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ABSTRACT 
 

The nutrient yields from three different peels of sweet cassava cultivars (Manihot esculenta Crantz) 
from three local government areas of Otukpo, Apa and Ushongo in Benue State were investigated. 
These cultivars include; TMS 98/0581, TMS 98/0505, and TMS 98/0524. The proximate analysis 
and mineral contents were determined according to the method of A.O.A.C. (1990) and triple acid 
digestion respectively. The results of the proximate analysis of the peels reveal the various ranges 
of values (69.03 -72.00) %, (85.97 – 89.32) %, (1.06 -3.55) %, (0.40 -1.33) %, (5.44 -8.63) % and 
(1.28 -4.05) % of moisture, dry matter, crude protein, fat, crude fiber and ash content respectively. 
Altogether the three cultivars have an appreciable high value of carbohydrates with the highest 
value (73.07 -77.28) % found in TMS 98/0524 while TMS 98/0505 has the lowest value (69.35 -
74.64) %. The mineral contents show ranges of (9.90 -19.81) mg/100 g, (7.86 -14.21) mg/100 g, 
(70.72 -123.98) mg/100 g, (7.04 -17.38) mg/100 g, (5.16 -7.57) mg/100 g for Ca, Mg, K, Na and Zn 
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respectively for the various varieties of the local Government areas. The outcome of the three 
cassava cultivar showed that cassava peels contained some nutrients. These peels which are 
presently disposed as environmental waste can be modified and used as animal feed. The codes 
(TMS) are depicting characteristic espoused from the international plants as Tropical Manihot 
Specie. 
 

 
Keywords: Tropical manihot specie (TMS); waste peels; nutrient composition; cultivars. 
 

1. INTRODUCTION  
 
In Nigeria the amount of wastes produced by 
cassava processing factories is tremendous and 
the impacts on the environment could be 
annihilated thus giving rise to the need for proper 
management and release of these wastes. 
Cassava, Manihot esculenta Crantz, has roughly 
98 species belonging to the genus Manihot [1]. In 
developing countries, cassava serves as a major 
staple food and is a secure source of energy [2]. 
The waste peels of cassava represent about 
15% of the root [3,4]. They are mechanically 
obtained by peeling the tubers and further 
washed with water [3]. The tubers can easily be 
damaged if not properly handled during 
harvesting [5,6,7]. A transverse section of 
cassava root reveals three distinct layers; the 
periderm, cortex and pulp [8,9]. Cassava roots 
contain a number of mineral elements such as 
iron, phosphorus and calcium in appreciable 
amount and are relatively rich in vitamin C [10].  
Nevertheless, the role of cassava peels as feed 
for non- ruminant animals are determined by its 
hydro-cyanic acid, which poses a menace to their 
growth and development [11]. Sun-drying, 
Parboiling, Soaking in water and retting are the 
major processing techniques that have been 
employed to enhance the feeding value of 
cassava [12-15]. In Nigeria, drying cassava peels 
on black plastic sheets has been attracting the 
attention of smallholders who used these waste 
peels to raise goats" [16].  
 
More of the waste product from cassava 
processing come from mainly Garri and starch 
processing factories and will only be useful if the 
peels can be incorporated into the livestock diet 
formulation. The use of cassava peels in 
livestock feeding would help to solve the trouble 
of its disposal as waste product and likewise to 
bring down the monetary value of livestock 
production [17]. During processing, large 
quantities of liquid pulp and cassava peels are 
generated [18]. More or less of these wastes are 
used as animal feedstuff while others become 
solid municipal wastes [19,20,21]. Withal, the 
liquid residue obtained from cassava processing 

can be gathered up and fermented to bioethanol 
while the gunk deposits obtained can be applied 
as manure in improving the soil nutrient value 
[22]. Beneficial management practices of these 
cassava wastes involve analysis and valuation of 
the nutrients composition and mineral contents of 
different forms of cassava produced thereby 
providing documented information that will be 
useful in cassava waste management, 
production of improved varieties and raw 
materials for the production of animal feeds, 
chemical and pharmaceutical industries. This 
research is penciled towards investigating the 
nutrient content of three samples of cassava peel 
collected from Apa, Otukpo and Ushongo Local 
Government Areas of Benue State, Nigeria, West 
Africa, to establish their quality for potential uses. 
 

