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154 Natural Products of Silk Road Plants

The Genus Lagochilus and L. inebrians (Turkestan Mint) in Central Asia

The Silk Road was a network of caravan routes connecting East Asia with the Mediterranean region in 
times of antiquity. One of the commodities moved along the road was silk exported from China, hence 
the name. As early as the 2nd century BCE, this route crossed Central Asia starting from the ancient 
city Xi’an (Shaanxi Province, central China) through Lanzhou to Dunhuang (Gansu Province, western 
China), where it bifurcated. The northern road passed through Turpan (Xinjiang Uygur Autonomous 
Region in western China), then crossed the Pamir and went to Ferghana and crossed the Kazakh 
steppes. The southern road passed the Lop Nor Lake, on the southern outskirts of the Taklamakan 
desert, through Yarkant and along the Pamir mountain ranges, eventually crossing the Central Asian 
region known as Bactria. From there, the road led to Parthia (part of modern Iran), the Middle East, 
and the Mediterranean Sea.

During the long journey across this vast region, travelers would inevitably experience a variety of 
injuries. Local people used infusions and decoctions of the plant species, Lagochilus inebrians Bunge 
(Lamiaceae), as a hemostatic remedy. This species is still used in this way today in Central Asia. Each 
year, large amounts of plant material are collected, especially in the Samarqand and Jizzax Provinces 
of Uzbekistan. The plant also has a long history of traditional use as an inebriant and a sedative by local 
tribesmen, hence its species epithet, inebrians and the colloquial names inebriating mint, intoxicating 
mint, or Turkestan mint. Species of the genus, Lagochilus Bunge ex Benth., are found primarily on dry 
slopes, in valleys and deserts from Iran through northern Pakistan, Central Asia, south central Russia to 
Mongolia, and northwest China. The number of species recorded in the genus varies due to differences 
among regional texts on flora and a lack of recent monographic revision. According to Jamzad (1988), 
the genus contains ~60 species worldwide, while Tsukervanik (1985) recognized 44 species, which 
he arranged in two sections and six subsections. It is agreed upon that the greatest species diversity 
occurs in Central Asia. A total of 34 species can be found in the region with around 20 being endemic 
(Ikramov, 1976).

The genus consists of shrubs and sub-shrubs, which have bilabiate flowers arranged in verticillasters. 
The most widely utilized species in the genus is L. inebrians (Figures 6.1 and 6.2). This species is 
20–60(80) cm tall, with numerous simple or branched, erect stems that are woody at the base. The shrub 
is densely leafy and covered with long, one to three segmented horizontally spreading hairs interspersed 
with many glandular, capitate, sessile hairs. The leaves are broad-ovate, cuneate at the base, with three to 
five broad-ovate lobes, entire or dentate margins, and petioles on the lower leaves. The flowers, arranged 
in verticillasters, are sessile and clustered in groups of four to six in the axils of the upper leaves, form-
ing spike-shaped inflorescences. The bracts are stiff, reclinate, triangular-awl-shaped, and covered with 
long, two to three segmented hairs and glandular sessile capitate hairs. The calyx is bell-shaped with a 

FIGURE 6.1 Lagochilus inebrians Bunge growing wild in Uzbekistan. (Photograph by Buston Islamov.)
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155Resources along the Silk Road in Central Asia

funnel-shaped neck, pubescent and has five recurved teeth that are 5–6 mm long and spine tipped. There 
are four stamens, and the corolla is bilabiate, white or pale pink, and 1–1.5 times the length of the calyx. 
The fruit consists of four, 4–5 mm long glabrous, brownish nuts. This species generally flowers in May 
through September and produces fruits in July through September. 

The genus Lagochilus occupies a relatively wide ecological range, occurring from lowland plains to 
the upper zones of mountain ranges. The plants in Central Asia generally grow in the hot, dry foothills 
and the middle mountain zone. However, some species are also found at an altitude of 3,200 m above 
sea level. The range of Lagochilus extends through the Tien Shan and Pamir-Alai mountain systems 
where the plants grow on foothill plains and low foothills on clayey, rocky, or gravelly slopes, and along 
dried up waterways. Lagochilus species are quite drought tolerant and have a growing season from late 
April to November. The plants often maintain a green color through the intense summer season when 
surrounding vegetation has dried out and senesced. Lagochilus can also be found in the dry Artemisia-
grassland ecosystems of foothill steppes in the Samarkand, Bukhoro, and Qashqadaryo Provinces of 
Uzbekistan, along dry channels in the Chardzhou region of Turkmenistan, as well as in Kazakhstan, 
Kyrgyzstan, Tajikistan, and adjacent areas (Khalmatov et al., 1984; Akopov, 1990). In Uzbekistan, the 
most common species is L. inebrians, which can be found in the Samarqand, Buxoro, Qashqadaryo, and 
Surxandaryo Provinces.

