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The concentrations of potentially toxic elements (Fe, Cd, Pb, Cu, Ni, Cr, and Zn) in most consumed 

medicinal herbs in Northern Nigeria were analyzed using Atomic Absorption Spectrometry (AAS). 

Twenty medicinal herbs were selected and purchased from the local markets. The findings of the 

study revealed that the investigated herb samples contained considerable levels of elements; Cu, Fe, 

Pb, Cd, and Cr above the permissible limits. The health risk observed as hazard index (HI) indicated 

that values were >1, in some samples. Therefore, the consumption of these studied medicinal herbs 

should be monitored to prevent the health implication due to a high level of these elements in the 

medicinal herbs. 

________________________________________________________________________________

Introduction 

Herbs are traditional medicine used for 

the prevention and treatment of illnesses 

formulated from herbal plants. Herbal plants are 

used and represent a vital group of diverse 

traditional medicine and they are progressively 

increasing in primary health care intercession in 

both developing and developed countries in 

recent years [1]. According to World Health 

Organization (WHO), the global population of 

about 70-80% is estimated to still rely on non-

conventional medications, generally derivatives 

from medicine plants [2, 3]. Nearly 80% 

population of Asians and Africans use traditional 

medicines mostly from herbal sources [2]. Herbal 

plants being from natural sources are chosen to 

compare to modern synthetic medicines by a 

foremost part of the globe [4].  
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There is a misconception widespread that 

herbs from natural sources are inherently safe; 

however, there have been an outsized number of 

incidences reported of adverse effects and 

toxicity linked to herbs in various parts of the 

globe [5]. These toxicities could be a result of the 

mineral contents present in various plants or 

contamination in the cause of formulations [6]. 

Among these contaminant substances, the 

occurrence of potentially toxic elements that are 

omnipresent could be a source of serious harmful 

effects on living organisms [7]. The possibility of 

potentially toxic elements being transferred to 

humans in the route use of herbs grown in 

contaminated areas is one of the fears for herbal 

and traditional medicine [8]. 

Potentially toxic elements pollution of 

herbs has been earlier reported in numerous 

studies [1]. The potentially toxic element 

contamination in herbs could be due to the 

contaminated environment in which the plants 

are raised [9-11]. The contaminated environment 

in which the plants are dried up, processed, and 

their storage or even adulterated tenaciously by 

the producer of the products in the finishing 

dosage [12]. The World Health Organization 

persists in ensuring the need to assert the quality 

of plant products, particularly analytical control 

of potentially toxic elements in medicinal herbs 

[10, 13] 

However, this necessitated the World 

Health Organization (WHO), institutes, and 

regulatory agencies to introduce guidelines for 

the permissible limits of potentially toxic 

elements in consumable herbal and medicinal 

plants [14]. The study aimed to determine the 

concentrations and assess the health risk of 

potentially toxic elements (iron, cadmium, lead, 

copper, nickel, chromium, and zinc) in 

commonly consumed used medicinal herbs in 

Northern Nigeria. 

Experimental part 

Material and methods 

A total of 60 liquid medicinal herbs 

samples prepared for oral administration of 

commonly consumed were randomly selected 

from herbal medicine vendors in local markets 

and were purchased from six selected cities in 

Northern Nigeria namely; Gombe, Maiduguri, 

Kano, Kaduna, Jos, and Kogi. All the medicinal 

plants used in the formulations were grown and 

harvested locally. The samples were selected 

from 20 types of medicinal herbs with different 

therapeutic agents. The herbs were divided into 

four clusters (PL) pile herbs; (TP) typhoid herbs; 

(YF) yellow fever herbs and (PD) power drink 

herbs based on their advertised therapeutic 

effects in Table 1. A total of five brands were 

chosen in each cluster and sampled three times at 

intervals of a month to ensure true sample 

representation. 

