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Introduction
Spices generally refer to dried parts of plants that contain aro-
matic flavors, and they are used to enhance the sensory quali-
ties of food.1 While some spices like pepper are commonly 
used all over the world, others evolve within particular geo-
graphic areas and are unique to specific ethnicities. In Ghana, 
spices are commonly used in preparing household and com-
mercially-sold foods.2

There exists a peculiar spice on the Ghanaian market 
prepared from the digesta of grasscutters. Previous studies 
have documented its use as seasoning in some dishes.3-5 A 
survey revealed that grasscutter digesta is well-patronized 
by Ghanaians and is a preferred spice for making soups. 
According to consumers, this spice improves the taste and 
aroma of food.3

The grasscutter is a large herbivorous rodent native to 
West Africa and is the most sought-after bushmeat in 
Ghana.5-7 Although grasscutter meat is a good protein source, 
there are concerns that it may be contaminated with heavy 
metals from polluted environments like mining sites.5,8 In 
Ghana, for example, illegal small-scale mining activities 
(popularly known as galamsey) have led to the contamination 
of surrounding land and water bodies with mercury, lead, and 
iron.9,10 Additionally, the increase in anthropogenic activities 
such as the application of pesticides in agriculture and the use 

of leaded fuels increase the exposure of wild animals to heavy 
metals.11 These contaminants are transferred from the soil to 
plants and water bodies and then to the animals that feed and 
drink from these sources. Consequently, humans who con-
sume these animals risk heavy metal poisoning.12 Moreover, 
some hunters in Ghana use chemicals that contain high 
amounts of heavy metals to bait wild animals.5,13 Thus, there 
may be a serious threat to the lives of people who consume 
grasscutter digesta.

Heavy metals like iron (Fe), copper (Cu), and zinc (Zn) are 
vital for cellular metabolism and are toxic only at elevated lev-
els. However, metals such as arsenic (As), cadmium (Cd), lead 
(Pb), and mercury (Hg) are toxic even at low levels; causing 
cancer, as with the cases of As and Cd, and neurological dis-
ease, as with the cases of Pb and Hg.14,15 It is, therefore, neces-
sary to monitor the levels of heavy metals ingested per meal of 
bushmeat and/or products of bushmeat.

Regarding health risks from exposure to heavy metals, 
grasscutter meat in Ghana has been described as safe for con-
sumption.8 However, evidence of heavy metal accrual in animal 
feces16,17 raises concerns about the safety of ingesting grasscut-
ter digesta. Currently, there is a paucity of data on the risk of 
heavy metal poisoning from consuming grasscutter digesta. 
This study, therefore, aimed to assess the knowledge and per-
ceptions of a merchant and a consumer about the safety of 
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ingesting grasscutter digesta and to evaluate potential health 
risks from exposure to heavy metals from the spice.

Materials and Methods
Study area and sample collection

The study was conducted at the Adabraka market in Accra, the 
capital city of Ghana. A total of 12 fresh grasscutter digesta 
samples were purchased from a merchant of the spice. The 
samples were placed in clean plastic bags and transported on 
ice to the laboratory immediately for processing.

Interviews

One merchant of the digesta was interviewed to obtain infor-
mation about the demand for the spice and health concerns 
regarding its intake. One customer who approached the mer-
chant to purchase some digesta was also interviewed to obtain 
information about how the spice is used in food preparation, 
why it is used as a seasoning, and if there are health concerns 
from the perspective of the consumer.

Sample processing

The samples were processed as previously described.18 Briefly, 
approximately 1 g of each digesta sample was weighed and 
homogenized mechanically. A mixture of nitric acid and hydro-
gen peroxide at a ratio of 8:3 was added to each sample tube to 
make a final volume of 11 mL. The mixtures were digested for 
50 minutes using a microwave digestion system set to 170°C at 
50 bar of pressure and 1000 W energy. Following digestion, the 
samples were allowed to cool at room temperature and trans-
ferred into clean 50 mL falcon tubes. Deionized water was 
added to a final volume of 25 mL, mixtures were centrifuged at 
1500 rpm for 10 minutes and 1 mL of supernatants were col-
lected for subsequent analyses.

