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Trigonella foenum-graecum (TFG) is a significant leguminous plant with diverse 
pharmacological effects. However, the resistant character of this plant accounts for significant 
difficulties in vitro multiplication, justifying the necessity to try new techniques for in vitro 
propagation of this plant. Hence, this study reports the effects of BAP, NAA, and 2,4-D on in 
vitro callus formation of seeds. The toxicity properties of seeds, plant, and callus aqueous extracts 
of TFG were measured by brine shrimp assay (BSA). Callus index, frequency of callus, callus 
weight, and morphology of callus were recorded after 30 days of culture. No callus formation was 
observed in the absence of plant growth regulators. The maximum callus formation observed in 
the MS media containing 1.0 mg/l 2,4-D, the highest mean of the callus index (52±9.5) with 
100% frequency and callus yield (0.52±0.08 g) in 30 days of culture. The highest mean of callus 
index (37±0 4.05) for combination hormones with 100% callusing and yield (0.37±0.02 g) in 
30 days of culture by 1.0 mg/l BAA with 0.5 mg/l NAA. Seeds extract of TFG showed the 
highest toxicity (954.99 µg/ml), aqueous plant extract (1237.98 µg/ml), and aqueous callus 
extract (1801 µg/ml) from BSA. Comparing individual hormones, the highest amount of callus 
in TFG can be yielded 2,4-D hormone alone, and a combination of BAP and NAA can yield 
100% callus. 
 

Contribution/ Originality: This study contributes to the existing literature in plant tissue culture techniques 

and determines various concentrations of hormones, where this study has been done by using two groups of hormones 

auxin and cytokinins. The seeds of fenugreek were cultured in media supplemented with BAP, NAA, and 2,4-D 

hormones. 

 

1. INTRODUCTION 

Plant tissue culture is the in vitro growing of plant cells or tissues in an aseptic and controlled environment, in 

liquid or semisolid well-specified nutritional media, to synthesise primary and secondary metabolites or regenerate 

plants [1, 2]. This approach provides alternate answers to problems that arise due to the current pace of extinction 

and devastation of flora and ecosystems. The entire procedure necessitates a well-equipped culture laboratory and 

nutritional media [3, 4].  

Plant callus is a collection of undifferentiated cells generated from plant tissue (explants) in biological research 

and biotechnology. Callus cells over a plant wound in plant biology [5]. Callus development from original explants 
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is required as the first stage in many tissue culture investigations [6-8]. Plant growth regulators (auxin and 

cytokinin) in the culture media regulate callus development. The concentrations of plant growth regulators might 

differ based on the plant type. Temperature, light, and other cultural variables all have a role in callus creation and 

growth. Callus culture can be employed in many experiments and investigations, including protoplast isolation, cell 

type, cellular selection, somatic embryogenesis, and secondary product synthesis [9]. 

Trigonella foenum-graecum or fenugreek is a dicotyledonous self-pollinating annual plant belonging to the 

Fabaceae family Leguminosae.  

Fenugreek is one of the most important plants used in medicine and human health since ancient times and in the 

various civilizations of the world as the Egyptian, Greek, and Indian civilizations have been used in traditional 

medicine [10, 11]. Fenugreek is grown in many parts of the world, such as North Africa, the middle east, Europe, 

Southeast Asia, Australia and Argentina. But India is the most productive and consuming country for fenugreek in 

the world [12]. Since ancient times, fenugreek seeds and aerial parts used in traditional medicine have been a rich 

protein source, whether for humans or animals Figure 1 [13]. The essential benefits that drew attention to the 

fenugreek using the plant as a pain reliever, antidiabetic, anti-cancer, heart tonic, increased sexual desire and increased 

breast milk [14, 15].  

In addition, the fenugreek plant contains high levels of saponin, medicinal alkaloids, antioxidant and steroid 

compounds, and a great source of important plant hormone trigonelline used in the treatment of various types of 

cancers; many studies prove the importance of trigonelline as a sedative [16]. Fenugreek is characterized by the 

diversity of medicinal components such as volatile substances, amino acids and phenolic substances and considering 

an anti-inflammatory plant Figure 1, Figure 2, Figure 3 [17, 18]. 

