paeoniae Radix Rubra in the Tongliao area by com-
paring the contents of eight bioactive compounds and evaluating yield.

Different processing methods not only affected the appearance 
quality of medicinal materials but also influenced their active constitu-
ents. During the drying process of Paeoniae Radix Rubra, multiple 
factors came into play. A study comparing freeze-drying and air-dry-
ing found that freeze-drying better preserved the paeoniflorin content 
in Paeoniae Radix Rubra (30). Fu et al. (31) proposed that forced-air 
drying at 66 °C was simple, feasible, and yielded stable quality based 
on comparisons of seven bioactive compounds. This study further 
refined that approach by employing eight bioactive compounds for 
comprehensive evaluation to determine the optimal drying method 
for Paeoniae Radix Rubra.

This study investigated how different age classes and autumn har-
vest periods affected the morphological characteristics and paeoniflo-
rin content of Paeoniae Radix Rubra. Additionally, it applied various 
drying methods to 4-year-old Paeoniae Radix Rubra to identify the 
most suitable drying technique. These findings provided a scientific 
basis for determining optimal harvest timing and post-harvest drying 
methods in Paeoniae Radix Rubra production and cultivation. The 
conclusions of this study were only applicable to Tongliao City, Inner 
Mongolia, and were not universally generalizable.

2 Materials and methods

2.1 Test materials

The test materials were cultivated at the Traditional Chinese and 
Mongolian Medicine Base in Naiman Banner, Tongliao City, Inner 
Mongolia University for Nationalities. They were identified as 
Paeonia lactiflora. The experimental field has sandy loam soil with a 
pH of 7.65, an organic matter content of 6.42 g/kg, a hydrolyzable 
nitrogen content of 51.48 mg/kg, an available phosphorus content of 
15.52 mg/kg, an available potassium content of 81.33 mg/kg, and a 
slowly available potassium content of 562.27 mg/kg. This study was 
conducted exclusively on Paeoniae Radix Rubra by Professor Zhang 
Chunhong of Baotou Medical College. Sampling was conducted on 
September 26, 2021, September 26, 2022, and September 26, 2023, 
through continuous sampling of Paeoniae Radix Rubra plants on the 
same plot. The target samples were 3-year-old, 4-year-old, and 
5-year-old plants, respectively, which had been grown from trans-
planted seedlings, to determine relevant indicators for different cul-
tivation years and harvest periods. The differences between different 
growth year groups were all statistically significant. In autumn 2022, 
4-year-old Paeoniae Radix Rubra was sampled on September 11, 
September 26, and October 16 for relevant indicator measurements. 
Using the 4-year-old Paeoniae Radix Rubra harvested on September 
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26, 2022, as material, 5 different drying methods were established: 
air-drying in a shaded indoor area without sunlight, natural sun-
drying on a sunny windowsill, drying in 60 and 80 °C ovens until 
constant weight, and drying in a 105 °C oven for 30 min followed by 
transfer to an 80 °C oven until constant weight (105–80 °C). All 
drying methods were carried out under controlled environmental 
conditions until the samples were dried to constant weight. Fifteen 
uniformly developed plants were selected for each treatment, with 5 
plants per replicate and 3 biological replicates. Whole plants were dug 
up, bagged, and transported to the laboratory. They were washed 
under running water, drained of excess moisture, and stored for sub-
sequent use.

2.2 Test methods

2.2.1 Determination of Paeoniae Radix Rubra 
characteristics

Using an electronic balance, measure the fresh weight of roots. 
After drying to constant weight, measure the dry weight. Use a ruler 
to determine root length. Use a vernier caliper to measure the diam-
eter of Paeoniae Radix Rubras (take the average diameter of the upper 
part of the 3 thickest lateral roots per plant). Calculate the dry-to-fresh 
ratio, i.e., the drying rate, using the fresh root weight and dry 
root weight.

2.2.2 Determination of active ingredient content

Refer to the method in the 2020 edition of the Chinese 
Pharmacopeia to determine the active ingredient content of Paeoniae 
Radix Rubra. Employ high-performance liquid chromatography 
(HPLC, General Chapter 0512) for analysis. Extract dried Paeoniae 
Radix Rubra powder with 90% methanol using ultrasonication, then 
analyze using high-performance liquid chromatography (HPLC, 
Agilent LC-1260). Paeoniflorin (C₂₃H₂₈O₁₁) content shall not be less 
than 1.8%. Reference standards used: Paeoniflorin (Batch No. 23180–
57-6, HPLC ≥98%), Gallic acid (Batch No. 149–91-7, HPLC ≥98%), 
Catechin reference standard (Batch No. 154–23-4 HPLC≥98%), 
Paeoniflorin reference standard (Batch No. 39011–91-1 HPLC≥98%), 
Paeoniflorin Reference Standard (Batch No. 39011–90-0 
HPLC≥98%), 1,2,3,4,6-Penta-O-galloyl-β-D-glucose Reference 
Standard (Batch No. 14937–32-7 HPLC≥99%), Benzoic acid refer-
ence standard (Batch No. 65–85-0, HPLC ≥98%), and 
Benzylpaeoniflorin reference standard (Batch No. 38642–49-8, HPLC 
≥98%) were all purchased from Shanghai Yuanye Biotechnology 
Co., Ltd.

2.2.2.1 Chromatographic conditions

Column: Mobile phase: Phase A is acetonitrile; Mobile Phase: 
Phase A is acetonitrile; Phase B is 0.1% phosphoric acid aqueous solu-
tion. Gradient Elution: 0–10 min, 5–10% A; 20–20 min, 10–20% A; 
20–30 min, 20% A; 30–40 min, 20–40% A; 40–50 min, 40–5% A. Flow 
Rate: 1.00 mL/min. Detection wavelength: 231 nm; Column tempera-
ture: 25 °C; Injection volume: 5 μL. Paeoniflorin eluted at 13.539 min; 
1,2,3,4,6-Penta-O-galloyl-β-D-glucose eluted at 20.522  min; 
Lactiflorin eluted at 11.65  min; Catechin elutes at 7.45  min; 

Benzoylpaeoniflorin elutes at 35.713  min; Gallic acid elutes at 
1.679 min; Benzoic acid elutes at 14.801 min; Oxypaeoniflorin elutes 
at 7.395 min.

