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Abstract 
Cassava peels were fermented through a combination of two lactic acid bacteria (Lactobacillus co-
ryneformis and Lactobacillus delbrueckii) and a fungus (Aspergillus fumigatus) using solid sub-
strate fermentation (SSF) technique for five consecutive days. The enhanced product designated 
as microbially fermented cassava peel (MFCP) was used at graded levels in the feed formulation 
for growing pigs. Four iso-nitrogenous and iso-caloric diets were formulated with MFCP at 0% (T1), 
20% (T2), 40% (T3) and 60% (T4) inclusion levels. Twenty-four boarlings of an average initial 
weight of 37.15 kg were used in a fourteen-week trial to test the effect of these graded levels of 
MFCP on growth performance, digestive and reproductive physiology of the experimental animals. 
The result showed significant differences (P < 0.05) in mean daily feed consumption. Pigs in T3 
had the highest feed intake (2.24 ± 0.05 kg), while pigs in T4 had the lowest (1.78 ± 0.04 kg). The 
final highest live weight was in T3 (72.00 kg) and the least in T4 (58.17 kg). The feed conversion 
ratios also showed significant differences (P < 0.05) among treatment means. The result obtained 
from gut morphometry showed that animals in T1 had the highest stomach weight (full and emp-
ty), while animals in T3 had the least rate of gastric emptying (81.50%). Animals in T3 and T4 had 
the longest small intestine (16.21 m and 15.35 m, respectively), while those in T4 had the longest 
colon (4.24 m). Animals in T1 and T2 had more numbers of gastric glands, while animals in T3 and 
T4 had more parietal cells. The reproductive indices revealed that animals in T1 were better in 
terms of the weight and relative weight of vesicular and Cowper’s gland, while animals in T4 had 
the highest value of the weight and relative weight of prostate gland. Proximate analyses of the 
ileal digesta revealed that the rate of nutrient absorption was highest in T3 and T1 and lowest in 
T4. Histological examination of the testes revealed normal testicular architecture in the control 
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diet. The testes of animals fed 0%, 20% and 40% MFCP diets exhibited normal and intact lumen, 
Sertoli cells, and germ cells. However, animal fed 60% MFCP diet revealed massive disruption and 
degeneration of germinal epithelium, and complete erosion of the seminiferous tubules. It could 
be concluded that feeding pigs at 40% MFCP would enhance feed consumption, nutrient absorp-
tion and improve the growth rate of pigs. Using MFCP beyond 40% level on swine diet could com-
promise gut health through diarrhoeagenic disposition of the digesta in the distal colon and mod-
ification of the parietal and chief cells of the gastric glands. The hypertrophy of the prostate gland 
and vacuolization of the seminiferous tubules of pigs fed the 60% MFCP diet indicated a probable 
reduced reproductive performance. 
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1. Introduction 
Globally, livestock production is growing more dynamically than any other agricultural sector. As countries be-
come more affluent, demand for livestock-derived food has substantially increased, leading to a major transfor-
mation of animal food production. Pig and poultry production are the fastest growing and industrialized lives-
tock subsectors with annual production growth rates of 2.6% and 3.7% respectively over the past decade [1]. 
Sources of animal protein in Nigeria include beef, milk, pork, poultry, sheep, goats, fish and game animals. Of 
all the sources, pork represents one of the fastest ways of increasing animal protein, since pigs grow at a faster 
rate and are more prolific than cattle, sheep and goats [2]. Also pigs excel other animals in converting feed to 
flesh [3] and they display a unique ability to adapt and survive in areas where they have been found. However, 
the development of the swine industry has been plagued by the increasing unavailability and consequent high 
cost of the conventional feeds. Feed cost, according to Sastry and Thomas [4], accounts for 67.2% of the total 
pig production cost. It is therefore pertinent to look for cheaper and readily available sources for compounding 
swine rations. As a way of confronting this challenge, the use of alternative feed sources such as cassava peel 
and cassava starch residue has been canvassed [5]. 

