
Volume 9, No. 35, Summer 2010

Journal of Medicinal Plants  

 

  

  

  

Bioengineering of Important Secondary Metabolites and Metabolic 

Pathways in Fenugreek (Trigonella foenum-graecum L.) 
  

  

Mehrafarin A (Ph.D. Student)
1
*, Qaderi A (Ph.D. Student)

2
, Rezazadeh Sh (Ph.D.)

3
,  

Naghdi Badi H (Ph.D.)
1
, Noormohammadi Gh (Ph.D.)

4
, Zand E (Ph.D.)

5
 

  

 

1- Department of Cultivation and Development, Institute of Medicinal Plants, 

ACECR, Karaj, Iran 

2- Department of Plant Biotechnology, Institute of Medicinal Plants, ACECR, 

Karaj, Iran 
3- Department of Pharmacognosy and Pharmaceutics, Institute of Medicinal Plants, 

ACECR, Karaj, Iran 

4- Department of Agronomy, Science and Research Branch, Islamic Azad 

University (IAU), Tehran, Iran 

5- Department of Weed Research, Iranian Plant Protection Research Institute, 

Tehran, Iran 
*Corresponding author: Culture and Research (ACECR), Kavosh Boulevard, Supa 

Boulevard, 55th Kilometer of Tehran-Gazvin Freeway, Pouleh Kordan, Karaj, Iran 

Tel: +98-261-4764010-19, Fax: +98-261- 4764021 

Email: Mehrafarinali@hotmail.com 
  

Receive: 21 Jul. 2010                                              Acceptance: 4 Sep. 2010 
 

Abstract 
 

Fenugreek (Trigonella foenum-graecum L.) has a long and respected history of medicinal uses in 

Middle East and Persian medicine. The hypocholesterolaemic and hypoglycaemic effects of 

fenugreek were attributed to its major steroidal sapogenin, diosgenin and its major alkaloid, 

trigonelline. The knowledge of diosgenin and trigonelline biosynthesis is derived from studies of 

cholesterol and nicotinic acid production through acetyl-CoA→ mevalonate→ isopentenyl 

pyrophosphate→ squalene→ lanosterol→ cholesterol→ diosgenin and quinolinic acid→ 

nicotinamide adenine dinucleotide→ nicotinamide→ nicotinic acid→ trigonelline pathways, 

respectively. This paper reviews the secondary metabolites and metabolic pathways of diosgenin 

and trigonelline production in fenugreek as a medicinal plant and economical crop.  
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Introduction 
Fenugreek (Trigonella foenum-graecum 

L.) is an annual crop and dicotyledonous plant 

belonging to the subfamily Papilionaceae, 

family Leguminacae (the Fabaceae) with 

trifoliate leaves, branched stem, white flowers, 

roots bearing nodules and golden yellow seeds 

[1] (Fig. 1). Fenugreek is an ancient crop 

plant. Although grown as a spice in most parts 

of the world, the species name “foenum-

graecum” means “Greek hay” indicating its 

use as a forage crop in the past [1, 2]. 

Fenugreek is also known as one of the oldest 

medicinal plants recognized in recorded 

history [1]. Linnaeus [3] has described the 

species Trigonella foenum-graecum first. De 

Candolle [4] and Fazli and Hardman [5] notice 

that fenugreek grows wild in Punjab and 

Kashmir, in the desert of Mesopotamia and 

Persia, in Asia Minor and in some countries in 

Southern Europe such as Greece, Italy and 

Spain. De Candolle [4] believes that the origin 

of fenugreek should be Asia rather than 

Southern Europe, because if a plant of 

fenugreek nature was indigenous in Southern 

Europe it would be far more common. Many 

authors maintain that the direct ancestor of  
 

 

 

cultivated fenugreek is the wild Trigonella 

gladiata Ste. [2]. 

Fenugreek seed is an important source of 

steroidal sapogenins such as diosgenin which 

are used extensively by both pharmaceutical 

and nutraceutical industries. Diosgenin is often 

used as a raw precursor for the production of 

steroidal drugs and hormones such as 

testosterone, glucocorticoids and progesterone 

[5, 6]. McAnuff et al. [7] and Acharya et al. 