2.2.2.2 Linear regression equations

Plot a standard curve with the reference standard injection 
volume as the x-axis (X) and peak area as the y-axis (Y). Perform 
linear regression to obtain the regression equations for the 8 com-
ponents: Paeoniflorin: y  = 150.53x + 3.0219 (R2  = 0.9993), The 
concentration ranges from 87.2 μg/mL ~ 2.16 μg/mL.; 
1,2,3,4,6-Penta-O-galloyl-β-D-glucose: y  = 348.78x + 6.8446 
(R2  = 0.9998), The concentration ranges from 93.60 μg/
mL ~ 2.344 μg/mL.; Lactiflorin: y  = 300.59x − 3.8134 
(R2  = 0.9999), The concentration ranges from 206.4 μg/
mL ~ 5.2 μg/mL; Catechin: y = 295.14x + 4.6278 (R2 = 0.997), The 
concentration ranges from 84.8 μg/mL ~ 2.72 μg/mL; 
Benzylpaeoniflorin: y = 231.26x − 6.3072 (R2 = 0.9998), The con-
centration ranges from 80.8 μg/mL ~ 2 μg/mL; Gallic acid: 
y = 394.19x + 3.9478 (R2 = 0.9997), The concentration ranges from 
133.6 μg/mL ~ 4.32 μg/mL; Benzoic acid: y  = 13,247x + 26.06 
(R2  = 0.9992), The concentration ranges from 261.8 μg/
mL ~ 45.9 μg/mL; Oxypaeoniflorin: y  = 108.26x + 0.712 
(R2  = 0.9996), The concentration ranges from 245.6 μg/
mL ~ 6.16 μg/mL. The unit for component quantification is % 
(percentage).

2.2.2.3 Precision test

The test solution of Paeoniae Radix Rubra was injected six 
times consecutively under the chromatographic conditions 
described in section “2.2.2.1.” The relative standard deviations 
(RSD) of the retention times and peak areas of each chromato-
graphic peak were all less than 0.95%, meeting the precision error 
requirement.

2.2.2.4 Repeatability test

For the four-year-old samples, a parallel operation was per-
formed, and nine independent test solutions were prepared. 
Under the chromatographic conditions described in section 
“2.2.2.1,” the RSD values of the retention times of each chromato-
graphic peak were all less than 0.13%, and the RSD values of the 
peak areas were all less than 3.99%, indicating that the method 
was feasible.

2.2.2.5 Spike recovery experiment

Nine portions of 0.2 g of the sample with known active ingredient 
content were weighed. Reference solutions at three concentration 
levels (low, medium, high) were added to the portions (three portions 
for each level), respectively. The samples were determined according 
to the method, and the spike recoveries were calculated. The results 
ranged from 97 to 100%, indicating that the method had good 
recovery.
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2.2.3 Comprehensive index evaluation

2.2.3.1 Selection of evaluation indicators

The following evaluation indicators were selected: paeoniflorin, 
1,2,3,4,6-Penta-O-galloyl-β-D-glucose, Lactiflorin, catechin, 
Oxypaeoniflorin, gallic acid, benzoic acid, Benzoylpaeoniflorin, and 
root dry weight.

2.2.3.2 CRITIC

Perform correlation analysis on the required evaluation indicators 
to obtain the correlation coefficient matrix R = (Rij) 13 × 13. Calculate the 
weights according to the following formula (32) (1):

	
( ) ( )

1
1 , 1, 2, 3, ,

n
j ij

i
C sj R j n

=
= − =∑ 

	
(1)

In the formula, Cj represents the information contained in the jth 
evaluation indicator, and Rij denotes the correlation coefficient 
between evaluation indicators i and j. The larger the Cj is, the greater 
the amount of information contained in the jth evaluation indicator, 
and the greater its relative importance. Therefore, the objective 
weight of the jth evaluation indicator can be expressed as (2):

	
( )

1
/ 1,2,3, ,

n
ij

j
W Cj Cj j n

=
= =∑ 

	
(2)

2.2.4 Data analysis

Experimental data were analyzed and plotted using Excel and 
Origin 2024 software; variance significance analysis was performed 
using DPS and SPSS software.

3 Results and analysis

3.1 Changes in morphological 
characteristics and medicinal compounds 
of Paeoniae Radix Rubra harvested at 
different ages

The morphological characteristics of Paeoniae Radix Rubra har-
vested at different ages are shown in Figure 1. The root dry weight 
ranged from 165.82 to 276.96 g, showing a gradual increase with plant 
age. 5-year-old roots exhibited the highest fresh and dry weights, 
which were significantly greater than those of 4- and 3-year-old roots. 
The growth rates of dry weight for 4-year-old and 5-year-old roots 
were 37.4 and 21.56%, respectively, with the 4-year-old roots showing 
a growth rate 1.73 times that of the 5-year-old roots.

Root length increased with age, ranging from 37.67 to 47.33 cm. 
The 5-year-old roots were the longest, significantly exceeding the 
length of 3-year-old roots. A notable increase in root length was 
observed between 3 and 4 years of age, with growth rates of 20.78 and 
4.02% for 4-year-old and 5-year-old roots, respectively. Root diameter 
ranged from 1.65 to 2.02 cm. Although there were no significant dif-
ferences among the 3 age groups, an increasing trend in diameter with 
age was evident.

The pharmacodynamic substances in Paeoniae Radix Rubra har-
vested at different ages are shown in Figure 2 and Table 1. The content 
of gallic acid, 1,2,3,4,6-Penta-O-galloyl-β-D-glucose, exhibited a 
gradual decreasing trend. Gallic acid showed significant differences 
across all 3 age groups, while 1,2,3,4,6-Penta-O-galloyl-β-D-glucose 
exhibited no significant differences between 4-year-old and 5-year-old 
plants. Catechin, Oxypaeoniflorin, and Lactiflorin exhibited an initial 
increase followed by a decrease. The highest levels of these 3 active 
compounds were found in the 4-year-old plants, followed by the 
5-year-old plants. Catechin and Oxypaeoniflorin levels in the 4-year-
old plants were higher than those in the 5-year-old plants., but there 
was no significant difference in Oxypaeoniflorin levels between the 
two age groups. The contents of catechin, paeoniflorin, and lactiflorin 
in 5-year-old plants were significantly higher than those in 3-year-old 

FIGURE 1

Biomass and agronomic traits of Paeoniae Radix Rubra from different cultivation years. (A) Root fresh and dry weight. (B) Root length and diameter. 
Different letters indicate significant differences (p < 0.05). The same abbreviations apply to the figures that follow.
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plants. Paeoniflorin showed a consistently increasing trend, with the 
highest content in the 5-year-old plants, followed by the 4-year-old 
plants. There was no significant difference between the two, but both 
were significantly higher than the paeoniflorin content in the 3-year-
old plants. The contents of Benzoic acid and Benzoylpaeoniflorin ini-
tially decreased and then increased, with the highest content observed 
in the 3-year-old plants, which was significantly higher than that in 
the 4-year-old and 5-year-old plants.

