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ABSTRACT

The Siraitia grosvenorii is a Chinese herb with various bioactive properties that has been 
widely used as a culinary ingredient and in traditional medicine. Flavonoids are among 
the important bioactive compounds in S. grosvenorii, which contribute significantly to the 
biological activity of S. grosvenorii. S. grosvenorii-flavonoids have been reported to possess 
various biological and pharmacological activities, including antioxidant, antibacterial, 
anti-inflammatory, hypolipidemic, and anti-diabetic, which are important for human 
health. Based on previous reports, the structure, extraction technology, biological activity 
and further development regarding S. grosvenorii-flavonoids are reviewed in this paper, 
providing appropriate insights and references for future development of S. grosvenorii-
flavonoids.
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INTRODUCTION 

The  con t inuous  deve lopment  and 
improvement of science and technology 
provide people with production and life 
conveniences but are also fraught with 
innumerable risks and challenges. The 
potential risks of chemical food additives 
and drug resistance are among today’s 
scientific challenges (Irfan et al., 2022; 



ZhaoJing, Douglas Law, Ahmed Najm, Cheah Yew Hoong and Shazrul Fazry

PREPRINT

Moudaka et al., 2023; Najm et al., 2022). To solve these problems, researchers are searching 
for new, safer, and more appropriate natural bioactive compounds as substitutes (Zang et 
al., 2022). Siraitia grosvenorii (Luo Han Guo) is a Cucurbitaceae herb mainly distributed 
in China’s tropical and subtropical regions (Figure 1). The Chinese explored, applied, and 
recorded its medicinal potential more than 300 years ago (Gong et al., 2019). Presently, S. 
grosvenorii fruit is widely used as a food sweetener (Li, Li et al., 2022) and supplement 
ingredients (Abdel-Hamid et al., 2020) due to its natural sweet, low-calorie glycosides, 
which are regarded as an ideal new sugar source for patients with diabetes and obesity 
(Thakur et al., 2022). Numerous substances, including a wide variety of triterpenoids and 
flavonoids, as well as amino acids and two types of polysaccharides, have been isolated 
from S. grosvenorii to date (Duan et al., 2023; Gong et al., 2022), adding to its value for 
future development and use. Table 1 displays some common compounds and their activities 
in S. grosvenorii extracts.

Flavonoids are a class of bioactive molecules with various phenolic structures in plants’ 
fruits, roots, stems, leaves, and flowers, among other parts of S. grosvenorii. Due to their 
antioxidant, anti-inflammatory, and anticancer properties, as well as their ability to regulate 
the functions of important cellular enzymes, they are regarded as essential components 
in numerous contemporary food, pharmaceutical, and cosmetic applications (Shen et al., 
2022; Čižmárová et al., 2023). Additionally, with the rise of numerous cardiovascular, 
cerebrovascular, and immune diseases in recent years, flavonoid research and application 
in the management of numerous cerebrovascular diseases and immune deficiency diseases 
has garnered particular interest (Barreca et al., 2023; Keylani et al., 2023). It was discovered 
that flavonoids, mainly flavonoids and flavonols, are one of the primary active components 

Figure 1. The distribution of Siraitia grosvenorii in China

Siraitia grosvenorii
Guangxi Province
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of S. grosvenorii. The S. grosvenorii-flavonoids, in contrast to mogrosides, are present not 
only in the fruit but also in the leaves, roots, and flowers. 

These flavonoids exhibit potent antioxidant, antibacterial, anticancer, and hypoglycemic 
properties (Lu et al., 2023; Wang et al., 2015; Wu et al., 2022). Prior research on the 
flavonoids from S. grosvenorii focused primarily on extraction methods, structural 
characterization, and in vitro activity detection, while in vivo activity, mechanism of action, 
and clinical applications were the subject of relatively few studies. It is necessary to conduct 
exhaustive research on these compounds to broaden and extend the applicability field and 
direction of the S. grosvenorii extract. In this review, the extraction processing, chemical 
structure, pharmacological activity, and future development of S. grosvenorii-flavonoids 
are discussed to provide a reference as well as the future direction for the in-depth research 
and application of active compounds in S. grosvenorii. 

