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1.  INTRODUCTION 

 

In recent years, tanniferous forage legumes gained in importance and are becoming a key 

component of future livestock farming systems with high environmental and economical 

performance (ROCHON et al., 2004; DEWHURST et al., 2009). 

Sainfoin (Onobrychis viciifolia Scop.; Leguminosae subfamily Papilionoidae) has attracted 

renewed interest because of its positive nutritional, animal-health related and environmental 

attributes (HAYOT CARBONERO et al., 2011, 2012; MUELLER-HARVEY, 2009). In 

particular, protection of ruminants against legume bloat and protein metabolism is facilitated 

by its content of condensed tannins. Besides condensed tannins, flavanols and flavonols can 

have implication in sainfoin's anthelmintic activity which has been confirmed in vitro and in 

vivo (MANOLARAKI et al., 2010). Sainfoin also produces a number of isoflavonoid 

compounds which are known to act as phytoalexins (INGHAM, 1978).  

Investigation on the effects of sainfoin on ruminant performance and health are 

inconsistent in their outcomes. The contradictory findings were repeatedly attributed to 

variations in polyphenols concentration and composition but also the analytical techniques 

may not have been appropriate (MANOLARAKI, 2011).  

Throughout Europe, the cultivation of sainfoin has declined over the last 40 years due to 

the advent of cheap fertilizers. Furthermore, agronomic limitations have also contributed to 

its decline, including low productivity and problems with establishment, compared to 

Medicago sativa (BORREANI et al., 2003). In the meantime, various breeding programs 

have successfully improved the agronomic performance of lucerne and clovers. As a result, 

in 2010, only 19 varieties of O.viciifolia were registered on the European common catalogue, 

compared with 300+ cultivars of lucerne (European Commision, 2008).  

However, recently the potential of sainfoin for sustainable farming approaches has 

attracted attention and a pre-breeding project network (HEALTHY HAY) had evaluated 

agronomic, genetic, nutritional and veterinary properties from a unique and extensive 
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germplasm collection. As anticipated, there were significant differences between sainfoin 

types and therefore, identification of suitable germplasm resources with a known polyphenol 

spectrum is a promising approach for future breading of sainfoin varieties with improved 

agronomic performance whilst maintaining the beneficial effects.  

The aim of this work was to characterize the soluble phenolic 'metabolome' of sainfoin. 

In this way, new acylated flavonol glycosides structures were investigated, which together 

with flavanols and flavonols, in addition to condensed tannins may be responsible for the 

nutritional and veterinary benefits attributed to sainfoin.  

In the same time a high-performance liquid chromatography method with diode array 

detection and post-column derivatization with p-dimethylaminocinnamicaldehyde was 

validated for the analysis of sainfoin plant extracts and was used to examine changes in the 

content and composition of phenolic compounds in various organs at different developmental 

stages of sainfoin.  

In order to identify interesting candidates for further breeding programs, the variation in 

phenolic content and composition of 37 sainfoin accession was studied.  
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2.  LITERATURE SURVEY 

 

2.1.  SAINFOIN GENERAL DESCRIPTION AND USE 

2.1.1.  Botanical description  

Sainfoin (Figure 1) belongs together with the ‘big three’ cultivated crops: white clover 

(Trifolim repens), lucerne (Medicago sativa) and red clover (Trifolium pratense) to the family 

Leguminosae. It is found in the literature under several Latin names: Hedysarum onobrychis 

L., Onobrychis sativa Lam., Onobrychis viciaefolia Scop. and Onobrychis viciifolia Scop., and 

is the most widespread of the about hundred species of genus Onobrychis (CELIKTAŞ et al., 

2006).  

 

Figure 1. Onobrychis viciifolia picture           
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The 40 to 80 cm tall sainfoin plant has many erect or sub-erect hollow stems arising from 

basal buds on a branched root stock. Its pinnate leaves comprise 5 - 14 pairs of leaflets and 

a terminal leaflet. The stipules are broad and finely pointed. The inflorescence is a densely 

flowering raceme carried on a long axillary peducle. As many as 80 pinkish red melliferous 

flowers open from the base of the raceme upwards and are pollinated by honey-bees. Each 

flower produces a 4 - 6 mm single plattened, kindney-shaped seed contained in a brown, 

indehiscent pod. Seed color ranges from olive to brown or black. The root system consists of 

deep tap root with a few main branches and numerous fine lateral roots bearing most of the 

nitrogen-fixing nodules (FRAME et al., 1998). 

Two types of sainfoin were characterised previously via their growth habit and 

persistence, the common and giant type. The common type, also known as single-cut 

sainfoin (Onobrychis sativa var. communis) flowers in the year after establishment and the 

stands can persist for 20 - 30 years. Peak hay or silage yields are reached in the second or 

third harvest year. The giant or double-cut sainfoin (Onobrychis sativa var. bifera Hort) 

flowers in the establishment year and thereafter for only 2 - 3 years. It attains peak yield the 

year after sowing and two conservation cuts may be performed annually. The giant type has 

erect, longer stems with more internodes per stem and significantly more leaflets per leaf 

than common sainfoin (THOMSON, 1951a; DELGADO, 2008). There are no differences in 

seed weigh and color between giant and common type (THOMSON, 1951b).  

The best known landraces of the common type are Cotswold Common, Hampshire 

Common and Sambourne, and of the giant type are Hampshire Giant and English Giant 

(HAYOT CARBONERO et al., 2011). Nevertheless, new sainfoin cultivars derivating from the 

common and giant types and Russian landraces were developed: Melrose and Nova (in 

Canada), Eski, Remont and Remunex (in the USA), Vala and Zeus (in Italy), Perly (in 

Switzerland), Fakir (in France) and Emyr (in Hungary), (KOIVISTO and LANE, 2001). The 

existing sainfoin germplasm show differences in their morphological characters, winter-

hardiness, growth habit, maturity, persistence, yield potential and many other factors 

(HAYOT CARBONERO et al., 2011, 2012; DELGADO et al., 2008).  
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2.1.2.  Geographical distribution and agricultural history 

Indigenous to southern Europe and the more temperate regions of western Asia (CLARK 

and MALTE, 1913), sainfoin has a long history as a cultivated crop. It was introduced into 

central Europe in the 15th century (BURTON and CURLEY, 1968) and was first cultivated in 

France at the beginning of the 16th century (CHORLEY, 1981) where, ‘They name it in 

French Saint Foin...’ (LYTE, 1578, cited by CHORLEY, 1981). The cultivation spread slowly 

into other European countries especially Italy, England and Switzerland. 

In Germany, where it is commonly called Esparsette, the cultivation of sainfoin can be 

traced back to the 16th century (RUPRECHT, 2005) and became here an important forage 

crop as early as 1716 (PIPER, 1975).  

Its very high quality hay was used to feed the heavy working horses and as noted by 

GENBERLLCH (1836) promotes the milk production in sheep and the growth in young 

lambs: “Hat man in Winter nicht fortwährend Esparsetteheu zu füttern, so spart man dies bis 

zur Lammzeit auf, weil es den Milchertrag und das Gedeihen der jungen Lämmer besonders 

fördert“. Frequent escape from cultivation, sainfoin could be found naturalized in calcareous 

grasslands and on roadsides. O. viciifolia was introduced to North America from Europe in 

the early 1900s, but its success as a forage crop did not occur until the 1960s, when 

improved varieties allowed wider cultivation in adapted areas. 

Nowadays, O. viciifolia is still being cropped mainly in limestone areas of France, in S 

Russia and E Europe, in Italy, Spain, Iran and Turkey and gained importance in the USA and 

Canada. 

 

2.1.3.  Culture and production  

O. viciifolia prefers to grow on light or medium soils with pH 6 or above without 

waterlogging and is adapted to soils low in phosphorus (MILLER and HOVELAND, 1995).  

Agronomically, some advantages of sainfoin are:  
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 It is adapted to calcareous soils and led to the profitable cultivation of much dry 

calcareous land (PIPER, 1924),   

 It is very resistant to drought ‘When the other grasses and plants are destroyed by 

the parching heat of the sun…this flourished very much, heaving very great root and 

deep in the ground, and not easily exsiccated.’ (CHORLEY, 1981), 

 It is also grows well under irrigated conditions and is winter hardy (PEEL et al., 2004; 

MEYER and BADARUDDIN, 2001), 

 It is resistant to serious insect pests such as Medicago sativa weevil (Hypera postica) 

and peas aphids (Acrythosyphon pisum) (MORILL et al., 1998) showing potential as 

alternative to Medicago sativa. 

Some of the disadvantages of sainfoin: 

 It is susceptible to crown and root disease caused by clover rot (Sclerotinia 

trifoliorum) and different Fusarium species (HVANG, et al., 1992; EKEN et al., 2004),  

 It has less efficient nitrogen fixation system (WALSH et al., 1983),  

 It has lower leaf-area index (LAI) and a less erect canopy structure than lucerne and 

therefore has less efficient utilization of incident irradiance than lucerne (SHEEHY 

and POPPLE, 1981), 

 It has a slow growth in the establishment phase, and 

 It has low stand persistence with lower yields in the 4th and 5th years on dryland and 

3rd and 4th years under irrigation (CARLTON et al., 1968; SMOLIAK and HANNA, 

1974). 

Sainfoin can be sown in monoculture, but the presence of a non-competitive grass such 

as timothy (Phleum pretense) or meadow fescue (Festuca pratensis) improves sward density 

and reduces the degree of weed ingress (LIU et al., 2008). According to COOPER (1972) 

which evaluated the hay production of two sainfoin cultivars seeded alone and with low-

growing grasses and legumes on irrigated land over a 4-year period; mixtures containing 
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either birdsfoot trefoil (Lotus corniculatus L.) or black medic (Medicago lupulina L.) were the 

most productive.  

It is a forage and fodder plant. Its forage production is variable and largely determined by 

growing condition. The dry matter (DM) yields may range between 7 and 15 t DM ha-1 and 

are about 20% lower than those of lucerne. This was due to a lower leaf area index, a more 

prostrate canopy structure and less efficient nitrogen fixation (FRAME et al., 1998).  

Whilst various breeding programs have successfully improved the agronomic performance 

of lucerne and Trifolium species, little research been directed towards improving O. viciifolia 

varieties. Nevertheless, new sainfoin cultivars such as Melrose, Nova, Eski, Remont and 

Remunex have shown good yields, and in order to develop an economically viable forage 

legume current research is aimed to improve their agronomical performance (CASH et al., 

1993). 

Sainfoin is also appreciated for producing excellent yields of high quality honey (DUBBS, 

1967) and is an excellent food source for bees and other pollinators (HAYOT CARBONERO 

et al., 2011). 

 

2.1.4.  Why sainfoin cultivation has declined?  

The cultivation of O. viciifolia Scop. on vast area of agricultural land in Europe was 

abandoned after the World War II. While, for example in the United Kingdom, more than 150 

tones seeds were sold every year in the late 1950s, enough for 2,500 hectares, in the late 

1970s only approximately 150 hectares were cropped, and this number continued to 

decrease again after (HILL, 1998). The cause of this decline might have been due 

 to the farmer support payments toward intensive production using cheap inorganic 

fertilizers (ROCHON et al., 2004), 

 to the expansion and the dominance of autumn cereal cropping (HILL, 1998), 

 to the agricultural structural changes and the gradual disappearance of livestock 

farms in hilly areas (BORREANI et al., 2003), and in main part,  
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 to the high establishment costs; the large seed, high seeding rate and high seed 

prices often reduce interest in using this species, and 

 to the agronomic problems that sainfoin meets such as low yield and persistence, and 

poor regrowth after the first cut, when compared to Medicago sativa or Trifolium 

species (BORREANI et al., 2003). 

 

2.2.  QUALITIES OF SAINFOIN 

From the nutritional, veterinary and environmental point of view O. viciifolia seems to be 

the most desirable of all forage legume plants. 

In fact, the englisch term sainfoin is derived from the French ‘sain foin’1 which means 

‘healthy hay’, while the Latin name, Onobrychis means ‘donkey’s favorite fodder’ in Greek. 

 

2.2.1.  Condensed tannins (CTs) 

The well-known feature of sainfoin is the presence of condensed tannins.  

Condensed tannins (CTs, also known as proanthocyanidins) occur as dimmers, trimmers, 

oligomers and more complex polymers of flavan-3-ol units derived from the flavonoid 

pathway (HASLAM, 1996; STAFFORD, 1988). They play a protective role within the plant 

and have widespread effects on human health. Moreover, CTs can also produce important 

benefits in ruminant production (REED, 1995; MUELLER-HARVEY, 2006). 

An important property of the CTs is their ability to form complexes with proteins and these 

is the basis of many biological effects of tannins. This property is attributed to the fact that 

the CTs are multidentate ligands, able to bind simultaneously at more than one site on a 

protein surface via either hydrophobic or hydrogen bonds or via a combination of these two 

distinctly different binding mechanisms (MUELLER-HARVEY, 2006). Complexation is pH 

dependent and therefore reversible. The capacity to bind to protein is influenced by factors 

                                                           
1 The name has sometimes been erroneously written Saint Foin and has thus led to the 

misconception that it means ‘Holy hay’, (CLARK and MALTE, 1913). 
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such as CTs content and biological activity (astringency, mean degree of polymerization, 

prodelphinidin and cis content (FRAZIER et al., 2003; McALLISTER et al., 2005)).  

Several studies have shown that CTs structure and concentration changed during plant 

tissue maturation (HAGERMAN and BUTLER, 1991; KOUPAI-ABIAZANY et al., 1993) and 

varies among the phenological stages (THEODORIDOU et al., 2011a, b). A correlation 

between high concentrations of lignin and CTs has also been found (BARRY and MANLEY, 

1986).  

CTs were first noted in sainfoin leaves by bloat researchers in the early 1970’s (JONES 

and LYTTLETON, 1971). In a next study, SARKAR et al. (1976) found that the leaves and 

the stems of sainfoin contained polymers whose acid degradation products were cyanidin 

and delphinidin. Also flower petals and seed coat were found to contain CTs by GOPLEN et 

al. (1980).  

Sainfoin CTs are highly complex mixtures which differ greatly between accessions in 

structural composition and content. Two recent studies (GEA et al., 2011 and STRINGANO 

et al., 2012) described tannins with mean degree of polymerization from 12 to 84; the 

proportion of prodelphinidin tannins from 53% to 95% and the proportion of trans flavanol 

units from 12% to 34%. Their contents varied from 0.57 to 2.80g /100 g freeze dried sainfoin.  

According to THEODORIDOU et al. (2011a) the CTs concentration in sainfoin plants, the 

proportion of prodelphinidins and the mean degree of polymerization increased with the 

phenological stage (or plant maturity).  

