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Abstract. Astragalus is a common Traditional Chinese Medicinal plant and is a widely used herbal 

product in China and other countries. Saponins, polysaccharides, amino acids, flavonoids, organic acid, 

glycosides, alkaloid, and trace elements, are the major classes of chemical compounds occurring in the 

species of Astragalus genus. In Traditional Chinese Medicine, Astragalus is considered to be effective in 

the treatment of diabetes, mellitus, nephritis, leukemia, uterine cancer, besides its tonic agent and diuretic 

effects. Some uses of Astragalus are in the treatment of kidney and urinary problems, digestion, liver 

problems, female reproductive system problems, muscular, skin problems, cardiovascular and blood 

related issues, immune and lymphatic system, nervous system, respiratory system, and for some specific 

diseases. It helps protect the body against various types of stress such as physical and emotional stress. 

Astragalus root has anti-aging properties, and also help in the prevention of bone loss. Astragali radix, the 

root of Astragalus membranaceus Bunge, has been reported to exert hepatoprotective effects, anti-

oxidative effects, antiviral activity, anti-oxidative effects, anti-hypertensive effects, and immunostimulant 

properties; it has also been reported to strengthen superficial resistance, drainage action and new tissue 

growth. More clinical studies are necessary to discover the effects of Astraglaus. 
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Introduction 

Chinese herbs have been used as traditional medicine immune booster for human 

being for thousands of years in China (Yin et al., 2009; Shahrajabian et al., 2018). More 

than 3 million tons of herb medicines were produced in China, and their medicinal parts 

were consumed in traditional Chinese medicine (TCM) clinic (Soleymani and 

Shahrajabian, 2012, 2018; Zhang et al., 2016; Ogbaji et al., 2018). In traditional 

Chinese medicine, some herbals have been used for anti-aging since ancient times (Liu 

et al., 2017). Astragalus membranaceus as one of the most important Qi tonifying 

adaptogenic herbs in traditional Chinese medicine has a long history of medicinal use 

(Yang et al., 2010; Zhong et al., 2012; Liu et al., 2017). In traditional Chinese medicine, 

which laid a lot of emphasis on Qi (vital energy) and Yin-Yang balance (negative and 

positive equilibrium). Chinese herbs have used as traditional medicine immune booster 

for human being for thousands of years in China and many parts of Asia (Shahrajabian 
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et al., 2019a, b, c, 2020; Sun et al., 2020). The goal of this review is survey on some 

important ancient and modern pharmaceutical sciences of astragalus. 

Materials and methods 

All relevant papers in the English language of researchers from different countries 

were collected. The keywords of astragalus, traditional Chinese medicine, traditional 

Asian medicine, modern pharmaceutical science, health benefits and western medicine 

were searched in Google Scholar, Scopus, Research Gate and PubMed. 

Results and discussion 

Astragalus in traditional Chinese medicine and other parts of the world 

Astragalus is considered as benefiting Qi and helping to pass water (Li et al., 2011). It 

has been used as therapy for Wei Zheng, a term for skeletal muscle fatigue and wasting 

(Zhou and Mei, 2014). The dried root of A. membranaceus, first documented in Shennong 

Bencao Jing (Shennong’s Classic of Materia Medica, 200-300 AD), is one of the most 

popular health promoting herbal medicines commonly used in China for more than 2000 

years. In modern Chinese medicine, it is used in Fu zheng therapy as an immune 

stimulant (Ionkova et al., 1997). Also known as Huang Qi (Chinese), Milk-Vetch 

(English), Hwanggi (Korean), and Ogi (Japanese) (Chou et al., 2007; Li et al., 2019). It is 

sold in dietary supplements in tea or capsule form in the USA, and in the tea, beverages, 

soup, and trail mix (gorp) in Asia (Song et al., 2008; Zhang et al., 2011). Chinese milk 

vetch (Astragalus sinicus L.) is also a traditional leguminous green manure which plays 

an important role in maintaining paddy soil fertility and in the popularizing of the double-

rice farming system in southern China; it is ploughed into soil at full blooming stage and 

serves as an alternative to chemical nitrogen fertilizer in the region (Zhu et al., 2012). 

Astragalus membranaceus was originally described in the Shennong’s Classic of Meteria 

medica, the earliest complete Pharmacopoeia of China written from Warring States Period 

to Han Dynasty (Hei et al., 2005; Auyeung et al., 2016). It is valued for its ability to 

strengthen the primary energy of the body which we know as the immune system, as well 

as the metabolic, respiratory and eliminative functions (Liu et al., 2017). This fact is being 

increasingly substantiated by pharmacological studies showing that it can increase 

telomerase activity, and has antioxidant, anti-inflammatory, immuneregulatory, 

anticancer, antitumor, antioxidant, hypolipidemic, antihyperglycemic, hepatoprotective, 

expectorant, immunomodulatory activity, and diuretic effects (Anon, 2003; Ma et al., 

2011; Zhao et al., 2011). Astragalus membranaceus (Fisch.) Bunge. has been widely used 

an anti-osteoporosis herb is traditional Chinese medicine for many years (Du et al., 2004; 

Wong et al., 2007; Xi et al., 2008; Jiao et al., 2014). In Traditional Chinese Medicine, 

Astragalus membranaceus is a major component in a prescription to treat chronic 

phlegmatic disorders and general gastrointestinal disturbances including stomach ulcer, 

chronic diarrhea and intestinal inflammation (Kim et al., 2008; Yang et al., 2014). Other 

researchers have reported the values of Astraglaus s roots in traditional Chinese medicine 

with the function of strengthening exterior and promoting health for thousands of years 

(Ma et al., 2017; Zhao et al., 2011). Traditional Chinese herbs are generally applied in the 

form of multi-herb formulas in medical treatments and as dietary supplements (Takagi 

and Ishii, 1967; Li et al., 2011). Lu et al. (2013) reported that Radix Astragali is the root 
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of Astragalus membranaceus Bunge, and as a famous traditional Chinese medicine 

(TCM), it has been used to improve muscle wasting-related disorders for a long history. 