The potential use of cassava peel to adequately fill this nutritional gap is heavily constrained by intrinsic fac-
tors like their high crude fibre level, low nitrogen content and the presence of anti-nutrients [6]. There has been a 
concerted effort by scientists to reduce or totally remove all these constraints militating against the utilization of 
cassava peels. The most viable option for circumventing these constraints is via the biotechnological route using 
generally regarded as safe (GRAS) organisms [7]. A host of micro-organisms which can be used for value addi-
tion to agro-industrial by-products abound and have been used by researchers with varying degrees of success. 
Thus, this research was designed to investigate the effect of using graded levels of cassava peel fermented with a 
combination of two lactic acid bacteria (Lactobacillus coryneformis and Lactobacillus delbrueckii) and a 
fungus (Aspergillus fumigatus) on the growth performance, gut and gonadal morphometry of growing pigs. 

2. Materials and Methods 
Fresh cassava peels were collected from cassava processing mills within Akure town, Ondo State, Nigeria. The 
peels were processed by the methods described by Aro [5] prior to their incorporation into the compounded 
grower pigs’ diets. A total of 24 grower pigs (all males) with average initial weight of 37.15 kg were purchased 
for the trial. Four experimental diets were formulated to contain microbially fermented cassava peel (MFCP) at 
0%, 20%, 40% and 60% as diet 1, diet 2, diet 3 and diet 4 respectively. The diets composition is shown in Table 
1. The animals were randomly divided into four treatments, comprising of six animals per treatment with each 
animal serving as a replicate of its treatment group.  

Data were collected for weekly weight change, daily feed intake and feed conversion ratio throughout the 14 
weeks of the trial. At the end of the experiment, all the animals were mechanically stunned and slaughtered. 
Immediately after death, the abdominal cavity was opened and the entire gastrointestinal tract was immediately 
removed. Different sections of the gastro-intestinal tract were ligated and cut into the following segments: sto- 
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Table 1. Gross composition (g/100g) of the experimental diets.                      

Ingredients T1 T2 T3 T4 

Maize 40.00 35.00 15.00 0.00 

Rice bran 11.00 7.20 10.00 0.00 

Palm kernel cake 26.30 16.50 14.50 21.30 

Groundnut cake 17.00 18.30 17.50 15.70 

MFCP --------- 20.00 40.00 60.00 

Vegetable oil 2.50 ---------- -------- -------- 

Bone meal 1.50 1.50 1.50 1.50 

Oyster shell 0.50 0.50 0.50 0.50 

Premix 0.50 0.50 0.50 0.50 

Salt 0.50 0.50 0.50 0.50 

Total 100.00 100.00 100.00 100.00 

Crude protein (%) 18.07 18.09 18.09 18.04 

Crude fibre (%) 6.20 11.35 17.87 24.01 

M. E. (Kcal/kg) 3022.82 3012.30 3003.15 3015.74 

HCN Conc. (mg/kg) 0.00 5.88 11.16 16.75 

MFCP = Microbially fermented cassava peel; HCN = Hydrogen cyanide; M. E. = Metabolizable ener-
gy; T1 = Control diet; T2 = Diet with 20% inclusion of MFCP; T3 = Diet with 40% inclusion of MFCP; 
T4 = Diet with 60% inclusion of MFCP. 

 
mach, small intestine, large intestine and caecum for measurement. The length of small and large intestine were 
determined using a linear measuring tape. The weights of caecum and stomach (full and empty) were also de-
termined. 

Tissue samples from the stomach and testis were collected for histological examination. Sections were then 
observed with a light microscope and photographs were taken at 600× magnification. Also, gonadal parameters 
like the weight of the accessory glands and testicular histology were determined as response criteria to the treat-
ment diets.  

3. Data Analysis 
Data generated were subjected to analysis of variance (ANOVA) using SPSS version 16 statistical package. 
Mean separation was done with Duncan’s multiple range test of the same statistical package. 

