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Abstract

Fenugreek is a medicinal herb that is primarily found in Asia, the Mediterranean, and Africa, where it served not 
only as a medicinal plant but also as a spice. The nutritional composition and bioactive compounds present in fen-
ugreek contribute to its numerous health-promoting benefits. Its dried seeds are highly versatile and commonly 
used as a flavoring ingredient. They are also rich in fiber, protein, fat, minerals, and vitamins, making them a valu-
able source of nutrition with a well-rounded nutritional composition. Fenugreek seeds are identified as a prom-
ising remedy for controlling and preventing diabetes. These seeds contain phytochemicals, such as polyphenols, 
saponins, and flavonoids, which have the potential to inhibit the digestion and absorption of glucose in the body. 
Moreover, fenugreek is documented to possess gastroprotective properties, exhibit potential anticancer effects, 
aid in the treatment of arthritis, demonstrate antimicrobial activities, assist in weight reduction, and potentially 
regulate hyperthyroidism. As a powerful antioxidant and potential anticancer agent, it improves insulin sensitivity 
and glucose control for the management of diabetes. Additionally, it has anti-inflammatory benefits, improves 
immunological functioning, helps to control glycemia, and may regulate cholesterol levels as well as possess anti-
bacterial and immune-boosting qualities. As a result, more research is required to investigate the full potential 
of fenugreek; these investigations would help to identify potential bioactive components with a particular focus 
on treating health diseases. This review highlights the morphology, adaptability, nutritional constituents, and the 
associated functional and medicinal significance of fenugreek.
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Introduction

Fenugreek, scientifically known as Trigonella foenum-
graecum (L.) is a remarkable herb with a long history 

of culinary and medicinal usage. This versatile plant has 
gained attention for its diverse health benefits, includ-
ing its potential in preventing and managing a vari-
ety of diet-associated diseases, such as inflammation, 
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hypertension, cardiovascular issues, diabetes, and can-
cer (Syed et  al., 2020). The incorporation of medici-
nal herbs such as fenugreek into dietary choices has 
become increasingly common as these plants offer a 
safe and nutraceutical-rich approach to promoting 
well-being without disrupting the body’s natural physi-
ology. Furthermore, fenugreek, often utilized as a spice 
in human food, stands out as one of the most famous 
plants, well known for its ability to provide valuable func-
tions (Shadab et al., 2024). Different development stages 
of a fenugreek plant are shown in Figure 1.

In Asia, stems and leaves of fenugreek have a long history 
of being consumed as vegetables. Fenugreek is an annual 
plant that undergoes one growth cycle per year and can 
self-pollinate. Fenugreek belongs to the Fabaceae family 
(also called Leguminosae) and is classified under the sub-
family Papilionaceae. It produces two cotyledons during 
germination. Species of Trigonella are primarily found in 
Asia (China and India), some parts of Europe, Australia, 
Africa, and South and North America (Ahmad et  al., 
2023). Globally, almost 70–97 of different species of fen-
ugreek are cultured. One species is foenum-graecum, 
meaning ‘Greek hay’, as it has its origin in Greece (Tewari 
et al., 2024). Fenugreek is considered as one of the most 
significant medicinal plants because of its rich content 
of various and essential phytochemicals. The leaves and 
seeds of fenugreek, known as methi in India, are widely 
utilized for preparing extracts and powders for various 
medicinal purposes (Verma et  al., 2023). Fenugreek is 
considered as a dietary fiber and other essential nutri-
ent-rich elements necessary for healthy growth and 
development (Srivastava et  al., 2022). Scientists have 
documented numerous medicinal and pharmacologi-
cal properties of fenugreek seeds, such as antimicrobial, 
anticholesterolemic, emollient, febrifuge, carminative, 

restorative, laxative, galactogogue, uterine tonic, expec-
torant, antioxidant, anticarcinogenic, anti-inflammatory, 
antiviral, demulcent, and hypotensive. The medicinal 
values of fenugreek have led to the effective utilization of 
extracts and powders derived from various parts of the 
plant in both food and pharmaceutical industries (Sun 
et al., 2021). In this comprehensive review, we examined 
fenugreek’s morphology, adaptability, nutritional com-
ponents, and its various functional and medicinal attri-
butes. We also delved into its allelopathic potential.

Phenology, Morphological Description, and 
Cultivation

Fenugreek exhibits an erect and aromatic growth habit, 
resembling a large clover plant. Its stem is cylindrical, 
measuring approximately 30–60 cm in length and dis-
playing a pinkish hue. Fenugreek roots have a big, fin-
ger-like structure. The plant features pinnate, trifoliate 
leaves with long stalks, consisting of toothed, lanceolate 
leaflets. The stipules of the leaves are triangular in shape 
and the leaflets themselves range from obovate to oblan-
ceolate (Singh et al., 2025). It produces white to yellow-
ish-white flowers that emerge in the axils of the plant and 
are sessile in nature. These flowers are hermaphroditic 
and primarily pollinated by insects. They are made up of 
five petals, known as the flag, wing, and keel. The pollen 
grains are oblong to round in shape, while the flower’s 
ovary is deep green and glaucous (Aasim et al., 2018). The 
fenugreek flower gives rise to pods that are approximately 
15-cm long, brownish to yellowish-brown in color. These 
pods typically contain 10–20 seeds each. The seeds them-
selves are small, measuring around 5 mm in length. They 
have a hard and smooth texture and appear in a dull yel-
low to brownish-yellow shade (Srinivasan, 2019). 

Development stages of 
fenugreek plant

Fenugreek seed 
germination

Fenugreek plant

Fenugreek seed

Figure 1.  Progression of fenugreek (Trigonella foenum-graecum) growth and development: from seeds to mature plants.
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Fenugreek typically takes 5–10 days to germinate while 
the first leaf (trifoliate) appears 5–8 days after germina-
tion. It is considered a fast-growing plant that can thrive 
in various environments, such as hillsides, dry grasslands, 
cultivated or uncultivated lands, plains, and field edges. 
Adequate sunlight is essential for its growth. Fenugreek 
needs 4–7 months to reach maturity (Nagulapalli 
Venkata et al., 2017). Fenugreek blooms in midsummer, 
specifically from June to August, and seeds ripen during 
late summer (August to September). This plant exhibits 
drought tolerance and thrives in tropical climates char-
acterized by mild winters and cool summers. However, 
the development of its leaves and flowers is influenced by 
variations in temperature. 

The place of origin and centralized production of 
trigonelline is located in the Mediterranean region of 
Asia and is now widely cultivated in northern and Central 
Africa, Europe, North America, and Australia. Fenugreek 
is a global plant with different degrees of cultivation and 
wild resource distribution because of its strong adapt-
ability. Fenugreek can tolerate an annual precipitation 
of 3.8–15.3 decimeters (dm) and an annual temperature 
that fluctuates between 7.8°C and 27.5°C (Coban, 2025).

Owing to its adaptability to a range of climatic and 
growth conditions, fenugreek farming is spread globally 
(Roba and Mohammad, 2024). The fenugreek crop is con-
fronted with numerous biological agents, for example, 
bacteria, fungi plus insects, and nonbiological ailments, 
such as, stagnant water, salinity, submergence, and micro-
nutrient deficiency (Yadav and Ghasolia, 2022). The gen-
otype, climate, environment, farming practices, usage of 
fertilizers, irrigation, and techniques for processing seeds 
into regional specialties have an impact on the output 
and quality of fenugreek (Nimbrana et al., 2024). The fen-
ugreek crop has an indefinite growth pattern; however, 
transmuted populace produced by chemical and physi-
cal transmuting agents have been stated to be effective in 
producing crops with fast and definite growing patterns 

(Basu et al., 2019; Zandi et al., 2017). Ecological factors of 
fenugreek growth are shown in Table 1.

Fenugreek Nutrients and Phytochemicals

Fenugreek contains a diverse range of nutrients and 
bioactive compounds that play a vital role in enhancing 
the functionality of biological systems and promoting 
overall health (Table 2). The macro and micronutrients 
in plants play a vital role in facilitating enzymatic activ-
ities, which ultimately influence their growth, yield, and 
quality (Arti, 2014). Each 100 g of fenugreek (leaves) con-
tains approximately 86% moisture, 4.4% protein, 1% fat, 
1% fiber, and notable amount of calcium (395 mg), phos-
phorus (51 mg), magnesium (67 mg), sodium (76 mg), 
potassium (31 mg), iron (16.5 mg), selenium (167 mg), 
copper (260 mg), chlorine (165 mg), thiamine (40 mg), 
nicotinic acid (800 mg), riboflavin (310 mg), carotene 
(2.3 mg), and vitamin C (52 mg). Additionally, traces of 
vitamin K are also present (Aher et al., 2016). Fenugreek 
seeds possess aromatic qualities and are recognized for 
their carminative and galactagogue properties. They 
have a mild bitter taste and exhibit antibacterial effects. 
These seeds are consumed either raw or cooked, provid-
ing versatility in their culinary applications. The seeds 
(biologically endosperm) are the most valuable compo-
nent of the plant. They possess a fibrous texture and have 
a sticky, gummy nature. The major constituents of fen-
ugreek seeds are carbohydrates, proteins, lipids (unsat-
urated acids, such as 4-hydroxy isoleucine, trigonelline, 
galactomannans, polyunsaturated fatty acids, linolenic 
acid, oleic acid, and linoleic acid), flavonoids, vitamins, 
fibers, alkaloids, saponins, steroidal saponins, miner-
als, and nitrogen compounds (volatile and nonvolatile 
constituents) (Farhat et al., 2024). Fenugreek seeds have 
25% fiber, 23–26% protein, 58% carbohydrates, and 
0.9% fat (Wani and Kumar, 2018). In polyphenolic com-
pounds, flavonoids are the principal component of the 
fenugreek crop, specifically apigenin 6,8-di-C-glucoside, 

Table 1.  Ecological factors that influence the growth of fenugreek.

Factors Significant reports/findings References

Climate •	 The plant can thrive in a Moderate environment with cool summers and mild winters
•	 Low to moderate rainfall
•	 It exabits moderate-sensitivity to forest and moderate resistance to drought
•	 It can tolerate frost temperature between 10–15°C 

Mehrafarin et al., 
2011

Altitude •	 It Can grow at altitudes up to 1,300–1,400 m above sea level Basu et al., 2016; 
Kumar et al., 2013

Soil •	 Loamy and mild alkaline soils are ideal for growth but, in some cases, where the acidity is quite high, 
application of  lime is required

•	 Moist and heavy soils restrict its growth
•	 The ideal pH range for optimal growth is 8–8.5

Irum et al., 2024
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Table 2.  Nutritional profile of fenugreek (Trigonella 
foenum-graecum).

Plant parts Components Net 
amount 
(%)

References

Leaves Mucilage
Fat
Carbohydrates
Proteins
Fiber
Minerals

86.10
000.9
6.000
4.400
1.001
1.005

Mandal and 
DebMandal, 
2016

Seeds Proteins
Mucilage
Dietary fibers
Linoleic acid
Palmitic acid

22.00
28.00
50.00
42.50
10.50

Snehlata and 
Payal, 2012

Seed oil Neutral lipids
Triacylglycerols

93.20
84.80

Ahmad et al., 
2016

Seed Alkaloids 35.00 Athira et al., 
2023

Seed Saponin 4.800 Del Hierro et al., 
2021 

Seed Flavonoids 10.00 Murlidhar and 
Goswami, 2012

Seed Diosgenin 0.2–0.9 Mohammadi 
et al., 2020

apigenin-6-C-glucosyl-8-C-galactoside, 6-cgalactosyl-
8-C-arabinoside, essentially helpful in reducing blood 
sugar levels in living organisms. Certain well-known 
flavones that are present in fenugreek plants are vitexin, 
quercetin, orientine, luteolin, and epigenin (Banerjee 
and Bose, 2024). Some studies found that isovitexin and 
rhaponticin are the chief components in fenugreek seed 
(Kia et  al., 2018). Phosphorus is also present in fenu-
greek seeds and is apportioned into various types such 
as phosphoproteins, nucleic acid phosphorus, inorganic 
phosphorus, phospholipids, and phytates. The process of 
germination increases the seed’s nutrition, such as ascor-
bic acid, sugar, amino acids, and proteins (Niknam et al., 
2021).