3.2 Correlation analysis between active 
compounds and root traits in Paeoniae 
Radix Rubra of different harvest years

The correlation analysis between active compounds and root traits 
across different harvest years is shown in Figure 3. Root dry weight 
exhibited a significant negative correlation with gallic acid, benzylpae-
oniflorin, and 1,2,3,4,6-Penta-O-galloyl-β-D-glucose, and a significant 
positive correlation with paeoniflorin. Root length showed a signifi-
cant positive correlation with paeoniflorin, paeoniflorin glycoside, and 
dry weight, while exhibiting a significant negative correlation with 
paeoniflorin glycoside, benzoic acid, and 1,2,3,4,6-Penta-O-galloyl-β-
D-glucose. Root diameter followed a similar trend to root length but 
did not show a significant relationship. Among the active compounds, 
paeoniflorin showed a significant negative correlation with gallic acid 
and 1,2,3,4,6-Penta-O-galloyl-β-D-glucose, and a significant positive 
correlation with paeoniflorin-O-acetate. Paeoniflorin showed 

significant negative correlations with paeoniflorin benzoate, benzoic 
acid, and 1,2,3,4,6-Penta-O-galloyl-β-D-glucose, and significant posi-
tive correlations with catechin and Lactiflorin. Lactone paeoniflorin 
showed a significant negative correlation with benzyl paeoniflorin and 
benzoic acid, and a significant positive correlation with catechin. 
Catechin showed significant negative correlations with benzylsaponin 
and benzoic acid. Benzylsaponin showed a significant positive correla-
tion with benzoic acid. 1,2,3,4,6-Penta-O-galloyl-β-D-glucose showed 
a significant positive correlation with gallic acid.

3.3 Changes in bioactive compound 
content of Paeoniae Radix Rubra during 
different drying processes

Changes in traits of 4-year-old Paeoniae Radix Rubra at different 
harvesting periods are shown in Figure 4. Fresh root weight and dry 
root weight exhibited a gradual decline with later harvesting periods, 
with single-plant dry root weight ranging from 301.10 to 281.77 g. No 
significant differences were observed among the 3 harvesting periods. 
Root length ranged from 45.5 to 41.17 cm, with roots harvested on 
September 26th being significantly longer than those on September 
11th and October 16th. Root diameter ranged from 1.97 to 1.73 cm, 
peaking on September 11th and being significantly larger than on 
October 16th.

Changes in the content of active compounds in 4-year-old 
Paeoniae Radix Rubra at different harvest periods are shown in 

FIGURE 2

Variations of pharmacologically active compounds in Paeoniae Radix Rubra roots under different harvesting years.
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Figure 5 and Table 2. The contents of gallic acid, Lactiflorin, and 
1,2,3,4,6-Penta-O-galloyl-β-D-glucose all exhibited a trend of first 
increasing and then decreasing, peaking on September 26. Gallic acid 
and 1,2,3,4,6-Penta-O-galloyl-β-D-glucose showed no significant dif-
ference between September 26 and September 11 levels, but both were 
significantly higher than on October 16. Paeoniflorin exhibited sig-
nificant differences across the 3 harvest dates.

Catechin, Oxypaeoniflorin, and paeoniflorin showed a gradually 
increasing trend. The 3 active compounds reached their highest levels 
on October 16. The content of paeoniflorin and catechin on October 
16 did not differ significantly from that on September 26, but was 
significantly higher than that on September 11.

Benzoic acid exhibited a gradual decreasing trend, with significant 
differences among the 3 harvest periods.

Benzoylpaeoniflorin showed a trend of first decreasing and then 
increasing, with the highest content recorded on October 16, which 
was significantly higher than the other two periods.

3.4 Correlation analysis of 
pharmacologically active compounds and 
root traits in 4-year-old Paeoniae Radix 
Rubra at different harvesting periods

The correlation analysis between pharmacologically active com-
pounds and yield of Paeoniae Radix Rubra at different harvesting 
periods is shown in Figure 6. Root dry weight exhibited a significant 
positive correlation with benzoic acid. Root length showed a signifi-
cant negative correlation with benzylpaeoniflorin and a significant 
positive correlation with gallic acid and 1,2,3,4,6-Penta-O-galloyl-β-
D-glucose. Root diameter exhibited a significant negative correlation 
with catechin, Oxypaeoniflorin, and paeoniflorin, and a significant 
positive correlation with benzoic acid.

Among the pharmacologically active compounds, paeoniflorin 
showed no significant correlations. Oxypaeoniflorin exhibited a sig-
nificant positive correlation with catechin and a significant negative 
correlation with benzoic acid. Lactiflorin also showed no significant 
correlations. Catechin exhibited a significant negative correlation with 
benzoic acid. Benzoylpaeoniflorin showed significant negative correla-
tions with gallic acid, benzoic acid, and 1,2,3,4,6-Penta-O-galloyl-β-
D-glucose. 1,2,3,4,6-Penta-O-galloyl-β-D-glucose exhibited 
significant positive correlations with gallic acid and benzoic acid.

3.5 Changes in bioactive compound 
content of Paeoniae Radix Rubra during 
different drying methods

The content of bioactive compounds in Paeoniae Radix Rubra 
roots subjected to different drying methods is shown in Figure 7 and 
Table 3. When dried at 60 °C, except for 1,2,3,4,6-Penta-O-galloyl-β-
D-glucose, paeoniflorin, and benzoic acid—which showed relatively 
high content—the remaining 5 bioactive compounds were present at 
low levels. At 80 °C, gallic acid, benzoic acid, and 1,2,3,4,6-Penta-O-
galloyl-β-D-glucose exhibited the highest concentrations, with ben-
zoylpaeoniflorin also being relatively high. The other four compounds 
showed lower values. Step-down drying from 105 to 80 °C resulted in 
moderate levels of catechin, oxypaeoniflorin, and benzoic acid, 
whereas paeoniflorin and benzoylpaeoniflorin were low. In contrast, 
1,2,3,4,6-Penta-O-galloyl-β-D-glucose, lactiflorin, and gallic acid were 
relatively high. Sun-drying led to moderate concentrations of TA
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catechin; paeoniflorin and benzoylpaeoniflorin were relatively high—
second only to the highest values observed among the methods. The 
contents of 1,2,3,4,6-Penta-O-galloyl-β-D-glucose, gallic acid, and 
benzoic acid were relatively low, while lactiflorin reached its highest 
content under this condition. Shade drying yielded the highest con-
tents of catechin, paeoniflorin, and benzoylpaeoniflorin, which were 
significantly greater than those under the other 4 drying methods. The 
contents of 1,2,3,4,6-Penta-O-galloyl-β-D-glucose and lactiflorin were 

relatively low, while gallic acid and benzoic acid showed the lowest 
levels among the 5 methods.