2. MATERIALS AND METHODS 
 
2.1 Materials 
 
Crude Protein, Crude Fibre, Ash, fat and 
carbohydrate content of each cultivar of the 
cassava peels were determined according to the 
method of A.O.A.C. (1990) [23]. The moisture 
content was determined in a thermostatic oven at 
a temperature of 105°C until constant weight was 
obtained; Ash was determined in a muffle 
furnace at 550°C for 8 hours; Crude protein by 
Kjeldahl method (N, X, 6.25); the lipids were 
extracted with petroleum ether using soxhlet 
extractor while the carbohydrate was determined 
using difference method. The mineral 
constituents were determined by wet-ashing 2 g 
each of sample, taken from the treatment groups, 
with a mixture of nitric acid, Perchloric acid (60%) 
and Hydrochloric acid (10:4:1) [24,25]. Model 
PG990 Atomic Absorption Spectrophotometer 
(AAS) was employed in this analysis. All 
reagents used in this study are of analytical 
grade. 
 

2.2 Sample Collection and Preparation 
 
Peels of the three cassava varieties were 
collected from Otukpo, Apa and Ushongo local 
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Government areas of Benue State. Samples 
were gathered up in triplicate for each of the 
studied areas. The samples were; TMS 98/0581, 
TMS 98/0505, and TMS 98/0524. Their trade 
identities were determined at the Benue State 
Agricultural Research and Development Agency 
Makurdi, Benue State (BNARDA). The cassava 
tubers were hand peeled with a table knife to rid 
off the two outer coverings. The skins were 
collected and the cortex (peel) separated out 
from the periderm (bark) and properly washed 
severally with tap water to get rid of grit and other 
dirt particles. The samples were carefully spread 
out on a tray and sundry for one day to get rid of 
the initial moisture and then dried in a moisture 
extraction oven at 105°C until it was dry enough 
to be milled. The dried samples were milled with 
a blender to obtain smooth powdery samples. 
The powdery samples were weighed using a 
digital electronic balance which was then 

packaged in three different labeled dry sample 
bottles for further analysis.  

 
2.3 Statistical Analysis  
 
Analysis of variance (ANOVA) was used to 
compare the mean and the level of significant 
difference determined at p<0.05 using an SPSS 
programme (Version 21) (IBM). 
 

3. RESULTS AND DISCUSSION 
 

3.1 Proximate Composition 
 

The proximate composition of the cassava 
varieties as shown in Tables 1, 2 and 3, reveals 
that variations in the moisture content of the 
fresh peals from Otukpo were observed with 
values ranging from (67.03 to 71.25) % (Fw) with 
TMS 98/0524 having the lowest value and TMS 

 
Table 1. Proximate composition of cassava peels from Otukpo (%) 

 
Varieties  Protein Fat Fibre Ash Carbohydrate MC(Fw) MC(dw) DM 
TMS 98/0581 Mean 2.84

b
 0.46

b
 5.44

c
 3.04

a
 75.20

b
 69.33

b
 14.03

b
 85.97

c
 

SD 0.48 0.07 0.47 0.07 0.14 0.98 0.21 0.21 
TMS 98/0505 Mean 4.33

a
 1.09

a
 6.62

a
 1.28

c
 75.20

b
 71.25

a
 12.49

c
 87.51

a
 

 
TMS 98/0524 

SD 0.11 0.12 0.45 0.89 0.58 0.48 0.28 0.28 
Mean 2.41

c
 0.40

c
 6.13

b
 2.52

b
 75.82

a
 67.03

c
 14.05

a
 86.95

b
 

SD 0.24 0.16 0.14 0.39 0.21 0.19 0.17 0.17 
a, b and c indicate the variance of the three cultivars measured at different sites, as determined by  

ANOVA at P  < 0..05. 
DM= Dry matter, Fw=Fresh weight, dw=Dry weight, MC=Moisture Content, SD=standard deviation. 

