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Abstract

[ Objectives ] To optimize the solid-state fermentation process of Flos Sophorae Immaturus by Penicillium with Sophora japonica cv.

jinhuai as raw material. [ Methods] The fermentation conditions were optimized by single factor experiment and response surface methodology

with quercetin content as the dependent variable. [ Results] According to the established model, the optimal fermentation process of Flos
Sophorae Immaturus was obtained as follows : temperature 29.97 °C | time 6. 88 d, rotation speed 180.86 rpm, inoculation amount 3.93 mL,

and the expected content of quercetin was 34.805 3 mg/g. Based on this, the fermentation parameters were adjusted, and the actual content

was 33.67 mg/g, which was close to the predicted value. [ Conclusions | The optimization of fermentation process of Flos Sophorae Immaturus

by response surface methodology provides a reference for the development and utilization of this medicinal material.
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1 Introduction

The dried flower buds of the legume Sophora japonica L., com-
monly known as Flos Sophora Immaturus, are shaped like rice
grains and mainly contain more than 10 flavonoids such as rutin
and quercetin''’. The Chinese Pharmacopoeia (2015) shows that
Flos Sophora Immaturus has the effects of cooling blood and stop-

2l The main

ping bleeding, clearing the liver and purging fire
cultivars include Sophora japonica L. ,Cassia surattensis Burm. f. |
and Sophora japonica cv. jinhuai. Among them, S. japonica cv.
jinhuai is an excellent variety. Flos Sophora Immaturu from S. ja-
ponica cv. jinhuai has the highest content of rutin, as high as
1 —2 times of other varieties. Flos Sophora Immaturu from S. ja-
ponica cv. jinhuai produced in Quanzhou of Guangxi has rutin
content of 25% —28% , and the highest is up to 40% ™). The
source of quercetin can be hydrolyzed from rutin. Quercetin is a
research hotspot in recent years. Quercetin has antioxidant, anti-
Streptococcus mutans biofilm activity, anti-allergic, antiviral and

anti-tumor effects” ™"

. It has great development space and appli-
cation prospects in the medical and pharmaceutical industries.
Therefore, it is necessary to optimize the preparation process of
quercetin from Flos Sophora Immaturu from S. japonica cv. jin-
huai for both clinical application and pharmacy.

At present, the main methods to obtain quercetin are solvent

[10]

. 9 . . . .
extraction"”’ , ultrasound-assisted extraction , microwave-assis-
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and  Microenvironment

[11 [12-13]

. Microbial fer-

mentation refers to the conversion of active components of Chinese

ted extraction''’ and microbial fermentation

medicinal materials by enzymes produced during the growth and
M Studies

have shown that after entering the intestinal tract, rutin, the active

metabolism of bacteria in the fermentation process

components of Flos Sophora Immaturu, is hydrolyzed into querce-
tin by microorganisms to exert its efficacy[ls] . Taking Flos Sophora
Immaturu from S. japonica cv. jinhuai produced in northern
Guangxi as the base material, the Penicillium was used for solid
state fermentation, rutin in Flos Sophora Immaturu from S. japoni-
ca cv. jinhuai was converted to quercetin. The fermentation
process of Flos Sophora Immaturu from S. japonica cv. jinhuai was
optimized by the response surface methodology (RSM), in order
to provide an idea for effective utilization of rutin in Flos Sophora

Immaturu from S. japonica cv. jinhuai.

2 Materials and methods

2.1 Materials The medicinal material, collected from Quanzhou
County of Guangxi, was identified by researcher Jiang Yunsheng
from Guangxi Institute of Botany as Sophora japonica cv. jinhuai.
Penicillium (isolated and screened by Pathogenic Microbiology La-
boratory, School of Basic Medicine, Guilin Medical University ) ;
quercetin reference substance ( China National Institute for Food
and Drug Control, batch No. ; 100081, content 99.1% ) ; metha-
nol for chromatographic purity, water for ultrapure water; Czapek
— Dox Medium ( Shanghai Bioway Biotechnology Co. , Ltd. ) ; an-
alytical balance (Shanghai Jingtian Electronic Instrument Facto-
ry) ; high-speed multifunctional pulverizer ( Yongkang Boou Hard-
ware Products Co., Ltd.); high performance liquid chromato-
graph ( Shimadzu 1.C-20a, Shimadzu Enterprise Management
Co. , Ltd. ) ; constant temperature oscillator ( Shaoguan Taihong
Medical Equipment Co. , Titd. ).
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2.2 Methods

