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Introduction 

In global health and nutrition, pulses are crucial, especially in 

regions like developing countries, where the crop is not just an 

essential part of human diet but also provide income for those that 

grow them. After harvest, stored pulses are highly susceptible to 

infestation by bruchid beetles, which can cause severe post-harvest 

losses within weeks. Among them, the most destructive are pulse 

beetles such as Callosobruchus chinensis and Callosobruchus 

maculatus, which are famous for attacking stored pulses (1,2). 

These pests are particularly troublesome in hot and humid climates 

where traditional storage methods still prevail. The effect is not 

some slight bruising but major loss. In badly managed storage, as 

much as half the harvest can be lost. Even with better conditions, an 

invasion lasting only a short time can mean 5-10 % loss in output 

(3,4). After some time, this group of beetles will spoil more than 50 

% of stored pulses - making them unusable for either eating or 

planting next season (5). The harm starts when the larvae burrow 

into seed, hollowing them out and destroying their quality as well as 

weight and they can never germinate again (1,4). 

 Chemical control measures for pulse beetle (Callosobruchus 

spp.) primarily involve treating seeds with synthetic insecticides 

such as deltamethrin and diflubenzuron to achieve significant adult 

mortality and protect stored pulses for extended periods, with 

deltamethrin 2.8 % EC and diflubenzuron 25 % WP being notably 

effective at reducing damage for up to 120 days (6). Malathion, an 

organophosphate insecticide, is also commonly used as a dust 

treatment at 1g/kg seed, showing efficacy in reducing infestation, 

although plant-based alternatives have shown comparable results 

in some trials (7). Fumigation with phosphine remains a standard 

practice for large-scale storage, targeting all life stages of the pest, 

but it requires strict adherence to safety protocols to prevent health 

risks and insect resistance. However, continued chemical use risks 

fostering resistance in beetle populations and leaving harmful 

residues, so chemical methods should be employed judiciously and 

ideally in conjunction with non-chemical control strategies to 

protect human health and the environment (8). While chemical 

pesticides have traditionally been the primary method of control, 

they pose significant concerns regarding human health, 

environmental safety and the quality of stored food. As a result, 

both researchers and farmers are increasingly focusing on safer and 

more sustainable alternatives. Nevertheless, the rapid and often 

severe damage caused by pulse beetles highlights that these 

insects are more than just a nuisance-they represent a major threat 

to food security and the livelihoods of millions reliant on pulse crops 

(1,3). 
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Abstract  

Stored pulses are highly vulnerable to infestation by pulse beetles, particularly Callosobruchus maculatus, leading to significant postharvest 

losses. The insecticidal potential of Cashew Nut Shell Liquid (CNSL) against C. maculatus was evaluated using time-based toxicity 
assessments. CNSL was extracted using acetone and chemically profiled through Gas Chromatography-Mass Spectrometry (GC-MS). Major 

constituents included cardanol, gallic acid, oleic acid and 2-deoxy-D-glucose, compounds known for their neurotoxic, oxidative and metabolic

-disrupting properties. Adult beetles were exposed to CNSL treated green gram seeds and mortality was recorded at 24, 48, 72, 96 and 120 hr 

post-treatment. Results revealed a strong time-dependent toxicity of CNSL, with LC₅₀ decreasing from 12.56 g/kg at 24 hr to just 0.62 g/kg at 
120 hr. The regression models showed high reliability (X² = 0.966 - 1.000), confirming the dose-response relationship. Thus, the study 

demonstrates that CNSL is an effective botanical insecticide with increasing efficacy over time. Its multi-target mode of action and low-dose 

effectiveness highlight its potential as a sustainable solution for managing pulse beetles in pulse storage system. 
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 While the widespread use of chemical pesticides and 

fertilizers has greatly improved crop protection, it has also led to 

several environmental and food safety concerns, including 

toxicity to non-target organisms and reduced ecological 

sustainability. These challenges have driven the search for eco-

friendly and sustainable alternatives. Biopesticides derived from 

natural sources are emerging as a promising solution. One such 

plant-based compound is CNSL, a dark brown, viscous 

byproduct obtained from the honeycomb-like shell of cashew 

nuts during processing (9). CNSL has attracted interest due to its 

high content of bioactive phenolic compounds such as cardol, 

cardanol and anacardic acid. In contrast to chemical pesticides, 

CNSL is a biodegradable, cost-effective, easily available and 

exhibits low toxicity to both human and livestock, making it ideal 

for IPM strategies (10-14). With that in mind, this study was 

conducted to evaluate the efficacy of CNSL against pulse beetle 

(Callosobruchus maculatus) in green gram seeds.  