Sample Digestion 

The digestion of samples was done using 

nitric acid and perchloric acid in a ratio of 

(HNO3:HClO4; 4:1) according to reported 

elsewhere [15]. 
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Table 1. Names of the samples and advertised therapeutic effects 

S/N Name Nature Therapeutic effects Sample ID 

1 Ajigarau Liquid Pile herb PL1 

2 Na Gombe Liquid Pile herb PL2 

3 Akurkura Liquid Pile herb PL3 

4 Koko  Liquid Pile herb PL4 

5 Nagari Liquid Pile herb PL5 

6 Maikwaka Liquid Typhoid herb TP1 

7 ISN Liquid Typhoid herb TP2 

8 Sulfan Liquid Typhoid herb TP3 

9 Abulbula Liquid Typhoid herb TP4 

10 Inusa wanza Liquid Typhoid herb TP5 

11 Dandarazau Liquid Yellow fever herb YF1 

12 Al-maskur Liquid Yellow fever herb YF2 

13 Shawara Liquid Yellow fever herb YF3 

14 Inusa wanzan Liquid Yellow fever herb YF4 

15 As-sulfan Liquid Yellow fever herb YF5 

16 Najib herbal mixture Liquid Power drinks herb PD1 

17 Bulugwai Liquid Power drinks herb PD2 

18 Komai daruwanka Liquid Power drinks herb PD3 

10 Gamagari Liquid Power drinks herb PD4 

20 Nasara power Liquid Power drinks herb PD5 

Quality control 
All reagents and standards used were of 

analytical grade. For quality control, the 

detection limit was set at 0.001 ppm, and blank 

samples were also analyzed to cancel the 

background effects. The calibration of the 

Atomic Absorption Spectrophotometer (ASS 

model AA320N, Wincom Coy Ltd., China) 

instrument follows the preparation of a series of 

standards in the concentration range of 0.5-20 

ppm from standard GFS Fisher’s AAS reference 

standard stock solutions of the studied metals 

containing 1000 ppm, to obtain the calibration 

curves. All the sample analysis was done in three 

replicates with mean recovery percentages of the 

elements ranging from 97 to 103%.  
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Data analysis 

The data obtained were subjected to 

simple descriptive statistics (mean and standard 

deviation), and analysis of variance (ANOVA), 

was executed using SPSS version 25.  

Health Risk Assessment 

The health risk assessment is a multi-step 

procedure for analyzing the location data related 

to human health [16]. The health risk of ingesting 

the elements in each sample was assessed by 

evaluating; Estimated Daily Intake (EDI), Target 

Hazard Quotient (THQ), and Hazard Index (HI). 

Estimated Daily Intake (EDI)  

The estimated daily intake (EDI) of 

metals was evaluated using the equation below 

[17]. 

EDI =  
େ  ×୊౅౎

୛ఽా
           Eq. (1) 

Where: EDI = average daily intake (mg/kg body 

weight/day); C = element concentration in the 

disclosure medium (ppm); FIR = daily 

consumption rate; WAB is the body weight (kg). 

WAB values employed in this study were obtained 

from WHO [18].  

Target Hazard Quotient (THQ) 

The health risk created by metal 

disclosure is characterized by the target hazard 

quotient (THQ) and is evaluated using the 

equation below [19]. 

THQ = 
୉ୈ୍ 

ୖ୤ୈ
                      Eq. (2) 

Where: THQ = target hazard quotient, EDI = 

average daily intake (mg.kg-1 body weight/day) 

and RfD = oral reference dose. The oral RfDs 

were 0.7, 0.02, 0.003, 0.04, 0.004, 0.001 and 0.04 

mg/kg/day for Fe, Ni, Cr, Cu, Pb, Cd and Zn 

respectively [20-22]  

Hazard Index (HI) 

The hazard index (HI) is the summation 

of the target hazard quotients of all studied 

elements to estimate the total non-carcinogenic 

health hazard. The hazard index is evaluated 

using the equation below USEPA, [23] 

HI = THQ1 + THQ2 + - - - + THQn       Eq. (3) 

Where: HI = hazard index of multiple metals; 

THQ =target hazard quotient. If the HI is <1, the 

exposure dose is lower than the adverse health 

threshold, but when HI is >1, the exposure dose 

is more than the adverse health threshold, and 

likely to have harmful effects on human health. 

