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Abstract 

Objective: This study evaluated the effect of chronic cassava meals on some reproductive 
parameters of male albino rats. 

Methods: Twenty-four sexually mature albino rats were divided into four groups which 
received oral treatments from a variety of cassava products containing cyanogenic glycosides 
in varying quantities: Group A—Control (received 300 g normal rat feeds); Group B (received 
50 g red garri at a concentration of 150 ppm cyanogenic glycosides/rat/day); Group C (received 
50 g white garri at a concentration of 200 ppm cyanogenic glycosides/rat/day); and Group D 
(received 50 g raw cassava at a concentration of 400 ppm cyanogenic glycosides/rat/day). After 
60 days of treatment, male reproductive organs were harvested from the rats for histological 
examination. Also noted were the weights of the body and the organs. 

Results: The weight of the body and reproductive organs significantly changed in group D 
after receiving raw cassava at a dose of 400 ppm/rat/day. Compared to the group treated with 
red garri at 100 ppm/rat/day cyanogenic glycosides, which showed no significant changes in 
body weight gain or the weight of the reproductive organs, the white garri group showed 
substantial changes in the testis and prostate weight. The group given 150 ppm/rat/day of red 
garri did not exhibit any changes in histology, but the groups given 150 ppm/rat/day of white 
garri and 400 ppm/rat/day of raw cassava displayed testicular atrophy, degeneration, 
vacuolation, decreased secretion, and desquamation of glandular epithelium in the prostate. 

Conclusions: This study has revealed that the concentration of cyanogenic glycosides is higher 
in raw cassava and white garri than red garri, and that 400 ppm/day of cyanogenic glycosides 
may have negative impacts on their ability to reproduce. 
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Introduction 

Cassava (Manihot esculenta Crantz) is a member of the Euphorbiaceae family. It is farmed in 
various regions of the world including Asia, Africa and Latin America. Due to its unique 
nutritional prowess, it is widely utilized for food and industrial purposes [1, 2]. Mombo et al. 
[3] and De Moura et al. [4] have estimated the consumption of cassava in America and in Africa 
to be 105 ± 330 g/day and 940 ± 777 g/day, respectively. Cassava products such as garri, starch 
and fufu are consumed in large quantities daily in the tropics by people of all social-economic 
status, religion and ethnic groups [5, 6]. There are two types of cassava—sweet and bitter, with 
the bitter variety used in making garri, being more common [7]. Garri is classified as white or 
red due to the presence or absence of palm oil [8]. 

One factor that limits the utilization of cassava as food is the fact that it contains toxic 
compounds known as cyanogenic glycosides such as linamarin and lotaustralin. When these 
compounds are broken down within cells, they yield acetone cyanohydrins, cyanide and other 
products which have been shown to be toxic to cells [8, 10]. Cyanide has both acute and chronic 
toxic effects arising from its ability to restrain cellular respiration and its negative effects on 
metalloenzymes [11, 12]. According to Montagnac et al. [13], the cyanide content of cassava 
leaves is between 53 and 1300 mg, while cassava roots contain between 10 and 500 mg cyanide 
equivalents/kg of dry matter/kg. To reduce the cyanide content of cassava, different 
processing/detoxification methods are usually applied, such as fermentation and baking [6, 14]. 

Cyanogenic glycosides can be detoxified using the right processing methods, which lowers the 
danger of cyanide poisoning. However, improper processing of the cassava can result in 
acetone cyanohydrin being in a state where the cyanide molecules are allowed to roam freely 
as radicals and mix with other substances in the body to form the substance that causes acute 
cyanogenic intoxication. Numerous health issues have been linked to extend eating of 
improperly processed bitter cassava cuisine, which results in a sustained high cyanogens intake 
[15]. Increased blood cyanide levels may cause oxidative stress (OS) as a result of 
mitochondrial malfunction [16]. 