[1] reported that steroidal sapogenins are 

effective agents for the treatment of 

hypocholesterolemia, a disorder often 

associated with diabetes [1]. Natural diosgenin 

is mainly procured from the tubers of certain 

wild species of Mexican yam (Dioscorea 

species). However this process is both time 

consuming and costly, requiring several years 

before the yam tubers grow to a size where 

they possess a significant enough 

concentration of diosgenin to be used as a 

source of commercial and pharmaceutical 

reagents [1, 8]. Fenugreek may be a viable 

alternative for production of diosgenin because 

of its shorter growing cycle, lower production 

costs and consistent yield and quality [2, 9]. 

 
Fig. 1- Trigonella foenum-graecum L. [1] 
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Trigonelline [24], a methylbetaine 

derivative of nicotinic acid, with mild 

hypoglycemic [5, 33, 49] and antipellagra 

action [5, 9] is the main N-compound of the 

seeds. If the seeds are sufficiently roasted 

about 2/3 of trigonelline is converted into 

nicotinic acid [9, 43]. A higher value of c. 0.38 

percent for trigonelline and c. 0.003 percent 

for nicotinic acid content has also been 

reported [28]. Trigonelline is regarded as a 

physiological active compound in plants 

inducing leaf movements [57], accumulating 

upon stress [8] and acting as an 

osmoprotectant [46]. Moreover, trigonelline 

has been found to function as a hormone that 

is involved in the control of the cell cycle in 

plants [56]. 

In biochemistry, a metabolic pathway is a 

series of chemical reactions occurring within a 

cell, catalyzed by enzymes, resulting in either 

the formation of a metabolic product to be 

used or stored by the cell, or the initiation of 

another metabolic pathway (then called a flux 

generating step). Many pathways are 

elaborate, and involve a step by step 

modification of the initial substance to shape it 

into the product with the exact chemical 

structure desired [26]. Various metabolic 

pathways within a cell form the cell's 

metabolic network. In the metabolic pathway a 

substrate enters depending on the needs of the 

cell, i.e. the specific combination of 

concentrations of the anabolical and 

catabolical end products (the energetics of the 

flux-generating step). Metabolic pathways 

include the principal chemical, mostly 

enzyme-dependent, reactions that an organism 

needs to keep its homoeostasis [26].  

Characterisation of metabolic pathways is a 

multi-disciplinary activity. It requires the 

identification of metabolic intermediates and 

the demonstration of a plausible reaction 

sequence, followed by the isolation and 

characterization of the individual enzymes 

responsible [61]. A biosynthetic investigation 

may be stimulated or awakened as a result of 

interest in the pharmaceutical activity of a 

compound. The aim of this study is to outline 

current understanding of fenugreek secondary 

metabolism and its regulation. 

 

Chemical Constituents 

The biological and pharmacological 

actions of fenugreek are attributed to the 

variety of its constituents, namely: steroids, N-

compounds, polyphenolic substances, volatile 

constituents, amino acids, etc [2]. Fenugreek 

seed contains 45-60% carbohydrates, mainly 

mucilaginous fiber (galactomannans), 20-30% 

proteins high in lysine and tryptophan, 5-10% 

fixed oils (lipids), pyridine alkaloids, mainly 

trigonelline (0.2-0.36%), choline (0.5%), 

gentianine and carpaine, the flavonoids 

apigenin, luteolin, orientin, quercetin, vitexin 

and isovitexin, free amino acids, such as  

4-hydroxyisoleucine (0.09%), arginine, 

histidine and lysine, calcium and iron, 

saponins (0.6-1.7%), glycosides yielding 

steroidal sapogenins on hydrolysis (diosgenin, 

yamogenin, tigogenin, neotigogenin), 

cholesterol and sitosterol, vitamins A, B1, C 

and nicotinic acid and 0.015% volatile oils (n-

alkanes and sesquiterpenes) [22, 23]. In 

general, fenugreek contains two important 

chemical constituents with medicinal value; 

i.e. 1) diosgenin, a kind of steroidal sapogenin 

and 2) trigonelline, a kind of N-alkaloid. 

Diosgenin and trigonelline present in the seed 

and leaves of this legume plant contribute to 

anti-diabetic and hypocholesterolaemic 

properties attributed to the plant [2]. 

 

Mevalonate pathway and diosgenin 

biosynthesis 

The mevalonate pathway or HMG-CoA 

reductase pathway or mevalonate-dependent 
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route or isoprenoid pathway, is an important 

cellular metabolic pathway present in all 

higher eukaryotes and many bacteria. The 

mevalonate pathway is responsible for the 

biosynthesis of numerous essential molecules 

including prenyl groups, coenzyme Q, 

dolichol, and sterols such as cholesterol [24]. 