Nutritional and Health Impacts of Fenugreek

The fenugreek crop has a vast worldwide demand among 
related functional foods, nutraceuticals as well as phar-
maceuticals (Table 3). Fenugreek is a chemical crop, 
famous for its vast espousal in industrial areas. Presently, 
it is utilized using an emulsifying agent, gum, and food 
stabilizer because of its high content of gum, protein, 
fiber, other volatile contents, and chemical ingredients. 
The emulsifying property and excellent moisture reten-
tion capacity of fenugreek gum demonstrate an intrigu-
ing potential for its incorporation into cosmetic products 
(Asati et  al., 2019). Furthermore, fenugreek gum finds 

diverse applications in many food products: it contributes 
to the softness and dough properties of Iranian flatbread 
(sangak), acts as a fat substitute and enhances firmness in 
chiffon cakes, and serves as a texture enhancer, promot-
ing good expansion and a low glycemic index in extruded 
snacks (Dhull et  al., 2022). Fenugreek protein is more 
soluble at alkaline pH (Hassan et al., 2020). Historically, 
fenugreek seeds were used to facilitate childbirth and 
enhance lactation. Presently, these are utilized as a tra-
ditional remedy for a range of ailments. Women have 
traditionally consumed fenugreek seeds to alleviate men-
strual pain and alleviate stomach issues. Additionally, 
these seeds are used for treating indigestion, flatulence, 
and promoting liver health (Kumar et  al., 2021; Olaiya 
and Soetan, 2014). Clinical trials in humans have shown 
that fenugreek seeds improve various metabolic symp-
toms associated with diabetes mellitus. These seeds are 
demonstrated to effectively reduce blood sugar levels and 
enhance insulin sensitivity (Elsaadany et  al., 2022). The 
antioxidant activity of fenugreek seeds is facilitated by 
the presence of flavonoids and polyphenols (Srivastava 
et  al., 2022). Additionally, fenugreek exhibits protective 
effects against oxidation caused by hydrogen peroxide. It 
helps to prevent erythrocyte hemolysis and lipid peroxi-
dation (Lamsaadi et al., 2023; Mbarki et al., 2017).

A rich amount of steroid diosgenin, used as a supplement 
in the pharmacological industry, is present in fenugreek 
seeds. Seeds often contain anti-nutritional components, 
such as saponins, phytic acid, tannic acid, and alkaloids. 
Phytic acid possesses antioxidant and anticancer prop-
erties as well as the ability to reduce cholesterol levels. 
Tannins exhibit antibacterial and antiviral characteris-
tics and mitigate inflammation. Saponins contribute in 
lowering cholesterol and improving blood sugar regula-
tion. Notably, phytic acid, an antinutrient, forms com-
plexes with certain minerals in the gut, rendering them 
unavailable for absorption by the body. This compound 
also impedes the digestion of proteins, starch, and fat. 
Furthermore, when tannic acid is present in significant 
quantity, it can act as an anti-nutrient by forming insol-
uble complexes with divalent ions in the gastrointesti-
nal tract, thus reducing their bioavailability (Chaudhuri 
et al., 2025). Defatted seeds, on the other hand, are free 
of these substances and are consumed by fatty people 
(Chaudhary et al., 2018). In alloxanic diabetic mice, bio-
markers of oxidative stress are reduced by using fenu-
greek seed powder as a supplement (Jahan et al., 2024).

Experimental and clinical studies have also reported 
anti-atherosclerotic properties of seeds (Singh et  al., 
2022). A study has stated that when fenugreek seeds 
were supplemented in a diet of dairy goats, it notably 
lessens the level of serum cholesterol and concentra-
tion of triglyceride. Fenugreek seeds increase milk fat 
concentration, and milk quality characteristics, such as 
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Table 3.  Nutritional/health effects of fenugreek.

Nutritional 
components/unit

Nutritive value of 
seeds per 100 g

Nutritive value of 
leaves per 100 g

Health impact References

Fiber/g 47.55 4.90 Bind Food toxins, enhances insulin 
production, safeguard the mucous 
membrane of  the colon and controls 
glucose absorption

Türker et al., 2022

Proteins/g 364.00 4.40 Stimulates insulin activity Tura et al., 2023

Fat/g 7.500 0.83 Provides strong pain-relieving and 
appetite-stimulating potential

Heshmat-Ghahdarijani 
et al., 2020

Carbohydrates/g 42.30 6.00 Improves glucose kinetics, and 
inflammatory status

Khan et al., 2018;  
Malin et al., 2019

Calcium/mg 1.760 3.95 Supports Bone health, control blood 
pressure, prevent colon cancer, aid in 
weight management and reduce the 
symptoms of  premenstrual syndrome

Khorshidian et al., 2016

Iron/mg 335.0 165.0 Essential for production of  red blood cells Akbari et al., 2022

Magnesium/mg 1.910 0.670 Helps in managing Hypertension, 
cardiovascular disease, osteoporosis and 
diabetes

Gharne and 
Davodalhosseini, 2015

Copper/mg 1.16 2.60 Contributes significantly to biological 
(cellular) defenses against oxidative 
stress

Liu and Miao, 2022

Potassium/mg 891 0.310 Control heart rate and blood pressure by 
countering sodium effects

Seghatoleslami et al., 
2013

Vitamin C/mg 3.0 1.30 Plays a crucial part in the immunological 
response, collagen biosynthesis, 
orthogenesis,
detoxification, wound-healing, absorption 
of  iron and prevents blood clot formation 

Bishnoi et al., 2020

Riboflavin/mg 0.366 0.220 Provides anti-inflammatory, 
antinociceptive, antioxidant, anticancer, 
and antiaging effects 

Suwannasom et al., 2020; 
Sheikhlar et al., 2018

polyunsaturated fatty acid concentration (Akbag et  al., 
2022). The antioxidant, hepato-protective, hypocholes-
terolemic, and hypoglycemic effects of fenugreek seeds 
are well known (Sindhu et al., 2022). Aqueous extract of 
fenugreek seeds has antibacterial and antifungal prop-
erties (Lohvina et al., 2021). Saponins are also found in 
fenugreek seeds, and decrease gluconeogenic enzyme 
activity and digestive enzymes in stagnant bowels and 
boost glycogen levels in the body (Akbari et  al., 2022). 
Owing to their nutraceutical characteristics, fenugreek 
seeds are recommended and incorporated into our reg-
ular diet. Their moderate consumption is considered safe 
and can offer a wide range of health benefits (Wani and 
Kumar, 2018).

Therapeutic Properties of Fenugreek

Fenugreek has great medicinal properties because of 
a wide variety of significant phytochemicals found 
in it, such as 4-hydroxy isoleucine, galactomannan 

fenugreekine, trigonelline, and diosgenin (Kachhwaha 
et  al., 2024). Fenugreek has many health benefits. 
Fenugreek seeds are beneficial for treating gastric ulcers. 
Fenugreek is a cleansing herb that helps to detoxify the 
body, cleanse the lymphatic system, and purify the blood. 
Fenugreek seeds are thought to be beneficial as a galact-
agogue that promotes lactation in aphrodisiac and heart 
disease (Visuvanathan et al., 2022). Globally, fenugreek is 
used for various purposes; for example, China uses fen-
ugreek seeds for treating kidney problems and cervical 
cancer. In the Balkans and Middle East, the plant’s aerial 
parts are used for treating abdominal cramps while suf-
fering with diarrhea. In South India, seeds are roasted 
and used for treating dysentery. As a natural health 
product, it is used for curing and treating ailments, thus 
providing health and medical benefits. That’s why it is a 
potential nutraceutical (Tewari et al., 2024). In addition 
to its traditional uses, fenugreek has many pharmacologi-
cal properties, such as hypocholesterolemic, anti-inflam-
matory, antioxidant, anticarcinogenic, antinociceptive, 
and antidiabetic effects (Figure 2). The figure shows a 
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Figure 2.  Health and therapeutic potential of fenugreek.

comprehensive visual insight into the numerous benefits 
of fenugreek, highlighting its potential as a natural rem-
edy for a range of health issues and as a valuable dietary 
supplement.

Anticancer properties

Fenugreek seeds are widely used to treat high choles-
terol and high triglycerides, but they have also recently 
drawn attention as a potential for treating cancer (El 
Bairi et  al., 2017). Fenugreek seeds exhibit promising 
anticarcinogenic properties, making them a potential 
complementary therapy for cancer patients undergoing 
chemotherapy. Fenugreek extract has shown a protective 
effect by altering the apoptosis induced by cyclophospha-
mide and reducing lipid peroxidation caused by free rad-
icals in mice urinary bladder (Kilambi and Shah, 2021). 
Studies have reported that diosgenin found in fenugreek 
inhibits cell proliferation and induces apoptosis in the 
H-29 human colon cancer cell line (Laila et  al., 2022). 
Furthermore, fenugreek has demonstrated hepatopro-
tective properties, and the polyphenolic extract derived 
from the seeds identified as a safeguarding agent against 
liver abnormalities caused by ethanol (Al-Timimi, 2019). 
In addition, extracts from the entire fenugreek plant have 
demonstrated cytotoxic effects (in vitro) against different 
human cancer cell lines (CCLs), such as HT29 (a colon 
cancer cell line) and IMR-32 (a neuroblastoma cell line) 
(Salam et al., 2023). Studies have revealed that fenugreek 
seeds promote apoptosis and enhance the expression of 
pro-apoptotic genes, leading to anticancer effects against 

MCF-7 human immortalized breast cells (El Bairi et al., 
2017). Furthermore, fenugreek seeds have exhibited 
notable inhibitory effects on the proliferation of MCF-7 
breast cancer cells. Significant inhibition was observed 
when the cells were exposed to a concentration of 400 
μg/mL of fenugreek seeds for 72 h. These findings suggest 
that fenugreek seeds possess the potential to serve as a 
potent anticancer agent (Al-Timimi, 2019).

Antioxidant effects 

The seeds of Trigonella foenum-graecum are used for 
the treatment of diabetes, and fever. In addition, these 
are applied as poultices for eruptions, boils, and wound-
healing (Chehregosha et  al., 2024). The presence of fla-
vonoid and phenolic compounds in fenugreek seeds 
enhances its antioxidant capability. Bioactive compounds 
contribute to the powerful antioxidant properties of fenu-
greek seeds, which have a positive impact on the liver and 
pancreas (Tewari et  al., 2020). Reactive oxygen species 
(ROS) play a significant role in numerous clinical disor-
ders. These ROS may cause human ailments such as cere-
brovascular diseases, heart disease, diabetes, and cancer 
via numerous mechanisms. Thus, antioxidants are helpful 
in therapies for these ailments (Lohvina et al., 2021). 