Use of Lagochilus Species in Folk Medicine

Plants in the genus Lagochilus have a long history of use as both a therapeutic and an intoxicant. In 
particular, the peoples of Central Asia have used L. inebrians as hemostatic to stop bleeding. A decoc-
tion or tincture made from a dry mixture of flowers and leaves is widely used as a hemostatic agent after 
childbirth as well to treat nose bleeds and hemorrhoidal bleeding (Khalmatov et al., 1984; Grinkevich, 
1991). Traditionally, the above-ground plant material is harvested during the flowering period and then 
air-dried in the shade. It has also been used as a treatment for allergies and skin disorders, as well as a 
hypotensive, an antispasmodic, and a sedative (Schultes, 1970; Schultes and Hoffman, 1979). Similarly, 

FIGURE 6.2 Lagochilus inebrians flowers. (Photograph by Buston Islamov.)
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156 Natural Products of Silk Road Plants

Lagochilus platyacanthus Rupr. has been used as a styptic folk medicine to treat hemorrhage and coro-
nary heart disease in the Xinjiang Uygur Autonomous Region of China (Zhang et al., 2015). Additionally, 
L. inebrians has a long history of use as a psychotropic, inducing a mild state of euphoria. The dried 
leaves, and sometimes the stems and flowering tops, are used to prepare tea, which is mixed with honey 
or sugar to mask the very bitter taste (Bunge, 1847; Ratsch, 2005).

Documented Biological Activity of Lagochilus Species

As early as 1955, the Ministry of Health in the USSR allowed the use of an infusion of the plant as a 
hemostatic agent and as a sedative. In clinical studies, preparations from the aerial parts of plants have 
been shown to have significant biological activity by increasing the blood coagulation process and reduc-
ing vascular permeability, as well as having a sedative effect and lowering blood pressure (Khalmatov 
et al., 1984; Akopov, 1990). Preparations of the plant have been used to treat various types of bleeding 
including traumatic, uterine, hemorrhoidal, pulmonary, nasal, etc. It has also been used in the treatment 
of hemophilia, immune thrombocytopenic purpura (formerly referred to as Werlhof’s disease), Henoch-
Schonlein purpura, in cases of functional nervous disorders, allergic skin reactions, various forms of 
dermatitis (eczema, hives, neurodermatitis, etc.), as well as for stage 1–2 hypertension, glaucoma, and 
in surgeries to prevent severe bleeding (Khalmatov et al., 1984). Part of the hemostatic effect of the 
preparations is due to the presence of vitamin K and tannins (Grinkevich, 1991). When an infusion of an 
extract of the plant containing the drug, lagochilin, is administered to animals, the fibrinolytic activity 
of blood is found to be inhibited by the activation of plasma inhibitors and suppression of fibrinolysis 
pro-activators. Aqueous extracts of the plant have sedative, hypotensive, and hyposensitizing activities, 
and stimulate the contractile ability of the smooth muscles of the uterus, and the contractile and motor 
functions of the stomach and intestines. In experiments with animals given a single sub-lethal treatment 
of X-ray irradiation, daily subcutaneous administration of the plant infusion contributed to the rapid res-
toration of vital activity. The preparations also had a sedative effect and enhanced inhibitory processes 
in the cerebral cortex and helped to eliminate experimental neurosis and seizures caused by treatment 
with strychnine or caffeine in animal models. A noticeable decrease in the arteriole and capillary wall 
permeability was observed in experiments where animals were treated with plant preparations (Sokolov 
and Zamotaev, 1989). The known active compounds from L. inebrians are a diterpenoid, tetrahydric 
alcohol called lagochilin (Figure 6.3) and its acetyl derivatives, which are poorly soluble in water. Based 
on these compounds, a number of hemostatic drugs have been created for both intravenous and oral uses. 
Other forms of application have been employed including a hemostatic gel, a bandage, and a collagen 
film. In experiments with animals, an intravenous injection of a 10% infusion of the plant extract of the 
closely related species Lagochilus gypsaceus Vved., accelerated coagulation of the blood by 30% in 30 
minutes, decreased the time of recalcification by 38%, increased plasma tolerance to hepatitis by 35%, 
and decreased blood pressure by 7% (Zaurov et al., 2013). Treatment with an alcoholic tincture of the 
plant increased blood coagulation and induced a significant increase in antihemophilic globulin in chil-
dren with hemophilia A. Clinical observations showed that hemophilia patients treated with L. inebrians 
preparations had improvement in their general condition, remission periods increased, bleeding time 
was shortened, the resorption time of hematomas and hemarthroses was shortened, and organ soreness 

FIGURE 6.3 Molecular structure of lagochilin.
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157Resources along the Silk Road in Central Asia

was reduced. When applied topically, the tincture also had a hemostatic effect. In instances where a side 
effect of an increased heart rate was observed, it was deemed necessary to reduce the dosage of the drug 
(Sokolov and Zamotaev, 1989).