 

Results and discussion 

The result of potentially toxic elements 

obtained from the analysis of the studied samples 

is presented in Figure 1. The mean 

concentrations of iron in the sampled medicinal 

herbs ranged from 131.32 to 21.27 ppm. The 

values of iron obtained were above the 0.06 ppm 

permissible limit set by WHO/FAO [24] in 6 

samples; PL4, PD2, PD4, TP2, TP4, and TP5, and 

the highest iron concentration was recorded in 

PD4, while the lowest was recorded in PL3. The 

high level of iron in this study could be a result 

of the use of an iron utensil where the high 

temperature was applied during the production 

process [25, 26]. Iron is an essential trace 

element and has a significant function in the 
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metabolism of organisms [20]. However, the 

toxicity of iron has a difficult effect on 

cardiovascular systems and diverse metabolic 

functions [27], and also causes gastrointestinal 

disorders like cramps and bleeding [20]. The 

recorded values in this study are in line with 

values of a similar study in Egyptian, which 

range from 26.96 to 1046.25 ppm [28], but are 

higher than reported values of 0.97 to 6.07 ppm, 

11.89 to 25.30 ppm, 4.52 to 70.12 ppm from Kisii 

Region, Southwest Kenya [29], Northwestern 

India [30], and Southern Nigeria [12] 

respectively, and lower than the values of 181.63 

to 6796.88 ppm reported by Jabeen et al. in the 

Haripur basin, Pakistan [31].  

Cadmium causes both persistent 

poisoning and acute, adverse health effect on the 

liver, kidney, immune and vascular system [11, 

32, 33]. The mean concentration of cadmium 

ranges from 0.10 to 0.51 ppm. The highest 

cadmium level was recorded in PL1. The 

permissible limit of cadmium (0.3 ppm) in herbs 

was set by the WHO, China, and Thailand [17]. 

Cadmium was above the WHO/FAO permissible 

limit in 5 samples; PL1, PD1, PD5, TP1, and YF3. 

The concentration of cadmium in these samples 

is comparable to values reported in a similar 

study, in Nigeria [18] and the United Arab 

Emirates [1]. However, the values are lower 

when compared to the concentration of cadmium 

from Nigeria [34] with cadmium levels ranging 

from 0.55 to 4.75 ppm, 0.39 to 1.58 ppm from 

Ukraine [35], and Zaria, Nigeria [36]. 

The concentration of lead ranged from 

0.10 to 7.21 ppm in the samples. Lead is a widely 

used element in industrial applications and is a 

generally known environmental contaminant 

[37]. Lead is highly toxic to humans with typical 

symptoms of headache, convulsions, 

hypertension, muscular, skeletal, colic, chronic 

nephritis, anemia, and central nervous system 

disorders [38, 39]. Lead exposures in early 

childhood and prenatally can cause low cognitive 

advancement, learning deficits, and numerous 

other sound effects [29]. The sample YF5 

recorded the highest level of lead and lowest in 

PL1, the levels of lead in sample clusters PL5, 

PD3, YF1, and YF5 were above the permissible 

limit set by WHO/FAO for lead in herbal 

medicine at 0.005 ppm [23], while below the 

limit in the other samples. The result of findings 

was higher than earlier reported, 70.1 to 49.53 

ppm in branded herbal drugs in Pakistan [40], 

0.25 to 2.64 ppm from India  [41], and 0.15 to 

0.41 ppm from Kenya [29]. However, the result 

of this finding was in line with the lead 

concentrations reported in similar studies in 

Nigeria [15] and Malaysia [42]. 

Copper concentration ranged from 0.94 to 

36.26 ppm in the samples. YF3 recorded the 

highest level of copper whereas the PL3 recorded 

the lowest level. Copper is a vital element in the 

metabolic system in humans that regulates 

different processes in the human body like; 

energy production, connective tissue formation, 

oxidation-reduction reactions, synthesis of 
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neurotransmitters, iron metabolism, etc. [43, 44]. 

However, excessive intake of copper is capable 

of causing dermatitis, vomiting, irritation of the 

upper respiratory tract, diarrhea, abdominal pain, 

and liver damage [45-47]. The WHO permissible 

limit for medicinal herbs has not been established 

yet, but the limit set by FAO/WHO in edible 

plants is 3.00 ppm [24]. Though, the oral RfDs 

limit for herbal plants set by Singapore and China 

are 150 and 20 ppm, respectively [14]. Copper 

was above the WHO/FAO limit in edible plants 

in 4 studied samples; PD1, PD5, YF3, and TP2, but 

below the permissible limits set by Singapore in 

all studied samples. The result of this study is 

comparable with values earlier reported from 

Turkey [48] and Pakistan [31]. Maobe et al. also 

reported the copper level range of 0.31 to 1.44 

ppm in medicinal plants [29] lower than the 

values obtained in this study. 

