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ABSTRACT 
 

The use of cassava peel in rations can be increased by reducing cyanide acid levels so that it is not dangerous for 

ruminants. The purpose of this study was to evaluate the nutrients with the optimum chemical composition and nutrient 

digestibility of cassava peels treated by soaking in calcium hydroxide or Ca(OH)2. In the first step, cassava peels were 

soaked in Ca(OH)2 using various dosages (0, 0.25, and 0.50%) and soaking time (1, 2, and 3h). The factorial 3x3 

randomized block design with three replications was used to perform this investigation. The second stage was an in vitro 

investigation to find out the nutrients' digestibility. The results showed that there was a significant decrease (P<0.05) in 

the crude fiber content and a significant increase (P<0.05) in the nitrogen-free extract (NFE) content of cassava peel with 

increasing soaking time from 1-3h. There was a significantly different interaction (P<0.05) between calcium hydroxide 

dose and soaking time on the digestibility of nutrients: dry matter, organic matter, NFE, crude protein and crude fiber. In 

conclusion, the best soaking time to reduce crude fiber and increase nitrogen-free extract content was 3 hours, and the 

best nutrients digestibility was found in the treatment combination of 0.50% betel lime and 2h soaking time. 
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INTRODUCTION 

 

Hydrogen cyanide is an inorganic compound with the 

molecular formula HCN. HCN at certain doses can cause 

poisoning in animal. This compound is very toxic. HCN 

toxicity is determined by the HCN content in the feed 

consumed and the balance between HCN absorption and its 

detoxification by livestock (Hahn et al. 1988). HCN 

content varies between plants, between species, and 

between tissues in same plants. One of the plants 

containing HCN is cassava. 

The by-product of processing cassava is cassava peel. 

Cassava peel makes up around 10% of the processed 

cassava (Aro et al. 2010). Cassava peel can be used as a 

mixture of feed ingredients for dairy cattle, especially as 

an energy source (Agustin et al. 2020; Suyitman et al. 

2020), for goat (Ajagbe et al. 2020; Aribido et al. 2021; 

Arief et al. 2023) and for sheep (Niayale et al. 2020). Its 

nutritional content as a source of energy is quite good, 

with a nitrogen free extract content of 75.40% and Total 

digestible nutrients (TDN) of 68.86% (Agustin et al. 

2021). However, cassava peel contains anti nutrient in the 

form of HCN which in high doses can be toxic (Kutay et 

al. 2017; Gensa 2019). It must be treated in order to lower 

the HCN concentration, which may be carried out by 

soaking cassava peel in calcium hydroxide. (Agustin et al. 

2021). The nutritional content of cassava peel includes 

94.35% dry matter, 97.68% organic matter, 7.20% crude 

protein, 19.51% crude fiber, 56.06% nitrogen-free 

extract, 56.91% TDN, 7.20% lignin, 13.8% cellulose, and 

11% hemicellulose (Aregheore 2000). Dairy cows' diets 

can contain up to 9% cassava peel. The use of cassava 

peel as animal feed is complicated by the peel's high 

content of dangerous HCN. Fresh cassava peel can 

contain up to 120ppm HCN (Agustin et al. 2020). On the 

basis of this, it is predicted that reducing the HCN level 

of cassava peel will enable greater usage of the peel as 

animal feed. 
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One of the most crucial poisonings in animals is 

cyanide poisoning (Kutay et al. 2017). The toxicity of 

cyanide is dependent on its concentration and is typically 

correlated with the disruption of the respiratory process due 

to the complex formation with metals involved in the 

respiratory process. An example of an enzyme involved in 

respiration that cyanide inhibits is Fe(III) cytochrome 

oxidase. If ingested, cyanide in the form of hydrogen 

cyanide can result in very quick death (Gensa 2019). The 

greatest HCN content reduction was seen in gadung tuber 

slices following soaking in a Ca(OH)2 solution at doses of 

0.3% for 2, 4, and 6h, with a drop in the percentage of HCN 

content as high as 89.00%. HCN content in cassava peel 

can be reduced by soaking in Ca(OH)2, because calcium 

from Ca(OH)2 can bind cyanide from HCN to form CaCN 

which is not toxic (Djaafar et al. 2009). Ca(OH)2 usage is 

anticipated to decrease the HCN concentration in cassava 

peels as they keep the peels' nutritive value, increasing the 

use of cassava peels for ruminants. 