KOUPAY-ABYAZANI et al. (1993) have examined the CTs content and composition of 

sainfoin leaves at five stages of development. They showed that catechin, epicatechin, 

gallocatechin (GC) and epigallocatechin (EGC) were present as terminal units at all stages, 

while GC and EGC were the predominant extension units with lesser amounts of epicatechin 

incorporated at early stage. Catechin was not incorporated as an extension unit. The degree 

of polymerization and the proportion of trihydroxylated B-rings increased with leaf 

development whereas the composition of cis isomers decreased from 83 to 48%.  
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2.2.2.  Nutritional properties 

2.2.2.1.  Palatability 

Despite the fact that sainfoin is coarse and stemmy, and has a high amount of tannins, 

livestock producers repeatedly report that animals prefer sainfoin over other forage species, 

and that sainfoin was palatable. Both grazed and conserved sainfoin and sainfoin rich 

forages are highly accepted. As a result, it has high voluntary intakes by cattle, sheep and 

horses. (PARKER and MOSS, 1981; GRIGGS and MATCHES, 1991; WAGHORN, 1990; 

KARNEZOS et al., 1994; SCHARENBERG, 2005; NEUHOFF and BÜCKING, 2006). 

 

2.2.2.2.  Nutritional value 

Sainfoin could be ranked among the best protein sources with crude protein (CP) 

concentrations between 13 and 19% (PARKER and MOSS, 1981; BAL et al., 2006) and a 

balanced essential amino acid composition. KALDY et al. (1979) compared the amino acid 

composition of sainfoin to that of lucerne and found that, the protein score, an estimation of 

protein quality for non-ruminants, was 68 for sainfoin forage and 71 for lucerne forage 

compared to 100 for an ‘ideal protein’. The protein scores, based on the distribution of each 

essential amino acid compared to the total essential amino acids and related to ideal (egg) 

protein, indicate that methionine is the first limiting amino acid, for both legumes and 

isoleucine and valine are the second and third limiting amino acids in both sainfoin and 

lucerne. 

The CP concentration decreased with increasing maturity of the plant because stems, with 

their lower protein concentration, make up a larger portion of the herbage in more mature 

forage (BUXTON, 1996).  

Compared to other forages, sainfoin has a better utilization of dietary protein by ruminants 

due to the condensed tannins. These led not only to higher N-retention but also to less 

environmental N pollution (THOMSON et al., 1971; EGAN and ULYATT, 1980; WAGHORN 

et al., 1990). 
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The water-soluble carbohydrate content in sainfoin ranged from 41 to 101 g/kg with 

sucrose as the main metabolite. The inositol (+) pinitol was also identified (MARAIS et al., 

2000).  

The neutral detergent fibre (NDF), acid detergent fibre (ADF) and acid detergent lignin 

(ADL) contents ranged from 46.14 to 55.71%, 33.40 to 40.15% and 7.10 to 11.10%. The 

NDF value is an estimate of most cell wall components which limit digestibility in forages 

(cellulose + hemicellulose + lignin), ADF quantified cellulose and lignin and ADL determined 

the lignin content. The levels of these three determinations increased with advanced maturity 

(BAL et al., 2006). In addition, some studies have linked decreased forage digestibility to 

increased syringil/guayacil (S/G) ratio in the lignin composition as a function of increased 

plant maturity (BUXTON and RUSSELL, 1988; GRABBER et al., 1997). 

As reported by BAL et al. (2006), ash contents of sainfoin (total mineral content) ranged 

from 7.18 to 8.31% and falls with increasing plant maturity. 

In comparison with grasses sainfoin is rich in mineral, except its calcium and sodium 

contents, 13.8 – 15.7 g kg-1 and 0.18 – 0.19 g kg-1, which are generally lower than in other 

forage legumes (GERVAIS, 2000; FRAME, 2006). Besides the stage of growth, soil moisture 

level has also a variable effect on mineral concentrations in the forage of sainfoin (KIDAMBI 

et al., 1990). 

 

2.2.3.  Animal health and welfare 

2.2.3.1.  Bloat prevention 

Sainfoin benefits ruminant health by preventing bloat, a worldwide problem which causes 

serious financial losses due to animal deaths.  

Bloat is a digestive disorder caused by the formation of stable protein foam in the rumen. 

It occurs mainly when animals are allowed to graze a number of the most valuable and 

productive young lush forages such as clover or alfalfa (MAJAK et al., 1995, McMAHON, et 
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al., 2000; ROCHFORD et al., 2008). Bloat is normally controlled with twice daily oral 

administration of detergents, which disperse the foam.  

The bloat inhibiting nature of sainfoin is attributed to its condensed tannins which can act 

as protein precipitants to preclude foam formation. The precise mechanism by which tannins 

prevent bloat is still unclear (McMAHON et al., 2000). 

Animal deaths from bloat were also reduced by the substitution of a small amount 

(approximately 10%) of ingested alfalfa DM by sainfoin, which amounted to 2-5 g condensed 

tannins /kg in the diet (McMAHON et al., 1999, 2000).  

 

2.2.3.2.  Control of internal parasites 

From the animal health and welfare aspect another interest in O. viciifolia lie in the 

parasite control potential. 

Gastrointestinal parasites represent a major threat in the breeding of grazing ruminants. 

The control of these parasites is generally based on the use of chemical anthelmintics2, but 

the development of resistance has been reported in almost all species of domestic animals 

(JABBAR et al., 2006).  

Feeding of conserved sainfoin reduced adult Haemonchus contortus population (47% in 

the case of hay; 49% in the case of silage) and faecal egg counts on a dry matter basis, 

(58% in the sainfoin hay group and 48% in the silage group) in lambs (HECKENDORN et al., 

2006). Sainfoin hay consumption has been associated with a reduction in parasitism with 

gastrointestinal nematodes in goats (PAOLINI et al., 2003; HOSTE et al., 2005). In addition, 

in vitro experiments have demonstrated that sainfoin extracts have an inhibitory effect on the 

mobility of third stage larvae of different nematode species (MOLAN et al., 2000; BARAU et 

al., 2005; BRUNET et al., 2007). 

In most of the publications the anthelmintic properties of sainfoin have mainly been related 

to its condensed tannins content. In the work of BARRAU et al. (2005) also the role of 

                                                           
2 Anthelmintics are drugs of varying biochemical structure, used to kill helminthes and 

eliminate the worms from the hosts 
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flavonol glycosides such as rutin, nicotiflorin and narcissin in these effects has been 

substantiated through bioassays of biochemical fractions. 
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3.  STRUCTURAL IDENTIFICATION OF PHENOLIC COMPOUNDS 

 

The traditional fodder legume sainfoin (Onobrychis viciifolia Scop., Leguminosae) 

was attributed excellent nutritional, environmental and veterinary qualities, to which its 

phenolic constituents contribute. These natural products occur in several forms in 

plants:  

 as soluble compounds extractable with water or with methanol and aqueous 

acetone and 

 in non-extractable forms. After extraction they may remain in the residue due to 

their large molecular weight, or because they are bonded to, or in complexes 

with, other plant constituents (STRACK, 1997). 

In the present work we have examined the soluble low molecular phenolic 

compounds of sainfoin. The obtained data together with the materials and method used 

were published in two articles (REGOS et al., 2009; VEITCH et al., 2011). 

This chapter first describes briefly the isolation and purification work. The 

characterisation of isoflavones and several other compounds that could not completely 

be identified because only small amounts were available is than presented before the 

two original publications will conclude this chapter. 

 

Isolation procedure. The phenolic compounds from 50 g mixed sample of sainfoin 

whole plants dried at room temperature (var. Cotswold Common), were isolated and 

identified according to the procedure outlined in Figure 2.  

As extraction solvent we used a mixture of acetone/water 70/30 (v/v). 
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Figure 2. Scheme for isolation and characterisation of phenolic and other aromatic compounds from sainfoin. 

Abreviation used: TLC, thin layer chromatography; RP-HPLC, reverse-phase high- performance liquid 

chromatography; DAD, diode array detection; CRD, chemical reaction detection; LC-MS/MS, liquid chromatography-

tandem mass spectrometry; NMR, nuclear magnetic resonance. 
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The acetone was removed under low pressure by rotary evaporator and the 

remaining water extract was further defatted with chloroform. A second partition step 

with ethyl acetate was performed to remove the polar constituents (i.e. tannins, 

sugars). 

The freeze dried purified ethyl acetate extract was redissolved in 10% aqueous 

methanol and fractionated by a Sephadex LH-20 column. A gradient elution was then 

performed with different volumes of aqueous methanol (10 - 100% with increments of 

10%). The eluate was collected in 20 ml portions in 107 test tubes, which were 

combined according to their phenolic composition on the basis of their TLC behaviour 

to afford 45 fractions. Finally the fractions were lyophilised.  

Each fraction was further submitted to LC-MS/MS, HPLC-DAD, and applied to TLC 

in order to obtain an overview of the phenolic compounds classes. The main 

constituents in the Sephadex LH-20 fractions are showed in Table 1.  

 

Table 1. The main constituents in the Sephadex LH-20 fractions from sainfoin aq. acetonic 

extract 

Fraction Eluent Main constituents 

  1 - 20 10 - 30 % aq. Methanol Sugars, arbutin, amino compounds,  

benzoic and hydroxycinnamic acids 

21 - 23        30 % aq. Methanol Flavonols 

24 - 26        40 % aq. Methanol Flavanols and flavonols 

27 - 45 50 - 100 % aq. Methanol Flavanols, procyanidins, flavonols, flavones 

 

Identification. Most of compounds were identified for the first time in sainfoin; eight 

acylated flavonol glycosides were new examples. Table 1A (Appendix 1) summaries 

the structure and UV spectra of phenolic and other natural compounds identified in 

plant material of Onobrychis viciifolia during the present work and from past 

phytochemical studies.  
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Their identification was performed by combining chemical, chromatographic, and 

spectroscopic methods (Figure 3 - 5).  

 

  

Figure 3. Thin layer chromatography (TLC) plates of Sephadex LH-20 eluates.  

(A) – (B) Cellulose plates used for the characterisation of 40 and 50% aqueous methanol eluates on the Sephadex LH-

20 gel (glasses 37D - 44E). The eluates showing similar spots on TLC were combined (37 - 39D, 41 – 43E). 

The orange spots are the flavonols after spraying with Naturstoffreagenz. (A) 

The flavanol spots brawn, green and violet could be seen on the same TLC plate after spraying with 4-p-

dimethylaminocinnamaldehyde (B). 

(C) Fraction 12 on preparative polyamid plate under UV light. 

 (I) The dark band is the compound to be isolated, the kaempferol 3-O rhamnosylrutinoside. 

(II) Fraction 12 was spotted on the same plate as a control, and sprayed with Naturstoffreagenz. The flavonol 

of interest is the yellow spot. 

 

 

 

 

Figure 4. High-performance liquid chromatography (HPLC) chromatogram overlay (640/280 nm) of 

fraction number 12. Here can be seen how intensive are the flavanols peaks at 640 nm (4, 8 and 17) after 

post column derivatization with 4-p-dimethylaminocinnamaldehyde (DMACA) in comparison with the 280 

nm measurement. 

Falvonol
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A

Flavanol
spots

B
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Figure 5. Positive high-resolution electrospray-ionization (HRESIMS) and negative multistage tandem (MSn) 

mass spectra of quercetin 3-O--rhamnopyranosyl-(12)[(3-O-E-feruloyl)--rhamnopyranosyl-(1→6)]--

galactopyranoside showing: 

(A) the accurate mass of the compound,  

(B) the loss of feruloyl from the deprotonated molecule following MS2, 

(C) the CID spectrum of [M–H–feruloyl]
–
 in MS3 analysis typical of deprotonated quercetin 3-O-

rhamnosyl(1→2)[rhamnosyl(1→6)]-hexosides, and 

(D) MS4 analysis of the rhamnose-loss ion identifying the hexose sugar as galactose. 

 

Isoflavones. The analysis of the mass and UV spectra combined with the 

information obtained from acid hydrolysis (Table 2) led to the identification of five 

isoflavones: the 7-O-(malonylglucoside) of the isoflavones afrormosin (I1), 

formononetin (I3) and fujikinetin (I4); the pratensein-glucoside (I5) and afrormosin-

hexoside (I2). These compounds are reported for the first time in sainfoin. The 

formononetin and afrormosin aglycons were isolated from sainfoin leaves by INGHAM, 

1987. Analysing the MS/MS spectra of I1, I3 and I4, ions of [M-H-162-86]- at m/z 297, 

267 and 311 corresponding to the aglycons afrormosin, formononetin and fujikinetin 

after the cleavage of malonylglucose were observed. The UV spectra of I1, I3 and I4 

Kew1112___posESI_FT #3209 RT: 29.59 AV: 1 NL:
F: FTMS + p ESI Full ms [250.00-2016.97]

500 1000 1500 2000

m/z

0

10

20

30

40

50

60

70

80

90

100

R
el

at
iv

e
 A

b
un

da
nc

e

933.2659
12C 43 H 49 O 23 = 933.2659

[M+H]+

Kew1112___posnegESI_FT #1389-1528 RT: 12.25-12.59
F: ITMS - c ESI d Full ms3 931.18@cid35.00 755.18@ci ...

200 400 600

m/z

0

10

20

30

40

50

60

70

80

90

100

R
el

at
iv

e
 A

b
un

da
nc

e

300

591

489

343

737
409

Kew1113___negESI_IT_MS4 #2186-2229 RT:
F: ITMS - c ESI Full ms4 931.20@cid35.00 755.20@cid3 ...

200 300 400 500 600

m/z

0

10

20

30

40

50

60

70

80

90

100

R
el

at
iv

e
 A

b
un

da
nc

e

355

301

409 547

445

273

Kew1112___posnegESI_FT #1378-1639 RT: 12.24-12.59
F: ITMS - c ESI d Full ms2 931.17@cid35.00 [245.00-94 ...

400 600 800

m/z

0

10

20

30

40

50

60

70

80

90

100

R
el

at
iv

e
 A

b
un

da
nc

e

755

[M–H–feruloyl]–

[quercetin–2H] –

+MS1 –MS2 (931)

–MS3 (931755) –MS4 (931755591)

[M–H]–

931

755

591

– rhamnose

[M+Na]+

Kew1112___posESI_FT #3209 RT: 29.59 AV: 1 NL:
F: FTMS + p ESI Full ms [250.00-2016.97]

500 1000 1500 2000

m/z

0

10

20

30

40

50

60

70

80

90

100

R
el

at
iv

e
 A

b
un

da
nc

e

933.2659
12C 43 H 49 O 23 = 933.2659

[M+H]+
Kew1112___posESI_FT #3209 RT: 29.59 AV: 1 NL:
F: FTMS + p ESI Full ms [250.00-2016.97]

500 1000 1500 2000

m/z

0

10

20

30

40

50

60

70

80

90

100

R
el

at
iv

e
 A

b
un

da
nc

e

933.2659
12C 43 H 49 O 23 = 933.2659

[M+H]+

Kew1112___posnegESI_FT #1389-1528 RT: 12.25-12.59
F: ITMS - c ESI d Full ms3 931.18@cid35.00 755.18@ci ...

200 400 600

m/z

0

10

20

30

40

50

60

70

80

90

100

R
el

at
iv

e
 A

b
un

da
nc

e

300

591

489

343

737
409

Kew1112___posnegESI_FT #1389-1528 RT: 12.25-12.59
F: ITMS - c ESI d Full ms3 931.18@cid35.00 755.18@ci ...