It has been suggested that long-term ingestion of cassava in humans may lead to neurological 
conditions including tropical ataxic neuropathy (TAN) and Konzo, which are characterized by 
motor dysfunction and cognitive failure [17]. According to Udeme et al. [18], rats' levels of 
aspartate aminotransaminase, glucose, alanine aminotransaminase, and alkaline phosphatase 
were significantly raised after consuming cassava products. In addition to these negative 
consequences, cyanide poisoning has also been linked to histological changes in the thyroid 
gland [19], reproductive toxicity in male dogs [20], evidence of cell death (necrosis) in an in 
vitro study [21], negative effects on motor activity, kidney, and liver function in Wistar rats 
[22 23]. In addition, Paulinus and Obaika [24] found that after cyanide exposure, there was an 
increase in serum lactate dehydrogenase levels, indicating a switch from aerobic to anaerobic 
metabolism leading to lactic acidosis. 

Infertility is a serious health challenge in the world today affecting about 15% of all couples 
trying to conceive [25]. Of this figure, male infertility accounts for about 50% of the cases yet 
no identifiable cause can be found in over 20% of infertile males [26]. It has been shown that 
the male reproductive system is extremely sensitive to many chemicals and different food 
substances consumed on a daily basis [27,28,29]. In this light, chronic consumption of cassava 
meals could be linked to infertility in males either on a long- or short-term basis. Studies 
evaluating the effect of chronic consumption of cassava meals on the male reproductive system 
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are limited; hence, this study evaluated the effect of chronic cassava meals on some 
reproductive parameters of male albino rats. 

Results 

The result of the phytochemical screening of the garri samples and raw cassava is shown in 
Table 1. Cardiac glycosides were observed more in the raw cassava than in either white or red 
garri. Alkaloids were not found the white garri, but were seen in high concentration in the raw 
cassava. 

Table 1. Phytochemical screening of various cassava samples (100 g) 

 

The effect of various cassava meals on body weight gain of experimental animals is presented 
in Table 2. Rats in the control group had the highest body weight gain. Body weight gain of 
rats administered 150 and 200 ppm/day Cyanogenic Glycoside (Groups B and C) was not 
significantly different, but was lowered that the control group. However, rats administered 
400 ppm cyanogenic glycosides/ rat/day (Group D) have a significantly lower (p < 0.05) body 
weight gain compared to control. 

Table 2. Effect of various cassava meals on body weight 
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The effect of various cassava meals on reproductive organ weight is shown in Table 3. The 
weight of the testis, epididymis and prostate was significantly decreased (p < 0.05) in rats 
treated with 400 ppm cyanogenic glycosides present in raw cassava compared to the control 
group, but group B and C did not show any significant difference (p > 0.05) when compared to 
the control group. 

Table 3. Effect of various cassava meals on reproductive organ weight 

 

Values are expressed as mean ± SEM, (n = 6) bearing different letters in column differ significantly (p 
< 0.05 ) 

Histopathological studies 

Testis 

In the control group, normal testis histology with regular seminiferous tubules and 
spermatogenic cell lines with abundance of spermatids in the seminiferous tubules were 
observed (Fig. 1). Group B treated with red garri at 150 ppm/rat/day showed no changes in the 
histological architecture of testis compared to the control (Fig. 2). 

 
Fig. 1. Photomicrograph of the Testis of the Control Group, showing seminiferous Tubules (➜), 
Interstitial Tissue (★) 
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Fig. 2. Photomicrograph of the Testis of Group B, treated with 50 g/day/rat red garri showing 
seminiferous tubules (➜), Interstitial Tissue (★) as seen on Control Group 

Group C and D treated with white garri at 200 ppm/rat/day and raw cassava at 400 ppm/rat/day 
showed histological alternation including atrophy and degenerated seminiferous tubules; also, 
there was a than population of spermatogenic cells, spermatocytes spermatids and spermatozoa 
in the tubules (Fig. 3a, b). This histological alteration was more prominent in group D 
compared to group C. 

 
Fig. 3. Photomicrograph of the Testis (A) Groups C, Treated with 50 g/day/rat White garri showing 
Vacuole (➜) in the germinal epithelial layers; (B) group D treated with 50 g/rat/day raw cassava 
showing vacuole (➜) atrophy degenerated seminiferous tubules (★) 

Epididymis 

In group A (control group), epididymal histology with luminal cell lines with abundant number 
of sperm was observed (Fig. 4), and there was no observable difference in groups B (red garri 
at 150 ppm/day) when compared to the control. In the groups C and D, there was low sperm 
density compared to the control groups, and increase in the number of clearing cells with a 
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vacuolation in luminar cell layer was observed. These alterations were more pronounced in 
group D than group C (Figs. 5, 6). 

