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The genus Polygonatum is recognized for both its medicinal and food

applications. It demonstrates a range of beneficial activities, making it

a strong candidate for the development of health-promoted products.

The activities, including hypoglycaemic, antioxidant, anti-fatigue, immune

regulatory, anticancer, antibacterial and anti-atherosclerotic properties, are

highly associated with various substances, including polysaccharides, saponins,

alkaloids, flavonoids, and many others. Flavonoids in the genus Polygonatum are

regarded as being one of the primary functional constituents, exhibiting a broad

spectrum of molecular structures and bioactivities. Among them, flavonoids

such as homoisoflavonoids, chalcones, isoflavones, and flavones, have been

identified in the genus Polygonatum.Many studies have indicated its capacity to

manifest various kinds of potently biological functions, for instance, anti-tumor,

anti-viral, and glycemic control properties. Various processing methods, notably

nine steam-nine bask, have been investigated. It has been observed that various

chemical constituents including flavonoids, and pharmacological activities

undergo significant alterations following processing. This present study aims to

o�er a review of the current research state on the extraction and processing of

Polygonatum flavonoids, providing a theoretical foundation for their scientific

advancement and reasonable utilization of Polygonati Rhizoma in food industry.
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Introduction

The genus Polygonatum, which is classified within the Asparagaceae family, is typically

distributed across temperate areas of the northern hemisphere, including China, India,

Japan, Russia, South Korea, Europe, and North America (Zhao et al., 2018; Zhang

et al., 2024). To date, approximately 81 species in the genus Polygonatum have been

identified, 39 of which are found in China (Luo et al., 2022). Dried rhizomes from

the genus Polygonatum, such as Polygonatum sibiricum, Polygonatum kingianum, and

Polygonatum cyrtonema have been incorporated into the “Chinese Pharmacopeia” (2020

edition) (Nie et al., 2023, 2024; Ye et al., 2025). As a homologous medicine and food,

it has been extensively utilized as an intervention drug and nutritional supplement

(Zhao et al., 2018; Zong et al., 2024). It is extensively employed in clinical settings for

treating a variety of ailments, such as hypertension, cough, chronic hepatitis, diabetes, and
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cardio-cerebrovascular diseases (Liu and Si, 2018). In addition,

the genus Polygonatum is also employed in food industry

to produce a variety of functional health products, including

Polygonati Rhizoma wine, functional beverages, yogurt thickeners,

confectioneries, noodle formulations, and fermented foods (Zheng

et al., 2023). It is noteworthy that the combination of rice wine

and Polygonatum, known for its immune-modulating properties,

has been reported. Modern pharmacological studies demonstrate

that the genus Polygonatum possesses significant benefits, including

hypoglycaemic, antioxidant, anti-fatigue, immune regulatory,

anticancer, antibacterial and anti-atherosclerotic properties (Bu

et al., 2024; Li H. M. et al., 2022; Li J. et al., 2022; Shen et al.,

2021; Pan et al., 2024; Wang Y. F. et al., 2020; Wang Y. J. et al.,

2020). The abundant biological activities exhibited by the genus

Polygonatum are ascribe to the existence of multiple constituents,

for example, polysaccharides, flavonoids, saponins, phytosterols,

and amino acids (Cui et al., 2018; Pan et al., 2024; Zhou L. et al.,

2024; Zhou T. et al., 2024). Of these, polysaccharides, saponins and

flavonoids are considered to be the key active ingredients in the

genus Polygonatum (Zhou T. et al., 2024).

Flavonoids represent a significant chemical compound class

within the genus Polygonatum, with recent studies focusing on

P. kingianum, P. cyrtonema, and P. sibiricum (Ye et al., 2025;

Zhang et al., 2024). The flavonoids show a variety of bioactivities,

including the ability to delay aging, reduce blood glucose and lipids,

and prevent atherosclerosis, in addition to their antimicrobial

properties (Yang G. et al., 2024; Yang L. et al., 2024; Ye et al.,

2025). The process of extraction and purification is integral to the

efficient recovery of bioactive substances from their natural and

unprocessed sources (Shen et al., 2024). The primary extraction

methods for flavonoids from the genus Polygonatum have

been investigated, such as solvent extraction, ultrasonic-assisted

extraction, microwave-assisted extraction, and enzymatic-assisted

extraction (Pan et al., 2024). The stability of various flavonoids,

for example flavonols, flavanones, and flavones, is affected by both

their structural characteristics and the processing. In the work of

Liang Z. et al. (2022), 12 flavonoids from P. cyrtonema rhizomes

processed by steaming-dying technology, were identified. It is also

found that vitexin 2′′-O-xyloside, one of flavonoids, was completely

destroyed after seven processing cycles. Prolonged processing has

been shown to induce the change in the abundance of various

flavonoids, including the generation of new flavonoids and the

decrease of original flavonoids. Throughout history, a variety of

methodologies have been employed in the processing of the genus

Polygonatum, with the objective of mitigating the irritation caused

by fresh rhizomes. The processing of the genus Polygonatum can

be categorized into various methods, including single steaming, re-

steaming, wine processing, honey processing, black bean steaming,

and nine steam-nine bask processing (Sun et al., 2023; Wang et al.,

2024b). Presently, the traditional nine steam-nine bask processing

method is the most extensively adopted (Mei et al., 2025; Yao

et al., 2022). This method involves subjecting Polygonati Rhizoma

to steaming for several hours, followed by drying, and repeating

this cycle nine times (Mei et al., 2025; Wang et al., 2024b). As

demonstrated by several studies, the genus Polygonatum rhizomes

have been observed to undergo a transformation in color, becoming

black, soft, and notably sweet in taste following the process (Li et al.,

2021). Furthermore, an alteration in the chemical composition was

observed, with changes in the levels of polysaccharides, fructose,

amino acids, steroidal saponins and flavonoids being reported (Nie

et al., 2023; Zhu et al., 2022). The steaming and drying process of the

genus Polygonatum results in significant alterations to its chemical

composition, leading to the destruction of potentially irritating

components. This process effectively mitigates the side effects

of irritation in the throat, thereby conferring a beneficial effect

on patients. These alterations have the potential to significantly

impact the biological activities of the genus Polygonatum (Su et al.,

2024).

In consideration of the substantial and varied bioactivities of

flavonoids in the genus Polygonatum, their potential utilization

in food relative industries are encouraging. Many reports have

reviewed the chemical constituents, biological activities, and

food utilization of the genus Polygonatum (Bi et al., 2023;

Cui et al., 2018; Khan and Rauf, 2015; Singh et al., 2013;

Wujisguleng et al., 2012; Zhao and Li, 2015; Zhao et al.,

2018). However, as far as we know, the studies regarding

the extraction of flavonoids from the genus Polygonatum, as

well as effect of the processing on flavonoids content and its

activities, have not been reported. This paper, therefore, aims to

provide a review on recent development in the extraction and

processing of flavonoids in the genus Polygonatum. The work

would facilitate the further utilization and development of the

genus Polygonatum.

General overview of flavonoids in the
genus Polygonatum

In recent years, the quality evaluation for the genus

Polygonatum has been mainly based on the analysis of total

polysaccharides, total saponins, and some other active components,

including total flavonoids (Jiang et al., 2017). As one of

the most prevalent secondary metabolites in various plants,

flavonoids have attracted considerable attention because of their

validated bioactivities, including anti-tumor, anti-aging, anti-

bacterial, anti-inflammatory, anti-atherosclerosis, cardiovascular

protection, among others (Jing et al., 2021). It can be reasonably

deduced that flavonoids in the genus Polygonatum may prove to

be one of effective constituents for treating many kinds of diseases

(Tao et al., 2018; Xiang et al., 2024). Flavonoids possess a structural

skeleton comprising 15 carbon atoms, which are arranged in two

benzene rings (A and B) and a heterocycle (C). This carbon skeleton

structure, which is abbreviated as C6-C3-C6, is generally referred

to as the parent nucleus (Luo et al., 2022). The classification of

these compounds is based on their structure traits, specifically the

configuration of the C-ring, which allows for the categorization

into a variety of structural classifications. The difference between

many structural classifications depends on the oxidation level

and substitution position of the C-ring. Flavonoids in the genus

Polygonatum can be classified according to their parent nucleus

structure, which leads to the following divisions: homoisoflavones,

isoflavones, flavones, chalcones and dihydroflavonoids (Tao et al.,

2018). Homoisoflavones are the characteristic components of the

genus Polygonatum (Jiang et al., 2017).
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The employment of chromatography and HPLC techniques

has facilitated the identification of 90 flavonoids in the genus

Polygonatum, on the basis of their physicochemical and spectral

characteristics (Wang M. et al., 2024; Yang G. et al., 2024; Yang L.

et al., 2024). Qi et al. (2022) identified 873 kinds of metabolites from

four Polygonatum species (P. sibiricum, P. kingianum, P. cyrtonema,

and P. macropodium), which included 185 flavonoids, 54 alkaloids,

88 amino acids and derivatives, 105 phenolic acids, 74 organic

acids, 31 terpenoids, 36 steroids, and 24 lignans and coumarins.