According to I.E. Akopov (1981), more than ten species of plants of the genus Lagochilus have a stimu-
lating effect on blood coagulation, while five species do not stimulate, but slow down the coagulation 
process. Lagochilus preparations increased the coagulation ability of blood by activating plasma and cel-
lular coagulation factors, depressing the anticoagulant system, and reducing plasma fibrinolytic activity. 
Aimenova et al. (2016) investigated the effects of treatment with a Lagochilus setulosus Vved. extract 
(called “Setulin”) on the process of blood hemostasis in rabbits with heparin-induced hypocoagulation. 
Oral introduction of the extract (50 mg/kg) increased the hemostatic effect associated with thrombo-
plastin formation and transformation of prothrombin to thrombin. The extract completely negated the 
hypocoagulative effect of heparin in 60–90 minutes.

Phytochemistry of Lagochilus Species

The above-ground plant parts of L. inebrians, collected during flowering time in the vicinity of 
Samarkand (Uzbekistan), contained 0.60%–1.978% lagochilin, 0.20% stachydrine, 9.66%–12.42% res-
ins, 0.068%–0.217% essential oil, 2.58%–2.78% tannins, 3.94%–6.41% sugar, 6.0%–7.025% total titrated 
organic acids, 0.67% flavonoid glycosides, 5.08%–8.04 mg% of carotene, 44%–77 mg% of vitamins C 
and K, calcium and iron salts, and 20 different microelements including cobalt, strontium, titanium, 
gold, arsenic, etc. (Khalmatov, 1964; Akopov, 1990). Flavonoids including quercimeritrin, rutin, quer-
cetrin, and acacetin have been isolated from the plant among others, and the roots contain 2% tannins 
(Khalmatov et al., 1984; Chikov, 1989; Zhang et al., 2014). In a study of wild and cultivated L. inebrians 
plants, Zainutdinov et al. (2011) found that plants cultivated in foothill areas of the Navoi Region in 
Uzbekistan had 18%–20% more lagochilin than wild-growing plants.

A detailed, systematic phytochemical study of the genus Lagochilus was begun in 1971 by A.S. 
Sadykov (Uzbekistan Academy of Sciences). As a result of the study of about 10 Lagochilus species, 
more than 25 new diterpenoids of the labdane series (type) were isolated. On the basis of one of them, an 
effective hemostatic preparation, “Lagoden”, was created for intravenous administration. A second drug, 
“Inebrin”, was created on the basis of extractive substances of L. inebrians and was recommended in the 
form of tablets for the treatment of chronic uterine, nasal, gastrointestinal, and other bleeding conditions 
(Zainutdinov, 1993). Zainutdinov et al. (2002) studied 12 Central Asian Lagochilus species from which 
they isolated 25 diterpenoids with a 9,13-epoxylabdane skeleton, 20 of which were novel compounds. 
Previously identified hydrocarbons, and steroids were found, as well as flavonoids and iridoids, which 
were identified in nearly all the species investigated.

Akramov et al. (2019) analyzed the chemical composition of L. gypsaceus, L. inebrians, and L. setu-
losus essential oils from Uzbekistan. The essential oil of L. gypsaceus contained linalool, β-ionone, 
trans-chrysanthenyl acetate, and α-terpineol as the primary components; L. inebrians contained trans-
chrysanthenyl acetate, eugenol, trans-verbenol, bicyclo[3.1.1]hept-3-en-2-one, and pinocarvone in the 
greatest abundance, and L. setulosus contained 2,4-bis(1,1-dimethylethyl)phenol, bicyclo[3.1.1]hept-2-
en-4-ol, hexadecanoic acid, limonene, and 2-hexenal as dominant components. The essential oil of L. 
inebrians exhibited the best antioxidant and tyrosinase inhibitory activities, while L. setulosus essential 
oil exhibited the strongest inhibitory effect against amylase. The chemical constituents from the etha-
nolic extract of L. platyacanthus were analyzed, and 21 compounds (including 15 flavonoids, 3 lignans, 
2 iridoids, and 1 phenylethanoid glycoside) were isolated from the plant for the first time with many 
being new to the genus, as well. In a study on the chemical constituents of L. platyacanthus, Zhang et 
al. (2015) identified five new diterpenoids (lagoditerpenes A–E) and ten known compounds. The known 
compounds were identified as diterpenoids (13E)-labd-l3-ene-8α, 15-diol, leojaponins B, leoheteronin 
D, enantio-agathic acid, isocupressic acid, 7β, 13 S-dihydroxylabda-8(17), 14-dien-19-oic acid, 8α, 13(R), 
14(S/R), 15-tetrahydroxylabdane, 15-nor-14-oxolabda-8(17), 12E-diene-18-oic acid, 12β, 19-dihydroxy-
manoyl oxide, and ent-12α, 19-dihydroxy-13-epi-manoyl oxide. Three of the compounds showed moder-
ate hemostatic activity in vitro.
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158 Natural Products of Silk Road Plants

Summary

The unique medicinal properties of the Lagochilus species have been utilized over centuries in the folk 
medicine of Central Asia as a hemostatic, sedative, and recreational intoxicant. Significant pharma-
cological activities have been documented during the 20th and 21st centuries. The genus still requires 
detailed examination in order to improve definition of its taxonomy and delineation. New phytochemical 
discoveries are still being made – fully justifying further research on the biochemical and biological 
activities of the Lagochilus species.