In vitro hydro alcoholic extracts of seeds of fenugreek 
were examined for antioxidant and antiradical proper-
ties in several models and results advocate that the seeds 
have potential antioxidant actions (Aylanc et al., 2020). In 
a rat study, an aqueous extract of fenugreek (seeds) was 
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cholesterol metabolism within the liver (Valette et  al., 
1984). Saponins found in fenugreek seeds have the poten-
tial to affect cholesterol absorption in the intestinal tract, 
possibly by creating complexes with cholesterol (Del 
Hierro et al., 2021). Finally, the amino acid composition 
of fenugreek proteins, similar to that of soybeans, could 
play a role in lowering cholesterol levels, as observed 
in research on plant-based proteins. Dietary fiber con-
sumption leads to a reduction in blood sugar levels and 
a decrease in serum lipids (Srivastava et  al., 2022). The 
hypocholesterolemic effect was observed from the defat-
ted portion of fenugreek seeds (Türker et  al., 2022). 
The effect of fenugreek extract on blood lipid levels was 
examined in diabetic mice and it was found that mice 
treated with the extract had reduced triglycerides and 
total cholesterol as well as an increase in high-density 
lipoprotein (HDL) levels (Hoseini et al., 2022). Fenugreek 
seeds are a good source of dietary fiber and contain a 
significant amount of gum primarily composed of galac-
tose and mannose. These compounds have demonstrated 
a cholesterol-lowering effect (Cheurfa et  al., 2022). 
The defatted component of fenugreek seeds triggers a 
cholesterol-lowering effect that is beneficial for health.

Anti-inflammatory effects 

The fenugreek plant, found extensively across the globe, 
has useful phytochemicals, such as flavonoids, alkaloids, 
saponins, steroids, and other beneficial compounds 
(Khati and Rao, 2020). Inflammatory mediators are dis-
charged by the body’s immune cells accountable for the 
manifestations of infection/inflammation on stimula-
tion, which are identified as pathogen-related molecular 
patterns (PRMPs), such as loss of function, pain caused, 
tissue damage, warmth (heat), swelling, and redness. 
These stages lead to foreign substances or pathogens that 
are then cleared by the body’s immune cells, though the 
devastating response of inflammation is risky for body 
tissues. Thus, anti-inflammatory constituents are signif-
icant in decreasing inflammation. Fenugreek seeds are 
known to combat inflammation because of the availability 
of chief compounds, such as flavonoids, saponins, and alka-
loids, accountable for anti-inflammatory properties (Aylanc 
et  al., 2020). A study examining the anti-inflammatory 
characteristics of fenugreek seed petroleum ether extract 
(FSPEE) discovered that administering FSPEE to mice led 
to a notable decrease in inflammation. The study reported 
a 37% reduction in inflammation in the paw induced by 
carrageenan, while in the case of formaldehyde-induced 
paw edema, the inflammation was reduced by an impres-
sive 85% (Almatroodi et al., 2021). When formulated as 
an emulsifying ointment, fenugreek exhibits significant 
potential of an anti-inflammatory agent for effectively 
treating acute inflammatory disorders (Narapogu et  al., 
2021).

utilized to assess its effects. To induce toxicity, mice were 
fed ethanol for 60 days, resulting in increased activities 
of serum aspartate transaminase, alkaline phosphatase, 
and alanine transaminase. However, concurrent admin-
istration of the aqueous extract led to elevated anti-
oxidant levels and prevented further elevation of lipid 
peroxidation. The administration of the seed extract 
demonstrated a preventive effect on enzymatic leakage, 
lipid peroxidation, and improved antioxidant potential. 
Histopathological examination of the liver and brain of 
mice further confirmed the protective role of the seed 
extract against ethanol-induced toxicity (Martinez-
Hurtado et al., 2018). 

In addition, diabetic mice exhibited hypoglycemic and 
antihyperglycemic effects in response to the antioxidant 
carotenoid present in fenugreek seeds (Idris et al., 2021). 
It is also stated that extract of fenugreek seeds, rich in 
polyphenol, significantly decreased hydrogen peroxide 
(H2O2)-induced oxidative alterations in erythrocytes of 
diabetic and normal humans, signifying powerful antiox-
idant effects of fenugreek seed extract (Yu et  al., 2019). 
Fenugreek extracts possess the capability to neutralize 
effectively free radicals, making them a valuable contender 
for mitigating the detrimental impact of different diseases. 
As a result, fenugreek can be considered as a promising 
option for therapeutic interventions and alleviating the 
adverse consequences associated with various ailments.

Hypocholesterolemic effect

Fenugreek seeds are shown to possess hypocholester-
olemic properties. A study conducted on diabetic dogs 
found that elevated cholesterol levels often result as a 
secondary effect of diabetes. However, defatted fenu-
greek seeds, which are rich in dietary fiber, can play a 
crucial role in alleviating both hyperglycemia and gly-
cosuria associated with diabetes. By effectively managing 
diabetes, these seeds also reduce cholesterol levels, thus 
addressing the underlying cause of hypercholesterolemia 
in diabetic dogs. Interestingly, this cholesterol-lowering 
effect extends to non-diabetic dogs as well. An analysis of 
fenugreek seeds’ components reveals a substantial com-
position in the defatted portion, such as high fiber con-
tent (53.9%) and saponins (4.8%), which exhibit notable 
viscosity (Singh et al., 2023). Research has demonstrated 
that viscous materials, such as dietary fibers, can effec-
tively reduce serum total cholesterol levels. However, 
the extent of their effectiveness can vary depending on 
the source of the fiber (Jenkins, 1979). Variation in the 
cholesterol-lowering effect could be associated with 
the varying saponin levels found in different sources 
of dietary fiber (Tak et  al., 2024). Moreover, fenugreek 
seeds contain diosgenin and tigogenin in glycoside form, 
and these compounds are documented to influence 
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40 patients who consumed fenugreek seeds for 8 weeks. 
Results showed a significant decrease of 13% in urinary 
sugar levels and a reduction of 12.2% in glycosylated 
hemoglobin (Khorshidian et  al., 2016). Furthermore, 
studies indicated that fenugreek seeds improved glucose 
tolerance by enhancing peripheral glucose utilization. Its 
hypoglycemic effects are attributed to its action on both 
insulin receptor and gastrointestinal system (Hassan 
et al., 2020). 

The presence of amino acid 4-hydroxyisoleucine in fen-
ugreek seeds is shown to stimulate the release of insulin 
in response to glucose. This effect is observed in both 
laboratory experiments (in vitro) and in living organ-
isms (in vivo) (Pereira et  al., 2019). The administration 
of fenugreek to diabetic mice for 6 days significantly 
enhanced their glucose tolerance. The liver exhibited a 
decrease in the activity of glycolytic enzymes whereas 
the kidney showed an increase in activity. This resulted 
in the glycolytic enzyme activity reaching a regulated 
level, with decrease in the activity of gluconeogenic 
enzymes (Kamalakkannan and Prince, 2006; Pradeep and 
Srinivasan, 2018). Owing to their nutraceutical proper-
ties, fenugreek seeds are recommended and incorporated 
into regular diet, as their safe and widespread consump-
tion offers numerous health advantages. Hence, this nat-
ural herb offers a diverse range of health benefits.

Fenugreek, more precisely its seeds (seed powder and 
extract), has been investigated for its potential antidia-
betic properties. Notably, double-blind placebo studies 
showed that fenugreek improved insulin sensitivity and 
glucose control (Hota et al., 2024) Furthermore, a study 
on type 2 diabetic mice offered insightful findings. It 
showed that fenugreek could increase liver glycogen lev-
els, which serve as an essential energy reservoir, while 
simultaneously lowering serum glucose levels (Jiang 
et al., 2018). 

Researchers investigated the antioxidant activity of fenu-
greek seeds and discovered some intriguing results. They 
discovered strong antioxidants in the extracted aqueous 
essence of fenugreek seeds. This extract had the remark-
able capacity to scavenge dangerous radicals, acting as 
a cell defender and shielding it from oxidative damage 
(Khole et al., 2014; Syeda et al., 2008). Inquisitive about 
the seeds’ potential as antioxidants, another group of 
scientists conducted more investigation. They discov-
ered that extract from fenugreek seeds might prevent 
radical damage as well as delay lipid peroxidation. They 
discovered a protector of cell membranes. This observa-
tion was made in mice treated with cyclophosphamide 
(Bhatia et al., 2006). Antioxidants in fenugreek seeds can 
also improve kidney functions. Researchers examined 
the impact of seeds on the kidneys of diabetic mice. It 
showed that seeds had a remarkable capacity to enhance 

Fenugreek seeds’ effect on blood glucose levels

Diabetes mellitus is a severe health condition character-
ized by elevated blood sugar levels. When left untreated, 
it leads to significant complications, such as heart attack, 
vision loss, stroke, kidney failure, and amputation (Jeffery 
et al., 2022). Diabetes mellitus is a metabolic syndrome 
caused by an abnormality in the production or func-
tioning of insulin. This deficiency of insulin results in 
persistent high levels of glucose in the bloodstream, 
leading to disruptions in the metabolism of carbohy-
drates, lipids, and proteins (Szablewski, 2024). Diabetes 
mellitus, characterized as a chronic metabolic disorder, 
is a rapidly increasing global issue with substantial social, 
health, and economic consequences (Priya and Kalra, 
2018). Consistent intake of functional foods and herbal 
supplements is associated with potential benefits, includ-
ing improved anti-inflammatory and antioxidant effects, 
enhanced insulin sensitivity, and better management of 
cholesterol levels. These factors play a crucial role in the 
prevention and management of symptoms associated 
with diabetes mellitus (Alkhatib et al., 2017). Fenugreek 
is known for its rich content of bioactive compounds, 
such as alkaloids, flavonoids, steroids, saponins, etc. 
Moreover, it is recognized as a valuable source of soluble 
fiber, which plays a role in reducing blood sugar levels by 
inhibiting the absorption and digestion of carbohydrates 
(Malhosia et al., 2022). 

Consumption of the seeds is linked to the regulation of 
blood sugar levels through various mechanisms. These 
include reducing the rate of glucose absorption in the 
gastrointestinal tract, enhancing the functioning of pan-
creatic beta islet cells (which produce insulin), improv-
ing insulin sensitivity, and enhancing the utilization of 
glucose within cells (Dilworth et  al., 2021). Fruits and 
vegetables typically contain more insoluble fiber, but 
fenugreek stands out as a source of soluble fiber (Man 
et al., 2019). Studies have indicated that the soluble fiber 
found in fenugreek delays the digestion and absorption 
of carbohydrates, leading to an improvement in glucose 
homeostasis. Moreover, the study emphasizes that solu-
ble fiber has beneficial effects on dyslipidemia (abnormal 
lipid levels) and can inhibit platelet aggregation in mice 
with type II diabetes (Hosseini et al., 2023; Shashikumar 
et al., 2019). Fenugreek contains galactomannan, a type 
of soluble dietary fiber compound that has the ability to 
lower blood glucose levels in diabetic mice (Jiang et al., 
2017). Dietary fibers, essential constituents of plant-
based foods, are complex carbohydrates that play a vital 
role in maintaining a healthy diet (Wang et  al., 2019). 
Researchers demonstrated that incorporating 100 g of 
fenugreek powder, which contains 50% dietary fiber, into 
the diet of type II diabetes patients for 10 days caused a 
significant 25% drop in blood glucose levels (Hasan and 
Rahman, 2016). The experimental study consisted of 
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Table 4.  Therapeutic potential of fenugreek.

Therapeutic properties Plant part Effects Model References

Antidiabetic action Seeds (seed extract, 
seed powder)

Enhances glucose regulation and 
reduces insulin resistance

Double-blind placebo study Hota et al., 2024

An increase in liver glycogen and 
reduction in serum glucose

Type 2 diabetic rat Jiang et al., 2018

Antioxidant activity Seeds (aqueous 
extract)

Exhibits radical scavenging activity Biochemical assay Khole et al., 2014; 
Syeda et al., 2008

Retard lipid peroxidation and 
enhance enzymatic antioxidant 
activity 

Cyclo-phosphamide-treated 
rat

Bhatia et al., 2006

Improves kidney function Diabetic mice Xue et al., 2011

Anticancer Seeds (seed extract) Demonstrates a powerful cytotoxic 
effect in whole-seed, compared to 
purified compound

Prostate, pancreatic, and 
breast CCLs

Al-Timimi, 2019; 
Shabbeer et al., 
2009

Fenugreek extracts exhibit selective 
cytotoxicity 

T cell lymphoma Alsemari et al., 
2014

Anti-inflammatory Seeds and leaves Anti-inflammatory properties, and 
humoral immune stimulation

Ethanolic fenugreek 
extract-treated mice

Almatroodi et al., 
2021

Hypoglycemic Seeds Control Glycemic index among 
diabetic patients (type 2)

Type II diabetic patients Snehlata and 
Payal, 2012

Fenugreek enhances peripheral 
glucose tolerance and utilization.