3.6 Comprehensive evaluation of red peony 
yield and quality using the CRITIC method

Evaluation indicators included paeoniflorin, 1,2,3,4,6-Penta-O-
galloyl-β-D-glucose, Lactiflorin, catechin, benzylpaeoniflorin, gallic 

FIGURE 3

Correlation between the content of pharmacologically active compounds and root biomass in Paeoniae Radix Rubra across different cultivation years. 
Correlation analysis was performed using Kendall’s tau rank correlation coefficient. A significance level of p < 0.05 was used. The same applies to the 
subsequent figures and tables.

FIGURE 4

Agronomic traits of 4-year-old Paeoniae Radix Rubra roots at different harvesting periods. (A) Root fresh and dry weight. (B) Root length and diameter.
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acid, benzoic acid, oxidized paeoniflorin, and root dry weight. The 
CRITIC weighting method was applied to analyze the weight com-
position of each indicator across different age-class Paeoniae Radix 
Rubra datasets and harvest years, yielding the composite scores 
shown in Tables 4, 7. As Table 7 indicates, among the composite 
scores for different harvest years, the 4-year-old plants achieved the 
highest score (0.50), followed by the 3-year-old plants (0.47), while 
the 5-year-old plants scored lowest (0.40). Thus, the 4-year-old 
plants were determined to be optimal. The comprehensive scores for 
different harvest periods are shown in Tables 5, 7. As indicated in 
Table 7, the highest score was achieved on September 26 (0.87), fol-
lowed by October 16 (0.46), with the lowest score on September 11 
(0.41). Thus, September 26 is the optimal harvest date. The compre-
hensive scores for different drying methods are shown in Tables 6, 
7. As indicated in Table 7, air-drying achieved the highest compre-
hensive score, followed by shade drying > step-down drying (105–
80 °C) > high-temperature drying (>80 °C) > sun drying > 
low-temperature drying (60 °C) (Tables 5–7).

4 Discussion

As a perennial root medicinal material, the harvesting period 
was a key factor in ensuring the quality of Paeoniae Radix Rubra. 
The duration of growth significantly impacted both yield and 

medicinal efficacy (21). Research indicated that 3-year-old 
Paeoniae Radix Rubra from Bozhou, Anhui Province exhibited the 
highest comprehensive content of medicinal substances (33). A 
comparative study of 1-, 4-, and 7-year-old roots found that the 
primary active components reached relatively high levels in 4-year-
old roots, with minimal further increase in 7-year-old roots (34). 
At experimental sites, 5-year-old Paeoniae Radix Rubra frequently 
exhibited diseases. Kang Xiaofei’s (35) research identified that 
5-year-old and older Paeoniae Radix Rubra roots were prone to 
root rot and other diseases. Wang and Shi (36) observed hollowed-
out and lignified roots in 6-year-old Paeoniae Radix Rubra, which 
degraded medicinal quality. Herbal material prices fluctuated sig-
nificantly and were influenced by uncertain factors. Therefore, the 
optimal harvest timing for red peony should be determined by 
comprehensively considering the growth characteristics of the 
herb, market demand, and time costs (37). While the yield of 
medicinal materials was an important indicator of their economic 
value, quality remained the core determinant, as high-quality 
materials could generate greater value (38). In this study, 5-year-
old Paeoniae Radix Rubra exhibited a high yield, but its suscepti-
bility to diseases such as root rot resulted in reduced quality. 
Studies showed that the susceptibility of Paeonia veitchii to root 
rot was associated with its perennial growth habit and soil acidifi-
cation caused by continuous cropping (39). Furthermore, for 
5-year-old plants, the longer growth period led to a year-by-year 
increase in disease incidence (40).

FIGURE 5

Variation of pharmacologically active compounds in 4-year-old Paeoniae Radix Rubra roots at different harvesting periods.
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Without adequate quality support, a high yield alone could not 
achieve the expected economic and medicinal value. Therefore, in the 
CRITIC method, the weight assigned to quality should be much 
higher than that assigned to yield (41, 42). Consequently, although 
5-year-old Paeoniae Radix Rubra had the highest yield, it received the 
lowest comprehensive score.

In the correlation analysis between active compounds and 
yield across different harvest years, root dry weight, root diameter, 
and root length showed consistent trends with active compounds. 
Among the active compounds, paeoniflorin exhibited significant 
negative correlations with gallic acid and 1,2,3,4,6-penta-O-
galloyl-β-D-glucose. Research indicated that Paeoniae Radix 
Rubra with higher paeoniflorin content often contained lower 
levels of cinnamic acid and its derivatives (43). The role of paeoni-
florin in enhancing insulin sensitivity and regulating glucose 
metabolism might lead to reduced levels of certain glucose-related 
compounds, potentially including 1,2,3,4,6-penta-O-galloyl-β-D-
glucose (44). Paeoniflorin showed a significant positive correlation 
with oxidized paeoniflorin, possibly because metabolic products 
of paeoniflorin, including its oxidized form (45), might interact 
through similar cellular pathways, leading to their positive correla-
tion (46).

Correlations between active compounds and yield of Paeoniae 
Radix Rubra at different harvest periods: root dry weight and root 
length were positively correlated with benzoic acid. Nutrient concen-
tration variations affected root diameter, and benzoic acid might influ-
ence root traits similarly (47). Correlation trends with paeoniflorin 
and other active compounds generally aligned across different age 
groups, but benzoic acid and oxypaeoniflorin exhibited opposite 
trends, warranting further investigation.

Pharmacopeia records indicated spring and autumn as optimal 
harvest seasons. In a comparative study by Jian et al. (34) between 
autumn and spring harvests, autumn was proposed as the optimal 
harvesting period. Therefore, considering the balance of active com-
pounds, biomass accumulation, and practical production, late 
September was determined as the optimal harvest period for four-
year-old plants. This conclusion aligned with the findings of Fu et al. 
(28) and Miao et al. (48).

Different drying methods for medicinal materials also signifi-
cantly impacted their quality. Shade-dried Paeoniae Radix Rubra 
contained the highest paeoniflorin content, followed by sun-dried 
material. Research indicated that prolonged exposure to sunlight and 
ultraviolet radiation significantly reduced internal paeoniflorin levels 
(22), necessitating avoidance of direct sunlight in practical 
production.

5 Conclusion

This study determined that 4-year-old Paeoniae Radix Rubra 
was the optimal harvest age by comparing the yield and quality of 
3-, 4-, and 5-year-old plants, using an objective evaluation based 
on the CRITIC method. On this basis, a comparative experiment 
was conducted with 4-year-old Paeoniae Radix Rubra harvested on 
three dates in autumn: September 11, September 26, and October 
16. The results showed variations in yield and quality across these 
harvest dates; comprehensive scoring using the CRITIC method 
identified September 26 as the optimal harvest date. Furthermore, TA
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FIGURE 7

Content of pharmacologically active compounds in Paeoniae Radix Rubra roots under different drying methods.