THE EXTRACTION PROCESSING

Extraction Method

Extraction of components is frequently the initial step in compound research. Since 
various extraction techniques and extraction procedures have a significant impact on 
the extraction efficiency of compounds and the subsequent investigation of chemicals, 
choosing the best extraction methods and conditions is crucial. S. grosvenorii-flavonoids 
are primarily extracted using organic solvent extraction, ultrasound-assisted extraction 
(UAE), microwave-assisted extraction (MAE), and enzyme-assisted extraction (EAE). 
Table 2 displays the procedures utilized to extract S. grosvenorii-flavonoids.

Solvent extraction transfers a target substance from one solvent to another by utilizing 
various substances’ different partition coefficients and solubilities. There are numerous 
examples of solvent extraction of flavonoids. For example, In the latest study, Lu et al. 
(2023) extracted several active flavonoids from the roots of S. grosvenorii with 75% ethanol. 
Wuttisin and Boonsook (2019) extracted total flavonoids from S. grosvenorii using distilled 
water, n-hexane, ethyl acetate, 95% ethanol, and propylene glycol and compared the effect 
of different solvents on the extraction rate. The results revealed that using distilled water 
as the extractant agent yielded the highest extraction rate.        

Some organic components in solid or semi-solid substances can be extracted with the 
help of a microwave by using the electromagnetic field to pull them away from the matrix. 
This method has several advantages over conventional extraction techniques, including high 
efficiency, energy efficiency, safety, and environmental protection. Zhang et al. (2013) used 
microwave extraction techniques to extract flavonoids from S. grosvenorii flowers. They 
found that the following process parameters worked best: solvent: 60% ethanol solution; 
solid-liquid ratio: 1: 30 (g/mL); microwave power: 350 W; radiation time: 20 min. Under 
this condition, the yield of flavonoids in S. grosvenorii flowers can reach 7.6%. In addition, 
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Zhang et al. (2016) used ultrasonic-assisted extraction technology to extract total flavonoids 
in the flowers of S. grosvenorii, optimized the extraction process through orthogonal 
experiments, and finally determined the optimal process conditions: the concentration of 
ethanol was 67%, the extraction time was 43 min, the ultrasonic power was 208 W, and 
the ratio of solvent-to-solid was 1:15 (g/mL). Under these conditions, the extraction rate 
of total flavonoids could reach 6.5%.

Subcritical water extraction (SWE) technology is a process in which the raw 
materials are put into subcritical fluids for extraction according to the principle of similar 
compatibility, and the effective components in the materials are extracted under different 
conditions. Xu et al. (2017) used subcritical extraction technology to extract the active 
substances in S. grosvenorii and determined the optimal process conditions of the method: 
the extraction temperature was 140°C, the ethanol addition was 15%, and the extraction 
time was 20 min. Under the extraction conditions, the content of flavonoids was up to 
11.90 mg/g, and the antioxidant activity of the extracts was found to be optimal. Enzyme-
assisted extraction is a method that uses active enzymes to hydrolyze certain substances 
with specific structures to obtain target substances. Currently, this method is mostly used 

Table 2
The methods to extract S. grosvenorii-flavonoids

Method Solvent Temperature 
(℃)

Time
(min)

Solid-liquid 
Ratio (g/ml) Other References

Soxhlet 
Extraction

70% Ethanol 25°C 1:10 Lu et al., 
2023

Organic Solvent 
extraction

Distilled water 80°C 60 Wuttisin & 
Boonsook, 
2019

n-hexane 25℃ 1440
Ethyl Acetate 25℃ 1440
95% Ethanol 25℃ 1440
Propylene 
Glycol

25℃ 1440

Microwave-
assisted 
Extraction 
(MAE)