2.2.1 Preparation of seed solution. The strain was inoculated on
Czapek-Dox Medium and cultured at 30 °C for4 —6 d. The spores
were scraped off with sterile water to prepare the spore suspen-
sion. The spore suspension was placed in a conical flask contai-
ning 100 mL of seed liquid medium and cultured at 30 °C in a sha-
king incubator at 160 rpm for 72 h to obtain the seed solution.
2.2.2 Solid-state fermentation culture. Dried and crushed the
Flos Sophorae Immaturus ( passing through a 100-mesh sieve ),
weighed 5 g of Flos Sophorae Immaturus powder, put it into a 250
mL conical flask, added a certain amount of inorganic salt Czapek-
Dox Medium, and mixed well. Autoclaved at 121 “C for 30 min.
Under the aseptic condition, a certain amount of seed solution was
inoculated and then placed in a constant-temperature shaking in-
cubator to be cultured for a certain time.
2.2.3 Determination of quercetin content (i) Chromato-
graphic conditions. The column was InterSustain C4 (4.6 mm X
150 mm, 5 wm), the column temperature was 30 °C, the flow
rate was 1 mL./min, the detection wavelength was 365 nm, the in-
jection volume was 20 pL, and the mobile phase was methanol-
water (60 : 40). (ii) Plotting of quercetin content standard
curve. Precisely weighed 5 mg of quercetin reference substance
and added into a 50 mL volumetric flask, added chromatographic
methanol to dissolve, fixed the volume to the scale line, and re-
frigerated at 4 °C for later use. Precisely weighed and fixed the
volume with chromatographic methanol in accordance with the
above chromatographic conditions. The results showed that the lin-
ear range of quercetin was 2 —12 pg/mL and the regression equa-
tion was ¥ =173.74X -106.53, R* =0.999 7.

2.4 Response surface method optimization experiment
Four factors including fermentation temperature, fermentation
time, shaker speed and inoculation amount were selected as inde-
pendent variables, and the content of quercetin was selected as re-
sponse value. According to the Box-Benhnken design principle,
the response surface methodology with four factors and three levels
was used to obtain the optimal fermentation process, which was re-

peated three times. The factor level design is shown in Table 1.

Table 1 Response surface factor levels

Level A (Inoculation B ( Temperature ) C (Time) D (Rotation
amount ) //mL //C //d speed) //rpm
-1 ! 28 5 160
0 4 30 7 180
7 32 9 200

3 Results and analysis

3.1 Results of response surface

3.1.1 Establishment and analysis of regression equation. Taking
the fermentation temperature, time, rotation speed, and inocula-
tion amount as main factors, the experiment was carried out ac-
cording to BOX-Behnken Design principle. The experiment design
and results are shown in Table 2.

Table 2 Box-Behnken experiment design and results

Experiment A B ¢ b Content
No. (Inoculation (Temperature) (Time) (Rotation me/g
amount) //mL C d speed) //rpm
1 -1 0 0 1 18.27
2 -1 -1 0 0 17.06
3 0 0 1 1 16.53
4 1 0 1 0 16.81
5 0 0 0 0 37.26
6 0 0 0 0 32.36
7 0 0 0 0 34.58
8 0 0 0 0 35.79
9 0 0 -1 1 18.60
10 0 -1 -1 0 19.24
11 0 1 0 1 18.54
12 0 1 1 0 16.23
13 -1 0 0 -1 22.16
14 0 0 0 0 33.78
15 1 0 0 1 18.20
16 -1 0 1 0 17.16
17 0 -1 0 1 26.28
18 1 0 -1 0 19.96
19 0 1 -1 0 19.61
20 1 0 0 -1 14.96
21 -1 1 0 0 20.17
22 -1 0 -1 0 19.48
23 0 1 0 -1 19.50
24 0 -1 0 -1 16.53
25 0 0 -1 -1 17.35
26 1 1 0 0 19.36
27 0 -1 1 0 16.55
28 0 0 1 -1 18.39
29 1 -1 0 0 19.21

Table 3 Analysis of variance of response surface method variance quad-
ratic model

Square  Degree of Mean Significance

ftem sum freedom square F value level
Model 1158.79 14 82.77 20.130  <0.000 1"
A 2.80 1 2.80 0.680 0.422 8