Heavy metal analyses

The concentrations of Cd, Fe, Hg, and Mn were measured 
with a Varian AA240FS Atomic Absorption Spectrometer 
(Agilent Technologies Inc., Palo Alto, CA 94306, USA). Fe 
and Mn levels were measured with the flame atomic absorp-
tion technique, Cd levels were measured with the graphite fur-
nace atomization technique, and Hg levels were determined 
with the cold vapor technique.19 The limit of detection for all 
the metals was 0.01 mg/kg digesta. The instrument was cali-
brated with analytical grade standard solutions supplied by the 
manufacturer. The standard solutions were first diluted serially 
with double distilled water (spectroscopic pure) and then used 
for calibration per the manufacturer’s instruction. The stabili-
ties of the standard solutions were checked periodically. The 
amount of heavy metal in each sample was measured in tripli-
cates and the mean of the triplicate measurements was recorded 
as the concentration of heavy metal in the sample.

Data analysis

Estimated Daily Intake (EDI). This estimates the amount of 
heavy metal ingested by the average consumer of grasscutter 
digesta per meal. EDI was calculated using the formula:

EDI  MC  AC   BW= ×( ) × −1

MC represents the concentration of heavy metal; AC is the 
average daily intake rate of digesta, and BW is the average body 
weight of an adult (60 kg).20 We assumed the average daily 
intake rate of grasscutter digesta is similar to that of other 
spices estimated to be 10 g/person/day.20 We also assumed that 
the concentrations of heavy metals in digesta would not be 
altered during cooking, and ingested dose equals the absorbed 
dose.8

Targeted Hazard Quotient (THQ). This represents the ratio 
between exposure to heavy metal and its reference dose. 
THQ < 1 means non-carcinogenic health effects are not 
expected, whereas THQ > 1 suggests that systemic effects may 
occur.8,21 THQ was calculated as:

THQ  EF  ED  MC  AC  

           BW  RfD  AT

= × × ×( )
× × ×( )−1

EF is exposure frequency measured in days/year (ie, 365 days/
year for people who eat digesta 7× per week, and 52 days/year 
for people who eat digesta 1× per week); ED is the duration of 
exposure (equivalent to an average lifetime of 64 years for 
Ghanaians);22 MC, AC, BW, and RfD are heavy metal concen-
tration, average daily intake rate, the average body weight of an 
adult, and reference dose, respectively. AT is averaging time 
(365 days/year × ED).

Hazard index (HI). This is the summation of individual THQs 
of the assessed heavy metals. HI assumes that consuming 
grasscutter digesta would result in simultaneous exposure to 
several metals, resulting in adverse health effects from the 
cumulative exposure. HI > 1 signifies a potential for adverse 
non-carcinogenic health effects.

HI  THQ Cd   THQ Fe   THQ Hg
       THQ Mn

= ( ) + ( ) + ( )
+ ( )

Maximum allowable daily consumption (CRlim). The CRlim of 
grasscutter digesta was calculated using the formula:

CR  BW  RfD   MClim = ×( ) × −1

BW, RfD, and MC represent the average body weight of an 
adult, reference dose, and heavy metal concentration, respec-
tively. CRlim was expressed as maximum allowable monthly 
consumption (CRmm); which signifies the number of times 
grasscutter digesta can be safely consumed in a month (30 days) 
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by the average Ghanaian if 10 g of digesta is consumed per 
person per day in 1 meal.

CR  CR  T   MSmm lim ap= ×( ) × −1

Tap is the time averaging period of 30.44 days/month, and MS 
denotes meal size for adults assumed to be 10 g of grasscutter 
digesta per meal. Since there are ~30 days per month, 
CRmm < 30 implies that consuming 10 g of digesta per meal 
per day is unsafe.

Results
Interviews

The interview with the merchant revealed that the grasscutters 
are captured in a forest in Adaklu; a district located in the cen-
tral part of the Volta Region of Ghana (Figure 1). The digesta 
is then extracted and transported to the Adabraka market in 
Accra where it is sold. Adaklu has a total land area of about 
1060.61 km2 and has at least 14 rivers and streams that provide 
water for communities. Few areas within the district have 
semi-deciduous forests and high amounts of naturally occur-
ring fodder on which wild animals like grasscutters can feed.23

Many Ghanaians perceive that adding grasscutter digesta to 
soup brings out the needed taste.3 Accordingly, we asked the 
merchant how much digesta is sold daily, to have an idea of its 
demand. She said:

This business was started by my mother, and I have taken over. In a day, 
I can sell as high as 350 GH₵ ($47) and a minimum of 50 GH ₵ ($7). 
Some people purchase the dried product and package it to be sent abroad. 
Besides me, there are other merchants here who also have regular 
customers.