60% Ethanol 20 1:30 Microwave 
Power:350 W

Zhang et al., 

2013

Ultrasonic-
assisted 
Extraction (UAE)

67% Ethanol 43 1:15 Ultrasonic 
Power: 208 
W

Zhang et al., 
2016

Subcritical Fluid 
Extraction

Sub-critical 
water; 15% 
Ethanol

140℃ 20 1:30 Pressure: 4 
MPa

Xu et al., 
2017

Enzyme Assisted 
Extraction (EAE)

Ethanol; 
Petroleum 
benzine; ethyl 
acetate

65℃ 80 1:8; 3:1; 2:1 Cellulase (50 
U/ml); pH 5.2

Wang et al., 
2006
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in the auxiliary production and extraction of mogrosides, while flavonoid extraction in S. 
grosvenorii is rarely mentioned. However, as early as 2006, Wang et al. used the enzyme 
(cellulase)-solvent method to extract flavonoids from S. grosvenorii and found that the 
optimal extraction conditions: cellulase concentration 50 U/ml, pH 5.2, temperature 65℃, 
time 80 min.

In conclusion, different extraction conditions have different effects on the extraction 
rate of S. grosvenorii-flavonoids, with the most influential parameters being extraction 
temperature, solid-liquid ratio, extraction duration, and extraction concentration.

Isolation and Purification Method

The process of isolating a substance from a mixture is isolation and purification. Typically, 
flavonoids are purified and separated using column chromatography, solution extraction, 
and supercritical fluid extraction. Table 3 lists the techniques for isolating and purifying 
S. grosvenorii-flavonoids. 

Table 3
The methods for the isolation and purification of S. grosvenorii-flavonoids

Method Isolated flavonoid compounds References
HPLC Kaempferitrin; Afzelin; a-Rhamnoisorobin; Kaempferol Wang et al., 

2015
UF-HPLC; 
MCI CHP-20P Column 
Chromatography; HSCCC

3,4′-dimethoxy-4,9,9′-trihydroxy-benzofuranolignan-
7′-ene; 23,24-dihydrocucurbitacin F; 
23,24-dihydrocucurbitacin F-25-acetate

Lu et al., 2023

UHPLC Kaempferol-3-O-α-L-[4-O-(4-carboxy-3-hydroxy-
3-methylbutanoyl)]-rhamnopyranoside-7-O-α-L-
rhamnopyranoside; Grosvenorine; Kaempferitrin; Afzelin

Lu et al., 2020

Unitary-C18 column Quercetin; Rutin; Neohesperidin; Naringin; kaempferol 
O-glycoside-rhamcoside; quercetin O-arabinoside-O’-
glycoside-rhamnoside; 4′-methoxyl-kaempferol

Qing et al., 2017

Column chromatography is one of the most traditional and widespread separation 
techniques. This method is a separation procedure in which the components in the mixture 
are separated from each other by repeated distribution in the stationary phase and mobile 
phase with varying partition coefficients. Based on the different adsorbents, the method is 
mostly made up of polyamide column chromatography, silica gel column chromatography, 
dextran gel column chromatography, the macroporous resin adsorption method, and high-
performance liquid chromatography (HPLC). The HPLC was used to separate the flavonoids 
from the biologically active kaempferitrin, afzelin, -a-rhamnoisorobin, and kaempferol in S. 
grosvenorii (Wang et al., 2015). In a recent study, Lu et al. (2023) used ultrafiltration (UF) 
combined with high-performance liquid chromatography (HPLC) to target α-glucosidase 
inhibitors from S. grosvenorii roots. 
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Also, researchers used ultra-high performance liquid chromatography (UHPLC) 
with electrospray ionization quadrupole time-of-flight mass to separate and identify 34 
flavonoids from the leaves of S. grosvenorii. It included 19 kaempferol O-glycosides, 
4 quercetin O-glycosides, 6 flavanone derivatives, and 5 polymethoxy-flavones (Lu 
et al., 2020). Qing et al. (2017) isolated 53 flavonols and flavonols glycosides from S. 
grosvenorii by using a unitary C18 column (HPLC). At the same time, two isoflavones 
(4’,7-dihydroxyisoflavone (Daidzein) and 4’,5,7-trihydroxyisoflavone (Genistein) were 
isolated and purified from the S. grosvenorii extracts using C-18 column chromatography 
(Chaturvedula & Prakash, 2013).