FIGURE 6

Correlation between the content of pharmacologically active compounds and root yield in Paeoniae Radix Rubra at different harvesting periods.

https://doi.org/10.3389/fnut.2026.1774758
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


G
u

o
 et al.�

10
.3

3
8

9
/fn

u
t.2

0
2

6
.1774

758

Fro
n

tie
rs in

 N
u

tritio
n

11
fro

n
tie

rsin
.o

rg

TABLE 3  Content of active ingredients in different drying methods.

Different 
drying 
methods

Gallic acid 
(%)

Catechin (%) Oxypaeoniflorin (%) Lactiflori (%) Paeoniflorin (%) 1,2,3,4,6-Penta-O-
galloyl-β-D-glucose 

(%)

Benzoylpaeoniflorin (%) Benzoic acid 
(%)

60 °C 014 ± 0.00c 0.02 ± 0.01e 0.22 ± 0.01e 1.31 ± 0.01bc 2.28 ± 0.08c 0.26 ± 0.03ab 0.09 ± 0.00ab 0.06 ± 0.01ab

80 °C 0.19 ± 0.00a 0.10 ± 0.01d 0.8 ± 0.00d 1.23 ± 0.01c 2.28 ± 0.05c 0.29 ± 0.02a 0.09 ± 0.01ab 0.08 ± 0.01a

105 ~ 80 °C 0.17 ± 0.01b 0.12 ± 0.00c 1.01 ± 0.0ec 1.39 ± 0.03b 2.37 ± 0.06c 0.27 ± 0.03ab 0.08 ± 0.00b 0.05 ± 0.00b

Sun-drying 0.04 ± 0.00d 0.18 ± 0.00b 1.42 ± 0.00b 1.58 ± 0.12a 2.82 ± 0.24b 0.21 ± 0.02c 0.09 ± 0.01ab 0.04 ± 0.00c

Shade-dryin 0.03 ± 0.00e 0.21 ± 0.00a 1.66 ± 0.01a 1.38 ± 0.01b 3.31 ± 0.02a 0.23 ± 0.00b 0.1 ± 0.01a 0.02 ± 0.01d

Different letters indicate significant differences (p < 0.05).

TABLE 4  Calculation results of CRITIC weights for different years.

Item Indicator contradiction Indicator variability Information amount Weight%

NMMS_Benzoic acid 0.541 6.816 3.686 9.2010

MMS_Gallic acid 0.532 11.229 5.969 14.8977

MMS_Catechin 0.516 6.426 3.317 8.2791

MMS_Oxypaeoniflorin 0.560 6.531 3.660 9.1353

MMS_Lactiflorin 0.522 6.436 3.358 8.3822

MMS_Paeoniflorin 0.516 6.903 3.565 8.8968

MMS_1,2,3,4,6-Penta-O-galloyl-β-D-glucose 0.555 11.350 6.298 15.7188

MMS_Benzoylpaeoniflorin 0.577 11.424 6.596 16.4621

MMS_Dry weight 0.501 7.217 3.617 9.0270
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an objective evaluation of biomass and quality under different 
drying methods using the CRITIC method revealed that shade-
drying achieved the highest comprehensive score, with the order 

being shade-drying > drying at 105–80 °C > drying at 
>80 °C > sun-drying > drying at 60 °C, indicating that shade-dry-
ing was the most suitable method for Paeoniae Radix Rubra. In 
summary, the optimal harvest period for Tongliao, Inner Mongolia, 
China, was late September for 4-year-old plants, with shade drying 
being the preferred drying method.
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TABLE 5  Calculation results of CRITIC weights for different harvest periods.

Item Indicator contradiction Indicator 
variability

Information amount Weight%

NMMS_Benzoic acid 0.509 5.219 2.658 8.8338

MMS_Gallic acid 0.500 4.716 2.358 7.8383

MMS_Catechin 0.536 7.439 3.986 13.2483

MMS_Oxypaeoniflorin 0.506 8.435 4.269 14.1913

MMS_Lactiflorin 0.501 5.102 2.558 8.5020

MMS_Paeoniflorin 0.525 7.717 4.048 13.4561

MMS_1,2,3,4,6-Penta-O-galloyl-

β-D-glucose
0.577 6.417 3.705 12.3154

MMS_Benzoylpaeoniflorin 0.509 5.219 2.658 8.8338

MMS_Dry weight 0.527 7.302 3.845 12.7811

TABLE 6  Calculation results of CRITIC weights for different drying methods.

Item Indicator contradiction Indicator 
variability

Information amount Weight%

NMMS_Benzoic acid 0.373 5.046 1.880 9.0395

MMS_Gallic acid 0.465 10.620 4.936 23.7271

MMS_Catechin 0.373 4.597 1.714 8.2410

MMS_Oxypaeoniflorin 0.377 4.603 1.736 8.3458

MMS_Lactiflorin 0.371 6.488 2.408 11.5742

MMS_Paeoniflorin 0.437 4.717 2.060 9.9030

MMS_1,2,3,4,6-Penta-O-galloyl-

β-D-glucose
0.399 10.098 4.031 19.3795

MMS_Benzoylpaeoniflorin 0.365 5.577 2.037 9.7900

TABLE 7  Comprehensive scores of different treatments.

Treatment 
conditions

Different 
treatments

Comprehensive 
score

Score 
ranking

Different year 

intervals

3-year-old 0.47 2

4-year-old 0.50 1

5-year-old 0.40 3

Different harvest 

times

Sep 11 0.41 3

Sep 26 0.87 1

Oct 16 0.46 2

Different drying 

methods

60 °C 0.37 5

80 °C 0.53 3

80 °C ~ 105 °C 0.54 2

Sun-drying 0.40 4

Shade-drying 0.55 1

https://doi.org/10.3389/fnut.2026.1774758
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Guo et al.� 10.3389/fnut.2026.1774758

Frontiers in Nutrition 13 frontiersin.org

Funding

The author(s) declared that financial support was received for 
this work and/or its publication. This work was supported by the 
Inner Mongolia Autonomous Region Overseas Returnee 
Innovation and Entrepreneurship Startup Support Project 
(2023LXCX002), the Fundamental Research Funds for the 
Directly Affiliated Universities of Inner Mongolia Autonomous 
Region (GXKY25Z003), the Inner Mongolia Natural Science 
Foundation (25LHMS03052), the Open Project of the Inner 
Mongolia College Engineering Technology Research Center for 
Ecological Planting of Chinese (Mongolian) Medicinal Materials 
(MDK2021019, MDK2023021, MDK2023022), and the First-Class 
Discipline Research Project (YLXKZX-NMD-011).

Conflict of interest

The author(s) declared that this work was conducted in the 
absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

Generative AI statement

The author(s) declared that Generative AI was not used in the 
creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this 
article has been generated by Frontiers with the support of artificial 
intelligence and reasonable efforts have been made to ensure accuracy, 
including review by the authors wherever possible. If you identify any 
issues, please contact us.