 
Table 2.  Proximate composition of cassava peels from Apa (%) 

 
Varieties  Protein Fat Fibre Ash Carbohydrate MC(Fw) MC(dw)  DM 
TMS98/0581 Mean 4.04b 1.19a 8.02b 4.05a 69.35c 72.00a 14.01a 89.32a 

SD 0.08 0.18 0.51 0.14 0.65 1.543 0.03 5.77 
TMS 98/0505 Mean 4.55a 0.69b 8.63a 2.63b 71.42b 69.07b 13.07b 86.92b 

SD 0.28 0.16 0.41 0.36 0.38 0.131 0.09 0.09 
TMS98/0524 Mean 3.41c 0.40c 7.13c 2.52c 74.64a 67.03c 12.89c 87.11c 

SD 0.24 0.16 0.14 0.35 0.34 0.19 0.13 0.13 
a, b and c indicate the variance of the three cultivars measured at different sites, as determined by 

ANOVA at P < 0.05. DM= Dry matter, Fw=Fresh weight, dw=Dry weight, MC=Moisture Content, 
SD=standard deviation. 

 
Table 3.  Proximate composition of cassava peels from Ushongo (%) 

 
Varieties  Protein Fat Fibre Ash Carbohydrate MC(Fw) MC(dw) DM 
TMS 98/0581 Mean 2.94

b
 1.07

b
 5.08

c
 1.55

c
 77.28

a
 71.24

a
 13.08

a
 86.92

b
 

SD 0.08 0.13 0.11 0.24 0.26 0.46 0.03 0.03 
TMS 98/0505 Mean 3.85

a
 0.85

c
 6.07

b
 2.05

b
 75.16

b
 67.99

c
 13.01

c
 86.99

a
 

SD 0.24 0.08 0.12 0.07 0.20 0.17 0.14 0.14 
TMS 98/0524 Mean 2.06

c
 1.33

a
 8.04

a
 2.74

a
 73.07

c
 69.63

b
 13.04

b
 86.24

c
 

SD 0.14 0.11 0.09 0.28 0.27 0.53 0.25 0.25 
a, b and c indicate the variance of the three cultivars measured at different sites, as determined by ANOVA at  
P < 0.05.DM= Dry matter, Fw=Fresh weight, dw=Dry weight, MC=Moisture Content, SD=standard deviation. 
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Fig. 1. A bar chart showing the % yield of the nutrient value of sample from Otukpo local 
government area 

 

 
 

Fig. 2. A bar chart showing the % yield of the nutrient value of samples from Apa local 
government area 

 

 
 

Fig. 3. A bar chart showing the % yield of the nutrient value of samples from Ushongo local 
government area 

 
98/0505 the highest value. From Apa values 
ranged from (67.03 to 72.00) % (fw) with TMS 
98/0524 having the lowest value and TMS 
98/0581 the highest value. From Ushongo, the 
values are in the range (67.99 to 71.24) % (fw) 
were TMS 98/0505 has the lowest value and 
TMS 98/0581 the highest value. Significant 
differences (p˂0.05) existed amongst the 
varieties. The observed ranges were below 
values reported for other findings on four 
cultivars harvested at various historic periods 
and seasons [26,27], but falls within the range of 
60.3% to 87.1% [25].  On dry ground, the 
moisture content ranged between (12.49 to 
14.03) % for samples from Otukpo while those of 
Apa and Ushongo ranges from (12.89 to 14.01) 
% and (13.01 to 13.78) % respectively. The 
values obtained were high relative to values of 
9.2% to 12.3% and falls within the range of 11% 
to 16.5% [28,29]. TMS 98/0581 variety recorded 
the highest value in all the three regions, while 

TMS 98/0524 variety recorded the lowest in 
these regions. Moisture is an important 
parameter in the preservation of cassava flour; 
very high levels greater than 14% allow for 
microbial growth and therefore low levels are 
favourable and give relatively long shelf life [30]. 
All the TMS 98/0524 cultivar shows good 
moisture levels and hence delivers the potential 
for better shelf life.  
 
