Heliyon 5 (2019) 02374

Contents lists available at ScienceDirect

Heliyon

| Heliyon

LSEVIER

journal homepage: www.heliyon.com

Review Article

Optimization of quercetin extraction method in Dendrobium officinale by M) |
response surface methodology

updates

Yingpeng Zhu !, Jiangliu Yu !, Chunyan Jiao, Jinfeng Tong, Lei Zhang, Yan Chang, Weina Sun,
Qing Jin , Yongping Cai

College of Life Science, Anhui Agricultural University, Hefei, 230036, People's Republic of China

ARTICLE INFO ABSTRACT

Keywords:

Theoretical chemistry
Pharmaceutical chemistry
Plant biology

Ultrasonic-assisted extraction of quercetin from Dendrobium officinale was optimized by response surface meth-
odology (RSM) using high-performance liquid chromatography as a separative method. Based on single-factor
experiments and two-level factorial analysis, the ethanol concentration, solid-to-liquid ratio and ultrasonic
power were selected as significant response factors. The amount of quercetin that we extracted from Dendrobium

f,ll:::gzﬁ?i()gy officinale was 2.506-2.594 pug/g under the extraction conditions, which showed that optimization could improve
Dendrobium officinale the extration rate of quercetin from Dendrobium officinale. Quercetin was extracted and detected within 12
Quercetin consecutive months after the germination of Dendrobium officinale by optimizing the extraction process to analyze
RSM the accumulation of quercetin. The UV-B exposure experiments showed that the Dendrobium officinale leaves have
HPLC different responses to low- and high-dose UV light. The results showed that the quercetin content in Dendrobium
UV-B

officinale could be changed by UV-B radiation, and the response of distinct tissue parts to varying intensities of UV-

B radiation was different.

1. Introduction

Dendrobium officinale, a plant that grows on rocky cliffs, is mainly
distributed in Southwestern Anhui, Eastern Zhejiang, Western Fujian,
Northwestern Guangxi, Sichuan and Southeastern Yunnan of China [1,
2]. Dendrobium officinalehas anti-tumor, anti-fatigue and anti-oxidation
properties [3, 4, 5]. Modern studies show that Dendrobium officinale-
contains a variety of chemical constituents, and the types of compounds
identified so far include alkaloids, carbohydrates, bibenzyls, steroidal
saponins, and flavonoids [6, 7].

Flavonoids, widely exist in medicinal plants, have extensive phar-
macological activities. According to the oxidation degree of the inter-
mediate tricarbon chain and the position of phenyl linkage, they can be
divided into flavonoids, flavonols, dihydroflavones, isoflavones and
other compounds [8]. As a flavonol, quercetin has many pharmacological
effects and attracted increasing attention [9, 10]. In the recent years,
quercetin have been found and extracted from different matrices [11, 12,
13] Hot water, alkali liquor and ultrasonic-assistedcan be used to extract
quercetin from natural plants, ultrasonic-assisted extraction is widely
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used since its high extraction efficiency, short extraction time and simple
operation [14, 15, 16].

Response surface methodology (RSM) is a method to optimize com-
plex processes by using multivariate methods [17]. RSM is a time- and
labor-saving method when compare with other optimization methods, as
it needs fewer experiments to evaluate multiple factors and their in-
teractions. It is widely used in the fields of biology and chemistry, as well
as the food industry and other areas. RSM was used to optimize the
extraction process of polyphenols, anthocyanins and phenolic com-
pounds from raspberry, Eucalyptus robusta and lemon [18, 19, 20].

UV-B is ultraviolet radiation with a wavelength range of 280-320 nm.
Surface UV-B radiation has become an important ecological factor
affecting plant growth [21]. Studies show that UV-B radiation reduces
plant height and slows down the photosynthesis rate. Plants need their
own defense mode to cope with radiation stress to adapt to the living
environment. The induction of flavonoid synthesis and accumulation is
considered as one of the main ways for plants to tolerate UV-B radiation
[22]. Enhanced UV-B radiation can increase the content of flavonoids in
leaf epidermal cells, because flavonoids can reduce the net flux of UV-B
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radiation into plant cells by absorbing and shielding UV-B radiation. Liu
et al. [23] found that a certain dose of UV-B radiation could effectively
maintain fruit firmness and promote the accumulation of total phenols
and flavonoids in tomato during the ature-green tomato fruit.