Some researchers have documented severe bronchospasms, wheezing, and diarrhoea in a person allergic to curry 

powder containing fenugreek. According to the findings, patients tested positive for an allergic reaction to the plant 

extract in a skin patch study. Fenugreek consumption has also been linked to temporary side effects such as diarrhoea, 

flatulence, and dizziness [19]. 

 There are bioactive elements in fenugreek that may impact human glucose and cholesterol levels, including 

dietary fibre (galactomannan) and steroid steroidoids (diosgenin). Consumption of fenugreek may cause 

hypoglycaemia; therefore, patients should have their blood glucose monitored before using fenugreek as a dietary 

supplement. However, there have been no reports of clinically significant side effects from taking fenugreek as a food 

or medical complement [20].  

Toxic plants may come from various sources, such as pollutants or chemical compounds found in the plant itself. 

Research into herbal extract potential toxicity uses many tests, including in vivo experiments on laboratory animals 

and a variety of other biological models.  

Alternative biological tests, such as Artemia salina, Thamnocephalus platyurus, Artemia urmiana, and Artemia 

franciscana species, have been used in recent research. These toxicity assays are regarded as a valuable tool for 

assessing toxicity in the early stages [21]. The Brine Shrimp Assay has been extensively utilised for the last 30 years 

to examine the toxicity of a broad range of plant products [22].  

In this study, seeds of fenugreek were used as explant for callus induction by plant tissue culture technique. The 

seeds of fenugreek sown in Ms media were supplemented with different concentrations of auxins Naphthalene acetic 

acid (NAA) and 2,4-dichlorophenoxyacetic acid (2,4-D) and cytokinins 6-Benzylaminopurine BAP singly and 

combined.  

Toxicity measurement by brine shrimp assay was used to examine the aqueous extracts of fenugreek seeds, 

fenugreek plant and callus induced from plant tissue culture by different concentrations of plant growth regulators. 

Toxicity was calculated for each extract by measuring the value of lethal concentration LC50. 
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Figure 1. Fenugreek seeds. 

 

 
Figure 2. Fenugreek seeds powder. 
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Figure 3. Fenugreek plant. 

 

2. METHODOLOGY  

2.1. Materials 

2.1.1. Raw Materials 

Trigonella foenum-graecum seeds were purchased from Mercearia Neighbourhood grocer at Shah Alam, 

Selangor, Malaysia. Brine shrimp eggs were purchased from Shopee app. Online platform. 

 

2.1.2. Chemicals 

Chemicals used in the experiments are sodium hypochlorite, ethanol, distilled water, MS (Murashige and Skoog 

medium 1962), naphthalene acetic acid (NAA), 2,4-dichlorophenoxyacetic acid (2,4-D), 6-Benzylaminopurine (BAP), 

sucrose, Gelrite agar, thymol. 

 

2.2. In Vitro Callus Induction 

2.2.1. Surface Sterilisation and Explant Preparation   

Soak the fenugreek purchased seeds before the night of culture and then wash the seeds with running water well 

for 5 minutes to get rid of dust and impurities on the surface of the seeds. Then fenugreek seeds were sterilised with 

5% sodium hypochlorite (v/v) for 20 seconds, followed by consecutive rinsing with sterilized distilled water to remove 

the effect of sodium hypochlorite. After those seeds were swirled with 70% ethanol (v/v) for three minutes. Sterilized 

seeds were again rinsed with sterilized distilled water to remove the toxic effect of ethanol. To remove the extra 

water, the aseptic seeds were put within a Petri dish on sterilised Whatman's filter paper. 

 

2.2.2. Media Preparation and Seeds Culture 

MS medium was supplemented with 30 g/L sucrose as an energy source and fortified with various concentrations 

of NAA, 2,4-D (0.5, 1.0, and 2.0 mg/L), and BAP hormones (1.0, 2.0, and 3.0 mg/L) singly and in combination. 