They have also introduced Astragalus polysaccharide (APS) as an important bioactive and 

a therapeutic agent in the management of muscle wasting. Astragalus trojanus Stev. is an 

endemic plant mostly found in eastern and central Anatolia (1300-3500 m), central 

Aegean region and slopes of Toros mountain (1300-2300 m) in Turkey (Nartop et al., 

2015). This genus is widely distributed throughout the temperate and arid regions of the 

world, and is principally located in Asia (1500 species), North American (500 species) 

and South American (150 species), and Europe (120 species), but also on mountains in 

Africa, However, the centre of origin and biodiversity of Astragalus plants is Eurasia, 

especially the mountainous parts of South-Western and South-Central Asia (Lysiuk and 

Darmohray, 2016). Iran alone, being the richest centre of Astragalus habitation, shelters 

more than 850 species, 527 of which are endemic in the flora of Iran (Ranjbar and 

Karamian, 2002; Aslanipour et al., 2017; Ghasemian-Yadegari et al., 2017). Aslanipour et 

al. (2017) stated that the crude drugs prepared from Astragalus roots are used for treating 

some illnesses such as leukemia, respiratory infections and diabetes in Iranian folk 

medicine. In South Eastern Turkey (Anatolia district), the aqueous extract of the roots of 

different Astragalus spp. are traditionally used against leukemia and for its wound-healing 

properties (Yesilada et al., 2005; Nalbantosy et al., 2012; Napolitano et al., 2013). In the 

district of Anatolia, located in South Eastern Turkey, an aqueous extract of the roots of 

Astragalus is traditionally used against leukemia and for its wound healing properties 

(Bedir et al., 2001). Astragalus corniculatus Bieb. (Fabaceae) is distributed in 

Southeastern Romania, South Ukraine and Moldova (Tutin et al., 1972). Astragalus 

Tragacantha L. (Fabaceae) is a western Mediterranean perennial cushion-like plant 

species well-adapted to drought that grows even in the trace metal and metalloid polluted 

soils (Salducci et al., 2019). It has been reported that Astragalus is an adaptogen and is 

usually used in combination with other herbs, such as, ginseng, Echinacea, and glossy 

privet. Astragalus is primarily used in American medicine to potentiate the function of the 

immune system and in cardiovascular disease. In traditional Chinese medicine, it is used 

for influenza and the common cold (McKenna et al., 2002). Nishiyama et al. (1995) 

reported that in traditional oriental medicine, it is conventional to combine different herbs 

in order to achieve a variety of treatment purposes simultaneously, or to enhance a single 

effect without causing severe side effects. Erect milkvetch (Astragalus adsurgens Pall.), 

also as a palatable forage, are also widely used in returning farmland to grassland, it has 

an important role in restoring the degraded ecosystems and could be an effective and 

applicable to improve soil nutrients and prevent further soil degradation and erosion, 

because it grows rapidly, and was characterized by barren-tolerance, wide adaptability 

and strong resistance (Wang and Wang, 2013). 

 

Bioactive phytochemicals, medicinal uses and potential health benefits of Astragalus 

in traditional and modern medicine industry 

Constituents of the dried roots of Astragalus spp. Radix Astragali provide significant 

protection against heart, brain, kidney, intestine, liver and lung injury in various models 

of oxidative stress-related disease (Hong et al., 1992; Shahzad et al., 2016). Zhang et al. 

(2007) stated that Astragalus is an important traditional Chinese medicine (TCM), and 

now widely used an immune modulator, especially to support immune health for 

various chronic degenerative diseases. Recently, Astragalus radix was proved 

efficacious to be an adjunctive therapy medicine for cancers (Wang et al., 2003). In the 
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Bulgarian traditional medicine, Astragalus glycyphyllos is used an antihypertensive, 

diuretic and anti-inflammatory remedy (Nikolov, 2006). Major classes of compounds of 

Astragalus species (Table 1) are polysaccharides, saponins and isoflavonoids, alkaloid, 

choline, betaine, folic acid, organic acid, various amino acids, mucoitin, gum, cellulose 

and fourteen trace elements, including selenium, zinc, and iron, which are essential 

micronutrients for man and animals (Bedir et al., 2000; Block and Mead, 2003; Yin et 

al., 2006; Lu et al., 2016). Astragalus genera are the richest source of cycloartanes, the 

unique triterpenoids with a characteristics 9,19-cyclopropane (Nartop et al., 2015). 

According to the systematic review by a Chinese scientists on the chemical constituents 

of the plants (genus Astragalus L.) more than 140 cycloartane-type triterpene 

glycosides, 60 flavonoids and 18 different polysaccharides have been identified so far 

(Li et al., 2014). Under high soil moisture and wet conditions, Astragalus is susceptible 

to root rot caused by fungi, which is the main constraint to cultivation. Land must be 

well drained for Astragalus. Loose soil and raised beds can be used to control soil 

moisture (Shannon et al., 2014). The chemical structures and chain conformations of 

polysaccharides play a vital role in their biological activities; however, polysaccharides 

belong to a structurally diverse class of macromolecules (Jin et al., 2014). 

Cycloastragenol (CA) is the main aglycon of many cycloartane-type glycosides which 

only found in Astragalus genus, extends T cell proliferation by increasing telomerase 

activity which helps the delay the onset of cellular aging (Valenzuela et al., 2009). 

Astragalus root also contains a series of cycloartane triterpene glycosides, including 

astragalosides I-VIII, acetylastragaloside, isoastragaloside I and III, astramembrannin II, 

cycloastragenol, cyclosieversigenis, soyasaponin I, soyasapogenol B, and lupeol (Ko 

and Chik, 2009). Among these, Astragalus membranaceus has a high content of 

astragaloside IV, which is commonly used as a qualitative marker. 

