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ABSTRACT: The experiment was conducted to determine yield, physical and chemical composition of leaf 

protein concentrates (LPC) and bagasse obtained from Cassava leaves using three different methods. The process of 

extraction was done using heat coagulation, alum precipitation and acid coagulation methods, then the leaf protein 

concentrates and bagasse obtained were analysed for their chemical compositions. The yield of LPC obtained via 
alum precipitation was statistically (p<0.05) higher than that obtained from heat coagulation method and acid 

coagulation method. The bagasse yield was (19.47%). The chemical analysis reveals that ether extract from alum 

precipitated LPC was higher than that of heat coagulation method and acid coagulation method,  the crude protein 
from alum precipitation method was also higher than that from heat coagulation method and acid coagulation. The 

CP and EE of the bagasse were low (30.92% and 6.32%), respectively. The Ash of the heat coagulation method was 

lower than that from alum precipitation method but higher than that from the acid coagulation. The CF of the LPC 

obtained from heat coagulation method was higher than that of the LPC obtained from alum precipitation method 

but lower than that of the LPC obtained from acid coagulation. The CF of bagasse was high; while the Ash of the 

bagasse was low.  The minerals, potassium, phosphorus and calcium were higher in LPC heat coagulation method 
than that obtained in LPC from the other two methods (p<0.05). Cassava leaf protein concentrates obtained using 

alum precipitation would be preferred as a result of its high crude protein content. 
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The increasing reliance on feedlot based animal 

rearing to satisfy human appetites for meat has 

increased demand for cheaper vegetable protein 

sources. This has recently led to renewed interest in 

Leaf Protein Concentrate to reduce the use of human-

edible vegetable protein sources in animal feed 

(Akaeze, 2015). There is shortage of supply of good 

quality protein for meeting the requirement of 

increasing animal and human population, which has 

necessitated the search for additional sources (Isuosuo, 

2012). Leaf protein concentrate (LPC), a concentrated 

form of proteins derived from the foliage of plants is 

an expensive and most abundant source of available 

protein. Their protein value equals that of must animal 

products. Trees have been suggested as a potential 

source of leaf protein concentrate and the production 

of proteins is advantageous over crops as they do not 

involve the recurring cost of cultivation (Suman et al., 

2014). Leaf protein concentrate (LPC) is a 

concentrated form of the proteins found in the leaves 

of plants, leaf protein concentrates was first introduced 

as a human food in the 1960’s but it has not archived 

much success despite early promises because of 

certain palatability issues (Pirie, 1971; Signh, 1984). 

Leaf protein concentrate obtained from a green crop 

fractionation is free from indigestible fiber and it 

contains high proportion of proteins which are 

nutritionally superior. For this reason, its use in the 

nutrition of human beings and other non-ruminants has 

been advocated. Apart from proteins, it contains 

appreciable amounts of vitamin A, minerals, fat and 

vitamin E. to enhance yield and usability, several 

methods for the preparation of LPC from leaf juice 

have been advocated for which include, heating, 

acidification, natural acidification due to anaerobic 

fermentation of juice. It is reported that the yield of the 

leaf protein concentrate depends on the method used 

in extraction (Sayyed, 2011). Proteins from leaf 
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sources are fast gaining prominence, because they are 

readily available and cheap (Fasuyi and Aletor, 2005).  

Although leaves contain proteins and other essential 

elements, the presence of anti-nutritional factor and the 

high fibre content of the leaves pose a restriction to 

their utilization by non-ruminant animals. So, an 

alternative way to fully utilize leaves in non-ruminants 

is to process them into Leaf Protein Concentrates 

(LPC) which is rich in protein, low in fibre and anti-

nutritional factors (Olomu and Nwokoro, 2009; Aletor 

and Adebayo, 2012). Leaf protein concentrates on the 

other hand have proven to be a viable source. Akaeze 

(2010) reported that leaf protein concentrates (LPC) 

makes for a more effective utilization of the 

vegetables. Cassava leaves are large and palmate, 

having five to seven lobes or more born on a long 

slender petiole. They grow only towards the end of the 

branches. They are dark green above and light green 

below. Cassava leaf is a simple, formed by the lamina 

and petiole (USDA, 2016). The high protein content 

and nutritive value of cassava leaves are well 

documented. Cassava leaf yields amounting to as 

much as 4.60 tons dry matter per hectare. According to 

Allen (1984), cassava leaf meal has 93.0% dry matter, 

21.0% (16.7- 39.9%) crude protein, 5.5% (3.8%-

10.5%) crude fat, 20.0% (4.8-29.0%) crude fiber and 

8.5% (5.7-12.5%) ash. This wide variability is related 

to difference in cultivars, stage of maturity, sampling 

procedure, soil fertility and climate (Eggum, 1970). 