THE COMPONENTS DISTRIBUTION AND STRUCTURE

The Components Distribution

It has been discovered that the fruit, leaves, stems, and flowers of S. grosvenorii contain 
a significant quantity of flavonoids, with the stems, leaves, and flowers containing more. 
Some parts of S. grosvenorii used in the industries are shown in Figure 2.

Wuttisin and Boonsook (2019) extracted the flavonoids from S. grosvenorii using 
various solvents (distillate water, propylene glycol, 95% ethanol, ethyl acetate, and hexane). 
The results showed that compared with other solvent extracts, the total flavonoid content of 
the distilled water extract was up to 25.229±0.904 μg QE/mg solid crude extract. However, 
the 95% ethanol extract had the highest polyphenol content. At the same time, DPPH and 
ABTS methods were used to evaluate the antioxidant activity of S. grosvenorii extracts, 
and it was found that the distilled water extract had the most significant antioxidant activity, 
suggesting that the antioxidant activity of S. grosvenorii extracts may be associated with 
the presence of flavonoids. 

In addition, Metabolic profiling analysis was used to analyze and identify the 
compositional characteristics of green and yellow fruits of S. grosvenorii (Fang et al., 2017). 
The results revealed that yellow fruits contained fewer flavonoids than green fruits and that 
the peel contained more flavonoids than the fruit. Zhang et al. (2013) used HPLC-TOF-MS 
combined with the PCA pattern recognition method to compare and analyze the chemical 

Figure 2. Parts of S. grosvenorii. (a) leave, (b) ripe fruit, (c) dried fruit powder of S. grosvenorii 
(a) (b) (c)
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components of different parts of S. grosvenorii. The analysis showed that the chemical 
components of the fruit and pericarp were similar but significantly different from those 
of the leaf and stem. Mogrosides are markers of S. grosvenorii fruit, and five flavonoid 
glycosides are selected as leaf and stem markers. In addition, Rao et al. (2012) used the 
spectrophotometer method and kaempferin as a control to measure the flavonoid content 
in the fruit, stem, and leaf extracts of S. grosvenorii. The results showed that the content 
of flavonoid in the stem and leaf (345.11 mg/g) was much higher than that in the fruit 
(13.89 mg/g), which provides an experimental basis for the development and utilization 
of S. grosvenorii branches and leaves. 

The Structure and Composition

The S. grosvenorii-flavonoids are mostly found as flavones and flavonols, most of 
which are compounds with kaempferol or quercetin aglycones (Wu et al., 2022), and 
the composition and structure of flavones are also related to the plant portions in which 
they are found. The types and structures of flavonoids isolated from different parts of S. 
grosvenorii also vary. A variety of flavonoids have been isolated from the flowers of S. 
grosvenorii, including kaempferol, 7-methoxy-kaempferol-3-O-β-D-glucopyranoside, 
kaempferol-3-O-L-rhamnoside-7-O-[β-D-glucosyl-(1-2)-α-L-rhamnoside]-3-O-L-
rhamnoside and 7-methoxyl-kaempferol-3-O-α-L-rhamnopyranoside (Mo & Li, 2009). 
In addition, kaempferitrin, kaempferol-7-O-α-L-rhamnopyranoside, kaempferol-3,7-O-L-
dirhamnopyranoside, aloe emodin acetate, aloe emodin, afzelin, and quercetin were also 
isolated from fruits and leaves (Yang et al., 2016; Lu et al., 2020). The composition of 
different parts of S. grosvenorii and the structure of S. grosvenorii-flavonoids are shown 
in Table 1 and Figure 3, respectively. 