The knowledge of steroidal biosynthesis is 

derived from studies of cholesterol production 

through Acetate→ Mevalonate→ Isopentenyl 

pyrophosphate→ Squalene pathway. The 

biosynthesis of cholesterol involves 

cyclization of aliphatic triterpene-squalene 

[20]. Cholesterol has been found to be an 

effective precursor for diosgenin. Fenugreek is 

potentially useful commercial source of 

diosgenin [25]. 

 

Mevalonate pathway and cholesterol 

biosynthesis 

Mevalonate is the key precursor for 

synthesis of cholesterol and related isoprenoid 

compounds. Cholesterol is the main sterol 

involved in the biosynthesis of steroidal 

sapogenins [2]. Cholesterol is one of the 

isopernoids, synthesis of which start from 

acetyl CoA. In a long and complex reaction 

chain, the C27 sterol is built up from C2 

components. The biosynthesis of cholesterol 

can be divided into four sections. In the first 

(1), Mevalonate, a C6 compound, arises from 

three molecules of acetyl CoA (Fig. 2). In the 

second part (2), mevalonate is converted into 

isopentenyl diphosphate (pyrophosphate), the 

“active isoprene” (Fig. 3). In the third part (3), 

six of these C5 molecules are linked to produce 

squalene, a C30 compound (Fig.4). Finally (4), 

squalene undergoes cyclization, with three C 

atoms being removed, to yield cholesterol 

(Fig. 5). The illustration only shows the most 

important intermediates in biosynthesis [26]. 

(1) Formation of mevalonate. The 

conversion of acetyl CoA to acetoacetyl CoA 

and then to 3-hydroxy-3-methylglutaryl CoA 

(3-HMG CoA) corresponds to the biosynthetic 

pathway for ketone bodies. In this case, 

however, the synthesis occurs not in the 

mitochondria as in ketone body synthesis, but 

in the smooth endoplasmic reticulum.  In the 

next step, the 3-HMG group is cleaved from 

the CoA and at the same time reduced to 

mevalonate with the help of NADPH+H
+
, 3-

HMG CoA reductase is the key enzyme in 

cholesterol biosynthesis. It is regulated by 

repression of transcription (effect: oxysterols 

such as cholesterol) and by interconversion 

(effectors: hormones) [26, 27] (Fig. 2).  

(2) Formation of isopentenyl diphosphate 

(pyrophosphate). After phosphorylation, 

mevalonate is decarboxylated to isopentenyl 

diphosphoate, with consumption of ATP. This 

is the component from which all of the 

isoprenoids are built [26, 27] (Fig. 3). 

(3) Formation of squalene. Isopentenyl 

diphosphate undergoes isomerization to form 

dimethylallyl diphosphate. The two C5 

molecules condense to yield geranyl 

diphosphate, and the addition of another 

isopentenyl diphosphate produces farnesyl 

diphosphate. This can then undergo 

dimerization, in a head-to-head reaction, to 

yield squalene. Farensyl diphosphate is also 

the starting-point for other polyisoprenoids, 

such as dolichol and ubiquinone [26] (Fig. 4). 

(4) Formation of cholesterol. Squalene, a 

linear isoprenoid, is cyclized, with O2 being 

consumed, to form lanosterol, a C30 sterol. 

Three methyl groups are cleaved from this in 

the subsequent reaction steps, to yield the end 

product cholesterol. Some of these reactions 

are catalyzed by cytochrome P450 systems 

[26] (Fig. 5). 

The endergonic biosynthetic pathway 

described above is located entirely in the 

smooth endoplasmic reticulum. The energy 

needed comes from the CoA derivatives used 
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and from ATP. The reducing agent in the 

formation of mevalonate and squalene, as well 

as in the final steps of cholesterol biosynthesis, 

is NADPH+H
+
 [26, 27]. 

The division of the intermediates of the 

reaction pathway into three groups is 

characteristic: CoA compounds, diphosphates, 

and highly lipophilic, poorly soluble 

compounds (squalene to cholesterol), which 

are bound to sterol carriers in the cell [26]. In 

general, biosynthetic enzymes of mevalonate 

pathway and cholesterol are showed in Table 1 

[28]. 