In Jiang et al. (2017)’s study, flavonoids from P. sibiricum and P.

kingianum, including four homoisoflavones, two dihydroflavones,

two chalcones, and four isoflavones, were found. Wang et al. (2019)

successfully obtained 15 flavonoids from P. cyrtonema, including

homoisoflavones and dihydroflavonoids. In recent years, Han et al.

(2023) isolated 53 flavonoids in the genus Polygonatum through

UPLC-ESI-MS/MS analysis techniques. A total of 22 flavonoids in

P. cyrtonema rhizomes, for example chalcones, dihydroflavonols,

flavonoid carbonosides, dihydroflavones, flavonoids, flavones, and

flavonols, were found. To date, many kinds of flavonoids belonging

to the genus Polygonatum have been obtained. Various flavonoids

types in the genus Polygonatum are showed in Table 1. Additionally,

the genus Polygonatum is a good reservoir of other flavonoids,

for example, rutin, quercetin, isorhamnetin, kaempferol, and

baicalein (Lin et al., 2024; Mu et al., 2021; Wang et al.,

2022).

Flavonoids can be employed as a crucial quality marker

for the genus Polygonatum (Jiang et al., 2017). Furthermore,

it has been illustrated that different flavonoid compounds

may exhibit varied pharmacological effects, a prime example

of which is homoisoflavonoids from the gensus Polygonatum.

For instance, 3-(2′,4′-dihydroxybenzyl)-5,7-dihydroxy-6-methyl-

chroman-4-one has been shown to possess the capability to inhibit

the proliferation of tumor cells (Li et al., 2012). Odoratumone A has

been shown to possess stronger DPPH radical scavenging abilities

(Zhou et al., 2015). In addition, the homoisoflavonoids from

P. Verticillatum, 5,7-dihydroxy-3-(2-hydroxy-4-methoxybenzyl)-

8-methyl-chroman-4-one, have been shown to possess significant

antibacterial properties (Sharma et al., 2018).

The flavonoids composition and content are not only

dependent on the Polygonatum species, but also on various

environmental factors, including climate, geographical location,

habitat, light, latitude, water quality, and fertilizer (Tables 2, 3)

(Ni et al., 2020; Sheng et al., 2021; Suyal et al., 2019; Wu

et al., 2021). Moreover, it has been demonstrated to be age-

related (Table 3) (Suyal et al., 2019; Wu et al., 2021; Zhang

et al., 2023). Chen et al. (2020) examined the flavonoids content

in different age groups of P. cyrtodonema in an artificial

cultivation in the Liuzhi area of Guizhou Province, China.

The findings indicated that, with increasing age, the flavonoids

level in the roots of P. cyrtodonema initially increased and

then declined. The highest flavonoids content expressed on

the dry weight basis of the plant aged 2 years was observed,

reaching 1.91%. The flavonoids content was found to be the

lowest in specimens of the 5-year-old age group, at only 0.66%.

Zhang K. et al. (2022) found that the flavonoids content of P.

kingianum, P. cyrtonema and P. sibiricum was determined to

be relatively low, with the values ranging from 0.11 to 0.14%.

Among the three species, P. sibiricum exhibited the highest

flavonoids content (0.14%), while P. kingianum demonstrated the

lowest (0.11%).

Extraction and purification of
flavonoids from the genus
Polygonatum

Extraction is a significant and widely utilized process

for obtaining flavonoids from the genus Polygonatum. Many

methods for extracting flavonoids, for instance, ultrasound-assisted

extraction, ethanol extraction, enzymatic method, microwave-

assisted extraction, have been reported (Table 4). The extraction

rate ranges from 0.04 to 1.25%. The significant difference can be

attributed to a number of factors, including extraction method,

growth environment, cultivation pattern and growing periods for

the genus Polygonatum (Xiang et al., 2024).

Solvent extraction

The remarkable diversity of flavonoids in terms of structure and

type, and the structural differences of the functional groups, gives

rise to a range of physicochemical properties, including solubility

properties, that vary considerably. Accordingly, the choice of an

appropriate extract solvent mainly relys on the polarity and water

solubility of flavonoids. Own to the poor solubility of flavonoids

in water, their primary extraction is undertaken using a range

of organic solvents, for instance, ethanol, acetone, methanol, and

ethyl acetate (Jing et al., 2021). The solvent extraction method

is a conventional and well-established technique, mainly utilizing

ethanol for extracting flavonoids from the genus Polygonatum.

The principal advantages of this approach are a high extraction

rate, a simple operational procedure and a good scalability (Zeng

et al., 2020). However, the purity of obtained flavonoids is relatively

low. Further purification of the extracts is required. In addition,

it should be noted that this process may result in the destruction

of flavonoid structures. The rate of flavonoids extraction expressed

on the dry weight basis of the plant, is significantly influenced by

many factors, including solvent type, extraction time, solid/solvent

ratio, extraction temperature, extraction numbers (Chen et al.,

2013; Wang et al., 2024a; Xu et al., 2021). As illustrated in

Table 4, ethanol concentrations of 60−90%, extraction time of

50−150min, extraction temperatures of 50−70◦C, extraction

numbers of 2−3, are usually adopted. Chen et al. (2013) optimized

P. kingianum flavonoids extraction conditions. The optimized

conditions: ethanol content of 80%, liquid-to-solid ratio of 25:1,

extraction time of 60min, extraction numbers of 3. Under

the optimized extraction conditions, P. kingianum flavonoids

maximum extraction rate was 0.40%. In addition, Xu et al.

(2021) optimized flavonoids extraction rate by back propagation

artificial neural network. The results demonstrated that under

the specified parameters, namely a solid-liquid ratio of 1:50,

an extraction time of 2 h, an extraction temperature of 90◦C,

and an ethanol content of 70%, the highest extraction efficiency

(0.0622%) of flavonoids was achieved. Recently,Wang et al. (2024a)

also extracted flavonoids from P. kingianum. The optimized

extraction parameters they found were: ethanol content of 79%,

Frontiers in Sustainable FoodSystems 03 frontiersin.org

https://doi.org/10.3389/fsufs.2025.1569034
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org


Tang et al. 10.3389/fsufs.2025.1569034

TABLE 1 Flavonoids compounds in the genus Polygonatum.

No. Chemical components Molecule formula Sources References

Chalcones

1 Flavokawain A C18H18O5 P. sibiricum Cheng et al., 2023

2 Licochalcone B C16H14O5 P. sibiricum Cheng et al., 2023

3 Xanthohumol C21H22O5 P. sibiricum, P. cyrtonema Cheng et al., 2023; Yao et al., 2022

4 Isoliquiritigenin C15H12O4 Polygonatum Sun et al., 2023

5 Isoglycyrrhizin C20H21O9 P. kingianum Wang et al., 2003

6 Neoisoglycyrrhizin C21H23O9 P. kingianum Li J. et al., 2019

Dihydrochalcone

7 2′ ,4′ ,4-trihydroxyl-3′-methyl-6′-methoxyldihydrochalcone C17H18O5 P. odoratum Guo et al., 2013