At present, research on flavonoids is still in its infancy, and the fla-
vonoids were mainly used as the standard to control the quality of Den-
drobium officinale, and carry out preliminary physiological and
biochemical determinations of total flavonoids in Dendrobium officinale.
There is very little research on one given kind of Dendrobium officinale
flavonoids. Based on single-factor and two-level factorial analysis of
experimental data, the extraction process of quercetin from Dendrobium
officinale was optimized by RSM using high-performance liquid chro-
matography as a detection method. Thus, an ideal extraction process was
established. It was studied that UV-B, as an abiotic elicitor, affect the
quercetin content at different irradiation intensities and times as well as
the application fields of Dendrobium officinale flavonoids.

2. Main text
2.1. Herbal samples

Tissue-cultured Dendrobium was provided by the medicinal plant
research group of the school of life sciences, Anhui Agricultural Uni-
versity. The aseptic seeds of Dendrobium officinale were evenly sown on
MS medium and cultured in a sterile tissue culture room at a constant
temperature (12 h/12 h light/darkness cycle, 25 °C). After 60 days of
sowing, the seedlings were transferred to the medium for further culti-
vation, and the medium was replaced every 30 days. During the exper-
imental period, some of the plants were collected every 30 days and dried
to a constant weight in a 60 °C oven to detect the change of quercetin
content in Dendrobium officinale during360 days of growth. In the first 30
days, the whole seedlings were used to detect quercetin content, because
the seedlings were too small to distinguish the stem and leaf. After that,
when the Dendrobium officinale plants were approximately 5 cm high,
they were taken out from the medium and dried in a 60 °C oven to a
steady weight. The dried samples were ground into powder and used in
RSM experiments.

After 300 days of growth, Dendrobium officinale tissue culture seed-
lings were divided into three groups and cultured in a temperature-
controlled tissue culture room for culturing (12 h/12 h light/darkness
cycle, 25 °C). Using an ultraviolet lamp tube (313 nm, 20 W) as a UV-B
light source to irradiate the seedlings, the irradiation intensity of con-
trol group was 0 kJ/m?, low-dose group was 1.6 kJ/m? and high-dose
group was 4.8 kJ/m>. Irradiation time was four hours a day (10 a.m.—2
p-m.) for 14 days. During the irradiation course, the leaves and stems of
Dendrobium seedlings were washed with clean water and then dried in a
60 °C oven. The dried samples were ground into powder to measured
quercetin content.

2.2. Chemicals and solvents

Quercetin standard was purchased from Aladdin Polytron Technolo-
gies Inc. (Shanghai, China, Lot K1607044). The reagents and solvents
used in the experiments were of HPLC grade. Methanol and acetonitrile
were purchased from Anhui Tiandi High Purity Solvent Co., Ltd. (Anhui,
China). Ethanol was purchased from Tianjin Four Friends Fine Chemicals
Co., Ltd. (Tianjin, China). Formic acid was purchased from Aladdin
Biochemical Polytron Technologies Inc., (Shanghai, China). Purified
water was purchased from Hangzhou Wahaha Group (Zhejiang, China).

2.3. Extraction procedure

A certain amount of ethanol solution (2 mIL-6 mL) was added to the
sample powder of Dendrobium officinale (100 mg) in a 10 mL centrifuge
tube. The powder was placed into an NC ultrasonic cleaner (Kunshan
Ultrasound Instrument Co., Ltd.) and extracted by ultrasound at a certain
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power and temperature for a predetermined period of time. After
ultrasonic-assisted extraction, the mixture was centrifuged at 5000 rpm
for 10 min. The supernatant was withdrawn, and the solvent in the so-
lution was removed by nitrogen gas. The extract after solvent removal
was concentrated and redissolved in methanol in a 1/10 of supernatant
volume. All experiments were done in triplicate.

