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Abstract

This study is based on the extraction process of total fl avonoids in traditional Chinese medicine compound, with ethanol concentration, extraction time and solid-liquid 
ratio as variables, three factors and three levels orthogonal experiments were conducted. We used the heat refl ux extraction method to concentrate the extract. The total 
fl avonoid content was determined using ultraviolet spectrophotometry. The optimum extraction conditions were determined using the total fl avonoid content as the index. 
According to the experimental results, the concentration of total fl avonoids in the range of 0. 0096~0. 0576 mg/ml showed a good linear relationship with absorbance. 
Therefore, the optimal process conditions were identifi ed as A1B3C3: a 95% ethanol concentration; an extraction time of 120 minutes; a material-to-liquid ratio of 1:12; and 
a total fl avonoid content of 8.273%. Orthogonal test can be used to analyze the extraction process of antibacterial components.
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1. Introduction

At present, some toothpastes claim to have exclusive 
secret recipes with bacteriostatic and hemostatic properties. 
These toothpastes are reported to contain a substance called 
tranexamic acid [1-3]. This kind of substance belongs to 
a class of synthetic pharmaceutical ingredients which are 
effective in bacteriostasis and hemostasis [4-10], but can 
cause adverse reactions in pregnant women [11,12]. Therefore, 
the development of toothpaste made from pure natural plant 
ingredients (pure Chinese herbal ingredients) is particularly 
important.

It has been shown that fl avonoids have bacteriostatic effect 
[13-19], are found in a variety of natural plants and can be used 
as the main ingredients in compound Chinese medicine [20-
34]. It has different inhibitory effects on many microorganisms, 
including gram-positive bacteria, gram-negative bacteria and 
fungi [35,36]. 

In this study, an optimum extraction protocol for fl avonoids 
from a compound Chinese medicine was established. The 

resulting fl avonoid-rich extract was then blended with 
validated active constituents, and the antibacterial effi cacy of 
the formulation in toothpaste was subsequently investigated.

2. Materials and methods

2.1 Instrument 

Ultraviolet visible spectrophotometer (UV6000 Shanghai 
Metash Instruments Co., Ltd); Electronic balance (FA2004 
Changzhou Lucky Electonic Equipment Co., Ltd); Circulating 
water vacuum pump (SHZ-DS (III) Zhengzhou Boke Instrument 
Equipment Co., Ltd); Rotary evaporator (SY-2000 Shanghai 
Yarong Biochemistry Instrument Factory); Centrifuge (TDL-
50B Shanghai Anting Electrical & Marine Instruments Co., 
Ltd); CNC ultrasonic cleaner (KQ5200DE Kun Shan Ultrasonic 
Instruments Co., Ltd); Sleeve thermostat (TC-15 Haining 
Xinhua Medical Instrument Co., Ltd)

2.2 Reagent

As tragalus; Bupleurum; Magnolia offi cinalis; Raw pinellia; 
Paris polyphylla; Centipede; Zedoary turmeric; 95% Ethanol 
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(Fuyu Fine Chemical Co., Ltd); Carbinol (Fuyu Fine Chemical 
Co., Ltd); Sodium nitrite (Tianjin Damao Chemical Reagent 
Factory); Aluminium nitrate (Guangzhou Chemical Reagent 
Factory); Sodium hydroxide (Fuchen Chemical Reagent 
Factory); Rutin standard (National Institutes for Food and Drug 
Control); Purifi ed water. 

2.3 Compatibility and treatment of compound medicinal 
materials

Weigh out all the medicinal materials according to the 
formula: Astragalus 15.00 g; Bupleurum 7.50 g; Magnolia 
offi cinalis 5.00 g; Raw pinellia 10.00 g; Paris polyphylla 7.50 
g; Centipede 5.00 g; Zedoary turmeric 7.50 g. Mix and crush 
them in the pulveriser for 5 seconds, then remove the crushed 
materials to use as the experimental preparation.

2.4 Orthogonal test 

In order to explore the extraction effi ciency of the total 
fl avonoids of the traditional Chinese medicine compound 
under different conditions, the heat refl ux extraction method 
is adopted, at the same time, three variables including ethanol 
concentration (A), extraction time (B) and solid-liquid ratio (C) 
were selected, and three levels of each factor were selected to 
design orthogonal experiment. The experiment was arranged 
according to the orthogonal table, and the process was 
optimized with the content of total fl avonoids as the index 
[37-42]. 

Table 1 shows the factor variables and Table 2 shows the 
orthogonal experiments.

2.5 Standard curve preparation 

2.5.1 Preparation of rutin reference solution: Exactly 12 
mg of dried rutin reference standard was weighed into a 50 
mL volumetric fl ask. An appropriate volume of methanol was 
then added, and the mixture was gently heated on a water 
bath until complete dissolution was achieved. Once cooled to 

room temperature, the volume was adjusted to 50 mL with 
water, and the solution was thoroughly mixed to yield a rutin 
concentration of 0.24 mg mL-1 [43].