 
Fig. 4. Photomicrograph of the Epididymis (A) shows normal Epididymis of the Control Group with 
bulk of sperm (★) 
 

 
Fig. 5. Photomicrograph of the Epididymis (A) shows normal Epididymis of the Group B treated with 
50 g/rat/day with bulk of sperm (★) as seen in Control Group 
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Fig. 6. Photomicrograph of the Epididymis (A) Group C Treated with White garri Showing Low 
Density of Sperm (★) (B) group D Treated with 50 g/rat/day Raw Cassava showing Low Density of 
Sperm and vacuoles in the Germinal Cell Lining 

Prostate gland 

Ample amounts of prostate secretion were seen along with a normal prostate histology and 
luminal cell lining (Fig. 7). The histological architecture in group B was normal (Fig. 8) White 
garri was given to groups C and D at doses of 200 ppm/rat/day and 400 ppm/rat/day, 
respectively. This resulted in less secretion in the lumen (Fig. 9a), and group D's glandular 
epithelium showed desquamations (Fig. 9b). 

 
Fig. 7. Photomicrograph of the Prostate Gland; (A) Normal Histology of the Control Group with 
Prostate Secretion (★) 
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Fig. 8. Photomicrograph of the Prostate Gland; (A) histology of the Prostate Gland of Group B Treated 
with 50 g/day/rat red garri showing normal prostate Histology with Bulk of Prostate Secretion as seen 
in the Control Group (★) 
 

 
Fig. 9. Photomicrograph of the Prostate gland; (a) Histology of the Prostate Gland Group (C) Treated 
with 50 g/rat/day White garri Showing Low Prostate Secretion ( ). (b) the prostate Histology of 
Group D Treated with 50 g/rat/day raw Cassava Showing Low Prostate secretion ( ), Desquamation 
of Glandular Epithelium (➜)  

Discussion 

Given the reported high toxic effects of cyanogenic glycosides, this study evaluated the effect 
of chronic cassava meals on some reproductive parameters of male albino rats. Phytochemical 
screening of the cassava/garri used in this study revealed the presence of carbohydrates and 
other phytochemicals which is in consonance with previous reports. In West Africa, cassava 
starch and garri, a processed product, are crucial food components that make up a significant 
amount of daily caloric intake [31]. According to Oghobase et al. [32], with a carbohydrate 
output that is around 40% and 25% greater than rice and maize, respectively, cassava ranks 
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very high among crops that convert the highest amount of solar energy into soluble 
carbohydrates per unit of land. Due to its high carbohydrate content, cassava is considered an 
important edible tuber [33, 34]. 

Over the course of the treatment, body weight increased in each of the experimental groups. 
However, compared to the other treatment groups, rats given 400 ppm cyanogenic 
glycosides/rat/day saw a considerable drop in body weight (Table 2). This may be because of 
the harmful effects of cyanide. According to Rivadeneyra-Domnguez et al. [22], cyanide, a 
potent inhibitor of the electron transport chain, encourages oxidative stress. This outcome is 
consistent with studies by Maliki et al. [23], which found that including cassava in the diet had 
a favorable impact on rats and caused them to gain more body weight. Incorporating cassava 
into rat diets can enhance feed intake, which in turn increases the weight of treated animals 
[35, 36, 66]. Indeed, cassava has a higher nutritional value than sweet potatoes, with 112 cal 
per 100 g [13]. It is a crucial crop for developing nations because to its capacity to supply high 
calories. The findings of this study contrast with those of Morgan and Choct [37] and Rosas-
Jarqun et al. [38], who reported that chronic ingestion of cassava had no impact on rats' body 
weight during a 35-day period. While it is currently impossible to justify the discrepancy 
between our observations of high weight gain and the reduction in weight gain reported by 
others [15, 39,40,41], it may be caused by the dosage of the cassava administered, the species 
of animals, the geographic effect on different cassava samples, processing methods and 
procedures, or other unknown factors [42]. 