BIOLOGICAL ACTIVITIES OF FLAVONES FROM S. GROSVVENOORII

Traditional Chinese medicine believes that S. grosvenorii has various physiological 
functions, including lung clearing, phlegm clearing, and diarrhea stopping, which can 
treat and relieve cough, sore throat, constipation, and other symptoms (Wu et al., 2022). 
Modern scientific research shows that different extracts from S. grosvenorii have different 
biological and pharmacological activities (Li, Li et al., 2022; Zhu et al., 2020).

Flavonoids have sparked interest as a natural active substance due to their high activity 
value. With a better understanding of this substance activity, its many biological activities, 
such as anticancer, anti-inflammation, anti-mutation, and antioxidant activity, have been 
developed and applied in a variety of fields (Mitra et al., 2022; Shen et al., 2022). Due to 
their antibacterial and antioxidant properties, flavonoids are commonly used in food safety 
and health disciplines as antioxidants and bacteriostats. Due to their unique bacteriostatic 
or insecticidal properties, flavonoids are also used in agriculture as insecticides. At the 
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same time, flavonoids have been developed and used as various drugs in human medicine 
due to their unique medical activity, such as those for diabetes, cancer, anti-tumor therapy, 
and other drugs. The S. grosvenorii-flavonoids are a key component of the plant, and their 
diverse activities have been studied and reported. The biological activities of S. grosvenorii-
flavonoids are listed in Table 1.

Antioxidant Activity 

Free radicals and reactive oxygen species are well known for causing oxidation and damage 
to cell membranes, DNA, and/or proteins, which can have serious consequences for 
human health and cause a variety of diseases such as cancer, neurodegenerative diseases, 
cardiovascular disease, diabetes, and aging (Ooi et al., 2021). Researchers in the food and 
pharmaceutical fields are often looking for active compounds that can clear and slow this 
damage as antioxidant molecules (Azfaralariff et al., 2022). Experiments have confirmed 

Figure 3. The structures of flavonoids extracted from S. grosvenorii
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that the S. grosvenorii-flavonoids contain a large number of phenolic hydroxyl groups, 
which have a significant scavenging effect on α-diphenyl-β-picrylhydrazyl (DPPH) free 
radicals and 2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonate) (ABTS) free radicals, and 
this effect is positively correlated with the concentration and action time of flavonoids. 
These studies have confirmed that the flavonoids extracted from S. grosvenorii are 
natural and effective free radical scavengers, which can be widely used in the food and 
pharmaceutical industries (Pan et al., 2012; Pandey & Chauhan, 2019).

Studies have found that compared with the propylene glycol and ethanol extracts of 
S. grosvenorii, the distilled water extract (polyphenols and flavonoids) of the substance 
had stronger antioxidant activity, and its α-diphenyl-β-picrylhydrazyl (DPPH) scavenging 
activity and 2,2′-azino-bis(3-ethylbenzothiazoline-6-sulfonate) (ABTS) scavenging activity 
increased with the increase of its solvent polarity (Wuttisin & Boonsook, 2019). Moreover, 
some studies have detected the antioxidant activity of 5 flavonoid glycosides with different 
structures in the S. grosvenorii flower(kaempferol, kaempferol-7-α-L-rhamnopyranoside, 
7-methoxyl-kaempferol-3-O-α-L-rhamnopyranoside, 7-methoxyl-kaempferol-3-O-β-D-
glucopyranoside and 3-O-α-L-rhamnopyranosyl-kaemferol-7-O-[β-D-glucopyranosyl-(1-
2)-α-L-rhamnopyranoside]), and found that kaempferol and kaempferol-7-α-L-rhamnoside 
showed well anti-diabetic activities and the 7, 3-hydroxyl group in the flavonoid structure 
was an important factor affecting its antioxidant activity (Mo & Li, 2009). Pan et al.(2012) 
studied the antioxidant activity of the alcoholic extract of S. grosvenorii leaves, and the results 
showed that the ethanol crude extract (SEE) of S. grosvenorii had similar antioxidant activity 
to butylated hydroxytoluene (BHT), and found that kaempferol-3-O-α-L-rhamnopyranosyl-
7-O-[β-D-glucopyranosyl-(1-2)-O-L-rhamnoside], kaempferol-3-O-β-D-glucose-7-O-α-L-
rhamnoside and quercetin were isolated from crude ethanol extract (SEE) showed significant 
scavenging free energy, which can provide corresponding scientific basis and guidance for 
the development and utilization of S. grosvenorii leaves. Similarly, a strong linear correlation 
was found between polyphenolic compounds (including flavonoids) and their antioxidant 
activity in the antioxidant activity of S. grosvenorii cultured cells, among which kaempferol-
3-O-Glc-7-O-Rha played the most important antioxidant role (Liu et al., 2022).