 
Table 1. Astragalus membranaceus main compounds 

Compound Effect 

Flavonoids Plant metabolites with antioxidant effects; give plants yellow color 

Isoflavones 
Polyphenolic compounds that are classified as phytoestrogens; formononetin is 

one of the prominent ones 

Lectin Carbohydrate-binding proteins 

Polysaccharides 
Carbohydrates whose molecules contain linked monosaccharides; starch, inulin, 

cellulose 

Saponins 
Amorphous glycosides of terpenes and steroids that can form emulsions and can 

foam (soap-like); Astragaloside IV is one the most-studied saponins in Huang Qi 

 

 

On the basis of traditional Chinese medicine view of cancer, causes are endogenous 

causes and exogenous causes. Endogenous causes are the seven emotional states (anger, 

grief, fear, worry, over joy, shock and melancholy) can be seen as the way that stress, 

worry, over work, and emotional grief can suppress the immune system and allow 

predispositions for cancer growth to take hold. So, while it can seem simplistic to 

attribute cancer to normal emotions such as sadness, worry, fear, etc., the TCM view is 

that when these emotions are excessive, prolonged or unresolved, they can cause 

disease. The concept of Jing in TCM can be likened to the role of genetics in cancer, 

which is an important factor indeed. Exogenous causes consists of six exogenous causes 

for all illness, including cancer, are climatic factors of wind, cold, dampness, dryness, 
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summer heat and fire. And, other miscellaneous causes are environmental causes, 

dietary causes, and drugs. The TCM concepts of yin/yang balance, the need for 

calmness of mind, absence of strife, the practice of health promotion through 

movement, all support modern ideas on the role of psychological, neurological and 

immunological health in cancer prevention (Shahrajabian et al., 2019d, e, f, g, h). Liu et 

al. (2011) reported that in many parts of the world, especially in China and Germany, 

the combined use of herbal treatment and conventional cancer treatment is far more 

widespread than in America. They have also mentioned that 66.44% of cancer patients 

in China combined the use of herbal medicine with Western treatment. A prospective, 

controlled study conducted in Israel (Yaal-Hahoshen et al., 2011) found significant 

improvement in anemia and neutropenia in breast cancer patients who were given an 

herbal mixture containing Huang Qi and other Chinese herbs. Rios and Waterman 

(1997) reported that cycloastragenol (CAG) is a secondary metabolite isolated from 

Radix Astragali, present in all known Astragalus spp., CAG (9,19-cycloanostane-

3,6,16,25-tetrol,20,24-epoxy-(3β, 6α,16β,20R,24S); is both a triterpene aglycone and 

the most common genuine aglycone in the bioactive triterpenoid saponins called 

astragalosides. Astragalus polysaccharides (APS) are one of the main efficacious 

principles of Radix Astragali (Astragalus membranaceus), which is reported to have 

anti-oxidant, anti-diabetic, anti-hypertensive, and immunomodulatory activities (Wu 

and Chen, 2004; Wu et al., 2005). It has been noted that the crude polysaccharide 

extract of A. membranaceus was mainly composed of carbohydrates with small amount 

of proteins (Cho and Leung, 2007). It has been demonstrated that the main components 

of the ethylacetate extract of Astragalus were isoflavonids such as calycosin-7-O-β-D-

glycoside, formononetin-7-O-β-D-glycodie and (6R, 10R)-9,10-dimethoxypterocarpan-

3-O-βD-glycoside, and these glycosides and other their aglycones were proved to 

exhibit strong antioxidant activity (Zhang et al., 2007). Li et al. (2010) also mentioned 

that the dried root of Astragalus contains 2’4’-dihydroxy-5,6-dimethoxyisoflavone, 

kumatakenin, choline, betaine, polysaccharides, saponins, glucuronic acid, sucrose, 

amino acids, traces of folic acid and astraisoflavanin. So many other scientists also 

revealed that Astragalus membranaceus has a notable functional role in various 

pharmacopoeias as a herbal immunomodulator and an anti-diabetic drug (Wei et al., 

2011; Agyeman et al., 2013). Its roots have been used in many state-approved Chinese 

Herbal formulas for the treatment of diabetes (Jai et al., 2003; Wei et al., 2011). Some 

experiments have showed that Astragalus exhibits immunomodulating and 

immunorestorative effects both in vitro and in vivo (Guo et al., 2005), and have shown 

preliminary promise against the experimental coccidial infection when used in 

conjunction with vaccine (Cho and Leung, 2007). Song et al. (2017) reported that 

Astragalus extract mixture HT042 is a combination of three standardized herbal extracts 

from Astragalus membranaceus root, Elutherococcus senticosus stem, and Phlomis 

umbrosa root, and it has been developed to promote height growth in children with 

short stature. Sun et al. (2012) revealed that Astragalus membranaceus is a popular 

traditional Chinese medicine, commonly used in Chinese herb prescription to treat liver 

disease, and the extract prepared from the roots of Astragalus membranaceus and 

Paeonia lactiflora demonstrated better hepatoprotective activity than the herbs used 

individually. Ko and Chik (2009) demonstrated that root extract of Astragalus 

membranaceus administrated orally and locally can protect rats against hapten-induced 

colitis through attenuation of TNF-αand IL-1βand up-regulating of Il-10. Shen et al. 

(2008) indicated that Astragalus membranaceus has a potential role in treating allergic 
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asthma. Zhang et al. (2009) Astragalus membranaceus and its effective components are 

effective in reducing fasting blood glucose and albuminuria levels, in reversing the 

glomerular hyperfiltration state, and in ameliorating the pathological changes of early 

diabetic nephropathy in rat models. Ko and Chik (2009) demonstrates that both oral and 

locally administered Astragalus membranaceus possess protective effects against 

experimental colitis through differential modulation of colonic cytokines. Yang et al. 

(2013) found that Astragalus membranaceus polysaccharide (AMP) has antitumor 

activity in vivo at least partly via improving immune responses of host organism, and 

seems to be safe and effective for the use of anti-tumor therapy. Lv et al. (2017) suggest 

that Astragalus polysaccharide (APS) which is a bioactive extract of Astragalus 

membranaceus may represent a natural therapeutic approach for treating inflammatory 

bowel disease, such as ulcerative colitis. Yan et al. (2010) found that administration of 

Astragalus mongholicus polysaccharides could significantly increase serum and liver 

antioxidant enzyme activities in mice and decrease peroxidative lipid levels. Jalsrai et 

al. (2010) found that doses of Astragalus mongholicus extract which did not interfere 

with locomotor activity and situational anxiety appear to be useful in the treatment of 

convulsive disorders. Kim et al. (2016) highlighted the ability of Astragalus 

membranaceus to facilitate sperm development and semen quality. Tian et al. (2016) 

reported that Astragalus may be beneficial as an adjuvant therapy in the treatment of 

type 2 diabetes. Zhou et al. (2018) demonstrated that the extract from Astragalus 

membranaceus with water extraction-ethanol supernatant method inhibit cell growth 

and induce apoptosis in cultured breast cancer cells. This effect astragalus extract to 

suppress breast cancer cells growth was associated with its ability to inhibit 

PI3K/Akt/mTOR activity. Maresca et al. (2017) concluded that the 50% hydroalcoholic 

extract of Astragali radix is a valuable candidate for the adjuvant treatment of articular 

disease. Liu et al. (2017) concluded that the appropriate dose of Astragalus depends on 

several factors, such as the user’s age, health status, and several other conditions. They 

have also found that natural products are not always necessarily safe, and dosages can 

be important. Sheng et al. (2005) found that one of the most important biological role of 

saponins is modulating the cellular oxidant antioxidant balance. 