200 400 600

m/z

0

10

20

30

40

50

60

70

80

90

100

R
el

at
iv

e
 A

b
un

da
nc

e

300

591

489

343

737
409

Kew1113___negESI_IT_MS4 #2186-2229 RT:
F: ITMS - c ESI Full ms4 931.20@cid35.00 755.20@cid3 ...

200 300 400 500 600

m/z

0

10

20

30

40

50

60

70

80

90

100

R
el

at
iv

e
 A

b
un

da
nc

e

355

301

409 547

445

273

Kew1113___negESI_IT_MS4 #2186-2229 RT:
F: ITMS - c ESI Full ms4 931.20@cid35.00 755.20@cid3 ...

200 300 400 500 600

m/z

0

10

20

30

40

50

60

70

80

90

100

R
el

at
iv

e
 A

b
un

da
nc

e

355

301

409 547

445

273

Kew1112___posnegESI_FT #1378-1639 RT: 12.24-12.59
F: ITMS - c ESI d Full ms2 931.17@cid35.00 [245.00-94 ...

400 600 800

m/z

0

10

20

30

40

50

60

70

80

90

100

R
el

at
iv

e
 A

b
un

da
nc

e

755

Kew1112___posnegESI_FT #1378-1639 RT: 12.24-12.59
F: ITMS - c ESI d Full ms2 931.17@cid35.00 [245.00-94 ...

400 600 800

m/z

0

10

20

30

40

50

60

70

80

90

100

R
el

at
iv

e
 A

b
un

da
nc

e

755

[M–H–feruloyl]–

[quercetin–2H] –

+MS1 –MS2 (931)

–MS3 (931755) –MS4 (931755591)

[M–H]–

931

755

591

– rhamnose

[M+Na]+

● 

(A) (B) 

(C) (D) 



3.  Structural identification of phenolic compounds  

19 

and the results obtained by acid hydrolysis which gave glucose and afrormosin (I1), 

formononetin (I3) and fujikinetin (I4) are consistent with the proposed chemical 

structures. The MS/MS fragmentation of I5 ([M-H]- at m/z 461) produced the pratensein 

pseudomolecular ion [M-H-162]- at m/z 299. Acid hydrolysis released glucose and 

pratensein. The determination of sugar position was not possible. On the basis of these 

data I5 was characterized as pratensein-glucoside. Similarly, compound I2 was 

characterized as afrormosine-hexoside by MS and acid hydrolysis. The fragmentation 

of the [M-H]- ion at m/z 505 generate the ion at m/z 297 of the afrormosin aglycon after 

the cleavage of a hexose moiety (162 Da). 

Hydroxycinnamic acids. Several peaks from the purified fractions were grouped 

into derivatives of coumaric (C25-C30), caffeic (C31-C34) and ferulic acid (C35) based 

on LC-MS analysis, UV spectra) and acid or sulfatase hydrolysis (Table 2). The exact 

identity of the individual compounds could not be determined.  

Dihydroflavonols. Compounds D2, D3 and D4 were characterized as 

dihydrokaempferol-glucoside, dihydroquercetin-glucoside and dihydroquercetin-

hexoside (Table 2). Hydrolysis with sulfatase released glucose and the aglycons 

dihydrokaempferol (D2) and diydroquercetin (D3). The MS/MS fragmentation of D2 

([M-H]- at m/z 449) produced the dihydrokaempferol pseudomolecular ion [M-H-162]- at 

m/z 287. The fragmentation of [M-H]- of D3 and D4 at m/z 465 gave the ion m/z 285 of 

dihydroquercetin after elimination of a hexose moiety (162 Da). The determination of 

the sugar positions of these dihydroflavonols-glycosides and the hydrolysis of D4 was 

not possible because of the low amount available. 

Flavanols. The analysis of the fractions by direct injection into the LC-MS/MS 

system yielded dimeric (F11, F12) and trimeric (F13) flavanols ions (Table 2). F11 with 

[M-H]- at m/z 593 is a heteropolymer containing both catechin/epicatechin (C/E) and 

gallocatechin/epigallocatechin (GC/EGC) units in his molecule. Based on the [M-H]- at 
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m/z 593, compound F12 was characterized as pure prodelphinidin [2 X (GC/EGC)] and 

F13 with m/z 865 as pure procyanidin homopolymer [3 X (C/E)].  

Flavonols. The acylated flavonol glucosides, kaempferol-acetyl-glucoside (G15) 

and quercetin-malonyl-glucoside (G16) were identified based on their UV and MS 

spectra and acid hydrolysis (Table 2). The MS/MS fragmentation of G15 ([M-H]- at m/z 

489) produced the kaempferol pseudomolecular ion at m/z 284. The fragmentation of 

[M-H]- of G16 at m/z 549 gave the ion of [M-H-162-86]- at m/z 301 corresponding to the 

aglycon quercetin after the cleavage of malonylglucose. These results are consistent 

with the UV spectra characteristic of a kaempferol (G15) and quercetin (G16) glucoside 

and the acid hydrolysis which released glucose and the aglycons kaempferol (G15) 

and quercetin (G16).  

 

Table 2. Chromatographic, UV, and mass spectral characteristics of isoflavones and not completed identified 

compounds in purified fractions of ethyl acetate sainfoin extract. 

Compound Fraction 

 

tR 

(min) 

λmax 

(nm) 

a
[M-H]

-
; ([2M-H]

-
) 

(m/z) 

b
MS/MS of [M-H]

-
 

(m/z) 

Identification
 

    
  

 

Isoflavones 

I1 15 168.4 259, 319 545; (1091) 282, 297  Afrormosin 7-O-(malonylglucoside) 

I2 14 151.3 260, 322 505 297 Afrormosin-hexoside 

I3 18 162.2 257, 300sh 515; (1031) 267 Formononetin 7-O-(malonylglucoside) 

I4 18 164.1 261, 289sh, 

318sh 

559; (1119) 311 Fujikinetin 7-O-(malonylglucoside) 

I5 24 150.8 260, 330sh 461 299 Pratensein-glucoside 

 

Hydroxycinnamic acids 

C25 12 124.7 314 337; 675; 697  - trans p-Coumaric acid derivative 

C26 13 86.7 313 323 113, 119, 163  trans p-Coumaric acid derivative 

C27 24 99.9 312 417 117, 119, 145, 

163 

trans p-Coumaric acid derivative 

C28 12 68.7 308 337; 675; 697 - trans p-Coumaric acid derivative 

C29 12 115.8 310 337; 675; 697  163, 191, 305, 

697  

trans p-Coumaric acid derivative 

C30 12 125.5 312 437 119, 133, 145, 

161, 163  

trans p-Coumaroyl malic acid 

derivative 

C31 23 99.9 255sh, 329 473 135, 149, 179, 

293  

trans Caffeic acid derivative 

C32 24 52.4 326 335 133, 161 trans Caffeic acid with malic acid 

derivative 

C33 20 66.3 255sh, 328 339 113, 135, 159, 

179 

trans Caffeic acid derivative 

C34 20 102.2 318 - - trans Caffeic acid derivative 

C35 13 103.6 327 158; 353; 707  - trans Ferulic acid derivative 

       

      (continued on next page) 
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Compound Fraction 

 

tR 

(min) 

λmax 

(nm) 

a
[M-H]

-
; ([2M-H]

-
) 

(m/z) 

b
MS/MS of [M-H]

-
 

(m/z) 

Identification
 

 

Dihydroflavonols 

D2 15 43.1 293 449 125, 269, 287 Dihydrokaempferol-glucoside 

D3 13 27.4 287, 325 465 125, 285, 303 Dihydroquercetin-glucoside 

D4 24 60.3 292, 325 465 125, 285  Dihydroquercetin-hexoside 

 

c
Flavanols 

F11 30 - - 593 289  1 X (C/E) + 1 X (GC/EGC) 

F12 30 - - 609 305 2 X (GC/EGC) 

F13 38 - - 865 - 3 X (C/E) 

 

Flavonols 

G15 23 152.3 264, 345 489 227, 255, 284  Kaempferol-acetyl-glucoside 

G16 23 137.2 256, 353 549 151, 179, 271, 

300  

Quercetin-malonyl-glucoside 

a 
Some hydroxycinnamic acids shows three intensive [M-H]

-
 ions; an intensive [2M-H]

-
 ion was observed for isoflavones 

7-O-(malonylglucoside). 
b
 In the MS/MS, the most abundant ion is shown in boldface. 

c
 Flavanols were identified by 

direct injection of the fractions into the MS; abbreviation used: C, catechin; E, epicatechin; GC, gallocatechin; EGC, 

epigallocatechin  

Table 2. (continued) 
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Article 1 – Summary 

 

Identification and quantification of phenolic compounds from the forage legume sainfoin 

(Onobrychis viciifolia) 

REGOS, I., URBANELA, A., TREUTTER, D. 

2009. Journal of Agriculture and Food Chemistry 57, 5843-5852. 

 

Sainfoin (Onobrychis viciifolia Scop.; Leguminosae subfamily Papilionoideae) is a 

traditional forage legume with excellent nutritional and veterinary properties, namely 

prevention of bloat and controlling nematode parasitism in ruminants. These beneficial 

effects are thought to be due to the particular tannin structure, characteristic of sainfoin but 

also other phenolic compounds such as flavonols may be involved in this beneficial property. 

However, since the identification of interesting candidates for future breeding programmes is 

necessary, the purpose of this study was to isolate and identify the phenolic compounds from 

sainfoin and to investigate their distribution in the aerial plant parts with different ontogenetic 

stages. Aqueous acetone extracts of the aerial parts of sainfoin variety Cotswold Common 

yielded amino acids, alkaloids, phenolic acids, dihydroflavonols, flavone-C-glucosides, 

flavanols, flavonols and isoflavones. After isolation and purification, their structures were 

elucidated combining chemical, chromatographic, and spectroscopic methods. Most of these 

substances have not been described hitherto in this plant material. The metabolomes of 

organs from different individuals show that the phenolic composition of plants within one 

variety differs not only quantitatively but also qualitatively even when grown on the same 

place. This indicates that the commonly used sainfoin varieties may not yet be homogeneous 

with respect to their content of bioactive secondary metabolites. Therefore, if the beneficiary 

effect of sainfoin for animal health will be a target for breeders and farmers, it will be 

necessary to select lines with a well defined and more stable phenolic profile. 

. 
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Article 1 – Authors’ contributions 

 

Identification and quantification of phenolic compounds from the forage legume sainfoin 

(Onobrychis viciifolia) 

REGOS, I., URBANELA, A., TREUTTER, D. 

2009. Journal of Agriculture and Food Chemistry 57, 5843-5852. 

 

REGOS, I.: literature search, study design, experimental work, data collection, data analysis, 

data interpretation, writing.  

 

URBANELA, A.: isolation of several flavonol glycosides by preparative TLC and investigation 

of their sugar position by spectral properties after addition of diagnostic reagents. 

 

TREUTTER, D.: supervision and scientific conception, revision of the manuscript. 

 

 



ARTICLE 1: REGOS et al. (2009) 

24 
 

 

 

 



ARTICLE 1: REGOS et al. (2009) 

25 
 

 

 

 



ARTICLE 1: REGOS et al. (2009) 

26 
 

 

 

 



ARTICLE 1: REGOS et al. (2009) 

27 
 

 

 

 



ARTICLE 1: REGOS et al. (2009) 

28 
 

 

 

 



ARTICLE 1: REGOS et al. (2009) 

29 
 

 

 

 



ARTICLE 1: REGOS et al. (2009) 

30 
 

 

 

 



ARTICLE 1: REGOS et al. (2009) 

31 
 

 

 

 



ARTICLE 1: REGOS et al. (2009) 

32 
 

 

 

 



ARTICLE 1: REGOS et al. (2009) 

33 
 

 

 

 



 

34 
 

Article 2 – Summary 

 

Structural identification of new acylated flavonol glycosides from the forage legume sainfoin, 

(Onobrychis viciifolia) 

VEITCH, N.C., REGOS, I., KITE, G.C., TREUTTER, D.  

2011. Phytochemistry 72, 423-429. 

 

The traditional fodder legume sainfoin (Onobrychis viciifolia Scop., Leguminosae) has 

excellent nutritional and palatability qualities for livestock, to which its phenolic constituents 

contribute. During characterisation of the phenolic metabolome of this species, ten acylated 

flavonol glycosides were isolated from water-acetone (3:7) extracts of aerial parts, and 

purified using a combination of column chromatography on Sephadex LH-20 and reverse 

phase HPLC coupled to diode array detection. Their UV spectra were typical of flavonol 

glycosides acylated with hydroxycinnamic acids. Structure determination was by LC-MS/MS 

and NMR (700 MHz + cryoprobe), revealing that the sainfoin flavonoids were feruloyl and 

sinapoyl derivatives of 3-O-di- and triglycosides of kaempferol and quercetin. Negative ion 

electrospray and serial MS were used to aid the identification of the primary 3-O-linked 

hexose residues as glucose or galactose. Eight of the acylated flavonol glycosides were new 

compounds, and the remaining two had previously been reported only from the legume, Vicia 

amurensis. The diglycosides were acylated at the primary Glc residue of O-α-Rhap(1→6)-β-

Glcp (rutinose), whereas the triglycosides were acylated at the terminal Rha residues of the 

branched trisaccharides, O-α-Rhap(1→2)[α-Rhap(1→6)]-β-Galp or O-α-Rhap(1→2)[α-

Rhap(1→6)]-β-Glcp. Analysis of UV and MS spectra of the acylated flavonol glycosides 

provided additional diagnostic features relevant to direct characterisation of these 

compounds in hyphenated analyses. Quantitative analysis of the acylated flavonol glycosides 

present in different aerial parts of sainfoin revealed that the highest concentrations were in 

mature leaflets. 
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Article 2 – Authors’ contributions 

 

Structural identification of new acylated flavonol glycosides from the forage legume sainfoin, 

(Onobrychis viciifolia) 

VEITCH, N.C., REGOS, I., KITE, G.C., TREUTTER, D.  

2011. Phytochemistry 72, 423-429. 

 

Article 2 rounds out the work performed in article 1 about the structure elucidation of sainfoin 

phenolics.  

 

REGOS, I.: literature search, extraction, isolation, purification and identification of the 

compounds as synapoylated and feruloylated glycosides of quercetin and kaempferol by UV, 

MS, hydrolysis; quantitative analysis.  

 

TREUTTER, D.: supervision and scientific conception, revision of the manuscript 

 

VEITCH, N.C. and KITE, G.C. (from Jodrell Laboratory, Royal Botanic Gardens, Kew, 

Richmond, Surrey TW9 3DS, U.K.): elucidation of the exact structure of the compounds by 

HRESIMS analysis, NMR analysis, interpretation and writing of data obtained.  
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4.  HPLC METHOD OPTIMIZATION 

Article 3 – Summary 

Optimization of a high-performance liquid chromatography method for the analysis of 

complex polyphenol mixtures and application for sainfoin extracts (Onobrychis viciifolia) 

REGOS, I. and TREUTTER, D.  

