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Abstract 

This work was attempted to assess the chemical and nutritive values of cassava foliage and tuber; 

and used as substitute of concentrate in goat ration. A 75% leaf and 25% tuber mixed cassava was 

incorporated into T0, T1, T2, T3 and T4 feed at the level of 0%, 25%, 50%, 75% and 100% 

respectively for in vitro digestibility trial. The rations were in iso-nitrogenous (13.79g/100g CP) 

and iso-energetic (9.0 MJ Kg-1DM). The cassava tuber contained more DM (42%) than that of leaf 

(22%) depending on stage of maturity. The leaf contained 14% CP and 20% Crude Fiber (CF) and 

no significant variation was found between mature and baby leaves while tuber endocarp 

possessed only 2.45% CP and 10% CF but tuber pericarp contained better CP (4.37%) and CF 

(23%) respectively. Extreme addition (100%) of mixed cassava maintained 42% organic matter 

digestibility (OMD) reducing feed cost significantly (p<0.01) by 50% respectively but 50% 

inclusion of mixed cassava reduced the feed cost (p<0.01) by 25% with highest OMD (>50%). A 

50% inclusion of mixed cassava in ration could be more effective approach for small ruminant 

feeding. 
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Introduction  

With the exception of sugar cane, cassava tuber possesses the highest source of carbohydrate and leaf is also a 

potential source of crude protein (CP). Foliages and shrubs in animal nutrition has been studied by many 

researchers, because of locally available and perennial sources of feed (Leng, 1997), rich in nutrients and small 

ruminants is fond of it (Van Eys et al., 1986; Robertson, 1988). Use of rangeland and supplemented with varied 

sources of foliage is a common practice of rural farmers for feeding goats in South East Asia (Dahlanuddin, 

2000; Nguyen ThiMui et al., 2001; Charan and Pakapun, 2002). Cassava (Manihot esculenta) is an important 

famine or other unforeseen food shortages reserve crop in countries with unreliable rainfall can grow in poor 

soil and can withstand in drought (Bokanga, 2007). It is an important staple in many developing countries of 

Africa, South and Central America, India and Southeast Asia consume as staple food over 500 million people in 

the world (Cock, 1985). Several researchers have claimed that cultivating cassava for forage purpose could be a 

productive practice in improving nutritional values for livestock (Preston, 2001; Wanapat, 1999). Cassava tubers 

are rich in carbohydrates, mainly starch and with the exception of sugarcane, cassava is the highest source of 

carbohydrates. However, cassava tubers are deficient in protein, fat, and some minerals and vitamins. The 

nutritional value is less than that of cereals, legumes and some other roots. On the other hand, cassava leaves 

contain more protein that the tubers although lack of essential amino acid and methionine. As a crop, cassava is 

hardy, contributing to feeding the populace in areas that are marginal to other crops such as unproductive or 

depleted lands or uncertain rainfall where other crops yield essentially nothing (Hahn 2007, Cock 1985; 

Bokanga 1995).  Akingbala et al., (2005) reported about a 95% decrease in cyanoglycoside content after heating 

and nearly 98% after fermentation. Since food processing usually includes heating, the HCN produced is likely 
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to evaporate completely (Bokanga, 1995). In Bangladesh, cassava is negligible or not familiar enough to the 

people for either human or small ruminant consumption while millions of people as well as ruminants depend on 

cassava in Africa, Asia and Latin America. However, tribal people of Sylhet region are consuming cassava root 

as their food. Cassava foliages are totally destroyed but contain the high protein value that might fortify the 

growth and milk production of ruminant. This work was focused to assess the chemical composition and 

nutritive values of native cassava for feeding the goat cost-effectively. 

Materials and Methods 

Sample collection, cultivation and chemical analysis of cassava 

Baseline data on naturally available cassava and their homestead uses, farmer’s status, literacy and income were 

collected from Sylhet tea garden area using questionnaire. Collected stems of cassava were germinated and 

planted in Animal Nutrition field laboratory fodder land at Sylhet Agricultural University (SAU).  