Publisher’s note

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

References
	1.	Chinese Pharmacopoeia Commission. Pharmacopoeia of the People's Republic of China: 
Volume I [S]. Beijing: China Medical Science Press (2020). p. 125.

	2.	Sun Y, Liu T, Zhao X. Progress in the study of chemical structure and pharmacological 
effects of total paeony glycosides isolated from Radix Paeoniae Rubra. Curr Issues Mol 
Biol. (2024) 46:10065–86. doi: 10.3390/cimb46090601

	3.	Fan Z, Liu J, Wang X, Yang S, Wang Q, Yan L, et al. Paeoniae Radix Rubra: A review of 
Ethnopharmacology, Phytochemistry, pharmacological activities, therapeutic mechanism 
for blood stasis syndrome, and quality control. Chem Biodivers. (2024) 21:e202401119. 
doi: 10.1002/cbdv.202401119

	4.	Wang Q, Li LT, Ma YB, Wu LF, Niu LY. Comparative study on chemical constituents 
and pharmacological effects of Paeoniae Radix Alba and Paeoniae Radix Rubra and pre-
dictive analysis of quality markers. Chin J New Drugs. (2021) 30:1093–8.

	5.	Wu LF, Wang ZM, He KQ, Li WY, Jia F, Wen WY, et al. Research overview on chemical 
constituents and pharmacological effects of Paeoniae Radix Rubra. Chin J Exp Tradit Med 
Formulae. (2021) 27:198–206. doi: 10.13422/j.cnki.syfjx.20211770

	6.	Zhou YX, Gong XH, Zhang H, Peng C. A review on the pharmacokinetics of paeoni-
florin and its anti-inflammatory and immunomodulatory effects. Biomed Pharmacother. 
(2020) 130:110505. doi: 10.1016/j.biopha.2020.110505

	7.	Zhou X, Alimu A, Zhao J, Xu X, Li X, Lin H, et al. Paeonia genus: a systematic review 
of active ingredients, pharmacological effects and mechanisms, and clinical applications 
for the treatment of cancer. Arch Pharm Res. (2024) 47:677–95. doi: 10.1007/
s12272-024-01512-2

	8.	Liu YF, Sun SS, Zhu LJ, Hu YX, Ma HY, Li L, et al. Research progress on metabolism 
and pharmacokinetics of paeoniflorin and albiflorin in Paeoniae Radix Rubra. J Liaoning 
Univ. (2018) 45:296–303. doi: 10.16197/j.cnki.lnunse.2018.04.002

	9.	Wu X, You Y, Qu G, Ma R, Zhang M. Simultaneous determination of ginsenoside Rb1, 
ginsenoside Rg1, paeoniflorin, albiflorin and oxypaeoniflorin in rat plasma by liquid 
chromatography-tandem mass spectrometry: application to a pharmacokinetic study of 
wen-Yang-Huo-Xue soft capsule. Biomed Chromatogr. (2017) 31:112–9. doi: 10.1002/
bmc.e4045

	10.	 Zhang Y, Wu X, Wang X, Zeng Y, Liao Y, Zhang R, et al. Grey relational analysis 
combined with network pharmacology to identify antioxidant components and uncover 
its mechanism from Moutan cortex. Front Pharmacol. (2021) 12:748501. doi: 10.3389/
fphar.2021.748501

	11.	 Bi JH. Inhibitory Effect and Mechanism of 1,2,3,4,6-O-Pentagalloylglucose on 
Subcutaneous Transplanted Tumor of Gastric Cancer in Mice [D]. Wuhan: Wuhan 
Polytechnic University (2022).

	12.	 Zhang J, Li L, Kim SH, Hagerman AE, Lü J. Anti-cancer, anti-diabetic and other 
pharmacologic and biological activities of penta-galloyl-glucose. Pharm Res. (2009) 
26:2066–80. doi: 10.1007/s11095-009-9932-0

	13.	 Kiss AK, Filipek A, Czerwińska M, Naruszewicz M. Oenothera paradoxa defatted 
seeds extract and its bioactive component penta-O-galloyl-β-D-glucose decreased pro-
duction of reactive oxygen species and inhibited release of leukotriene B4, interleukin-8, 

elastase, and myeloperoxidase in human neutrophils. J Agric Food Chem. (2010) 
58:9960–6. doi: 10.1021/jf101740y

	14.	 Al Zahrani NA, El-Shishtawy RM, Asiri AM. Recent developments of gallic acid 
derivatives and their hybrids in medicinal chemistry: A review. Eur J Med Chem. (2020) 
204:112609. doi: 10.1016/j.ejmech.2020.112609

	15.	 Xu Y, Tang G, Zhang C, Wang N, Feng Y. Gallic acid and diabetes mellitus: its associa-
tion with oxidative stress. Molecules. (2021) 26:7115. doi: 10.3390/molecules26237115

	16.	 Dos Santos AN, de L Nascimento TR, Gondim BLC, Velo MMAC, de A Rêgo RI, do 
C Neto JR, et al. Catechins as model bioactive compounds for biomedical applications. 
Curr Pharm Des. (2020) 26:4032–47. doi: 10.2174/1381612826666200603124418

	17.	 Kim JM, Heo HJ. The roles of catechins in regulation of systemic inflammation. Food 
Sci Biotechnol. (2022) 31:957–70. doi: 10.1007/s10068-022-01069-0

	18.	 Lu JY. Effects of Combined Application of Vermicompost and Chemical Fertilizer on Soil 
Physicochemical Properties and Secondary Metabolites of Paeoniae Radix Rubra [D]. 
Harbin: Northeast Agricultural University (2023).

	19.	 Gorokhova LG, Mikhailova NN, Ulanova EV, Yadykina TK. Assessment of the toxic-
ity of benzoic acid derivatives in the intragastric intake. Hygiene Sanitation. (2020) 
99:755–60. doi: 10.47470/0016-9900-2020-99-7-755-760

	20.	 Del Olmo A, Calzada J, Nuñez M. Benzoic acid and its derivatives as naturally occur-
ring compounds in foods and as additives: uses, exposure, and controversy. Crit Rev Food 
Sci Nutr. (2017) 57:3084–103. doi: 10.1080/10408398.2015.1087964

	21.	 Chu SS, Zha LP, Duan HY, Xu T, Peng HS. Growth rings in roots of seven species of 
Paeonia sect. Paeonia in China and their application in the identification of Radix Paeoniae 
Rubra. Chin J Chin Mater Med. (2017) 42:3723–7. doi: 10.19540/j.cnki.cjcmm.2017.0147