Conclusions 

Traditional Chinese medicinal materials have been used for thousands of years and 

are believed to be abundant, safe, and inexpensive. Astragalus has been used in Chinese 

traditional medicine as an immunity booster for almost 2000 years. The genus 

Astragalus is a member of the Fabaceae of Legume family and it is native to northern 

China and Mongolia. It is widely distributed in China, Siberia, and northern Korea. 

Some actions of Astragalus membranaceus are anti-viral, anti-bacterial, immune system 

enhancing, immune stimulant, anti-infective some viruses, adaptogen, cardio-tonic, 

diuretic, hypotensive, anti-oxidant, immunomodulator, hypoglycaemic, circulatory 

stimulant, vasodilator, anti-fatigue, anti-cancer and hepatoprotective. Chemical 

constituents are polysaccharides, triterpenoid saponins (Astragalosides), flavonoids, 

choline, phytosterols, volatile oils, amino acids (Asparagine, Gamma-aminobutyric 

acid, Canavanine), aglycones, coumarins, astrapterocarpan, betaine, calcium, copper, 

isoflavonoids, rich in potassium and magnesium. Astragalus membranaceus classically 

prescribed in TCM in combination with other Chinese medicinal herbs as a dried root, 

powdered or as a decoction, with the combination depending on the desired therapeutic 
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effect and the specific TCM diagnosis. Polysaccharides in Astragalus intensify 

phagocytosis in reticuloendothelial systems, stimulate pituitary-adrenal cortical activity, 

and restore depleted red blood cell formations in bone marrow. Astragalus uses are in 

kidneys problems, strengthens the kidneys, incontinence and frequent urination, urinary 

tract infection, gastric ulcers, decreased appetite, chronic diarrhea, strengthens the 

spleen, poor digestion, liver problems, viral hepatitis, strengthen the liver, postpartum 

fever, uterine bleeding, topical adjuvant therapy for chronic viral cervicitis, vaginitis, 

edema, lupus, rheumatoid arthritis, myasthenia gravis, strengthens and builds bone 

marrow, excessive sweating, night sweats, slow healing wounds, increasing white blood 

cell count, leukopenia, ischemic heart disease, angina pectoris, recovery from severe 

loss of blood, diabetes, anemia, high blood pressure, heart palpitations, congestive heart 

failure, strengthens the blood, increases interferon production, impaired immunity, 

chronic viral infections, general debility, increases energy, HIV/AIDS, cancer, myalic 

encephalomyelitis (chronic fatigue syndrome), improves sleep quality, upper respiratory 

infection, common cold, chemotherapy, radiation therapy, flu, combats coxsackie B 

myocarditis, amerlirate side effects of drugs, appropriate herb for weak and elderly. 

Isoflavonoids, such as calycosin-7-O-β-D-glucoside, ononin, astraisoflavan-7-O-β-D-

glucoside, calycosin and formononetin, are principle bioactive compounds found in 

Radix astragali-based drugs or foods. In summary, Astragalus is an ancient herb for 

modern medicine which can promote good health and as drugs to treat diseases. Further 

clinical researches are necessary to uncover various substances and their effects on 

astragalus which contribute to public health. 

REFERENCES 

[1] Agyemang, K., Han, L., Liu, E., Zhang, Y., Wang, T., Gao, X. (2013): Recent advances 

in Astragalus membranaceus anti-diabetic research: pharmacological effects of its 

phytochemical constituents. – Evid-Based Compl Alt Med Article ID 654643. 

[2] Anon (2003): Astragalus membranaceus. Monograph. – Altern Med Rev 8: 72-77. 

[3] Aslanipour, B., Gulcemal, D., Nalbantsoy, A., Yusufoglu, H., Bedir, E. (2017): 

Cycloartane-type glycosides from Astragalus brachycalyx FISCHER and their effects on 

cytokine release and hemolysis. – Phytochem Lett 21: 66-73. 

[4] Auyeung, K. K., Han, Q. B., Ko, J. K. (2016): Astragalus membranaceus: a review of its 

protection against inflammation and gastrointestinal cancers. – Am J Chin Med. 44: 1-22. 

[5] Bedir, E., Calis, I., Piacente, S., Pizza, C., Khan, I. A. (2000): New flavonol glycoside 

from the aerial parts of Astragalus vulneraria. – Chem. Pharm. Bull. 48(12): 1994-1995. 

[6] Bedir, E., Calis, I., Dunbar, C., Sharan, R., Buolamwini, J. K., Khan, I. A. (2001): Two 

novel cycloartane-type triterpene glycosides from the roots of Astragalus prusianus. – 

Tetrahedron 57: 5961-5966. 

[7] Block, K. I., Mead, M. N. (2003): Immune system effects of Echinacea, ginseng, and 

astragalus: a review. – Integr Cancer Ther. 2(3): 247-267. 

[8] Cho, W. C., Leung, K. N. (2007): In vitro and in vivo immunomodulating and 

immunorestorative effects of Astragalus membranaceus. – J Ethnopharmacol 113: 132-

141. 

[9] Chou, M.-X., Wei, X.-Y., Chen, D.-S., Zhou, J.-C. (2007): A novel nodule-enhanced 

gene encoding a putative universal stress protein from Astragalus sinicus. – J. Plant 

Physiol 164: 764-772. 

[10] Du, S. H., Meng, Z. (2004): The treatment of Astragalus membranaceus (Fisch.) Bunge. 

for nephrasthenia syndrome and headache. – J Trad. Chi. Med. 45: 250. 