4. Results and Discussion 
The result of the performance of grower pigs fed varying levels of MFCP is shown in Table 2. The average feed 
intake values differed significantly (P < 0.05). The animals on T3 had highest feed intake (2.24 ± 0.05 kg), while 
animals on T4 had the least (1.78 ± 0.04 kg). Since the experimental diets were both iso-caloric and iso-nitro- 
genous, any increase in feed intake represents an increase in the intake of energy and protein requirement [8], 
which was translated to better protein accretion and hence increased growth rate by the animals on T3. This 
same trend was reflected on other performance parameters like final body weight feed conversion ratio and daily 
weight gain. The poor performance recorded for animals on T4 as far as these parameters are concerned could be 
attributed to high fiber level and the toxigenic effect of residual cyanide at 60% level of inclusion. The better 
feed conversion ratio and feed efficiency for animals on the control diet could be attributed to better digestibility 
as a result of lower level of crude fibre and probable absence of hydrogen cyanide (HCN) on the diet [5]. HCN 
intake per body weight was highest in animal on diet T4 and least on diet T2. The lethal dose of HCN for human 
has been reported to be between 0.5 - 3.5 mg per kg body weight or 30 and 210 mg for 60 kg adult human [9]. 
Since pig is similar to human in body physiology, the high oral intake of HCN per kg body weight (0.51 mg/kg)  
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Table 2. Growth performance of pigs fed microbially fermented cassava peel diet.                    

Parameters T1 T2 T3 T4 

Average feed intake (kg/d) 1.84 ± 0.56b 1.94 ± 0.18b 2.24 ± 0.05a 1.78 ± 0.04b 

Initial live weight (kg) 37.00 ± 4.49 37.67 ± 3.23 37.50 ± 2.03 37.17 ± 2.17 

Final live weight (kg) 70.50 ± 9.27 64.00 ± 7.21 72.00 ± 3.76 58.00 ± 0.89 

Total weight gain (kg) 33.50 ± 5.47 26.33 ± 4.26 34.50 ± 5.22 20.83 ± 2.14 

Daily weight gain (kg) 0.34 ± 0.06 0.27 ± 0.04 0.35 ± 0.06 0.21 ± 0.02 

FCR 5.41 ± 1.40b 7.19 ± 1.62b 6.40 ± 1.75b 8.48 ± 0.80a 

Feed efficiency 0.19 ± 0.03a 0.14 ± 0.04a 0.16 ± 0.02a 0.12 ± 0.01b 

HCN intake/kg body weight (mg/kg) 0.00 ± 0.00d 0.18 ± 0.24c 0.35 ± 0.16b 0.51 ± 0.07a 

Mean ± Standard Deviation. a, b, c, d = Means with different superscripts within the same rows and for the same parameters 
are significantly different (P < 0.05); MFCP = Microbially fermented cassava peel; T1 = 0% MFCP inclusion as control 
diet; T2 = 20% MFCP inclusion of the diet; T3 = 40% MFCP inclusion of the diet; T4 = 60% MFCP inclusion of the diet; 
FCR = Feed conversion rate; HCN = Hydrogen cyanide. 

 
recorded for animals on T4 could have resulted in poor growth of the animals. Hence HCN/kg body weight in 
MFCP for growers pig should not 0.35 mg/kg for better growth performance. 

The morphometric data (Table 3) of the pigs’ gastrointestinal tract showed that animals on the control diet (T1) 
had the highest full stomach weight (1.42 ± 0.61 kg) while T4 had the least full stomach weight (0.88 ± 0.17 kg).  

The weight of stomach content (ingesta) was highest in T3 than in all other treatments. This probably depicts 
that animals on T3 retained dietary nutrients in the stomach for digestion/processing longer than animals on T1, 
T2, and T4. This could also mean that dietary nutrients were retained longer and made more accessible to enzy-
matic digestion and hence responsible for the presence of more number of parietal cells (Figure 1). The greater 
accessibility of dietary nutrients to enzymatic digestion may explain why animal on T3 had longest small intes-
tine (16.21 ± 0.86 m) and largest caecum (0.83 ± 0.17 kg) compared to T1, T2, and T4. The caecum was re-
ported to play an important role with respect to the microbial degradation of some carbohydrates [10], absorp-
tion of water, microbial synthesis of vitamins and degradation of nitrogenous compounds. Also, the increase in 
length of the small intestine of pigs on T3 may be to accommodate more ingested nutrients for processing and 
absorption since small intestine has been reported as the site for nutrient absorption [11].  