The concentration of nickel in the 

samples ranged from 2.10 to 12.55 ppm. PL3 

recorded the lowest while YF2 recorded the 

highest nickel level among the samples. Nickel is 

essential for iron metabolism but toxic in a higher 

concentration. The high exposure to nickel has 

been related to an increased risk of 

cardiovascular disease, neurological deficit, high 

blood pressure lung cancer, and developmental 

deficits in childhood [49]. The toxicity of nickel 

may be a result of its capability to substitute other 

ions in proteins and enzymes or to combine with 

cellular compounds containing nitrogen, oxygen, 

and sulphur atoms thus inhibiting their actions 

[50, 51]. It has been reported that nickel toxicity 

in humans is rare in occurrence due to its low 

absorption in humans [52]. The permissible limit 

for herbs has not yet been established by WHO. 

The concentrations of nickel in this present study 

are higher than the levels of nickel reported 

ranging from 0.09 to 1.6 ppm from Kenya [29], 

and 8.81 to 10.25 ppm from Baghdad, Iraq [53]. 

The chromium concentrations in the samples 

ranged from BDL to 1.50 ppm. The highest 

chromium level was recorded in YF2, while the 

lowest was recorded in PD5 and YF5, and below 

the detectable limit in PL1 and YF3. Chromium 

regulates carbohydrates, lipoprotein metabolism, 

and nucleic acid. It also enhances the insulin's 

action and thus plays a role in glucose 

metabolism [54-56], but its high intake can 

reduce blood glucose, cardiovascular disorders 

and alimentary, etc. [14, 17, 57], and deficiency 

of chromium leads to disturbance of lipids and 

glucose metabolism in humans and animals [52]. 

The limit for chromium in raw is 2.00 ppm, for 

herbal materials, and 0.02 mg/day for finished 

products [52]. The comparison of this 

permissible limit with the results obtained 

indicated that the concentration of chromium was 

above the permissible limit except in PL1, PL2, 

and YF3. However, the chromium concentrations 

of 0.57 to 2.04 ppm of herbs in similar studies 

from Kenya  [29] and 0.73 to 4.79 ppm in some 

selected medicinal plants growing within the 

University of Ibadan Campus, Nigeria [58] were 

above the results obtained in this finding. 



FRENCH-UKRAINIAN JOURNAL OF CHEMISTRY (2022, VOLUME 10, ISSUE 02)  

15 

 

 
Figure 1. Mean concentrations of potentially toxic elements in medicinal herbs 

Table 2. Estimated daily intakes (EDI) (ppm.bw/day) of potentially toxic elements in medicinal herbs from Northern Nigeria 