Immersion process with Ca(OH)2 can lower HCN 

levels. The amount of HCN in cassava peels was decreased 

by the soaking duration. The range of the average HCN 

concentration was 24.83 to 33.51ppm (Agustin et al. 2021). 

The results of an in vitro fermentability evaluation on the 

parameters of rumen fluid from cassava peel immersed in 

Ca(OH)2 indicated that the rumen fluid's pH value, which 

ranged from 6.57 to 6.92, had no impact by the combination 

of Ca(OH)2 treatment and soaking period. However, there 

was a highly significant improvement in NH3 and VFA 

content. The average concentrations of NH3 and VFA were 

respectively 9.92–11.76mg/100mL and 98.33–115mM 

(Agustin et al. 2021). 

The ability of a feed to be digested, absorbed, and 

processed by an animal's system, whether in terms of 

nutrients or energy, can be described as its nutritional 

digestibility. Digestibility in animal nutrition can vary 

according to the type of feed, and basic materials, even 

though the nutrients are presumably available in the 

nutritional table of the feed, low digestibility in animal 

nutrition can lead animals to lose weight and indicates 

nutritional gaps. The chemical component and digestion of 

nutrients from a feed component must thus be determined. 

Many studies have shown the importance of the 

chemical composition of feed and the digestibility of 

nutrients for ruminants. The factors that influence the 

growth and activity of microbes in fermenting feed are feed 

processing and availability of nutrients. Consequently, it's 

important to establish the chemical composition and 

nutrient digestibility of cassava peel that has been 

processed by immersion with betel lime. The purpose of 

this study was to evaluate the nutrients with the optimum 

chemical composition and nutrient digestibility. of cassava 

peels treated by soaking in Ca(OH)2 at different doses and 

soaking times, in relation to the decrease in HCN levels. 
 

MATERIALS AND METHODS 
 

Ethical Approval: Since live animals were not used in this 

research, ethical approval is not thought to be required. 
 

Study Period and Experimental Site: This research was 

carried out at Andalas University's Ruminant Laboratory of 

Animal Science Faculty from July to November 2022. 

Cassava Peel Source: The cassava peel was obtained from 

a cassava processing factory in Padang, West Sumatra, 

Indonesia. The nutritional content of cassava peel before 

soaking treatment is presented in Table 1. 

 

Soaking Process of Cassava Peel: 5 and 10g of betel lime 

were weighed and then dissolved into 2L of water. Then 

mixed with a spoon to homogenize. After being sliced 

into pieces, the cassava peel was then drenched in betel 

lime solution at doses of 0, 0.25, and 0.50% for 1, 2, and 

3h, respectively. Cassava peel and betel lime solution 

were mixed in a 1:2 ratio, resulting in 1kg of soaked 

cassava peel and 2L of betel lime water. The cassava 

peels were mixed and rolled over during soaking to 

ensure equal soaking. Cassava peel that was soaked, 

washed under running water and then drained. The 

cassava peel was then dried for 48h either outside in the 

sun or inside a 60°C oven. then the cassava peel was 

ground and ready to be analyzed. 

 

Experimental Design: There are two stages to this 

investigation. In the first step, cassava peels were treated 

by being soaked in betel lime for various amounts of time. 