B 0.18 1 0.18 0.043 0.838 3

C 13.17 1 13.17 3.200 0.9520

D 4.73 1 4.73 1.150 0.3019
AB 2.19 1 2.19 0.530 0.477 5
AC 0.17 1 0.17 0.042 0.840 8
AD 12.71 1 12.71 3.090 0.100 6
BC 0.12 1 0.12 0.029 0.867 3
BD 28.68 1 28.68 6.970 0.019 4~
CcD 2.42 1 2.42 0.590 0.4559
A? 427.32 1 427.32  103.920 <0.0001**
B 358.24 1 358.24 87.120 <0.000 1"~
c? 522.82 1 522.82  127.150 <0.0001**
D? 394.92 1 394.92 96.040  <0.0001**
Residual error 57.57 14 4.110

Lack of fit 43.50 10 4.35 1.240 0.452°5
Pure error 14.06 4 3.520

Total error 1216.36 28

Note: * denotes significant (P <0.05) and * * indicates extremely significant

(P<0.01).
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With the aid of Design-Expert 8. 0 software, the correlation
equation of influencing factors can be obtained by quadratic re-
gression analysis of the data in Table 2. The fitting equation of the
model obtained by multiple regression fitting analysis is as follows ;
Y=34.75-0.484 -0. 12B - 1.05C +0. 63D - 0. 74AB - 0. 21AC
+1.784D - 0. 17BC - 2. 68BD - 0. 78CD - 8. 124’ - 7. 43B° -
8.98C° -7.80D".

From Table 3, it can be seen that the regression equation was
significant (P <0.000 1) and the lack of fit was not significant
(P>0.05), indicating that the binomial equation in the test mod-
el was more in line with the actual fermentation situation, reflec-
ting that the interaction of fermentation temperature, time, rota-

Content

—0. 50
-1.00 -1.00

B: Temperature A: Inoculation amount

tion speed and inoculation amount had a highly significant impact
on the content of quercetin.

3.1.2 Response surface interaction analysis. Fig. 1 shows the
effect of fermentation time 5 d, rotation speed 160 rpm, inocula-
tion amount and temperature interaction on quercetin content.
Fig. 1 shows that when the fermentation temperature is constant,
the content of quercetin first increases and then decreases with the
increase in inoculation amount; when the inoculation amount is
constant, the content of quercetin first increases and then decrea-
ses with the increase in fermentation temperature; the content of
quercetin reaches the maximum when the fermentation temperature
and inoculation amount is in the middle level.

Content

B: Temperature

-1. 00 —0. 50 0 0. 50 1. 00

A: Inoculation amount

Fig.1 Three-dimensional curved surface and contour of interaction between temperature and inoculation amount on quercetin content

Fig. 2 shows the effect of fermentation temperature 30 °C , ro-
tation speed 160 rpm, inoculation amount and time on the content
of quercetin. Fig.2 shows that when the fermentation time is con-
stant, the content of quercetin first increases and then decreases
with the increase in inoculation amount; when the inoculation

Content

=0. 50 =0. 50
-1.00 -1.00
A: Inoculation amount

C: Time

amount is constant, the content of quercetin first increases and
then decreases with the increase in fermentation time; The content
of quercetin reaches the maximum when the fermentation time and
inoculation amount is in the middle level.

Content

C: Time

-1. 00 -0. 50 0 0. 50 1. 00

A: Inoculation amount

Fig.2 Three-dimensional curved surface and contour of interaction between time and inoculation amount on quercetin content

Fig. 3 shows the effects of fermentation temperature 30 °C,
fermentation time 5 d, and the interaction of inoculation amount
and rotation speed on the content of quercetin. It can be seen from

Fig. 3 that when the rotation speed is constant, the content of
quercetin first increases and then decreases with the increase in

inoculation amount; When the inoculation amount was constant,
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the content of quercetin increased first and then decreased with the
increase in rotation speed, and the content of quercetin reaches

Content

=0.50 =0. 50
-1.00 -1.00

D: Rotation speed A: Inoculation amount

the maximum when the inoculation amount and rotation speed is in
the middle level.
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Fig.3 Three-dimensional curved surface and contour of the interaction of rotation speed and inoculation amount on quercetin content

Fig.4 shows the effect of the interaction of fermentation time and
fermentation temperature on the content of quercetin at inoculation
amount of 4 mL, rotation speed of 160 rpm. Fig. 4 shows that
when the fermentation temperature is constant, the content of
quercetin first increases and then decreases with the increase in

Content

-0.50
-1.00 -1.00

C: Time B: Temperature

fermentation temperature; when the fermentation temperature is
constant, the content of quercetin first increases and then decrea-
ses with the increase in fermentation time; when the fermentation
time and temperature are in the middle level, the content reaches

the maximum.