Hormones were not used in the control group. Before to autoclaving, the medium was solidified with 4 g/L agar and 
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the pH was adjusted to 5.8. The media were autoclaved for 20 minutes at 121°C. After autoclaving, 20 ml of liquid 

media was poured into pillboxes, which were then allowed to cool and harden before being labelled. The aseptic seeds 

were then transferred to the hardened MS medium using sterile forceps. Cultured seeds were kept for 30 days, in a 

culture chamber of a plant tissue culture at 25±2 C in a 16 hours light and 8 hours dark period with relative humidity 

ranging from 40–60 %. Each treatment included 15 pillbox replicas, each implanted with three seeds. Based on the 

data, the optimal hormone concentrations for callus induction were found during this period (frequency of callus 

induction, callus index, callus morphology colour and texture). The optimal hormone concentration for in vitro callus 

induction was determined by taking the final mean of all the frequency and index of callus data after 30 days. After 

30 days, all callus induced by all treatments were collected and stored to create the aqueous callus extract for the 

brine shrimp assay. 

 

2.3. Extract Preparation 

2.3.1. Aqueous Seed Extract Preparation  

10 grams of fenugreek seeds were weighed. Then the seeds were ground by the mill and powdered.  Following, 

the grinded powder was soaked in 100ml of distilled water for 24 hours. After that, filtered the extract with muslin 

cotton and filtered with Whatman No. 1 filter paper [23, 24] prepared a stock solution of extract 1 mg/ml and kept 

at 4 ⸰C for further usage. 

 

2.3.2. Aqueous Fenugreek Plant Extract Preparation 

Fenugreek plant was grown for 30 days in an outdoor environment. Afterwards, 10 grams of Fenugreek plant 

was weighed, and samples were washed using tap water to eliminate dust and dirt particles. Then the plant was placed 

in the electric blender to make the plant pulp mixture. Distilled water was added during the blending to facilitate the 

filtration processes (using muslin cotton and filter paper Whatman No. 1). Eventually, 1 mg/ml of stock solution 

were prepared and kept at 4 ⸰C for further usage.  

 

2.3.3. Fenugreek Callus Extract Preparation 

Callus from all treatments were collected and 10 gm of fenugreek seeds callus were grinded using mortar and 

pestle and added with water. The extracts were filtered using Whatman No. 1 filter paper [25] Stock solution 1 

mg/ml were prepared and kept at 4 ⸰C for further using. 

 

2.4. Toxicity Analysis 

2.4.1. Brine Shrimp Hatching  

1 litre of distilled water was poured it into a homemade brain shrimp hatcher. 35 grams of NaCl was added into 

the water-filled hatcher. Adequate aeration was maintained inside the hatcher using air pump. roughly 1 g of brine 

shrimp eggs was added into the jar’s and stir with the water. The nauplii hatches in 20-24 hours. After the following 

24 hours, the hatched nauplii were separated from the empty egg and shells residues.  

 

2.4.2. Toxicity test  

Prepare Petri dishes to contain 20 ml of artificial seawater. Added different concentrations of the stock solution 

to the petri dishes and make the dilution with the seawater (5ml, 4ml, 3ml, 2ml, 1ml) will get five different 

concentrations (250 µg/ml, 200 µg/ml, 150 µg/ml, 100 µg/ml, 50 µg/ml) with five replicates for each concentration 

according to procedures described by Meyer study with simple modified [26, 27]. 

Experiment with different concentrations of the plant extracts on the nauplii. The experiment was conducted in 

triplicate to ensure that the data obtained were statistically repeatable [22]. After 24 hours, survivors were counted, 

and percentage of death (mortality) was determined using following equation: 
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% Mortality =
 number of dead nauplii

number of dead nauplii + number of live nauplii 
×100 

 

The lack of controlled forward movement during 30 seconds of observation is defined as the bioassay's death 

endpoint. The mortality percentage of the nauplii was determined for each concentration and control. The number of 

deaths for each petri dish was calculated by counting the number of dead and living naupliis. 

 

2.4.3. LC50 Calculate 

The toxicity of herbal extracts was typically valued as LC50 values when compared to Meyer’s or Clarkson’s 

toxicity indexes. Using probit analysis, the lethality concentration (LC50) was determined using following equation.  

Y = ax + b 

Replace Y value to LC50 by using probit regression and it is equal to 5. 

Where a = X variable, b = intercept value. 

The LC50 (median lethal concentration) values were derived by graphing the log concentration against the death 

percentage on a probit scale by Finney [28] and utilizing the regression line produced [28].  

 

2.5. Statistical Analysis  

SPSS (Version 17. O) software was used for descriptive statistical analysis, and data were analysed using one-

way ANOVA. Tukey’s test was used to separate the means. For analysis data of LC50 used regression on the Excel 

Platform. 