 

Materials and Methods 

The present study was conducted in the Department of Seed 

Science and Technology, Seed Centre, Tamil Nadu Agricultural 

University, Coimbatore during September 2024 to January 2025. 

Freshly harvested untreated green gram variety CO 8 seeds were 

obtained from the Department of Pulses, Tamil Nadu Agricultural 

University, Coimbatore.  

Insect culture 

To ensure a consistent supply of healthy insects for bioassays, 

laboratory cultures of pulse beetles were established and 

maintained under controlled environmental conditions (27 ± 2 °C 

temperature and 65 ± 5 % RH). All cultures were kept in insect-proof 

glass containers covered with muslin cloth, which allows airflow 

and prevents the insects from escaping. The substrates were 

routinely monitored and cultures were refreshed every 15 to 20 

days to prevent overcrowding, mould development and 

exhaustion of food sources. 

Extraction of CNSL 

A total of 20 g of ground cashew nut shells were placed in a 

thimble and extracted with 100 mL of acetone using a Soxhlet 

apparatus at 60 °C for a duration of 8 hr (15). The procedure was 

repeated several times till the required quantity of CNSL was 

obtained in which about 3 g of CNSL was extracted in a single 

cycle. 

Analysis of CNSL composition 

Phenolic compounds 

A 20 µL sample of CNSL had been dissolved with 1.5 mL of 

methanol and sonicated in a sonicator for 30 min with intermittent 

shaking. Subsequently, 100 µL of the methanolic extract had been 

transferred to Eppendorf tubes and evaporated to complete 

dryness using a vacuum evaporator for 30 min. For derivatization, 

150 µL of MSTFA (N-Methyl-N-(trimethyl) trifluoroacetamide) was 

added, followed by incubation at 60 °C for 45 min. The samples 

have then been centrifuged at 7000 rpm for 15 min prior to analysis 

by GC-MS (16).  

 Before analysis, CNSL samples were derivatized with 

MSTFA containing 1 % trimethylchlorosilane (TMCS), which had 

converted hydroxyl and carboxyl groups into their trimethylsilyl 

(TMS) derivatives to improve volatility and chromatographic 

performance. Compound identification was done based on 

retention times and spectral matches with the NIST Mass Spectral 

Library and the OA-TMS (Organic Acids and TMS derivatives) 

library. 

Macronutrient analysis 

For nutrient analysis, 1 mL of CNSL was subjected to cold 
digestion in 10-15 mL of triacid mixture (HNO₃:H₂SO₄:HClO₄ in a 

9:2:1 ratio). After 8 hr, the mixture was transferred to a hot plate 

and heated until a clear solution was obtained. Subsequently, 20

-25 mL of double distilled water was added and the sample had 

been filtered through Whatman No. 42 filter paper. The filtrate 

was diluted to 100 mL with double distilled water. The final 

solution was analyzed for nitrogen using the Kjeldahl method 

with a Kelplus Classic DX-VA instrument (17). 

 For phosphorus and potassium analysis, a similar 

procedure was followed, except that a diacid mixture (H₂SO₄:HClO₄ 

in a 2:5 ratio) had been used for digestion. Phosphorus was 

quantified using a spectrophotometer (18), while potassium was 

determined by flame photometry (19). 

Micronutrient analysis 

The samples prepared through diacid digestion was analyzed for 
micronutrients and heavy metals using Inductively Coupled 

Plasma Optical Emission Spectrometry (ICP-OES) (Model: Thermo 

Scientific iCAP RQ - Single Quadrupole ICP-MS), available at the 

Department of Forage Crops, Tamil Nadu Agricultural University, 

Coimbatore. The CNSL sample was assessed for the presence of 

Ca, Mg, B, Cu, Fe, Mn, Mo and Zn. 