Therefore, the objective of this paper is to evaluate the 

Physicochemical Composition of Leaf Protein 

Concentrates and Bagasse Obtained from Cassava 

(Manihot esculenta) Leaves using three different 

methods 

 

MATERIALS AND METHODS 
The Research was conducted in three phases; firstly, 

was to determine the yield of M. esculenta Leaf Protein 

Concentrates (LPC) and bagasse prepared by heat 

coagulation method (Pirie, 1971 and Sayyed, 2011). 

Followed by determination of their physical and 

chemical compositions such as proximate (dry matter, 

crude protein, crude fibre, ether extract ash and 

nitrogen free extract) and some of their mineral 

content. Secondly, was to determine the yield of M. 

esculenta Leaf Protein Concentrates (LPC) and 

bagasse prepared by alum precipitation method 

(Sayyed, 2011), followed by determination of their 

physical and chemical compositions such as proximate 

(dry matter, crude protein, crude fibre, ether extract 

ash and nitrogen free extract) and some of the minerals 

it contains. 

 

Lastly, was to determine the yield of M. esculenta Leaf 

Protein Concentrates (LPC) and bagasse prepared by 

acid coagulation method (Sayyed, 2011), followed by 

determination of their physical and chemical 

compositions such as proximate (dry matter, crude 

protein, crude fibre, ether extract ash and nitrogen free 

extract) and some of the minerals it contains. 

 

Production of Cassava Leaf Protein Concentrate 

Using Heat Coagulation Method: Fresh cassava leaves 

were harvested at the dawn of the day and were 

immediately take to the laboratory for processing. The 

leaves were washed to remove dirt and sand particles, 

and then chopped to smaller sizes before weighing. 

The leaves were then processed by grinding into slurry 

using an electric blender. Each sample of slurry was 

placed on a sieve cloth and pressed strongly to 

distinguish the juice from the chaff (Bagasse). The 

juice was the heated and the curd separated leaving the 

whey fraction. Different temperatures were taken 

during heating for the curd formation. The curd was 

separated from the whey using Whatman filter paper 

and the sample of LPC was taken and yield recorded. 

 

Production of Cassava Leaf Protein Concentrate 

Using Alum Precipitation Method: After separating 

the juice from the mixture using sieve cloth, the 

separated juice was poured into a bowl. To every 

100ml of juice, 2g of alum was added. The curd of the 

leaf protein concentrate resulted due to the coagulation 

of proteins in the juice by the alum solution which was 

then filter using Whatman filter paper and the LPC 

sample was recorded. 

 

Production of Cassava Leaf Protein Concentrate 

Using Acid Coagulation Method: After processing the 

leaves by milling, the bagasse and juice were separated 

using a sieve and sieve cloth, the separated juice was 

poured into a bowl. To 100ml of fresh juice, a known 

acid 10N H2S04was added with stirring till the pH 

value decreased to 3.5. The curd of the LPC resulted 

due to the coagulation of proteins in juice by acid was 

filtered using Whatman filter paper and the sample of 

LPC was taken for recording the yield. 

 

Mineral Analysis: Minerals were analysed after first 

dry-ashing 1g of the curd and bagasse at 5500C in a 

Muffle furnance and dissolved in de-ionised water to 

standard volume. Sodium and potassium were 

determined by flame photometry and phosphorus by 

vanadomolybdate method of AOAC (2010). 

Magnesium, calcium, sulphur, manganese, iron and 

copper were determined using an atomic absorption 

spectrophotometer. 

 

Data Collection: Data were collected on the yield, 

proximate and mineral composition of the cassava leaf 

protein concentrates processed using the different 

methods. 

 

Statistical Analysis: Data collected from the study 

were subjected to analysis of variance using the 

GENSTAT 12th edition for windows package at 5% 

(p< 0.05). The means with significant difference were 

separated using Duncan multiple range test (Duncan, 

1955).  
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RESULT AND DISCUSSION 
Percentage Yield of CLPC and Bagasse Extracted 

Using Acid Coagulation, Alum Precipitation and Heat 

Coagulation Method: The percentage yield of LPC 

produced using the following methods; Acid 

coagulation, alum precipitation and heat coagulation 

method and its bagasse are shown in Table 1. The 

result shows that the yields of the three methods of 

extraction are significantly (p<0.05) different from 

each other with alum precipitation (5.65%) having the 

highest yield while acid coagulation (4.43%) is higher 

than heat coagulation (3.69%).  