The crude protein content of the three varieties 
from Otukpo investigated ranged from 2.41% 
(TMS 98/0524) to 4.33% (TMS 98/0505), while 
those from Apa and Ushongo ranged from 3.41% 
(TMS 98/0524) to 4.55% (TMS 98/0505) and 
2.06% (TMS 98/0524) to 3.85% (TMS 98/0505) 
respectively. Significant differences (p˂0.05) 
existed amongst the varieties with TMS 98/0505 
sample recording the highest values in the three 
regions. The difference observed amongst the 
studied variety may be attributed to varietal 
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differences. The outcomes are in accord with the 
values reported in other study [31,32].  
 
The ash content of the cassava samples from 
Otukpo ranged from 1.28% to 3.04% with TMS 
98/0505 having the lowest and TMS 98/0581 the 
highest respectively. Samples from Apa ranged 
from 2.52% to 4.05% with TMS 98/0524 having 
the lowest and TMS 98/0581 the highest 
respectively. Samples from Ushongo ranged 
from 1.55% to 2.74% with TMS 98/0581 having 
the lowest and TMS 98/0524 the highest 
respectively. Significant differences (p<0.05) in 
the ash content were observed among the 
cassava varieties. Values obtained were 
comparable to values obtained from other study 
[33,34]. Other findings show that the results 
obtained from this study are low [35]. The ash 
content is used as a benchmark to determine the 
mineral constituent [36].  
 
The Fat content of the cassava samples from 
Otukpo ranged from 0.40% to1.09%, with TMS 
98/0505 having the highest value and TMS 
98/0524 the lowest. Samples from Apa ranged 
from 0.40% to 1.19% with TMS 98/0524 having 
the lowest value and TMS 98/0581 the highest 
respectively. Samples from Ushongo ranged 
from 0.85% to 1.33% with TMS 98/0505 having 
the lowest and TMS 98/0524 the highest 
respectively. This result shows that cassava 
peels have low fat content. These results 
correspond to values reported in other findings 
[33,34]. Nevertheless, these values were higher 
than those reported in other study [28], There 
were significant differences (p<0.05) in the fat 
content amongst the cultivars. The fibre content 
of the cassava samples from Otukpo ranged 
from 5.44% to 6.62%, With TMS 98/0505 having 
the highest and TMS 98/0581 the lowest. 
Samples from Apa ranged from 7.13% to 8.63% 
with TMS 98/0524 having the lowest and TMS 
98/0505 having the highest value. Samples from 
Ushongo ranged from 5.08% to 8.04% with TMS 

98/0581 having the lowest and TMS 98/0524 the 
highest respectively. The result obtained is low 
compared to 21.1% as observed in the pulp and 
8.2% in the peels, reported in another study [37]. 
These values were higher than reported values 
of (0.60 – 0.88) %, but comparable with reported 
values in other surveys [38], [39]. There were 
significant difference (p<0.05) in the fibre content 
among the cultivars.  
 
Carbohydrate values ranged from 75.20% to 
75.82% for samples from Otukpo, With TMS 
98/0581 having the highest value and TMS 
98/0524 the lowest. Samples from Apa ranged 
from 69.35% to 74.64% with TMS 98/0581 
having the lowest value and TMS 98/0524 having 
the highest. Samples from Ushongo ranged from 
73.07% to 77.28% with TMS 98/0524 having the 
lowest value and TMS 98/0581 the highest. 
There were significant (p < 0.05) variations in the 
carbohydrate content of the varieties except for 
TMS 98/0505 and TMS 98/0581 varieties that 
show no difference in carbohydrate content of 
75.20% in Otukpo local government area.                  
The results obtained were in agreement with 
reported values of 62.0% and 72.50%                    
[35,40]. Lower than values ranging from 87% to 
89% [38] and higher than values of 35.83% 
reported in other findings [33]. This generally 
shows that cassava peels are rich in sugar, 
which is a serious source of vitality in the animal 
feed stuff.  
 