Shahrajabian et al.: A review of Astragalus species as foodstuffs, dietary supplements, a traditional Chinese medicine and a part of 

modern pharmaceutical science 
- 13378 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(6):13371-13382. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1706_1337113382 

© 2019, ALÖKI Kft., Budapest, Hungary 

[11] Ghasemian-Yadegari, J., Nazemiyeh, H., Hamedeyazadan, S., Fathiazad, F. (2017): 

Secondary metabolites from the roots of Astragalus maximus. – Res J Pharmacog 4(2): 

31-38. 

[12] Guo, F. C., Kwakkel, R. P., Williams, C. B., Suo, X., Li, W. K., Verstegen, M. W. 

(2005): Coccidiosis immunization: effects of mushroom and herb polysaccharides on 

immune responses of chickens infected with Eimeria tenella. – Avian Dis 49: 70-73. 

[13] Hei, Z. Q., Huang, H. Q., Zhang, J. J., Chen, B. X., Li, X. Y. (2005): Protective effect of 

Astragalus membranaceus on intestinal mucosa reperfusion injury after hemorrhagic 

shock in rats. – World J Gastroenterol 11: 4986-4991. 

[14] Hong, C. Y., Ku, J., Wu, P. (1992): Astragalus membranaceus stimulates human sperm 

motility in vitro. Am J Chin Med. 20: 289-294. – Trop J Pharm Res 15(9): 1897-1901. 

[15] Ionkova, I., Kartnig, T., Alfermann, W. (1997): Cycloartane saponin production in hairy 

root cultures Astragalus Mongholicus. – Phytochemistry 45(8): 1597-1600. 

[16] Jalsrai, A., Grecksch, G., Becker, A. (2010): Evaluation of the effects of Astragalus 

mongholicus Bunge saponin extract on central nervous system functions. – J 

Ethnopharmacol 131: 544-549. 

[17] Jiao, J., Wei, F.-Y., Gai, Q.-Y., Wang, W., Luo, M., Fu, Y.-J., Ma, W. (2003): A pilot-

scale homogenization-assisted negative pressure cavitation extraction of Astragalus 

polysaccharides. – Int J Biol Macromol 67: 189-194. 

[18] Jin, M., Zhao, K., Huang, Q., Shang, P. (2014): Structural features and biological 

activities of the polysaccharides from Astragalus membranaceus. – Int J Biol Macromol 

64: 257-266. 

[19] Kim, S. W., Fan, M. Z., Applegate, T. J. (2008): Nonruminant nutrition symposium on 

natural phytobiotics for health of young animals and poultry: mechanisms and 

application. – J. Anim. Sci 86: E138-E139. 

[20] Kim, W., Kim, D. R., Chang, M. S., Park, S. K. (2016): Astragalus membranaceus 

augment sperm parameters in male mice associated with cAMP-responsive element 

modulator and activator of CREM in testis. – J Tradit Complement Med 6: 294-298. 

[21] Ko, J. K., Chik, C. W. (2009): The protective action of radix Astragalus membranaceus 

against hapten-induced colitis through modulation of cytokines. – Cytokine 47: 85-90. 

[22] Li, C.-Y., Chen, H.-Y., Liu, W.-P., Rui, W. (2019): Multi-fingerprint profiling combined 

with chemometric methods for investigating the quality of Astragalus polysaccharides. – 

Int. J. Biol. Macromol. 123: 766-774. 

[23] Li, H., Nie, D., Wang, C., Fang, J., Li, D. (2016): Anti-osteoporosis activity of Astragalus 

membranaceusBunge extract in experimental rats. – Trop J Pharm Res 15(9): 1897-1901. 

[24] Li, M., Xu, Y., Yang, W., Li, J., Xu, X., Zhang, X., Chen, F., Li, D. (2011): In vitro 

synergistic anti-oxidant activities of solvent-extracted fractions from Astragalus 

membranaceus and Glycyrrhiza uralensis. – LWT-Food Sci Technol 44: 1745-1751. 

[25] Li, R., Chen, W.-C., Wang, W.-P., Tian, W.-Y., Zhang, X.-G. (2010): Antioxidant 

activity of Astragalus polysaccharides and antitumour activity of the polysaccharides and 

siRNA. – Carbohyd Polym 82: 240-244. 

[26] Li, X., Qu, L., Dong, Y., Han, L., Liu, E., Fang, S., Zhang, Y., Wang, T. A. (2014): A 

review of recent research progress on the Astragalus genus. – Molecules 19(11): 18850-

18880. 

[27] Liu, J., Li, X., Liu, J., Ma, L., Li, X., Fonnebo, V. (2011): Traditional Chinese medicine 

in cancer care: a review of case reports published in Chinese literature. – Forsch 

Komplementmed 18(5): 257-263. 

[28] Liu, P., Zhao, H., Luo, Y. (2017): Anti-aging implications of Astragalus membranaceus 

(Huangqi): A well-known Chinese tonic. – Aging Dis 8(6): 868-886. 

[29] Lu, L., Wang, D.-T., Shi, Y., Yin, Y., Wei, L.-B., Zou, Y.-C., Huang, B., Zhao, Y., 

Wang, M., Wan, H., Li, C. J., Diao, J.-X. (2013): Atsragalus polysaccharide improves 

muscle atrophy from dexamethasone-and peroxide-induced injury in vitro. – Int. J. Biol. 

Macromol 61: 7-16. 



Shahrajabian et al.: A review of Astragalus species as foodstuffs, dietary supplements, a traditional Chinese medicine and a part of 

modern pharmaceutical science 
- 13379 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(6):13371-13382. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1706_1337113382 

© 2019, ALÖKI Kft., Budapest, Hungary 

[30] Lu, L., Huang, Y.-F., Chen, D.-X., Wang, M., Zou, Y.-C., Wan, H., Wei, L.-B. (2016): 

Astragalus polysaccharides decrease muscle wasting through Akt/mTOR, ubiquitin 

proteasome and autophagy signalling in 5/6 nephrectomised rats. – J Ethnopharmacol 

186: 125-135. 

[31] Lv, J., Zhang, Y., Tian, Z., Liu, F., Shi, Y., Liu, Y., Xia, P. (2017): Astragalus 

polysaccharides protect against dextran sulphate sodium-induced colitis by inhibiting NF-

κß activation. – Int J Biol Macromol 98: 723-729. 

[32] Lysiuk, R., Darmohray, R. (2016): Pharmacology and ethnomedicine of the genus 

Astragalus. – Int. J. Pharmacol. Phytochem 3: 46-53. 