Alfalfa (Medicago sativa L.) in Central Asia and beyond

During the journey from east to west, commodities passed through many hands. Routes crossed moun-
tains, deserts, and other areas with limited vegetation. Donkeys, horses, and camels were the primary 
modes of transportation for both goods and people. Pack animals need an efficient and sufficient sup-
ply of fodder – one of the main sources being alfalfa (Medicago sativa L.), which grows wild in these 
regions. The plant also appeared to influence the condition and vigor of animals. Alfalfa is a plant of 
great value for ruminants as it is a significant source of high-protein roughage while being highly digest-
ible (Morris et al., 1992). It has been called the “queen of forage crops” because of its remarkable ability 
to produce high yields of palatable, nutritious forage under a wide range of soil and climatic conditions 
across much of the world (Lubenets, 1936, Sinskaya, 1950; Barnes et al., 1988).

Alfalfa was one of the first domesticated fodder plants to be cultivated having been used for over three 
millennia. According to Vavilov (1951), M. sativa has a center of diversity in the Middle East (Asia Minor, 
Transcaucasia, Iran, and the Turkmen highlands). Some theorize that the domestication of alfalfa coin-
cided with the domestication of the horse around 5,000–6,000 BC, although others have estimated that 
domestication occurred as early as 8000 BC (Small, 2011). The range of M. sativa has been expanded over 
the millennia. Historical records provide evidence for the distribution of alfalfa in Turkey and in Media 
(NW Iran) during the first millennium BC. The name “alfalfa” has been traced to an ancient Iranian word 
meaning “horse fodder”. Alfalfa was known as the “median herb” by Romans which is celebrated in the 
scientific name of the genus Medicago (Sinskaya, 1950, 1969; Bolton et al., 1972). The oldest historical 
reference to the occurrence of alfalfa comes from stone tablets found in Turkey. Hittite (Anatolian) brick 
tablets (1400–1200 BC) discovered in Turkey indicate that animals were fed alfalfa all through the winter 
season since alfalfa was regarded as a highly nutritious animal feed (Lubenets, 1956).

It is widely accepted that travel by sea was well established in the eastern Mediterranean region as 
early as 4000 B.C. and significantly influenced the distribution of M. sativa. In addition, many regions 
(e.g., the Mesopotamian plain, Iraq) were a meeting place for many trade routes of the peoples of Asia, 
Africa, and Europe. Hence, the expansion of alfalfa’s distribution occurred early and followed in the path 
of historic civilizations from east to west (Sinskaya, 1950; Bolton et al., 1972).

Alfalfa soon gained importance in Greek agriculture and was acquired by the Romans from Greek civi-
lization in the 2nd century BCE. The practice of cultivating alfalfa migrated to what is now southern Spain 
in the 1st century. From Spain, it slowly spread to other regions such as modern France, Belgium, Holland, 
England, Germany, Austria, Sweden, and Russia during the 16th and 18th centuries. In the 18th century, the 
distribution of alfalfa was expanded across the world with the Spanish and Portuguese taking it from Europe 
to America and colonists introducing it to Australia and South Africa in the 19th century (Sinskaya, 1950; 
Bolton et al., 1972). It can currently be found growing wild, whether native or naturalized, from China to 
Spain and from Sweden to North Africa, and has been introduced in North America, Australia, and Africa.

Biogeography of Alfalfa

M. sativa L. is found growing in the wild in Asia and Europe, and is cultivated on six continents. The 
area of wild alfalfa extends from western Turkey to the Dzungarian Ala-Tau, Tibet, and Western India. 
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159Resources along the Silk Road in Central Asia

The occurrence of M. sativa to the west of this area (Germany, France, Italy, Spain, and Portugal) is not 
native most likely because it has escaped from cultivated areas. Populations in the Balkans region remain 
under some doubt. Various species of Medicago grow in the wild and are thought to be native in this area 
(Sinskaya, 1950; Zhukovsky, 1971; Bolton et al., 1972). Alfalfa is widely cultivated in temperate regions; 
the area under production gradually decreases toward the Arctic and the tropics. When grown in tropical 
climates, alfalfa becomes short-lived and usually thins out and dies after 1–2 years. The most ancient 
areas of alfalfa cultivation are concentrated in the Asia Minor, Central and Southwest Asia. From here, 
even in ancient times, alfalfa began to gradually spread to the west (Belov, 1931; Bolton et al., 1972). By 
at least the end of the 5th century BC, alfalfa was being grown in Greece, where it was brought from the 
original Asian-Iranian mountainous regions. The ancient East, in very distant times, had close ties with 
the ancient world of Eastern Europe (Gafurov, 1977, 1989). Aristophanes and Aristotle mentioned the 
cultivation of alfalfa in ancient Greece. From Greece, alfalfa passed to the Italian Peninsula around 200 
BC and was introduced to the oases of North Africa as well as Spain (Zhukovsky, 1971).