 Approximately 0.2 g of each sample was weighed into clean, 

dry microwave digestion vessels of 50 mL capacity. To each vessel, 6 

mL of HNO₃ (67-70 %, suitable for trace metal analysis) had been 

added. The vessels were placed in a fume hood for about 15 min at 

room temperature to allow pre-digestion. Following this, the vessels 

were sealed tightly for microwave digestion. The digested solutions 

were transferred to 50 mL volumetric flasks for dilution. The pre-

treated samples had then been subjected to elemental analysis. The 

ICP system, with a dynamic range exceeding 9 orders of magnitude, 

had generated a high-temperature plasma (10000ºC) to ionize the 

sample elements. A borosilicate glass nebulizer was used to convert 

the liquid into an aerosol mist. The ionized elements were detected 

by mass spectrometry and the concentrations were reported in mg/

kg of the sample. 

Poison food bioassay 

The poison food technique was employed to assess the 

insecticidal efficacy of CNSL. Solvent-extracted CNSL was applied 

to 50 g of seeds in triplicate across a range of concentrations viz., 

T₀ - Control, T₁ - 1 mL/kg, T₂ - 2 mL/kg, T₃ - 3 mL/kg, T₄ - 4 mL/kg, T₅ 

- 5 mL/kg, T₆ - 6 mL/kg, T₇ - 7 mL/kg, T₈ - 8 mL/kg, T₉ - 9 mL/kg, T₁₀ - 

10 mL/kg. The treated seeds were been placed in individually 

labeled jars and 30 unsexed F₁ adults of each test insect species 

were introduced into the jars on the following day. 

 The jars were covered with breathable fabric and 
maintained under standard laboratory rearing conditions. Insect 

mortality was recorded at intervals of 24, 48, 72, 96, 120 and 144 

hr after exposure (20,21). Observations continued until 100 % 

mortality had been achieved in all CNSL-treated concentrations. 
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  Effect of CNSL on seed quality 

Germination test  

The treated seeds, along with the control were subjected to 

germination test using roll towel method. The test was 

conducted for all treatments with eight replications, each 

consisting of 50 seeds in a germination cabinet maintained at 

25 ± 2 ºC temperature and 95 ± 3 % RH based on ISTA standards. 

On the 14th day, the germination test was evaluated and 

parameters such as germination percentage and seedling vigor 

were recorded. Germination percentage was calculated as the 

ratio of the number of seeds germinated to the total number of 

seeds tested  

Germination (%) = (Number of seeds germinated / Total number 

of seeds) × 100   Eqn.1                               

Seedling vigor 

For root length measurement, the distance from the collar at the 
base to the tip of the primary root was measured for ten normal, 

healthy seedlings and the average value was expressed in cm. 

Similarly, the shoot length was determined by measuring the 

distance from the collar to the tip of the shoot in the same ten 

seedlings and the mean value was expressed in centimeter. 

These ten seedlings, used for measuring root and shoot lengths, 

were then dried in a hot air oven maintained at 85 ºC and the 

seedling dry weight was recorded and expressed in mg per 10 

seedlings (22). Then, the vigor index was calculated by 

multiplying the germination percentage with the total seedling 

length (cm) and expressed as a whole number. 

Vigour index = Germination (%) × Seedling length (cm)    Eqn. 2 

Statistical analysis 

In case of poison food bioassay, corrected mortality values were 
calculated using Abbott’s formula (23) as given below; 

Corrected Mortality (%) = (Mt- Mc) / (100 - Mc) * 100         Eqn. 3 

where, Mt = Mortality in treatment; Mc = Mortality in control 

 The LC₅₀ (lethal concentration to kill 50 % of the insect 

population) and LC₉₅ (lethal concentration to kill 95 % of the insect 

population) values were calculated by analyzing the mortality data 

through Probit analysis using R Studio 2024 software. The slope of 

the regression line, standard error, chi-square values and 95 % 

confidence intervals for LC₅₀ and LC₉₅ were calculated to assess 

statistical significance and model fitness (24). 

 For seed quality evaluation, analysis of variance and 

treatment grouping were carried out using SPSS software 

(Version 22, IBM Inc., Chicago, IL, USA) and mean separation was 

performed using the Least Significant Difference (LSD) test at the 

5 % significance level. The Standard Error of difference (SEd) and 

Critical Difference (CD) were computed and the data was 

interpreted accordingly (25).  