Histological examination of the fundic region of the stomach (Figure 1) revealed gastric glands comprising 
mainly of parietal (oxyntic) cells and chief (zymogenic) cells, gastric pit and gastric lumen (Figure 1). The re-
sult showed that animals fed T1 and T2 had more number of gastric glands than animals fed T3 and T4. The 
number of gastric glands in animals fed T1 was similar to those fed T2. This shows that the probable toxigenic 
effect of residual cyanide did not cause major upset at 20% inclusion level. The reduction in the number of gas-
tric glands in animal fed T3 and T4 could probably be due to high toxigenic effect of residual cyanide in the diet 
at 40% and 60% inclusion reducing the proliferation of gastric glands for acid secretion.  

In animals fed T4, there were alterations in shape and structure of gastric glands with parietal cells unevenly 
distributed in the glands. The chief cells were not fully formed. The toxigenic nature of residual cyanide at 60% 
inclusion may have caused the malformation of chief cells and gastric glands observed in stomach of animals 
fed T4. Hence most of the nutrients in the diet (T4) must have escaped the stomach without much action of hy-
drochloric acid secretion for digestion. 

The rate of gastric emptying and proximate composition of the ileal content (Table 4) showed that there were 
significant (P < 0.05) treatment effects. T4 had the highest rate of gastric emptying (88.89%), followed by T2 
(83.87%) and the lowest value (81.02%) was observed on T1. The high rate of gastric emptying on T4 was con-
trary to the work of many researchers which revealed that high dietary fibre slows down the rate of gastric emp-
tying [12]. The reason for this disparity may be due to the fact that the fibre on T4 act as emulsifiers by stabiliz-
ing the gastric chyme thus preventing the separation of the solid from the liquid phase thereby impairing selec-
tive retention of the largest particles and increasing the rate of passage into small intestine thus making the nu-
trients inaccessible to gastric enzymes for digestion. 
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Table 3. Gut Morphometry of grower pigs fed microbially fermented cassava peels diet.              

Parameters Weight of Stomach T1 T2 T3 T4 

Full (kg) 1.42 ± 0.61 0.92 ± 0.14 1.20 ± 0.15 0.88 ± 0.17 

Empty (kg) 0.87 ± 0.37a 0.43 ± 0.33b 0.36 ± 0.18b 0.48 ± 0.06b 

Weight of stomach content (kg) 0.55 ± 0.16b 0.49 ± 0.13b 0.84 ± 0.22a 0.40 ± 0.13b 

Weight of empty Caecum (kg) 0.67 ± 0.07ab 0.62 ± 0.04b 0.83 ± 0.17a 0.51 ± 0.02c 

Length of small intestine (m) 15.28 ± 0.75 14.59 ± 1.11 16.21 ± 0.86 15.35 ± 0.43 

Length of large intestine (m) 4.11 ± 0.56 4.53 ± 0.25 4.22 ± 0.15 4.24 ± 0.17 

Mean ± Standard Error. a, b, c, ab = Means with different superscripts within the same rows and for the same parameters are 
significantly different (P < 0.05); MFCP = Microbially fermented cassava peel; T1 = Control diet; T2 = Diet with 20% 
inclusion of MFCP; T3 = Diet with 40% inclusion of MFCP; T4 = Diet with 60% inclusion of MFCP. 

 

 
T1                                  T2 

 
1: Parietal cells; 2: Chief cells; 3: Gastric pit; 4: Gastric lumen. T1: Stomach section of animals fed the con-
trol diet; T2: Stomach section of animals fed diet with 20% MFCP; T3: Stomach section of animals fed diet 
with 40% MFCP; T4: Stomach section of animals fed diet with 60% MFCP. MFCP: Microbially fermented 
cassava peel. Magnification 600× (H & E stains). 