[33] Ma, J., Qiao, Z., Xiang, X. (2011): Aqueous extract of Astragalus mongholicus 

ameliorates high cholesterol diet induced oxidative injury in experimental rat models. – J. 

Med Plant Res 5: 855-858. 

[34] Ma, Y., Liu, C., Qu, D., Chen, Y., Huang, M., Liu, Y. (2017): Antibacterial evaluation of 

silver nanoparticles synthesized polysaccharides from Astragalus membranaceus roots. – 

Biomed Pharmacother 89: 351-357. 

[35] Maresca, M., Micheli, L., Cinci, L., Bilia, A. R., Ghelardin, C., Di, L., Mannelli, C. 

(2017): Pain relieving and protective effects of Astragalus hydroalcoholic extract in rat 

arthritis models. – J Pharm Pharmacol 1858-1870. 

[36] McKenna, D. J., Hughes, K., Jones, K. (2002): Astragalus. – Altern Ther Health Med. 

8(6): 34-40. 

[37] Nalbantsoy, A., Nesil, T., Yilmaz-Dilsiz, O., Aksu, G., Khan, S., Bedir, E. (2012): 

Evaluation of the immunomodulatory properties in mice and in vitro anti-inflammatory 

activity of cycloartane type saponins from Astragalus species. – J. Ethnopharmacol 139: 

574-581. 

[38] Napolitano, A., Akay, S., Mari, A., Bedir, E., Pizza, C., Piacente, S. (2013): An analytical 

approach based on ESI-MS, LC-MS and PCA for the quali-quantitative analysis of 

cycloartane derivatives in Astragalus spp. – J Pharmaceut Biomed 85: 46-54. 

[39] Nartop, P., Gurel, A., Akgun, I. H., Bedir, E. (2015): Astragaloside IV and 

cycloastragenol production capacity of Astragalus trojanus Calli. – Rec. Nat. Prod. 9(1): 

49-61. 

[40] Nikolov, S. (2006): Astragalus glycyphyllos. – In: Nikolov, S. (ed.), Specializirana 

enciklopedia na lechebnite rastenia. BAS, Sofia, pp. 317-318. 

[41] Nishiyama, N., Wang, Y. L., Saito, H. (1995): Beneficial effects of S-113m, a novel 

herbal prescription, on learning impairment model in mice. – Biol Pharm Bull 18: 1498-

1503. 

[42] Ogbaji, P. O., Li, J., Xue, X., Shahrajabian, M. H., Egrinya, E. A. (2018): Impact of bio-

fertilizer or nutrient solution on Spinach (Spinacea Oleracea) growth and yield in some 

province soils of P. R. China. – Cercetari Agronomice in Moldova 2(174): 43-52. 

[43] Ranjbar, M., Karamian, R. (2002): Astragalus sect. Astragalus (Fabaceae) in Iran: 

complementary notes with a key to the species. – Nordic. J. Bot. 2: 177-181. 

[44] Rios, J. L., Waterman, P. G. (1997): A review of the pharmacology and toxicology of 

Astragalus. – Phytother. Res. 11: 411-418. 

[45] Salducci, M.-D., Folzer, H., Issartel, J., Rabier, J., Masotti, V., Prudent, P., Affre, L., 

Hardion, L., Tatoni, T., Laffont-Schwob, I. (2019): How can a rare protected plant cope 

with the metal and metalloid soil pollution resulting from part industrial activities? 

Phytometabolites, antioxidant activities and root symbiosis involved in the metal 

tolerance of Astragalus tragacantha. – Chemosphere 217: 887-896. 

[46] Shahrajabian, M. H., Sun, W., Cheng, Q. (2018): A review of Goji berry (Lycium 

barbarum) in traditional Chinese medicine as a promising organic superfood and 

superfruit in modern industry. – Academia Journal of Medicinal Plants 6(12): 437-445. 

[47] Shahrajabian, M. H., Sun, W., Cheng, Q. (2019a): The influence of traditional Iranian and 

Chinese medicine on western and Islamic countries. – Asian J. Med. Bio. Res 5(2): 94-

99. 



Shahrajabian et al.: A review of Astragalus species as foodstuffs, dietary supplements, a traditional Chinese medicine and a part of 

modern pharmaceutical science 
- 13380 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(6):13371-13382. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1706_1337113382 

© 2019, ALÖKI Kft., Budapest, Hungary 

[48] Shahrajabian, M. H., Sun, W., Cheng, Q. (2019b): Modern pharmacological actions of 

Longan fruits and their usages in traditional herbals remedies. – J. Med. Plants. Stud 7(4): 

179-185. 

[49] Shahrajabian, M. H., Khoshkharam, M., Zandi, P., Sun, W., Cheng, Q. (2019c): Jujube, a 

super-fruit in traditional Chinese medicine, heading for modern pharmacological science. 

– J. Med. Plants. Stud 7(4): 173-178. 

[50] Shahrajabian, M. H., Sun, W., Cheng, Q. (2019d): The power of natural Chinese 

medicine, ginger and ginseng root in an organic life. – Middle East J. Sci. Res 27(1): 64-

71. 

[51] Shahrajabian, M. H., Sun, W., Cheng, Q. (2019e): Clinical aspects and health benefits of 

ginger (Zingiber officianle) in both traditional Chinese medicine and modern industry. – 

Acta Agriculturae Scandinavica, Section B-Soil & Plant Science 1-11. 

[52] Shahrajabian, M. H., Sun, W., Cheng, Q. (2019f): Traditional Chinese medicine and 

agriculture; organic life and sustainability for future. – GSC Biol. Pharm. Sci 7(1): 091-

095. 

[53] Shahrajabian, M. H., Sun, W., Cheng, Q. (2019g): A review of ginseng species in 

different regions as a multipurpose herb in traditional Chinese medicine, modern 

herbology and pharmacological science. – J Med. Plants Res 13(10): 213-226. 

[54] Shahrajabian, M. H., Khoshkharam, M., Sun, W., Cheng, Q. (2019h): The effect of 

pretreatment factors on seed germination and seedling growth of anise (Pimpinella 

anisum L.). – Middle East J. Sci 5(1): 86-93. 