Results and Discussion  

Insect mortality 

The toxicity of solvent-extracted CNSL against adult pulse beetles 

increased with exposure time, as shown by declining LC₅₀ and 

LC₉₅ values. At 24 hr post-treatment, the LC₅₀ recorded at 12.56 

mL/kg and the LC₉₅ at 229.92 mL/kg was recorded. However, 

these values decreased significantly to 4.60 mL/kg for LC₅₀ and 

54.76 mL/kg for LC₉₅ at 48 hr. The downward trend continued, 

with LC₅₀ and LC₉₅ values falling to 2.43 mL/kg and 27.90 mL/kg, 

respectively, at 72 hr. Similarly, further reduction was observed at 

96 hr with 0.92 mL/kg for LC₅₀ and 8.33 mL/kg for LC₉₅. The lowest 

values were recorded at 120 hr, with LC₅₀ at 0.62 mL/kg and LC₉₅ 

at 3.53 mL/kg (Table 1). These findings clearly demonstrate that 

CNSL became increasingly effective with extended exposure time, 

with even low concentrations exerting a significant impact over 

time. The probit regression models employed showed a consistent 

dose-mortality relationship across all time intervals and the chi-

square (X²) values ranging from 0.966 to 1.000 had confirmed a 

strong fit between the models and the observed data. 

 Thus, CNSL had exhibited potent insecticidal activity 

against C. maculatus, with its effectiveness significantly enhanced 

by longer exposure durations, positioning it as a promising option 

for extended pulses seed storage. The gradual reduction in LC₅₀ 

values from 12.56 mL/kg at 24 hr to 0.62 mL/kg at 120 hr suggests 

that CNSL exerted a cumulative, time-dependent toxic effect on C. 

maculatus. The insecticidal activity is attributed to the phenolic 

constituents of CNSL penetrate the insect cuticle, disrupt 

metabolic enzyme activity and cause cellular membrane damage, 

resulting in rapid mortality. Once ingested, CNSL inhibits key 

enzymatic processes in the insect gut, interfering with the nutrient 

absorption of the pest and overall development. It is also reported 

that CNSL-treated maize seeds not only experienced reduced 

insect infestation and lower levels of kernel damage but also 

retained high viability and germination rates after up to 12 weeks 

in storage. These results are attributed to the ability of anacardic 

acid to inhibit essential physiological pathways in insects, such as 

prostaglandin-mediated functions, which are crucial for their 

survival and reproduction (26). CNSL has also been found to be 

effective in controlling cowpea bruchid (Callosobruchus 

maculatus) infestations (10,27-30). In various studies, CNSL was 

applied to seeds at concentrations of 0.5, 1.5 and 3 mL/kg of 

seeds, which were then stored in transparent containers covered 

with muslin cloth to allow for respiration. Remarkably, complete 

mortality of C. maculatus was observed within 24 hr at the highest 

concentration of 3 mL/kg (27). 

 When cowpea seeds were treated with CNSL at 3 mL/kg, 
not only was pest infestation effectively controlled, but seed 

germination after 12 months of storage was also significantly 

higher. The treatment greatly reduced egg laying, adult insect 

Days after 
treatment 

LC50 
95 % Fiducial limits 

LC95 
95 % Fiducial limits 

Regression equation X2 Value Lower limit Upper limit Lower limit Upper limit 

24 hr 12.56 7.89 20.00 229.92 144.37 366.16 Y = 3.333 + 1.595x 
0.998 

  

48 hr 4.60 3.16 6.69 54.76 37.62 79.70 Y = 3.712 + 1.887x 
0.998 

  
72 hr 2.43 1.66 3.55 27.90 19.09 40.79 Y = 3.884 + 2.225x 0.966 

96 hr 0.92 0.59 1.41 8.33 5.40 12.85 Y = 4.821 + 2.056x 
1.000 

  

120 hr 0.62 0.39 1.00 3.53 2.20 5.67 Y = 5.105 + 2.888x 0.993 

Table 1. Lethal concentration values of CNSL against pulse beetle over different time intervals 



SIVARANJANI ET AL  4     

https://plantsciencetoday.online 

emergence and seed damage better than neem oil (30). It acts as 

a deterrent by reducing feeding and oviposition rates among pest 

populations, contributing to the overall sustainability of stored 

grain management. CNSL has also shown the ability to reduce 

adult survival rate, limit progeny development and minimize seed 

damage (30-32). Similar protective effects were noted in green 

gram and pigeon pea seeds, where treatment with CNSL at 4 mL/

kg resulted in zero infestation by C. chinensis, no egg deposition 

and no visible damage over a 12-month storage period. 