Figure 1. Cross sections of Gastric glands from the fundic region of pigs fed microbially 
fermented cassava peels.                                                        

 
The ileal content of T4 had the lowest dry matter (DM) value (16.36 g/100 g) while T3 had the highest value 

(19.42 g/100 g). Conversely, T4 had the highest moisture content. The high moisture content in T4 may be as a 
result of the water binding ability of dietary fibre [13]. It also agrees with the report of Varel and Yen [14] that 
the amount of digesta flow at the terminal ileum is greater in pigs fed diets with high level of dietary fibre. T4 
had the highest CP value (18.33 g/100 g) while the lowest crude protein content of the ileum was recorded in T3 
(13.74 g/100 g). The high crude protein content in T4 is an indication that crude protein was not well absorbed  
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Table 4. Proximate composition (g/100 g) of ileal digesta and rate of gastric emptying 
(%) of pigs fed graded levels of fermented cassava peel-based diets.                   

Parameters T1 T2 T3 T4 

DM 19.05 ± 0.42ab 17.95 ± 0.30b 19.42 ± 0.42a 16.36 ± 0.30c 

Moisture 80.95 ± 0.42ab 82.05 ± 0.30b 80.58 ± 0.42c 83.64 ± 0.30a 

Crude fibre 11.20 ± 0.09c 13.18 ± 0.30b 11.37 ± 0.04c 15.64 ± 0.34a 

CP 15.60 ± 0.19b 18.10 ± 0.35ab 13.74 ± 0.39c 18.33 ± 0.22a 

EE 9.51 ± 0.07c 9.76 ± 0.06b 9.70 ± 0.04bc 10.31 ± 0.07a 

Ash 11.07 ± 0.41b 9.25 ± 0.13c 10.62 ± 0.10b 12.14 ± 0.34a 

NFE 52.63 ± 0.22b 49.69 ± 0.20c 54.57 ± 0.35a 43.57 ± 0.62d 

RGE 81.02 ± 8.51b 83.87 ± 4.35b 81.50 ± 6.99b 88.89 ± 3.67a 

a, b, c, d, ab = Means on the same rows but with different superscripts are statistically (P < 0.05) significant; 
DM = Dry matter; CF = Crude fibre; CP = Crude protein; EE = Ether extract; NFE = Nitrogen free ex-
tract. T1 = No inclusion of MFCP (Control); T2 = 20% inclusion of MFCP; T3 = 40% inclusion of 
MFCP; T4 = 60% inclusion of MFCP; RGE = Rate of gastric emptying. 

 
and this could be as a result of the high crude fibre content of this diet. This is in consonance with the report of 
Bindelle [15] that an average of 31% of nitrogen is bound to the fibre and it is not available to the animal, more 
so, the anti-nutritional factors interfere with the digestive processes. The ileal crude fibre content was generally 
high in all the treatments, this showed that there was little or no digestion of fibre in the ileum, this could be as a 
result of the inability of the digestive enzymes of the ileum to digest crude fibre components [16].  

The low fat content of T1 is an indication that fat was well absorbed in T1, while high fat content in T4 is an 
indication of poor absorption and this may be as a result of the fact that dietary fibre hinders the absorption of all 
other nutrients [17]. The lowest NFE value of ileal samples was observed in T4 (43.57 g/100 g), while the highest 
value was observed in T3 (54.57 g/100 g). The highest NFE recorded in T3 indicates that digestion of soluble 
carbohydrates was highest as a result of its slow transit or long retention time in the ileum there by enhancing the 
time of exposure of the diets to the host’s digestive enzymes [18]. 

Table 5 shows the proximate composition of the content of gastro-intestinal tract from the distal colon. T4 had 
the lowest DM value (29.36 g/100 g) and the highest moisture content (70.64 g/100 g while T1 had the highest 
DM value of 38.75 g/100 g the lowest moisture value (61.25 g/100 g). The high moisture content in T4 is an in-
dication that water was less absorbed and this corroborates the findings of Spiller [19] that dietary fibre has a 
role in changing the consistency of the stool by increasing the water content and the plasticity thus increasing stool 
frequency and output, as a result, the high moisture content recorded in T4 is a predisposition to diarrhoeagenic 
condition [20]. 

Table 6 shows the accessory sex glands morphometry of the pigs fed microbially fermented cassava peel- 
based diets. There were significant differences (P < 0.05) in the vesicular glands due to treatment effects. The 
highest weight of vesicular glands (0.35 kg) was recorded in T1 while T2 had the lowest value (0.15 kg). The 
heaviest prostates (0.15 kg) were recorded in T2 and T4 while T1 had the heaviest Cowper’s glands.  