Hypoglycemic Activity 

Diabetes mellitus (DM) is a chronic disease characterized by metabolic disorders of the 
endocrine system (Yedjou et al., 2023). There are two types of diabetes mellitus: type 1 
diabetes mellitus (T1DM) and type 2 diabetes mellitus (T2DM) (Sethupathi et al., 2023). 
The disease causes long-term damage to the living body’s organs, resulting in dysfunction 
and failure, eventually leading to disability and premature death (Ibrahim et al., 2023; Kropp 
et al., 2023). This disease and its complications have caused serious distress to people and 
posed major economic challenges to society in both developing and developed countries. 
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Insulin and related reagents, biguanides, sulfonylureas, α-glucosidase inhibitors, 
thiazolidinediones, and dipeptidyl peptidase-IV inhibitors are some of the most commonly 
used diabetic drugs in clinical trials (Dahlén et al., 2022). However, these chemical drugs 
have several negative side effects, including adverse patient reactions and high costs. As 
a result, researchers are looking for low-cost natural active ingredients to develop and use 
as new anti-diabetic drugs. Natural active ingredients, such as flavonoids, terpenoids, and 
saponins, have been recognized as important sources of potent anti-diabetic drugs (Khuntia 
et al., 2022). These active ingredients often achieve anti-diabetic effects by increasing 
insulin secretion or reducing intestinal glucose absorption. 

Increased precursors of advanced glycation end products (AGEs), elevated levels of 
diacylglycerol, and increased hexosamine pathway activity are some intracellular metabolic 
changes that typically lead to hyperglycemia and hyperlipidemia symptoms. These changes 
frequently result in tissue cell damage and diabetic complications. (Singh et al., 2022). 
Advanced glycation end products (AGEs) are crucial in developing diabetes and its side 
effects. Reducing the level of glycosylation and the production of advanced glycation end 
products is a feasible strategy for postponing or preventing diabetic complications because 
the formation of these compounds is generally increased in diabetic patients. 

It has become an important testing point for many natural and pharmacological 
compounds being investigated for their potential therapeutic potential (Cheun-Arom & 
Sritularak, 2023). In addition, excessive ROS/RNS in the organism is also one of the main 
signs of hyperglycemia and hyperlipidemia, which are usually caused by the oxidation of 
glucose and free fatty acids in the cells suffering from the symptoms. Therefore, it is also 
one of the important factors to explore in the mechanism of diabetes (Singh et al., 2022). 
Part of the mechanism of flavonoids in diabetes is shown in Figure 4.

Previous studies on the hypoglycemic/anti-diabetic activities of S. grosvenorii extracts 
mainly focused on mogroside, while studies on the effects of flavonoids in S. grosvenorii 
extracts were rare. However, some studies have also found that the flavonoids in S. 
grosvenorii have hypoglycemic effects. Studies have found that the high dose of flavonoids 
from S. grosvenorii (80 mg/kg) could effectively reduce the blood glucose level of STZ-
induced diabetic rats (from 22.68 ± 2.55 mmol/L to 10.63 ± 2.88 mmol/L). The medium 
dose of total flavonoids (40 mg/kg) could effectively reduce blood lipids (from 3.51 ± 
0.53 mmol/L to 1.26 ± 0.37 mmol/L) in STZ-induced diabetic rats. Moreover, it was also 
found that the high dosage of total flavonoids (80 mg/kg) could significantly increase the 
activities of SOD and GSH-Px (P < 0. 01) and the level of insulin (P < 0. 01) and reduce 
the content of MDA (P < 0. 05) in STZ-induced diabetic rats (Zheng et al., 2011). 