Germination rates remained high (82 %) in treated seeds 

compared to untreated controls (30). The insecticidal action is 

believed to be due to CNSL blocking the spiracles of insects, 

leading to suffocation and death (11). This effect may be linked to 

its active compounds like anacardic acid and cardanol, which 

vary in their potency against adult beetles (10). 

 The GC-MS analysis of the CNSL extract revealed a complex 

profile of bioactive compounds, with cardanol (3-((9Z,12Z)-

heptadeca-9,12-dien-1-yl) phenol) identified as the major 

constituent, along with gallic acid, oleic acid, palmitic acid, stearic 

acid and 2-deoxy-D-glucose (Table 2). These compounds are 

known to disrupt essential physiological processes in insects, 

including cell membrane integrity, energy metabolism and 

oxidative homeostasis. The insecticidal activity of CNSL is attributed 

to its ability to disrupt cellular membranes and interfere with 

essential metabolic pathways within pest organisms. This 

disruption leads to mortality and suppression of pest populations, 

particularly in economically important pests such as Aedes 

aegypti larvae and key stored-product insects. The larvicidal activity 

of cardanol, including its derivatives such as iodohydrins, has been 

well-documented with potent effects against mosquito vectors, 

suggesting its potential for vector-borne disease control as well as 

agricultural pest management. The mode of action involves 

membrane destabilization and enzymatic inhibition, which 

compromises the pest's physiological integrity and reproductive 

capacity. These biochemical interactions highlight cardanol’s 

multifaceted role in pest suppression beyond mere toxicity (33-37). 

Cardanol is also noted for its ability to disrupt insect neural 

transmission through acetylcholinesterase inhibition, while 

phenolic acids such as gallic acid and homogentisic acid may 

generate Reactive Oxygen Species (ROS), leading to oxidative stress 

and mitochondrial dysfunction. (38,39). Moreover, fatty acids like 

oleic and palmitic acid may compromise cuticular lipid barriers and 

disrupt lipid metabolism. The presence of 2-deoxyglucose, a 

glycolytic inhibitor, further suggests interference with carbohydrate 

metabolism, potentially contributing to energy depletion over time 

(40). These mechanisms may also influence the activity of key 

detoxifying and antioxidant enzymes such as catalase (CAT), 

superoxide dismutase (SOD) and glutathione-S-transferase (GST) 

(41,42). Inhibition or overactivation of these enzymes can accelerate 

oxidative damage and cellular dysfunction, aligning with the 

delayed mortality patterns observed. Collectively, the increasing 

potency of CNSL over time reflects its multifaceted mode of action 

involving neurotoxicity, metabolic inhibition and oxidative 

imbalance (43). 

Effect on seed physiology 

In addition to the insecticidal activity, the physiological response of 
green gram seeds treated with CNSL was evaluated. As presented 

in Table 3 treatments up to 4 mL/kg had improved both 

germination and seedling vigor. The highest germination (98 %) 

was recorded at 4 mL/kg (T₄) which significantly exceeded that of 

the control (82 %). This concentration had also resulted in the 

longest seedling root length (17.1 cm) and shoot length (14.2 cm), 

leading to the highest vigor index (2625). However, at 

concentrations above 5 mL/kg, a decline in germination and 

seedling vigor was observed. Similarly, the lowest performance was 

noted at 10 mL/kg (T₁₀), where germination had decreased to 58 % 

and vigor index had dropped substantially. Further, the CNSL also 

exhibited notable nutritional richness, as summarized in Table 4. 

High levels of nitrogen (21000 mg/L), potassium (2400 mg/L) and 

iron (197.2 mg/L) were recorded in CNSL, along with various 

essential macro- and micronutrients. Trace amounts of heavy 

metals, including lead (0.15 mg/L) were detected, while cadmium 

was absent. This nutrient composition suggests a potential role for 

CNSL in enhancing seed health and vigor when applied as a seed 

coating substance or protectant. These findings underscore the 

potential of botanicals like CNSL in sustainable pest management. 

Unlike synthetic chemicals, botanicals do not leave harmful 

residues in crops and can be a safe and effective alternative for 

protecting stored seeds (44). 