At the beginning of the 16th century, alfalfa was brought to Mexico by the Spanish, and subsequently 
to Peru and Chile, and then Uruguay and Argentina. Thus, in the Western Hemisphere, alfalfa was first 
established in South and Central America. The practice of alfalfa cultivation came to North America 
in two ways: from South America and directly from Europe. In the mid-19th century, alfalfa, under the 
name “Chilean clover”, was brought in to the country by gold miners traveling from Chile to California. 
It later spread to Colorado, possibly from Mexico (Bolton et al., 1972). Alfalfa came to India from 
Afghanistan, where it is generally confined to oases as in Arabia and North Africa. Alfalfa was imported 
into the European territory of the former USSR from Central Asia, mainly from the Khorezm (Khiva) 
Region (Medicago asiatica subsp. khivinica and its hybrid populations). Currently, alfalfa is widely pro-
duced in the United States, Canada, Argentina, Chile, Peru, southern France, northern Italy, Asia Minor, 
Central Asia, Iran, Australia, and New Zealand. Alfalfa cultivation spread to China from Central Asia, 
and the greatest area of production is concentrated in western Xinjiang Province.

Botanical Description

The genus Medicago L. contains ~87 annual and perennial species (Small, 2011). M. sativa is a dif-
ficult species to define as it has been complicated by polyploidy and the influences of hybridization and 
domestication. This has led to complex circumscriptions with M. sativa being split into numerous species 
with many infraspecific taxa (Sinskaya, 1935a,b, 1948, 1950, 1960; Maisuryan, 1970; Lubenets, 1972, 
among others). Some authors, such as A.I. Belov (1929), described ecological and geographical groups 
of M. sativa. More recently, recognition of a single broadly circumscribed species has been adopted in 
lieu of highly segregated treatments (Quiros and Bauchan, 1988). In a recent monograph, Small (2011) 
recognized the following infraspecific taxa: Medicago sativa subsp. sativa, Medicago sativa subsp. cae-
rulea (Less. ex Ledeb.) Schmalh., Medicago sativa subsp. falcata (L.) Arcang. var. falcata, Medicago 
sativa subsp. falcata (L.) Arcang. var. viscosa (Rchb.) Posp., Medicago sativa subsp. ×varia (T. Martyn) 
Arcang., and Medicago sativa subsp. glomerata (Balbis) Rouy. In Central Asia, the two most common 
taxa are recognized as independent species M. sativa L. (Figure 6.4) and Medicago falcata L. (Figure 
6.5). The morphological differences of these species are described in Table 6.1.

M. sativa is an herbaceous perennial plant with a taproot and strongly developed lateral roots. In the 
first year, the roots penetrate to a depth of 2–3 m, and in subsequent years can grow as deep as 10 m. The 
stem is herbaceous, up to 1 (1.5) m in height and strongly branched. A mature plant will branch from 
the base, sending up multiple stems that are ascending or erect and that occasionally branch. The stems 
are usually hairless, particularly as they become older. The alternate compound leaves are olive-green 
and trifoliate. Each leaflet is oblanceolate or obovate, wedge-shaped at the base, and nearly truncate at 
its outer edge. The margin is smooth, except for some dentate teeth toward the apex. A typical leaflet 
is about 2–2.5 cm long and 8 mm wide. At the base of each compound leaf are two small lanceolate 
stipules. Some stems have terminal inflorescences consisting of many-flowered racemes about 2–5 cm 
in length. Each flower is about up to 1 cm long, consisting of five petals that are lavender or purple, ten 
stamens, a single pistil, and a green calyx. The flowers have the typical papilionaceous flower structure, 
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160 Natural Products of Silk Road Plants

TABLE 6.1

Morphological Differences between Medicago sativa and Medicago falcata

Character Medicago sativa L. Medicago falcata L.

Flower color Purple Yellow

Fruit shape Spiral (twisted 1–5 times) Sickle-shaped or straight

Leaflet size Medium and large Small

Leaflet shape Elongate elliptic or obovate, rarely 
narrow

Narrow, almost lanceolate

Leaflet pubescence Weakly and moderately pubescent 
with short, rarely long hairs

Strongly pubescent with long hairs

FIGURE 6.4 Medicago sativa L. (Photograph by Oimahmad Rahmonov.)