[55] Shahrajabian, M. H., Khoshkharam, M., Zandi, P., Sun, W., Cheng, Q. (2020): The 

influence of temperatures on germination and seedling growth of pyrethreum (Tanacetum 

cineraiifolium) under drought stress. – International Journal of Advanced Biological and 

Biomedical Research 8(1): 29-39 (in press). 

[56] Shahzad, M., Shabbir, A., Wojcikowski, K., Wohlmuth, H., Gobe, G. C. (2016): The 

Antioxidant Effects of Radix Astragali (Astragalus membranaceus and Related Species) 

in Protecting Tissues from Injury and Disease. – Curr Drug Targets 17: 1331-1340. 

[57] Shannon, D. A., Wang, M., Kemppainen, B., Mitchell, C. C., Salmasi, S. Z. (2014): 

Adaptation of Astragalus membranaceus varieties to Southeastern United States: growth, 

root development and Astragaloside IV content. – J. Med. Plants. Stud 2(3): 80-91. 

[58] Shen, H.-H., Wang, K., Li, W., Ying, Y.-H., Gao, G. X., Li, X.-B., Huang, H.-Q. (2008): 

Astragalus membranaceus prevents airway hyperreactivity in mice related to Th2 

response inhibition. – J Ethnopahrmacol 116: 363-369. 

[59] Sheng, B. W., Cheng, H. F., Zhao, J., He, D. L., Nan, X. Y. (2005): Astragalus 

membranaceus reduces free radical-mediated injury to renal tubules in rabbits receiving 

high-energy shock waves. – Chinese Medic J (England) 118: 43-49. 

[60] Soleymani, A., Shahrajabian, M. H. (2012): Response of different cultivars of fennel 

(Foeniculum vulgare) to irrigation and planting dates in Isfahan, Iran. – Res Crops 13(2): 

656-660. 

[61] Soleymani, A., Shahrajabian, M. H. (2018): Changes in germination and seeding growth 

of different cultivars of cumin to drought stress. – Cercetari Agronomice in Moldova 

1(173): 91-100. 

[62] Song, J., Lee, D., Min, B., Bae, J.-S., Chang, G. Y., Kim, H. (2017): Safety evaluation of 

Astragalus extract mixture HT042 and its constituent herbs in Sprague-Dawley rats. – 

Phytomedicine 32: 59-67. 

[63] Song, J. Z., Yiu, H., Qiao, C. F., Han, Q. B., Xu, H. X. (2008): Chemical comparison and 

classification of Radix Astragali by determination of isoflavonoids and astragalosides. – 

J. Pharm. Biomed. Anal. 47: 399-406. 

[64] Sun, W.-Y., Wang, L., Liu, H., Li, X., Wei, W. (2012): A standardized extract from 

Paeonia lactiflora and Astragalus membranaceus attenuates liver fibrosis induced by 

porcine serum in rats. – Int J Mol Med 29: 491-498. 



Shahrajabian et al.: A review of Astragalus species as foodstuffs, dietary supplements, a traditional Chinese medicine and a part of 

modern pharmaceutical science 
- 13381 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(6):13371-13382. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1706_1337113382 

© 2019, ALÖKI Kft., Budapest, Hungary 

[65] Sun, W., Shahrajabian, M. H., Qiman, H. (2020): Soybean seeds treated with single 

walled carbon naotubes (SwCNTs) showed enhanced drought tolerance during 

germination. – International Journal of Advanced Biological and Biomedical Research 

8(1): 9-16 (in press). 

[66] Takagi, K., Ishii, Y. (1967): Peptic ulcer inhibiting properties of a new fraction from 

licorice root (FM100). 1. Experimental peptic ulcer and general pharmacology. – 

Arzneimittel-Forschung 17(12): 1544-1547. 

[67] Tian, H., Lu, J., He, H., Zhang, L., Dong, Y., Yao, H., Feng, W., Wang, S. (2016): The 

effect of Astragalus as an adjuvant treatment in type 2 diabetes mellitus: A (preliminary) 

meta-analysis. – J Ethnopahrmacol 191: 206-215. 

[68] Toshkova, R. A., Krasteva, I. N., Wesselinova, D. W., Nikolov, S. D. (2007): Influence 

of purified saponin mixture from Astragalus corniculatus Bieb. On phagocytic cells in 

Graffi-tumor bearing hamsters. – J Ethnopharmacol 109: 394-399. 

[69] Tutin, T. G., Heywood, V. H., Burges, N. A., Mooze, D. M., Valeutine, D. H., Walters, S. 

M., Webb, D. A. (1972): Flora Europea. Vol. 2. – Cambridge University Press, 

Cambridge, pp. 108-124. 

[70] Valenzuela, H. F., Fuller, T., Edwards, J., Finger, D., Molgora, B. (2009): 

Cycloastragenol extends T cell proliferation by increasing telomerase activity. – J. 

Immunol 182: 90-30. 

[71] Wang, Y. P., Li, X. Y., Song, C. Q., Hu, Z. B. (2002): Effect of astragaloside IV on T, B 

lymphocyte proliferation and peritoneal macrophage function in mice. – Acta Pharmacol. 

Sin. 23: 263. 

[72] Wang, Z.-B., Wang, Q.-Y. (2013): Cultivating erect milkvetch (Astragalus adsurgens 

Pall.) (Leguminosae) improved soil properties in loess hilly and gullies in China. – J. 

Integr. Agric 12(9): 1652-1658. 

[73] Wei, D. X., Yu, N. Z., Ya, O. Z. (2011): Traditional Chinese medicines in treatment of 

patients with type 2 diabetes mellitus. – Evidence-Based Complementary and Alternative 

Medicine Article ID 726723. 

[74] Wong, R. W., Rabie, B., Benedus, M., Hagg, U. (2007): The effects of Rhizoma 

Curculiginis and Astragalus membranaceus (Fisch.) Bunge. extracts on bones. – J Chi. 

Med. 2: 13-14. 

[75] Wu, F., Chen, X. (2004): A review of pharmacological study on Astragalus 

membranaceus (Fisch) Bge. – Zhong Yao Cai 27: 232-234. 

[76] Wu, Y., Ou-Yang, J.-P., Wu, K., Wang, Y., Zhou, Y.-F., Wen, C.-Y. (2005): 

Hypoglycemic effect of Astragalus polysaccharide and its effect on PTP1B1. – Acta 

Pharm Sin 26(3): 345-352. 