 

 

 

 

All management inputs like ploughing, laddering, leveling irrigation, weeding and manuring were applied 

accordingly. Root and leaves were harvested after 5 month of interval and consecutive 15 days were considered 

for processing, chopping, sundrying and grinding for sample preparation to assess the nutrient levels with stage 

of maturity performing chemical (AOAC, 2008) analysis at Animal Nutrition analytical Laboratory, SAU, 

Sylhet. 
 

Statistical design 
 

The work was designed with 5 treatments incorporating mixed cassava (75% leaf and 25% tuber) in T0, T1, T2, T3 

and T4 treatment at the level of 0%, 25%, 50%, 75% and 100% respectively. Data were arranged in a Complete 

Randomized Design (CRD). 

Invitro digestibility trial 

The fresh rumen liquor of goat was collected from slaughter house of Sylhet City Corporation  at early in the 

morning and filtered with cloth before filling the insulated bottle and carried out to the Animal Nutrition 

analytical laboratory. At the time of carry to the laboratory, flask kept warm water (410C) was used. In 

laboratoty work, the rumen liquor was incubated once again at 390C in hot water bath maintaing anaerobic 

condition and mother solution was prepared adding buffer solution at a ratio of 1:1. A total of 16 number 150 ml 

volume syringe with selicon tube was prepared and warmed at 390C into oven. Then 200 mg of crushed samples 

were taken into  every syringe except the 4 empty one syringe (blank sample) and followed by addition of 30 ml 

of mother culture and transferred into auto shaking water bath (Fig.4). 

 

                            

 
 

 

Fig 1. Cassava leaf 
Fig 2. Cassava mesocarp Fig 3. Cassava pericarp 

Fig 4. In vitro incubation 
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 The incubation duration was maintained upto 72 hours and gas production was recorded at 0, 1, 6, 12, 24, 36, 

48 and 72 hours of interval. The digestibility was determined at 24, 48 and 72 hours of  interval. Chemical 

analysis of feed samples were done according to AOAC (2008) method following Kjeldahl procedure for crude 

protein estimation multiplying the total N by 6.25 factors. Similarly, ether extract was determined using single 

cell soxh apparatus and total inorganic matter was determined to ignate it at 5500C into muffle furnesh. 

In vitro Organic Matter Digestibility (IVOMD) and Metabolizable Energy (ME) content of feed ingredients 

were measured according to Menke et al. (1979) method and the results of IVOMD and ME values were 

calculated by using the equations (Menke and Steingess 1988) as below.  

For roughages feed: 

IVOMD (%) = 16.49 + 0.9042 GP + 0.0492 CP + 0.0387TA 

ME (MJ Kg-1) = 2.20 + 0.1357 GP + 0.0057 CP + 0.0002859 EE 

For concentrate feed: 

IVOMD (%) = 9 + 0.9991 GP + 0.0595 CP + 0.0181 TA 

ME (MJ Kg-1) = 1.06 + 0.1570 GP + 0.0084 CP + 0.0022EE – 0.0081 TA 

(Where, IVOMD- In vitro organic matter digestibility (%), ME- Metabolizable Energy in MJkg-1 DM, GP- Gas 

Production in ml per 200 mg DM, CP- Crude Protein in g kg-1 DM, TA- Total Ash in g kg-1 DM, EE- Ether 

Extract in gkg-1 DM).  

Statistical analysis 

The data were arranged according to Complete Randomized Designand treatment variation was compared by 

ANOVA using Dancan Multiple Range Test (DMRT) of  SAS 2007 version 9.3.1 computer program. 

 

Results and Discussions 

Nutrient contents of cassava leaf and tuber 

Cassava foliage and root were analyzed in laboratory after harvesting and it was noticed that cassava tuber 

contained the highest DM (42%) rather than the cassava leaf (22 to 30 % DM) varied on stage of maturity 

(Table 1). The CP content of leaf was found around 14% on DM basis and no significant variation was found 

between mature and baby leaves except total minerals content. On the other hand, cassava tuber contained only 

2.45% CP which is similar to straw. However, the pericarp (outer coat) of cassava tuber contained better CP 

(4.37%) than the mesocarp (2.45% CP) in Table 1. The CP and CF content of crushed mixed cassava tuber (with 

pericarp) flour was 3.41% and 16.3% while mixed leaf meal contained 13.78% CP and 20.4% CF respectively. 