 
Table 1: Percentage Yield of CLPC and Bagasse Extracted Using 

Acid coagulation, Alum Precipitation and Heat Coagulation 
methods 

Sample Yield (%) 

Bagasse 19.47 
Acid 4.43a 

Alum 5.65b 

Heat 3.61c 
SEM 0.31 

Means with same letters are not significantly (p>0.05) different; 

SEM= standard error of the mean; CLPC= Cassava Leaf Protein 
Concentrate. 

 

Percentage yield of cassava leaf protein concentrate 

using Acid coagulation (4.43%) was higher than 

2.21% Raphanus sativus leaf protein concentrate as 

reported by Sayyed (2011), using same method. This 

significant difference in yield could be as a result of 

the nature of the plant material and the nature of the 

component proteins, as protein denaturation is 

determined by a large extend to the nature of the 

individual protein molecules. Thus 4.43kg will be the 

yield from 100kg cassava leaves processed into leaf 

protein concentrate using acid coagulation method. 

Percentage yield of cassava leaf protein concentrate 

using heat coagulation method (3.69%) was lower than 

5.6% rubber leaf protein concentrate reported by 

Akaeze et al. (2015) and also lower than 4.19% 

pumpkin leaf protein concentrate reported by Isuzu 

(2014) using same method. Percentage yield of 

cassava leaf protein concentrates using alum 

precipitation (5.65%) was higher than 2.93% 

Raphanus sativus leaf protein concentrates reported by 

Sayyed (2011) using same method. The yield from the 

alum precipitation is higher than that from acid 

coagulation and heat coagulation, this could be as a 

result of the Sulphur content of the alum reacting with 

the surphur containing amino acid leading to their 

precipitation and hence more protein concentrates is 

produced. The percentage yield of bagasse 19.47% 

was lower than 23.62% recorded in bagasse yield 

gotten from pawpaw leaf as shown by Agbonghae 

(2016). It is however important to note that the bagasse 

yield was statistically significant (p<0.05). The 

difference in yield is important in establishing what 

method could best be adopted in processing leaf 

protein concentrates for animal production, as the goal 

of any livestock production venture is to maximize the 

utility of all materials (Akaeze, 2019).  

 

Physical Characteristics of Cassava leaf protein 

concentrates: The physical characteristics of cassava 

leaf protein concentrates processed using the three 

different methods is presented in Table 2. The bagasse 

obtained was fibrous and light green then turns dark 

green after drying under the sun. The LPC obtained 

from fresh cassava leaves using heat coagulation 

method before and after drying under the sun was light 

green and dark green respectively. The same was 

observed for alum precipitation and acid coagulation. 

The whey obtained from all three methods of 

extraction was light yellow. This compares with what 

was reported for cassava LPC by Akindele (2019) for 

cassava LPC processed using heat and alum 

precipitation methods. This similarity is consistent as 

the leaves where collected from the same geographical 

location as the leaves used in the present study. Results 

shown in Table 2 shows that the physical 

characteristics of the different fractions- leaf protein 

concentrate, bagasse and whey were in agreement with 

that reported by Mowah (2004) For Telfairia 

occidentalis, Agbonghae (2016) for Carica papaya, 

and Onwukaike (2017) for plaintain leafs 

 
Table 2: Some Physical Characteristics of Whole Leaf, LPC, Bagasse and Whey of Manihot esculenta After Drying under the Sun. 

Alum Treatment 
Characters Leaf LPC Bagasse Whey 

Colour Green Dark-green Dark-brown Brown 
Texture Smooth Coarse Fibrous N/A 

State Solid Solid Solid Liquid 

Acid Treatment 

Characters Leaf LPC Bagasse Whey 
Colour Green Black Dark-brown Dark brown 

Texture Smooth Coarse Fibrous N/A 

State Solid Solid Solid Liquid 

Heat Treatment 

Characters Leaf LPC Bagasse Whey 

Colour Green Very dark green Dark-brown Pale brown 

Texture Smooth Coarse Fibrous N/A 
State Solid Solid Solid Liquid 

 