The body's inability to metabolize extremely large levels of cyanide results in acute cyanide 
poisoning [43, 44]. In humans, cyanide and the ferric ion in mitochondrial cytochrome oxidase 
interact to block electron transport in the cytochrome system and stop the synthesis of ATP and 
oxidative phosphorylation. Anaerobic glycolysis is put under more stress due to the suppression 
of oxidative metabolism, which leads to the generation of lactic acid and the possibility of a 
serious acid–base imbalance. Enefa et al. [15] claim that continuous ingestion of incompletely 
processed cassava roots containing cyanogenic glycosides can expose people to cyanide, which 
can result in neurological diseases, weight loss, growth retardation, and even death (CNS). 

The findings of this study suggested that red garri might not be harmful to albino rats' ability 
to reproduce at 150 ppm/day of cyanogenic glycosides. This could be attributed to the 
detoxification process that uses the mitochondrial enzyme rhodanese, which catalyzes the 
reaction between CN– and thiosulphate to form SCN– [45, 46]. According to Wrobel et al. 
[47], sulfur atoms are converted to CN-, which is then expelled over a number of days and is 
less harmful than CN–. Red garri's low concentration of cyanogenic glycosides enables the 
detoxification process because bigger quantities are too high for the liver's rhodanese system 
to effectively detoxify [48, 49]. Red garri's palm oil content may chelate the CN– present, 
reducing its toxicity. 

The results of this study also demonstrated that rats given daily doses of 400 ppm raw cassava 
and 200 ppm white garri induced histological abnormalities in the testes, including atrophy and 
deteriorated seminiferous tubules (Plate 1c). It has been observed that 14 weeks of exposure to 
a cyanide-containing cassava diet in dogs causes testicular degeneration and liver lesions [20]. 
Oxidative stress and anaerobic cellular respiration might also be blamed for these 
histopathological changes [50, 51]. According to Rivadeneyra-Domnguez et al. [22], cyanide, 
a potent inhibitor of the electron transport chain, encourages oxidative stress. Cyanide 
generates oxidative stress in the numerous functional tissues of rats, according to earlier studies 
[45, 52]. 
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The epididymal alterations entail the insertion of new proteins and the modification of old 
proteins by cell-clearing [53, 54]. These epididymal modifications produce an environment 
that is favorable for spermatozoa to mature [55, 56]. Because sperm motility is crucial for 
fertilization, anything that affects motility will inevitably impair fertilization [57, 58]. Previous 
investigations have demonstrated that ATP affects sperm motility [59, 60]. Cyanide may 
reduce the production of ATP [61, 62]. The ATP energy pool may have undergone changes as 
indicated by previous studies [63,64,65, 67]. It is hypothesized that the lower prostate output 
observed in groups C and D (Plate 3C) could be attributed to reduced serum testosterone levels. 
It is plausible that the desquamation observed was a result of the decrease in serum testosterone 
levels. 

Materials and methods 

Collection of cassava and garri samples 

Commercial garri samples and raw cassava were randomly collected from six market in 
Obiaruku, Ukwuani Local Government Area of Delta State (5.8387° N, 6.1580° E) and were 
kept in tightly sealed envelopes in field cellophane bags before being used for analysis. 100 g 
of each sample was used for analysis. 

Processing of raw cassava root and garri 

To reveal the white inner layer, the brownish peel (skin or cortex) was cut away from the raw 
cassava. The roots were then chopped into chip-sized pieces and left to sundry for three days 
in a row. The dry cassava pieces were manually ground into a powdery consistency using a 
grinding device before being fed to the test rats as a combination of regular rat food and cassava 
chow. The rats received red and white garri in addition to their regular rat food. 

Phytochemical screening 

Qualitative phytochemical screening for saponins, steroids, tannins, alkaloids, anthraquinone, 
flavonoids, anthocyanins, cardiac glycoside, and triterpene in the extract were done following 
standard procedures as described by Harborne [30]. 

Determination of cyanogenic glycosides 

The Association of Official Analytic Chemist (2010) method as described by Maliki et al. [23] 
was used. In a nutshell, 2 ml of orthophosphoric acid and 40 ml of distilled water were used to 
soak 4 g of material. To release all bound hydrocyanide acid, the mixture was completely 
steroid halted and left overnight at room temperature. The final sample was deposited into the 
distillation flask and broken chips and a drop of paraffin wax (anti-foam 1 mg agent) was added 
(antibump). 