Considering the importance of carbohydrate, 
moisture and protein as essential nutrients for 
energy production, transport of metabolic 
product, and for repair of lost cells and tissues, a 
3-D plot of these nutrient components as shown 
in Fig. 4, reveals that there was an increase in 
the percentage content of carbohydrate and 
moisture content (dw), with a corresponding 
decrease in the protein content across the 
cultivars from Otukpo, but were inconsistent in 
the other study areas. 

 

 
            

Fig. 4. A 3-D plot of the carbohydrate, protein and moisture contents of the samples  
across the study areas
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3.2 Mineral Composition 
 

The mineral substance of the peels of the three 
cassava cultivars studied as shown in Table 4, 5 
and 6, shows that the Calcium content ranged 
from (13.74 to 19.81) mg/100 g for sample from 
Otukpo, (9.9 to 16.06) mg/100 g and (14.41 to 
16.73) mg/100 g from Apa and Ushongo local 
government respectively, with TMS 98/0505 
recording the highest value and TMS 98/0524 
the lowest value across the studied countries. All 
varieties showed significant (p<0.05) variability in 
calcium content. Values obtained in this study 
were comparable to 10 mg/100 g [41], but lower 
than 33 mg/100 g [25,35] and higher than 4.25 
mg/100 g [42].  
 

Sodium content ranged from (13.70 to 14.23) 
mg/100 g for sample from Otukpo, with TMS 
98/0505 recording the highest and TMS 98/0524 
the lowest. The result also shows the range of 
(7.04 to 10.40) mg/100g and (11.12 to 14.78) 
mg/100 g from Apa and Ushongo local 
government respectively, The cultivars differed 
significantly at p<0.05. The Sodium contents 
obtained were lower than the reported values of 
7.6 mg/100 g except for the TMS 98/0505 variety 
from Apa local government that is comparable to 
other findings [41]. Likewise, the values obtained 
from this analysis are lower compared to 
reported values of 50 mg /100 g [43].  
 

Magnesium content ranged from (12.80 to 14.81) 
mg/100g for samples from Otukpo with TMS 
98/0581 recording the highest value and TMS 
98.0524 the lowest. Values for samples from Apa 
and Ushongo recorded (10.44 to 16.80) mg/100 

g and (7.86 to 13.10) mg/100 g respectively, with 
TMS 98/0505 recording the highest value in both 
studied areas. All varieties showed significant 
(p<0.05) variability in Mg contents. Values 
obtained showed that the magnesium content 
were lower as compared to reported values from 
published data which include 30 mg/100g and 43 
mg/100 g [41,43]. These values are also higher 
than values of 1.36 mg/100 g [42].  
 

Potassium content ranged from (78.72 to 123.98) 
mg/100 g for sample from Otukpo, with TMS 
98/0505 recording the highest and TMS 98/0524 
the lowest.  The result also shows the range of 
(70.67 to 113.39) mg/100 g and (70.72 to 91.30) 
mg/100g from Apa and Ushongo studied areas 
respectively with TMS 98/0505 recording the 
highest in the two areas. The outcome indicates 
that all the cultivars were significantly different 
(p<0.05). The effects obtained were generally 
lower than the reported ranges of 324 to 554 mg 
/100 g dry weight basis, 250 mg/100g and 302 
mg/100 g fresh weight basis [35,41,43].  
 

Zinc content ranged from (5.36 to 6.72) mg/100 g 
for samples from Otukpo, with TMS 98/0505 
recording the highest and TMS 98/0581 the 
lowest. The result also indicated the range of 
(7.28 to 7.57) mg/100 g and (5.16 to 6.28) 
mg/100 g from Apa and Ushongo district 
respectively. There were significant differences 
amongst the varieties at p<0.05. Values obtained 
in this study were lower than the reported values 
of 10 mg/100 g fresh weight basis and (13 to 19) 
mg/100 g dry Weight reported in other findings 
[41,43].  