Chemical Composition of Cassava LPC and Bagasse 

Using Three Different Methods Proximate 

Composition: The results of the proximate and mineral 

composition of cassava leaf protein concentrates are 

presented on Table 3 and 4. Results from the proximate 

analysis of cassava LPC and bagasse using three 
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different methods revealed that the crude protein 

revealed to be 37.33% LPC obtained from heat 

coagulation method and was higher than that in LPC 

of rubber (32.64%) reported by Akaeze et al. (2015) 

and as well higher than that in LPC of Amaranthus 

hybridus leaf (34.8%) reported by Adeyeye and 

Omolayo (2011), and 44.92% LPC gotten from alum 

precipitation method was higher than that in LPC of 

Amaranthus hybridus leaf (34.8%) reported by 

Adeyeye and Omolayo (2011). Crude protein was 

42.58% revealed for acid coagulated LPC was higher 

than that in Pumpkin (11.75%) and Amaranthus 

(10.70%) LPC reported by Ghaly (2010).  Although, 

these values were lower than crude protein content of 

Telfaira occidentalis leaf LPC (54.80%) reported by 

Sodamade et al. (2014), while the bagasse was 30.92% 

which is higher than 28.64% in bagasse of Musa 

sapientum as shown by Udegbe (2007) and 13.00% 

reported by Odoh (2019) for Hevea brasiliensis. 

 
Table 3: Proximate Composition of CLPC and Bagasse Extracted using Heat coagulation, Alum precipitation and Acid Coagulation 

Methods 

Parameters Heat 

Coagulation 

Alum 

Coagulation 

Acid 

Coagulation 

Bagasse SEM 

MC (%) 5.95a 6.20a 5.82a 8.14 0.314 

CP (%) 37.33a 6.20a 42.58b 30.92 0.825 
ASH (%) 4.47b   4.76b 2.45a 4.07 0.123 

EE (%) 10.21a 14.67b 13.61b 6.32 0.323 

CF (%) 0.63a 0.50a 1.28b 26.02 0.046 

NFE (%) 41.34c 28.95a 34.25b 25.53 1.157 

Means with same letters on the same column are not significantly (p<0.05) different. 

SEM= Standard Error Mean, MC= Moisture Content, CP= Crude Protein, CF= Crude Fiber, EE= Ether Extract, NFE= Nitrogen Free 
Extract, CLPC= Cassava Leaf Protein Concentrate. 

 

Crude fibre which could be affected by the materials 

used for sieving, inherent nature of plant materials as 

well as foreign materials that could contaminate the 

LPC and bagasse during the process of sun drying. The 

crude fibre was 0.63% for LPC gotten from heat 

coagulation method, which was lower than that in LPC 

of Amaranthus hybridus (1.7%) and (1.8%) as reported 

by Akaeze et al. (2015), and 0.50% for alum 

precipitation method which is lower than that in LPC 

of Amaranthus hybridus (1.7%) as reported by 

Adeyeye and Omolayo (2011), while the bagasse was 

26.02% as the bagasse is usually the fibrous part of the 

leaf. The crude fibre value for acid coagulation was 

1.28% of the LPC which is higher than heat 

coagulation by higher than alum precipitation. The 

crucial role crude fibre plays in the digestive process 

and ultimately in the proper functioning of the 

physiological system cannot be overemphasized. It has 

been reported that it helps lower the blood pressure and 

thus reducing the risk of cardiovascular diseases, it 

also helps in proper bowel functioning and movement, 

thereby ensuring that waste in moved through the 

intestine. It is reported that inadequate fibre in the diet 

of rabbits could lead to a condition known as GI stasis 

(De blas et al., 1999). Ash percentage of the CLPC 

using heat coagulation method was 4.47% and is lower 

than CLPC of alum precipitation (4.76%) but higher 

than that of acid coagulation method (2.45%). They are 

all lower than ash (17.2%) in Amaranthus hybridus 

LPC and (12.3%) Telfairia occidentalis LPC reported 

by Adeyeye and Omolayo (2011). The crude protein 

and ash content has been shown to have a relationship 

in which the higher the ash content, the lower the crude 

protein as shown in Amaranthus flavus (CP 18.4% and 

ash 32.1%) and A. mantegazzianus (CP 23.4% and ash 

25.2%) reported by Cheeke et al. (1981) and this 

conforms with the results from the CLPC using acid 

coagulation (CP 42.58% and ash 2.45%) heat 

coagulation (CP 37.33% and ash 4.47%) and alum 

method (CP 44.92% and ash 4.76%), while the bagasse 

was 4.07% which was higher than 3.0% in bagasse of 

Musa paradisiaca reported by Udegbe (2007) and 

5.69%  RLPC reported by Odoh (2017). 