Following filling with other distillation equipment, the distillation flask was used. The 
receiving flask was then filled with 0.1 g of sodium hydroxide pellets and around 5 ml of 
distillate. After that, the distillate was poured into a 50-ml volumetric flask and filled to the 
proper level with distilled water. It was gathered and put in the conical flask, and the filter was 
then given 1.6 ml of 5% potassium iodide. The resulting concoction was measured against 0.01. 
From the procedure described above, it was determined that the cyanide level of the cassava 
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utilized for this study was 300 pm, 400 pm, and 800 pm for red garri, white garri, and raw 
cassava, respectively, per 100 g. 

Mathematical Determination of the concentration of Cyanogenic Glycosides in ppm 

100 g of red garri contained 300 pm cyanogenic glycosides. 

100 g = 300 ppm. 

50 g = x. 

 = 150 ppm in 50 g Red garri. 

100 g of white garri contains 400 pm Cyanogenic Glycosides. 

100 g = 400 ppm. 

50 g = x.\(x = \frac{50 \times 400}{{100}}\) = 200 ppm in 50 g white garri 

100 g of raw cassava contain 800 ppm. 

100 g = 800 ppm. 

50 g =    = 400 ppm 

Ethical consideration 

The care and use of the animals and the experimental protocol were in accordance with the 
Ethical Committee and Experimental unit of the Animal House University of Jos. Ethical 
Clearance was applied for and obtained before the commencement of the study 
(UJ/2020/05/22). 

Animals 

For this investigation, male albino rats that were sexually mature and weighed between 109 
and 285 g were employed. At the University of Jos' animal house, the animals were kept in 
well-ventilated iron cages and subjected to a 12-h light/dark cycle at room temperature. Prior 
to the start of the research, all animals underwent a one-week acclimatization period and were 
handled in compliance with University of Jos policies for the handling and care of laboratory 
animals. 

Experimental design 

The animals were placed into four groups at random and handled as follows: 

Group A: Control animals (received 300 g normal rat feeds). 

Group B: 50 g red garri at a concentration of 150 ppm cyanogenic glycosides/rat/day. 
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Group C: 50 g white garri at a concentration of 200 ppm cyanogenic glycosides/rat/day. 

Group D: 50 g raw cassava at a concentration of 400 ppm cyanogenic glycosides/rat/day. 

Body and reproductive organs weight measurement 

The body weights of the animals were measured using the electric weighing balance before 
and after treatment for 60 days. Euthanasia was done using the chloroform inhalation method. 
The animal’s’ testis, epididymis and prostate were dissected and weighed. 

Histopathological examination 

Histological examination of the testis, epididymis, and prostate gland was performed. The 
tissue samples were then treated for 24 h with a graded alcohol series, preserved in Bouin's 
solution, and ultimately embedded in paraffin wax. Using a semi-animated (LeicoaRM 2255) 
microtome, the paraffin blocks were cut into 5-m-thick slices, which were subsequently stained 
with hematoxylin and eosin (H and E) for light microscopic examination. For this score, at 
least ten fields were picked at random for each slide in each scenario. The sections were then 
examined for histological lesions in the testis, epididymis, and prostate using arbitrary ratings 
( ±). Following that, a cumulative figure for each treatment group was constructed and 
photographed using a phase contrast microscope (Olympus B51, Tokyo, Japan). 

Statistical analysis 

The results were expressed as mean ± SEM for six animals per group. The data were analyzed 
using, one-way ANOVA with Graphpad Prism Statistical Software (version 7). p values less 
than 0.05 (p < 0.05) were considered significant. 

Conclusion 

This study has shown that the concentration of cyanogenic glycosides is higher in raw cassava 
and white garri compared to red garri and that cyanogenic glycosides at a concentration 
between 200–400 ppm/day may bring about reduction in body weight and induce adverse 
effects on male reproductive functions in albino rats. Therefore, chronic cassava meals may 
cause infertility in males on the long term, especially if there are challenges in the detoxification 
process. 
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