8 Phloretin C15H14O5 P. sibiricum Cheng et al., 2023

9 Phlorizin C21H24O10 P. sibiricum, P. cyrtonema Cheng et al., 2023; Yao et al., 2022

Flavanols

10 (-)-Epigallocatechin gallate C22H18O11 P. sibiricum Cheng et al., 2023

Flavanone glycoside

11 Hesperidin C28H33O15 P. odoratum Zhang et al., 2010

12 Eriocitrin C27H32O15 P. cyrtonema Yao et al., 2022

Flavanones

13 Isosakuranetin C16H14O5 P. sibiricum Cheng et al., 2023

14 7,4′ , dihydroxy-5-methoxy flavanones C15H14O5 P. odoratum Dong et al., 2021

15 (2R)-7-hydroxy-2-(4-hydroxyphenyl)chroman-4-one C15H12O4 P. cyrtonema Zhang et al., 2023

16 Carpachromene C20H16O5 P. sibiricum Cheng et al., 2023

17 Sakuranetin C16H14O5 P. sibiricum Cheng et al., 2023

18 7-O-Methyleriodictyol C16H14O6 P. sibiricum Cheng et al., 2023

19 5,4′-dihydroxy-7-methoxy-6-methylflavane C17H18O4 P. odoratum Li et al., 2009

20 Naringenin C15H12O5 P. sibiricum, P. rhizoma Cheng et al., 2023; Yao et al., 2022;

Yu et al., 2022

21 Flavanone base+ 3O, 1Prenyl C20H20O5 P. sibiricum Cheng et al., 2023

Flavones

23 Chrysoeriol C16H12O6 P. sibiricum, P. odoratum Li et al., 2009; Wang Y. F. et al., 2020

24 4′ ,5-Dihydroxyflavone C15H10O4 Polygonatum, P. cyrtonema Sun et al., 2023; Zhang et al., 2023

25 Oroxin A C21H20O10 Polygonatum Sun et al., 2023

26 Apigenin C15H10O5 Polygonatum Sun et al., 2023

27 5,7-dihydroxy-3-(4′-hydroxybenzyl)-chroman-4-one C16H14O5 Polygonatum Sun et al., 2023

28 Cirsimaritin C17H14O6 P. sibiricum Cheng et al., 2023

29 Pectolinarigenin C17H14O6 P. sibiricum Cheng et al., 2023

30 Diosmetin C16H12O6 P. sibiricum Cheng et al., 2023

31 Hydroxygenkwanin C16H12O6 P. sibiricum Cheng et al., 2023

32 Cirsimarin C23H24O11 P. sibiricum Cheng et al., 2023

33 Baicalein C15H10O5 Polygonatum Sun et al., 2023

34 Isovitexin C21H20O10 P. sibiricum Wang Y. F. et al., 2020

35 3-methoxy-5,7,3′ ,4′-tetrahydroxy- flavone C16H12O7 P. cyrtonema Yao et al., 2022

36 Hispidulin C16H12O6 P. cyrtonema Yao et al., 2022

37 Luteolin C15H10O6 P. cyrtonema Yao et al., 2022

(Continued)
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TABLE 1 (Continued)

No. Chemical components Molecule formula Sources References

Flavone glycosides

38 Liquiritin C15H12O4 P. kingianum Wang et al., 2003

39 Naringin C27H32O14 P. sibiricum Cheng et al., 2023; Pan Z. B. et al.,

2022

40 Baicalin C21H18O11 P. rhizoma, P. cyrtonema Xu et al., 2022; Zhang et al., 2023

41 Apigenin-arabinopyranosyl-xylopyranoside C25H26O13 P. sibiricum Cheng et al., 2023

42 Apigenin 6-C-β-D-galactosyl (1→ 2)

-β-D-glucopyranoside

C27H30O16 P. sibiricum Wang Y. F. et al., 2020

43 Apigenin-6-c-β-D-pyranosyl (1→ 2)

-β-D-glucopyranoside

C26H28O14 P. sibiricum Wang Y. F. et al., 2020

44 Isovitexin 2′′-O-arabinoside C26H28O14 P. sibiricum Cheng et al., 2023

45 Orientin C21H20O11 P. sibiricum Wang Y. F. et al., 2020

46 Isoorientin C21H20O11 P. sibiricum Wang Y. F. et al., 2020

47 Apigetrin C15H10O5 P. cyrtonema Yao et al., 2022

48 Corymboside C26H28O14 P. sibiricum Cheng et al., 2023

49 Vitexin xyloside C27H30O15 Polygonatum Sun et al., 2023

50 Luteolin 6-C-beta-D-galactosyl (1→ 2)

-beta-D-glucopyranoside

C27H30O15 P. sibiricum Wang Y. F. et al., 2020

51 Tricin-4′-O-glucoside-7-O-glucoside C29H34O17 P. sibiricum, P. alternicirrho Chen et al., 2022

52 Vicenin C27H30O15 P. sibiricum Cheng et al., 2023; Pan Z. B. et al.,

2022

53 Neoliquiritin C21H23O9 P. kingianum Li J. et al., 2019

54 Orientin 2′′-O-xyloside C26H28O15 P. sibiricum Wang Y. F. et al., 2020

55 Orientin 6-c-beta-D-glucoside C27H30O16 P. sibiricum Wang Y. F. et al., 2020

56 (+) -syringoresinol-o-β-D-glucoside C34H46O18 P. rhizoma Xu et al., 2022

57 Osmanthuside H C19H28O11 P. sibiricum Cheng et al., 2023

58 5-O-Methylvisammioside C22H28O10 P. sibiricum Cheng et al., 2023

59 Apigenin-7-O-(6′′-p-coumaryl)glucoside C30H26O12 P. sibiricum, P. alternicirrho Chen et al., 2022

60 Apigenin-8-C-glucoside C21H20O10 P. sibiricum Cheng et al., 2023; Pan Z. B. et al.,

2022

Flavonol glycosides

61 Kaempferol-3-glucorhamnoside C27H30O15 P. sibiricum Cheng et al., 2023; Pan Z. B. et al.,

2022

62 Kaempferol 7-neohesperidoside C27H30O15 P. sibiricum Cheng et al., 2023; Pan Z. B. et al.,

2022

63 Kaempferol-3-O-glucoside-7-O-rhamnoside C27H30O15 P. sibiricum Cheng et al., 2023

64 Quercetin-3-(6′′-malonyl)-Glucoside C24H22O15 P. sibiricum Cheng et al., 2023

65 Quercetin 3-O-alpha-L-rhamnoside C21H20O11 P. sibiricum Wang Y. F. et al., 2020

66 Schaftoside C26H28O14 P. sibiricum Cheng et al., 2023

67 Syringetin-3-O-galactoside C23H24O13 P. sibiricum Cheng et al., 2023

68 Hyperoside C21H20O12 P. sibiricum Chen et al., 2022

Flavonols

69 Isorhoifolin C27H30O14 P. sibiricum, P. alternicirrho Chen et al., 2022

70 Rhoifolin C27H30O14 P. sibiricum, P. alternicirrho Chen et al., 2022

71 Mulberrin C25H26O6 P. sibiricum Cheng et al., 2023

72 3-(2-Hydroxy-3,4-dimethoxyphenyl)-7-chromanol C17H18O5 P. sibiricum Cheng et al., 2023

(Continued)
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TABLE 1 (Continued)

No. Chemical components Molecule formula Sources References

73 Cabreuvin C18H16O5 P. sibiricum Cheng et al., 2023

74 Isorhamnetin C16H12O7 P. sibiricum, P. alternicirrho Chen et al., 2022

75 Rutin C27H29O16 P. sibiricum, P. kingianum,

P. verticillatum

Chen et al., 2022; Li J. et al., 2019;

Sharma et al., 2020

76 Isoquercetin C21H20O12 P. sibiricum Chen et al., 2022

77 Kaempferol C15H10O6 P. sibiricum, P. kingianum,

P. falcatum, P. verticillatum

Cheng et al., 2023; Li J. et al., 2019;

Park et al., 2012; Sharma et al., 2020

78 Quercetin C15H10O7 P. verticillatum Sharma et al., 2020

79 Miquelianin C21H18O13 P. cyrtonema Yao et al., 2022

80 Farrerol C17H16O5 P. sibiricum, P. cyrtonema Cheng et al., 2023; Yao et al., 2022

Homoisoflavonoids

81 3′ ,5,7-trihydroxy-4′-methoxyflavanone C16H12O6 P. cyrtonema Yao et al., 2022

82 5,7-dihydroxy-2-(3-hydroxy-4-methoxyphenyl)

chroman-4-one

C16H12O6 P. cyrtonema Yao et al., 2022

83 (3R)−5,7-dihydroxy-8-methyl-3-(2′-hydroxy-4′-

methoxybenzyl)

chroman-4-one

C18H18O6 P. rhizoma Gan et al., 2013; Yu et al., 2022;