 

3. RESULTS AND DISCUSSION  

3.1. Callus Induction  

T. foenum-graecum seeds induced callus in MS (Murashige and Skoog) medium supplemented with various doses 

of the hormones BAP, NAA, and 2,4-D after 30 days.  

 

3.1.1. Effect of Different Concentrations of BAP on Callus Induction of T. Foenum-Graecum Seeds 

As shown in Table 1, there is no effect of BAP hormone at all on induced callus of T. foenum-graecum seeds after 

30 days of culture. These findings reinforce the general belief that the cytokinin hormones are plant growth regulators 

that influence plant growth and development, establishing blooms and promoting fruit richness by encouraging cell 

division. At the same time, it does not affect or induce the plant to form callus [29]. 

 

3.1.2. Effect of Different Concentrations of NAA on Callus Induction of T. Foenum-Graecum Seeds 

As shown in Table 1, and Table 2, NAA hormone leads to induce callus of T. foenum-graecum from seeds. All 

concentrations of NAA hormone (0.5 mg/l, 1.0 mg/l 2.0 mg/l) used in this study caused to induce the callus after 30 

days of culture for explant T. Foenum-graecum seeds in MS media supplemented with previous concentrations of NAA 

hormone. The callus was successfully induced in all different concentrations of NAA hormone. No callus induction 

was observed in the absence of NAA hormone in Ms media which was used as control. 

These outcomes agreed with Mawahib, et al. [30], who studied auxins' effect on callus induction using T. 

Foenum-graecum as an explant. The results in Table 1 demonstrated that raising NAA hormone concentrations to 2.0 

mg/l resulted in a significant rise (P ≤ 0.05) in callus index, which then began to decrease when the hormone 

concentration was reduced to 1.0 mg/l. 
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Table 1. Effect of different concentrations of BAP, NAA and 2,4-D on callus induction of T. foenum-graecum frequency 
of callus, callus weight, and callus index. Data represent mean ± SE. 

Treatments 
Hormone Mg/L Mean±SE 

BAP NAA 2,4-D Callus % Callus Weight (g) Callus Index 

MSO 0 0 0 0c 0± 0f 0±0e 
T1 1 0 0 0c 0± 0f 0±0e 
T2 1 0.5 0 100a 0.37±0.02bc 37±2.04b 
T3 1 1 0 93.33a 0.22±0.05d 21±5.88c 
T4 1 2 0 0c 0±0f 0±0e 
T5 1 0 0.5 33.33b 0.03±0.01ef 0.85±0.10de 
T6 1 0 1 0c 0±0f 0±0e 
T7 1 0 2 0c 0±0f 0±0e 
T8 2 0 0 0c 0±0f 0±0e 
T9 2 0.5 0 100a 0.50±0.06ab 49.33±6.96ab 
T10 2 1 0 0c 0±0f 0±0e 
T11 2 2 0 0c 0±0f 0±0e 
T12 2 0 0.5 0c 0±0f 0±0e 
T13 2 0 1 0c 0±0f 0±0e 
T14 2 0 2 0c 0±0f 0±0e 
T15 4 0 0 0c 0±0f 0±0e 
T16 4 0.5 0 0c 0±0f 0±0e 
T17 4 1 0 0c 0±0f 0±0e 
T18 4 2 0 0c 0±0f 0±0e 
T19 4 0 0.5 0c 0±0f 0±0e 
T20 4 0 1 0c 0±0f 0±0e 
T21 4 0 2 0c 0±0f 0±0e 
T22 0 0.5 0 100a 0.15±0.01de 15±0.74cd 
T23 0 1 0 93.33a 0.13±0.01def 13±1.95cde 
T24 0 2 0 100a 0.16±0.02de 16±2.45cd 
T25 0 0 0.5 100a 0.40±0.05cd 40±5.36ab 
T26 0 0 1 100a 0.52±0.08a 52±8.24a 
T27 0 0 2 100a 0.51±0.04a 51±4.02ab 

 

Note: a, b, c, d, e and f show vertically mean there is a significant difference at p<0.05 significant level. 