[77] Xi, M., Hai, C., Tang, H., Fang, K., Liang, X. (2008): Antioxidant and antiglycation 

properties of total saponins extracted from traditional Chinese medicine used to treat 

diabetes mellitus. – Phytother. Res. 22(2): 228-237. 

[78] Yaal-Hahoshen, N., Maimon, Y., Siegelmann-Danieli, N., Lev-Ari, S., Ron, I. G., 

Sperber, F., Samuels, N., Shoham, J., Merimsky, O. (2011): A prospective, controlled 

study of the botanical compound mixture LCS101 for chemotherapy-induced 

haematological complications in breast cancer. – Oncologist 16(9): 1197-1201. 

[79] Yan, H., Xie, Y., Sun, S., Sun, X., Ren, F., Shi, Wang, S., Zhang, W., Li, X., Zhang, J. 

(2010): Chemical analysis of Astragalus mongholicus polysaccharides and antioxidant 

activity of the polysaccharides. – Carbohydrate Polymers 82: 636-640. 

[80] Yang, B., Xiao, B., Sun, T. (2013): Antitumor and immunomodulatory activity of 

Astragalus membranaceus polysaccharides in H22 tumor-bearing mice. – Int J. Biol 

Macromol 62: 287-290. 

[81] Yang, M., Lin, H.-B., Gong, S., Chen, P.-Y., Geng, L.-L., Zeng, Y.-M., Li, D.-Y. (2014): 

Effect of Astragalus polysaccharides on expression of TNF-α, IL-1βand NFATc4 in a rat 

model of experimental colitis. – Cytokine 70: 81-86. 



Shahrajabian et al.: A review of Astragalus species as foodstuffs, dietary supplements, a traditional Chinese medicine and a part of 

modern pharmaceutical science 
- 13382 - 

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 17(6):13371-13382. 

http://www.aloki.hu ● ISSN 1589 1623 (Print) ● ISSN 1785 0037 (Online) 
DOI: http://dx.doi.org/10.15666/aeer/1706_1337113382 

© 2019, ALÖKI Kft., Budapest, Hungary 

[82] Yang, X., Huang, S., Chen, J., Song, N., Wang, L., Zhang, Z., Deng, G., Zheng, H., Zhu, 

X.-Q., Lu, F. (2010): Evaluation of the adjuvant properties of Astragalus membranaceus 

and Scutellaria baicalensis GEORGI in the immune protection induced by UV-attenuated 

Toxoplasma gondii in mouse models. – Vaccine 28: 737-743. 

[83] Yesilada, E., Bedir, E., Calis, I., Takaishi, Y., Ohmoto, Y. (2005): Effects of triterpene 

saponins from Astragalus species on in vitro cytokine release. – J. Ethnopharmacol 96: 

71-77. 

[84] Yin, G., Jeney, G., Racz, T., Xu, P., Jun, X., Jeney, Z. (2006): Effect of two Chinese 

herbs (Astragalus radix and Scutellaria radix) on non-specific immune response of tilapia 

Orechromis niloticus. – Aquaculture 253: 39-47. 

[85] Yin, G., Ardo, L., Thompson, K. D., Adams, A., Jeney, Z., Jeney, G. (2009): Chinese 

herbs (Astragalus radix and Ganoderma lucidum) enhance immune response of carp, 

Cyprinus carpio, and protection against Aeromonas hydrophila. – Fish Shellfish Immunol 

26: 140-145. 

[86] Zhang, J., Xie, X., Li, C., Fun, P. (2009): Systematic review of the renal protective effect 

of Astragalus membranaceus (root) on diabetic nephropathy in animal models. – J. 

Ethnopharmacol 126: 189-196. 

[87] Zhang, L. J., Liu, H. K., Hsiao, P. C., Kuo, L. M., Lee, I. J., Wu, T. S., Chiou, W. F., 

Kuo, Y. H. (2011): New isoflavonoid glycosides and related constituents from Astragali 

Radix (Astragalus memberanaceus) and their inhibitory activity on nitric oxide 

production. – J. Agric. Food Chem. 59: 1131-1137. 

[88] Zhang, X., Sun, Y. G., Cheng, M. C., Wang, Y. Q., Xiao, H. B., Liang, X. M. (2007): 

Simultaneous quantification of three isoflavonoid glyconsides in rabbit plasma after oral 

administration of Astragalus mongholicus extract by high-performance liquid 

chromatography coupled with electrospray. – Anal Chim Acta 602: 252-258. 

[89] Zhang, Y., Li, X., Ruan, J., Wang, T., Dong, Y., Hao, J., Liu, E., Han, L., Gao, X., Wang, 

T. (2016): Oleanane type saponins from the stems of Astragalus membranaceus (Fisch.) 

Bge. Var. mongholicus (Bge.) Hsiao. – Fitoterapia 109: 99-105. 

[90] Zhao, L. H., Ma, Z. X., Zhu, J., Yu, X. H., Weng, D. P. (2011): Characterization of 

polysaccharide from Astragalu radix as the macrophage stimulator. – Cell Immunol 

271(2): 329-334. 

[91] Zhong, R. Z., Yu, M., Liu, H. W., Sun, H. X., Cao, Y., Zhou, D. W. (2012): Effects of 

dietary Astragalus polysaccharide and Astragalus membranaceus root supplementation 

on growth performance, rumen fermentation, immune responses, and antioxidant status of 

lambs. – Anim Feed Sci Tech 174: 60-67. 

[92] Zhou, K., Mei, X. Y. (2014): Study on preventive and therapeutic effects of Astagali 

radix on denervated tibial muscle atrophy in rats. – Zhongguo Zhong Yao Za Zhi 39: 

1083-1087. 

[93] Zhou, R., Chen, H., Chen, J., Chen, X., Wen, Y., Xu, L. (2018): Extract from Astragalus 

membranaceus inhibit breast cancer cells proliferation via PI3K/AKT/mTOR signalling 

pathway. – Complement Altern Med 18: 83. 

[94] Zhu, B., Yi, L.-X., Hu, Y.-G., Zeng, Z.-H., Tang, H.-M., Yang, G.-L., Xiao, X.-P. (2012): 

Effects of Chinese Milk Vetch (Astragalus sinicus L.) residue incorporation on CH4 and 

N2O emission from a double-rice paddy soil. –  J. Integr. Agric 11(9): 1537-1544. 