	22.	 Zou M, Chen XH, Lu Y, Xie HQ, Xie L. Optimization of primary processing condi-
tions for Paeoniae Radix by origin based on grey relational analysis. J Hunan Agricultural 
Univ. (2022) 48:749–54. doi: 10.13331/j.cnki.jhau.2022.06.019

	23.	 Sheng ZH, Yu CH, Wu QF. Determination of paeoniflorin and benzoic acid in 
Paeoniae Radix Rubra of different growth years. Chin Arch Tradit Chin Med. (2008) 
5:1106–7. doi: 10.13193/j.archtcm.2008.05.211.shengzhh.081

	24.	 Bi YQ, Zhang MX, Chen Y, Wang AX, Li MH. Applying Biomod2 for modeling of 
species suitable habitats: a case study ofPaeoniae Radix Rubrain China. Zhongguo Zhong 
Yao Za Zhi. (2022) 47:376–84. doi: 10.19540/j.cnki.cjcmm.20211023.101

	25.	 Xu C, Lin J, Jin CS, Liu JL. Comparison of chemical composition differences of 
Paeoniae Radix Alba from the same plant but different growth years from Bozhou by 
HPLC fingerprint combined with chemometrics. Chin Tradit Herbal Drugs. (2021) 
52:2408–13. doi: 10.7501/j.issn.0253-2670.2021.08.025

	26.	 Zhang JX, Yan YH, Wu QH, Huang CF, Du JY, Huang XL, et al. Study on suitable 
harvesting time and quality evaluation of different Angelicae Dahuricae germplasms. 
Chin Tradit Herbal Drugs. (2024) 55:5245–55. doi: 10.7501/j.issn.0253-2670.2024.15.024

	27.	 Huang JP, Xia ZB, Jing YJ, Wang QL, Zou YR, Peng L, et al. Correlation analysis 
between external characteristics and internal quality of Scutellaria baicalensis Georgi at 

https://doi.org/10.3389/fnut.2026.1774758
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.3390/cimb46090601
https://doi.org/10.1002/cbdv.202401119
https://doi.org/10.13422/j.cnki.syfjx.20211770
https://doi.org/10.1016/j.biopha.2020.110505
https://doi.org/10.1007/s12272-024-01512-2
https://doi.org/10.1007/s12272-024-01512-2
https://doi.org/10.16197/j.cnki.lnunse.2018.04.002
https://doi.org/10.1002/bmc.e4045
https://doi.org/10.1002/bmc.e4045
https://doi.org/10.3389/fphar.2021.748501
https://doi.org/10.3389/fphar.2021.748501
https://doi.org/10.1007/s11095-009-9932-0
https://doi.org/10.1021/jf101740y
https://doi.org/10.1016/j.ejmech.2020.112609
https://doi.org/10.3390/molecules26237115
https://doi.org/10.2174/1381612826666200603124418
https://doi.org/10.1007/s10068-022-01069-0
https://doi.org/10.47470/0016-9900-2020-99-7-755-760
https://doi.org/10.1080/10408398.2015.1087964
https://doi.org/10.19540/j.cnki.cjcmm.2017.0147
https://doi.org/10.13331/j.cnki.jhau.2022.06.019
https://doi.org/10.13193/j.archtcm.2008.05.211.shengzhh.081
https://doi.org/10.19540/j.cnki.cjcmm.20211023.101
https://doi.org/10.7501/j.issn.0253-2670.2021.08.025
https://doi.org/10.7501/j.issn.0253-2670.2024.15.024


Guo et al.� 10.3389/fnut.2026.1774758

Frontiers in Nutrition 14 frontiersin.org

different harvesting periods based on "Bian Zhuang Lun Zhi" theory. Chin Tradit Herbal 
Drugs. (2024) 55:3487–96. doi: 10.7501/j.issn.0253-2670.2024.10.026

	28.	Fu SP, Shen HW, Wang QB, Li JP, Wang C, Guo SL, et al. Determination and 
variation patterns of six active components in Paeoniae Radix Rubra at different 
harvesting periods. China Pharmacy. (2020) 31:441–6. doi: 10.6039/j.
issn.1001-0408.2020.04.10

	29.	 Yan Z, Xie L, Li M, Yuan M, Tian Y, Sun D, et al. Phytochemical components and 
bioactivities of novel medicinal food – Peony roots. Food Res Int. (2021) 140:109902. doi: 
10.1016/j.foodres.2020.109902

	30.	 Zhang X, Zhai Y, Yuan J, Hu Y. New insights into Paeoniaceae used as medicinal 
plants in China. Sci Rep. (2019) 9:18469. doi: 10.1038/s41598-019-54863-y

	31.	 Fu SP, Shen HW, Wang QB, Zhang S, Liu Y, Wang C, et al. Optimization of processing 
technology for Paeoniae Radix Rubra slices. Chin Traditional Patent Med. (2019) 
41:1899–905. doi: 10.3969/j.issn.1001-1528.2019.08.030

	32.	 Guo FG, Lan ZJ, Zhang Y, Su YY, Mao TS, Meng XL, et al. Study on processing tech-
nology of stir-fried Codonopsis Radix with millet based on AHP-CRITIC weighting 
method and thermal analysis technology. Chin Arch Tradit Chin Med. (2023) 41:211–
217+294. doi: 10.13193/j.issn.1673-7717.2023.12.040

	33.	 Zheng X, Yin M, Chu S, Yang M, Yang Z, Zhu Y, et al. Comparative elucidation of age, 
diameter, and "pockmarks" in roots ofPaeoniae Radix RubraPall. (Shaoyao) by qualitative 
and quantitative methods. Front Plant Sci. (2022) 12:802196. doi: 10.3389/
fpls.2021.802196

	34.	 Jian ZY, Yu JB, Wang WQ. Comparison of six chemical active constituents in different 
parts and harvesting periods ofPaeoniae Radix RubraPall. Acta Pharm Sin. (2010) 
45:489–93. doi: 10.16438/j.0513-4870.2010.04.009

	35.	 Kang XF. Study on Main Active Substances and Nutritional Components in Roots of 
Paeoniae Radix RubraPall. Shandong Agricultural University (2011).