 

Table 1 shows the effect of this hormone, NAA. Promoted NAA hormone concentrations in the MS medium 

increased callus formation. The greatest mean of callusing index and proliferation from T. Foenum-graecum seeds was 

(16±4.90), with 100% callus induction in the 30 days by 2.0mg/l NAA. Followed by 0.5 mg/l since was the callus 

index (15±1.49), with 100% callus induction in 30 days of culture.  The lowest callus induction observed in 

concentration 1 mg/l of NAA hormone where was the callus index (13±4.30) and callus induction percentage 93.33% 

after 30 days of culture. The texture of induced callus of T. Foenum-graecum was soft and showed white colour in all 

concentrations used in these treatments as stated in Table 2.  

These findings are in line with those reported by Elnour et al., whom employed hypocotyls and cotyledons of T. 

Foenum-graecum as explants instead of seeds [31] Callus weight that induced in concentrations (0.5 mg/l, 1.0 mg/l, 

2.0 mg/l) of NAA hormone showed differences where was (0.15±0.05 gm, 0.13±0.06 gm, 0.16±0.06gm) respectively. 

The best yield of callus obtained of concentration 2 mg/l of NAA hormone. 

 

3.1.3. Effect of Different Concentrations of 2,4-D on Callus Induction of T. Foenum-Graecum Seeds 

As seen in Table 1, and Table 2, using 2,4-D hormones with different concentrations (0.5 mg/l, 1.0 mg/l, 2.0 

mg/l) to induce callus of T. Foenum-graecum seeds produced the better result in this study. The callus was successfully 

induced in all different concentrations of 2,4-D hormone. No callus induction was observed in the absence of 2,4-D 

hormone where used the Ms media was without any hormones as control. The results revealed that elevating of 2,4-

D hormone concentrations to 1 mg/l improved the callus index significantly (P<0.05), whereas increasing up to 

2mg/l lowered the callus index and percentage of callus. The greatest mean of callusing index and proliferation from 
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T. Foenum-graecum seeds was (52±9.5), with 100% callus induction in the 30 days by 1.0mg/l 2,4-D. Followed by 0.5 

mg/l since was the callus index (51±7.05), with 100% callus induction in 30 days of culture. 

 

Table 2. Effect of different concentrations of BAP, NAA and 2,4-D on morphology of callus of T. foenum-graecum 
texture and color. 

Treatments 
Hormone MG/L 

BAP NAA 2,4-D Callus Texture Callus Color 

MSO 0 0 0 - - 
T1 1 0 0 - - 
T2 1 0.5 0 Soft Callus Greenish Callus 
T3 1 1 0 Soft Callus Greenish Callus 
T4 1 2 0 - - 
T5 1 0 0.5 Soft Callus White Callus 
T6 1 0 1 - - 
T7 1 0 2 - - 
T8 2 0 0 - - 
T9 2 0.5 0 Soft Callus Greenish Callus 

T10 2 1 0 - - 
T11 2 2 0 - - 
T12 2 0 0.5 - - 
T13 2 0 1 - - 
T14 2 0 2 - - 
T15 4 0 0 - - 
T16 4 0.5 0 - - 
T17 4 1 0 - - 
T18 4 2 0 - - 
T19 4 0 0.5 - - 
T20 4 0 1 - - 
T21 4 0 2 - - 
T22 0 0.5 0 Soft Callus White Callus 
T23 0 1 0 Soft Callus White Callus 
T24 0 2 0 Soft Callus White Callus 
T25 0 0 0.5 Soft Callus Greenish Callus 
T26 0 0 1 Soft Callus Greenish Callus 
T27 0 0 2 Soft Callus Brownish Callus 

 

This study agrees with Elnour, et al. [31], where used 2,4-D hormone for callus induction of T. foenum-graecum 

using hypocotyls and cotyledon as explant. The outcome showed that 2,4-D hormone gave high frequency of callus 

induction. As well as in line with a study by Abd Elaleem, et al. [32] since using 2,4-D hormone in callus induction 

and the callus index increase from 0.5 mg/l, 1 mg/l, 1.5 mg/l, while decreased when elevated to 2 mg/l in hypocotyl 

explant. Table 1, shows the effect of this hormone, 2,4-D. Promoted 2,4-D hormone concentration of 2,4-D to 2 mg/l. 