 

 
 

Fig. 2 - Possible metabolic pathway of biosynthesis of mevalonate from acetyl-CoA [20, 24, 26, 27] 

 

 
Fig. 3 - Possible Metabolic pathway of biosynthesis of isopentenyl pyrophosphate from mevalonate [20, 26, 27] 
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Fig. 4 - Possible metabolic pathway of biosynthesis of squalene from isopentenyl pyrophosphate [20, 26, 27] 

 

 
Fig. 5 - Possible metabolic pathway of biosynthesis of diosgenin from squalene [20, 26, 27, 29] 
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Table 1- Metabolic enzymes of mevalonate pathway and cholesterol biosynthesis [24, 25, 27, 28, 29] 

Row EC number
*
 Accepted name Class 

1 EC 2.3.3.10 Hydroxymethylglutaryl-CoA 

synthase 

Transferases; Acyltransferases; Acyl groups 

converted into alkyl groups on transfer 

2 EC 1.1.1.34** Hydroxymethylglutaryl-CoA 

reductase 

Oxidoreductases; Acting on the CH-OH group of 

donors; With NAD+ or NADP+ as acceptor 

3 EC 2.7.1.36** Mevalonate kinase Transferases; Transferring phosphorus-

containing groups; Phosphotransferases with an 

alcohol group as acceptor 

4 EC 2.7.4.2 Phosphomevalonate kinase Transferases; Transferring phosphorus-

containing groups; Phosphotransferases with a 

phosphate group as acceptor 

5 EC 4.1.1.33 Diphosphomevalonate 

decarboxylase or 

pyrophosphomevalonate 

decarboxylase 

 

Lyases; Carbon-carbon lyases; Carboxy-lyases 

6 EC 5.3.3.2** Isopentenyl-diphosphate ∆-

isomerase or 

isopentenylpyrophosphate ∆-

isomerase 

 

Isomerases; Intramolecular oxidoreductases; 

Transposing C=C bonds 

7 EC 2.5.1.1 Dimethylallyltranstransferase or 

prenyltransferase 

Transferases; Transferring alkyl or aryl groups, 

other than methyl groups 

8 EC 2.5.1.21 Squalene synthase Transferases; Transferring alkyl or aryl groups, 

other than methyl groups 

9 EC 1.14.99.7** Squalene monooxygenase or 

squalene epoxidase 

Oxidoreductases; Acting on paired donors, with 

O2 as oxidant and incorporation or reduction of 

oxygen. The oxygen incorporated need not be 

derived from O2; Miscellaneous 

10 EC 5.4.99.7 Lanosterol synthase or 

oxidosqualene cyclase 

Isomerases; Intramolecular transferases; 

Transferring other groups 

11 EC 1.14.13.70** Sterol 14-demethylase Oxidoreductases; Acting on paired donors, with 

O2 as oxidant and incorporation or reduction of 

oxygen. The oxygen incorporated need not be 

derived from O2; With NADH or NADPH as one 

donor, and incorporation of one atom of oxygen 

into the other donor 
*Enzyme commission (EC) codes, base on recommendations of the Nomenclature Committee of the International Union 

of Biochemistry and Molecular Biology (IUBMB) on the Nomenclature and Classification of Enzymes by the Reactions 

they Catalyse. 
**Key enzyme 

 

Regulation of cholesterol synthesis in 

mevalonate pathway 

HMG-CoA Reductase, the rate-

determining step on the pathway for synthesis 

of cholesterol, is a major control point. 

Regulation relating to cellular uptake of 

cholesterol will be discussed in the next class. 

1. Short-term regulation. HMG-CoA 

Reductase is inhibited by phosphorylation, 

catalyzed by AMP-Dependent Protein Kinase 

(which also regulates fatty acid synthesis and 

catabolism). This kinase is active when 

cellular AMP is high, corresponding to when 

ATP is low. Thus, when cellular ATP is low, 

energy is not expended in synthesizing 

cholesterol [26, 27].  

2. Long-term regulation of cholesterol 

synthesis is by varied formation and 

degradation of HMG-CoA Reductase and 

other enzymes of the pathway for synthesis of 

cholesterol.  

Regulated proteolysis of HMG-CoA 

Reductase: Degradation of HMG-CoA 

Reductase is stimulated by cholesterol, by 
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oxidized derivatives of cholesterol, by 

mevalonate, and by farnesol 

(dephosphorylated farnesyl pyrophosphate). 

HMG-CoA Reductase includes a 

transmembrane sterol-sensing domain that has 

a role in activating degradation of the enzyme 

via the proteasome. (The proteasome is 

discussed separately in the section on protein 

degradation) [24, 25].  