2010. Journal of Chromatography A, 1217, 6169-6177. 

 

HPLC using ultraviolet (UV) detection was established as the most convenient method for 

providing valuable insights into the distribution of phenolics in plants utilizing their feature to 

absorb UV light. With easily upwards of 5,000 compounds reported, full characterisation of a 

plant biophenol extract is a challenging analytical exercise. The separation performance of a 

PFP phase was compared with those of a heterogeneous phase constituted of octadecyl and 

phenylpropyl bonded silica and three C18 phases by injecting 10 µl methanol extract of the 

forage legume sainfoin and mixtures of 54 standard substances including: 1 amino acid, 2 

simple phenolic acids, 4 hydroxybenzoic and 6 hydroxycinnamic acids, 2 dihydroflavonols, 4 

flavones, 3 flavanols, 9 anthocyanins, 1 chalcone, 1 isoflavone and 21 flavonols. The best 

separation and an excellent peak shape was obtained using the PFP column where except 

anthocyanins all analytes were considerably more retained compared to the other columns. 

The positive outcome is particularly the better resolution of early eluting phenolic compounds 

such as hydroquinones, hydroxybenzoic and hydroxycinnamic acids and flavanols which 

gave longer elution ranges on the PFP phase compared to conventional columns. An HPLC 

method with sensitive diode array and chemical reaction detection using the perfluorophase 

was validated and applied for the analysis of an Onobrychis viciifolia sample. Although 

fluorinated stationary phases were claimed to offer many utilities that could not be 

accomplished by conventional C8, C18, and phenyl phases and have shown novel selectivity 

and enhanced retention for several compound classes, no applications for biophenols were 

previously reported. 
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Optimization of a high-performance liquid chromatography method for the analysis of 

complex polyphenol mixtures and application for sainfoin extracts (Onobrychis viciifolia) 

REGOS, I. and TREUTTER, D.  

2010. Journal of Chromatography A, 1217, 6169-6177. 

 

REGOS, I.: literature search, study design, experimental work, data collection, data analysis, 

data interpretation, writing, figures. 

TREUTTER, D.: supervision and scientific conception, revision of the manuscript 
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5.  CHARACTERISATION OF PHENOLIC COMPOUNDS IN YOUNG LEAFLETS OF 37 

SAINFOIN ACCESSIONS BY HPLC 

 

Chapter 5 offers a brief description of the work regarding the investigation of polyphenol 

accumulation in 37 sainfoin accessions.  

This study is described in great detail in article 4: THILL et al. (2012). 

The original article is attached in the Appendix 2. 
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Article 4 – Summary 

Polyphenol metabolism provides a screening tool for beneficial effects of Onobrychis viciifolia 

(sainfoin) 

THILL, J., REGOS, I., FARAG, M.A., AHMAD, A.F., KUSEK, J., HAYOT CARBONERO, C., 

GADJEV, I.Z., SMITH, L., HALBWIRTH, H., TREUTTER, D., STICH, K. 

2012. Phytochemistry 82, 67-80. 

 

During the EU sainfoin research project, Healthy Hay which sought to research fully all the 

benefits of sainfoin and reinvent its role in modern farming, a collection of 360 sainfoin 

accessions was evaluated. The existing sainfoin germplasm was found to be highly diverse 

on its agronomic behaviour, morphology and proanthocyanidin composition. The aim of our 

study was to gain knowledge about the variability of phenolic profiles of the young leaflets of 

37 sainfoin accessions in order to identify interesting candidates for further breeding 

programs. As determined by HPLC, considerable variations in the quantity and composition 

of soluble phenolics among the various accessions were observed. Total phenolic contents 

ranged from 16.16 to 43.13 mg/g freeze-dried sainfoin. Flavanol content varied from 0.50 to 

11.07 mg/g DW and included monomers and polymers known also as proanthocyanidins. 

Flavonols are the most abundant class of flavonoids in sainfoin and their contents varied 

from 8.86 to 36.52 mg/g DW. Glycosides of kaempferol and quercetin as well as acylated 

flavonol glycosides were analysed in all 37 samples. The methylated flavonol isorhamnetin 

was identified only in several samples bound to glucose or rutinose. Except one sample 

which is drawing a chromatogramm with many peaks giving a spectrum characteristic to 

flavonol-glycosides, all other 36 samples show the same pattern. Hydroxycinnamic acids, 

simple phenolics and flavones were also identified and quantified. Principal component 

analysis revealed that flavonols and flavanols contributed most to variety separation. The 

heterogeneity between the different varieties was also assessed using hierarchical cluster 

analysis of sample phenolics profile. 
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Article 4 – Authors’ contributions 

Polyphenol metabolism provides a screening tool for beneficial effects of Onobrychis viciifolia 

(sainfoin) 

THILL, J., REGOS, I., FARAG, M.A., AHMAD, A.F., KUSEK, J., HAYOT CARBONERO, C., 

GADJEV, I.Z., SMITH, L., HALBWIRTH, H., TREUTTER, D., STICH, K. 

2012. Phytochemistry 82, 67-80. 

 

This article is the result of collaboration with other two groups.  

Group I: HAYOT CARBONERO, C., GADJEV, I.Z. and SMITH, L. selected the plant material.  

Group II: THILL, J., AHMAD, A.F., KUSEK J., HALBWIRTH, H. and STICH, K. investigated 

the 37 sainfoin accessions regarding the antioxidant capacities, peroxidase activity, selected 

polyphenol enzyme activities designed the manuscript. 

REGOS, I: extraction and analysis of phenolic compounds, data analysis and interpretation, 

providing data for hierarchical cluster analysis and principal component analysis. 

FARAG, M.A.: hierarchical cluster analysis and principal component analysis. 

TREUTTER, D.: supervision and scientific conception, revision of the manuscript 
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6.  COMPOSITION OF PHENOLIC COMPOUNDS IN VARIOUS ORGANS AT DIFFERENT 

DEVELOPMENTAL STAGES OF SAINFOIN (ONOBRYCHIS VICIIFOLIA var. COTSWOLD 

COMMON)  

 

6.1.  Introduction 

Elucidating the phenolic structures in sainfoin is important for understanding potential 

health beneficial effects of these dietary phytochemicals. From available literature data 

(BARAU et al., 2005; TERRILL et al., 2009; MANOLARAKI,  2011) it is apparent that the 

effects are dependent on phenolic structures and concentrations. However, our study (article 

1: REGOS et al., 2009) has shown that phenolic compositions of sainfoin plants within one 

variety (Cotswold Common) differ even when grown at the same place. Qualitative and 

quantitative differences on phenolics between sainfoin plant organs have also been 

measured.  

The aim of this study was to characterize the metabolite composition in the leaves 

(leaflets and petioles), stems and flower of sainfoin (Onobrychis viciifolia) at three different 

stages of plant development: vegetative, bud and bloom stage in order to lay a cornerstone 

for their physiological evaluation. 

 

6.2.  Materials and methods 

6.2.1.  Plant material 

Sainfoin seeds (var. Cotswold Common) were planted in a greenhouse in 2007 in Freising 

(Germany). When the plants reached the vegetative stage (Figure 6A), young and mature 

leaves were collected (Figure 7A-B, Table 3) and the plant pots were transferred over winter 

in a cold chamber. In spring, the plants were pick up and planted in the field. Different tissues 

(Table 3) were harvested from plants at bud and bloom stage, (Figure 6B-C). Plant material 

was frozen at -20°C and freeze dried. The tested sainfoin tissues are showed in Figure 7.
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Figure 6. The three developmental stages use to investigate the phenolic compounds  

in Onobrychis viciifolia tissues. 

(A) Sainfoin plant at vegetative stage from greenhouse. 

(B) Sainfoin plant at bud stage from the field. 

(C) Sainfoin plant at bloom stage from the field. 

 

Table 3. Plant material.  

Stage of plant development Sainfoin tissues Number of plants, (n) 

Vegetative (V) Leaflets (young and mature) 

Petioles (young and mature) 

Mixture  

Mixture 

Bud (B) Leaflets (young and mature) 

Petioles (young and mature) 

Stem 

Flower buds 

3 

3 

6 

6 

Bloom (F) Leaflets (young and mature) 

Petioles (young and mature) 

Stem 

Flowers (bud, open and mature) 

1 

1 

1 

1 

 

 

Figure 7. Sainfoin plant tissues.  

(A) Young leave with leaflets and petioles. 

(B) Mature leave with leaflets and petioles. 

(C) Stem sample is a mixture of flower stalks and plant stems. 

(D) Flower buds. 

(E) Open flowers. 

(F) Mature flowers. 

A B C

A 

A B C 

D E F 
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6.2.2.  General experimental procedures 

The phenolic compounds in sainfoin tissues were extracted and analysed by HPLC as 

described previously by REGOS et al. (2009). 

 

6.3.  Results and discussion 

Phenolics in stems, leaflets and petioles, buds and flowers of sainfoin collected at 

vegetative, bud and bloom stage were analysed by reverse phase HPLC with diode array 

and chemical reaction detection. This yielded information on phenolic content and 

composition (Table IA - IIIA in Appendix 3 and Figures 8 – 17). 

Six phenolic classes were detected: simple phenolics, (SP), hydroxycinnamic acids, 

(HCA), flavanols, flavonols, flavones and anthocyanins. Figure 8 shows their distribution 

among sainfoin tissues collected from plants at vegetative (V), bud (B) and bloom (F) stage.  

Large quantitative variations related to the total phenolics and phenolic classes were 

measured in the different plant organs and between the same organs at different plant 

developmental stages. Total phenolic content showed 7-fold differences, which ranged from 

7 to 52 mg total phenolics per g of freeze-dried tissues (open flowers versus young petioles 

at bud stage). The predominant classes were the flavonols in leaflets (at bloom stage 

represented 87% on average young/mature leaflets of total phenolics) and flower buds (53% 

of total phenolics), and the simple phenolic acids in petioles and stems (at vegetative stage 

represents 57% on average young/mature petioles of total phenolics). The contents of each 

class and of the identified constituents are shown in Figure 9 – 17. 
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Figure 8. Phenolic composition in various organs at different developmental stages of sainfoin. Total phenolic content, 

expressed as milligram per gram of freeze dried tissue, is achieved by summing up single phenolic pools. Different colors are 

representing different phenolic groups. The highest phenolic amount was measured in young tissues at bud stage (B) followed 

by tissues at bloom (F) and vegetative stage (V). 

Left:  Leaflets contained mostly flavonols. Their quantity increased with 33% on average (young/mature leaflets) from 

vegetative to bloom stage, whyle the quantity of flavanols and hydroxycinnamic acids declined with 11% and 18%, 

respectively.  

Middle: Petioles and stems contained mostly simple phenolics. Flavonols content increased with 27% on average 

(young/mature petioles) from vegetative to bloom stage, while the quantity of flavanols and hydroxycinnamic acids 

declined with 10% and 6%, respectively. 

Right: Flower buds contained 53% on average flavonols.Their content declined to 43% in the flowers which accumulated 

additionally anthocyanins. 

 

6.3.1.  Simple Phenolics (SP) 

The highest SP levels were measured in petioles, followed by stems, flowers and leaflets 

(Figure 9, upper panel). SP compounds determined in different sainfoin tissues were 

identified as arbutin, 8-β-glucopyranosyloxycinnamic acid, protocatechuic acid, vanillic acid 

4-O-glucoside and p-hydroxybenzoic acid.  
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Figure 9. Quantitative analysis of simple phenolics in various organs at different developmental stages of sainfoin. 

Simple phenolic levels measured at vegetative (green), bud (black) and bloom stage (red) in sainfoin tissues were expressed in 

milligram per gram of freeze dried tissue. 

Up: Sum of simple phenolics. 

Down: Concentration of the most abundant compounds: arbutin and 8-β-glucopyranosyloxycinnamic acid. Error bars were 

calculated only for the bud stage and the repetition numbers are shown in each panel in parenthesis.  

 

Low amounts of the last three compounds were measured. The unknown peaks with SP 

typical spectrum were named other SP derivatives (Table IA - IIIA in Appendix 3). 

The hydroquinone arbutin was detectable only in petioles and stems (Figure 9, down 

panel on the left side of the page). It is quantitatively the most abundant compound and 

represented on average 83% in the SP levels in petioles and 70% in stems. Arbutin had also 

a high contribution in the total soluble phenolic levels in petioles and stems, on average with 

approximately 43% and 37%, respectively. 
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6.3.2.  Hydroxycinnamic acids (HCA) 

Five hydroxycinnamic acids were identified and quantified in different sainfoin tissues and 

for different developmental stages of sainfoin plant. These were: cis and trans p-coumaric 

acid 4-O-glucoside (quantified as one compound), and the trans isomers of 3-p-

coumaroylquinic acid, caffeoylglucose, neochlorogenic and chlorogenic acid. The unknown 

peaks with HCA typical spectrum were named other HCA derivatives. 

The upper panel in Figure 10 shows that the highest HCA amounts were detected in 

leaflets. During the growth cycle the highest HCA levels were measured at the vegetative 

stage in young tissues and decreased with increasing maturity of the tissues. This decrease 

was mainly due to a reduction of neochlorogenic acid.  

Inspection of the panels in Figure 10, down on the page shows qualitative and quantitative 

variations of the individual hydroxycinnamic acids in different tissues and different 

developmental stages of sainfoin:  

 3-p-coumaroylquinic acid was not detectable in young petioles at bloom stage and in 

open flowers; 

 caffeoylglucose was not detectable in tissues at vegetative stage; 

 chlorogenic acid could not be detected in petioles at vegetative stage and in tissues at 

bloom stage and in flowers; 

 except in open and mature flowers, neochlorogenic acid was quantitatively the most 

abundant HCA in all tissues at all developmental stages. Its contents in young petioles 

and young and mature leaflets at bud stage were considerably lower than in tissues at 

the vegetative stage (60% reduction in petioles and 71%, in leaflets);  

 in open and mature flower the most abundant HCA was p-coumaric acid 4-O-glucoside, 

followed by neochlorogenic acid, caffeoylglucose and 3-p-coumaroylquinic acid;  

 the 3-p-coumaroylquinic acid concentration decreased considerable with the maturity 

stage;  

 chlorogenic acid concentration was higher in tissues at bud stage than in tissues at 

vegetative stage.  



6.  Characterisation of sainfoin plant organs 
 

63 
 

 

 
Figure 10. Quantitative analysis of hydroxycinnamic acids in various organs at different developmental stages of 

sainfoin. Hydroxycinnamic acid levels, measured at vegetative (green), bud (black) and bloom stage (red) in sainfoin tissues, 

were expressed in milligram per gram of freeze dried tissue. 

Up: Sum of hydroxycinnamic acid compounds measured for all tissues. 

Down: Concentration of individual compounds measured for each tissue. Error bars were calculated only for the bud stage 

and the repetition numbers are shown in each panel in parenthesis. Abreviations: c: cis; t: trans; glu: glucose. 
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6.3.3.  Flavanols 

The following flavanols were identified in the sainfoin tissues: the monomers catechin (C), 

epicatechin (E), gallocatechin (GC) and epigalocatechin (EGC) and the oligomers 

procyanidin B2, B5 and E-B5. Their concentration was determined for each developmental 

stage by RP-HPLC at 640 nm after derivatization with p-dimethylaminocinnamicaldehyde 

(DMACA). The unknown peaks from the same chromatograms were calculated as 

procyanidin B2 and were named other polymers flavanol derivatives. 