2.4. Reverse-phase HPLC analysis

Ultimate 3000 high-performance liquid chromatography equipped
with a diode array detector (DAD) was used for chromatographic anal-
ysis. Quercetin was separated on a Thermo Hypersil Gold C18 reverse-
phase column (4.6 mm x 250 mm) with a 5-micron particle size. The
column temperature was 25 °C, the injection volume was 10 pL, the flow
rate was 1.0 mL/min, and acetonitrile (A) and 0.02% (v/v) formic acid
aqueous solution (B) were used as mobile phases. The gradient elution
was performed from 0 min to 40 min, during which the proportion of
organic phase in the elution solvent increased from 5% to 80%, and then
the proportion of organic phase decreased to 5% for 10 min to rebalance
the column. The detection wavelength was 368 nm. The standard curve
was calculated using seven standard quercetin solutions with different
concentrations from 0.39 to 25 pg/mL. The standard curve equation was
linear in the examined range and the relative equation was y = 0.6289x-
0.3117, with R? = 0.9995, where y was the quercetin concentration (ug/
mL), and x was the peak area.

2.5. Experimental design

RSM uses multiple response factors and central composite design
(CCD) to derive the optimal level of independent variables. This exper-
imental design specifies 20 experimental combinations, including six
repetitions of central points. Before designing the response surface
experiment, it is necessary to carry out single-factor experiments on the
selected influencing factors to determine the optimal range of each
influencing factor [24]. In this experiment, ethanol concentration
(10-90%), solid-to-liquid ratio (1:20-1:60 g/mL), ultrasound power
(120-200 W), ultrasound time (5-60 min), and temperature (30-70 °C)
were selected as the factors influencing quercetin extraction, and
single-factor experiments were carried out.

After that, the data obtained from single-factor experiments were
analyzed by two-level factorial analysis. Through the two-level factorial
analysis experiment, several influencing factors, which have the most
significant effect on response value, can be selected [25]. In the present
study, five influencing factors were screened, and 32 experimental
combinations were designed.

Finally, RSM was used to design the response surface experiment
scheme by using the selected significant influencing factors and central
composite design (CCD), to explore the influencing factors on quercetin
extraction. The data obtained were analyzed by Design Expert software
(8.0.6 Stat-Ease, Minneapolis, MN, USA), and the multivariate regression
equation model was established. The data were analyzed by the multi-
variate regression equation using the least-square method. All exper-
imentsin the model were done in triplicate.

2.6. Single-factor experiment on quercetin extraction

2.6.1. Effect of the solid-to-liquid ratio on quercetin extraction from
Dendrobium officinale

The extraction efficiency of quercetin was significantly affected by
the solid-to-liquid ratio. The results are shown in Fig. 1. Quercetin
extraction from Dendrobium officinale increased gradually with the
increasing of solid-to-liquid ratio. When the solid-to-liquid ratio was 1:50
g/mlL, the extracted amount of quercetin (3.2 pg/g) from Dendrobium
officinale was the highest. When the solid-to-liquid ratio was more than
1:50 g/mL, the extracted amount of quercetin was no longer significantly
increased, butexhibit a decreasing trend. This phenomenon may be due
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Fig. 1. Effect of the solid-to-liquid ratio on quercetin extraction from Den-
drobium officinale.
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Fig. 2. Effect of the extraction temperature on quercetin extraction from Den-
drobium officinale.
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Fig. 3. Effect of ultrasonic power on quercetin extraction from Den-
drobium officinale.
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Fig. 4. Effect of the ethanol concentration on quercetin extraction from Den-
drobium officinale.

to an increase in soluble polysaccharides and chlorophyll, which may
bind to quercetin, to precipitate or adsorb it, resulting in a decrease in the
quercetin extraction rate [26]. Therefore, the solid-to-liquid ratio in
subsequent experiments was optimized between 1:40 g/mL and 1:60
g/mL.