FIGURE 6.5 Medicago falcata L. (Photograph by Vladimir Yanov.)
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161Resources along the Silk Road in Central Asia

with a large standard, a keel, and two small side petals. The standard and keel are somewhat spread 
apart, exposing the throat of the flower. The calyx has five long teeth, and it often has scattered white 
hairs. The blooming period usually occurs during the summer and lasts about 1–2 months. However, 
some plants may bloom during the late spring or early fall. The flowers are replaced by tightly coiled 
fruits (legumes) that are about 8–9 mm in length. They are flattened with a reticulate surface, sometimes 
with stiff hairs along the outer edges. Each fruit contains several yellowish-brown, reniform seeds.  

Biology of Alfalfa

One of the distinctive features of alfalfa among forage crops is its symbiotic relationship with nitrogen-
fixing bacteria. This form of symbiosis arose in the course of evolution independently several times, 
both within legumes and among other families. In the specialized root nodules, free atmospheric nitro-
gen is reduced to ammonium and is then assimilated into organic compounds including amino acids 
(protein monomers), nucleotides (DNA and RNA monomers), the energy storage molecule adenosine 
triphosphate (ATP), vitamins, flavones, and phytohormones. Because of this unique ability to obtain 
nitrogen, alfalfa can colonize steep slopes with minimal soil fertility in many mountain regions of 
Central Asia.

Alfalfa has evolved in a continental climate characterized by cold winters and hot, dry summers. In 
the natural environment, the soil (Calcisols, Gypsisols, Aridisols, Kasztanozems, Mollisols, Chernozems, 
Cambisols, Inceptisols) on which alfalfa grows is often near neutral with subsoils containing significant 
amounts of calcium carbonate. Optimal soil pH ranges from 6.5 to 7.8. Alfalfa has evolved deep-growing 
root systems in order to grow in dry and semi-dry climates such as that of non-irrigated areas (bogara) in 
Central Asia. Although alfalfa can grow in areas with reduced fertility and rainfall, in Central Asia and 
surrounding regions, alfalfa cultivation typically requires irrigation to increase productivity. With irri-
gation, 3-year-old alfalfa accumulates 300–400 kg/ha or more of nitrogen in the soil from atmospheric 
nitrogen fixation (Shatilov, 1986). Alfalfa thrives in full sun exposure, and the growing season lasts a 
very long time from early spring to late autumn. In some areas of Central Asia, with irrigation, alfalfa 
can produce up to seven harvests in a single season. Alfalfa is a cold-resistant species and can tolerate 
frosts up to −6°C. Spring re-growth begins between 7°C and 9°C.

Alfalfa as Fodder Plant

Alfalfa is grown on ~45 million ha worldwide (Mielmann, 2013). As fodder, it is valued as a good source 
of slow-release carbohydrates, proteins, minerals, and vitamins (Tharanathan and Mahadevamma, 
2003; Hao et al., 2008). It contains between 15% and 22% crude protein on a dry matter basis, as well 
as macro and trace elements and all fat and water-soluble vitamins (Adapa et al., 2007). Alfalfa is a 
valuable source of vitamins A and E. It contains beta-carotene, thiamine, riboflavin, niacin, panto-
thenic acid, biotin, folic acid, choline, inositol, pyridoxine, vitamin B12, and vitamin K (Aganga and 
Tshwenyane, 2003). Furthermore, alfalfa hay has a higher mineral content than grains like maize and 
wheat (Morrison, 1961).

In Central Asia, alfalfa is irrigated and fertilized to increase the quality of forage or silage and in 
some areas may be harvested three or four times per season. The number of harvests can influence 
chemical composition and yield. In high-mountain areas without irrigation, plants are harvested only 
once per season. After that, the area is used as pastureland for livestock. Alfalfa may be harvested up 
to seven times per year in some prime growing areas of the world with optimal control of fertilization 
and irrigation.

Alfalfa is mainly used to make hay and silage but can also be used for grazing purposes because of 
its high yield, quality, and wide adaptability to different climates and soil types. In the last few decades, 
alfalfa’s popularity and potential for human consumption for specific health conditions have increased 
(Mielmann, 2013). Because of its high nutritive value, it is cultivated widely for livestock production to 
promote weight gain and for wool production (Douglas et al., 1995).
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162 Natural Products of Silk Road Plants