As well callus frequency showed 100% in all concentrations. Callus weight that induced in concentrations (0.5 mg/l, 

1 mg/l, 2 mg/l) of 2,4-D hormone showed difference where was (0.40±0.09 gm, 0.52±0.17 gm, 0.51±0.12 gm) 

respectively. Best yield of callus obtained of concentration 1 mg/l of 2,4-D hormone. Texture of induced callus of T. 

Foenum-graecum was soft and showed white colour in all concentrations used in these treatments as stated in Table 2 

and Figure 4. 

 

3.1.4. Effect of Different Concentrations of BAP with NAA on Callus Induction of T. Foenum-Graecum Seeds 

Callus formation was seen in 3 treatments out of the 9 treatments from seed explants grown on MS medium 

supplemented with varying concentrations of BAP and NAA. As seen in Table 1 and Table 2, Maximum callus 

induction was seen after 30 days of cultures on MS medium supplemented with 2.0 mg/l BAP with 0.5 mg/l NAA, 

followed by 1.0 mg/l BAP with 0.5 mg/l NAA, and the lowest callus induced from 1.0 mg/l BAP with 1 mg/l NAA, 

where the callus index was 49.33±5, 37±0 4.05, and 21±10 respectively. As for the other concentrations, the absence 
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of callus was observed and in the MSO used as a control in this study. It was noted that the high concentrations of 

BAP with NAA gave negative results and didn’t show any response in callus formation. 

 

 
Figure 4. Callus induction of T. foenum-graecum Seeds by different concentrations of BAP, NAA and 2,4-D. 
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The frequency of callus induction for this study appeared 100% for 2.0 mg/l BAP with 0.5 mg/l NAA and 1.0 

mg/l BAP with 0.5 mg/l NAA. The results of this study showed some improvement over other studies such as 

Raveesha and Ashalatha [25], which used D. arayalpathra as an explant, where the frequency of callus induction to 

concentrations 1.0 mg/l BAP with 0.5 mg/l NAA and 2.0 mg/l with 0.5 mg/l NAA was 96.67 and 95 respectively. 

The result of this study is in line with the study conducted by Bakar, et al. [33] since Celosia argentea was used as 

explant, the ratio of callus induction was 98% for 1.0 mg/l BAP with 0.5 mg/l NAA and 1 mg/l BAP with 1.0 mg/l 

NAA which shows it is almost same with this result. 

The weight of the induced callus from the concentrations that gave a positive response differed where the highest 

callus weight was (0.50±0.10 gm) at the concentration 2.0 mg/l BAP with 0.5 mg/l NAA. Followed by (0.37±0.24 

gm) at the concentration 1 mg/l BAP with 0.5 mg/l NAA. 

While yield of callus weight was (0.22±0.10 gm) the lowest at 1.0 mg/l BAP with 1.0 mg/l NAA and the lowest 

frequency of callus induction 93.33 %. Texture of induced callus of T. Foenum-graecum was soft and showed green 

colour in all concentrations used in these treatments as stated in Table 2 and Figure 4. 

 

3.1.5. Effect of Different Concentrations of BAP with 2,4-D on Callus Induction of T. Foenum-Graecum Seeds 

As shown Table 1 and Table 2, the combination of BAP hormone and 2,4-D did not show any obvious induction 

of callus of T. Foenum-graecum seeds except for the concentration 1.0 mg/l of BAP with 0.5 mg/l of 2,4-D. This 

concentration showed a weak result and caused the induction of callus in a low percentage 33.33% only, as well as the 

weight of callus was low (0.03±0.01 gm). The callus index was (0.85±0.12) and the texture was soft and white colour 

Figure 4. 

Overall, on 1.0 mg/l and 2.0 mg/l 2,4-D respectively, the maximum callus induction was found (52±9.5 gm), 

(0.51±0.12 gm). When compared to other treatments, the hormone in 30 days was significant (p ≤ 0.05). It was 

observed that the kind and concentration of growth regulators had a significant influence on callus induction of T. 

Foenum-graecum seeds. Followed by a combination of BAP and NAA since 2 mg/l BAP with 0.5 mg/l NAA callus 

induction was found (0.50±0.10 g) and 1 mg/l of BAP with 0.5 mg/l NAA gave (0.37±0.24 g) and a minimum yield 

of this combination found on 1 mg/l BAP with 1mg/l NAA (0.22±0.10 g). 