2.6.2. Effect of temperature on quercetin extraction from Dendrobium
officinale

Temperature has a certain effect on quercetin extraction from Den-
drobium officinale (Fig. 2). The extracted amount of quercetin increased
with increasing temperature. When the temperature was 60 °C, the
extracted amount reached the maximum (1.8 pg/g). Subsequently,
quercetin extraction ratio decreased with increasing temperature. This
result may be due to an increase in temperature within a certain range
promotes the dissolution of quercetin, but excessive temperature leading
to the destruction or volatilization of quercetin in Dendrobium officinale
[27]. Therefore, the temperature in subsequent experiments was opti-
mized between 50 °C and 70 °C.

2.6.3. Effect of ultrasonic power on quercetin extraction from Dendrobium
officinale

The ultrasound power had a significant impact on quercetin extrac-
tion from Dendrobium officinale (Fig. 3). When the ultrasonic power was
between 120 W and 160 W, the extracted amount of quercetin increased
with increasing ultrasonic power, but it decreased with the increase in
ultrasonic power when the power continued to increase. The reason for
this phenomenon may be that increasing ultrasonic power produces a
greater effect on the activity of cavitation bubbles. the flow speed of
solvents is accelerated withthe further increases in ultrasonic power, the
residence time of extracts in the ultrasonic field is reduced, the wall-
breaking effect of the ultrasound is weakened, leadingto reduced
extraction rate of quercetin [28]. At the same time, the thermal effect of
higher ultrasonic power may give rise to damaged quercetin structure,
contribute to a lower extraction rate [29]. Therefore, the ultrasonic
power in subsequent experiments was optimized between 140 W and 180
W.

2.6.4. Effect of ethanol concentration on quercetin extraction from
Dendrobium officinale

The ethanol concentration significantly affected quercetin extraction
from Dendrobium officinale (Fig. 4). The extracted amount of quercetin
firstly increased with increasing ethanol concentration, but then
decreased with further increases in the ethanol concentration. The cause
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Fig. 5. Effect of time on quercetin extraction from Dendrobium officinale.

Table 1
Two-level factorial design and results.
Run  Ethanol Temperature Time Power Liquid Quercetin
(%) (@) (min) W) Ratio (pg/g)
(%)
1 90 70 60 180 60 4.0283
2 50 50 60 140 60 4.2728
3 50 50 30 140 60 3.9518
4 50 50 30 180 60 3.8855
5 50 50 30 140 40 2.5772
6 90 70 60 180 40 2.7356
7 50 50 30 180 40 2.7316
8 50 70 60 180 40 2.5752
9 50 50 60 140 40 2.7216
10 90 70 30 180 40 2.9232
11 50 70 30 180 60 3.7777
12 920 50 60 140 40 2.8444
13 90 70 60 140 40 2.9480
14 920 50 30 180 40 2.9076
15 50 50 60 180 60 3.9451
16 50 70 30 180 40 2.6568
17 90 50 30 140 60 4.0861
18 50 70 60 140 60 4.0650
19 50 70 60 140 40 2.8132
20 50 70 30 140 40 2.6696
21 20 50 60 180 60 3.9680
22 50 70 60 180 60 3.9433
23 90 70 60 140 60 4.1090
24 20 70 30 180 60 4.0663
25 20 50 30 140 40 2.9244
26 90 50 30 180 60 4.2873
27 50 50 60 180 40 2.6480
28 20 70 30 140 40 2.9668
29 50 70 30 140 60 3.9662
30 90 70 30 140 60 4.0120
31 20 50 60 140 60 4.3385
32 20 50 60 180 40 2.7552

of this phenomenon may be related to quercetin polarity [30]. Quercetin
contains - OH, has a certain polarity, and quercetin is almost insoluble in
water, can be dissolved in high concentration of ethanol, so the amount
of quercetin extraction may be related to the solubility of quercetin to
ethanol. Therefore, the ethanol concentration in subsequent experiments
was optimized between 50% and 90%.