Even though there have only been a small number of studies on the hypoglycemic 
effects of S. grosvenorii-flavonoids, earlier research has shown that these compounds 
significantly reduce sugar, inhibit a-glucosidase, and safeguard the pancreas. Additionally, 
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consuming more flavonoids can lower the risk of developing diabetes. Kaempferol, which is 
extracted from tea, cruciferous vegetables, grapefruit, and some edible berries, can achieve 
anti-diabetic effects by inhibiting hepatic gluconeogenesis, reducing Caspase-3 activity in 
β cells, and enhancing β cell survival, improving cAMP signaling (Alkhalidy et al., 2015; 
Alkhalidy et al., 2018; Sharma et al., 2020). The quercetin extracted from chokeberry, black 
currant, apple, and cherry can also achieve anti-diabetic effects by improving the AMPK 
pathway, inhibiting the expression of NF-kB and caspase-3, and protecting the function 
of pancreatic beta cells (PBC) (Dhanya et al., 2017; Li et al., 2020; Eid & Haddad, 2017). 
These studies may provide a useful foundation for future research and development into 
the anti-diabetic activity of flavonoids found in S. grosvenorii.

Antibacterial Activity

The widespread use of antibiotics has led to an increasing number of drug-resistant bacteria, 
so developing new and natural antibacterial drugs has become a hotspot in the research 
field (Huang et al., 2022; Shahid et al., 2022). The antibacterial properties of flavonoids 
have been demonstrated in several studies, and they have also been used to create new 
antibacterial agents and antibacterial medications. Flavonoids inhibit bacteria mainly by 
affecting biofilm formation, porin, permeability, and interaction with some key enzymes 

Figure 4. Part of the mechanism of flavonoids in diabetes (↑: increase, ↓: decrease and ↕: modulatory effect)
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(Shamsudin et al., 2022). At the same time, studies have also found that some flavonoids 
can combine with DNA helicase, thereby inhibiting its ATPase activity and achieving the 
antibacterial effect. Through structure-activity relationship studies, the antibacterial effect 
of flavonoids is shown to have a close relationship to the position of the hydroxyl group 
in the structure of the flavonoid (Adamczak et al., 2019). 

Previous studies conducted via a simulated human gastrointestinal tract environment 
showed that grosvenorine and other metabolites (such as kaempferol, afzelin, 
a-rhamnoisorobin, and kaempferitrin) extracted from S. grosvenorii showed good 
antibacterial activity. In addition, these substances have higher antibacterial activity 
against Gram-positive bacteria than against Gram-negative bacteria. The MIC values 
against Gram-positive bacteria were all less than 70 mg/ml (Wang et al., 2015). Studies 
have shown that the active components of S. grosvenorii, which include kaempferol, had 
a clear bacteriostatic impact on spoilage bacteria isolated from sauced pork head meat, 
with Proteus vulgaris being the most significantly inhibited of the bacteria studied. (Li 
et al., 2018). Several investigations have indicated that total phenols and total flavonoids 
isolated from the roots of S. grosvenorii have a specific inhibitory effect on Aspergillus 
sp., Bacillus subtilis, Escherichia coli, Pseudomonas aeruginosa, Staphylococcus aureus 
and Rhizopus sp (Yang et al., 2022). 