Zhang et al., 2023

84 (3R)−5,7-dihydroxy-8-methyl-3-(2′ ,4′-dihydroxybenzyl)

chroman-4-one

C17H16O6 P. rhizoma, P. odoratum Yu et al., 2022; Zhou et al., 2015

85 4′-demethyleucomin C16H12O5 P. rhizoma Yu et al., 2022

86 (3R)-Brevifolin C17H16O5 P. rhizoma Yu et al., 2022

87 Methylophiopogonanone B C19H20O5 P. odoratum, P. cyrtonema Dong et al., 2021; Nie et al., 2023;

Zhang et al., 2010

88 (3R)-5,7-dihydroxy-3-(4-hydroxybenzyl)-8-methoxy-6-

methylchroman-4-one

C17H18O6 P. odoratum Dong et al., 2021

89 (3R)-5,7-dihydroxy-6-methyl-3-(4′-hydroxybenzyl)-

chroman-4-one

C17H16O5 P. odoratum Dong et al., 2021; Guo et al., 2013;

Zhou et al., 2015

90 Disporopsin [(3R)-5,7-dihydroxy-3-(2′ ,4′-

dihydroxybenzyl)-chroman-4-one]

C16H14O6 P. kingianum, P. cyrtonema,

Polygonatum, P. rhizoma, P.

odoratum

Dong et al., 2021; Li et al., 2009; Li J.

et al., 2019; Ren et al., 2021; Sun

et al., 2023; Yu et al., 2022; Zhou

et al., 2015

91 R-methylophiopogonanone A C19H18O6 P. odoratum Dong et al., 2021

92 4′-deme-thylleucomin 7-O-β-D-glucopyranoside C22H22O10 P. odoratum Dong et al., 2021; Zhang et al., 2010

93 3-(4′-hydroxybenzyl)-5,7-dihydroxy-6-methyl-8-

methoxychroman-4-one

C18H18O6 P. odoratum Dong et al., 2010; Wang et al., 2009,

2013

94 3-(4′-hydroxybenzyl)-5,7-dihydroxy-6,8-

dimethylchroman-4-one

C18H18O5 P. odoratum Wang et al., 2009

95 3-(4′-methoxybenzyl)-5,7-dihydroxy-6-methyl-8-

methoxychroman-4-one

C19H20O6 P. odoratum Dong et al., 2010; Wang et al., 2009

96 3-(4′-methoxybenzyl)-5,7-dihydroxy-6,8-

dimethylchroman-4-one

C19H20O5 P. odoratum Wang et al., 2009

97 3-(4′-hydroxybenzyl)-5,7-dihydroxy-6-methyl-chroman-

4-one

C17H18O5 P. odoratum Wang et al., 2009, 2013

98 5,7-dihydroxyl-6-methyl-8-methoxyl-3-(4′-

hydroxylbenzyl)-chroman-4-one

C18H18O6 P. odoratum Guo et al., 2013; Lin, 2015; Zhang

et al., 2010; Zhou et al., 2015

99 5,7-dihydroxyl-6,8-dimethyl-3-(4′-hydroxylbenzyl)-

chroman-4-one

C18H18O5 P. odoratum Guo et al., 2013; Lin, 2015; Zhang

et al., 2010, 2023; Zhou et al., 2015

100 5,7-dihydroxyl-8-methoxyl-3-(2′-hydroxyl-4′-

methoxylbenzyl)-chroman-4-one

C18H18O7 P. odoratum Guo et al., 2013; Zhou et al., 2015

101 (3S)-3,5,7-trihydroxyl-6-methyl-8-methoxyl-3-(4′-

hydroxylbenzyl)-chroman-4-one

C18H18O7 P. odoratum Guo et al., 2013
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TABLE 1 (Continued)

No. Chemical components Molecule formula Sources References

102 (3S)-3,5,7-trihydroxyl-6,8-dimethyl-3-(4′-

hydroxylbenzyl)-chroman-4-one

C18H18O6 P. odoratum Guo et al., 2013

103 5,7-dihydroxy-6methoxyl-8-methyl-3-(2′,4′-dihydrox-

ybenzyl)-chroman-4-one

C18H18O7 P. odoratum Li et al., 2008; Zhou et al., 2015

104 5,7-dihydroxy-6-methyl-3-(2′,4′-dihydroxybenzyl)-

chroman-4-one

C17H16O6 P. odoratum Li et al., 2008

105 5, 7-dihydroxy-6-methoxyl-8-methyl-3-(4′-

methoxybenzyl)-chroman-4-one

C19H20O6 P. odoratum Li et al., 2008

106 5,7,2′ ,4-tetrahydroxy-6-methyl-homoisoflavanone C17H16O6 P. cyrtonema Nie et al., 2023

107 5,7,4′-trihydroxyl homoisoflavanone C16H14O5 P. cyrtonema Nie et al., 2023

108 5,7,4′-trihydroxy homoisoflavone C16H12O5 P. cyrtonema Nie et al., 2023

109 5,7,4′-trihydroxy-6-methyl homoisoflavanone C17H16O5 P. cyrtonema Nie et al., 2023

110 5,7,4′-trihydroxyl-6,8-dimethyl homoisoflavanone C18H18O5 P. cyrtonema Nie et al., 2023

111 5,7,2′-trihydroxy-6-methyl-4′-methoxyl-

homoisoflavanone

C18H18O6 P. cyrtonema Nie et al., 2023

112 5,7,2′-trihydroxyl-6,8-dimethyl-4′-methoxyl-

homoisoflavanone

C19H20O6 P. cyrtonema Nie et al., 2023

113 5,7-dihydroxy-3-(4′-hydroxybenzylidene)-chro-

man-4-one

C16H12O5 P. cyrtonema Wang et al., 2019

114 5,7-dihydroxy-6-methyl-3-

(4′-methoxybenzyl)-chroman-4-one

C18H18O5 P. cyrtonema Wang et al., 2019

115 (3R)-5,7-dihydroxy-6-methyl-3-(2′-hydroxy4′-

methoxybenzyl)-chroman-4-one

C18H18O6 P. cyrtonema Wang et al., 2019

116 5,7-dihydroxy-3-(4′-methoxy-benzyl)-chroman-4-one C17H16O5 P. cyrtonema Wang et al., 2019

117 5,7-dihydroxy-3-(4′-hydroxybenzyl)-chroman-4-one C16H14O5 P. cyrtonema, P. odoratum Ren et al., 2021; Yu et al., 2022;

Zhou et al., 2015

118 5,7-dihydroxy-6,8-dimethyl-3-(4′-methoxybenzyl)-

chroman-4-one

C19H20O5 P. cyrtonema Ren et al., 2021

119 5,7-dihydroxy-3-(2-hydroxy-4-methoxybenzyl)-chroman-

4-one

C17H16O6 P. verticillatum, P.

odoratum

Sharma et al., 2020; Zhou et al., 2015

120 5,7-dihydroxy-3-(2-hydroxy-4-methoxybenzyl)-8-

methylchroman-4-one

C18H18O6 P. verticillatum Sharma et al., 2020

121 5,7-dihydroxy-3-(4-methoxybenzyl)-8-methylchroman-4-

one

C18H17O5 P. verticillatum Sharma et al., 2020

122 Ophiopogonanone E C18H20O7 P. odoratum Zhang et al., 2010

123 5,7-dihydroxy-6,8-dimethyl-3(R)-(3′-hydroxy-4′-

methoxybenzyl)-chroman-4-one (1a, 84.9%)

and 5,7-dihydroxy-6,8-dimethyl-3(S)-

(3′-hydroxy-4′-methoxybenzyl)chroman-4-one

C19H19O6 P. odoratum Zhang et al., 2010

124 (±)-5,7-dihydroxy-6,8-dimethyl-3-(2′-hydroxy-4′-

methoxybenzyl-)chroman-4-one

C19H19O6 P. odoratum Zhang et al., 2010, 2023

125 (E)-5,7-Dihydroxy-6,8-dimethyl-3-(4′-

hydroxybenzylidene)-chroman-4-one

C18H15O5 P. odoratum Zhang et al., 2010

126 5,7-dihydroxy-6-methyl-8-methoxy-3-(4′-

methoxybenzyl)-chroman-4-one

C18H20O6 P. odoratum Zhang et al., 2010; Zhou et al., 2015

127 (3R)-5,7-dihydroxy-8-methyl-3-(4′-hydroxybenzyl)-

chroman-4-one.