Using the NAA hormone alone with different concentrations (0.5 mg/l, 1.0 mg/l 2.0 mg/l) also showed some 

effect of callus induction of T. Foenum-graecum seeds where gave yield of callus (0.15±0.05 g, 0.13±0.06 g, 0.16±0.06 

g) respectively. While the combination of BAP with 2,4-D showed the lowest yield of callus on concentration 1mg/l 

BAP with 0.5 mg/l 2,4-D (0.03±0.01 g) and no effect at all for other concentrations. The hormones in 30 days were 

significant (p ≤ 0.05). 

 

3.2. Assessment of T. Foenum-graecum Extracts Toxicity by Brine Shrimp Lethality Assay 

The brine shrimp lethality assay (BSLA) is a low-cost and straightforward bioassay for determining the 

effectiveness of phytochemicals found in plant extracts. According to the findings of this investigation, the level of 

lethality was directly related to the concentration of the extract. 

 

3.2.1. Toxicity of Aqueous Extract of T. Foenum-Graecum Seeds 

The percentage of A. salina nauplii mortality increased as solution concentration was increased. After 24 hours 

of monitoring, all the shrimp nauplii in the distilled water (negative control) survived. Whereas in the Thymol 

(positive control), all the naupliis died within 24 hours in concentrations 150 µg/ml, 200 µg/ml and 250 µg/ml Figure 

5. The highest mortality percentage was observed at a concentration 250 µg/ml of T. Foenum-graecum seeds aqueous 

extract 26.60 %. In comparison, the lowest mortality rate was observed at a concentration 50 µg/ml 6.66 % as shown 

in Figure 6. 
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Figure 5. Relationship between the mortality percentage and increased thymol concentrations as positive control. 

 

The lethality of an aqueous extract of T. Foenum-graecum seeds on brine shrimps naupliis was determined Table 

3 LC50 954.99 µg/ml. This value of LC50 is considered low toxic according to Clarkson's toxicity criterion [34]. 

Fenugreek seeds contain many active compounds that may be reasons for the low toxicity at high doses, such as 

flavonoids, alkaloids, coumarins, saponins, and other antioxidants [35]. Fenugreek seeds also had high levels of the 

toxic metals Cd and Pb, making the fenugreek seeds unsuitable for daily consumption [36]. Therefore these 

substances might how to cause toxicity against brine shrimp naupliis. 

 

 
Figure 6. Relationship between the mortality percentage and increased T. foenum-graecum seeds extract concentrations. 
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Table 3. Mortality percentage of shrimp Nauplii and LC50 after treating with aqueous extract of Trigonella foenum-graecum seeds, plant, and 
callus and toxicity classification according to Clarkson’s toxicity criterion. 

Extracts 
Concentrations 

µg/ml 

No. of Surviving Nauplii 
(After 24 Hours) 

Total No. 
of Nauplii 
Survivors 

% 
Mortality 

LC50 
µg/ml 

Toxicity 
Class 

T1 T2 T3 

Thymol 
(positive 
control) 

50 0 0 1 1 97.00% 

30.33 High toxic 
100 1 0 0 1 97.00% 
150 0 0 0 0 100.00% 
200 0 0 0 0 100.00% 
250 0 0 0 0 100.00% 

Distilled 
water 
(negative 
control) 

50 10 10 10 30 0.00% 

- Non toxic 
100 10 10 10 30 0.00% 
150 10 10 10 30 0.00% 
200 10 10 10 30 0.00% 
250 10 10 10 30 0.00% 

TFG Seed 
Extract  

50 9 10 9 28 6.66% 

954.99 
Low 

Toxic 

100 9 9 9 27 10% 
150 8 9 9 26 13.30% 
200 8 8 8 24 20% 
250 7 8 7 22 26.60% 

TFG 
Whole 
Plant 
Extract 

50 9 10 10 29 3.33% 

1237.98 Non toxic 
100 9 9 10 28 6.66 
150 8 9 10 27 10% 
200 9 7 9 25 16.66% 
250 7 8 8 23 23.33% 

TFG 
Callus 
Extract 

50 9 10 10 29 3.33% 

1801.52 Non toxic 
100 10 9 19 29 3.33% 
150 9 9 10 28 6.66% 
200 7 10 9 26 13.33% 
250 8 9 8 25 16.66% 

 