The upper panel in Figure 11 shows that the highest flavanols levels were measured in 

petioles, followed by leaflets, flowers and stems. 

Young petioles accumulated the highest total amount of flavanols at bud stage. Of the four 

flavanols monomers present, the dihydroxylated B-ring compounds catechin and epicatechin 

reached together at bud stage 88%. Their concentration decreased with 11% at bloom stage. 

In contrast, at vegetative stage 73% of the monomeric flavanols were the trihydroxylated B-

ring compounds gallocatechin and epigallocatechin. The cis flavanol isomers (-) 

epigallocatechin and (-) epicatechin were the predominant compounds at vegetative (74%) 

and bloom stage (61%), whereas at bud stage they represented together only 30% of the 

flavanols monomers. 

Mature petioles showed the same trend except the fact that they accumulated the highest 

total amount of flavanols at the vegetative stage. Compared to the young tissues the 

proportion of the cis isomers increased with 6% at vegetative stage and 22% at bud and 

bloom stage. 

Stems exhibited a similar flavanol pattern to the young petioles.  

During plant development, young and mature leaflets accumulated the highest total amount 

of flavanols at vegetative stage. Of the four flavanol monomers present, young leaflets 

accumulated predominantly trihydroxylated B-ring compounds representing 96, 56 and 78% 

of the monomers at the vegetative, bud and bloom stage. In the mature leaflets, their 

proportion declined from 99 to 70% with plant development. 
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Figure 11. Quantitative analysis of flavanols in various organs at different developmental stages of sainfoin. Flavanols 

levels, measured at vegetative (green), bud (black) and bloom stage (red) in sainfoin tissues, were expressed in milligram per 

gram of freeze dried tissue. 

Up: Sum of flavanols measured for all tissues.  

Down: Concentration of flavanol compounds, measured for each tissue. Error bars were calculated only for the bud stage 

and the repetition numbers are shown in each panel in parenthesis.  
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The proportion of cis isomers increased with maturity of the leaflets from 56 to 89% at 

vegetative stage, 30 to 69% at bud stage and from 81 to 85% at bloom stage. 

The last two panels drawn in Figure 11, on the right side down on the page shows the 

composition of catechin, epicatechin, gallocatechin and epigallocatechin in the flower tissues 

(buds, open and mature) of sainfoin plants. In the flower buds collected at the bud and bloom 

growth stage, the total concentration of the four monomers was similar, while a noticeable 

variation in their composition was measured with increasing plant maturity. Flower buds at 

the bloom stage and the open and mature (brown) flowers accumulated approximately 45% 

more trihydroxylated B-ring flavanols and 37% more cis isomers when compared with the 

flower buds collected at the bud stage.  

Figure 12 shows the changes in the concentration of the polymers and of the two 

trihydroxylated B-ring monomers, gallocatechin and epigallocatechin measured in the young 

leaflets (left panel) and in the flower tissues of sainfoin (right panel) at different maturity 

stages.  

 

Figure 12. Changes in the concentration of the two trihydroxylated B-ring monomers, gallocatechin and 

epigallocatechin and of the polymers measured in the young leaflets (left panel) and in the flower tissues (right panel) 

of sainfoin at different development stages.  

Left: Of the four monomers determined by HPLC, catechin, epicatechin, gallocatechin and epigallocatechin, the last two 

with trihydroxy-B rings (blue line) showed similar accumulation effect as the polymers (red line) in young leaflets of 

sainfoin at vegetative, bud and bloom stages.  

Right: In the flower tissues of sainfoin at the bud and bloom stage, of the four monomers, the trihydroxy-B rings monomers 

proportion increased from 38 to 90% drawing an opposite line (blue) when compared to polymer accumulation (red 

line).  

Of the total flavan-3-ol content measured in the leaflets and the petioles, the greatest 

polymer content was measured at the vegetative stage. Their accumulation decreased at the 
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bud stage and then increased slowly at the bloom stage. Of the four flavanol monomers 

present, a similar effect was seen for the two trihydroxylated B-ring monomers gallocatechin 

and epigallocatechin. In comparison to leaves and petioles, in the flower tissues, the polymer 

synthesis runs alinear to gallocatechin and epigallocatechin accumulations and increased as 

plant and flower maturity increased. The lower accumulation was measured in the open 

flowers and increased in the mature flowers with 20%. 

 

6.3.4.  Flavonols 

Flavonols represent one of the predominant class of phenolic compounds identified in 

sainfoin and their levels and composition varied greatly depending on the plant 

developmental stage. Highest flavonol levels were found in the tissues collected from plants 

at the bud stage. For example, leaflets at the vegetative stage contained on average only 

33% of the flavonols contained in leaflets at bud stage and 36% at bloom stage (Figure 13, 

left panel). The HPLC analysis showed that the high difference in the total flavonol amount is 

mainly due to an increasing rutin level which increased with the phenological stage. In the 

young leaflets at vegetative stage rutin represented 15% in the flavonol levels and its 

accumulation increased, representing 60% in the flavonol levels at bud stage and 73% at 

bloom stage (Figure 13, right panel). However, rutin accumulation increased also with 

increasing the maturity of the tissue.  

 

Figure 13. Quantitative analysis of flavonols in various organs at different developmental stages of 

sainfoin. Flavonols levels, measured at vegetative (green), bud (black) and bloom stage (red) in sainfoin tissues, 

were expressed in milligram per gram of freeze dried tissue. 

Left: Sum of flavonols measured for all tissues.  

Right: Concentration of the rutin. Error bars were calculated only for the bud stage and the repetition numbers 

are shown in each panel in parenthesis.  
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Figure 14. Quantitative analysis of flavonol compounds in various organs at different developmental stages of sainfoin. 

Flavonol compounds levels, measured at vegetative (green), bud (black) and bloom stage (red) in sainfoin tissues, were 

expressed in milligram per gram of freeze dried tissue.  

Error bars were calculated only for the bud stage and the repetition numbers are shown in each panel in parenthesis. 

Abbreviations: kae, kaempferol; rut, rutinoside; que, quercetin; ara, arabinoside; glu, glucoside; rharut, rhamnosylrutinoside; iso, 

isorhamnetin; acyl, acylated. 

Kaempferol was accumulated only in flower organs. Quercetin 3-arabinoside was measured only in tissues at bud stage. 

 

The flavonol compounds determined by HPLC in different sainfoin tissues were identified 

as: kaempferol, kaempferol 3-rutinoside (nicotiflorin), quercetin 3-arabinoside, quercetin 3-

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0
Mature leaf lets

(n = 6)

0.0

0.1

0.2

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.1

1.2

Stems

Bud Bloom

(n = 6)

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

2.0

2.2

2.4

2.6

2.8

m
g

/g
 D

W

Mature petioles

(n = 6)

0.0

0.4

0.8

1.2

1.6

2.0

2.4

2.8

3.2

3.6

4.0

4.4

4.8

5.2

Young petioles

Vegetative Bud Bloom

(n = 3)

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

Young leaf lets

Vegetative Bud Bloom

(n = 3)

0.0

0.1

0.2

0.3

0.4

0.5

0.6

Flowers

Open flowers Mature flowers

0.0

0.2

0.3

0.5

0.6

0.8

0.9

1.1

1.2

1.4

1.5

1.7

1.8

Flower buds

Bud Bloom

(n = 6)



6.  Characterisation of sainfoin plant organs 
 

69 
 

glucoside (isoquercitrin), quercetin 3-rutinoside (rutin), quercetin 3-rhamnosylrutinoside and 

isorhamnetin 3-rutinoside. The unknown peaks with a flavonol typical spectrum were named 

other flavonol derivatives. Also peaks showing UV spectra that are typical to acylated 

flavonols (article 2, VEITCH et. al., 2011) were measured. 

Inspection of the panels in Figure 14, shows qualitative and quantitative variations of the 

individual flavonol compounds in different tissues and different developmental stages of 

sainfoin. Furthermore, the relative high error bars calculated at bud stage underline the 

variations between individual plant (discussion available in article 1, REGOS et al., 2009).  

In particular, among the variations measured at bud stage, it is worth highlighting those 

between individual plants, which can be deduced from the high standard deviation (Table 

IIA). Figure 15 shows the flavonol profiles in the young leaflets of 3 different plants where the 

concentrations of rutin varied three fold and the presence of quercetin 3-arabinoside and 

isorhamnetin 3-rutinoside were found only in replicant 1 and 2. 
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Figure 15. Quantitative analysis (mg/g DW) of flavonol compounds in the young leaflets of 3 

sainfoin plants.  

Abbreviations: kae, kaempferol; rut, rutinoside; que, quercetin; ara, arabinoside; glu, glucoside; 

rharut, rhamnosylrutinoside; iso, isorhamnetin. 

 

6.3.5.  Flavones 

Flavone levels in various organs at different developmental stages of sainfoin are shown 

in Figure 16. 
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Figure 16. Quantitative analysis of flavones in various organs at different developmental stages of sainfoin. Falvones 

levels, measured at vegetative (green), bud (black) and bloom stage (red) in sainfoin tissues were expressed in milligram per 

gram of freeze dried tissues.  

During the growth cycle the greatest flavone levels were measured at the bud stage. 

At vegetative stage the highest flavone levels were measured in young petioles (1 mg/g 

DW) followed by young leaflets (0.2 mg/g DW). In mature leaflets and petioles no flavones 

were detectable.  

At bud stage the highest flavone levels were measured in young petioles (1.8 mg/g DW) 

followed by young leaflets (1.2 mg/g DW), flower buds (1.1 mg/g DW) and stems (0.5 mg/g 

DW). Mature leaflets and petiols had only approximately 50% of the flavones contained in the 

young tissues. At bud stage the flavones levels for young petioles and leaflets are 46% and 

84% higher than in the same tissues at vegetative stage. 

At bloom stage the flavone levels were similar in young and mature petioles (0.5 mg/g 

DW). In contrast, mature leaflets had only 50% of the flavones contained in young leaflets 

(0.28 mg/g DW). Flower buds had flavone levels similar to those in mature flowers (0.2 mg/g 

DW) and twice as much as in flowers (0.1 mg/g DW). Flavone levels in tissues at bloom 

stage were 69% lower than in tissues at bud stage, on average. 

 

6.3.6. Anthocyanins 

Anthocyanins were identified in petioles, stems and flowers of sainfoin at bud and bloom 

stage (Figure 17). 
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Figure 17. Quantitative analysis of anthocyanins in various organs at different developmental stages of sainfoin. 

At bud stage (left side of the panel) the cyanidin 3-O-glucoside was detected in stems 

(0.18 mg/g DW), young and mature petioles (0.04; 0.06 mg/g DW) and flower buds (0.04 

mg/g DW). In stems and flower buds additional unknown anthocyanin compounds (named as 

other anthocyanins) were detected and had similar concentration in both tissues (0.05 mg/g 

DW). 

At bloom stage (right side of the panel) the cyanidin 3-O-glucoside concentration in stems 

was 25% lower than in stems at bud stage and was not detectable in petioles and flower 

buds. In open and mature flowers low amounts of cyanidin 3-O glucoside (0.01, 0.03 mg/g 

DW) were measured. These tissues accumulate higher levels of delphinidin 3-O-glucoside 

(0.16; 0.4 mg/g DW) and other anthocyanins were also detected (0.17; 0.5 mg/g DW). 

Anthocyanin levels in mature flowers were three times higher than in open flowers.  

 

6.4.  Conclusions 

Screening of the aerial parts of sainfoin plants (O. viciifolia) with different ontogenetic 

stages discovered a large variation in phenolic contents and composition. Furthermore, an 

organ-specific accumulation tendency was observed. These are important findings because 

phenolic structures and concentrations have been linked with the anti-parasitic effects of 

sainfoin. 
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The exact information about phenolic compound formation lays a cornerstone for their 

physiological evaluation and is also important for producers to optimize the harvesting period 

of sainfoin.  
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7.  GENERAL CONCLUSIONS AND FUTURE 

 

There is a considerable body of evidence showing a link between the consumption of 

sainfoin and reducing nematode (e.g. Haemonchus contortus) parasitism in ruminant’s guts. 

Polyphenols including condensed tannins, flavanols and flavonols are the compounds that 

have been associated with these benefits by affecting several key biological processes of the 

worm. Although the exact mechanism(s) of action of the compounds involved is still obscure 

numerous researches in this area have associated the variability in their results with the 

variability in phenols structure and quantity (HOSTE et al., 2011).  

In this study, the soluble low molecular phenolic compounds from sainfoin were 

investigated and their variation in content and composition of 37 diverse sainfoin accessions 

was explored. The phenolic profile of the aerial parts of sainfoin plants (O. viciifolia) with 

different ontogenetic stages was also evaluated. Accessions displayed a wide range of 

differences and the metaboloms of organs from different individuals showed that the phenolic 

composition of plants within one variety differs not only quantitatively but also qualitatively 

even when grown at the same place. To maximise the potential benefits to ruminants from 

sainfoin, plant breeding should focus on developing varieties with predictable polyphenol 

profiles.  

Aqueous acetone extracts of the aerial parts of O. viciifolia (var. Cotswold Common) 

yielded amino acids, alkaloids, phenolic acids, dihydroflavonols, flavone-C-glucosides, 

flavanols, flavonols and isoflavones. After isolation and purification, their structures were 

elucidated combining chemical, chromatographic, and spectroscopic methods. Most of these 

substances have not been described hitherto in this plant material and eight were new 

compounds.  

BRUNET and HOSTE (2006) and BRUNET et al. (2008) showed that not only condensed 

tannins but also the constitutive monomers have anthelmintic effects. Monomers of 

prodelphinidins were more active than those of procyanidins. More severe effects were also

http://en.wikipedia.org/wiki/Haemonchus_contortus
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 found with galloyl derivatives. The results shown suggest that the number of free hydroxy 

groups of CT monomers is a key factor in interactions with parasite larvae.  

KOUPAI-ABYAZANI et al. (1992) identified in sainfoin the monomers catechin (cat), 

epicatechin (epi), gallocatechin and epigallocatechin and the dimeric procyanidin B2 [epi-

(4β8)-epi]. Recovery of these compounds and the identification of further dimeric 

[procyanidins B3 (cat-(4α8)-cat), B4 (cat-(4α8)-epi) and B5 (epi-(4β6)-epi)] and 

trimeric flavanols [procyanidins C1 (epi-(4β8)-epi-(4β8)-epi) and E-B5 (epi-(4β6)-epi-

(4β6)-epi)] was carried out in this work by mass spectrometry and HPLC with post column 

derivatization with DMACA. 

MANOLARAKI (2011) confirmed the anthelmintic activity of the flavonol glycosides 

kaempferol 3-rutinoside (nicotiflorin), quercetin 3-rutinoside (rutin), and isorhamnetin 3-

rutinoside (narcissin) found by Barrau et al. (2005) and demonstrated that the aglycone 

kaempferol, quercetin and isorhamnetin are more active than the glycoside ones. Of the 

three glycosides, rutin was more active than narcissin and nicotiflorin. 