Pigs that were fed T1 had the heaviest vesicular glands when compared with pigs fed MFCP diets. The tox-
igenic effect of the residual cyanide of the cassava peel could have been responsible for the low weight of the 
vesicular glands in the MFCP-fed pigs. The heavier vesicular glands in pigs that were fed T1 is an indication of 
greater fluid volume of semen to ensure optimum motility and fertility [21]. T2 and T4 had heavier prostate 
glands while the lowest was recorded in T3. The general observation was that there is the tendency of bigger 
prostate glands with pigs fed MFCP-based diets. The abnormal enlargement of the prostate gland has been im-
plicated in prostate cancer that is currently ravaging human population [22].  

Table 7 shows that the dietary treatments resulted in a higher relative weight of the vesicular glands and 
Cowper’s glands in the control relative to the MFCP diets. Components of the secretions from the glands are 
known to ensure nutrition of the sperm cells as well as acting as buffer on the maintenance of the semen’s acid- 
base balance aside from contributing to the electrolyte stability of the seminal plasma. The reduced weight of  
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Table 5. Proximate composition (g/100g) of the digesta from distal colon (dry matter 
basis) of pigs fed graded levels of fermented cassava peel-based diets.                 

Parameters T1 T2 T3 T4 

DM 38.75 ± 0.42a 33.37 ± 0.30b 37.78 ± 0.39a 29.36 ± 0.41c 

Moisture 61.25 ± 0.42c 66.63 ± 0.30b 62.22 ± 0.39c 70.64 ± 0.41a 

CF 8.18 ± 0.08c 9.47 ± 0.09b 8.45 ± 0.06c 12.92 ± 0.26a 

CP 15.18 ± 0.21b 16.85 ± 0.33a 15.07 ± 0.27b 16.97 ± 0.43a 

EE 8.76 ± 0.07bc 8.93 ± 0.08b 8.31 ± 0.07c 10.11 ± 0.29a 

Ash 11.06 ± 0.37bc 10.28 ± 0.15c 11.46 ± 0.22ab 12.28 ± 0.38a 

NFE 56.82 ± 0.55a 54.48 ± 0.26b 56.71 ± 0.58a 47.73 ± 0.40c 

a, b, c, ab, bc = Means on the same rows but with different superscripts are statistically (P < 0.05) signifi-
cant; DM = Dry matter; CF = Crude fibre; CP = Crude protein; EE = Ether extract; NFE = Nitrogen free 
extract; T1 = 0% inclusion of MFCP (Control); T2 = 20% inclusion of MFCP; T3 = 40% inclusion of 
MFCP; T4 = 60% inclusion of MFCP. 

 
Table 6. Weight of accessory sex gland (kg) of pigs fed graded levels of microbially 
fermented cassava peel-based diets.                                           

Parameters T1 T2 T3 T4 

Vesicular gland 0.35 ± 0.03a 0.15 ± 0.03d 0.30 ± 0.11b 0.23 ± 0.04c 

Prostate gland 0.10 ± 0.00b 0.15 ± 0.03a 0.08 ± 0.01c 0.15 ± 0.06a 

Cowper’s gland 0.20 ± 0.00a 0.13 ± 0.01b 0.13 ± 0.01b 0.13 ± 0.01b 
a, b, c, d = Means on the same rows but with different superscripts are statistically (P < 0.05) significant; 
T1 = 0% inclusion of MFCP (control); T2 = 20% inclusion of MFCP; T3 = 40% inclusion of MFCP; T4 
= 60% inclusion of MFCP. 

 
Table 7. Relative weights (g/100 g) of the accessory sex glands of pigs fed graded le-
vels of microbially fermented cassava peel-based diets.                             