Non-insulin-dependent 
diabetic patients

ElNour et al., 2015

Hypocholesterolemic Seeds Reduced triglycerides, total 
cholesterol, and LDL

Patients with newly 
discovered type 2 diabetes 
are treated with seed 
powder

Geberemeskel 
et al., 2019

Lower total cholesterol while higher 
HDL levels 

Mice with diabetes mellitus Xue et al., 2007

Antimicrobial Seeds, leaves, and 
stem

Exhibit anti-bacterial activity in 
methanolic extracts, while the 
aqueous extracts show no effect 
The magnitude of  the effects varies 
depending on the types of  microbe 
and plant parts employed and 
extraction solvent

E. coli, P. aeruginosa, B. 
cereus, and several fungi 
strains were involved in 
diffusion

Hadi et al., 2022

renal function (Xue et  al., 2011). Recent studies have 
found that fenugreek seed extracts have promising anti-
cancer properties, particularly in case of prostate, pan-
creatic, and breast CCLs. Notably, these investigations 
suggested that whole-seed extracts have stronger cyto-
toxic effects than isolated compounds (Al-Timimi, 2019; 
Shabbeer et  al., 2009). Additionally, fenugreek extracts 
have demonstrated a specific cytotoxic impact, especially 
in the context of T-cell lymphoma (Alsemari et al., 2014). 
Collectively, these results highlight the potential of seed 
extracts as valuable candidates for anticancer treatment. 
The ethanolic extract of fenugreek seeds and leaves was 
found to have anti-inflammatory effects and is able to 
promote humoral immune response in a study conducted 
by Almatroodi et al. (2021). These effects were shown in 
mice treated with the extract, indicating its potential as 
an effective all-natural treatment for reducing inflamma-
tion and boosting humoral defensive mechanisms of the 
immune system. The study provided important insight 

in the possible benefits of fenugreek seeds in improv-
ing glycemic control in patients with type 2 diabetes 
(Snehlata and Payal, 2012). According to their research, 
fenugreek supplementation can improve individuals’ 
peripheral glucose tolerance and utilization. This is a sig-
nificant result because the control of blood sugar levels 
depends on peripheral glucose tolerance and utilization. 
A recent study explored the hypoglycemic effects of fenu-
greek seeds, and focused on how it affected patients with 
type 2 diabetes not dependent on insulin. According to 
the study, fenugreek may have a positive impact on gly-
cemic control in this particular group of patients. The 
study filled a crucial gap in the field of diabetes research 
and clinical management by focusing on non-insulin-
dependent diabetic individuals (ElNour et al., 2015).

Fenugreek seeds also have cholesterol-lowering (hypo-
cholesterolemic) potential, particularly for patients with 
diabetes, especially type 2 diabetes. A study conducted 
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decrease in both germination percentage and rate, while 
the pod and whole plant extracts showed the lowest alle-
lopathic effects. Overall, seeds, pods, and the entire fen-
ugreek plant exhibited the most pronounced negative 
effects on the germination percentage and rate of velvet 
leaf (Azizi et al., 2011). Abbes et al. (2019) demonstrated 
that the infection of Orobanche crenata decreased due to 
an allelopathic interference in parasitic life cycle during 
germination. The reduction in O. crenata infection is 
attributed to the inhibition of O. crenata seed germina-
tion caused by allelochemicals released from fenugreek 
roots. 

Furthermore, the Fenugreek extract not only hindered 
seed germination but also reduced seedling growth across 
various species. In all the species studied, as the extract 
concentration from different parts of fenugreek increased 
from 8% to 64%, a noticeable decrease was observed in 
both radicle and plumule growth. Notably, extracts from 
different parts of fenugreek exhibited a stimulatory effect 
at lower concentrations and an inhibitory effect at higher 
concentrations for all species. These findings underscore 
that the response of crop and weed species to allelopathic 
substances is influenced by the species’ characteristics 
and the number of allelopathic substances present in 
different parts of fenugreek (Perisoara et al., 2023). It is 
reported that seed and leaf extracts were found to exhibit 
the most pronounced allelopathic effects. Fenugreek 
species exhibit weedicide, insecticidal, and antifungal 
properties, indicating their potential as agents for con-
trolling weeds, insects, and fungal pathogens (Kandhare 
et  al., 2022). However, additional experimental studies 
are required to explore the practical applications of using 
fenugreek as a weed-suppressing plant within intercrop-
ping systems.

Adverse effects of fenugreek

Although fenugreek has a history of being deemed safe 
and well-tolerated, there have been reported instances 
of adverse effects associated with its usage (Figure 3). It 
is advisable to exercise caution when using fenugreek, 
particularly in individuals with known allergies to fenu-
greek or chickpeas, as there is a potential risk of cross-
reactivity (Athari et  al., 2021). There have been reports 
indicating hypersensitivity reactions associated with the 
inhalation of fenugreek seed powder. Symptoms such as 
wheezing, fainting, and rhinorrhea are reported in some 
cases as well as facial angioedema after the application 
of a topical fenugreek paste for dandruff (Wijaya et  al., 
2013). Owing to its potential to cause hypoglycemia, it 
is suggested to monitor blood glucose levels in case of 
initiating fenugreek supplementation (Mohamed et  al., 
2019). Furthermore, studies have investigated the effects 
of fenugreek on hematopoietic stem cells in the bone 

by Geberemeskel et al. (2019) showed that seed powder 
significantly decreased levels of triglycerides, total cho-
lesterol, and low-density lipoprotein (LDL) cholesterol in 
type 2 diabetes patients. A study conducted by Xue et al. 
(2007), investigating the impact of seeds on the choles-
terol levels of diabetic mice, showed a decrease in total 
cholesterol levels and an increase in high-density lipopro-
tein (HDL) cholesterol, also known as good cholesterol. 
Many findings provide a comprehensive overview of 
the antimicrobial potential of complete fenugreek plant 
(seeds, stems, and leaves). A study conducted by Hadi 
et al. (2022) indicates that methanolic extracts from dif-
ferent parts of fenugreek exhibited antimicrobial effects. 
Aqueous extracts, on the other hand, which use water as 
a solvent, don’t have any antibacterial properties.

Allelopathic potential of fenugreek

Plants, like humans and animals, encounter various 
forms of competition within their ecosystems. However, 
unlike mobile organisms, plants are rooted in place and 
cannot actively avoid or manipulate their competitive 
environment. As a result, many plants develop a strat-
egy to deal with these limitations by producing second-
ary metabolites. Certain compounds found in fenugreek 
possess allelopathic properties, which means they can 
inhibit the growth of surrounding plants (Yadav et  al., 
2019). These compounds offer effective weed control in 
intercropping systems and possess herbicidal potential, 
making them promising candidates for the development 
of new herbicides or as templates for such products 
(Malunjkar et al., 2022). A recent study has reported that 
different crops, specifically soybean and sesame, exhibit 
varying responses to different concentrations of fenu-
greek extract. Fenugreek demonstrated an allelopathic 
effect, causing a reduction in both seed germination and 
number of germinated seeds. A significant decrease in 
germination proportion was observed with increase in 
the concentration of fenugreek extract from 0% to 64%. 
In the case of soybean, the leaf extract of fenugreek had 
the most pronounced reduction in germination percent-
age and rate, with respective figures of 74% and 91%, 
while the pod extract had the least impact, showing a 
respective reduction of 9% and 25% in germination per-
centage and rate. 

Interestingly, soybean germination did not exhibit a con-
sistent trend with different extracts from stem and the 
entire fenugreek plant. For sesame, the stem and seed 
extracts of fenugreek had the highest and lowest inhibi-
tion effects on germination percentage. The seed and pod 
extracts of fenugreek had the most substantial negative 
effect on germination rate. In the case of pigweed, as the 
fenugreek extract concentration increased from 0% to 
64%, the stem and seed extracts had the most significant 
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External effects Internal effects

Allergic reaction

Wheezing

Fainting

Rhinorrhea

Facial angioedema

Hypoglycemia

Antifertility activity

Dyspepsia

Increased fetal mortality rate

Rapid respiration and tremors

Figure 3.  Fenugreek, a double-edge sword: external (e.g., skin reactions) and internal (e.g., digestive issues) adverse effects.

marrow. Findings indicate that high doses of fenugreek 
with teratogenic properties can result in reduced severity 
of bone marrow cell proliferation and an increased rate 
of fetal mortality (Araee et al., 2009). It was reported that 
rabbits fed with diets containing 30% fenugreek exhib-
ited potential antifertility activity (Athari et  al., 2021). 
Studies reported cases of dyspepsia and mild abdominal 
distention while using large doses of fenugreek seeds. 
Furthermore, the administration of high doses of aque-
ous extract of fenugreek was associated with mild central 
nervous system stimulation, rapid respiration, and trem-
ors (Ouzir et al., 2016).

Potential economic benefits of investing in fenugreek 
research

Fenugreek holds significant economic importance as 
both culinary ingredient and medicinal herb, which con-
tinues to grow in native areas. India stands out as the 
world’s foremost fenugreek producer, contributing to 80% 
of total global production (Arshad et al., 2022). In 2022, 
according to the Food and Agriculture Organization of 

the United Nations (FAO, 2022), the worldwide fenugreek 
production was 350,000 metric tonnes, and it was grown 
across 100,000 hectares of land. It was also reported that 
fenugreek seeds yield ranged from 500 to 3,320 kg/hect-
are, with an economically viable yield of 1,800 kg/hect-
are (Nahar et al., 2022) In addition to its positive impact 
on health, it provides an economic benefit, particularly 
in its ability to lower blood glucose levels. According to 
FAO data (2022), India cultivated 100,000 hectares and 
yielded 180,000 tonnes of fenugreek, indicating a con-
sistent upward trend in production. In 2020, India’s fen-
ugreek output stood at 170,000 tonnes, and in 2019, it 
amounted to 160,000 tonnes. Meanwhile, in Morocco, 
fenugreek holds a significant place within the socioeco-
nomic framework (Brogi et  al., 2019). Bath, England, 
reported a seed yield of 3,700 kg/hectare, while Morocco 
recorded a yield of 1,000 kg/hectare. The leading fenu-
greek exporting nations include India, France, Lebanon, 
Egypt, and Argentina (Hilles and Mahmood, 2021). It has 
a significant effect on soil renovators in Asia and Africa 
(Aasim et al., 2018). Its seeds contain diosgenin, a com-
ponent used to make base for oral contraceptives. It is 
high in protein and fixed fats, which could contribute 
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development. This avenue holds promising prospects in 
the field of natural products for disease treatment and 
can yield fruitful outcomes for the benefit of humanity.

Availability of Data and Materials

Data sharing is not applicable to this review as no new 
data were created or analyzed in this study.

Acknowledgement

Authors extend their gratefulness to the Deanship of 
Scientific Research, Vice Presidency for Graduate Studies 
and Scientific Research, King Faisal University, Saudi 
Arabia, for supporting the current research through 
grant number KFU242292.

Author Contributions

Sundas Hina and Saddam Mustafa: writing—original 
draft preparation, software, figure preparation, and 
writing—review and editing. Ahmed Mahmoud Ismail, 
Shahid Mahmood, Amal Matar, Alaa S. Alharbi, and 
Hoda Ali Farag Saleh: validation, formal analysis, 
resources, project administration, visualization, and 
writing—review and editing. Wupeng Ge: conceptualiza-
tion, supervision, writing—review and editing.