The factorial 3x3 and randomized block design with triple 

replications was used to perform this investigation (Gomez 

and Gomez 1995). Factor A was made up of betel lime 

doses of 0, 0.25, and 50%, and component B was made up 

of immersion times of 1, 2, and 3h. The study's chemical 

composition was initially examined. The study's initial step 

was to find out the chemical components. In order to 

estimate the digestibility of nutrients, the second step of 

this study used an in vitro approach (Tilley and Terry 1963) 

to assess the rumen's digestive system. 

 

Samples Analysis 

Determination of Chemical Composition: Sampling for 

analysis was carried out to determine the dry matter 

(DM) content and proximate analysis. The dried samples 

were weighed and ground to pass through a 2mm filter 

size. The milled samples were subjected to proximate 

analysis. Nutrient contents (Table 1) were also 

determined, namely the content of dry matter, organic 

matter, crude protein, crude fat, crude fiber, and nitrogen-

free extracts using the proximate analysis method 

(AOAC 2016). 

 
Table 1: Nutrients content of Cassava peel before soaking with 

calcium hydroxide 

Nutrient (% dry matter) Content (%) 

Organic matter 96.56 

Crude proteins 5.88 

Crude fat 1.29 

Crude fiber 13.99 

Ash 3.44 

Nitrogen free extract 

Total Digestible Nutrients (TDN) 

75.40 

68.86 

HCN (ppm) 120 

It is analyzed at the Nutrition Laboratory of Animal Science 

Faculty, Andalas University. 

 

In Vitro Method: The in vitro study was used to determine 

the digestibility of nutrients. The method used in 

determining digestibility was the modified Tilley and Terry 
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method (1963). The sample was put into the fermenter tube 

and added rumen fluid as a source of microbes and 

McDoughal's solution as artificial saliva. Fermentation was 

carried out for 48h at 39°C and anaerobic conditions. The 

fermentation process in the rumen was stopped after 48h. 

Rumen fluid pH was determined using a pH meter. Then 

centrifugation was carried out to separate the supernatant 

and residue. The residue is used to determine the nutrient's 

digestibility value. 

 

Determination of Nutrients Digestibility: The residue 

was dried in an oven at 60°C after being filtered through 

Whatman No. 41 filter paper. Then, the residue was 

analyzed to determine nutrient digestibility following the 

proximate analysis method. 

 

Implementation of Sample Analysis in the Laboratory: 

Measurement of In Vitro Dry Matter Digestibility (IDMD) 

 
The value of In Vitro Dry Matter Digestibility 

=𝑠𝑎𝑚𝑝𝑒𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 𝑥 𝑠𝑎𝑚𝑝𝑒𝑙 𝑑𝑟𝑦 𝑚𝑎𝑡𝑡𝑒𝑟−(𝑟𝑒𝑠𝑖𝑑𝑢 𝑤𝑒𝑖𝑔ℎ𝑡−𝑏𝑙𝑎𝑛𝑘 𝑤𝑒𝑖𝑔ℎ𝑡)𝑥 𝑟𝑒𝑠𝑖𝑑𝑢𝑎𝑙 𝑑𝑟𝑦 𝑚𝑎𝑡𝑡𝑒𝑟

𝑠𝑎𝑚𝑝𝑒𝑙 𝑤𝑒𝑖𝑔ℎ𝑡 𝑥 𝑑𝑟𝑦 𝑚𝑎𝑡𝑡𝑒𝑟 𝑠𝑎𝑚𝑝𝑒𝑙
 𝑥 100% 

 

Measuring the digestibility of other nutrients digestibility 

(digestibility of organic matter, crude fiber, nitrogen-free 

extract, crude lipid, and crude protein digestibility) has the 

same principle of calculation as measuring the dry matter 

digestibility. 

 

Data Analysis 

The data were statistically processed by using Analysis 

of Variance (ANOVA). The difference effect between 

treatments was tested by orthogonal contrasts (Gomez and 

Gomez 1995). 