To the consumer, we asked how grasscutter digesta is used in 
food preparation, and why it is used as a seasoning. This was 
her response:

The digesta is f irst mixed with water to form a paste, which is then 
boiled for some minutes and f iltered to get rid of debris. The f iltrate is 
added to the soup. Adding digesta greatly enhances the taste and aroma 
of foods.

Accumulation of environmental pollutants in the tissues of 
bushmeat is not uncommon. Given that the gut may store pol-
luted food and water ingested by wild animals,16,17 we inquired 
from the merchant and consumer if they had any health con-
cerns regarding the intake of grasscutter digesta. The merchant 
stated:

Nothing from the grasscutter goes to waste; from the meat to the intes-
tines and its digesta. The animals are hunted with guns instead of poi-
son traps because we use their digesta for food. Therefore, I have no 
concerns involving health.

The consumer had the following to say:

Figure 1. Map showing the geographical area where the animals were captured: (A) map of Ghana showing the Volta Region (shown in red) and (B) map 

of the Volta Region showing Adaklu (labeled) (Sources: Wikipedia and Wikimedia, respectively).
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Since childhood, we were told that the grasscutter eats only maize, cas-
sava, and sugarcane. These are foods we also eat as humans. Also, we 
take the digesta directly from the intestines, without waiting for it to be 
passed as feces. As such I do not believe there is any health risk associated 
with its consumption.

Human health risk assessment

The concentrations of heavy metals in the samples are shown 
in Table 1. All the heavy metals except Fe were below the limit 
of detection of 0.01 mg/kg digesta. The mean concentration of 
Fe was 131.61 ± 23.14 (range 97.27-189.76) mg/kg digesta; 
and its EDI was 0.02 mg/kg/day, which is below the reference 
dose recommended by the US EPA (0.7 mg/kg/day). The daily 
and weekly THQs of Fe were <1. Since THQ was calculated 
only for Fe, HI equals the THQ. In addition, the CRmm of Fe 
was >30, implying that taking 10 g of digesta per meal per day 
is unlikely to result in iron poisoning (Table 2).

Discussion
Heavy metals may exist naturally in the environment or because 
of human activities. They are deposited into the soil and are 
transferred to plants and water bodies which serve as food and 
water for wild animals including grasscutters. For instance, 
some studies have demonstrated that heavy metals from the 
environment may bioaccumulate in commonly consumed 
fruits, vegetables, and cereals.24-26 Upon ingesting these con-
taminated crops, the heavy metals may accumulate in the meat 
and guts of the animals,16,27 which raises concerns about the 

health of individuals who consume grasscutter digesta. Here, 
we assessed the knowledge and perceptions of respondents 
about the safety of consuming grasscutter digesta and evalu-
ated the potential risk of heavy metal poisoning from ingesting 
this spice.

The respondents had no concerns about the safety of ingest-
ing grasscutter digesta; based on their knowledge of what grass-
cutters eat and how they are captured. Although the merchant 
stated that guns are used for hunting, it has been reported that 
hunters in some parts of Ghana use poisons like carbofuran and 
yellow oleander root powder to kill grasscutters. As such, indi-
viduals in those areas avoid poisoning by discarding the entire 
digestive system of the hunted animals while ensuring that the 

Table 1. Concentrations of heavy metals in samples.

SAMPLE nUMBER CD (MG/KG) FE (MG/KG) HG (MG/KG) Mn (MG/KG)

 1 <DL 112.24 <DL <DL

 2 <DL 117.46 <DL <DL

 3 <DL 124.37 <DL <DL

 4 <DL 97.27 <DL <DL

 5 <DL 143.02 <DL <DL

 6 <DL 120.27 <DL <DL

 7 <DL 133.01 <DL <DL

 8 <DL 126.83 <DL <DL

 9 <DL 145.39 <DL <DL

10 <DL 189.76 <DL <DL

11 <DL 144.98 <DL <DL

12 <DL 124.70 <DL <DL

Mean of samples <DL 131.61 ± 23.14* <DL <DL

<DL: Below detection limit of 0.01 mg/kg.
*Presented as mean ± standard deviation (SD).

Table 2. Health risk assessment parameters of heavy metals.