2.6.5. Effect of time on quercetin extraction from Dendrobium officinale
The extraction time is another important factor during quercetin
extraction from Dendrobium officinale (Fig. 5). The extracted amount of
quercetin increased continuously with increasing extraction time and
reached the maximum at 45 min. Upon further increases in extraction
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Table 2

ANOVA of the two-level factorial design.
Source Sum of Squares df Mean Square F-Value p-Value
Model 13.3700 9 1.4900 280.32 <0.0001
Ethanol 0.2300 1 0.2300 42.98 <0.0001
Temperature 0.0110 1 0.0110 2.05 0.1667
Time 0.0032 1 0.0032 0.61 0.4435
Power 0.0640 1 0.0640 12.09 0.0021
Liquid Ratio 12.8800 1 12.8800 243.78 <0.0001

Table 3
Central composite design and results.

Run Ethanol (%,A) Power (W,B) Liquid Ratio (%,C) Quercetin (pg/g)

1 90 (1) 140 (-1) 40 (-1) 2.5818

2 70 (0) 160 (0) 33.18 (-1.68) 2.5070

3 50 (-1) 140 (-1) 40 (-1) 2.3590

4 70 (0) 160 (0) 50 (0) 2.5661

5 50 (-1) 140 (-1) 60 (1) 2.3644

6 70 (0) 160 (0) 50 (0) 2.6033

7 90 (1) 180 (1) 60 (1) 2.3880

8 70 (0) 126.36 (-1.68) 50 (0) 2.3731

9 50 (-1) 180 (1) 40 (-1) 2.4710

10 70 (0) 160 (0) 50 (0) 2.5772

11 90 (1) 140 (-1) 60 (1) 2.4206

12 70 (0) 160 (0) 66.82 (1.68) 2.4871

13 103.64 (1.68) 160 (0) 50 (0) 2.4652

14 70 (0) 160 (0) 50 (0) 2.5619

15 50 (-1) 180 (1) 60 (1) 2.4925

16 36.36 (-1.68) 160 (0) 50 (0) 2.3438

17 70 (0) 160 (0) 50 (0) 2.5570

18 70 (0) 160 (0) 50 (0) 2.5355

19 90 (1) 180 (1) 40 (-1) 2.4703

20 70 (0) 193.64 (1.68) 50 (0) 2.4909

Table 4
ANOVA of the central composite design.

Source Sum of df  Mean F-Value p-Value Significance
Squares Square

Model 0.1200 9 0.0140 19.1800 <0.0001 i

A 0.0100 1 0.0100 14.7400 0.0033 o

B 0.0046 1 0.0046 6.4500 0.0294 *

C 0.0063 1 0.0063 8.9200 0.0137 *

AB 0.0091 1 0.0091 12.8700 0.0049 ok

AC 0.0180 1 0.0180 26.0300 0.0005

BC 0.0012 1 0.0012 1.5900 0.2357

A2 0.0450 1 0.0450 63.8300 <0.0001 i

B? 0.0078 1 0.0078 11.0500 0.0077 wx

c? 0.0310 1 0.0310 43.6200 <0.0001 i

Residual 0.0071 10  0.0007

Lack of 0.0046 5 0.0009 1.79 0.2685

Fit
Pure 0.0026 5 0.0005
Error

Cor Total ~ 0.1300 19

R? 0.9452

R%agj 0.8960

time, the extracted amount of quercetin decreased rapidly. Because ul-
trasonic extraction may destroy the extracted quercetin, for example,
long-term ultrasound heating may oxidize quercetin. Therefore, the
extraction time in subsequent experiments was optimized between 30
min and 60 min.

2.7. Screening of quercetin extraction factors by the two-level factorial
design

Based on single-factor experiments, the above five factors were
selected for mixed factor screening experiments. The two-level factorial
analysis was designed, and the results were shown in Table 1.

According to the two-level factorial experimental results shown in
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Fig. 6. Response surface plots of the effect of factor interactions on quercetin extraction yield. (A) Effect of the interaction between ethanol concentration and the
solid-to-liquid ratio; (B) Effect of the interaction between ultrasonic power and ethanol concentration; (C) Effect of the interaction between the solid-to-liquid ratio and

ultrasonic power.