Conflict of Interest

The authors declared no competing financial interest.

Funding

This research was supported by the Deanship of Scientific 
Research, Vice Presidency for Graduate Studies and 
Scientific Research, King Faisal University, Saudi Arabia, 
through grant number KFU242292.

References

Aasim, M., Baloch, F.S., Nadeem, M.A., Bakhsh, A., Sameeullah M. 
and Day, S. 2018. Fenugreek (Trigonella foenum-graecum L.): 
an underutilized edible plant of modern world. In: Ozturk, M., 
Hakeem, K., Ashraf, M., Ahmad, M. (Eds.) Global Perspectives 
on Underutilized Crops. Springer, Cambridge, Cham, pp. 381–
408. https://doi.org/10.1007/978-3-319-77776-4_12

Aher, R.R., Belge, S.A., Kadam, S.R., Kharade, S.S., Misal, A.V., 
and Yeole, P.T. 2016. Therapeutic importance of fenugreek 
(Trigonellafoenum-graecum L.). A review. J Plant Res. 3(1):149.

economically to the world’s growing population by aiding 
in birth control and simultaneously supplying more food. 
Additionally, fenugreek is a plant that contributes to the 
world’s food supply, lessens hunger, and enhances health-
care by fixing atmospheric nitrogen. Consequently, the 
future of fenugreek appears to hold promise and numer-
ous advantages.

Research Gap 

While fenugreek has been extensively studied by medical 
science for its potential health benefits, it is important to 
note that our understanding of this medicinal plant is still 
limited and there is much more to discover. Fenugreek 
exhibits a wide distribution across different geographical 
regions, suggesting the presence of significant genotypic 
variability. Furthermore, being the least bred (artificial 
selection) crop, there is a possibility to have a multi-
ple and potential allelic system against environmental 
stresses. In conclusion, despite the topics covered in this 
review, numerous issues about the biology, phytochemis-
try, allelopathic potential, and pharmacology of fenugreek 
still need to be investigated, and randomized clinical tri-
als are required to support the therapeutic properties 
of nutritional components. The economic, industrial, 
and medical values of these natural resources could be 
enhanced in the future by all these factors. To unlock the 
full potential of fenugreek, it is crucial to conduct com-
prehensive genomic and agronomic characterizations, 
including clustering analyses. The future research would 
aid in identifying potential genes that could be used to 
develop new varieties of fenugreek with a particular 
focus on developing abiotic stress tolerance. Moreover, it 
is essential to explore and promote fenugreek as a fodder 
crop, particularly in arid agricultural systems, to harness 
its benefits in such challenging environments.

Conclusion

Fenugreek has a long-standing tradition of being con-
sumed as a medicinal plant and is widely recognized 
for its benefits to human health. Its nutritional value 
and diverse profile of biologically active compounds are 
acknowledged by medical science. Moreover, fenugreek 
exhibits adaptability to various climatic regions and mar-
ginal lands, making it a valuable addition to agricultural 
systems. However, despite its potential, limited prog-
ress is made in terms of crop improvement, specifically 
in utilizing biotechnological approaches for breeding. 
Consequently, a significant gap exists, particularly in 
varietal development and biotechnologically assisted 
breeding methods. Further research and investiga-
tions are required to isolate bioactive compounds from 
fenugreek’s crude extracts, potentially leading to drug 

https://doi.org/10.1007/978-3-319-77776-4_12�


Italian Journal of  Food Science, 2025; 37 (3)� 13

Therapeutic and protective valuation of  fenugreek

activity, and enzyme inhibition potential. J Food Biochem. 
44(11):e13463. https://doi.org/10.1111/jfbc.13463

Azizi, G., Kondori, M.J., Siah-Marguee, A. and Alimoradi, L. 2011. 
Bioassay study of fenugreek extract’s allelopathic effects on the 
germination and growth of several crops and weeds.  J Plant 
Breed Crop Sci. 3(10):229–239.

Basu, S.K., Cetzal-IX, W. and Zandi, P. 2016. Forage fenugreek 
(Trigonella foenum-graecum L.) production: a boon for semi-
arid agricultural regions. In: Uslu, O.S.(Eds.), VII International 
Scientific Agriculture Symposium, Agrosym, Jahorina, pp. 6–9.

Basu, S.K., Zandi, P. and Cetzal-Ix, W. 2019. Fenugreek (Trigonella 
foenum-graecum L.): distribution, genetic diversity, and poten-
tial to serve as an industrial crop for the global pharmaceutical, 
nutraceutical, and functional food Industries. In: Singh, R.B., 
Waston, R.R. and Takahashi, T. (Eds.), The Role of Functional 
Food Security in Global Health. Elsevier, Amsterdam, 
the Netherlands, pp. 471–497. https://doi.org/10.1016/
B978-0-12-813148-0.00028-1

Bhatia, K., Kaur, M., Atif, F., Ali, M., Rehman, H., Rahman, S. and 
Raisuddin, S. 2006. Aqueous extract of Trigonella foenum-
graecum L. ameliorates additive urotoxicity of buthionine sulf-
oximine and cyclophosphamide in mice. Food Chem Toxicol. 
44(10):1744–1750. https://doi.org/10.1016/j.fct.2006.05.013

Bishnoi, S., Chhikara, N., Singhania, N. and Ray, A.B. 2020. Effect of 
cabinet drying on nutritional quality and drying kinetics of fen-
ugreek leaves (Trigonella foenum-graecum L.). J Agric Food Res. 
2:100072. https://doi.org/10.1016/j.jafr.2020.100072

Bogdanovic, A., Tadic, V., Ristic, M., Petrovic, S. and Skala, D. 2016. 
Optimization of supercritical CO2 extraction of fenugreek seed 
(Trigonella foenum-graecum L.) and calculating of extracts solu-
bility. J Supercrit Fluids. 117:297–307. https://doi.org/10.1016/j.
supflu.2016.07.010

Brogi, H., Elbachir, H., El Amrani, N., Amsaguine, S. and Radallah, D. 
2019. Fenugreek seeds estrogenic activity in ovariectomized 
female rats. Curr Issues Pharm Med Sci. 32(3):138–145. https://
doi.org/10.2478/cipms-2019-0026

Chaudhary, S., Chaudhary, P.S., Chikara, S.K., Sharma, M.C. 
and Iriti, M. 2018. Review on fenugreek (Trigonella foenum-
graecum L.) and its important secondary metabolite diosgenin. 
Not Bot Horti Agrobot Cluj-Napoca. 46(1):22–31. https://doi.
org/10.15835/nbha46110996

Cheurfa, M., Allem, R., Sadeer, N.B., and Mahomoodally, M.F. 
2022. In vivo hypocholesterolemic and anti-inflammatory effect 
of Aloysia triphylla (L’Hér.) Britton and Trigonella foenum-
græcum L. seeds. South Afr J Bot. 145:213–217. https://doi.
org/10.1016/j.sajb.2021.01.023

Dhull, S.B., Bamal, P., Kumar, M., Bangar, S.P., Chawla, P., Singh, A., 
Mushtaq, W., Ahmad, M. and Sihag, S. 2022. Fenugreek (Trigonella 
foenum graecum) gum: a functional ingredient with promis-
ing properties and applications in food and pharmaceuticals—a 
review. Legume Sci. 5(3):e176. https://doi.org/10.1002/leg3.176

Dilworth, L., Facey, A. and Omoruyi, F. 2021. Diabetes mellitus and 
its metabolic complications: the role of adipose tissues. Int J Mol 
Sci. 22:7644. https://doi.org/10.3390/ijms22147644

El Bairi, K., Ouzir, M., Agnieszka, N. and Khalki, L. 2017. 
Anticancer potential of Trigonella foenum graecum: cellular and 

Ahmad, A., Alghamdi, S.S., Mahmood, K. and Afzal, M. 2016. Fenugreek 
a multipurpose crop: potentialities and improvements. Saudi J Biol 
Sci. 23(2):300–310. https://doi.org/10.1016/j.sjbs.2015.09.015

Akbag, H.I., Savaş, T. and Karagül Yüceer, Y. 2022. The effect of fenugreek 
seed (Trigonella foenum-graecum) supplementation on the perfor-
mance and milk yield characteristics of dairy goats. Arch Animal 
Breed. 65(4):385–395. https://doi.org/10.5194/aab-65-385-2022

Akbari, S., Abdurahman, N.H. and Yunus, R.M. 2022. Extraction and 
optimization of saponin and phenolic compounds of fenugreek 
seed. In: Petropoulos, G.A. (Eds.), Fenugreek. CRC Press, Boca 
Raton, FL, pp. 77–88. https://doi.org/10.1201/9781003082767-9

Alkhatib, A., Tsang, C., Tiss, A., Bahorun, T., Arefanian, H., 
Barake, R., Khadir, A. and Tuomilehto, J. 2017. Functional foods 
and lifestyle approaches for diabetes prevention and manage-
ment. Nutrients. 9(12):1310. https://doi.org/10.3390/nu9121310

Almatroodi, S.A., Almatroudi, A., Alsahli, M.A. and Rahmani, A.H. 
2021. Fenugreek (Trigonella foenum-graecum) and its active 
compounds: a review of its effects on human health through 
modulating biological activities. Pharmacog J. 13(3):813–821. 
https://doi.org/10.5530/pj.2021.13.103

Alsemari, A., Alkhodairy, F., Aldakan, A., Al-Mohanna, M., 
Bahoush, E., Shinwari, Z. and Alaiya, A. 2014. The selective 
cytotoxic anti-cancer properties and proteomic analysis of 
Trigonella Foenum-Graecum. BMC Comp Alter Med. 14:1–9. 
https://doi.org/10.1186/1472-6882-14-114

Al-Timimi, L. 2019. Antibacterial and anticancer activities of fenu-
greek seed extract. Asian Pacific J Cancer Preven. 20(12):3771. 
https://doi.org/10.31557/APJCP.2019.20.12.3771

Araee, M., Norouzi, M., Habibi, G. and Sheikhvatan, M. 2009. 
Toxicity of Trigonella foenum graecum (fenugreek) in bone 
marrow cell proliferation in rat. Pak J Pharm Sci. 22(2):126–130.

Arshad, K., Ullah, A., Ullah, S., Bogari, H.A., Ashour, M.L., Noor, J., 
Amin, F. and Shah, S. 2022. Quantifying osmotic stress and tem-
perature effects on germination and seedlings growth of fenu-
greek (Trigonella foenum-graecum L.) via hydrothermal time 
model.  Sustainability.  14(19):12049. https://doi.org/10.3390/
su141912049

Arti, G. 2014. Pharmaceutically important fenugreek. Res J Pharm 
Biol Chem Sci. 5:78–86.