C17H16O5 P. odoratum Zhou et al., 2015

128 5,7-dihydroxy-3-(4′-hydroxybenzyl)-6-methylchroman-4-

one

C16H16O5 P. odoratum Wang et al., 2018

129 5,7-dihydroxy-3-(4′-hydroxybenzyl)-6-methyl-8-

methoxychroman-4-one

C17H18O6 P. odoratum Wang et al., 2018
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TABLE 1 (Continued)

No. Chemical components Molecule formula Sources References

130 5,7-dihydroxy-3-(4′-hydroxybenzyl)-6,

8-dimethylchroman-4-one

C17H18O5 P. odoratum Wang et al., 2018

Isoflavanones

131 2′ ,7-Dihydroxy-3′ ,4′-dimethoxyisoflavane C17H18O5 Polygonatum Sun et al., 2023

Isoflavone glycoside

132 Tectoridin C22H22O11 P. odoratum Zhang et al., 2010

133 Isovitexin 8-C-β-D-glucoside C27H30O15 P. sibiricum Wang Y. F. et al., 2020

Isoflavones

134 Genistein C15H10O5 P. sibiricum, P. cyrtonema Cheng et al., 2023; Pan Z. B. et al.,

2022; Yao et al., 2022

135 Biochanin A C16H12O5 P. sibiricum Cheng et al., 2023

136 Glycitin C22H22O10 P. sibiricum Cheng et al., 2023

137 Formononetine C16H12O4 P. sibiricum Cheng et al., 2023

138 Puerarin C21H20O9 P. sibiricum Cheng et al., 2023

139 Glycitein C16H12O5 P. cyrtonema Yao et al., 2022

140 3 ’-Methoxydaidzein C16H12O5 P. rhizoma, P. cyrtonema Xu et al., 2022; Zhang et al., 2023

141 2′ ,5-dihydrox-y-7-hydroxymethyl isoflavone C16H12O5 P. odoratum Dong et al., 2021

142 4′ ,7-dihydroxy-3′ methoxy isoflavones C15H11O5 P. kingianum Wang et al., 2003

Santalane

143 (6Ar,11aR)-10-hydroxyl-3,9-dimethoxy-rosesantane C18H19O5 P. kingianum Wang et al., 2003

TABLE 2 E�ect of the locations on total flavonoids content and radical scavenging (ABTS protocol) of the genus Polygonatum.

Sources Locations Total flavonoids content/% ABTS/% References

P. kingianum Linchang, Yunnan province, China 0.613 50.85 Ren et al., 2023

P. sibiricum Hanzhong, Shanxi province, China 0.940 51.45

Tai’an, Shandong province, China 1.593 65.15

Qiqihaer, Heilongjiang province, China 0.56 38.14

P. cyrtonema Lu’an, Anhui province, China 0.488 36.84

Yiyang, Hunan province, China 0.874 59.38

Chizhou, Anhui province, China 0.787 56.87

Qiyang, Hunan province, China 1.000 41.50

Huaihua, Hunan province, China 0.965 47.85

Quzhou, Zhejaing province, China 0.474 41.69

Yichun, Jiangxi province, China 0.515 46.15

liquid-to-solid ratio of 20:1, extraction time of 2 h, extraction

temperature 61◦C. The extraction rate under the optimized

conditions reached 0.29%.

DESs are currently emerging as eco-friendly alternatives to

traditionally organic solvents for extracting active constituents

from natural products (Wang et al., 2023; Zhang H. L. et al., 2022).

DESs have several admirable attributes, including affordability,

straightforward preparation and storage, low toxicity, favorable

biocompatibility, biodegradability, and good sustainability. While

the use of DESs is environmentally friendly, their low volatility

also means challenges in purifying the bioactive compounds or

reusing the solvent. Xia et al. (2021a) used DESs for extracting total

flavonoids derived from P. odoratum rhizomes. Under optimized

parameters (choline chloride and lactic acid at a molar ratio of 1:2,

DESs water concentration of 27%, extraction temperature of 51◦C,

extraction time of 21min, and liquid-solid ratio of 22 mL/g), a total

flavonoid extraction rate of (11.47 ± 0.35) mg/g was obtained. In

a related study, Zhang H. L. et al. (2022) also extracted flavonoids

from P. sibiricum by using betaine–acetic acid DESs. The optimal

extraction parameters were determined to be a betaine to acetic

acid ratio of 1:4, water concentration of 30%, solid–liquid ratio of

1: 100 g/mL, extraction temperature of 50◦C, and extraction time
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TABLE 3 E�ect of the habitats on the total flavonoids content of the genus Polygonatum.

Sources Locations Ages Habitats Total flavonoids
content/%

References

P. cyrtonema Jinhua, Zhejiang province,

China

3 Cultivated in mixed coniferous broad leaved forest 0.94 Ni et al., 2020

Cultivated in phyllostachys pubescens forest 0.97

Cultivated in evergreen broad-leaf forest 1.04

Cultivated in the field 1.25

Cultivated in chestnut forest 1.04

Jiande, Zhejiang province,

China

1 Cultivated in the container 0.11 Sheng et al., 2021

Cultivated in the field 0.12

Cultivated under the forest 0.15

P. sibiricum Buchang, Shanxi province,

China

4 Cultivated in the field 0.35 Wu et al., 2021

Cultivated under the forest 0.26

P. verticllatum Hamkhola, India 4 Cultivated in Taxusmix forest 1.88 Suyal et al., 2019

Narayan ashram, India Cultivated in oak mix forest 0.44

Balati, India Cultivated in Rhodocendronmix forest 13.85

of 30min. The extraction rate could reach up to 25.4 mg/g, which

was approximately eight times the amount obtained through the

conventional ethanol extraction method. Therefore, in comparison

with the traditional ethanol extraction method, the use of DESs

extraction represented a more efficient, environmentally friendly

and reusable approach.

Cellulase is a highly efficient cellulolytic enzyme, and its

combination with protease or pectinase can disrupt the cell

wall and lead to cellular destruction, thus promoting the release

and diffusion of active cellular substances (Nguyen et al., 2021,

2024). Li H. M. et al. (2022); Li J. et al. (2022) investigated the

enzymatic process conditions of P. odoratum, and the findings

indicated that the total flavonoids content was improved with the

increase of enzyme dosage, and the enzymatic digestion promoted

the conversion of flavonoids from the bound state to the free

state. However, the total flavonoids concentration exhibited a

decline when the optimized enzyme dosage increased further,

which might be attributed to the adsorption between flavonoids

and enzyme proteins, resulting in the formation of new binds

between free flavonoids. The authors indicated that the flavonoids

content could be significantly enhanced through the utilization of

enzyme digestion.

Ultrasound-assisted extraction

Ultrasound has been extensively applied in extracting biological

components. It can generate a “cavitation effect” within a relatively

short period, which leads to the formation of sufficient pores

in the cell membrane, thus facilitating the release of flavonoids

from the cells. Additionally, ultrasound facilitates the dispersion

and homogenisation of flavonoids within the extraction solvent.

Furthermore, it exhibits a heat transfer effect, which, to a certain

extent, increases extraction yield of flavonoids and decreases

extraction time (Long et al., 2020; Wei et al., 2023). However,

ultrasonic-assisted extraction has certain drawbacks, including the

potential destruction of flavonoids during the process and the high

cost of necessary equipment (Wei et al., 2024; Zhou et al., 2022).

Zhang et al. (2018) studied the extraction of total flavonoids from

P. cyrtonema through ultrasonic-assisted extraction. The optimal

conditions (ultrasonic power of 250W, ultrasonic extraction time

of 20min, ethanol content of 70%, and solid-liquid ratio of 1:20)

were found. The highest content of total flavonoids of P. cyrtonema

was observed to reach 10.30 mg/g under these conditions. Recently,

Long et al. (2020) optimized the ultrasonic-assisted extraction

process for total flavonoids from P. mill. The optimized extraction

parameters were as follows: extraction temperature of 70◦C,

ethanol content of 80%, extraction time of 45min, solid-to-liquid

ratio of 1:5. The content of total flavonoids extracted under the

optimized parameters was 2.46 mg/g.