Regulated transcription: A family of 

transcription factors designated SREBP (sterol 

regulatory element binding proteins) regulate 

synthesis of cholesterol and fatty acids. Of 

these, SREBP-2 mainly regulates cholesterol 

synthesis. (SREBP-1c mainly regulates fatty 

acid synthesis.) When sterol levels are low, 

SREBP-2 is released by cleavage of a 

membrane-bound precursor protein. SREBP-2 

activates transcription of genes for HMG-CoA 

Reductase and other enzymes of the pathway 

for cholesterol synthesis [24, 25, 26]. 

 

Biosynthesis of diosgenin: 

Steroidal sapogenins (spirostanols) e.g. 

diosgenin are synthesized from cholesterol in 

several plants, but the intermediate 

biosynthetic steps have not yet been 

completely elucidated. Radioactive cholesterol 

was converted to the sapogenins diosgenin and 

kryptogenin. Steroidal saponins in which the 

side chain is held open by glycoside formation 

(furostanols) are naturally occurring 

glycosides in several plant species [29]. These 

glycosides are converted in vitro to 

spirostanols by the elimination of the glucose 

molecule at C-26 and ring closure by the 

action of glucosidases. These results supported 

the theory that in sapogenin biosynthesis 

oxygenation occurs first at C-26 followed by 

cyclization of the sterol side-chain [29]. These 

results also suggest that the biosynthesis of 

diosgenin from cholesterol proceeds via 

furostanol, similar to the proposed biosynthetic 

pathways of other spirostanols from their 

corresponding furostanols in various plants 

[25, 29]. 

Fenugreek sapogenins are C27 sterols in 

which the side-chain of cholesterol has 

undergone modification to produce either a 

spiroketal (spirostane saponins), e.g. dioscin, 

or a hemiketal (furostane saponins), e.g. 

protodioscin (Fig. 6). Acid hydrolysis of either 

dioscin or protodioscin liberates the aglycone 

diosgenin; the hydrolytic conversion of 

protodioscin into diosgenin is analogous to the 

biosynthetic sequence [25]. The spiroketal 

function is derived from the cholesterol side-

chain by a series of oxygenation reactions, 

hydroxylating one of the terminal methyl 

groups and at C-16, and then producing a 

ketone function at C-22 (Fig. 7). This 

proposed intermediate is transformed into the 

hemiketal and then the spiroketal [25] (Fig. 7). 

The chirality at C-22 is fixed by the 

stereospecificity in the formation of the ketal, 

whilst the different possible stereochemistries 

at C-25 are dictated by whether C-26 or C-27 

is hydroxylated in the earlier step. Enzymic 

glycosylation at the 3-hydroxyl of spirostane 

sapogenins has been reported, but knowledge 

of other steps at the enzymic level is lacking. 

Furostane derivatives, e.g. protodioscin (Fig. 

6), can co-occur with spirostanes, and 

undoubtedly represent glycosylation of the 

intermediate hemiketal at the 26-hydroxyl. 

These compounds are readily hydrolysed and 

then spontaneously cyclize to the spiroketal 

[25]. 

 

Pyridine nucleotide cycle and trigonelline 

biosynthesis 

Trigonelline, or N-methylnicotinic acid, is 

a secondary metabolite derived from pyridine 

nucleotides. Since it was first isolated from 

Trigonella foenum-graecum [30], this 

compound has been found in many plant 
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species (including pea, hemp, coffee, soybean 

and potatoes) [31]. Pyridine (nicotinamide 

adenine) nucleotides are also important 

nucleotides for life, because they are 

coenzymes for redox reactions. Many legumes 

produce trigonelline as a secondary metabolite 

derived from NAD [32]. Nicotinic acid formed 

from NAD via nicotinamide may be 

preferentially utilized for NAD formation, and 

the remainder may be reserved for future 

needs as a form of trigonelline [31] (Fig. 8). 

 

 
Fig. 6 - Possible metabolic steps of biosynthesis of diosgenin from cholesterol [25, 29] 

 

 

 

 
Fig. 7 - Possible metabolic steps of biosynthesis of diosgenin from cholesterol [25, 29] 
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Fig. 8 - Possible metabolic pathway of biosynthesis of Trigonelline and Pyridine nucleotides [31, 32, 34, 35, 40, 

41, 42, 43] 

 

 

Biosynthesis of pyridine alkaloids 

The direct precursor of trigonelline is 

nicotinic acid [33]. In plants, nicotinic acid is 

produced as a degradation product of NAD 

[34, 35] (Fig. 8). The de novo and salvage 

pathways of NAD synthesis (Fig. 8) have been 

investigated in several plants. Zheng and 

Ashihara [35] have reported that trigonelline 

and its metabolic synthesis from nicotinic acid 

are distributed in all parts of coffee seedlings. 