Asati, S., Jain, S. and Choubey, A. 2019. Bioadhesive or mucoadhe-
sive drug delivery system: a potential alternative to conventional 
therapy. J Drug Deliv Therap (JDDT). 9(4-A):858–867. https://
doi.org/10.22270/jddt.v11i1.4495

Athira, K., Das, S.S., Swick, A., Krishnakumar, I. and Vahab, A.A. 
2023. Oral bioavailability and neuroprotective effect of a novel 
food-grade formulation of fisetin using fenugreek-galactoman-
nan hydrogel scaffolds. Pharma Nutr. 23:100329. https://doi.
org/10.1016/j.phanu.2023.100329

Athari, S.S., Keshavarz, M., Khodadoost, M., Hamzeloo-
Moghadam,  M., Abbassian, S.A. and Choopani, R. 2021. 
Regulation effects of Trigonella foenum-graecum seed extract 
on a mouse model of allergic asthma. J Med Plants. 20(78):26–
35. https://doi.org/10.52547/jmp.20.78.26

Aylanc, V., Eskin, B., Zengin, G., Dursun, M. and Cakmak, Y.S. 2020. 
In vitro studies on different extracts of fenugreek (Trigonella 
spruneriana BOISS.): phytochemical profile, antioxidant 

https://doi.org/10.1111/jfbc.13463�
https://doi.org/10.1016/B978-0-12-813148-0.00028-1�
https://doi.org/10.1016/B978-0-12-813148-0.00028-1�
https://doi.org/10.1016/j.fct.2006.05.013�
https://doi.org/10.1016/j.jafr.2020.100072�
https://doi.org/10.1016/j.supflu.2016.07.010�
https://doi.org/10.1016/j.supflu.2016.07.010�
https://doi.org/10.2478/cipms-2019-0026�
https://doi.org/10.2478/cipms-2019-0026�
https://doi.org/10.15835/nbha46110996�
https://doi.org/10.15835/nbha46110996�
https://doi.org/10.1016/j.sajb.2021.01.023�
https://doi.org/10.1016/j.sajb.2021.01.023�
https://doi.org/10.1002/leg3.176�
https://doi.org/10.3390/ijms22147644�
https://doi.org/10.1016/j.sjbs.2015.09.015�
https://doi.org/10.5194/aab-65-385-2022�
https://doi.org/10.1201/9781003082767-9�
https://doi.org/10.3390/nu9121310�
https://doi.org/10.5530/pj.2021.13.103�
https://doi.org/10.1186/1472-6882-14-114�
https://doi.org/10.31557/APJCP.2019.20.12.3771�
https://doi.org/10.3390/su141912049�
https://doi.org/10.3390/su141912049�
https://doi.org/10.22270/jddt.v11i1.4495
https://doi.org/10.22270/jddt.v11i1.4495
https://doi.org/10.1016/j.phanu.2023.100329�
https://doi.org/10.1016/j.phanu.2023.100329�
https://doi.org/10.52547/jmp.20.78.26�


14� Italian Journal of  Food Science, 2025; 37 (3)

Hina S et al.

(Trigonella foenum graecum L.) extract on glycemic indices and 
lipid profile in diabetic rats. Arch Physiol Biochem. 129(2):349–
353. https://doi.org/10.1080/13813455.2020.1826529

Jani, R., Udipi, S. and Ghugre, P. 2009. Mineral content of com-
plementary foods. Indian J Pediat. 76:37–44. https://doi.
org/10.1007/s12098-009-0027-z

Jeffery, A., Buckman, J.E., Francis, E., Walters, K., Wong, I.C., 
Osborn, D. and Hayes, J.F. 2022. A systematic review of long-
term antidepressant outcomes in comorbid depression and 
type 2 diabetes. J Med Internet Res. 22273519. https://doi.
org/10.1101/2022.04.11.22273519

Jenkins, D.A. 1979. Dietary fibre, diabetes, and hyperlipidaemia: 
progress and prospects. Lancet. 314(8155):1287–1290. https://
doi.org/10.1016/S0140-6736(79)92292-X

Jiang, W., Gao, L., Li, P., Kan, H., Qu, J., Men, L., Liu, Z. and Liu, Z. 
2017. Metabonomics study of the therapeutic mechanism of 
fenugreek galactomannan on diabetic hyperglycemia in rats, by 
ultra-performance liquid chromatography coupled with quadru-
pole time-of-flight mass spectrometry. J Chromatogr B. 1044:8–
16. https://doi.org/10.1016/j.jchromb.2016.12.039

Jiang, W., Si, L., Li, P., Bai, B., Qu, J., Hou, B., Zou, H., Fan, X., Liu, Z., 
Liu, Z. and Gao, L. 2018. Serum metabonomics study on antidi-
abetic effects of fenugreek flavonoids in streptozotocin-induced 
rats. J Chromatogr B. 1092:466–472. https://doi.org/10.1016/j.
jchromb.2018.06.041

Kamalakkannan, N. and Prince, P.S.M. 2006. Antihyperglycaemic 
and antioxidant effect of rutin, a polyphenolic flavonoid, in strep-
tozotocin-induced diabetic wistar rats. Basic Clin Pharmacol 
Toxicol. 98(1):97–103. https://doi.org/10.1111/j.1742-7843.2006. 
pto_241.x

Kandhare, A.D., Bhaskaran, S. and Bodhankar, S.L. 2022. Potential 
of fenugreek in management of fibrotic disorders. In: Ghosh, D. 
and Thakurdesai, P.(Eds.), Fenugreek. CRC Press, Boca Raton, 
FL, pp. 305–317. https://doi.org/10.1201/9781003082767-23

Khan, F., Negi, K., and Kumar, T. 2018. Effect of sprouted fenu-
greek seeds on various diseases: a review. J Diabetes Metab 
Disorders Control. 5:119–125. https://doi.org/10.15406/jdmdc. 
2018.05.00149

Khati, P. and Rao, P. 2020. Profiling the seed storage protein among 
different genotypes of Trigonella foenum-graecum L. (fenu-
greek). Legume Res. 43(5):711–717. http://doi.org/10.18805/
LR-4042

Khole, S., Chatterjee, S., Variyar, P., Sharma, A., Devasagayam, T.P.A. 
and Ghaskadbi, S. 2014. Bioactive constituents of germinated 
fenugreek seeds with strong antioxidant potential. J Funct 
Foods. 6:270–279. https://doi.org/10.1016/j.jff.2013.10.016

Khorshidian, N., Yousefi Asli, M., Arab, M., Adeli Mirzaie, A. and 
Mortazavian, A.M. 2016. Fenugreek: potential applications as a 
functional food and nutraceutical. Nutr Food Sci Res. 3(1):5–16. 
https://doi.org/10.18869/acadpub.nfsr.3.1.5

Kia, A.G., Ganjloo, A. and Bimakr, M. 2018. A short extraction 
time of polysaccharides from fenugreek (Trigonella foencem 
graecum) seed using continuous ultrasound acoustic cavitation: 
process optimization, characterization and biological activities. 
Food Bioproc Technol. 11:2204–2216. https://doi.org/10.1007/
s11947-018-2178-2

molecular targets. Biomed Pharmacother. 90:479–491. https://
doi.org/10.1016/j.biopha.2017.03.071

ElNour, M.E., Ali, A.M. and Saeed, B. 2015. Antimicrobial activities 
and phytochemical screening of callus and seeds extracts of fen-
ugreek (Trigonella foenum-graecum). Int J Curr Microbiol App 
Sci. 4(2):147–157.

Elsaadany, M.A., AlTwejry, H.M., Zabran, R.A., AlShuraim,  S.A., 
AlShaia, W.A.A., Abuzaid, O.I. and AlBaker, W.I. 2022. 
Antihyperglycemic effect of fenugreek and ginger in patients 
with type 2 diabetes: a double-blind, placebo-controlled study. 
Curr Nutr Food Sci. 18(2):231–237. https://doi.org/10.2174/157
3401317666210706121806

Fatima, T., Maqbool, K. and Hussain, S.Z. 2018. Potential health 
benefits of fenugreek. J Med Plants Stud. 6(2):166–169. 

Food and Agriculture Organization (FAO). 2022. World Food and 
Agriculture—Statistical Yearbook. FAO, Rome. https://doi.
org/10.4060/cc2211en

Geberemeskel, G.A., Debebe, Y.G. and Nguse, N.A. 2019. 
Antidiabetic effect of fenugreek seed powder solution 
(Trigonella foenum-graecum L.) on hyperlipidemia in dia-
betic patients. J Diabetes Res. 2019(1):8507453. https://doi.
org/10.1155/2019/8507453

Gharneh, H.A.A and Davodalhosseini, S. 2015. Evaluation of min-
eral content in some native Iranian fenugreek (Trigonella 
foenum-graceum L.) genotypes. J Earth Environ Health Sci. 
1(1):38. https://doi.org/10.4103/2423-7752.159926

Goyal, S., Gupta, N. and Chatterjee, S. 2016. Investigating ther-
apeutic potential of Trigonella foenum-graecum L. as our 
defense mechanism against several human diseases.  J Toxicol. 
2016(1):1250387. https://doi.org/10.1155/2016/1250387

Hadi, S.T., Jameel, F.R. and Hamid, M.M. 2022. Effect of substitut-
ing oats and soybeans on the physicochemical composition of 
burgers and obtaining functional foods. Funct Foods Health Dis. 
12(10):576–589. https://doi.org/10.31989/ffhd.v12i10.996

Hasan, M. and Rahman, M. 2016. Effect of fenugreek on type 2 
diabetic patients. Int J Sci Res Pub. 6(1):2250–3153.

Hassan, A., Al-Salman, F., Redha, A.A., Salem, M. and Saeed, Z. 
2020. Phytochemical investigations of 10 edible plants and 
their antioxidant and antidiabetic activity. Int J Pharma Chem 
Res. 10(3):260–272. https://doi.org/10.33289/IJRPC.10.3.2020. 
10(56)

Haytowitz, D.B., Pehrsson, P.R. and Holden, J.M. 2008. The national 
food and nutrient analysis program: a decade of progress. J 
Food Comp Anal. 21:S94–S102. https://doi.org/10.1016/j.
jfca.2007.07.006

Heshmat-Ghahdarijani, K., Mashayekhiasl, N., Amerizadeh, A., 
Teimouri Jervekani, Z. and Sadeghi, M. 2020. Effect of fenugreek 
consumption on serum lipid profile: A systematic review and 
meta‐analysis. Phytotherapy research, 34(9):2230–2245. https://
doi.org/10.1002/ptr.6690

Hoseini, S.R., Farahpour, M.R. and Nouri Saeidlou, S. 2022. Effectiveness 
of oral administration of fenugreek seed aqueous extract on exci-
sion wound-healing in diabetic rats. J Basic Clin Vet Med. 3(2):53–
59. https://doi.org/10.30495/jbcvm.2022.1971855.1032

Hosseini, S.A., Hamzavi, K., Safarzadeh, H. and Salehi, O. 
2023. Interactive effect of swimming training and fenugreek 

https://doi.org/10.1080/13813455.2020.1826529�
https://doi.org/10.1007/s12098-009-0027-z�
https://doi.org/10.1007/s12098-009-0027-z�
https://doi.org/10.1101/2022.04.11.22273519�
https://doi.org/10.1101/2022.04.11.22273519�
https://doi.org/10.1016/S0140-6736(79)92292-X�
https://doi.org/10.1016/S0140-6736(79)92292-X�
https://doi.org/10.1016/j.jchromb.2016.12.039�
https://doi.org/10.1016/j.jchromb.2018.06.041�
https://doi.org/10.1016/j.jchromb.2018.06.041�
https://doi.org/10.1111/j.1742-7843.2006.pto_241.x�
https://doi.org/10.1111/j.1742-7843.2006.pto_241.x�
https://doi.org/10.1201/9781003082767-23�
https://doi.org/10.15406/jdmdc.2018.05.00149�
https://doi.org/10.15406/jdmdc.2018.05.00149�
http://doi.org/10.18805/LR-4042�
http://doi.org/10.18805/LR-4042�
https://doi.org/10.1016/j.jff.2013.10.016�
https://doi.org/10.18869/acadpub.nfsr.3.1.5�
https://doi.org/10.1007/s11947-018-2178-2�
https://doi.org/10.1007/s11947-018-2178-2�
https://doi.org/10.1016/j.biopha.2017.03.071�
https://doi.org/10.1016/j.biopha.2017.03.071�
https://doi.org/10.2174/1573401317666210706121806�
https://doi.org/10.2174/1573401317666210706121806�
https://doi.org/10.4060/cc2211en�
https://doi.org/10.4060/cc2211en�
https://doi.org/10.1155/2019/8507453�
https://doi.org/10.1155/2019/8507453�
https://doi.org/10.4103/2423-7752.159926�
https://doi.org/10.1155/2016/1250387�
https://doi.org/10.31989/ffhd.v12i10.996�
https://doi.org/10.33289/IJRPC.10.3.2020.10(56�
https://doi.org/10.33289/IJRPC.10.3.2020.10(56�
https://doi.org/10.1016/j.jfca.2007.07.006�
https://doi.org/10.1016/j.jfca.2007.07.006�
https://doi.org/10.1002/ptr.6690�
https://doi.org/10.1002/ptr.6690�
https://doi.org/10.30495/jbcvm.2022.1971855.1032�


Italian Journal of  Food Science, 2025; 37 (3)� 15

Therapeutic and protective valuation of  fenugreek

toxicity in liver and kidney of male rat. Biomed Pharmacother. 
88:19–26. https://doi.org/10.1016/j.biopha.2016.12.078

Mehrafarin, A., Rezazadeh, S., Naghdi Badi, H., 
Noormohammadi, G., Zand, E. and Qaderi, A. 2011. A review on 
biology, cultivation and biotechnology of fenugreek (Trigonella 
foenum-graecum L.) as a valuable medicinal plant and multipur-
pose. J Herb Med Res. 10(37):6–24.