Anti-inf﻿﻿lammatory Activity

Inflammation is a complex protective response produced by the body to eliminate harmful 
stimuli such as pathogens, irritants, or damaged cells, and it is implicated in many diseases 
such as diabetes, asthma, cardiovascular disease, and cancer (Kaur & Singh, 2022; Razak 
et al., 2023). Although anti-inflammatory drugs can effectively treat diseases, their damage 
and side effects on the body cannot be ignored (Bibbins-Domingo, 2016). As a result, 
using natural compounds derived from medicinal plants to treat inflammation has become 
popular, with polyphenols and flavonoids receiving particular attention due to their anti-
inflammatory properties (Zhang et al., 2022). The anti-inflammatory effects of flavonoids 
are mainly exerted by inhibiting the activities of a variety of enzymes and the production of 
inflammatory mediators (Suriyaprom et al., 2023; Liu et al., 2023). The anti-inflammatory 
effects of flavonoids are shown in Figure 5.

Studies have found that kaempferol and quercetin can achieve anti-inflammatory 
effects by regulating the inducible nitric oxide synthase (iNOS), inhibiting the expression 
of lipoxygenase (LOX), and cyclooxygenase-2 (COX-2) as well as regulating the gene 
expression of inflammatory molecules (Septembre-Malaterre et al., 2022; Pal et al., 2023). 
In addition, it has also been found that kaempferin extracted from the residual extract of 
S. grosvenorii can exert anti-inflammatory activity by inhibiting the expression of TNF-α/
IFN-γ-induced filaggrin and blocking MAPK activation (Sung et al., 2020).
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Other Activities 

S. grosvenorii-flavonoids have antioxidant, antibacterial and hypoglycemic biological 
activities that protect the cardiovascular system and relieve fatigue (Zhou, 2022). In 
addition, some studies have shown that flavonoids in S. grosvenorii promote blood 
circulation and remove blood stasis. It has a protective effect on thrombosis, reduces TC 
and TG contents in hypercholesterolemic mice, increases HDL-C levels, and prolongs 
coagulation time in mice.

In summary, there have been many studies on the activity of flavonoids in the past 
decade, but most of their themes have focused on the antioxidant activity of flavonoids. 
The ability of flavonoids to act as active agents in vitro has been a hot research topic, and 
many structure-activity relationships for activity have been established. However, few 
studies have been conducted on the efficacy of flavonoids in vivo and the mechanisms 
underlying the distinct types of activity. In order to further develop and utilize the active 
value of flavonoids, a large number of additional research initiatives are necessary. 

CONCLUSION AND FUTURE PERSPECTIVES

This review provides pertinent opinions and ideas for its future development by 
summarizing the extraction procedure, major constituents, related structures, and 
biological activities of S. grosvenorii-flavonoids. Previous studies have demonstrated that 
S. grosvenorii has tremendous potential as a food additive and medication. Due to their 
wide variety of biological activities, its various extracts have also been shown to have 
tremendous application potential. Although mogrosides are believed to be the primary 
active ingredients in S. grosvenorii, other active ingredients contribute to the organism’s 

Figure 5. The anti-inflammatory effects of flavonoids
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functionality. S. grosvenorii-flavonoids are an essential component of the plant for which 
research, development, and utilization are indispensable.

Presently, there are few studies on S. grosvenorii-flavonoids, with the majority of these 
studies focusing on the extraction procedure and a small quantity of activity research. 
Given the current problems and deficiencies in S. grosvenorii-flavonoids research, we 
have proposed a new direction for future research: (1) in order to further understand the 
characteristics of S. grosvenorii and its extracts, it is necessary to explore and discover 
more biological activities, (2) in order to better develop and apply the biological activity 
of S. grosvenorii, the mechanisms of its activity should be further explored, (3) based on in 
vitro activity studies, different levels of activity studies were comprehensively carried out, 
including in vivo, in ovo, and (4) make full use of its activity and apply it in related fields.

In conclusion, if fully developed and utilized, S. grosvenorii’s active compounds will 
be of immeasurable value for future research. The active components from S. grosvenorii 
still need to be developed further, and more research needs to be done on the individual 
components’ active properties so that new applications can be developed.
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