In bacteria and plants, quinolinic acid, an 

intermediate of the de novo pathway, is 

10 
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synthesised from aspartate and triose 

phosphate via the so-called aspartate pathway 

[36, 37]. In contrast, quinolinic acid is formed 

in animals by a tryptophane-kynurenine 

pathway. A recent bioinformatic search of 

genome databases suggests that the 

tryptophane-kynurenine pathway is present in 

the Oryza sativa [36]. Nicotinamide and 

nicotinic acid formed by NAD degradation 

pathways are re-utilized (salvaged) for NAD 

synthesis [32, 38, 39]. The routes of 

degradation and salvage of pyridine 

compounds have been called the pyridine 

nucleotide cycle (Fig. 8). 

Zheng et al. [31] studied the metabolism of 

quinolinic acid, nicotinamide, and nicotinic 

acid. Their data suggest that, in addition to the 

de novo pathway for NAD synthesis, the six 

membered pyridine nucleotide cycle (PNC), 

NAD → NMN → nicotinamide → nicotinic 

acid → NaMN → NaAD → NAD operates in 

plants [39]. Some minor pathways may also be 

operative in part; for example, nicotinamide 

may be also produced from NAD by an ADP-

ribosylation reaction, and NaMN may be 

formed by an alternative route from nicotinic 

acid [31] (Fig. 8). Degradation of NAD by the 

pyridine nucleotide cycle is the major source 

of nicotinic acid, although direct nicotinic acid 

formation from NaMN formed by the de novo 

pyridine nucleotide biosynthesis cannot be 

excluded. Trigonelline is produced when 

nicotinic acid is in excess for pyridine 

nucleotide synthesis [31]. 

 

Biosynthesis of trigonelline 

Trigonelline is synthesized by S-adenosyl-

L-methionine (SAM) dependent nicotinate N-

methyltransferase, which has been found in 

crude extracts of the pea [33] (Fig. 8). This 

enzyme has been purified from cultured 

Glycine max cells [40] and Lemna 

paucicostata [41]. Although nicotinic acid  

N-methyltransferase (trigonelline synthase) 

activity was detected in a cell-free preparation 

from coffee [42], no purification has been 

carried out. The gene encoding trigonelline 

synthase has not yet been cloned from any 

organism. 

In plant, trigonelline is demethylated to 

nicotinic acid and utilized for NAD synthesis 

(degradation of trigonelline). Trigonelline 

demethylating activity has been found in 

extracts of some plant leaves, including pine 

leaves [43]. Metabolism of pyridine 

nucleotides has been investigated by some 

authors in leguminous seeds during 

germination [44, 45]. The trigonelline 

synthesis in pericarps is much higher than that 

in seeds, but its content in seeds is higher than 

pericarps, so that some of the trigonelline 

synthesized in the pericarps may be 

transported to seeds. Trigonelline in seeds may 

be utilized during germination, as its content 

decreases [31]. Shimizu and Mazzafera [46] 

investigated changes in the trigonelline content 

of coffee seeds during the very early stages of 

germination. Trigonelline accumulated in 

seeds is converted to nicotinic acid during 

germination, and is used for the NAD 

synthesis. In this case, trigonelline acts as a 

reservoir of nicotinic acid in plants. Part of the 

nicotinic acid formed from trigonelline is 

further degraded. Willeke et al. [47] stated that 

degradation of nicotinic acid could be 

observed only in cell cultures producing the 

sugar conjugates of nicotinic acid, and that 

nicotinic acid degradation does not involve 

free 6-hydroxynicotinic acid. However, the 

degradation route(s) of pyridine ring of 

trigonelline in plants is still unclear. In 

general, biosynthetic enzymes of pyridine 

nucleotide cycle and trigonelline are showed in 

Table 2 [28]. 
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Table 2- Metabolic enzymes of pyridine nucleotide cycle and trigonelline biosynthesis [28, 31, 32, 35, 42] 

Row EC number
*

 Accepted name Class 

1 EC 2.4.2.19** Nicotinate-nucleotide diphosphorylase 

or quinolinate 

phosphoribosyltransferase 

Transferases; Glycosyltransferases; 