Use of Alfalfa in Folk Medicine

In folk medicine, alfalfa has been used as an antidiabetic (hypoglycemic), a diuretic, and an antitumor 
agent. The seeds and leaves have been used as an abortifacient, as a sedative, and to reduce fatigue. 
In medieval medicine in Armenia, plant seeds were used to increase male potency (Druzhinina and 
Novikova, 2010). In Buryatia (Russia), the above-ground plant material of M. falcata is collected during 
the flowering period and a water decoction is used to treat nervous disorders. In Tibetan medicine, the 
decoction is also used in traditional medicine (Alekseeva et al., 1974). In Chinese and Indian traditional 
medical systems, doctors used young leaves of alfalfa to treat disorders related to the digestive tract, 
arthritis, and water retention. A cooling poultice prepared from seeds has been used to treat boils. In 
the Caucasus, powdered, dried alfalfa has been used as a wound-healing treatment, especially for cuts 
(Khalmatov, 1964). Extracts of alfalfa have been used as an ingredient in cosmetics. Due to the content 
of phytoestrogens (isoflavones and coumarins), alfalfa has been thought to regulate menstrual cycles 
and stimulate milk flow in breastfeeding women. In addition, traditional medicinal use of alfalfa sprouts 
or leaves includes treatment of arthritis, kidney problems, boils, cancer, and as an anti-rheumatic, car-
diotonic, depurative, lactagogue, antipyretic, emmenagogue, and antiscorbutic (Foster and Duke, 1990; 
Barnes et al., 2002). Leaves of alfalfa are used traditionally as a tea to treat diabetes in South Africa.

Documented Biological Effects of Alfalfa

The extracts from alfalfa sprouts, leaves, and roots have been indicated to be helpful in lowering choles-
terol levels in animal and human studies (Story et al., 1984). Eating a diet containing alfalfa decreased 
blood-cholesterol levels and helped to protect monkeys from atherosclerosis that were on a high-choles-
terol diet (Mielmann, 2013). Consuming alfalfa seeds helped normalize serum cholesterol concentra-
tions and decreased low-density lipoprotein cholesterol and apolipoprotein B concentrations in patients 
with type II hyperlipoproteinemia (Mölgaard et al., 1987). A diet containing alfalfa decreased hypergly-
cemia in streptozotocin-induced diabetic mice. The results demonstrated the presence of antihypergly-
cemic, insulin-releasing, and insulin-like activities in alfalfa (Gray and Flatt, 1997). Wang et al. (2012) 
investigated the effects of alfalfa saponins on cholesterol metabolism and the gene expression in the 
liver of hyperlipidemic rats. Alfalfa saponins prevented and treated hyperlipidemia by increasing the 
expression of CYP7Al and LDL-R in the liver and by promoting the excretion of liver cholesterol. Shi 
et al. (2014) assessed the cholesterol-lowering effects of alfalfa saponin extract and observed an increase 
in cholesterol excretion and a down-regulation of the Hmgcr and Acat2 genes, as well as up-regulation 
of Cyp7a1 and Ldlr in the liver of hyperlipidemic rats. In an in vitro analysis assessing antibacterial 
activity, alfalfa leaves extracts exhibited activity against Escherichia coli, Staphylococcus aureus, and 
Pseudomonas aeruginosa (Chavan et al., 2015). In an experiment to assess the effects of a saponin-rich 
alfalfa extract on the pathogenic fungi Candida albicans, results revealed a significant reduction in germ 
tube formation, reduced hyphal growth, reduced yeast adherence and biofilm formation, and eradication 
of a mature biofilm (Sadowska et al., 2014). As the content of the phytoestrogen coumestrol increases in 
pasture feed, there is a correlated reduction in animal fecundity (Khalmatov, 1964). In an experiment 
with streptozotocin-diabetic mice, a diet containing alfalfa had antihyperglycemic, insulin-releasing, 
and insulin-like effects and reduced hyperglycemia (Gray and Flatt, 1997).

Alfalfa for Human Consumption

Although alfalfa is generally known as a feed source for livestock, it is becoming more popular in many 
parts of the world for human consumption as it is a valuable source of protein which could contribute 
to sustainable food development in developed countries (Mielmann, 2013). Alfalfa sprouts are widely 
consumed by humans as a garnish. Concentrates of proteins from leaves and the dehydrated plant are 
components of many nutritional supplement products (Hatfield, 1990). Alfalfa has been used as food 
in parts of Russia, China, America, and South Africa. In the past, alfalfa meal was incorporated into 
a cereal mixture and used to nourish small children (Levy and Fox, 1935). Chinese farmers have also 
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consumed it as a vegetable, and it has been utilized to increase the protein, dietary fiber, mineral, and 
vitamin content of wheat flour (Hao et al., 2008). Alfalfa is one of the most popular sprouts available and 
is often consumed raw or slightly cooked in salads and sandwiches or as decorative appetizers (Peñas 
et al., 2009). Alfalfa sometimes has a bitter taste due to its saponin content (Sen et al., 1998). Recent sen-
sory tests conducted with human volunteers using saponins isolated from above-ground parts of alfalfa 
have shown that zahnic acid tredismoside is responsible for the taste (Oleszek, 2002). L-canavanine is a 
potentially toxic non-protein amino acid, antimetabolite of L-arginine that is stored by many leguminous 
plants. This compound has shown anticancer activity against a number of carcinomas and cancer cell 
lines. The occurrence of canavanine in alfalfa products has also stimulated considerable interest due 
to the correlation between high amounts of canavanine consumption and the onset of a systemic lupus 
erythematosus-like syndrome (Rosenthal and Nkomo, 2000). An investigation was conducted to deter-
mine the canavanine content in commercially available sprouts and in the seed of ten alfalfa cultivars. 
The sprouts contained canavanine ranging from 1.3% to 2.4% of the dry matter, depending on the source. 
Alfalfa seeds were also rich in canavanine with contents varying from 1.4% to 1.8% of the dry matter. 
On average, the tested seeds contained 1.5% ± 0.03% canavanine. Breeding cultivars of alfalfa with high 
protein and nutrient content and low canavanine will be important if human consumption of alfalfa is 
going to increase substantially.