 

RESULTS 

 

HCN Content of Cassava Peel: Table 2 provides 

information on the HCN content of cassava peel after 

soaking in betel lime water at different immersion times. 

The HCN level obtained decreases with the longer soaking 

of the cassava peel in betel lime water. HCN levels at 3h of 

immersion are 24.83ppm. This is the lowest HCN level 

when compared to 1 or 2h of immersion time. When it was 

soaked for 1h, the HCN content was 33.5ppm.  

 
Table 2: The average HCN content (ppm) of cassava peel treated 

by soaking in Ca(OH)2 for 1-3 hours. 

Ca(OH)2  dose Soaking time Average 

B1 (1h) B2 (2h) B3(3h) 

A1 (0%) 34.11 35.90 26.92 32.31a 

A2 (0.25%) 32.31 28.72 20.64 27.23b 

A3 (0.50%) 34.11 26.03 26.92 29.02ab 

Average 33.51a 30.22a 24.83b  

Different superscripts in the same row and column show 

significant (P<0.05) effect. 

 

Crude Fiber Content of Cassava Peel after Soaked in 

Calcium Hydroxide: Table 3 gives information that the 

crude fiber content of cassava peel soaked in calcium 

hydroxide was only affected by the soaking time with a 

very significant effect (P<0.01), while the dose of whiting 

0-0.5% did not affect the crude fiber content cassava skin 

(P>0.05). In Table 3, it can also be seen that there is no 

interaction between the dose of calcium hydroxide and the 

soaking time (1-3h) on the crude fiber content and the dose 

of calcium hydroxide 0-0.5% has no significant (P>0.05) 

different effect.  

 
Table 3: The average crude fiber content (%) of cassava peel 

treated by soaking in Ca(OH)2 for 1-3 hours 

Ca(OH)2 dose Soaking time Average 

B1 (1h) B2 (2h) B3 (3h) 

A1 (0%) 12.80 14.01 12.46 13.09 

A2 (0.5%) 13.72 14.89 12.07 13.56 

A3 (0.0%) 13.10 14.32 11.28 12.90 

Average 13.21b 14.41a 11.94c  

Different superscripts in the same row show a significant (P<0.05) 

effect. 

 
The lowest crude fiber content of cassava peel was 

found in cassava immersion time of 3 hours, with a crude 

fiber content of 11.94%. The crude fiber content for 3h of 

soaking indicated significantly different results (P<0.01) 

with 1h of immersion time with 13.21% crude fiber content 

and 2 hours immersion time with 14.41% crude fiber 

content.  

Based on Table 2, information was obtained that 

soaking with betel lime did not affect the crude fiber content 

of cassava peel. The crude fiber content began to decrease 

at a dose of 0.50%, but this was not statistically significant.  

 

Nitrogen Free Extract (NFE) Content of Cassava Peel 

after Soaked in Calcium Hydroxide: Table 4 provides 

information that there is no interaction between the dose of 

calcium hydroxide and soaking time on the nitrogen-free 

extract content of cassava peels. Factor A, the dose of 

calcium hydroxide did not have a significant (P>0.05) 

effect, while factor B, soaking time had a very significantly 

different (P<0.01) effect on the NFE content of cassava 

peel. The highest NFE content was found in 3h of the 

immersion, namely 77.70%, followed by 1h and 2h of the 

soaking time with successive values of 76.38 and 74.77% 

respectively. There was an increase in the NFE content of 

cassava peels from 74.77 to 77.70% which also coincided 

with a decrease in the crude fiber content during the 

soaking time. The longer the soaking time, the higher the 

nitrogen-free extract content. 

 
Table 4: The average NFE (%) of cassava peel treated by 

immersion in lime water for 1-3 hours 

Ca(OH)2 dose Soaking time Average 

B1 (1h) B2 (2h) B3 (3h) 

A1 (0%) 76.87 76.01 77.75 76.87 

A2 (0.25%) 76.40 73.73 75.75 75.29 

A3 (0.50%) 75.88 74.57 79.61 76.69 

Average 76.38a 74.77b 77.70a  

Different superscripts in the same row show a significant (P<0.05) 

effect. 