Pentosyltransferases 

2 EC 2.7.7.18 Nicotinate-nucleotide 

adenylyltransferase or nicotinate 

mononucleotide adenylyltransferase 

Transferases; Transferring phosphorus-

containing groups; Nucleotidyltransferases 

3 EC 6.3.5.1** NAD+ synthase Ligases; Forming carbon-nitrogen bonds; 

Carbon-nitrogen ligases with glutamine as 

amido-N-donor 

4 EC 3.6.1.9 Nucleotide diphosphatase or 

nucleotide pyrophosphatase 

Hydrolases; Acting on acid anhydrides; In 

phosphorus-containing anhydrides 

5 EC 3.2.2.14 NMN nucleosidase Hydrolases; Glycosylases; Hydrolysing N-

glycosyl compounds 

6 EC 3.2.2.5 NAD+ nucleosidase Hydrolases; Glycosylases; Hydrolysing N-

glycosyl compounds 

7 EC 3.5.1.19 Nicotinamidase or nicotinamide 

deaminase 

Hydrolases; Acting on carbon-nitrogen bonds, 

other than peptide bonds; In linear amides 

8 EC 2.4.2.11 Nicotinate phosphoribosyltransferase Transferases; Glycosyltransferases; 

Pentosyltransferases 

9 EC 2.1.1.7** Nicotinate N-methyltransferase Transferases; Transferring one-carbon groups; 

Methyltransferases 
*Enzyme commission (EC) codes, base on recommendations of the Nomenclature Committee of the International Union 

of Biochemistry and Molecular Biology (IUBMB) on the Nomenclature and Classification of Enzymes by the Reactions 

they Catalyse. 
**Key enzyme 

 

Several physiological functions of 

trigonelline have been proposed [48], but little 

is known about the biosynthesis and 

metabolism of this compound in plants. Using 

pea seedlings, Evans and co-workers 

suggested that trigonelline is a plant hormone 

present in cotyledons, and that it promotes cell 

arrest in G2 during cell maturation in roots and 

shoots [32, 49, 50]. The molecular reason for 

that seems to be a specific interference of 

trigonelline with the DNA replication process 

causing an elongated cell cycle and impair root 

elongation [51]. The G2 cellular arrest caused 

by trigonelline was found to depend on the age 

of the organism. Older seedlings of Pisum 

sativum produce an unusual substituted pyrrole 

that has been identified as an endogenous 

control factor that could override trigonelline 

induced cellular arrest [52]. 

 

Cytogenetic and breeding of fenugreek 

Fenugreek according to Darlington and 

Wylie [53] has 2n=16 chromosomes, while 

Joshi and Raghuvanshi [54] have investigated 

the presence of B-chromosomes. Singh and 

Singh [55] isolated five double trisomics along 

with primary trisomics from the progenies of 

autotriploids, which had 2n+1+1=8 

chromosomes. 

Artifical crossing of fenugreek is difficult 

because it is largely self-pollinated [1, 2]. 

Consequently selections among world 

accessions and mutation breeding have been 

advocated as the best ways to improve the crop 

[2], and much of the breeding with fenugreek 

has utilized these two approaches [56]. The 

chemical mutagens belong to different groups 

and very little is known about the action of 

most of them [57]. A lot of fenugreek mutants 

have been isolated by the treatment of dry 

seeds with different chemical mutagens [58, 

59], while shoot apexes of fenugreek treated 

by colchicine produced tetraploid plants with 

promising economic characteristics [60]. The 

effect of mutagens on tissue cultures of 

fenugreek with UV-irradiation, ethyl methane 

12 
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sulphonate (EMS), methyl methane sulphonate 

(MMS), and sodium azide (NaN3) increased 

steroidal sapogenin about two- to three-fold [2, 

61]. 

 

Tissue cultures 

Fenugreek tissue and cell cultures have 

been used for either plant regeneration or for 

the production of secondary products of 

economic interest. Among these products are 

diosgenin and trigonelline (a saponin and an 

alkaloid with therapeutic properties), which 

are constituents of fenugreek seeds [62, 63, 

64]. The development of fenugreek calli has 

been achieved after shoot or root culture from 

4 day old seedlings upon culturing on 

Gamborg’s B-5 modified medium 

supplemented with hormones. From these calli 

have been produced cell suspension cultures, 

the content of which in trigonelline was 

appreciably higher than that of the calli [65]. 