To improve extraction rate of bioactive ingredients, the

potential of combining ultrasound with enzymatic methods has

been investigated. He et al. (2019) optimized the extraction

process for the total flavonoids from P. sibiricum using an

enzymatic-ultrasonic technique. The optimal parameters were:

cellulase dosage of 0.75%, ethanol concentration of 40%, liquid-

to-solid ratio of 20 mL/g, and ultrasonic time of 30min, and

the total flavonoids were extracted with a high extraction rate

of 1.595% under the optimized conditions. Recently, Guo K. L.

et al. (2022) used enzyme-assisted ultrasonication to extract P.

sibiricum flavonoids, optimizing the extraction conditions. The

findings indicated that the extraction yield of total flavonoids

was most significantly influenced by the interaction between the

ultrasonication time, solid-to-liquid ratio, ethanol content, and

ultrasonication time. The enzymatic-ultrasonic method yielded a

significantly higher extraction rate of total flavonoids from the

genus Polygonatum than the ethanol extraction and ultrasonic

extraction methods.

The biphasic extraction method is according to the different

partition coefficients of the separated substances in the alcohol-

salt biphasic system. This approach offers several advantages,

including favorable conditions for alcohol recovery, enhanced

separation performance, and reduced cost. Furthermore, it has

been extensively employed in the extraction and separation of
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TABLE 4 Flavonoids extraction from the genus Polygonatum.

Methods Sources Extraction conditions Extraction rate References

Deep eutectic

solvents (DESs)

P. odoratum Cholin chloride-lactic acid ratio 1:2; extraction temperature

51◦C; extraction time 21min; liquid-solid ratio 22 mL/g; DESs

water content 27%

11.47 mg/g Xia et al., 2021a

P. sibiricum Betaine- lactic acid ratio 1:4; extraction temperature 50◦C;

extraction time 30min; liquid-solid ratio 100 mL/g; DESs water

content 30%

25.4 mg/g Zhang H. L. et al.,

2022

P. kingianum Cholin chloride-lactic acid ratio 1:2; extraction temperature

45◦C; extraction time 40min; liquid-solid ratio 20 mL/g; DESs

water content 20%

17.13 % Wang et al., 2023

Ethanol extraction P. kingianum Ethanol content 79%; extraction temperature 61◦C; extraction

time 120min; liquid-solid ratio 20 mL/g

0.29% Wang et al., 2024a

P. kingianum Ethanol content 90%; extraction temperature 70◦C; extraction

time 150min; liquid-solid ratio 80 mL/g

4.01% Yang et al., 2020

P. cyrtonema Ethanol content 81%; extraction temperature 69◦C; extraction

time 150min; liquid-solid ratio 18 mL/g

0.63% Qian et al., 2017

P. kingianum Ethanol content 63%; extraction time 120min; liquid-solid ratio

13 mL/g

32.17 mg/g Wang et al., 2017

P. cyrtonema Ethanol content 50-70%; extraction temperature 50-60◦C;

extraction time 140-150min; liquid-solid ratio 14-18 mL/g

0.95 mg/g Liu et al., 2019

P. sibiricum; P. odoratum Ethanol content 70%; extraction temperature 90◦C; extraction

time 120min; liquid-solid ratio 50 mL/g

0.0622% Xu et al., 2021

P. sibiricum Ethanol content 70%; extraction temperature 70◦C;Extraction

time 50min; liquid-solid ratio 10 mL/g

1.20% Wei et al., 2023

Alcoholic Polygonatum Ethanol content 45%; enzyme amount 1.5%; extraction time

16min; liquid-solid ratio 21mL/g

0.119% Xue et al., 2023

P. cyrtonema Ethanol content 70%; sonication powder 250W; extraction time

20min; liquid-solid ratio 20 mL/g

1.03% Zhang et al., 2018

Ultrasound-assisted

extraction

P. cyrtonema Ethanol content 70%; sonication powder 250W; extraction time

10.30min; liquid-solid ratio 20 mL/g

5.0 mg/g Zhang et al., 2018

Polygonatum Mill Ethanol content 80%; extraction time 45min; extraction

temperature 70◦C; liquid-solid ratio 5.0 mL/g

1.23% Long et al., 2020

P. sibiricum Ethanol content 80%; extraction time 60min; liquid-solid ratio

25 mL/g

0.40% Chen et al., 2013

P. sibiricum Ethanol content 53.33%; extraction time 50min; extraction

temperature 54.66◦C; liquid-solid ratio 48.42 mL/g

30.12 mg/g Zhang et al., 2024

P. macropodium Extraction time 50min; extraction temperature 60◦C; sonication

powder 400W

5.765 mg/g Zhang et al., 2015

P. sibiricum Enzyme dosage 1.4%; hydrolysis temperature 47◦C for 37min;

liquid-solid ratio 21 mL/g

0.95% Wang et al., 2023

P. sibirici Ethanol content 40%; enzyme dosage 0.75%; sonication time

30min; liquid-solid ratio 20 mL/g

1.595% He et al., 2019

P. sibiricum (NH4)2SO4 amount 0.39 g/mL; extraction time 32min;

liquid-solid ratio 24 mL/g

6.21 % Li X. et al., 2019

Microwave-assisted

extraction

P. sibiricum Ethanol content 60%; extraction time 80 s; microwave powder

350W; liquid-solid ratio 70 mL/g

0.92% Li et al., 2014

P. sibiricum Extraction temperature 70◦C; extraction time 2.5min;

microwave powder 100W; liquid-solid ratio 70 mL/g

69.54 mg/g Teng et al., 2017

biological constituents. Li X. et al. (2019) obtained flavonoids

from P. cyrtonema using biphasic-ultrasonic extraction. The

optimal extraction parameters were ultrasonication time of 32min,

(NH4)2SO4 amount of 0.39 g/mL, solid-liquid ratio of 24:1. The

yield of flavonoids was 6.21%. The samples showed excellent

anti-oxidant activity, and could inhibit the lipid autoxidation ability

in mouse liver tissue.

Microwave-assisted extraction

The microwave-assisted method represents a relatively

innovative approach that employs the instantaneous penetration

of electromagnetic waves generated with microwave energy for

the purpose of extraction. During this process, the application

of microwave energy can result in an increase in temperature
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within the cells, which subsequently leads to expansion of cell wall.

When the pressure exceeds the tolerance threshold of cell wall, cell

wall ruptures, resulting in the release of flavonoids from the cells

(Guo X. D. et al., 2022). In comparison to the solvent extraction

method, microwave-assisted method exhibits the advantages of

a shorter extraction time and higher efficiency. Nevertheless,

as with the ultrasonic-assisted method, the microwave-assisted

method also results in the destruction of flavonoids. Furthermore,

the cost of necessary microwave equipment is high (Wei et al.,

2024). Li et al. (2014) extracted flavonoids from P. sibiricum using

microwave-assisted method. The findings demonstrated that the

optimal extraction yield (0.92%) for total flavonoids was obtained

under the conditions of microwave powder of 350W, solid-liquid

ratio 70 g/mL, ethanol concentration of 60%, extraction time

of 80 s. Teng et al. (2017) also employed microwave-assisted

extraction technique to extract flavonoids and polysaccharides

derived from P. sibiricum, optimizing the process conditions.

The findings indicated that the optimal conditions for extracting

Polygonatum polysaccharide and Polygonatum flavonoids were:

microwave time 2.5min, solid-liquid ratio 1:70 g/mL, extraction

time 90min, extraction temperature 70◦C. Under the optimized

parameters, polysaccharide and flavonoids extraction rate was

69.54 mg/g, corresponding to a yield of 186.35 mg/g.