Table 5
Verification of the experimental results.

Category Run Yield (pg/g) STDEV (%)
Predictive Experimental
Quercetin 1 2.58 2.59 0.0084
2 2.58 2.57
3 2.58 2.47
4 2.58 2.58
5 2.58 2.58
6 2.58 2.56

Table 2, the concentration of ethanol, ultrasonic power and solid-to-
liquid ratio were significant influencing factors, with P values less than
0.05.

2.8. Optimization of quercetin extraction by RSM

2.8.1. Analysis of the response surface model

According to the experimental results of two-level factorial analysis,
the response surface experiment was designed with the quercetin
extraction amount as the dependent variable. The coding values of the
three factors and the corresponding actual values were designed. The
experimental results are shown in Table 3.

Design-Expert 8.0.6.1 software was used to fit the response value of
quercetin extraction by multiple linear regression. The quadratic poly-
nomial regression equations for the ethanol concentration (A), solid-
liquid ratio (B), ultrasonic power (C) and quercetin extraction amount
from Dendrobium officinale were obtained. The results for the model co-
efficient of significance and variance analysis were shown in Table 4. The
regression model produced the following equation of the quercetin
extraction amount as a function of the ethanol concentration (A), solid-
to-liquid ratio (B) and ultrasonic power (C):

Y = 2.57 + 0.028A-0.018B + 0.022C-0.034AB-0.048AC+0.012BC-0.056A-
0.023B2-0.046C>

The data in Table 4 show that R? = 0.9452 adjusts the complex cor-
relation coefficient RZAdj = 0.8960 and the model misfit term P > 0.05.
This shows that the model has high reliability. The quadratic regression
equation obtained can predict the response value well and has a good fit.
At the same time, the first term A, the interaction terms AB and AC, and
the second terms A2, B and G2 showed extremely significant perfor-
mance, while the first terms B and C also showed significant
performance.

2.8.2. Interaction effects of different experimental factors on response
variables

Response surface images of three-dimensional surface maps consist-
ing of the ethanol concentration (A), solid-to-liquid ratio (B) and ultra-
sonic power (C) illustrate the pairwise interactions between the factors
[31]. The highest center of the surface diagram showed the extreme
value for pairwise interactions. As shown in Fig. 6 (A-C), the surfaces in
Fig. 6 (A) and (B) were steep, indicating that the interactions between the
ethanol concentration (A) and solid-to-liquid ratio (B), as well as the
ethanol concentration (A) and ultrasonic power (C) were very significant.
The surface in Fig. 6 (C) was relatively smooth, indicating that the
interaction between the solid-to-liquid ratio (B) and ultrasonic power (C)
was significant. From the trends in Fig. 6 (A), (B) and (C), it can be
concluded that ethanol concentration (A) had the greatest influence on
the response value, while the solid-to-liquid ratio (B) and ultrasonic
power (C) had relatively weak influences on the response value. The
above results are consistent with the results of the variance analysis.

2.8.3. Validation of optimal conditions

The optimum extraction condition of quercetin from Dendrobium offi-
cinale was obtained by analysis with Design-Expertsoftware, the ethanol
concentration was 81.6%, the solid-to-liquid ratio was 1:41.4 g/mL, the
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ultrasonic power was 156.36 W, the extraction time was 30 min, and the
temperature was 60 °C. Under these conditions, the theoretical extraction
ratio of quercetin from Dendrobium officinale was 2.58 pg/g. In practical
operations, the extraction process was adjusted to an ethanol concentra-
tion of 81.6%, a solid-to-liquid ratio of 1:41.4 g/mL, a power of 160 W, an
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extraction time of 30 min, and a temperature of 60 °C. Under these con-
ditions, the actual value of quercetin extracted in six parallel experiments
was 2.55 + 0.044 pg/g, as shown in Table 5. The deviation between the
theoretical value and the actual value of the model prediction was
[Deviation=(Theoretical value-Actual value)/Theoretical value * 100%],
which was less than 10%. This shows that the regression model obtained
by the response surface method is reliable, and the optimized extraction
process of quercetin from Dendrobium officinale has application value [32].