Phytochemistry of Alfalfa

Alfalfa contains many secondary metabolites including saponins, tannins, coumarins, carotenoids, 
tocols, flavonoids, steroids and alkaloids (Alekseeva et al., 1974; Knuckles et al., 1976; Livingston et 
al., 1980; Hernández et al., 1991; Bisby et al., 1994; Thring et al., 2009). The above-ground portions 
contain vitamin C (110%–304.4 mg%), vitamin D, carotene, phytoestrogenic compounds, including for-
mononetin glycosides and coumestrol (Figure 6.6), saponins with a hemolytic index of 1:100 and 5%–7% 
ash, in which there are up to 40% calcium salts. As the content of coumestrol increases in pasture feed, 
there is a correlated reduction in animal fecundity (Khalmatov, 1964). Alkaloids contained in the plant 
include trigonelline, stachydrine, and homostachydrine (Duke, 1985; Mills, 1994; Dixon, 2004; Bora and 
Sharma, 2011).

Stochmal et al. (2001) identified nine flavones and adenosine in the aerial parts of alfalfa including apigenin 7-O-[β-
D-glucuronopyranosyl(1 2)-O-β-D-glucuronopyranosyl]-4′-O-β-D-glucuronopyranoside, apigenin 7-O-[2-
O-feruloyl-β-D-glucuronopyranosyl(1  2)-O-β-D-glucuronopyranosyl]-4β-O-β-D-glucuronopyranoside, 
apigenin 7-O-{2-O-feruloyl-[β-D-glucuronopyranosyl(1  3)]-O-β-D-glucuronopyranosyl(1  
2)-O-β-D-glucuronopyranoside}, apigenin 7-O-{2-O-p-coumaroyl-[β-D-glucuronopyranosyl(1  
3)]-O-β-D-glucuronopyranosyl(1  2)-O-β-D-glucuronopyranoside}, and luteolin 7-O-[2-O-feruloyl-β-D-
glucuronopyranosyl(1  2)-O-β-D-glucuronopyranosyl]-4′-O-β-D-glucuronopyranoside.

The chemical composition of the forage crop was presented by Bickoff et al. (1972) and Mustafa et al. 
(2001). In the above-ground parts of alfalfa, measurements of crude protein, crude fat, nitrogen- containing 
compounds, proteins, non-protein nitrogen, amide and amino acid nitrogen, lipids, plant sterols, triter-
penoid, carbohydrates, vitamins, water-soluble vitamins, micro-macro elements, and others were taken. 
The individual tested elements or organic compounds were found in varying concentrations in different 
parts of the plant (leaves, stem, seeds, and roots). Higher concentrations of protein, vitamin, and macro-
elements occurred in the leaves and young stems than in main stalk (Bickoff et al., 1972; Mustafa et al., 
2001). Nitrogen-containing compounds and carbohydrates occur mainly in stems and seed. M.  sativa 
contained the highest amount of polyphenol compounds and exhibited the greatest antioxidant activity 
through the scavenging of free radicals (Rana et al., 2010).

FIGURE 6.6 Molecular structure of the phytoestrogenic compound coumestrol.
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Summary

Alfalfa (M. sativa L.) is likely to have been the first plant species grown exclusively for forage. It has 
become one of the most important forage crops for animals and is now cultivated worldwide. Having 
high nutritional value, alfalfa served as the perfect fodder for the beasts of burden transporting goods 
along the silk route.

The uniqueness of alfalfa for agriculture lies in its biological and ecological properties. Despite the 
lack of scientific knowledge, people from earlier millennia recognized these beneficial characteristics 
which led to the domestication and cultivation of alfalfa. The greatest diversity of genetic material is con-
centrated in centers of origin which are Central Asia, South Asia, and Siberia. While the Mediterranean 
and North American genetic centers are secondary, they have played an important role in the evolution, 
selection, and distribution of new alfalfa cultivars around the globe.

The largest genetic collections of alfalfa plants are maintained by the South Australian Research 
and Development Institute (SARDI), the United States Department of Agriculture and Germplasm 
Resources Information Network (USDA-GRIN), the International Center for Agricultural Research in 
the Dry Areas (ICARDA) in Syria, and the French Institute National de la Recherche Agronomique 
(INRA). While alfalfa is a valuable and essential forage plant, there is no doubt that a focused breeding 
program could provide a healthy and nutritious crop for human consumption.
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