	36.	 Wang FC, Shi WJ. Changes of paeoniflorin content in Paeoniae Radix Alba from 
Bozhou with different harvesting years. Chin J Exp Tradit Med Formulae. (2011) 17:51–3. 
doi: 10.13422/j.cnki.syfjx.2011.23.046

	37.	 Oualdi I, Merzouki M, Ouahhoud S, Chakrone K, Benabbes R, Yousfi EB, et al. 
Essential oils of Artemisia herba-alba, Mentha pulegium, and Cedrus atlantica: chemical 
compositions, in vitro, in vivo, in silico antifungals activities, and genotoxicity. ASEAN J 
Sci Eng. (2025) 5. doi: 10.17509/ajse.v5i1.80693

	38.	 Meziane H, Zraibi L, Albusayr R, Bitari A, Oussaid A, Hammouti B, et al. Rosmarinus 
officinalis Linn: unveiling its multifaceted nature in nutrition, diverse applications, and 
advanced extraction methods. JUmm Al Qura Univ Appll Sci. (2025) 11:9–37. doi: 
10.1007/s43994-024-00144-y

	39.	 Ma YN, Li JP, Zheng G, Zhang JK, Ma SB, Hui NN, et al. Identification and biological 
characteristics of the pathogen causing root rot of Paeonia veitchii. Acta Agric Boreali 
Occident Sin. (2023) 32:1486–94. doi: 10.7606/j.issn.1004-1389.2023.09.017

	40.	 Li F, Chen PY. Main diseases and pests of Paeonia lactiflora in Nanyang area and their 
control measures. Plant Doctor. (2020) 33:61–5. doi: 10.13718/j.cnki.zwys.2020.04.011

	41.	Oualdi I, Adedoyin B, Ouabane M, Zaki H, Dalli M, Azizi S, et al. Chemical com-
position and biological evaluation of Cedrus Atlantica essential oil. Experimental and 
in-silico investigations. Moroc J Chem. (2025) 13:667–86. doi: 10.48317/IMIST.PRSM/
morjchem-v13i2.52408

	42.	 Bouammali H, Khibech O, Fraj E, Elbouzidi A, Bekkouch A, Bourhou C, et al. Dual 
COX/5-LOX inhibition by isorhamnetin-3-O-glucoside from Anthyllis cytisoides: an 
integratedchemical-enzymatic-computational study. J Ethnopharmacol. (2026) 
358:120982. doi: 10.1016/j.jep.2025.120982

	43.	 Yu JJ, Wu JX, Liang YF, Xu SJ, Yang L. Simultaneous determination of six components 
including gallic acid in Paeoniae Radix Rubra and Paeoniae Radix Alba by HPLC. Chin 
Tradit Herb Drug. (2015) 46:1673–7. doi: 10.7501/j.issn.0253-2670.2015.11.021

	44.	 Sun X, Li S, Xu L, Wang H, Ma Z, Fu Q, et al. Paeoniflorin ameliorates cognitive 
dysfunction via regulating SOCS2/IRS-1 pathway in diabetic rats. Physiol Behav. (2017) 
174:162–9. doi: 10.1016/j.physbeh.2017.03.020

	45.	 Ye Y, Pei H, Cao X, Liu X, Li Z, Wang B, et al. The study of a novel Paeoniflorin-
converting enzyme from Cunninghamella blakesleeana. Molecules. (2023) 28:1289. doi: 
10.3390/molecules28031289

	46.	 Song S, Xiao X, Guo D, Mo L, Bu C, Ye W, et al. Protective effects of Paeoniflorin 
against AOPP-induced oxidative injury in HUVECs by blocking the ROS-HIF-1α/VEGF 
pathway. Phytomedicine. (2017) 34:115–26. doi: 10.1016/j.phymed.2017.08.010

	47.	 Zobel RW, Kinraide TB, Baligar VC. Fine root diameters can change in response to 
changes in nutrient concentrations. Plant Soil. (2007) 297:243–54. doi: 10.1007/
s11104-007-9341-2

	48.	 Miao JY, Dong X, Kuang YY, Wang C, Fu Y, Xue PF, et al. Research progress on 
Paeoniae Radix Rubra and predictive analysis of its quality markers. Chin Arch Tradit 
Chin Med. (2024) 42:236–42. doi: 10.13193/j.issn.1673-7717.2024.10.048

https://doi.org/10.3389/fnut.2026.1774758
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://doi.org/10.7501/j.issn.0253-2670.2024.10.026
https://doi.org/10.6039/j.issn.1001-0408.2020.04.10
https://doi.org/10.6039/j.issn.1001-0408.2020.04.10
https://doi.org/10.1016/j.foodres.2020.109902
https://doi.org/10.1038/s41598-019-54863-y
https://doi.org/10.3969/j.issn.1001-1528.2019.08.030
https://doi.org/10.13193/j.issn.1673-7717.2023.12.040
https://doi.org/10.3389/fpls.2021.802196
https://doi.org/10.3389/fpls.2021.802196
https://doi.org/10.16438/j.0513-4870.2010.04.009
https://doi.org/10.13422/j.cnki.syfjx.2011.23.046
https://doi.org/10.17509/ajse.v5i1.80693
https://doi.org/10.1007/s43994-024-00144-y
https://doi.org/10.7606/j.issn.1004-1389.2023.09.017
https://doi.org/10.13718/j.cnki.zwys.2020.04.011
https://doi.org/10.48317/IMIST.PRSM/morjchem-v13i2.52408
https://doi.org/10.48317/IMIST.PRSM/morjchem-v13i2.52408
https://doi.org/10.1016/j.jep.2025.120982
https://doi.org/10.7501/j.issn.0253-2670.2015.11.021
https://doi.org/10.1016/j.physbeh.2017.03.020
https://doi.org/10.3390/molecules28031289
https://doi.org/10.1016/j.phymed.2017.08.010
https://doi.org/10.1007/s11104-007-9341-2
https://doi.org/10.1007/s11104-007-9341-2
https://doi.org/10.13193/j.issn.1673-7717.2024.10.048

	Screening of optimal harvesting period and drying methods for Paeoniae Radix Rubra based on eight bioactive compounds and biomass
	1 Introduction
	2 Materials and methods
	2.1 Test materials
	2.2 Test methods
	2.2.1 Determination of Paeoniae Radix Rubra characteristics
	2.2.2 Determination of active ingredient content
	2.2.2.1 Chromatographic conditions
	2.2.2.2 Linear regression equations
	2.2.2.3 Precision test
	2.2.2.4 Repeatability test
	2.2.2.5 Spike recovery experiment
	2.2.3 Comprehensive index evaluation
	2.2.3.1 Selection of evaluation indicators
	2.2.3.2 CRITIC
	2.2.4 Data analysis

	3 Results and analysis
	3.1 Changes in morphological characteristics and medicinal compounds of Paeoniae Radix Rubra harvested at different ages
	3.2 Correlation analysis between active compounds and root traits in Paeoniae Radix Rubra of different harvest years
	3.3 Changes in bioactive compound content of Paeoniae Radix Rubra during different drying processes
	3.4 Correlation analysis of pharmacologically active compounds and root traits in 4-year-old Paeoniae Radix Rubra at different harvesting periods
	3.5 Changes in bioactive compound content of Paeoniae Radix Rubra during different drying methods
	3.6 Comprehensive evaluation of red peony yield and quality using the CRITIC method

	4 Discussion
	5 Conclusion

	References