 

Nutriens Digestibiliy of Cassava peel 

In vitro Dry Matter Digestibility (IDMD) of Cassava 

Peel after Soaked in Betel Lime Water: Table 5 provides 

information on dry matter digestibility using in vitro 

method. In vitro dry matter digestibility value ranged from 

51.41 to 55.10%.  
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Table 5: The average in vitro dry matter digestibility (IDMD) (%) 

of cassava peel treated by soaking in Ca(OH)2 for 1-3 hours 

Ca(OH)2 

dose 

Soaking time Average 

B1 (1 hour) B2 (2 hours) B3 (3 hours) 

A1 (0%) 51.43d 52.38cd 53.87abc 52.56 

A2 (0.25%) 52.33cd 53.59abc 54.57ab 53.50 

A3 (0.50%) 53.94abc 54.56ab 55.10a 54.53 

Average 52.57 53.51 54.51  

Different superscripts in row or column show significant (P<0.01) 

effect. 
 

The different soaking time and calcium hydroxide 

level resulted in highly significant (P<0.01) difference in 

IDMD. The highest dry matter digestibility value was 

obtained at 3h of immersion time with a dose of 0.50% 

calcium hydroxide with a digestibility value of 55.10%. 

The longer the immersion, the more soluble carbohydrates 

that are counted as dissolved nitrogen-free extract. 

  

In vitro Organic Matter Digestibility of Cassava Peel 

after Soaked in Calcium Hydroxide: The in vitro organic 

matter digestibility (IOMD) values obtained are shown in 

Table 6. Each treatment combination had a significantly 

different (P<0.01) effect on organic matter digestibility. It 

is known that if the cassava peel is soaked in 0% betel lime 

water for 3h, it will give the same digestibility value as the 

0.25% betel lime treatment, but the immersion time is 

reduced to 2h. When the dose of betel lime was increased 

again up to 0.50%, so the same digestibility value could be 

achieved at only 1h of immersion time. The highest organic 

matter digestibility value was found in the combination of 

immersion time of 3h and a dose of 0.5% betel lime, with 

the value of 56.35%. The same results were also obtained 

at a dose of betel lime 0.25% and a long immersion time of 

3h, with the value of 55.99%. At a dose of 0.5% betel lime 

with 2 hours of soaking, it gives the same results as 3 hours 

of immersion with the value of 55.60%. 

 
Table 6: The average in vitro organic matter digestibility (IOMD) 

(%) of cassava peel treated by soaking in Ca(OH)2 for 1-3 hours. 

Ca(OH)2 dose Soaking time Average 

B1 (1h) B2 (2h) B3 (3h) 

A1 (0%) 52.46c 53.85bc 55.28ab 53.86 

A2 (0.25%) 53.83bc 54.89ab 55.99a 54.90 

A3 (0.50%) 55.12ab 55.60a 56.35a 55.69 

Average 53.80 54.78 55.37  

Different superscripts in row or column show significant (P<0.01) 

effect. 

 

Crude Fiber Digestibility of Cassava Peel after Soaked 

in Calcium Hydroxide: Table 7 shows the digestibility of 

crude fiber. and the lowest value was found in the soaking 

time of 3h and the dose of calcium hydroxide 0.5% with a 

crude fiber digestibility value of 50.43%. The digestibility 

value of crude fiber in this study was influenced by the 

soaking process and the presence of rumen microbial 

activity. It was noted that the digestibility value of crude 

fiber decreased with increasing doses of betel lime from 0 

to 0.5%, both for 1, 2 or 3h of the immersion. 