Of the flavonols previously reported in sainfoin: the aglycones kaempferol and quercetin, 

the 3-O-rhamnoside of myricetin, the 3-O-rutinosides of kaempferol, quercetin, myricetin and 

isorhamnetin, and three trisaccharides, the branched 3-O-rhamnosylrutinosides of quercetin 

and kaempferol and quercetin 3-O-rutinoside-7-O-glucoside (MARAIS et al., 2000; LU et al., 

2000), only the last compound and quercetin could not been determined during these work. 

Further flavonol glycosides reported here for the first time in O. viciifolia were the 

monoglycosides: kaempferol 3-O-glucoside, quercetin 3-O-rhamnoside, quercetin 3-O-

glucoside, and myricetin 3-O-rhamnoside; the 3- and 3,7-diglycosides: kaempferol 3-O-

rhamnogalactoside and kaempferol 3-O-glucoside-7-rhamnoside; and the isorhamnetin 3-O-

rhamnosylrutinoside and quercetin 3-glucuronide.  

Furthermore, during the characterisation of the phenolic metabolome of sainfoin, ten 

acylated flavonol glycosides were investigated. Among these were eight previously 

unreported examples which comprised either feruloylated or sinapoylated derivatives of 3-O-

di- and 3-O-triglycosides of kaempferol or quercetin. Three different patterns of acylation 
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were found. The diglycosides were acylated at the primary Glc residue of O-α-Rhap(1→6)-β-

Glcp (rutinose), whereas the triglycosides were acylated at the terminal Rha residues of the 

branched trisaccharides, O-α-Rhap(1→2)[α-Rhap(1→6)]-β-Galp or O-α-Rhap(1→2)[α-

Rhap(1→6)]-β-Glcp. Identification of the primary 3-O-linked hexose residues as either Gal or 

Glc was carried out by negative ion electrospray and serial MS, and cryoprobe NMR 

spectroscopy. Two of the ten acylated flavonol glycosides had previously been reported only 

from methanol extracts of the whole plant of the legume, Vicia amurensis (KANG et al., 

2000). They were: quercetin 3-O-α-rhamnopyranosyl-(1'''2'')[(3''''-O-E-feruloyl)--

rhamnopyranosyl-(1''''→6'')]--galactopyranoside also known as amurenoside (A) (1) and 

quercetin 3-O-α-rhamnopyranosyl-(1'''2'')[(2''''-O-E-feruloyl)--rhamnopyranosyl-(1''''→6'')]-

-galactopyranoside, known as amurenoside B (2). The complete structures of the eight new 

compounds were: kaempferol 3-O-α-rhamnopyranosyl-(1'''2'')[(2''''-O-E-feruloyl)--

rhamnopyranosyl-(1''''→6'')]--galactopyranoside (3), quercetin 3-O-(4'''-O-E-feruloyl)-α-

rhamnopyranosyl-(1'''2'')[-rhamnopyranosyl-(1''''→6'')]--glucopyranoside (4), quercetin 3-

O-(4'''-O-E-sinapoyl)-α-rhamnopyranosyl-(1'''2'')[-rhamnopyranosyl-(1''''→6'')]--

glucopyranoside (5), kaempferol 3-O-(4'''-O-E-feruloyl)-α-rhamnopyranosyl-(1'''2'')[-

rhamnopyranosyl-(1''''→6'')]--glucopyranoside (6), quercetin 3-O--rhamnopyranosyl-

(1'''→6'')-[(2''-O-E-sinapoyl)--glucopyranoside] (7), quercetin 3-O--rhamnopyranosyl-

(1'''→6'')-[(2''-O-E-feruloyl)--glucopyranoside] (8), kaempferol 3-O--rhamnopyranosyl-

(1'''→6'')-[(2''-O-E-sinapoyl)--glucopyranoside] (9) and kaempferol 3-O--rhamnopyranosyl-

(1'''→6'')-[(2''-O-E-feruloyl)--glucopyranoside] (10). Although the aerial parts of sainfoin have 

been found to contain the parent flavonol glycosides, no acylated derivatives were previously 

reported. As such, the characterisation of 1–10 is a significant contribution to the description 

of the phenolic metabolome of this important fodder legume, the full elucidation of which is 

critical to understanding its beneficial nutritional and veterinary properties. Analysis of HPLC 

retention time, UV/Vis spectral information, mass fragmentation patterns and the accurate 
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estimates of mass of the identified phenolics provided additional diagnostic features relevant 

to direct characterisation of these compounds in hyphenated analyses. 

HPLC using ultraviolet (UV) detection was established as the most convenient method for 

providing valuable insights into the distribution of phenolics in plants utilizing their feature to 

absorb UV light. With easily upwards of 5,000 compounds reported, full characterisation of a 

plant biophenol extract is a challenging analytical exercise. Article 3 aimed to improve 

analyte's separation of the in house existing HPLC method and to optimize it's use for the 

characterisation of complexe mixtures.  

More than 50 standard substances from 10 different classes (hydroxycinnamic acids, 

flavanols, flavonols, anthocyanins, etc.) and a complex phenolic extract of O. viciifolia 

showed better resolution on a pentafluorophenylpropyl (PFP) column when compared with a 

bifunctional phase constituted of octadecyl and phenylpropyl bonded silica and three 

conventional C18 columns. In particularly, it is worth highlighting the better resolution of early 

eluting phenolic compounds such as hydroquinones, hydroxybenzoic acids, hydroxycinnamic 

acids and flavanols which gave longer elution ranges on the PFP stationary phase compared 

to conventional columns.  

A HPLC method with sensitive diode array and chemical reaction detection using the 

perfluorophase was validated and applied for the analysis of an O. viciifolia sample. This is 

the first report of quantitative determination of low molecular phenolic compounds of O. 

viciifolia. Although fluorinated stationary phases were claimed to offer many utilities that 

could not be accomplished by conventional C8, C18, and phenyl phases and have shown 

novel selectivity and enhanced retention for several compound classes (ZHANG, 2008), no 

applications for biophenols were previously reported. As such, the optimization of an HPLC 

method with sensitive diode array and chemical reaction detection using the perfluoropase 

for the analysis of biophenols is a significant contribution in the chromatography. 

Furthermore this method was successfully used to investigate the phenolic profile of the 

aerial parts of sainfoin plants (O. viciifolia) with different ontogenetic stages. All tested aerial 

parts contained phenolic compounds and showed organ-specific composition. The exact 
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information about phenolic compound formation lays a cornerstone for their physiological 

evaluation and is also important for producers to optimize the harvesting period of sainfoin. 

The metabolomes of organs from different individuals show that the phenolic composition of 

plants within one variety differs not only quantitatively but also quantitatively even when 

grown on the same place. This indicates that the commonly used sainfoin varieties may not 

yet be homogeneous with respect to their content of bioactive secondary metabolites. 

Therefore, if the beneficiary effect of sainfoin for animal health will be a target for breeders 

and farmers, it will be necessary to select lines with a well defined and more stable phenolic 

profile. 

Screening of 37 diverse sainfoin accessions discovered a huge variation in phenolic 

contents and composition. Principal component analysis revealed that flavonols and 

flavanols are the most relevant variables for discrimination of the accessions. The influence 

of genetic factors in the condensed tannins content among the same accessions has been 

demonstrated by STRIGANO et al. (2012). Anthelmintic data are also available. 

MANOLARAKI (2011) evaluated the anthelmintic effect of the same accessions and explored 

how these variations relate to quantitative and /or qualitative changes in phenolic compounds 

like CTs, flavanols or flavonols. The results obtained confirmed the existence of anthelmintic 

variability within the accessions. The AH activity of the investigated accessions might relate 

to the total flavanols, total anthocyanidins, total flavonols, but also to some other small 

phenolic compounds such as the cinammic and coumaric acids. Such information will help to 

develop a successful breeding program for sainfoin variety with potential anthelmintic 

benefits.  
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8.  SUMMARY 

 

Phenolic compounds of sainfoin (Onobrychis viciifolia Scop.; Leguminosae subfamily 

Papilionoidae) are assumed to be responsible for its nutritional and veterinary benefits.  

This way, the low molecular weight phenolic compounds from sainfoin have been 

investigated. By combining chemical, chromatographic and spectroscopic methods, a wide 

range of diverse phenolic compounds were investigated for the first time in sainfoin. Among 

these were eight previously unreported compounds which comprised either feruloylated or 

sinapoylated derivatives of 3-O-di- and 3-O-triglycosides of kaempferol or quercetin.  

A high performance liquid chromatography (HPLC) method with diode array detection 

(DAD) and post column derivatization with p-dimethylaminocinnamicaldehyde (DMACA) 

using pentafluorophenylpropyl (PFP) phase was optimized to investigate more than 50 

standard substances from 10 different classes and was validated for the analysis of 

individual phenolic compounds from a sainfoin plant extract. Compared to C18 and 

bifunctional phases, PFP column showed longer elution ranges and better resolution of early 

eluting phenolic compounds such as hydroquinones, hydroxybenzoic and hydroxycinnamic 

acids and flavanols.  

Furthermore this method was used to investigate the phenolic profile of the aerial parts of 

sainfoin plants (O. viciifolia) with different ontogenetic stages. It was found that all plant parts 

contained phenolic compounds and showed organ-specific composition.  

The metabolomes of organs from different individuals showed that the phenolic 

composition of plants within one variety differs not only quantitatively but also qualitatively 

even when grown on the same place.  

Accessions were found to be highly variable in their phenolic content and composition. 

Statistical analysis showed that flavonols and flavan-3-ols are the most relevant variables for 

discrimination of the accessions.   
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9.  ZUSSAMENFASSUNG 

 

Es wird vielfach angenommen, dass die positive Wirkung von Esparsette (Onobrychis 

viciifolia Scop.; Leguminosae subfamily Papilionoidae) auf die in ihr enthaltenen 

Polyphenolen zurückzuführen sei. 

In dieser Arbeit sollten ihre phenolischen Inhaltsstoffe mit niedrigem Molekulargewicht 

untersucht werden. Anhand von verschiedenen chemischen, chromatographischen und 

spektroskopischen Methoden konnten eine Vielzahl an verschiedenen phenolischen 

Verbindungen in Esparsette erstmals näher charakterisiert und bestimmt werden. Darüber 

hinaus konnten acht bisher unbekannte Verbindungen identifiziert werden. Es handelt sich 

um acylierte Flavonole, bei denen entweder Ferulasäure oder Sinapinsäure an 3-O-di- und 

3-O-tri-Glukosides des Kämpferols oder Quercetins gebunden sind.  

Anhand von mehr als 50 Standardsubstanzen aus 10 unterschiedlichen Stoffklassen 

wurde eine Methode entwickelt, die Hochdruck-Flüssigkeits-Chromatographie (HPLC) mit 

Diodenarray-detection (DAD) und Nachsäulen-Derivatisierung mit p-

Dimethylaminozimtsäurealdehyd (DMAZA) unter Verwendung von Pentafluorophenylpropyl 

(PFP) als Festphase kombiniert und anschließend speziell für die Untersuchung von 

phenolischen Verbindungen eines Esparsette Pflanzenextraktes validiert. Verglichen mit 

C18- und biofunktionale Säulen weist sich die PFP-Säule durch längere Elutionszeiten und 

eine bessere Trennung besonders bei früh eluierten phenolischen Verbindungen wie 

Hydroquinone, Hydroxybenzoesäuren, Hydroxyzimtsäuren und Flavanolen aus. 

Mit Hilfe dieser Methode wurden phenolische Profile von oberirdischen Organen der 

Esparsette (O. viciifolia) in unterschiedlichen Entwicklungsstadien analysiert. Dabei zeigte 

sich, dass alle Pflanzenteile phenolische Verbindungen mit organspezifischen 

Phenolmustern aufweisen.  

Verschiedene Individuen unterscheiden sich innerhalb einer Sorte nicht nur quantitativ 

sondern auch qualitativ in ihren Phenolmustern, selbst wenn sie am gleichen Standort 

kultiviert wurden. 
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Generell zeigte sich eine hohe Variabilität im Phenolgehalt und Phenolmuster, was 

anhand von statischen Analysen auf starke Schwankungen im Bereich der Flavanole und 

Flavan-3-ole zurückzuführen ist.  
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APPENDIX 1  

Structure and UV spectra of phenolic and other natural compounds identified in plant 

material of Onobrychis viciifolia 

 

Table 1A. Structure and UV spectra of phenolic and other natural compounds identified in plant material of Onobrychis 

viciifolia during the present work and from past phytochemical studies. 

Compound Chemical structure UV spectrum 

amino acids and alkaloids 
1
L-tryptophan (1) O

NH2NH

OH

 
 

 
 

  
1
hypaphorine 

   = N,N,N-trimethyltryptophan 

O

NH

O
-

N
+
Me3

 
 

 

 
  

simple phenolic acids 
1
arbutin 

   = 4-(β-D-glucopyranosyloxy)phenol (1) 

O

OH
O

OH

OH

OH

HO

 
 
 

 
 

 
1
8-β-glucopyranosyloxycinnamic acid (2) 

O

HOOC

O

OH

OH

OH

HO

 
 
 

 
1
ellagic acid 

HO

O

O
OH

OH

O

O

HO

 
 

 

  

hydroxybenzoic acids 
1
p-hydroxybenzoic acid OH

OHO  
 

 
  

1
protocatechuic acid 

OH

OH

OHO  
 

 

 
  

1
  Chemical, chromatographic and spectroscopic data are shown by REGOS et al. (2009). 

(1)  Compound identified in air-dried leaves and stems of O. viciifolia (var. Cotswold Common), (MARAIS et al., 2000). 
(2)  Compound identified in leaves of O. viciifolia (unspecified variety), (LU et al., 2000). 
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Compound Chemical structure UV spectrum 

1
gallic acid 

OHHO

OH

OHO  
 

 

  
1
vanillic acid 4-O-glucoside 

OCH3

O

COOH
O

OH

OH

OH

HO

 
 

 
 

 

hydroxycinnamic acids 
1
trans p-coumaric acid COOH

HO  
 

 

 

  
1
cis p-coumaric acid 4-O-glucoside  

O

OH

OH

OH

HO

O
COOH

 
 

  
1
trans p-coumaric acid 4-O-glucoside (2) 

COOH

O

O

OH

OH

OH

HO

 
 

 
 

 
1
cis 3-p-coumaroylquinic acid (2) 

1

2 3

4

5
6

OH

COOH

OH

OH

OH

O

O
 

  
1
trans 3-p-coumaroylquinic acid (2) 

1

2 3

4

5
6

COOH

OH

OH

OH

O

OH

O

 
 

  
1
trans 4-p-coumaroylquinic acid 

1

2 3

4

5
6

COOH

OH

O

OH

OH
OH

O

 
 

 
 

 

cis 5-p-coumaroylquinic acid (2)
 

Not identified  
1
trans 5-p-coumaroylquinic acid (2) 