Parameters T1 T2 T3 T4 

Vesicular gland 0.53 ± 0.05a 0.23 ± 0.02c 0.44 ± 0.17b 0.41 ± 0.09b 

Prostate gland 0.15 ± 0.01b 0.25 ± 0.07a 0.11 ± 0.02c 0.28 ± 0.11a 

Cowper’s gland 0.30 ± 0.02a 0.20 ± 0.01b 0.19 ± 0.03b 0.23 ± 0.03b 

a, b, c = means on the same rows but with different superscripts are statistically (P < 0.05) significant; T1 
= 0% inclusion of MFCP (control); T2 = 20% inclusion of MFCP; T3 = 40% inclusion of MFCP; T4 = 
60% inclusion of MFCP. 

 
these two glands in pigs fed MFCP in comparison with those in the control would therefore mean less secretion 
and hence reduced ovum fertilizing capacity of the seminal plasma of pigs fed MFCP-based diets. The relatively 
lower weights of the vesicular and Cowper’s glands would have been caused by the adverse effect of residual 
cyanide in the peels [5] [23].  

The histopathology of the testes of animals on T1 (control diet) in Figure 2 revealed normal testicular archi-
tecture with distinct seminiferous tubule composed of Sertoli cells, germ cells with active stages of spermatoge-
nesis with intact lumen. The interstitial cells of Leydig were also prominently interspersed and occupied most of 
the space in between the seminiferous tubule. Vacuolization of the peritubular tissue surrounding the seminifer-
ous tubule were rarely observed. In T2 (Figure 3), testes of the animals showed evidence of intact lumen, there 
was active spermatogenesis marked by the characteristic layered arrangement of cells from the germinal epithe-
lium to the lumen. There was vacuolization of the peritubular tissue surrounding seminiferous tubule. The in-
terstitial cells of Leydig were interspersed between the seminiferous tubule. Few spermatogenic cells were ob- 
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1: Lumen of seminiferous tubules; 2: Spermatids; 3: Leydig cells; 4: Myo-
fibroblasts/peritubular tissue; 5: Germinal epithelium; 6: Vacuolization of 
myofibroblast. Magnification: 600× (H & E stains). 

Figure 2. Cross section of the seminiferous tubules of pig fed 
0% microbially fermented cassava peel-based diet (T1).         

 

 
1: Lumen of seminiferous tubules; 2: Spermatids; 3: Leydig cells; 4: Myo-
fibroblasts/peritubular tissue; 5: Germinal epithelium; 6: Vacuolization of 
myofibroblast Magnification: 600× (H & E stains). 

Figure 3. Cross section of the seminiferous tubules of pig fed 
20% microbially fermented cassava peel-based diet (T2).        

 
served compared with testis of animals on T1. In T3 (Figure 4), the testes of animals had intact lumen. The 
spermatogenic cells were at different stages of cell differentiation. Vacuolization were also observed within and 
between the seminiferous tubule. There was much keratinization of the myofibrils while the Leydig cells were 
much displaced and disrupted because of vacuolization.  

In T4 (Figure 5), the animals’ testis showed evidence of massive vacuolization, disruption and degeneration 
of the seminiferous tubule and primordial germ cells. No distinct lumen and Sertoli cells were visible. There was 
sloughing of apical seminiferous tubule epithelium into the lumen. There was disruption of peritubular cells 
while the interstitial cells of Leydig were totally shrunken. 

These Histological examinations revealed progressive changes in testicular architecture according to treat-
ment effects (Figures 2-5). This disruption and degeneration of the testicular tissues could be attributed to the 
toxic effect of residual cyanide (16.75 mg/kg) on the testes at 60% level of inclusion. This was similar to the al-
teration observed in spermatogenesis due to inclusion of gossypol [24], Tryotergium walfordii [25] and Achillea 
millefolium [26] in mice diet which were considered to be anti-spermatogenic agents. 
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1: Lumen of seminiferous tubules; 2: Spermatids; 3: Leydig cells; 4: Myo-
fibroblasts/peritubular tissue; 5: Germinal epithelium; 6: Vacuolization of 
myofibroblast. Magnification: 600× (H & E stains). 

Figure 4. Cross section of the seminiferous tubules of pig fed 
40% microbially fermented cassava peel-based diet (T3).        

 

 
7: Vacuolization of the whole seminiferous tubule. Magnification: 600× (H 
& E stains) 

Figure 5. Cross section of the seminiferous tubules of pig fed 
60% microbially fermented cassava peel-based diet (T4).       