Purification of Polygonatum
flavonoids

In order to obtain a higher purity of flavonoids, the purification

process is of great importance. At present, many techniques have

been employed to purify flavonoids from nature products, such

as membrane separation, column chromatography (macroporous

resin, silica gel column, preparative high performance liquid

chromatography, polyamide column, sephadex column, high speed

counter-current chromatography, etc.) (Gvazava and Kikoladze,

2011; Li et al., 2024; Zhou et al., 2015). As far as we know, the

main purification method for flavonoids in the genus Polygonatum

is macroporous resin technique. Macroporous resin exhibits a

strong adsorption and desorption capacity. Once the sample

solution is uploaded onto the macroporous column, the water-

soluble impurities are eluted with water initially. Subsequently,

the targets are eluted with a series of ethanol solutions of

varying concentrations. Finally, different polar components can

be obtained. Xia et al. (2021a,b) carried out the adsorption and

desorption studies of P. odoratum flavonoids using three kinds

of macroporous resins (HPD826, D101, and AB8). The findings

revealed that D101 exhibited the highest adsorption/desorption

abilities, with AB8 and HPD826 demonstrating progressively lower

capacities. The recycling process for DESs yielded an extraction

rate of 10.78 mg/g, indicating a reuse rate of 93.98%. The

authors indicated that the enrichment using the combination of

DESs with macroporous resin represented a potential approach

for the effective purification of flavonoids derived from the

genus Polygonatum. Recently, Wang et al. (2024a) also studied

the adsorption and desorption capacity of flavonoids from P.

kingianum using seven kinds of macroporous resins (AB-8, NKA-

II, NKA-9, D101, HPD400, HP-20, and X-5). AB-8 macroporous

resin showed the most effective purification of flavonoids. The

optimal conditions were as follows: a 40 g/L crude extract was

applied to the column, and 70% ethanol was eluted at 2.0 g/L.

Under these conditions, the purity of flavonoids from P. kingianum

was increased to 5.31%, which was 11.8 times of the content

of crude extract. The study indicated that the purification of

flavonoids derived from P. kingianum using AB-8 macroporous

resin was a suitable method. The conclusion also was supported

by many other studies (Du et al., 2021; Shu et al., 2009). In

other investigation, Zhou et al. (2015) successfully isolated three

novel homoisoflavonoids from P. odoratum through the technique

of high-speed countercurrent chromatography combined with

Sephadex LH-20 CC. All of the obtained homoisoflavonoids

exhibited excellent antioxidant properties.

E�ect of processing methods on
flavonoids from the genus
Polygonatum

Steam-bask processing

In order to mitigate the irritation to the throat and enhance its

therapeutic effect, it is necessary to process the genus Polygonatum

rhizome prior to use or consumption. A variety of processing

techniques for the genus Polygonatum, for example steaming, co-

processing with auxiliary materials (wine, black bean, and honey),

and nine steam-nine bask processing, have been investigated

(Table 5) (Luo et al., 2022; Xu P. et al., 2023; Xu Y. L. et al.,

2023; Yao et al., 2022). These processes would result in the

alterations to the appearance, taste, chemical composition and

pharmacological activity of the genus Polygonatum (Li X. et al.,

2023; Li Y. et al., 2023; Liang H. H. et al., 2022; Liang Z. et al.,

2022; Zhou L. et al., 2024). Among these processing methods,

nine steam-nine bask processing has been extensively employed at

present. The total flavonoid content and activities of the samples

are found to vary significantly with the processing cycle numbers.

Generally, the content of total flavonoids increased throughout

nine steam-nine bask processing procedure (Pan et al., 2021; Wu

et al., 2023; Zhang et al., 2021; Zhou L. et al., 2024). Pan et al.

(2021) observed that the flavonoids content was enhanced with

the prolongation of steaming-dying cycles, reaching the highest

in the ninth steaming-drying cycle. Additionally, Wang et al.

(2024b) reported that the flavonoids content was ranged from 0.10

to 0.82% during the process. At the eighth steaming cycle, the

flavonoids level reached the maximum. At the same time, DPPH

and FRAP reached a maximum of 81.95% and 1.97 mmol/L in

the eighth cycle, representing a 50.92% and 1.72 mmol/L increase,

respectively, compared to the first cycle. However, Wu et al. (2023)

found that the flavonoids content reached the highest in the

fourth steaming cycle. The different results might be due to the

different pre-treatment for the genus Polygonatum. Recently, Sun

et al. (2023) reported that various processing times (two steam-two

bask, nine steam-nine bask) had notable impacts on the ingredient

and metabolites of the genus Polygonatum. The flavonoids

content, including baicalein, disporopsin, and isoliquiritigenin,

exhibited a decline with the prolongation of treatment period.

Conversely, the 3′-methoxydaidzein content demonstrated an

initial increase, followed by a subsequent decline. The data based
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TABLE 5 E�ects of processing methods on flavonoids content of Polygonatum rhizome and its activities.

Processing
methods

Sources The change of flavonoids content Activity changes References

Air dry/sun dry P. kingianum Flavonoids content decreased. / Xu Y. L. et al.,

2023

Air dry P. sibiricum Flavonoids content was reduced. The anti-oxidant and antiglycation

activities of the samples decreased.

Zhu et al., 2023

Steaming P. kingianum Flavonoids content increased with the increase of the

numbers of steaming and basking, reached the highest in the

third steaming and basking, and then gradually decreased.

/ Xu Y. L. et al.,

2023

P. odoatum The total flavonoids content increased. Antioxidant and α-glucosidase

inhibitory activities were enhanced.

Teng et al., 2022

P. odoatum Isoflavones content increased with the increase of the

steaming degree.

The free radical scavenging ability,

reducing power and inhibitory activity

against α-amylase and α-glucosidase

were enhanced with the increase of the

steaming degree.

Nie et al., 2023

Steaming and

drying

Polygonatum The contents of baicalein, disporopsin and isoliquiritigenin

decreased with the increase of treatment time, while the

content of 3′-methoxydaidzein increased first and then

decreased.

/ Sun et al., 2023

P. cyrtonema The total flavonoids content increased. In vitro antioxidant activity increased. Yao et al., 2022

P. odoatum The total flavonoids content increased with steaming time,

and reached the highest after 49 h.

/ Pan K. et al.,

2022

P. odoatum The total flavonoids content increased with steaming-dying

cycle times, and reached the highest at ninth

steaming-drying cycle.

/ Wang et al.,

2024b

P. sibiricum The total flavonoids content increased with steaming-dying

cycle times.

ABTS scavenging activity peaked at 0.73

mmol/L after it was treated at seventh

steaming-drying cycle. DPPH

scavenging activity and FRAP value

reached the maximum after eighth

steaming-drying cycle.

Wu et al., 2023

P. sibiricum The total flavonoids content increased with steaming-dying

cycle times, and reached the highest at fourth steaming and

drying cycle.

/ Zhou L. et al.,

2024

P. kingianum / Anti-inflammation, anti-oxidant and

anti-hyperglycemia activities were

enhanced.

Guo K. L. et al.,

2022

Processing with

wine

P. sibiricum Flavonoids content increased by 2.2 times. / Wang et al., 2012

P. sibiricum The total flavone yield increased. The scavenging rate of DPPH free

radical increased.

Wang et al., 2012

Processed with

honey

P. sibiricum The yield of total flavone and water soluble substances

increased.

DPPH free radical scavenging rate

increased, and was higher than the

concentration of 0.05 mg/mL of rutin

and quercetin standard of DPPH free

radical clearance.

Wang et al., 2012

Fermentation P. sibiricum The total flavonoids content increased after being fermented

by yeast and lactic acid bacterium.

The radical scavenging rate of OH,

DPPH and ABTS was 47.83%, 91.40%,

and 91.44%, respectively.

Wang et al., 2022

P. odoatum The total flavonoids content in Polygonatum fermented by

yeast and lactic acid bacteria was significantly decreased,

while that of flavone fermented by Aspergillus Niger was

significantly increased.

Lactobacillus and yeast fermentation

decreased the antioxidant capacity of

flavonoids. Aspergillus Niger

fermentation increased the antioxidant

capacity of vanilla flavonoids.

Xia et al., 2021b

Irradiation P. sibiricum The total flavonoids content exhibited a notable increase

when the irradiation dose was higher than 4 kGy.

ABTS scavenging rates of total flavonoid

extracts demonstrated a significant

enhancement after irradiation.

Xu P. et al., 2023

P. sibiricum, P.

odoatum, P. filipes

The flavonoids content of P. sibiricum and P. odoatum

exhibited a considerable reduction following irradiation,

while the flavonoids content of P. filipes just exhibited a

rapid decline at the irradiation dose of 30 kGy.