Also, for diosgenin production hair root 

cultures [63] and cultures from calli, which 

were developed from leaves, stems and roots 

isolated from 30 day old seedlings, have been 

established with Agrobacterium rhizogenes 

strain A4 [64]. Oncina et al. [64] reported, the 

diosgenin levels accumulated in leaf, stem and 

root of fenugreek calli at 45 days (maximum 

production) represent 22, 10 and 27%, 

respectively, of the levels detected in the 

corresponding organs of the mother plant at 45 

days. 

Apart from the production of trigonelline, 

tissue cultures have been used for Trigonella 

corniculata L. and Trigonella foenum-

graecum L. regeneration. In this case, calli 

were produced using leaves as explants. The 

explants were grown on Murashige and Skoog 

medium supplemented with casein hydrolysate 

or coconut milk. The first resulted in an 

increased number of differentiated organs per 

callus [2]. 

Regeneration of shoots have also been 

achieved from fenugreek protoplasts [2]. 

Protoplasts were isolated from the root apices 

of 48-h-imbibed seeds. The first divisions of 

root fenugreek protoplasts were observed after 

a 3–4 day culture and subsequent divisions 

gave cell colonies. However, a culture of these 

colonies gave only roots. 

Callus cultures contain 3–4 times more 

trigonelline than the seeds of the plant and 12–

13 times more than the roots and shoots. Even 

higher levels of this compound were produced 

by suspension cultures [2, 65]. The demand for 

fenugreek metabolites, mainly with a higher 

diosgenin and trigonelline content, prompted 

more directed tissue culturing efforts. 

Plant growth regulators (auxins and 

cytokinins) are also effective triggers of 

secondary metabolites. Higher concentrations 

of NAA
1
+Kn

2
 or IAA

3
+Kn promoted the yield 

of diosgenin in Dioscorea bulbifera (NAA+Kn 

induced much higher content. Corroborative 

results have been recorded in Dioscorea 

deltoide. The medium with 2,4-D favourred 

diosgenin production most consistently. GA
4
 

or Kinetin otherwise increase the steroid 

content in Phaseolus aureus and Corylus 

avellana and doubled production of diosgenin 

in Solanum xanthocarpum [66]. 
 

Conclusion 
The usefulness of fenugreek production as 

a commercial, chemurgic, and medicinal plant 

is belonging to a) two main metabolic 

productions including diosgenin and 

trigonelline as hypocholesterolaemic and anti-

diabetic components b) ability of this plant in 

increase production of secondary metabolites 

                                           

1 α-Naphthelene acetic acid  
2 Kinetin 
3 Indole-3-acetic acid 
4 Gibberlic acid 
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by biotechnological methods c) no side-effects 

comparison of synthetic diosgenin or 

trigonelline d) Short growing period (maturing 

about 3-5 months from sowing) with low cost 

production e) adaptation to different 

environments and various climates f) high 

potential of yield. 

Adequate information on how secondary 

metabolites biosynthesis and chemical 

constituents can be managed for medicinal 

purposes needs to be developed. Metabolic 

engineering of natural products has been built 

to aim at medicinal plant improvement with 

the availability of modern molecular biological 

technologies. The identification of the 

mechanisms of fenugreek secondary 

metabolites biosynthesis in order to produce 

plants is appropriate for medicinal use and 

further research efforts. This paper reviewed 

the state of knowledge of mevalonate and 

pyridine nucleotide metabolism, with a special 

focus on production of diosgenin and 

trigonelline. Fenugreek has drawn 

considerable attention as a source of diosgenin 

and trigonelline. 

In conclusion, some major techniques and 

methods applied for increasing of secondary 

metabolites content in fenugreek consist of a) 

tissue culture b) cell suspension culture c) hair 

root culture d) biological manipulations e) 

hybridisation f) plant growth regulators using 

g) chemical mutagens h) irradiation. In the 

future, metabolic engineering of diosgenin and 

trigonelline formation could therefore be a 

useful technology to create good quality 

fenugreek seeds. 

However, metabolic engineering of 

fenugreek is an effective tool to both increase 

diosgenin and trigonelline yield and alter those 

distribution. In this order, there are some 

possibilities for increasing the diosgenin and 

trigonelline contained in the seed, either 

during the growing period by using different 

cultural techniques or during post harvest 

treatments by different techniques (enzymes, 

hormones, etc.) of germination with 

incubation, different conditions of incubation 

and fermentation by storage by the use of 

tissue and cell culture (static or suspension) 

and by biological manipulation of the steroidal 

and alkaloid yield. Finally, the conclusion 

drawn for future of fenugreek as a source of 

diosgenin and trigonelline is promising and 

economic. 
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