Mohamed, R.S., Marrez, D.A., Salem, S.H., Zaghloul, A.H., 
Ashoush,  I.S., Farrag, A.R.H. and Abdel-Salam, A.M. 2019. 
Hypoglycemic, hypolipidemic and antioxidant effects of green 
sprouts juice and functional dairy micronutrients against 
streptozotocin-induced oxidative stress and diabetes in rats. 
Heliyon. 5(2):e01197. https://doi.org/10.1016/j.heliyon.2019. 
e01197

Mohammadi, M., Mashayekh, T., Rashidi-Monfared, S., Ebrahimi, A. 
and Abedini, D. 2020. New insights into diosgenin biosynthesis 
pathway and its regulation in Trigonella foenum-graecum L. 
Phytochem Anal (PCA). 31(2):229–241. https://doi.org/10.1002/
pca.2887

Murlidhar, M. and Goswami, T. 2012. A review on the functional 
properties, nutritional content, medicinal utilization and poten-
tial application of fenugreek. J Food Proc Technol. 3(9):181. 
https://doi.org/10.4172/2157-7110.1000181

Nagulapalli Venkata, K.C., Swaroop, A., Bagchi, D. and Bishayee, A. 
2017. A small plant with big benefits: fenugreek (Trigonella 
foenum-graecum Linn.) for disease prevention and health 
promotion. Mol Nutr Food Res. 61(6):1600950. https://doi.
org/10.1002/mnfr.201600950

Narapogu, V., Swathi, C., Polsani, M.R. and Premendran, J. 2021. 
Evaluation of anti-diabetic and anti-inflammatory activities of 
fenugreek (Trigonella foenum-graecum) seed extracts on Albino 
Wistar rats. Nat J Physiol Pharm Pharmacol. 11:1277–1282. 
https://doi.org/10.5455/njppp.2021.11.07221202114092021

Olaiya, C.O. and Soetan, K.O. 2014. A review of the health bene-
fits of fenugreek (Trigonella foenum-graecum L.): nutritional, 
biochemical and pharmaceutical perspectives. Am J Soc Iss 
Human. 4:3–12.

Ouzir, M., El Bairi, K. and Amzazi, S. 2016. Toxicological properties 
of fenugreek (Trigonella foenum graecum). Food Chem Toxicol. 
96:145–154. https://doi.org/10.1016/j.fct.2016.08.003

Pereira, A.S., Banegas-Luna, A.J., Peña-García, J., Pérez-Sánchez, H. 
and Apostolides, Z. 2019. Evaluation of the anti-diabetic activity 
of some common herbs and spices: providing new insights with 
inverse virtual screening. Molecules. 24(22):4030. https://doi.
org/10.3390/molecules24224030

Pradeep, S.R. and Srinivasan, K. 2018. Alleviation of oxida-
tive stress-mediated nephropathy by dietary fenugreek 
(Trigonella foenum-graecum) seeds and onion (Allium cepa) in 
streptozotocin-induced diabetic rats. Food Funct. 9:(1)134–148. 
https://doi.org/10.1039/C7FO01044C

Priya, G. and Kalra, S. 2018. A review of insulin resistance in type 1 
diabetes: is there a place for adjunctive metformin? Diabetes 
Ther. 9:349–361. https://doi.org/10.1007/s13300-017-0333-9

Seghatoleslami, M., Mousavi, G., Mahdavi, R. and Zabihi, H. 2013. 
Response of yield and yield component of fenugreek to irrigation 
intervals, potassium and zinc. Ann Res Rev Biol. 3(4):466–474.

Kumar, C., Kumar, R. and Nehar, S. 2013. Phytochemical proper-
ties, total antioxidant status of acetone and methanol extract of 
Terminalia arjuna Roxb. bark and its hypoglycemic effect on Type-II 
diabetic albino rats. J Pharmacog. Phytochem. 2(1):199–208.

Kumar, N., Kumar, M., Verma, M.K., Ramanarayanan, S., Ranjan, A. 
and Ranjan, R. 2021. Bioactive effects and safety profiles of fen-
ugreek (Trigonella foenum-graecum L.) for pharmaceutical and 
medicinal applications. J Pharma innov. 10(12):912–919.

Laila, U., Albina, T., Zuha, S.S. and Tamang, H. 2022. Fenugreek 
seeds: nutritional composition and therapeutic properties. 
Pharma Innov J. 11(6):2417–2425.

Lamsaadi, N., El Moukhtari, A., Irouane, Z., Mouradi,M., 
El Hassni, M., Ghoulam, C. and Farissi, M. 2023. Beneficial role 
of exogenous silicon on yield, antioxidant systems, osmoreg-
ulation and oxidative stress in fenugreek (Trigonella foenum-
graecum L.) under salinity stress. Silicon. 15(1):547–561. https://
doi.org/10.1007/s12633-022-02034-6

Liu, Y. and Miao, J. 2022. An emerging role of defective copper 
metabolism in heart disease. Nutrients. 14(3):700. https://doi.
org/10.3390/nu14030700

Lohvina, H., Sándor, M. and Wink, M. 2021. Effect of ethanol sol-
vents on total phenolic content and antioxidant properties of 
seed extracts of fenugreek (Trigonella foenum-graecum L.) 
varieties and determination of phenolic composition by HPLC-
ESI-MS. Diversity. 14(1):7. https://doi.org/10.3390/d14010007

Malhosia, A., Singh, N., and Singh, S.M. 2022. Determination of 
therapeutic effect of fenugreek seed on the patients suffering 
from type II diabetes mellitus. Iss Develop Med Med Res. 4:120–
127. https://doi.org/10.9734/bpi/idmmr/v4/14569D

Malin, S.K., Kullman, E.L., Scelsi, A.R., Godin, J.P. and Ross, A.B. 
2019. A whole-grain diet increases glucose-stimulated insu-
lin secretion independent of gut hormones in adults at risk for 
type 2 diabetes. Mol Nutr Food Res. 63(7):1800967. https://doi.
org/10.1002/mnfr.201800967

Malunjkar, B., Verma, A., Choudhary, R., Choudhary, R., 
Kaushik,  M. et  al. 2022. Production of fenugreek (Trigonella 
foenum-graecum) as Influenced by weed management practices 
and vermicompost application. Legume Res Int J. 45(1):68–72. 
https//doi.org/10.18805/LR-4363

Man, S.M., Păucean, A., Călian, I.D., Mureșan, V., Chiș, M.S., 
Pop, A., Mureșan, A.E., Bota, M. and Muste, S. 2019. Influence 
of fenugreek flour (Trigonella foenum-graecum L.) addition 
on the technofunctional properties of dark wheat flour. J Food 
Qual. 2019(1):8635806. https://doi.org/10.1155/2019/8635806

Mandal, S., and DebMandal, M. 2016. Fenugreek (Trigonella 
foenum-graecum L.) oils. In: Victor, R.P. (EDS.), Essential Oils 
in Food Preservation, Flavor and Safety. Elsevier, Amsterdam, 
the Netherlands, pp. 421–429. https://doi.org/10.1016/B978-0- 
12-416641-7.00047-X

Martinez-Hurtado, J.L., Calo-Fernandez, B. and Vazquez-Padin,  J. 
2018. Preventing and mitigating alcohol toxicity: a review on pro-
tective substances. Beverages. 4(2):39. https://doi.org/10.3390/
beverages4020039

Mbarki, S., Alimi, H., Bouzenna, H., Elfeki, A. and Hfaiedh, N. 2017. 
Phytochemical study and protective effect of Trigonella foenum 
graecum (fenugreek seeds) against carbon tetrachloride-induced 

https://doi.org/10.1016/j.biopha.2016.12.078�
https://doi.org/10.1016/j.heliyon.2019.e01197�
https://doi.org/10.1016/j.heliyon.2019.e01197�
https://doi.org/10.1002/pca.2887�
https://doi.org/10.1002/pca.2887�
https://doi.org/10.4172/2157-7110.1000181�
https://doi.org/10.1002/mnfr.201600950�
https://doi.org/10.1002/mnfr.201600950�
https://doi.org/10.5455/njppp.2021.11.07221202114092021�
https://doi.org/10.1016/j.fct.2016.08.003�
https://doi.org/10.3390/molecules24224030�
https://doi.org/10.3390/molecules24224030�
https://doi.org/10.1039/C7FO01044C�
https://doi.org/10.1007/s13300-017-0333-9�
https://doi.org/10.1007/s12633-022-02034-6�
https://doi.org/10.1007/s12633-022-02034-6�
https://doi.org/10.3390/nu14030700�
https://doi.org/10.3390/nu14030700�
https://doi.org/10.3390/d14010007�
https://doi.org/10.9734/bpi/idmmr/v4/14569D�
https://doi.org/10.1002/mnfr.201800967�
https://doi.org/10.1002/mnfr.201800967�
https//doi.org/10.18805/LR-4363�
https://doi.org/10.1155/2019/8635806�
https://doi.org/10.1016/B978-0-12-416641-7.00047-X�
https://doi.org/10.1016/B978-0-12-416641-7.00047-X�
https://doi.org/10.3390/beverages4020039�
https://doi.org/10.3390/beverages4020039�


16� Italian Journal of  Food Science, 2025; 37 (3)

Hina S et al.

regulates liver antioxidant defense systems in aging mice. 
Nutrients. 12(9):2552. https://doi.org/10.3390/nu12092552

Tura, A.M., Debisa, M.D., Tulu, E.D, and Tilinti, B.Z. 2023. 
Evaluation of proximate, phytochemical, and heavy metal 
content in black cumin and fenugreek cultivated in Gamo 
Zone, Ethiopia. Int J Food Sci. 2023(1):3404674. https://doi.
org/10.1155/2023/3404674

Türker, İ., Daştan, S. and İşleroğlu, H. 2022. Alkali extraction 
of dietary fiber from Trigonella-foenum graecum L. seeds 
(dietary fiber of fenugreek seeds). Turk J Agricul Food Sci 
Technol. 10(4):621–628. https://doi.org/10.24925/turjaf.v10i4. 
621-628.4696

Valette, G., Sauvaire, Y., Baccou, J.C. and Ribes, G. 1984. 
Hypocholesterolaemic effect of fenugreek seeds in dogs. 
Atherosclerosis. 50(1):105–111. https://doi.org/10.1016/0021- 
9150(84)90012-1

Visuvanathan, T., Than, L.T.L., Stanslas, J., Chew, S.Y. and 
Vellasamy,  S. 2022. Revisiting Trigonella foenum-graecum 
L.: pharmacology and therapeutic potentialities. Plants. 
11(11):1450. https://doi.org/10.3390/plants11111450

Wang, M., Wichienchot, S., He, X., Fu, X., Huang, Q. and Zhang, B. 
2019. In vitro colonic fermentation of dietary fibers: fermen-
tation rate, short-chain fatty acid production and changes 
in microbiota. Trends Food Sci Technol. 88:1-9. https://doi.
org/10.1016/j.tifs.2019.03.005

Wani, S.A. and Kumar, P. 2016. Effect of extrusion on the nutri-
tional, antioxidant and microstructural characteristics of nutri-
tionally enriched snacks.  J Food Proc Preserv.  40(2):166–173. 
https://doi.org/10.1111/jfpp.12593

Wani, S.A. and Kumar, P. 2018. Fenugreek: a review on its nutra-
ceutical properties and utilization in various food products. J 
Saudi Soc Agricul Sci. 17(2):97–106. https://doi.org/10.1016/j.
jssas.2016.01.007

Wijaya, W.H., Mun’im, A. and Djajadisastra, J. 2013. Effectiveness 
test of fenugreek seed (Trigonella foenum-graecum L.) 
extract hair tonic in hair growth activity. Int J Curr Res. 
5(11):3453–3460.