PARAMETER HEAVy METALS HI

CD FE HG Mn

EDI (mg/kg/day) - 0.02 - -  

THQ      

1× per week - 0.005 - - 0.005

7× per week - 0.031 - - 0.031

CRmm - 971.42 - -  

Abbreviations: CRmm, Maximum allowable monthly consumption; EDI, 
Estimated daily intake; THQ, Targeted hazard quotient; HI, Hazard index.
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digesta does not spill on the meat.3,28 This is however not the 
case for people who consume grasscutter digesta. Grasscutters 
eat foods like maize, cassava, and potatoes,29 which are also con-
sumed by humans and are not detrimental to human health. 
However, the increasing use of agrochemicals in agriculture in 
Ghana threatens the quality of grasscutter digesta. Indeed, some 
farmers in Ghana use poisons to deter grasscutters from destroy-
ing their farm produce.3 This implies that consumers of the 
spice are at risk of poisoning by toxic chemicals. While the situ-
ation in the Adaklu district may be different, it is important to 
evaluate the hunting and farming practices in the district as well 
as educate hunters and farmers on the subject, to reduce the risk 
of food poisoning.

We found undetectable levels of Cd, Hg, and Mn in the 
tested samples. Gbogbo et al (2020) recorded low levels of 
Cd and Hg in grasscutter meat and concluded that its con-
sumption at a rate of 0.104 kg per day is safe.8 Conversely, 
Soewu et al27 found higher than recommended levels of Cd 
and Mn in grasscutter meat collected in Southwestern 
Nigeria. The disparities in the abundance of heavy metals in 
grasscutter meat from different geographical locations sug-
gest that the abundance of heavy metals in grasscutter digesta 
may be a function of the animal’s habitat. It is therefore 
imperative to monitor the toxicological risk of ingesting 
grasscutter digesta obtained from different parts of Ghana. 
Cd is an environmental contaminant that is associated with 
an increased risk of cancer, cardiovascular disease, and osteo-
porosis. Excessive amounts of Mn result in manganism, a 
neurodegenerative disorder characterized by dopaminergic 
neuronal death. Mercury poisoning results in sensory impair-
ment, abnormal sensation, and loss of coordination.14,30 The 
undetectable levels of Cd, Hg, and Mn in the samples we 
analyzed indicate no perceived risk to consumers for the ail-
ments caused by these metals.

The Fe (range 97.27-189.76 mg/kg) detected in the studied 
samples may be attributed to a contaminated food chain or 
drinking water, or reduced absorption of the metals from the 
gut due to phytochelatins in plant foods. Although our study 
did not probe the source of Fe or the presence of phytochela-
tins in the samples, research has established a relationship 
between heavy metal burden in animals and contaminated 
environments.31,32 Compared to the dose recommended by the 
US EPA (0.7 mg/kg/day), the EDI of Fe (0.02 mg/kg/day) 
which we estimated was within limits, indicating no perceived 
risk to consumers. In addition, the daily and weekly hazard 
indices of Fe were <1, confirming the low probability of iron 
toxicity. Grasscutter digesta is a relatively expensive spice and is 
used only for some soups. This means that it is highly unlikely 
to be consumed daily by the average Ghanaian. Moreover, the 
CRmm > 30 indicates that if 10 g of the spice is consumed 
daily, it can be taken safely 971 times per month. Altogether, 
we conclude that regarding the metals considered in this study, 

digesta from grasscutters captured in the Adaklu district of 
Ghana is safe for consumption.

Although this study addresses an important research ques-
tion, some limitations need to be acknowledged. Firstly, we 
tested the levels of 4 heavy metals in 12 samples obtained from 
a single geographical area. This limits the scope of our assess-
ment. Moreover, the assumption made for the daily intake rate 
may be inaccurate and may exaggerate or underestimate the 
true values. Future studies should consider a larger sample size 
from different parts of Ghana and should ascertain the actual 
rate at which the spice is consumed.

Conclusion
The present study was performed to assess the knowledge and 
perceptions of a merchant and a consumer about the safety of 
ingesting grasscutter digesta and to assess heavy metal levels in 
the spice. This study found that consumers of grasscutter 
digesta have no health concerns regarding its consumption. 
The levels of Cd, Hg, and Mn in the digesta samples were 
undetectable. Furthermore, the level of Fe was below the per-
missible limit of the US EPA, and so raised no concern. 
Regarding Fe content in the samples, the hazard quotient and 
maximum allowable monthly consumption values indicate 
that consuming 10 g of digesta daily is unlikely to result in iron 
poisoning. Altogether, with regards to the heavy metals we 
studied, grasscutter digesta obtained from the Adaklu district 
in the Volta Region of Ghana is safe for consumption.
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