1

2 3

4

5
6

COOH

OH

OH

O

OH

OH

O

 
 
 

 

1
  Chemical, chromatographic and spectroscopic data are shown by REGOS et al. (2009). 

(2)  Compound identified in leaves of O. viciifolia (unspecified variety), (LU et al., 2000). 
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Compound Chemical structure UV spectrum 

1
trans p-coumaric acid 4-O-malate 

O

OH

O

OH

O

O

OH   
1
trans p-coumaroylmalic acid OHO

O

O

OH

OOH

 
 

 

 
 

cis & trans methyl 6-p-coumaroylglucoside (2) not identified  
1
trans caffeic acid COOH

OH

OH

 

 
1
trans caffeic acid 4-O-glucoside 

COOH

OH

O

O

OH

OH

OH

HO

 
 

  
1
cis caffeoylglucose 

OHO

OH

O

O

OH

OH

OH

HO

 
 

  

1
trans caffeoylglucose 

OH

O

O

O

OH

OH

OH

HO

OH   
1
trans 1-caffeoylquinic acid 

COOH
O

OH

OH

O

OH

OH

OH

1

2 3

4

5
6

  
1
cis 3-caffeoylquinic acid 

1

2 3

4

5
6

OH

OH

COOH

OH

OH

OH

O

O

  
1
trans 3-caffeoylquinic acid 

1

2 3

4

5
6

COOH

OH

OH

OH

O

OH

OH

O

  
1
  Chemical, chromatographic and spectroscopic data are shown by REGOS et al. (2009). 

(2)  Compound identified in leaves of O. viciifolia (unspecified variety), (LU et al., 2000). 
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Compound Chemical structure UV spectrum 

1
trans 4-caffeoylquinic acid 

1

2 3

4

5
6

COOH

OH

O

OH

OH
OH

OH

O

 

 
1
trans 5-caffeoylquinic acid (2) 

1

2 3

4

5
6

COOH

OH

OH

O

OH

OH

OH

O

  
1
caffeoyl-DOPA 

H

COOH

OH

OOH

OH

N

OH

 
 

 
 

  

1
cis ferulic acid 4-O-glucoside 

O

OH

OH

OH

HO

O COOH

OCH3  
 

  
1
trans ferulic acid 4-O-glucoside 

COOH

O

O

OH

OH

OH

HO

OCH3  
 
 

  
1
trans feruloylglucose 

OH

O

O

O

OH

OH

OH

HO

OCH3  

  
1
cis 4-feruloylquinic acid 

1

2 3

4

5
6

COOH

OH

OH

OH

OHO

OCH3

O

 
 

  
1
trans 4- feruloylquinic acid 

1

2 3

4

5
6

COOH

OH

O

OH

OH
OH

OCH3

O

 
 

 

 
 

 

dihydroflavonols 
1
dihydroquercetin 

OH

O

O

OH

OH

OH

OH

 
  

1
  Chemical, chromatographic and spectroscopic data are shown by REGOS et al. (2009). 

(2)  Compound identified in leaves of O. viciifolia (unspecified variety), (LU et al., 2000). 
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Compound Chemical structure UV spectrum 

flavones 
1
vitexin  

= apigenin 8 C-glucoside 

8OH

OH

O

OOH

O

OH
OH

OH

HOH2C

 

  

1
isovitexin  

= apigenin 6 C-glucoside 
OH O

OOH

OOH
OH

OH

HOH2C

OH

6

 
 
 

  
1
orientin  

= luteolin 8 C-glucoside 

8

OH

OH

OH

O

OOH

O

OH
OH

OH

HOH2C

 
  

chrysoeriol 4'-O--D-glucoside (2) not identified  

chrysoeriol 4'-O-(6”-O-acetyl)--D- 

glucoside (2a) 

not identified  

flavanols 
1
catechin (cat) (3) 

OOH

OH

OH

OH

OH

  
1
epicatechin (epi) (3) 

OH

OH

OOH

OH

OH

  
1
gallocatechin (3) 

OOH

OH

OH

OH

OH

OH

  
1
epigallocatechin (3) 

OH

OH

OH
OOH

OH

OH

  
1
procyanidin B2 

= epi-(4β8)-epi (3) 

OOH

OH

OH

OOH

OH

OH

OH

OH

OH

OH4

8

 

 

1
  Chemical, chromatographic and spectroscopic data are shown by REGOS et al. (2009). 

(2)  Compound identified in leaves of O. viciifolia (unspecified variety), (LU et al., 2000).  
(3)  Compound identified in leaves of O. viciifolia (var. Melrose), (KOUPAY-ABIAZANI et al., 1992). 
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Compound Chemical structure UV spectrum 

1
procyanidin B3 

= cat-(4α8)-cat 

OOH

OH

OH

OOH

OH

OH

OH

OH

OH

OH
4

8

 

 

1
procyanidin B4 

= cat-(4α8)-epi 

OOH

OH

OH

OOH

OH

OH

OH

OH

OH

OH4

8

 

 

1
procyanidin B5 

= epi-(4β6)-epi 
OOH

OH

OH

OH

OH

O

OH

HO

OH

OH

OH

4

6

 

 

1
procyanidin C1 

= epi-(4β8)-epi-(4β8)-epi 

OOH

OH

OH

OOH

OH

OH

OH

OH

OH

OH

OOH

OH

OH

OH

OH

4

8

4

8

 

 

1
procyanidin E-B5 

= epi-(4β6)-epi-(4β6)-epi 

4

6

OH

O

OH

OH

OH
HO

O

OH

HO

OH

OH

OH

OOH

OH

OH

OH

OH

4

6

 

 

flavonols 

kaempferol (1) not identified  
1
astragalin 

= kaempferol 3-O-glucoside 

4'

3

3

OH

O

O

HO

OH

O

OH

OHOH
O CH2OH

 

 

1
 Chemical, chromatographic and spectroscopic data are shown by REGOS et al. (2009). 

(1)  Compound identified in air-dried leaves and stems of O. viciifolia (var. Cotswold Common), (MARAIS et al., 2000). 
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Compound Chemical structure UV spectrum 

1
kaempferol 3-O-rhamnogalactoside 

OH

O

OH

OH

CH2

OH

O

O

HO

OH
O

4'

3

OO

CH3
OH

HO

OH  

 

1
nicotiflorin 

= kaempferol 3-O-rutinoside (1), (2) 

OH

O

O

HO

OH
O

4'

3

OO

CH3
OH

HO

OH

OH

O
OH

OH

CH2

 

 

1
kaempferol 3-O-glucoside-7-O-rhamnoside 4'

3

OH

O

O

O

OH

O

OH

OHOH
O CH2OH

H3C

OH
OH

O

OH

7

 

 
1
kaempferol 3-O-rhamnosylrutinoside (2) OH

O

O

HO

OH
O

4'

3

OO

CH3
OH

HO
OH

O CH3

O

O
OH

OH

OH

OH

CH2

OH

 

 

2
kaempferol 3-O--rhamnopyranosyl-(1→6)-[(2-

O-E-feruloyl)--glucopyranoside] 

 

 

1

6

2
1

4'

7

5 3

OO

CH3
OH

HO
OH

O

OH

O

O

HO

OH
O

O

O
OH

OH

CH2

OCH3

OH

 

 

2
kaempferol 3-O--rhamnopyranosyl-(1→6)-[(2-

O-E-sinapoyl)--glucopyranoside] 

 

 

1

6

2
1

4'

7

5 3

OO

CH3
OH

HO
OH

O

OH

O

O

HO

OH
O

O

O
OH

OH

CH2

OCH3

OH

OCH3

 

 

1  
Chemical, chromatographic and spectroscopic data are shown by REGOS et al. (2009). 

2  
Chemical, chromatographic and spectroscopic data are shown by VEITCH et al. (2011). 

(2)  Compound identified in leaves of O. viciifolia (unspecified variety), (LU et al., 2000).  
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Compound Chemical structure UV spectrum 

2
kaempferol 3-O-(4-O-E-feruloyl)--

rhamnopyranosyl-(12)[ -rhamnopyranosyl-

(1→6)]--glucopyranoside 

 

 

1

6

2
1

O CH3

O

O
OH

OH

OH

OH

CH2

O

OCH3

OH

1

OH

O

O

HO

OH
O

4'

7

5 3

OO

CH3
OH

HO
OH

O

4

 

 

2
kaempferol 3-O--rhamnopyranosyl-(12)[(2-

O-E-feruloyl)--rhamnopyranosyl-(1→6)]--

galactopyranoside 

 

 

 

1

6

2
1

O CH3

O

O

OH

OH

CH2

OH

OH
OH

1

OH

O

O

HO

OH
O

4'

7

5 3

OO

CH3
OH

HO

O

OOH

H3CO
2

 

 

quercetin (1) Not identified  
1
quercitrin 

   = quercetin 3-O-rhamnoside OH

O

O

HO

OH
O

OH

O
OH

OH

OH

CH3

4'

3

3'

  
1
avicularin 

   = quercetin 3-O-arabinoside
 4'

3

3'
OH

O

O

HO

OH

OH

O

O OHOH

OH

  
1
isoquercitrin 

   = quercetin 3-O-glucoside 4'

3

OH

OH

O

O

HO

OH

O

OH

OHOH
O

OH

3'

 
  

1
rutin 

= quercetin 3-O-rutinoside (1), (2) 
OH

O

O

HO

OH
O

OH

4'

3

OO

CH3
OH

HO
OH

3'

OH

O
OH

OH

CH2

 

 

1
quercetin 3-O-rhamnosylrutinoside (1) 

OH

O

O

HO

OH
O

OH

4'

3

OO

CH3
OH

HO
OH

O CH3

O

O
OH

OH

OH

OH

CH2

OH

3'

 

 

quercetin 3-O-rutinoside-7-O-glucoside (2) not identified  
1  

Chemical, chromatographic and spectroscopic data are shown by REGOS et al. (2009). 
2  

Chemical, chromatographic and spectroscopic data are shown by VEITCH et al. (2011). 
(1)  Compound identified in air-dried leaves and stems of O. viciifolia (var. Cotswold Common), (MARAIS et al., 2000). 
(2)  Compound identified in leaves of O. viciifolia (unspecified variety), (LU et al., 2000). 
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Compound Chemical structure UV spectrum 

1
quercetin 3-glucuronide 

4'

3

3'
OH

O

O

HO

OH
O

OH

O

CO2H

OH

OH

OH

 
 

2
quercetin 3-O--rhamnopyranosyl-(1→6)-[(2-O-

E-feruloyl)--glucopyranoside] 

 

 

1

6

21

4'

7

5 3

OO

CH3
OH

HO
OH

O

3'

O O

O
OH

OH

CH2

OCH3

OH

OH

OH

O

O

HO

OH

 

 

2
quercetin 3-O--rhamnopyranosyl-(1→6)-[(2-O-

E-sinapoyl)--glucopyranoside] 

 

 

1

6

21

4'

7

5 3

OO

CH3
OH

HO
OH

O

3'

O O

O
OH

OH

CH2

OCH3

OH

OCH3

OH

OH

O

O

HO

OH

 

 

2
amurenoside A  

   = quercetin 3-O--rhamnopyranosyl-(12)[(3-

O-E-feruloyl)--rhamnopyranosyl-(1→6)]--

galactopyranoside 

 

 

1

6

2
1

O CH3

O

O

OH

OH

CH2

OH

OH
OH

1

OH

OH

O

O

HO

OH
O

3' 4'

7

5 3

OO

CH3
OH

HO
O

OOH

H3CO
2

 

 
 

2
amurenoside B 

   = quercetin 3-O--rhamnopyranosyl-(12)[(2-

O-E-feruloyl)--rhamnopyranosyl-(1→6)]--

galactopyranoside 

 

 

1

6

2
1

O CH3

O

O

OH

OH

CH2

OH

OH
OH

1

OH

OH

O

O

HO

OH
O

3' 4'

7

5 3

OO

CH3
OH

HO
O

OOH

H3CO
2

 

 

2
quercetin 3-O--rhamnopyranosyl(12)[(2-O-

E-feruloyl)--rhamnopyranosyl-(1→6)]--

glucopyranoside 

 

 

1

6

2
1

1

OH

OH

O

O

HO

OH
O

3' 4'

7

5 3

OO

CH3
OH

HO
O

O CH3

O

O
OH

OH

OH
OH

OH

CH2

OOH

H3CO
2

 

 

1  
Chemical, chromatographic and spectroscopic data are shown by REGOS et al. (2009). 

2  
Chemical, chromatographic and spectroscopic data are shown by VEITCH et al. (2011). 
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Compound Chemical structure UV spectrum 

2
quercetin 3-O-(4-O-E-feruloyl)--

rhamnopyranosyl-(12)-[-rhamnopyranosyl-

(1→6)]--glucopyranoside 

 

 

1

6

2
1

O CH3

O

O
OH

OH

OH

OH

CH2

O

OCH3

OH

1

OH

OH

O

O

HO

OH
O

3' 4'

7

5 3

OO

CH3
OH

HO
OH

O

4

 

 

2
quercetin 3-O-(4-O-E-sinapoy)--

rhamnopyranosyl-(12)-[-rhamnopyranosyl-

(1→6)]--glucopyranoside 

 

 

1

6

2
1

O CH3

O

O
OH

OH

OH

OH

CH2

O

OCH3

OH

1

OH

OH

O

O

HO

OH
O

3' 4'

7

5 3

OO

CH3
OH

HO
OH

OCH3

O

4

 

 

1
myricitrin 

= myricetin 3-O-rhamnoside (2) OH

O

O

HO

OH
O

OH

O
OH

OH

OH

CH3

OH

4'

3

3'

5'

 
 

1
myricetin 3-O-rutinoside (2) 

OH

O

O

HO

OH
O

OH

OH

4'

3

OO

CH3
OH

HO
OH

3'

OH

O
OH

OH

CH2

5'

 

 

1
narcissin 

= isorhamnetin 3-O-rutinoside (2) 
OH

O

O

HO

OH
O

OCH3

4'

3

OO

CH3
OH

HO
OH

3'

OH

O
OH

OH

CH2

 

 

1
isorhamnetin 3-O-rhamnosylrutinoside 

OH

O

O

HO

OH
O

OCH3

4'

3

OO

CH3
OH

HO
OH

O CH3

O

O
OH

OH

OH

OH

CH2

OH

3'

 

 

isoflavones 

afrormosin (4a) not identified  
1  

Chemical, chromatographic and spectroscopic data are shown by REGOS et al. (2009). 
2  

Chemical, chromatographic and spectroscopic data are shown by VEITCH et al. (2011). 
(2)  Compound identified in leaves of O. viciifolia (unspecified variety), (LU et al., 2000). 
(4a)  Compound identified in healthy leaves of O. viciifolia (unspecified variety), (INGHAM, 1978). 
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Compound Chemical structure UV spectrum 

3
afrormosin 7-O-(malonylglucoside) 

4'

7

6

O

O
OOH

O O

OH
OH

OH

O

O
OCH3

H3CO

 
 

formononetin (4a) not identified  
3
formononetin 7-O-(malonylglucoside) 

OO

O
OCH3

O
OOH

O O

OH
OH

OH

4'

7

 
 

 

 
 

3
fujikinetin 7-O-(malonylglucoside) 

7

6

O

O
OOH

O O

OH
OH

OH

O

O

H3CO

O

O

 
 

 
 

isoflavans 

vestitol (4b) not identified  

isoflavanones 

vestitone not identified  

chalcones 

isoliquiritigenin (4b) not identified  

flavones 

liquiritigenin (4b) not identified  

garbanzol (4b) not identified  

pterocarpans 

medicarpin (4b) not identified  
3  

Chemical, chromatographic and spectroscopic data are shown in Table 2, chapter 3. 
(4a)  Compound identified in healthy leaves of O. viciifolia (unspecified variety), (INGHAM, 1978). 
(4b)  Compound identified in leaves of O. viciifolia (unspecified variety) inoculated with the fungus Helminthosporium carbonum 

(INGHAM, 1978). 
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APPENDIX 2 

 

Polyphenol metabolism provides a screening tool for beneficial effects of 

Onobrychis viciifolia (sainfoin) 

 

THILL, J., REGOS, I., FARAG, M.A., AHMAD, A.F., KUSEK, J., HAYOT 

CARBONERO, C., GADJEV, I.Z., SMITH, L., HALBWIRTH, H., TREUTTER, D., 

STICH, K. 