 

Nitrogen Free Extract Digestibility of Cassava Peel 

after Soaked in Betel Lime Water: Table 8 provides 

information that the digestibility of nitrogen free extract 

(NFE) gives a good value of 68-69%. This value was found 

in 3h soaking time for all doses of calcium hydroxide, 0, 

0.25, 0.50%. The same digestibility value was also 

obtained for 2h of immersion time at betel lime doses of 

0.25 and 0.50%. 
 

Table 7: The average crude fiber digestibility (%) of cassava peel 

treated by soaking in Ca(OH)2 for 1-3 hours 

Ca(OH)2 

Dose 

Soaking Time Average 

B1 (1 hour) B2 (2 hour) B3 (3 hour) 

A1 (0%) 52.32a 52.19a 51.92ab 52,14 

A2 (0.25%) 51.83ab 51.87ab 51.32abc 51,67 

A3 (0.50%) 50.97bc 50.54c 50.43c 50.65 

Average 51.71 5.53 51.22  

Different superscripts in row or column show significant (P<0.01) 

effect. 

 

Table 8: The average nitrogen free extract digestibility (%) of 

cassava peel treated by soaking in Ca(OH)2 for 1-3 hours. 

Ca(OH)2 dose Soaking Time Average 

B1 (1h) B2 (2h) B3(3h) 

A1 (0%) 64.89b 66.81b 68.19a 66.63 

A2 (0.25%) 66.68b 68.39a 69.50a 68.19 

A3 (0.50%) 68.43a 69.28a 69.24a 68.98 

Average 66.67 68.16 68.98  

Different superscripts in row or column show significant (P<0.01) 

effect. 

 

Crude Protein Digestibility of Cassava Peel after 

Soaked in Betel Lime Water: The highest crude protein 

digestibility value in Table 9 was found in betel lime dose 

of 0.50% and 3h of immersion time with a crude protein 

digestibility value of 57.21%. However, this value was not 

significantly different from betel lime dose of 0.25% and 

immersion time of 2h, with a protein digestibility value of 

56.11%. 
 

Table 9: The average crude protein digestibility (%) of cassava 

peel treated by soaking in Ca(OH)2 for 1-3 hours. 

Ca(OH)2 dose Soaking Time Average 

B1 (1h) B2 (2h) B3 (3h) 

A1 (0%) 53.24d 54.18cd 55.64abc 54.35 

A2 (0.25%) 54.52bcd 56.11a 56.48a 55.70 

A3 (0.50%) 55.91ab 56.82a 57.21a 56.65 

Average 54.56 55.70 56.44  

Different superscripts in row or column show significant (P<0.01) 

effect. 

 

DISCUSSION 

 
Crude Fiber Content of Cassava Peel after Soaked in 

Betel Lime Water 

Soaking cassava peel with whiting for 3 hours reduces 

HCN level and crude fiber content. HCN easily dissolves 

in water, so the longer the soaking time, the softer the 

structure of the cassava peel will be. This can make it easier 

for water to enter the cell structure of the cassava peel, so 

that the HCN in the cells comes out and dissolves in water. 

According to Suismono and Prawirautama (1998), lime 

water solution is alkaline and can damage the cell walls of 

cassava peel. This damaged cell wall results in a reaction 

to form HCN. The HCN formed binds to Ca in Ca(OH)2, 

forming Ca(CN)2 which are easily soluble in water. Djaafar 

et al. (2009) found that the longer the gadung tuber slices 

soaked in Ca(OH)2 with a dose of 0.3%, more HCN is 

formed and the amount of HCN that dissolves is also 
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increasing. In this study, at a soaking time of 3hours the 

crude fiber content decreased. After 3 hours of soaking, 

much of the starch was dissolved. This dissolved starch is 

counted as nitrogen free extract, so the crude fiber content 

drops to 11.94%.  