Sample ID 
EDI 

Fe Cd Pb Cu Ni Cr Zn 

PL1 1.25E-02 2.10E-04 8.00E-05 6.40E-04 1.19E-03 0.00E-00 1.15E-02 

PL2 1.81E-02 5.00E-05 7.00E-05 1.25E-03 8.70E-04 4.00E-06 1.32E-02 

PL3 8.80E-03 4.00E-05 1.00E-04 3.90E-04 8.80E-04 1.30E-04 1.76E-02 

PL4 2.99E-02 13.0E-04 4.00E-04 7.50E-04 1.23E-03 1.10E-04 1.66E-02 

PL5 1.38E-02 1.00E-04 2.51E-03 9.00E-04 1.09E-03 4.10E-04 1.34E-02 

PD1 1.89E-02 2.00E-04 4.00E-05 1.29E-03 1.29E-03 5.40E-04 1.11E-02 

PD2 2.51E-02 5.00E-05 2.32E-03 6.10E-04 1.89E-03 3.60E-04 1.14E-02 

PD3 2.16E-02 9.00E-05 1.68E-03 1.19E-03 1.28E-03 4.10E-04 1.29E-02 

PD4 5.46E-02 1.40E-04 1.47E-03 1.22E-03 2.26E-03 3.70E-04 2.02E-02 

PD5 1.67E-02 1.40E-04 7.00E-05 5.15E-03 2.87E-03 1.20E-05 1.11E-02 

YF1 1.45E-02 1.70E-04 2.12E-03 7.00E-04 1.09E-03 2.50E-05 1.75E-02 

YF2 9.20E-03 4.00E-05 5.20E-04 6.50E-04 5.22E-03 6.20E-04 1.43E-02 

YF3 9.70E-03 1.70E-04 4.00E-04 1.51E-03 1.25E-03 0.00E-00 1.18E-02 

YF4 1.05E-02 1.00E-04 6.10E-04 4.00E-04 1.26E-03 2.20E-04 1.69E-02 

YF5 2.21E-02 1.50E-04 3.00E-03 7.80E-04 8.90E-04 1.20E-05 1.45E-02 

TP1 1.30E-02 9.00E-05 1.59E-03 9.90E-04 1.19E-03 2.00E-05 1.60E-02 

TP2 2.60E-02 2.00E-04 1.80E-03 1.29E-04 1.15E-03 1.60E-05 1.18E-02 

TP3 2.32E-02 1.30E-04 2.08E-03 1.25E-03 8.70E-04 5.00E-05 1.15E-02 

TP4 3.25E-02 4.00E-05 1.06E-03 1.17E-03 2.10E-03 3.00E-05 1.52E-02 

TP5 3.33E-02 8.00E-05 1.62E-03 7.40E-04 9.00E-04 3.00E-05 1.65E-02 



FRENCH-UKRAINIAN JOURNAL OF CHEMISTRY (2022, VOLUME 10, ISSUE 02)  

16 

 

Table 3. Target hazard quotient (THQ) and hazard index (HI) of potentially toxic elements in medicinal herbs from 

Northern Nigeria 

 

Sample ID 

THQ  

HI Fe Cd Pb Cu Ni Cr Zn 

PL1 1.78E-02 2.10E-01 2.00E-02 1.60E-02 5.95E-02 0.00E-00 2.89E-01 6.09E-01 

PL2 2.58E-02 5.00E-02 1.75E-02 3.12E-02 4.35E-02 0.00E-00 3.30E-01 4.98E-01 

PL3 1.25E-02 4.00E-02 2.50E-02 9.75E-03 4.40E-02 4.33E-02 4.40E-01 6.15E-01 

PL4 4.27E-02 1.30E-01 1.00E-01 1.87E-02 6.15E-02 3.66E-02 4.17E-01 8.06E-01 

PL5 1.97E-02 1.00E-01 6.27E-01 2.25E-02 5.54E-02 1.36E-01 3.36E-01 1.29E +0 

PD1 2.70E-02 2.00E-01 1,00E-02 3.22E-02 6.45E-02 1.80E-01 2.77E-01 7.91E-01 

PD2 3.58E-02 5.00E-02 5.55E-01 1.52E-02 9.45E-02 1.20E-01 2.86E-01 1.19E +0 

PD3 3.08E-02 9.00E-02 4.20E-01 2.97E-02 6.40E-02 1.36E-01 3.23E-01 1.09E +0 

PD4 7.80E-02 1.40E-01 3.67E-01 3.05E-02 1.13E-01 1.23E-01 5.06E-01 1.35E +0 

PD5 2.38E-02 1.40E-01 1.75E-02 1.28E-01 1.43E-01 3.30E-03 2.79E-01 7.36E-01 

YF1 2.07E-02 1.70E-01 5.30E-01 1.75E-02 5.45E-02 6.60E-03 4.38E-01 1.23E +0 

YF2 1.31E-02 4.00E-02 1.30E-01 1.62E-02 2.61E-02 2.06E-01 3.58E-01 7.90E-01 

YF3 1.38E-02 1.70E-01 1.00E-01 3.77E-02 6.25E-02 0.00E-00 2.95E-01 6.79E-01 

YF4 1.50E-02 1.00E-01 1.52E-01 1.00E-02 6.23E-02 7.33E-02 4.22E-01 1.20E +0 

YF5 3.15E-02 1.50E-01 7.50E-01 1.95E-02 4.45E-02 3.30E-03 3.62E-01 1.83E +0 

TP1 1.85E-02 9.00E-02 3.97E-01 2.47E-02 5.95E-02 6.60E-03 4.00E-01 9.96E-01 

TP2 3.71E-02 2.00E-01 4.50E-01 3.22E-02 5.75E-02 3.30E-03 2.95E-01 1.07E +0 

TP3 3.31F-02 1.30E-01 5.20E-01 3.12E-02 9.35E-02 1.66E-02 2.89E-01 1.11E +0 

TP4 4.64E-02 4.00E-02 2.65E-01 2.92E-02 1.05E-01 1.00E-02 3.81E-01 8.77E-01 

TP5 4.75E-02 8.00E-02 4.05E-01 1.85E-02 4.50E-02 1.00E-02 4.14E-01 6.15E-01 

 