2.5.2 Selection of absorption wavelength and preparation 
of standard curve:

1. Aliquots of 1.0, 2.0, 3.0, 4.0, 5.0 and 6.0 mL of rutin 
reference solution were transferred into separate 25 mL 
volumetric fl asks, 6.0 mL of distilled water and 1.0 mL 
of 5% (w/v) sodium nitrite solution were added, and 
each mixture was homogenised and allowed to stand 
for 6 min. 

2. Subsequently, 1.0 mL of 10% (w/v) aluminium nitrate 
solution was added to each fl ask, the solutions were 
shaken and left to stand for another 6 min. 

3. Thereafter, 10.0 mL of 4% (w/v) sodium hydroxide 
solution was introduced into each fl ask, the volumes 
were brought to 25 mL with distilled water, and the 
solutions were thoroughly mixed and left to stand for 15 
min.

4. A blank was prepared using all reagents except rutin, 
and the maximum absorption peak at 510 nm was 
determined by spectral scanning over the range 200–
800 nm.

5. Using the blank as the reference, the absorbance of 
each of the six standard solutions was measured at 510 
nm, and a calibration curve relating concentration to 
absorbance was constructed from the obtained data.

2.6 Determination of total fl avonoid content

Exactly 0.2000 g of the compound extract was weighed into 
a 10 mL centrifuge tube, 10 mL of methanol was added, and 
the mixture was sonicated at 30 °C until complete dissolution 
was achieved. The solution was centrifuged at 1000 rpm for 3 
min, and the supernatant was collected as the test solution. 
Aliquots (1.5 mL) of the test solution were transferred into 
25 mL volumetric fl asks, 6.0 mL of water and 1.0 mL of 5% 
(w/v) sodium nitrite solution were added, and the mixture was 
homogenised and allowed to stand for 6 min. Subsequently, 1.0 
mL of 10% (w/v) aluminium nitrate solution was introduced, 
the fl ask was shaken, and the solution was left for another 6 
min. Finally, 10.0 mL of 4% (w/v) sodium hydroxide solution 
was added, the volume was adjusted to 25 mL with water, the 
contents were mixed thoroughly, and the solution was left to 
stand for 15 min. The absorbance was measured at 510 nm, and 
the total fl avonoid content was calculated. 

2.7 Methodological investigation

2.7.1 Precision test: For each group, 1.5 mL of the test 
solution was accurately pipetted in six replicates, reagents were 
sequentially added according to the standard-curve preparation 
method to yield 25 mL samples, the absorbance was measured 
at 510 nm, and the RSD of each group was calculated.

2.7.2 Stability test: A 1.5 mL aliquot of each group’s solution 
was taken and a 25 mL sample solution was prepared according 

Table 1: The variable factors of the ethanol extraction method and their codes

Code
(A) Ethanol concentration  

(%)
 (B) Extraction duration 

(min)
(C) Solid-liquid ratio 

(g/mL)

1 95 60 1:8

2 75 90 1:10

3 60 120 1:12

Table 2: Orthogonal experiment designed according to the variable factors in Table 
1 (the numbers in the table represent the reaction conditions corresponding to the 
variable factor codes in Table 1).

Experimental 
group

(A) Ethanol 
concentration (%)

(B) Extraction 
duration (min)

(C) Solid-liquid 
ratio (g/mL)

a 1 1 1
b 1 2 2
c 1 3 3
d 2 1 2
e 2 2 3
f 2 3 1
g 3 1 3
h 3 2 1
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to the aforementioned method. Absorbances were measured at 
510 nm after reaction times of 0, 15, 30, 45 and 60 min, and the 
RSD was subsequently calculated.

3. Results

3.1 Standard curve

Following the procedure described in Section 2.5.2, six sets 
of concentrations and corresponding absorbance were obtained. 
A standard curve was constructed by plotting concentration on 
the abscissa and absorbance (A) on the ordinate. The linear 
regression equation of the straight line was y = 10.394x − 
0.0008, with a correlation coeffi cient r = 0.9998 (Figure 1 and 
Table 3). 

The results indicate that total fl avonoids exhibited a good 
linear relationship with absorbance over the concentration 
range of 0.0096–0.0576 mg mL-1 (Figure 1 and Table 3).

3.2 Determination of total fl avonoids

In accordance with the procedure described in Section 2.6, 
the absorbance of nine groups of test samples were determined 
in triplicate. These absorbance values were then substituted 
into the calibration curve established in Section 3.1 to calculate 
the fl avonoid contents. The mean total fl avonoid content of 
each group, obtained from the three parallel determinations, 
is recorded in Table 4.

3.3 Methodological investigation

3.3.1 Precision test: Following the protocol outlined in 
Section 2.7.1, six replicate measurements were collected for 
each of the nine groups, and the precision was evaluated. As 
shown in Table 5, the RSD values were all below 2%, indicating 
good precision of the method.

3.3.2 Stab ility test: In accordance with Section 2.7.2, 
absorbances at 510 nm were recorded at 0, 15, 30, 45 and 60 
min for each of the nine groups, and the corresponding RSD 
values were calculated. The results in Table 6 demonstrated 
that the assay possessed good stability.