It implies that the CF content of tubers ranges from 10 % to 23%.  

Table 1: Chemical evaluation of cassava leaf, tuber and mixed concentrate feed  

Feed ingredients Chemical Composition (%) 

DM CP CF Ash EE NFE 

Cassava mature leaf 29.69 13.47 22.8 5.37 2.00 56.36 

Cassava  baby leaf 22.51 14.09 18.00 9.86 2.20 55.85 

Cassava mesocarp 42.01 2.45 9.7 4.47 0.91 82.47 

Cassava pericarp 31.88 4.37 22.9 4.38 0.51 67.84 

Mixed concentrate feed 91.88 12.5 34 10.41 5.5 35.25 

DM- Dry matter, CP- Crude protein, CF- Crude fiber, EE- Ether extract, NFE- Nitrogen free extract 
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Table 2: ME and CP values of cassava leaf, tuber and mixed cassava 

Ingredients  % CP ME (MJ/kg) 

Cassava leaf meal  14.0 8 

Cassava flour  3.5 12 

Cassava feed (75 % C. leaf + 25% C. flour)  11.38 9.00 

CP- Crude protein, ME- Metabolizable energy, MJ- Mega jule. 

Table 3: Incorporation of cassava in goat ration 

Ingredients (kg) Treatment 

T0 T1 T2 T3 T4 

Cassava leaf 0 6.25 37.5 56.25 73 

Cassava meal 0 18.75 12.5 18.75 24 

Maize grain 14.5 11 9.5 5.75 0 

Khasari bran 37 28.5 18.5 5 0 

Wheat bran 20.5 15 7 5 0 

Gram grain 10 2.5 5 2.5 0 

Soya meal 15 15 7 3.75 0 

DCP 1.5 1.5 1.5 1.5 1.5 

DB Vit 0.5 0.5 0.5 0.5 0.5 

NaCl 1 1 1 1 1 

Total 100 100 100 100 100 

CP (g/100g) 13.79 13.79 13.79 13.79 13.79 

ME (MJ/kg DM) 9.21 9.15 9.15 9.12 9.0 

T0- Control,, T1- 25% cassava+75% mixed feed, T2-50% cassava+50% mixed feed,, T3-75% cassava+25% mixed 

feed,, T4-100% cassava, DCP-Dicalcium phosphate, CP-Crude protein, ME-Metabolizable energy, MJ-Mega 

jule, DM-Dry matter. 

Leaf and tuber mixed (75% leaf and 25% tuber) cassava supplement possessed 11.38% CP and energy 9.0 MJ 

kg-1DM that could be the compensation of concentrate in small ruminant ration. And thereafter, four cassava-

based rations (T1, T2, T3, T4) contained CP and ME usually 14 g per 100g and 9 MJ kg-1DM were compared with 

concentrate-based ration (T0) through in-vitro trial (Table 2 and 3). The nutrients density reported by Falade and 

Akingbala, (2005) in root CP 2.0%, CF 4%, Soluble CHO 75.7%, fat 0.7% and ash 5.0%; in leaf 24.1% CP, 

26.0% CF, fat 5% and Ash 8% respectively and also in stem 17.2% CP and 23.5% CF respectively that makes 

inconsistent somewhere with the present result may be owing to species, soil health and environment. The 

cassava leaves are under-utilized by product semi-perennial forage with high CP content that can be harvested at 

two months interval to feed the ruminants (Preston 2001, Wanapat et al., 1997). Cassava roots and leaves either 

in fresh or cut-and-dried form to feed sheep, goat and pigs on small scale farms production (Nweke et al. 2002) 

are very common practice in Africa. Noviadi et al. (2017) stated that cassava leaves contain 21% crude protein 

suggested to use as a source of nitrogen in a mixture of cassava leaves-grass feeding system for the synthesis of 

anaerobic microbial protein. The cassava leaves possessed highest crude protein levels, β-carotene levels and 

lipid levels of 40.19-48.8, 298-816.92 and 13.27 in variety 419 variety 326 (Oresegun et al., 2016). Hydrogen 

cyanide levels were significantly low (p > 0.05) in variety 419 with a value of 0.98. Phytate and tannin levels 

found not significantly different (p > 0.05).  Cassava leaf possessed 16% crude protein (Lekyo, 2018) and its 

protein content was affected by variety and age or maturity of leaves. Young leaves having five blade possessed 

24.7-35.5% CP while older leaves contained 20.2-30.8% CP (Ludgate and Scholz, 1992). The low ADF content 

and high hydrogen cyanide could be solved by adding other grass and letting day long wilting before feeding. 