2012. Phytochemistry, 82, 67-80. 
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APPENDIX 3 

Composition of phenolic compounds in organs of sainfoin plants 

(variety Cotswold Common) 

 

Table IA. Composition of phenolic compounds (milligrams per gram of dry weight) 

 in organs of sainfoin plants (variety Cotswold Common) at vegetative stage. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

*epi is the abbreviation for epicatechin; 
 -, not detectable 

 

Compound Young  

leflets 

Mature  

leaflets 

Young  

petioles 

Mature 

petioles 

 

simple phenolic acids 

arbutin - - 13.22 10.71 

8-β-glucopyranosyloxycinnamic acid - - 0.66 0.11 

other simple phenolic acids 2.31 1.14 2.45 1.28 

total simple phenolic acids 2.31 1.14 16.33 12.09 
 

hydroxybenzoic acids 

protocatechuic acid - - 0.09 - 
 

hydroxycinnamic acids 

cis+trans  
p-coumaric acid 4-O-glucoside 

0.48 0.32 0.35 0.53 

trans 3-p-coumaroylquinic acid 0.51 0.43 0.30 0.29 

trans neochlorogenic acid  
    = trans 3-caffeoylquinic acid 3.47 2.61 0.93 0.55 

trans chlorogenic acid 
    = trans 5-caffeoylquinic acid  0.43 0.27 - - 

other hydroxycinnamic acids 0.72 0.36 0.67 0.55 

total hydroxycinnamic acids 5.61 3.99 2.24 1.93 
 

flavanols 

catechin 0.03 0.002 0.07 0.07 

epicatechin 0.03 0.001 0.18 0.15 

gallocatechin 0.65 0.03 0.17 0.04 

epigallocatechin 0.84 0.27 0.51 0.31 

procyanidin B2 
    = epi-(4β8)-epi* 0.08 0.02 0.67 0.50 

procyanidin B5 
= epi-(4β6)-epi 0.01 0.001 0.18 0.09 

procyanidin E-B5 
= epi-(4β6)-epi-(4β6)-epi - - 0.04 0.02 

other flavanols 3.54 0.95 3.74 1.94 

total flavanols 5.18 1.27 5.56 3.12 
 

flavones 

flavone derivatives 0.20 - 1.01 - 
 

flavonols 

nicotiflorin 
    = kaempferol 3-O-rhamnoglucoside 0.62 0.98 0.06 0.05 

rutin 
    = quercetin 3-O-rhamnoglucoside 1.99 1.32 0.38 0.28 

quercetin 3-O-rhamnosylrutinoside 2.56 1.34 1.15 0.69 

isorhamnetin 3-O-rhamnoglucoside 1.42 0.89 0.25 0.13 

acylated flavonols 0.72 1.24 0.24 0.29 

other flavonols 5.56 3.60 2.82 1.66 

total flavonols 12.87 9.37 4.92 3.09 
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Table IIA. Composition of phenolic compounds (milligrams per gram of dry weight) in organs of sainfoin  

plants of the variety Cotswold Common at the bud stage. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

*epi is the abbreviation for epicatechin 
-, not detectable

Compound Young 

leaflets 

(n = 3) 

Mature 

leaflets 

(n = 6) 

Young 

petioles 

(n = 3) 

Mature 

petioles 

(n = 6) 

Stems 

 

(n = 6) 

Flower 

buds 

(n = 6) 

       

simple phenolic acids 

arbutin - - 17.67 ± 7.33 13.51 ± 4.04 4.90 ± 1.03 - 

8-β-glucopyranosyloxycinnamic acid 0.01 ± 0.01 - 1.94 ± 0.74 0.38 ± 0.27 1.80 ± 0.93 0.28 ± 0.15  

other simple phenolic acids 2.59 ± 1.12 1.49 ± 0.65 3.31 ± 1.34 1.68 ± 0.62 0.72 ± 0.13 3.08 ± 0.92 

total simple phenolic acids 2.61 1.49 22.92 15.57 7.42 3.36 

       

hydroxybenzoic acids 

vanillic acid 4-O-glucoside - 0.08 ± 0.06 - 0.10 ± 0.06 0.07 ± 0.05 0.07 ± 0.03 

       

hydroxycinnamic acids 

cis+trans  
p-coumaric acid 4-O-glucoside 

0.38 ± 0.25 0.45 ± 0.17 0.37 ± 0.15 0.41 ± 0.14 0.11 ± 0.04 0.34 ± 0.16 

trans 3-p-coumaroylquinic acid 0.04 ± 0.04 0.07 ± 0.05 0.01 ± 0.01 0.09 ± 0.06 0.02 ± 0.01 0.03 ± 0.02 

trans caffeoylglucose 0.08 ± 0.05 0.07 ± 0.05 0.06 ± 0.05 0.05 ± 0.04 0.03 ± 0.02 0.09 ± 0.06 

trans neochlorogenic acid  
    = trans 3-caffeoylquinic acid 0.97 ± 0.64 0.75 ± 0.55 0.37 ± 0.32 0.46 ± 0.36 0.14 ± 0.12 0.39 ± 0.22 

trans chlorogenic acid 
    = trans 5-caffeoylquinic acid  0.66 ± 0.43 0.35 ± 0.19 0.25 ± 0.04 0.07 ± 0.09 0.03 ± 0.02 0.28 ± 0.32 

other hydroxycinnamic acids 1.32 ± 0.62 0.28 ± 0.11 0.82 ± 0.39 0.45 ± 0.17 0.25 ± 0.07 1.25 ± 0.36 

total hydroxycinnamic acids 3.45 1.97 1.87 1.53 0.58 2.39 

       

flavanols 

catechin 0.59 ± 0.34 0.03 ± 0.22 3.46 ± 1.15 0.54 ± 0.26 0.53 ± 0.27 0.55 ± 0.33 

epicatechin 0.22 ± 0.1 0.05 ± 0.03 1.23 ± 0.83 0.52 ± 0.27 0.29 ± 0.17 0.07 ± 0.04 

gallocatechin 0.72 ± 0.36 0.09 ±0.05 0.28 ± 0.20 0.05 ± 0.05 0.07 ± 0.05 0.19 ± 0.08 

epigallocatechin 0.35 ± 0.13 0.21 ± 0.12 0.36 ± 0.09 0.11 ± 0.05 0.08 ± 0.06 0.20 ± 0.09 

procyanidin B2 
    = epi-(4β8)-epi

‡
 0.03 ± 0.002 0.01 ± 0.01 0.30 ± 0.11 0.25 ± 0.13 0.09 ± 0.05 0.01 ± 0.004 

procyanidin B5 
= epi-(4β6)-epi - - 0.09 ± 0.05 0.01 ± 0.04 0.02 ± 0.01 - 

procyanidin E-B5 
= epi-(4β6)-epi-(4β6)-epi - - 0.03 ± 0.01 0.01 ± 0.04 0.01 ± 0.004 - 

other flavanols 1.59 ± 0.47 0.31 ± 0.09 2.53 ± 0.84 1.40 ± 0.50 0.54 ± 0.2 0.57 ± 0.35 

total flavanols 3.50 0.70 8.26 2.89 1.60 1.58 

       

flavones 

flavone derivatives 1.22 ± 1.06 0.57 ± 0.45 1.86 ± 2.27 0.95 ± 0.90 0.53 ± 0.42 1.14 ± 1.21 

       

flavonols 

nicotiflorin 
    = kaempferol 3-O-rhamnoglucoside 2.82 ± 0.98 3.77 ± 2.05 0.24 ± 0.04 0.34 ± 0.29 0.06 ± 0.02 1.31 ± 0.58 

quercetin 3-arabinoside 0.79 ± 0.69 0.58 ± 0.76 0.72 ± 0.62 0.69 ± 0.88 0.43 ± 0.64 0.10 ± 0.11 

isoquercitrin 
    = quercetin 3-O-glucoside 0.57 ± 0.33 0.50 ± 0.36 0.60 ± 0.49 0.36 ± 0.27 0.17 ± 0.17 0.44 ± 0.24 

rutin 
    = quercetin 3-O-rhamnoglucoside 19.94 ±12.07 18.18 ± 7.13 9.14 ± 10.46 7.37 ± 4.42 2.57 ± 1.92 5.78 ± 2.30 

quercetin 3-O-rhamnosylrutinoside 2.14 ± 2.00 2.28 ± 1.81 1.52 ± 2.12 1.85 ± 1.71 0.78 ± 0.76 0.58 ± 0.44 

isorhamnetin 3-O-rhamnoglucoside 3.56 ± 3.08 2.45 ± 2.83 3.56 ± 3.08 1.72 ± 2.03 0.69 ± 0.84 0.29 ± 0.25 

acylated flavonols 0.28 ± 0.21  0.89 ± 0.56 0.12 ± 0.07 0.35 ± 0.16 0.12  ± 0.07 0.06 ± 0.03 

other flavonols 3.26 ± 1.08 4.91 ±1.28 1.53 ± 0.81 1.78 ± 0.27 0.56 ± 0.44 1.35 ± 0.70 

total flavonols 33.34 33.50 17.43 13.46 5.37 9.91 

       

anthocyanins 

cyanidin 3-O-glucoside - - 0.04 ± 0.04 0.06 ± 0.04 0.18 ± 0.14 0.04 ± 0.04 

other anthocyanins - - - - 0.05 ± 0.02 0.05 ± 0.03 

total anthocyanins - - 0.04 0.06 0.23 0.09 
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Table IIIA. Composition of phenolic compounds (milligrams per gram of dry weight) in organs of sainfoin plants (variety 

Cotswold Common) at bloom stage. 

*epi is the abbreviation for epicatechin 
-, not detectable 

 

 

Compound Young 

leflets 

Mature 

leaflets 

Young 

petioles 

Mature 

petioles 

Stems Flower 

buds 

Open 

flowers 

Mature 

flowers 

         

simple phenolic acids 

arbutin - - 17.07 13.97 5.94 - - - 

8-β-glucopyranosyloxycinnamic acid - - 0.79 0.64 1.02 0.16 0.21 0.20 

other simple phenolic acids 1.91 1.55 2.61 1.66 0.95 4.33 2.19 3.29 

total simple phenolic acids 1.91 1.55 20.47 16.27 7.91 4.49 2.40 3.49 

         

hydroxybenzoic acids 

p-hydroxybenzoic acid - - - - - 0.13 - 0.19 

protocatechuic acid - - - - - - 0.03 - 

vanillic acid 4-O-glucoside 0.08 - 0.10 0.20 0.05 0.07 0.06 0.09 

total hydroxybenzoic acids 0.08 - 0.10 0.20 0.05 0.20 0.09 0.28 

         

hydroxycinnamic acids 

cis+trans p-coumaric acid 4-O-glucoside 0.33 0.45 0.30 0.33 0.11 0.33 0.15 0.24 

trans 3-p-coumaroylquinic acid 0.05 0.07 - 0.06 0.01 0.02 - 0.01 

trans caffeoylglucose 0.05 0.04 0.07 0.04 0.03 0.04 0.04  0.03 

trans neochlorogenic acid  
    = trans 3-caffeoylquinic acid 0.88 1.12 0.17 0.18 0.06 0.24 0.10  0.08 

trans chlorogenic acid 
    = trans 5-caffeoylquinic acid  - - - - - - - - 

other hydroxycinnamic acids 0.23 0.19 0.31 0.20 0.12 0.44 0.21  0.12 

total hydroxycinnamic acids 1.54 1.87 0.85 0.81 0.33 1.07 0.50 0.48 

         

flavanols 

catechin 0.08 0.01 0.53 0.09 0.13 0.09 0.03  0.09 

epicatechin 0.12 0.04 0.65 0.40 0.26 0.08 0.02  0.08 

gallocatechin 0.09 0.02 0.05 0.01 0.02 0.21 0.16  0.20 

epigallocatechin 0.62 0.11 0.27 0.11 0.1 0.64 0.31  0.64 

procyanidin B2 
    = epi-(4β8)-epi* 0.02 0.01 0.23 0.27 0.12 0.01- - 0.01 

procyanidin B5 
= epi-(4β6)-epi - - 0.06 0.05 0.01 - - - 

procyanidin E-B5 
= epi-(4β6)-epi-(4β6)-epi - - 0.02 0.01 0.01 - - - 

other flavanols 0.74 0.26 0.86 0.75 0.36 0.35 0.11  0.56 

total flavanols 1.67 0.45 2.67 1.69 1.01 1.37 0.63 1.58 

         

flavones 

total flavone derivatives 0.28 0.13 0.54 0.49 0.20 0.25 0.09 0.21 

         

flavonols 

nicotiflorin 
    = kaempferol 3-O-rhamnoglucoside 4.00 5.50 0.33 0.27 0.07 0.52 0.16 0.26 

isoquercitrin 
    = quercetin 3-O-glucoside 0.29 0.29 0.58 0.56 0.26 0.42 0.13 0.26 

rutin 
    = quercetin 3-O-rhamnoglucoside 21.29 21.96 9.40 8.11 2.97 5.08 2.02 3.25 

quercetin 3-O-rhamnosylrutinoside 1.05 1.20 1.59 1.50 0.63 0.86 0.40  0.61 

kaempferol - - - - - 0.08 0.05  - 

acylated flavonols 0.43 0.79 0.26 0.17 0.01 0.42 - - 

other flavonols 2.18 3.48 0.80 0.99 0.41 0.94 0.33  0.38 

total flavonols 29.24 33.22 12.96 11.60 4.35 8.32 3.09 4.76 

         

anthocyanins 

cyanidin 3-O-glucoside - - - - 0.01 - 0.01  0.03 

delphinidin 3-O-glucoside - - - - - - 0.16  0.41 

other anthocyanins - - - - - - 0.17  0.49 

total anthocyanins - - - - - - 0.34 0.93 
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