/ Xu P. et al., 2023
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on network pharmacological analysis revealed that the compounds

of 4,5-dihydroxyflavone and liquiritigenin activated PLA2 enzyme,

thereby promoting the synthesis of lysophosphatidylcholine. The

nine steam-nine bask method was found to be beneficial with

regard to the role of both two constituents.

The traditional nine steam-nine bask method is a labor-

intensive process. Studies have been conducted to optimize this

process and enhance the efficacy. Yao et al. (2022) carried out

the impact of nine steam-nine bask cycles on the functional

components of Polygonatum. The obtained data revealed that an

increase in the number of nine steam-nine bask cycles resulted

in a notable enhancement in the total flavonoids concentration

and antioxidant capacity of Polygonatum in vitro. The authors

also suggested that four cycles of steaming and basking (four

steaming and four basking) might be sufficient to maintain the

active component of Polygonatum, thereby negating the necessity

for nine cycles of steaming and basking. The findings of this

study indicated that the traditional nine steam-nine bask method

could be optimized to reduce processing cycle numbers, while

maintaining or enhancing its medicinal composition and biological

activity. In order to improve processing efficacy, Liang H. H.

et al. (2022) investigated effects of nine steam-nine bask processing

under high pressure steam boiler on chemical constituents of P.

cyrtonema. 3-6 steaming times of P. cyrtonema under high pressure

were recommended.

Besides nine steaming-nine basking processing, both steaming

and processing with wine are also investigated (Ren et al., 2021; Zhu

et al., 2021). Nie et al. (2023) investigated the impacts of steaming

(100◦C, 110◦C, 120◦C and 130◦C for 60min) on P. cyrtonema

rhizome. The findings indicated that the isoflavones concentration

increased with the elevation of the steaming temperature. The

content of isoflavones in P. cyrtonema rhizome extracts treated

at 120◦C and 130◦C was significantly higher compared to that

of raw P. cyrtonema rhizome extracts. At the same time, the free

radical scavenging ability, reducing power and inhibitory activity

against α-amylase and α-glucosidase of P. cyrtonema rhizome

extracts demonstrated an increase with the elevation of steaming

temperatures. In the work of Pan K. et al. (2022), it had been found

the concentration of total flavonoids from P. cyrtonema increased

with the prolongation of steaming time. The content of the total

flavonoids reached the highest when P. cyrtonema was steamed

after 49 h. In addition, Guo X. D. et al. (2022) analyzed various

chemical components of P. sibiricum after processing with wine,

and found that total flavonoids content increased by 2.2 times.

Fermentation processing

Fermentation processing, one of traditional Chinese medicine

processing technologies, has been demonstrated to enhance the

efficacy of the medical materials and reduce the occurrence of

adverse effects (Li J. et al., 2019). The chemical ingredients of

the genus Polygonatum, both before and after fermentation, are

significantly altered by fermentation process. Li J. et al. (2019)

identified the chemical components of P. sibiricum before and after

fermentation. The authors observed that 62 chemical components

were identified before fermentation, while 18 chemical components

were identified after fermentation. The flavonoids content of the

genus Polygonatum depends on the employedmicroorganisms after

fermentation. Generally, after being treated by fermentation, the

flavonoids content is improved, thereby increasing its antioxidant

activity (Table 5) (Liu et al., 2023; Wang et al., 2022). Xia et al.

(2021b) investigated the impact of bacterial, fungal and yeast

fermentation on P. odoratum flavonoids. The findings revealed, in

comparison to untreated P. odoratum, the total flavonoids content

of P. odoratum fermented with yeast and lactic acid bacteria

significantly decreased, whereas the total flavonoids content of P.

odoratum fermented with Aspergillus Niger exhibited a significant

increase. Concurrently, the anti-lipid peroxidation free radical

scavenging abilities of flavonoids extracts were found to be

reduced after yeast and lactic acid bacteria fermentation, while

DPPH radical scavenging ability, anti-lipid peroxidation ability,

and hydroxyl (OH) radical scavenging ability of flavonoids from

Aspergillus Niger fermentation broth increased. Recently, Wang

et al. (2022) employed a mixed culture of yeast and lactic acid

bacteria to ferment P. sibiricum. In comparison to un-fermented

P. sibiricum, the contents of polysaccharides, polyphenols and

flavonoids of P. sibiricum in the fermentation broth were found to

be significantly improved. Additionally, the antioxidant activity of

P. sibiricum fermentation broth was higher than that of the un-

fermented samples. The radical scavenging rates of OH, DPPH,

ABTS for P. sibiricum fermentation broth were 47.83%, 91.40% and

91.44, respectively.

Drying process

After fresh Polygonatum being gathered, many post-harvest

treatments, such as drying, are usually employed, which can affect

the flavonoids content significantly. Peng et al. (2022) found that

the flavonoids content and activity of P. odoratumwere significantly

affected by the drying method. Of the three drying methods,

freeze drying was observed to result in the greatest retention of

flavonoids content in P. odoratum to the greatest extent, followed

by vacuum drying. The application of hot air drying, particularly

at elevated temperatures (100◦C), has been observed to result in

a notable decline in the flavonoids content. Recently, Zhu et al.

(2023) investigated the impact of air-dying and alkali treatment on

the quality and antioxidant activity of P. sibiricum. The findings

indicated that there was a reduction in flavonoids and polyphenol

concentrations in the alcohol extract after post-harvest air-drying.

After 9 d of post-harvest air-drying, flavonoids content was reduced

by 64.6%. However, alkali treatment exhibited no significant impact

on flavonoids concentration and functional activity of P. sibiricum.

As a sterilization technique, electron beam radiation has also been

employed to extend the storage of the genus Polygonatum. Xu P.

et al. (2023) found that when the irradiation dose exceeded 4 kGy,

total flavonoids content exhibited a notable increase. Additionally,

ABTS scavenging rates of total flavonoid extracts demonstrated

a significant enhancement after irradiation. Xu et al. (2021)

studied the impact of irradiation on flavonoids in P. sibiricum,

P. odoatum and P. filipes. The flavonoids content demonstrated a

decline with the increase of irradiation dose due to the flavonoid

monomer in different Polygonatum samples. The flavonoids

content of P. sibiricum and P. odoatum exhibited a considerable

reduction following irradiation, while the flavonoids content of
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P. filipes just exhibited a rapid decline at the irradiation dose of

30 kGy.

Conclusion

The genus Polygonatum, a time-honored traditional Chinese

medicine, is considered as a medicine and food homologous

plant in China. The purpose of present study is to provide an

overview of the extraction and processing of flavonoids in the genus

Polygonatum. A range of the methods for extracting flavonoids

have been developed, for instance, solvent extraction, microwave-

assisted extraction, ultrasonic-assisted extraction, and enzymatic-

assisted extraction. Furthermore, a range of processing methods,

including steaming processing, wine processing, honey processing,

black bean steaming and nine steam-nine bask processing, have

been investigated. These processing techniques have been shown

to have a significant impact on the content and bioactivity of

flavonoids. Notwithstanding the substantial progress achieved

in Polygonatum flavonoids-related research, numerous challenges

must be addressed to fully realize it’s potential.

The first challenge is that the methodologies for extracting

and purifying flavonoids are currently only at the laboratory

stage. Moreover, existing flavonoids extraction techniques have

certain shortcomings, including relatively low yields. Despite the

development of numerous extraction and purification techniques,

no definitive conclusions have been reached regarding the optimal

parameters for their application. It is recommended that future

investigations should focus on the optimization of these methods,

and developing green and highly efficient flavonoids extraction

technology that can be applied on an industrial production scale.

Secondly, it is widely acknowledged that the genus Polygonatum

can be used as a food or medicinal product after a processing

stage, for example steaming, wine-steaming, black bean processing,

or nine steam-nine bask. Flavonoids content and activities would

be altered as a result of different processing techniques. Up

to now, the investigations have been carried out to establish

a correlation between the flavonoids content and processing

techniques. Accordingly, it is necessary to conduct further in-

depth investigations into the impact of processing on the structure-

activity relationship of flavonoids.

In conclusion, previous studies have provided a comprehensive

and solid foundation for the further research of flavonoids.

However, in the future, it is imperative to enhance the isolation

of Polygonatum flavonoids and identify their structures, carry

out in-depth pharmacological investigations, and utilize extensive

data analysis to elucidate the critical targets for the treatment of

related diseases.
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