Inclusion of cassava leaves up to 60% increased the DM intake, apparent digestibility of crude protein (CP), 
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resulting in higher nitrogen balance and weight gain of goat (Oni et al. 2010). The present findings shows the 

similarities with the above statements that key parts nutrients of goat ration could be recovered by using cassava 

leaf meal rich ration.  

In-vitro Digestibility  

At two hours incubation, the organic matter digestibility (OMD) was around 11 % (p=0.15) among all treated 

groups. Similar increasing trend was continued up to 6 hours of incubation showing maximum 14% OMD. The 

fermentation rate was speed up (p<0.01) remarkably at 12 hours among the treated groups than the control and it 

was continued up to 48 hours of incubation. At 48 hours, OMD was increased sharply (p<0.01) in T2 feed which 

was around 20% higher than T0. However, the other cassava supplemented treatments were almost resemble 

with T0 maintained from 42% to 43% OMD (Table 4). 
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Table 4. Gas production and digestibility of cassava-based goat feed in in-vitro digestion 

 

 Not so remarkable variation of degradability of different feeds were found may be owing to same CP and ME that make consistent with the findings of Mara et al. (1999). 

Enteric methane emission is influenced by rumen microbes, nature of feed, feeding level, forage concentrate ratio, animal species, production level, environment temperature 

etc. (Uddin et al., 2015, Ugwuanyi, 2016). Emission of methane in this experiment found in higher showing positive correlation with higher content of OMD of cassava 

incorporated feeds during fermentation period. Suharlina et al. (2016) did in-vitro digestibility of goat feed supplemented with Indigofera zollingeriana using goat inoculums 

and found significant variation with 0 to 40% level in OMD, dry matter digestibility and total gas production that relies with this findings although the supplementation was 

different.The low nutritive values of grasses and roughages, commonly used in ruminant feeding in the tropics highlighting the needs for low-cost supplementation to 

improve animal productivity (Ravindran, 1995). Oni et al. (2010) used 0, 20, 40 and 60% of dried cassava leaves in goat ration and suggested to include dried cassava leaf in 

diet up to 60% in a compounded ration on DM basis to get better result. In this experiment, cassava inclusion level was 25%, 50%, 75% and 100% where leaf and tuber ratio 

was 3:1. Cassava incorporated feeds demonstrated the hopeful outcomes in-vitro results as compared with control response. However, 50 % supplementation showed better 

IVOMD that agree with Oni et al. (2010) findings. Similarly, Odusanya et al. (2017) fed 20% cassava leaf meal improved (p<0.05) dry matter intake body weight gain, better 

nutrient digestibility and carcass quality of sheep. As other forages, cassava leaf cannot stand for long time without any treatment, consequently the excess of cassava leaf are 

sometimes left in the field underutilized. So, preservation of the excess of cassava leaf would be done by drying to improve the animal efficiency. Many researchers Hang 

(2008), Kayouli and Lee (2008), Ly and Rodríguez (2001) also supported in processing and conservation of cassava leaf as small ruminant feed. Furthermore, feeding 

cassava leaf silage has been reported to increase livestock productivity including milk yield (IITA Annual Report 2004, Kavana et al., 2008), body weight gain (Nhi et al., 

2001, Bunyeth and Preston, 2006). 

Treatments 2h 6h 12h 24h 36h 48h 

TGP Met OMD TGP Met OMD TGP Met OMD TGP Met OMD TGP Met OMD TGP Met OMD 

T0 1.00a±0.

00 

0.80a±0.

00 

11.01±0.1

1 

5.33d±0.

27 

4.33c±

0.24 

15.33b±

1.94 

2.17b±0.