2.9. Analysis of quercetin in Dendrobium officinale seedlings

The contents of accumulated quercetinin Dendrobium officinale Seed-
lingsof tissue culture were determined by the above method for opti-
mizing the extraction of quercetin (Fig. 7). The results showed that there
were some differences in quercetin accumulation in different parts of
Dendrobium officinale within 360 days after germination. In general, the
quercetin content in the leaves was higher than that in the stems, and the
quercetin content in both parts increased first and then decreased. The
quercetin content in leaves reached the peak in the 90 days, then
decreased and reached a relatively stable low level after the 150 days.
The increased rate of quercetin in the stems was slower during first 60
days and then faster, but the increased rate of quercetin in the leaves was
relatively stable. The content of quercetin in leaves of 90 days was 5.119
ug/g, almost twice as much as that in seedlings of 30 days (2.695 pg/g).
This may be due to the fact that the cuticle of the plant is insufficient to
resist the external environment at the early stage of growth. It is neces-
sary to accumulate flavonoid secondary metabolites such as quercetin in
order to adapt to the external environment [33, 34].

O Control
b EHigh dose UV-B
Low dose UV-B
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/A SSS SIS SIS IS S S S5
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0 2 4 6
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Fig. 8. Effects of different irradiation intensities on quercetin content in Dendrobium officinale, (A), quercetin content in leaves; (B), quercetin content in stems.
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2.10. Effects of different UV-B intensities on quercetin content in
Dendrobium officinaleseedlings

The quercetin content in leaves and stems in the control group was
basically stable during the experimental period. The quercetin content in
the leaves of the irradiated group increased at the beginning of the
experiment compared with that of the control group (Fig. 8 A). The
quercetin content in the leaves of the irradiated high-dose and low-dose
groups reached the maximum on the second and fourth days, respec-
tively. After that, the quercetin content gradually decreased and stabi-
lized, but it was still higher than that of the control group. These
experimental results are similar to those obtained by Mosadegh et al.
[35] for the UV-B effect on sweet basil. Compared with leaves, stems
were less sensitive to UV-B radiation (Fig. 8 B). The quercetin content in
stems increased at a high irradiation dose and reached its maximum on
the sixth day, then, it gradually decreased with the increase in time. The
final quercetin content in stems was similar to that in the control group.
The quercetin content in the stems of the low-dose irradiation group was
almost the same as that of the control group during the whole experi-
mental period. At the same time, the quercetin content in leaves and
stems was similar to that in the high-dose irradiation group on the sixth
day. At other times, the quercetin content in leaves was higher than that
in stems.

3. Conclusions

Based on single-factor experiments, two-level factorial analysis was
used to screen the significant factors affecting quercetin extraction from
Dendrobium officinale. Finally, the optimal extraction process of quercetin
was determined by central composite design response surface method-
ology (CCD). The optimum conditions were as follows: ethanol concen-
tration, 81.6%; solid-to-liquid ratio, 1:41.4 g/mL; ultrasonic power, 160
W; extraction time, 30 min; and temperature 60 °C. The actual amount of
quercetin extracted from Dendrobium officinale was 2.506-2.594 pg/g
under these conditions. The content of quercetin in Dendrobium officinale
was higher in the early growth stage after optimizing the extraction
process for one year after germination. The content of quercetin in the
leaves was higher than that in the stems, as the plant grows, the content
of quercetin decreases in both parts.

In the UV-B radiation experiment, the response of distinct Dendrobium
officinale tissues to different radiation intensities varied. The response of
the leaves of Dendrobium officinale to UV-B radiation was more stronger
than that of the stems. Quercetin content in the leaves of Dendrobium
officinale increased under high-dose and low-dose UV-B irradiation con-
ditions, and the peak times of quercetin content increases caused by
irradiation intensities were different, while the quercetin content in the
stems changed only under high-dose irradiation conditions.
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