The concentrations of zinc ranged from 

26.65 to 48.61 ppm medicinal herbs. Zinc is one 

of the most essential minerals in the human body 

[38], is known to manage the contractibility of 

muscles, and acts as a co-factor for enzymes in 

the body [52]. Nevertheless, elevated zinc intake 

above limits may result in toxic effects on the 

blood lipoprotein levels, copper levels, and 

immune system [17, 59]. Prolonged intake of 

drinks with elevated levels of potentially toxic 

elements can lead to skin irritation, decreased 

body weight, liver, and heart damage [25]. 

Kulhari et al. reported the level of zinc ranged 

from 2.42 to 8.93 ppm [30] and 0. 02 to 0.12 ppm 

and 0.20 to 3.95 ppm from Dubai, UAE [17] 

lower than the values recorded in the study. 

However, the concentrations of zinc in this study 

were also above the permissible limit of 0.06 

ppm. The concentration of zinc is reported to be 

12.65 to 146.67 ppm in traditional herbs 
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commonly consumed in the United Arab 

Emirates [1] were higher than the values 

recorded in this study. 

Health risk assessment 

Potentially Toxic Elements Daily Intake: 

The EDIs of iron, cadmium, lead, copper, nickel, 

chromium, and zinc were calculated on the basic 

concentration of each potentially toxic element in 

the medicinal herb as presented in Table 2. The 

risk assessment was only for adults. The trend for 

daily intake was in the following order; Fe > Zn 

> Ni > Cu > Ni > Pb > Cr > Cd, this indicates that 

Fe was the maximum concentration between the 

daily intakes of potentially toxic elements. A 

similar study by Shadi et al. [20], also reported 

that the estimated daily intake (EDI) of Fe was 

the highest among the studied metals through the 

consumption of medicinal plants. The values of 

EDI in this finding were below the RfD values of 

all the studied samples, this suggests that the 

consumption of the analyzed medicinal herbs did 

not appear to pose a health risk to local adults. 

Non-carcinogenic Risk: The HQs and HIs of 

potentially toxic elements of the medicinal herbs 

are presented in Table 3. The non-carcinogenic 

risk of medicinal herbs for adults was assessed 

based on the HQs. The HQ values of each metal 

through the ingestion of medicinal herbs were 

below one in all samples. The HI values range 

from 4.98E-01 to 1.837E+0 in the studied 

samples. HI, values in PL5, PD2, PD3, PD4, YF4, 

YF5, TP2, and TP3 samples were >1, indicating 

adverse health risks in those samples. A similar 

study by Mihreteab et al. [60], also reported that 

the HI was >1 in the traditional herbal from 

Ethiopia. These suggest that the consumption of 

these medicinal herb samples is unsafe, and not 

free of risks for all studied elements. 

Conclusions 

The study was carried out to determine 

the concentration and assess the health risk of 

potentially toxic elements in some medicinal 

herbs from northern Nigeria. The results of the 

study revealed that investigated herb samples 

contained considerable levels of elements; iron in 

PL4, PD2, PD4, TP2, TP4, and TP5, cadmium in 

PL1, PD1, PD5, TP1, and YF3, lead in PL5, PD3, 

YP1 and YP5, copper in PD1, PD5, YF3 and TP2 

and chromium in PL1, PL2, and YF3 above the 

permissible limits (PL). The proclivity of the 

potentially toxic elements concentrations in the 

clusters were: Fe = PD > TP > PL > YF; Cd = PL 

> PD > TP > YF; Pb = PL > PD > YF > TP; Cu 

= YF > PD > TP > PL; Ni = YF > PD > TY > PL; 

Cr = PD > YF > PL > TP and Zn = PD > PL > 

YF > TP. The results of the health risk 

assessment in the study showed adverse human 

health risks in some samples, with HI values > 1. 

There is a need for constant monitoring of 

medicinal herbs sold in the market to be sure 

wholesome and safe herbs are sold for 

consumption by humans. 
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