 These findings had indicated the existence of a threshold, 

beyond which CNSL might exert phytotoxic effects, likely due to the 

excessive accumulation of bioactive constituents. CNSL and its 

formulations have been tested for their impact on seed 

germination and early plant growth in various crops, including 

coffee senna (Senna obtusifolia), tomato (Lycopersicon esculentum) 

and lettuce (Lactuca sativa). Controlled experiments assessed the 

effect of different concentrations (ranging from 25 to 200 mg/mL) of 

CNSL affected on germination rates and seedling vigour. The results 

showed that while lower concentrations had minimal negative 

S. No. Chemical name Common name Retention time 
(min) 

Area (%) 

1. 2-Deoxy-glucose-4TMS (2) 2-Deoxy-D-glucose (sugar analog of glucose) 44.966 67.51 

2. Cysteic acid-3TMS Cysteic acid (oxidized form of cysteine) 42.705 17.61 

3. 3-((9Z,12Z)-Heptadeca-9,12-dien-1-yl) 
phenol, TMS 

Cardanol (a phenolic lipid from CNSL) 38.697 8.97 

4. 3-Hydroxydodecanedioic acid-3TMS Hydroxy dodecanedioic acid (a hydroxy dicarboxylic 
acid) 

47.746 1.48 

5. 3-Hydroxyphenylacetic acid-2TMS Homogentisic acid 43.497 1.37 

6. Oleic acid-TMS Oleic acid (monounsaturated fatty acid) 33.035 0.31 

7. Gallic acid, 4TMS derivative Gallic acid (a natural phenol/antioxidant) 28.138 0.29 

8. Palmitic acid, TMS derivative Palmitic acid (saturated fatty acid) 29.889 0.33 

9. Stearic acid, TMS derivative Stearic acid (saturated fatty acid) 33.601 0.19 

10. Glucuronic acid-5TMS (1) Glucuronic acid (sugar acid from glucose 
metabolism) 

41.827 0.27 

Table 2. GC-MS analysis revealing compounds present in CNSL with their common name, area percent and retention time 
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effects, higher doses tended to inhibit both germination and 

seedling development. This inhibition is likely due to the presence 

of phenolic compounds such as anacardic acid. These findings 

highlight the importance of optimizing CNSL dosage to ensure it 

can be used safely and effectively, either as a natural seed 

protectant or a potential bio stimulant when applied in moderation 

(45). The dual functionality of CNSL, as effective bio-insecticide and 

growth-enhancer at optimal concentrations had positioned it as a 

promising natural alternative for protecting stored pulses seed. Its 

efficacy had been attributed to both its chemical action through 

secondary metabolites and its nutritional support via macro- and 

micronutrients.  Studies on cowpea (Vigna unguiculata) have 

shown that applying CNSL to the seed surface to manage 

Callosobruchus maculatus does not negatively affect seed viability. 

In blackgram seeds, CNSL treatment preserved germination rates 

at 98 % even after six months of storage, with no decline in seedling 

vigour (32). The seeds treated with CNSL showed better 

germination and vigour compared to those treated with other 

botanicals like neem and coconut oils, as well as synthetic 

pesticides such as malathion and monocrotophos, even after ten 

months of storage (13). Additionally, cowpea seeds treated with 

various CNSL extracts showed no signs of seed damage or weight 

loss (11). This indicates that CNSL functions both as a biopesticide 

and a plant growth promoter.  

Conclusion  

CNSL is a potent, time-dependent botanical insecticide against C. 

maculatus. Its effectiveness is attributed to a multi-faceted mode of 

action involving neurotoxicity, oxidative imbalance and metabolic 

disruption. At optimal concentrations (up to 4 mL/kg), CNSL also 

supports seed germination and vigour, making it a promising dual-

purpose agent for stored seed protection. However, higher 

concentrations may reduce seed viability, highlighting the need for 

precise dosage optimization. With its strong insecticidal efficacy and 

natural origin, CNSL presents a viable and eco-friendly alternative to 

synthetic pesticides in pulse seed storage systems. 
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Micronutrients 

4. Calcium (Ca) 76.35 

5. Magnesium (Mg) 42.65 

6. Sodium (Na) 70.9 

7. Iron (Fe) 197.2 

8. Copper (Cu) 0.8 

9. Manganese (Mn) 7.2 

10. Zinc (Zn) 4.25 

11. Boron (B) 3.05 

Heavy metals 

12. Lead (Pb) 0.15 

13. Cadmium (Cd) Not determined 

14. Nickel (Ni) 5.65 

15. Chromium (Cr) 5.85 
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