3.2.2. Toxicity of Aqueous Extract of T. Foenum-Graecum Plant 

The percentage of A. salina nauplii mortality increased as solution concentration was increased. After 24 hours 

of monitoring, all the A. salina naupliis in the distilled water (negative control) survived. Whereas in the Thymol 

(positive control), all the naupliis died within 24 hours in concentrations 150 µg/ml, 200 µg/ml and 250 µg/ml. The 

highest mortality percentage was observed at a concentration 250 µg/ml of T. Foenum-graecum plant aqueous extract 

23.33 %. In comparison, the lowest mortality rate was observed at a concentration 50 µg/ml 6.66 % as shown in 

Figure 7. The maximum concentration of plant extract in this study gave less mortality than the same concentration 

for the seeds, where was 26.60 %. 

 

 
Figure 7. Relationship between the mortality percentage and increased T. foenum-graecum plant extract concentrations. 
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As shown in Table 3, the LC50 value of whole plant extract was 1237.98 µg/ml. according to Clarkson's toxicity 

criterion T. Foenum-graecum whole plant extract considers non-toxic. The explanation of this value compared to seeds 

LC50 954.99 µg/ml value is the seeds contain high concentration of flavonoids, alkaloids, coumarins, saponins that 

caused toxicity in the seeds, while the percentages of these substances lower in the whole plant. 

 

3.2.3. Toxicity of Aqueous Extract of T. Foenum-Graecum Callus 

The mortality of A. salina nauplii after 24 hours of exposure to various concentrations of T. foenum-graecum callus 

was same at the concentrations 50 µg/ml, 100 µg/ml 3.33% Table 3. after increased the concentration of callus to 

150 µg/ml, the mortality increased to 6.66%. The highest percentage of mortality was found at concentration 250 

µg/ml 16.66%. The mortality percentages also increased with elevating the concentrations of callus extract Figure 

8. Clarkson’s toxicity criterion indicated that the callus extract was considered non-toxic, since the LC50 was 1801.52 

µg/ml. This value of LC50 was the highest among the rest of extracts plant and seeds in this study. Therefor the 

callus extract of T. foenum-graecum considered less toxicity than others in this study [34].  

These findings reinforce the general belief that the callus of plant contain small amounts of plant components 

since the callus is undifferentiated cells, and the percentage of plant specific compounds is low.  These results are in 

line with the study demonstrated on mice by using callus of Pulicaria incisa. That study approved  no toxicity of callus 

extract on the mice when treating the mice with different concentrations of callus extract of Pulicaria incisa [37]. 

 

 
Figure 8. Relationship between the mortality percentage and increased callus of T. foenum-graecum extract concentrations. 

 

4. CONCLUSION AND RECOMMENDATIONS  

This research investigated the effect of single and combined hormones on induce callus of T. foenum-graecum 

seeds. The best yield of callus appeared during 30 days on concentration 1 mg/l and 2 mg/l of 2,4-D, and 2 mg/l of 

BAP combined with 0.5mg/l NAA, the callus index was 52±9.5%, 51±7.05 and 49.33±5 respectively. The callus 

weight for those hormones was 0.52±0.17 gm, 0.51±0.12 gm and 0.50±0.10 gm.  

The second part of this research focused on studying the toxicity of T. foenum-graecum using the brine shrimp 

assay, where the study relied on three different types of T. foenum-graecum extracts. The first part of the study obtained 

T. foenum-graecum seeds aqueous extract, whole plant aqueous extract, and aqueous callus extract. The study showed the 

result of the toxicity examination, as the highest toxicity was in the aqueous extract of fenugreek seeds, followed by 

the toxicity of the whole plant. The Least toxicity appeared in aqueous callus extract since Lc50 was 954.99 µg/ml, 

1237.98µg/ml, 1801.52 µg/ml, respectively. 
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This study opens the window to study the effect of other hormones on germination and induction of callus T. 

foenum-graecum in vitro. And try to use hormones in different treatments and more extended incubation periods. As 

well as recommend using other types of auxin to get a better callus yield. Also, this window study opened 

opportunities to study the toxicity of fenugreek using different solvents such as methanol, ethanol and acetone in 

brine shrimp assay. 
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