 
The sloughing of apical seminiferous tubule epithelium into the lumen observed in the testis of animals fed T4 

(Figure 5) could be have occurred when germ cell-to-Sertoli cell adhesion are lost as reported by Creasy [27]. 
The loss of germ and Sertoli cells confirmed the inhibitory effect of residual cyanide in MFCP (16.75 mg/kg) at 
60% level of inclusion on spermatogenesis since Sertoli and germ cell adhesion are essential for successful 
spermatogenesis in animals [28]. 

Vacuolization and keratinization of seminiferous tubule and peritubular tissue of the seminiferous tubules 
were increased in the testes of animal fed MFCP diets. The vacuolization of the seminiferous tubule may be as a 
result of toxigenic nature of residual cyanide in MFCP that could probably engender reduced fertility. This is 
similar to the vacuolization and degeneration of seminiferous tubule observed in rat due to obstruction or dys-
function of epididymis [29] [30] causing abnormal fluid reabsorption. 

The interstitial cells of Leydig were prominently interspersed in testes of animals fed diet T1 (Figure 2), 
sparsely interspersed in T2 (Figure 3), massively displaced and disrupted in T3 (Figure 4), and totally lost in T4 
(Figure 5). It has been reported that Leydig cells secrete testosterone [31], and rostenedione and dihydroandros-
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terone when stimulated by pituitary luteinizing hormone. Kukucka and Misra [32] also reported that Leydig 
cells synthesize testicular oxytocin de novo and vitamin C endogenously in rat and guinea pig. Thus, the harmful 
effect of residual cyanide in MFCP could be advanced for decrease in distribution of Leydig cells in testes ani-
mals fed diets T2 (Figure 3) and T3 (Figure 4) to loss in T4 (Figure 5). This may result in decrease in testoste-
rone and oxytocin secretion thereby affecting effective libido and total sperm production in the animals. 

5. Conclusions 
The performance of the grower pigs was better in terms of total weight gained of the pigs in favour of the 40% 
level of inclusion of MFCP. This means that the inclusion of MFCP at 40% level in the diets of grower pigs will 
not adversely affect growth performance and the digestive physiology of the pigs. The result however reveals 
that nutrient and water absorption in the GIT are affected by dietary inclusion of microbially fermented cassava 
peel. These performance indicators of the normal gastro-intestinal physiology were decreased at 60% inclusion 
level of MFCP. Feeding pigs with inclusion of MFCP above 40% could therefore adversely affect the rate of nu-
trient absorption, gut health and general health status of growing pigs. Therefore, within the limit of this study 
MFCP should not be fed above 40% to growing pigs. Also, feeding boars with more than 40% inclusion MFCP 
could depress reproductive performance. The high relative weight of the prostate glands in pigs fed on the 
MFCP diets calls for more empirical evaluation, as it is suggestive of a pathological condition in the similitude 
of an abnormal enlargement of the gland in response to the diets. Hence, predisposition to prostate cancer could 
result from prolonged exposure to diets containing more than 40% MFCP as observed in this study. The testicu-
lar architecture observed in this study showed that feeding microbially fermented cassava peel higher than 40% 
inclusion in diet would lead to reduction in reproductive performance of growing pigs. 

The prospects of value addition to cassava peels through the intervention of micro-organisms within the limit 
of this experiment are in the areas of better growth performance and feed conversion up to 40% inclusion level. 
The challenges or constraints are lowered reproductive performance and reduced growth rate that are expe-
rienced at levels of inclusion higher than 40%, probably due to the crude fibre and residual cyanide levels in the 
microbially fermented peels. The focus of further research in this field should therefore be directed at those mi-
cro-organisms with better crude fibre and cyanide degrading ability than the ones used in this trial. However, 
from this experiment, tolerant levels of 0.35 mg of HCN intake/kg body weight, 11.16 mg of HCN/kg of feed 
and crude fibre level of 17.87% were established for growing pigs fed dietary inclusion of cassava peels fer-
mented with a consortium of Lactobacillus coryneformis, Lactobacillus delbrueckii and Aspergillus fumigatus. 
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