Xue, W., Lei, J., Li, X., and Zhang, R. 2011. Trigonella foenum grae-
cum seed extract protects kidney function and morphology in 
diabetic rats via its antioxidant activity. Nutr Res. 31(7):555–
562. https://doi.org/10.1016/j.nutres.2011.05.010

Xue, W.L., Li, X.S., Zhang, J., Liu, Y.H., Wang, Z. L et  al. 2007. 
Effect of Trigonella foenum-graecum (fenugreek) extract on 
blood glucose, blood lipid and hemorheological properties in 
streptozotocin-induced diabetic rats. Asia Pacific J Clin Nutr. 
16:422–426.

Yadav, S.L. and Ghasolia, R. 2022. Management of root rot of 
fenugreek caused by Rhizoctonia solani using plant extracts 
and bio-agents. Legume Res Intl J. 45(3):391–395. http://doi.
org/10.18805/LR-4438

Yadav, A.N., Kour, D., Rana, K.L., Yadav, N., Singh, B., 
Chauhan, V.S., Rastegari, A.A., Hesham, A.E.L. and Gupta, V.K. 
2019. Metabolic engineering to synthetic biology of secondary 
metabolites production. In: Gupta, V.J. (Eds.), New and Future 
Developments in Microbial Biotechnology and Bioengineering. 

Shabbeer S, Sobolewski M, Anchoori RK, Kachhap S, Hidalgo M, 
Jimeno A, Davidson NE, Carducci M, and Khan S.R. 2009. 
Fenugreek: a naturally occurring edible spice as an anticancer 
agent. Cancer Biol Ther. 8(3):272–278. https://doi.org/10.4161/
cbt.8.3.7443

Shashikumar, J., Champawat, P., Mudgal, V. and Jain, S. 2019. Role of 
fenugreek (Trigonella foenum graecum) in management of dia-
betes disease. J Pharmacog Phytochem. 8(4):184–187.

Sheikhlar, A., Goh Y.M., Ebrahimi, M., Romano, N., Webster, C.D., 
Alimon, A.R., Daud, H. and Javanmard, A. 2018. Replacement 
of dietary fishmeal for fenugreek seed meal on the growth, body 
composition, innate immunological responses and gene expres-
sion of hepatic insulin-like growth factors in African catfish 
(Clarias gariepinus). Aquac Nutr. 24(6):1718–1728. https://doi.
org/10.1111/anu.12806

Singh, K.G., Vyshali, P., Fatema, R. and Shweta, R. 2022. In vitro 
study of antioxidant, anti-diabetic and anti-atherosclerotic 
activity of cold and hot leaf extracts from Trigonella foenum 
gracecum. L. Int J Biochem Res Rev. 31(2):24–32. https://doi.
org/10.9734/ijbcrr/2022/v31i430316

Snehlata, H.S. and Payal, D.R. 2012. Fenugreek (Trigonella foenum-
graecum L.): an overview. Int J Curr Pharm Res. 2:169–187.

Srinivasan, K. 2019. Fenugreek (Trigonella foenum-graecum  L.) 
seeds used as functional food supplements to derive diverse 
health benefits. In: Nabavi, S.M. and Silva, A.S. (Eds.), 
Nonvitamin and Nonmineral Nutritional Supplements. 
Elsevier, Amsterdam, the Netherlands, pp. 217–221. https://doi.
org/10.1016/B978-0-12-812491-8.00031-X

Srivastava, A., Singh, Z., Verma, V. and Choedon, T. 2022. 
Potential health benefits of fenugreek with multiple pharma-
cological properties. In: Khosrow-Pour, M. (Eds.), Research 
Anthology on Recent Advancements in Ethnopharmacology and 
Nutraceuticals. IGI Global, Hershey, PA, pp. 672–687. https://
doi.org/10.4018/978-1-6684-3546-5.ch034

Sun, W., Shahrajabian, M.H. and Cheng, Q. 2021. Fenugreek culti-
vation with emphasis on historical aspects and its uses in tradi-
tional medicine and modern pharmaceutical science. Mini Rev 
Med Chem. 21(6):724–730. https://doi.org/10.2174/1389557520
666201127104907

Suwannasom, N., Kao, I., Pruß, A., Georgieva, R. and Bäumler, H. 
2020. Riboflavin: the health benefits of a forgotten natu-
ral vitamin. Int J Mol Sci. 21(3):950. https://doi.org/10.3390/
ijms21030950

Syed, Q.A., Rashid, Z., Ahmad, M.H., Shukat, R., Ishaq, A., 
Muhammad, N. and Rahman, H.U.U. 2020. Nutritional and ther-
apeutic properties of fenugreek (Trigonella foenum-graecum): a 
review. Int J Food Prop. 23(1):1777–1791. https://doi.org/10.1080/ 
10942912.2020.1825482

Syeda, B.B., Muhammad, I. and Shahabuddin, M. 2008. Antioxidant 
activity from the extract of fenugreek seeds. Pak J Anal Environ 
Chem. 9(2):78–83.

Tewari, D., Jóźwik, A., Łysek-Gładysińska, M., Grzybek, W., 
Adamus-Białek, W., Bicki, J., Strzałkowska, N., Kamińska,  A., 
Horbańczuk, O.K. and Atanasov, A.G. 2020. Fenugreek 
(Trigonella foenum-graecum L.) seeds dietary supplementation 

https://doi.org/10.3390/nu12092552�
https://doi.org/10.1155/2023/3404674�
https://doi.org/10.1155/2023/3404674�
https://doi.org/10.24925/turjaf.v10i4.621-628.4696�
https://doi.org/10.24925/turjaf.v10i4.621-628.4696�
https://doi.org/10.1016/0021-9150(84)90012-1�
https://doi.org/10.1016/0021-9150(84)90012-1�
https://doi.org/10.3390/plants11111450�
https://doi.org/10.1016/j.tifs.2019.03.005�
https://doi.org/10.1016/j.tifs.2019.03.005�
https://doi.org/10.1111/jfpp.12593�
https://doi.org/10.1016/j.jssas.2016.01.007�
https://doi.org/10.1016/j.jssas.2016.01.007�
https://doi.org/10.1016/j.nutres.2011.05.010�
http://doi.org/10.18805/LR-4438�
http://doi.org/10.18805/LR-4438�
https://doi.org/10.4161/cbt.8.3.7443�
https://doi.org/10.4161/cbt.8.3.7443�
https://doi.org/10.1111/anu.12806�
https://doi.org/10.1111/anu.12806�
https://doi.org/10.9734/ijbcrr/2022/v31i430316�
https://doi.org/10.9734/ijbcrr/2022/v31i430316�
https://doi.org/10.1016/B978-0-12-812491-8.00031-X�
https://doi.org/10.1016/B978-0-12-812491-8.00031-X�
https://doi.org/10.4018/978-1-6684-3546-5.ch034�
https://doi.org/10.4018/978-1-6684-3546-5.ch034�
https://doi.org/10.2174/1389557520666201127104907�
https://doi.org/10.2174/1389557520666201127104907�
https://doi.org/10.3390/ijms21030950�
https://doi.org/10.3390/ijms21030950�
https://doi.org/10.1080/10942912.2020.1825482�
https://doi.org/10.1080/10942912.2020.1825482�


Italian Journal of  Food Science, 2025; 37 (3)� 17

Therapeutic and protective valuation of  fenugreek

Tewari, A., Singh, R. and Brar, J.K. 2024. Pharmacological and 
Therapeutic Properties of Fenugreek (Trigonella foenum-grae-
cum) Seed: A Review.  J. Phytopharm. 13:97–104. https://doi.
org/10.31254/phyto.2024.13203

Shadab, M., Akhtar, N. and Siddiqui, M.B. 2024. Medicinal and 
Nutritional Importance of rigonella foenum-graecum in 
Human Health. In: Ansari, M.A., Shoab, S. and Islam, N. (Eds.), 
Medicinal Plants and their Bioactive Compounds in Human 
Health. Springer Nature, Singapore, 1:123–141. https://doi.
org/10.1007/978-981-97-6895-0_7

Verma, P.P., Nayyer, M.A., Singh, S., Siddiqui, S., Kumar, D., Agri, B. 
and Padalia, R.C. 2023. Exploring genetic and morpholog-
ical diversity of fenugreek (Trigonella foenum-graecum L.) 
in Uttarakhand: A Review.  JAHM. 9(3):133–137. https://doi.
org/10.31254/jahm.2023.9307 

Elsevier, Amsterdam, the Netherlands, pp. 279–320. https://doi.
org/10.1016/B978-0-444-63504-4.00020-7

Yu, H., Liang, H., Ren, M., Ji, K. and Yang, Q. 2019. Effects of 
dietary fenugreek seed extracts on growth performance, plasma 
biochemical parameters, lipid metabolism, Nrf2 antioxidant 
capacity and immune response of juvenile blunt snout bream 
(Megalobrama amblycephala). Fish Shellfish Immunol. 94:211–
219. https://doi.org/10.1016/j.fsi.2019.09.018

Zandi, P., Basu, S.K., Cetzal-Ix, W., Kordrostami, M., Chalaras, S.K. 
et al. 2017. Fenugreek (Trigonella foenum-graecum L.): an import-
ant medicinal and aromatic crop. In: El-Shemy, H. (Eds.), Active 
Ingredients from Aromatic and Medicinal Plants. IntechOpen, 
Cairo, Egypt, pp. 207–224. https://doi.org/10.5772/66506

Żuk-Gołaszewska, K. and Wierzbowska, J. 2017. Fenugreek: pro-
ductivity, nutritional value and uses. J Elementol. 22(3):1067–
1080. https://doi.org/10.5601/jelem.2017.22.1.1396

https://doi.org/10.31254/phyto.2024.13203
https://doi.org/10.31254/phyto.2024.13203
https://doi.org/10.1007/978-981-97-6895-0_7�
https://doi.org/10.1007/978-981-97-6895-0_7�
https://doi.org/10.31254/jahm.2023.9307�
https://doi.org/10.31254/jahm.2023.9307�
https://doi.org/10.1016/B978-0-444-63504-4.00020-7�
https://doi.org/10.1016/B978-0-444-63504-4.00020-7�
https://doi.org/10.1016/j.fsi.2019.09.018�
https://doi.org/10.5772/66506�
https://doi.org/10.5601/jelem.2017.22.1.1396�

	_Hlk147922542
	_Hlk167806443
	_Hlk142654756
	_Hlk148891993
	_Hlk147925106
	_Hlk181305387
	_Hlk181304253
	_Hlk181303761
	_Hlk181306132
	_Hlk148883472
	_Hlk148883967
	_Hlk150474159