The ether extract of CLPC from heat coagulation 

method (10.21%) was higher than 9.6% in Amaranthus 

hybridus and 8.13% in RLPC while Ether extract from 

alum precipitation (14.67%) was higher than 10.7% 

from Telfaria occidentalis LPC and 8.12% from RLPC 

as reported by Adeyeye and Omolayo (2011) and 

Odoh (2019) respectively. The ether extract of acid 

coagulation (13.61%) was higher than the values for 

heat coagulation and but lower than the value for alum 

precipitation. The bagasse was 6.32% was higher than 

5.98% in RLPC reported by Odoh (2019). The NFE of 

CLPC from heat coagulation method (41.34%) was 

higher than 23.58% from Vernonia amygdalina and 

NFE of CLPC from alum precipitation method 

(28.95%) was found to be higher than 23.58% from 

Vernonia amygdalina LPC as reported by Sodamade 

et al. (2014). The NFE of CLPC using acid 

precipitation (34.25%) was higher than alum 

precipitation but lower than heat coagulation while the 

bagasse was 25.53%. 

 

Mineral Composition: Results shown in Table 4 

indicate that Potassium and calcium in the LPC from 

heat coagulation method produced the highest with 

2436mg/kg and 852mg/kg while the potassium and 

calcium in the LPC from alum precipitation was 

636mg/kg and 304.3mg/kg respectively. The 

potassium and calcium in the LPC from acid 

coagulation was 1293mg/kg and 577.77mg/kg and 

were both higher than 5.0g/kg and 0.4g/kg for calcium 

and magnesium in LPC of Lucerne reported by Siebrits 

et al. (1986).  
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Table 4: Mineral Composition of CLPC and Bagasse Extracted 

from Heat Coagulation, alum Precipitation and Acid coagulation 

(mg/kg) 

Parameters Heat  Alum  Acid SEM 

Na 4.61c 1.48a 3.60b 0.15 

K 2436b 636a 129.3a 19.6 
Mg 606c 293.2a 577.9a 1.33 

Ca 852c 304.3a 604.2a 2.9 

P 867.2c 205.5a 401.9a 2.35 
Mn 88.27c 33.12a 64.9b 0.58 

Zn 152.8c 53.6a 107.1b 2.45 

Cu 21.87c 7.54a 16.60b 0.70 
Fe 206.67c 73.93a 151.3b 0.78 

Cl 1.807c 0.660a 1.317b 0.03 

Means with same letters on the same row are not significantly 
(p>0.05) different; SEM= Standard Error Mean, CLPC= Cassava 

Leaf Protein Concentrate. 

 

They are required for formation of bones and teeth, 

formation of blood clot, formation of cyclic AMP and 

other second messengers, for body mechanisms, etc. 

(Olusanya, 2008). Other macro minerals phosphorus 

and magnesium were 401.9mg/kg and 577.77mg/kg in 

CLPC from acid coagulation method, 205.5mg/kg and 

293.23mg/kg in CLPC from alum precipitation 

method and 567.2mg/kg and 606.83mg/kg for heat 

coagulation method respectively and were all higher 

than 116mg/kg and 457mg/kg of Amaranthus hybridus 

LPC reported by Adeyeye and Omolayo (2011). The 

sodium content in CLPC from acid coagulation 

3.60mg/kg, 1.48mg/kg from alum precipitation and 

4.61mg/kg from heat coagulation respectively were 

lower than 312mg/kg in Telferia occidentalis LPC 

reported by Adeyeye and Omolayo (2011). The micro 

minerals: copper (21.87mg/kg), iron (206mg/kg), and 

zinc (152.8mg/kg) in CLPC from heat coagulation 

method were all higher than the values of copper 

(5mg/kg), iron (35mg/kg), and zinc analyzed in 

Lucerne LPC as reported by Siebrits et al. (1986). 

Manganese, however, in CLPC gotten from heat 

coagulation (88.27mg/kg) was higher than manganese 

(50mg/kg) analyzed in Lucerne LPC as reported by 

Siebrits et al. (1986).  The CLPC from alum 

precipitation method revealed 7.54mg/kg, 

73.93mg/kg, 33.12mg/kg, 53.6mg/kg and 0.660mg/kg 

for copper, iron, manganese, zinc and chlorine 

respectively. The CLPC for acid coagulation method 

revealed 16.60mg/kg, 151.3mg/kg, 64.9mg/kg, 

107.1mg/kg and 1.317mg/kg for copper, iron, 

manganese, zinc and chlorine respectively. 

 

Conclusion: The results from the present study shows 

that the yields and chemical composition of Cassava 

leaf protein concentrates precipitated using heat, alum 

and acid coagulation methods were quite comparable 

with those obtained from other plants, therefore it 

holds prospect as a viable substitute for more 

expensive protein feed materials like soya bean meal, 

groundnut meal etc in livestock feed formulation. The 

Bagasse yield was also high and could be used as feed 

for ruminants and also ensiled and used for dry season 

feeding when feed is scarce. 
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