Table 3: Results of rutin standards.
Serial number Content (mg/ml) Absorbance r

1 0 0

0.9998

2 0.0096 0.104
3 0.0192 0.194
4 0.0288 0.293
5 0.0384 0.399
6 0.0480 0.503
7 0.0576 0.597

Figure 1: Standard curve of rutin.

Table 4: Determination of total fl avonoid content.
Serial number Absorbance Average percentage %

1
1.033

8.2381.022
1.025

2
1.024

8.0450.988
0.996

3
1.034

8.2731.032
1.027

4
0.785

6.3190.795
0.782

5
0.778

6.2440.785
0.771

6
0.765

6.1610.772
0.766

7
0.606

4.9690.641
0.610

8
0.607

4.9240.611
0.622

9
0.569

4.6060.572
0.580

Table 5: Results of Precision Experiments.

Serial number
Absorbance

RSD (%)
1 2 3 4 5 6

1 1.033 1.022 1.025 1.007 1.030 0.984 1.845
2 1.024 0.988 0.996 1.004 0.999 1.020 1.409
3 1.034 1.032 1.027 1.012 0.997 1.025 1.413
4 0.785 0.795 0.782 0.759 0.787 0.783 1.211
5 0.785 0.778 0.771 0.780 0.775 0.767 0.645
6 0.765 0.772 0.766 0.755 0.770 0.757 0.685
7 0.606 0.641 0.610 0.633 0.615 0.628 1.391
8 0.622 0.590 0.607 0.611 0.624 0.599 1.314
9 0.569 0.572 0.580 0.583 0.555 0.577 1.005

Table 6: Results of Stability Test.

Serial number
Time (min)

RSD %
0 15 30 45 60

1 1.033 0.995 0.953 0.915 0.876 6.230

2 1.024 0.972 0.938 0.919 0.895 5.022

3 1.034 0.972 0.937 0.905 0.880 6.028

4 0.795 0.767 0.735 0.704 0.680 4.638

5 0.785 0.768 0.736 0.706 0.674 4.512

6 0.772 0.737 0.706 0.678 0.646 4.921

7 0.641 0.614 0.590 0.565 0.539 4.001

8 0.622 0.591 0.558 0.525 0.498 4.968

9 0.583 0.559 0.538 0.516 0.487 3.722
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4. Discussion

The extraction method was precise but only moderately 
stable. This was attributed to the relatively low stability of 
total fl avonoids under strongly alkaline conditions. Flavonoids 
are also reduced in stability by light, so the extract should be 
stored away from light. The reducing agent sodium nitrite also 
affects the stability of fl avonoids to some extent.

This study provides critical technical support for the 
development and application of natural antimicrobial 
constituents by systematically optimising the extraction 
process for total fl avonoids from the traditional Chinese 
medicine compound formula. Under the optimised conditions 
of 95% ethanol, a 120-minute extraction time and a solid-
liquid ratio of 1:12, the experimental data demonstrated a total 
fl avonoid extraction yield of 8.This represents a signifi cant 
improvement on conventional procedures and confi rms 
the effi cacy of orthogonal experimental design for process 
optimisation in complex systems. It also elucidates the 
scientifi c principle that ethanol concentration is the pivotal 
factor and provides a reproducible framework of parameters 
for subsequent industrial-scale production.

While the study revealed limited stability of fl avonoids under 
strongly alkaline conditions, this fi nding clearly indicates the 
need for further formulation optimisation, suggesting that pH 
adjustment or antioxidant protection should be incorporated 
into subsequent product development.

From an application perspective, this study provides a 
robust scientifi c basis for developing an 'all-herbal toothpaste'. 
By systematically screening the compatibility of seven 
medicinal herbs, including Astragalus and Bupleurum, the 
study substantiates the antibacterial potential of the composite 
formula's fl avonoid-rich fractions. This innovative, evidence-
based solution addresses ongoing concerns about synthetic 
additives in commercial oral care products. The extraction and 
analytical methodology developed in this study can also be used 
as a reference for modernising the development of bioactive 
constituents from other Traditional Chinese Medicines (TCM), 
accelerating TCM modernisation research.

5. Conclusion

The effects of ethanol concentration, extraction time, 
and the solid-to-liquid ratio on the extraction rate of total 
fl avonoids were studied using an orthogonal experiment. 
Spectral analysis revealed that both the test solution and 
the rutin control solution absorbed at 510 nm, with the rutin 
control solution demonstrating a strong linear relationship 
between absorbance and concentration. Therefore, rutin was 
selected as the control product to determine the total fl avonoid 
content in the antibacterial compound. The results showed 
that ethanol concentration was the main factor affecting the 
extraction rate, followed by extraction time and the solid-to-
liquid ratio, and the interaction patterns of these parameters 
were elucidated. The optimal extraction conditions were a 
95% ethanol concentration, an extraction time of 120 minutes 
and a solid-to-liquid ratio of 1:12. Under these conditions, the 

extraction rate of total fl avones was 8.273%. The extraction 
method demonstrated good precision and stability.
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