Content

-1. 00 -0.50 0 0. 50 1. 00

B: Temperature

Fig.4 Three-dimensional curved surface and contour of interaction of temperature and time on quercetin content

Fig. 5 shows the effect of the interaction of rotation speed and
fermentation temperature on the content of quercetin when the fer-
mentation time is 5 d and the inoculation amount is 4 mL. Fig.5
shows that when the fermentation temperature is constant, the con-
tent of quercetin first increases and then decreases with the in-
crease in the rotation speed; when the rotation speed is constant,
the content of quercetin first increases and then decreases with the
increase in the fermentation temperature ; the content of quercetin
reaches the maximum when the rotation speed and fermentation

temperature are in the middle level.

Fig. 6 shows the effect of the interaction of rotation speed and
fermentation time on the content of quercetin when the fermenta-
tion temperature is 30 °C and the inoculation amount is 4 mL. Tt
can be seen from Fig. 6 that when the fermentation time is con-
stant, the content of quercetin increases first and then decreases
with the increase in the rotation speed; when the rotation speed is
constant, the content of quercetin increases first and then decrea-
ses with the increase in the fermentation time; when the rotation
speed and fermentation time are at an intermediate level, the

quercetine content reaches the maximum.
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Fig.5 Three-dimensional surface and contour of the interaction of rotation speed and temperature on quercetin content
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Fig.6 Three-dimensional surface and contour of the interaction between rotation speed and time on quercetin

3.2 Verification experiment According to Box-Behnken opti-
mization test and regression model analysis, the optimum fermenta-
tion conditions of Flos Sophorae Immaturus were obtained as fol-
lows: inoculation amount was 3. 93 mL, fermentation temperature
was 29.97 °C, fermentation time was 6. 88 d, and rotation speed
was 180. 85 rpm. Under these optimized conditions, the content of
quercetin was estimated to be 34. 81 mg/g. Considering the practi-
cal operation, the fermentation parameters were adjusted to facili-
tate the experiment, and the optimal fermentation conditions were
determined as follows: inoculation amount of 4 mL, fermentation
temperature of 30 °C , fermentation time of 7 d, and rotation speed
of 180 rpm. The content of quercetin was 33. 67 mg/g. The results
were close to the predicted values, indicating the accuracy and re-
liability of the optimized solid-state fermentation conditions for the
Flos Sophorae Immaturus from S. japonica cv. jinhuai in northern
Guangxi.

4 Discussion
The existing production of quercetin generally adopts a chemical
two-step process to prepare the quercetin, and the rutin in Flos So-

phorae Immaturus can be directly converted into the quercetin by

microbial fermentation, and the solid-state fermentation has bene-
fits of low requirement on equipment, low energy consumption and
low pollution. The fermentation products do not need complex ex-
traction and separation processes, which has practical value in fur-
ther reducing production costs and environmental pollution. Micro-
bial fermentation is an extremely complex biochemical reaction
process. In the fermentation industry, its production level depends
not only on the performance of the production strain itself, but also
on the external environment such as fermentation conditions.
Therefore, the optimization of fermentation medium plays an im-
portant role in improving the fermentation level"”’. In order to ob-
tain the optimum fermentation process, we adopted the response
surface methodology in this experiment. Compared with the tradi-
tional optimization method, the response surface methodology can
optimize the optimal process through an intuitive and highly accu-
rate mathematical model. We carried out polynomial fitting on the
relationship between factors and results, and optimized the solid-
state fermentation process of Flos Sophorae Immaturus by Penicilli-
um with Sophora japonica cv. jinhuai as raw material. The opti-
mum fermentation process is as follows: temperature 29. 97 C,
time 6. 88 d, rotation speed 180. 86 rpm, inoculation amount 3. 93
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mL. Under these conditions, the expected content of quercetin was
34.805 3 mg/g. The mathematical model established in this exper-
iment is reliable and reasonable. It improves the work efficiency,
and provides a reference for the further development of rutin in
Flos Sophorae Immaturus to transform quercetin.
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demonstrated that the process was reasonable and feasible.

4 Conclusions

In this study, 14 kinds of traditional Chinese medicine, such as
Cortex llicis Rotundae, Herba Violae, Herba Polygoni Perfoliati,
Radix et Rhizoma Rhei, Radix Sangusorbae, Herba Portulacae,
etc. , were used as raw materials to prepare Zhuang medicine fu-
migation lotion by water extraction process, and a quality standard
was preliminarily established to evaluate and control the quality of
Zhuang medicine fumigation lotion.
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