 

Table 4. Mineral composition of cassava peels from Otukpo (mg/100g) 
 

Varieties  Ca K Na Zn Mg 
TMS 98/0581 Mean 16.23

b
 98.51

b
 14.04

b
 5.36

c
 14.81

a
 

SD 4.36 0.52 0.17 0.11 0.51 
TMS 98/0505 Mean 19.81

a
 123.98

a
 14.23

a
 6.72

a
 14.40

b
 

SD 2.33 4.45 1.71 0.05 1.01 
TMS 98/0524 Mean 13.74

c
 78.72

c
 13.70

c
 5.65

b
 12.80

c
 

SD 1.46 0.76 0.68 0.19 0.56 
a, b and c indicate the variance of the three cultivars measured at different sites, as determined by ANOVA at  

P < 0.05. SD=Standard Deviation. 
 

Table 5. Mineral composition of cassava peels from Apa (mg/100g) 
 

Varieties  Ca K Na Zn Mg 
TMS 98/0581 Mean 13.17

b
 70.67

c
 8.88

b
 7.57

a
 10.44

c
 

SD 0.263 1.854 1.45 0.015 0.519 
TMS 98/0505 Mean 16.06

a
 113.39

a
 7.04

c
 7.28

c
 16.80

a
 

SD 0.928 10.11 1.16 0.020 0.356 
TMS 98/0524 Mean 9.90

c
 87.07

b
 10.40

a
 7.43

b
 11.17

b
 

SD 1.699 1.068 0.526 0.156 0.297 
a, b and c indicate the variance of the three cultivars measured at different sites, as determined by ANOVA at 

P < 0.05. SD=Standard Deviation 
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Table 6.  Mineral composition of cassava peels from Ushongo (mg/100g) 
 

Varieties   Ca K  Na Zn     Mg 
TMS 98/0581 Mean 15.56

b
 80.11

b
 13.18

b
 5.95

b
     9.36

b
 

SD 3.23 1.80 2.78 0.10     0.46 
TMS 98/0505 Mean 16.73

a
 91.30

a
 14.78

a
 5.16

c
    13.10

a
 

SD 2.16 1.49 0.51 0.05     0.23 
TMS 98/0524 Mean 14.41

c
 70.72

c
 11.12

c
 6.28

a
     7.86

c
 

SD 1.96 3.06 1.01 0.06     0.08 
a, b and c indicate the variance of the three cultivars measured at different sites, as determined by ANOVA at 

P < 0.05. SD=Standard Deviation 
 

 
 

Fig. 5. A bar chart showing the mineral value (mg/100 g) of sample from Otukpo local 
government area 

 

 
 

Fig. 6. A bar chart showing the mineral value (mg/100 g) of sample from Apa local  
government area 

 

 
 

Fig. 7. A bar chart showing the mineral value (mg/100 g) of sample from Ushongo local 
government area 

 

4. CONCLUSION 
 
The survey reveals that the peels of the three 
cassava cultivars examined, have appreciable 
levels of food compositions. The proximate                  
and mineral analysis of cassava peels revealed 
that cassava peels are rich in nutrients especially 
in carbohydrate. It also contains moderate 
amounts of minerals. With these findings, 
cassava peels can be incorporated into animal 

feed formulation. Their utilization for this purpose 
should be encouraged so as to enhance solid 
waste management and minimize environmental 
pollution. One danger the use of peels for 
livestock feed might pose is the presence of 
hydrogen cyanide, which has been reported to 
be high in other findings [34]. The differences in 
nutrient values observed across the cultivars 
could be due to seasonal variation, plant 
maturity, and environmental components such as 
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soil quality, etc. This study recommends that 
research should be aimed at processing 
technique geared towards possible reduction in 
the concentration of hydrogen cyanide without 
depreciation in the nutritional values.    
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