31 

1.67a±0.3

1 

12.18c±

1.1 5 

13.00c

±0.55 

11.00±

0.56 

23.0c±1.

38 

15.33bc±

0.39 

13.83b

±0.34 

25.32d±

1.24 

15.33bc

±0.39 

13.83
b±0.3
4 

25.32d±

1.24 

T1 1.00a±0.

00 

0.80a±0.

00 

11.01±0.1

1 

6.33c±0.

27 

5.33b±

0.24 

16.33b±

1.94 

4.33a±0.

31 

3.33b±0.3

1 

14.33a±

1.15 

14.33ab

±0.55 

12.33±

0.56 

24.32b±1

.38 

16.33b±

0.39 

13.16b

±0.34 

26.32c±

1.24 

16.33b

±0.39 

13.16
b±0.3

4 

26.32c±

1.24 

T2 0.90b±0.

00 

0.70b±0.

00 

10.91 

±0.11 

6.66c±0.

27 

5.16b±

0.24 

16.66b±

1.94 

3.67b±0.

31 

3.17b±0.3

1 

13.67b 

±1.15 

15.33a

±0.55 

12.33±

0.56 

25.32a±1

.38 

19.33a±

0.39 

16.16a

±0.34 

29.32b±

1.24 

19.33a

±0.39 

16.16
a±0.3

4 

29.32b±

1.24 

T3 0.90b±0.
00 

0.80a±0.
00 

10.91±0.1
1 

10.33a±
0.27 

8.33a±
0.24 

20.33a±
1.94 

3.67b±0.
31 

3.17b±0.3
1 

13.67b±
1.15 

15.00a

±0.55 
12.00±
0.56 

25.32a±1
.38 

15.33bc±
0.39 

13.33b

±0.34 
31.32a±
1.24 

15.33bc

±0.39 
13.33
b±0.3

4 

31.32a±
1.24 

T4 0.90b±0.
00 

0.80a±0.
00 

10.91±0.1
1 

9.33b±0.
27 

7.66a±
0.24 

19.33a±
1.94 

3.67b±0.
31 

3.17b±0.3
1 

13.67b±
1.15 

14.00ab

±0.55 
12.16±
0.56 

24b±1.38 15.00c±
0.39 

13.00±
0.34 

24.99d±
1.24 

15.00c

±0.39 
13.00
±0.34 

24.99d±
1.24 

SEM 0.01 0.01 0.01 0.43 0.35 0.43 

 

0.16 0.14 0.16 0.18 0.11 0.20 0.36 0.26 0.55 

 

0.36 0.26 0.55 

 

p 0.001 0.001 0.15 0.001 0.001 0.03 0.001 0.05 0.001 0.05 0.45 0.001 0.001 0.001 0.001 0.001 0.001 0.001 

T0-Control,, T1-25% cassava+75% mixed feed, T2-50% cassava+50% mixed feed,, T3-75% cassava+25% mixed feed,, T4-100% cassava, OMD-Organic matter digestibility, TGP-Total gas production, TGP-Total gas 

production, Met-Methane, OMD-Organic matter digestibility 
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Economic evaluation of ration 

Addition of cassava leaf in ration reduced the feed cost (Figure 5) amazingly. A 100% cassava supplementation 

reduced feed cost by 50% than T0 (BDT 40.65 kg-1) and maintained 42% OM digestibility. On the contrary, in 

T2 feed, cassava and other mixed concentrate incorporation ratio was 1:1 and maintained the highest OM 

digestibility (53%) and save feed cost by 25%. Very poor or marginal farmers could rear their goat based on 

cassava feeding. 

 

 

 

 

 

 

 

 

 

 

 

 

The native feed resource, cassava leave could be incorporated up to 37 % to 56% in goat ration while mixed 

cassava (75% leaf and 25% tuber) could be fed as unique (100%) ration for economic feeding. However, 50% 

cassava incorporation in goat ration would be more effective in feed utilization concern. It is worth noting 

therefore that cassava feeding would be encouraged for small ruminant at smallholder level to relax the pressure 

on usual concentrate feeding. A biological trial would be done before go through final conclusion. 
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