In contrast to the immersion time, the dose of betel 

lime or Ca(OH)2 from 0 to 0.50% had no significant effect 

on the crude fiber content of cassava peel. This is because 

the addition of betel lime up to 0.5% only has an effect on 

the fiber structure of the cassava peel, there is a loosening 

of the fiber bonds and has not reduced the fiber content and 

it is hoped that by violating the fiber structure this will later 

be more easily attacked by the digestive enzymes produced 

in the rumen by rumen microbes. This condition can 

increase the digestibility of fiber and the availability of 

energy for livestock will also increase (Pazla et al. 2020; 

Pazla et al. 2021). The soaking process with betel lime 

causes damage to the cell membrane, in addition to that 

soaking with betel lime loosens the pore network resulting 

in the transfer of material that is able to pass through the 

permeable membrane. 

 

Nitrogen Free Extract Content of Cassava Peel after 

Soaked in Calcium Hydroxide: The nitrogen free extract 

(NFE) content of a feedstuff is very dependent on other 

components, such as ash, crude protein, crude fiber and 

crude fat (McDonald et al. 2002). The longer the soaking 

time, the higher the nitrogen free extract content. This is 

presumably because at 3h of the immersion there are more 

easily dissolved substances, especially starch. Nitrogen 

free extract is part of easily digestible carbohydrates such 

as sugar, starch, organic acids which are included in non-

structural carbohydrates that are easily digested. In 

accordance with the opinion of McDonald et al. (2002) 

which states that nitrogen free extract is a soluble 

carbohydrate which includes monosaccharide, 

disaccharides, trisaccharides and polysaccharides, 

especially starch. All of these components are soluble in 

acids and bases in the analysis of crude fiber and have high 

digestibility. Increasing the nitrogen free extract content 

can increase the amount of organic matter that can be easily 

digested (Cherney and Cherney 2000).  

In this study, the NFE content before soaking was 

75.40%, and after soaking for 3 hours, it increased to 

77.70%. Nitrogen free extract describes the easily 

digestible carbohydrate fraction. Naturally, nitrogen free 

extract is easier for microbes to digest, so microbes tend to 

use it first. Decreasing the crude fiber content of a feed 

ingredient will increase its nitrogen free extract content. 

 

In vitro Dry Matter Digestibility (IDMD) of Cassava 

Peel 

The difference in the digestibility of the dry matter is 

due to the immersion process in betel lime water. There has 

been a change in the composition of the nutritional content 

of the cassava peel, especially a decrease in the content of 

crude fiber and an increase in the content of nitrogen free 

extract, which are components of the dry matter. This 

condition, namely the high levels of nitrogen free extract, 

makes cassava peel easier to digest by enzymes produced 

by rumen microbes and ultimately can increase the 

digestibility of dry matter. The digestibility of dry matter 

increased with increasing doses of betel lime and 

immersion time. This is because the digestibility values of 

the feed substances making up the dry matter also increased 

(Pazla et al. 2023). It can be seen in the digestibility values 

of nitrogen free extract, crude protein, and crude fat which 

determine the digestibility values of the dry matter. 

 

Organic Matter Digestibility of Cassava Peel: The 

organic matter digestibility pattern is the same as the dry 

matter digestibility, where the longer the immersion time, 

the higher the organic matter digestibility. This has 

something to do with the process that occurs during soaking 

with betel lime. Betel lime or calcium hydroxide is a 

chemical compound with the chemical formula Ca(OH)2. 

The betel lime can raise the pH because the betel lime is 

alkaline. Cassava peel that has been soaked in betel lime 

showed good rumen conditions for microbial growth, 

namely the ideal rumen fluid pH were 6.8 - 6.9, whereas 

cassava peel was soaked without using betel lime, then at 

1h soaking the pH rumen fluid was only 6.57 (Agustin et 

al. 2021). Under these ideal rumen fluid pH conditions, 

rumen microbes can grow well and can increase their 

population so that with a large number of rumen microbes, 

there will be lots of enzymes produced by rumen microbes 

to digest and ferment food substances in the rumen which 

in turn increases the digestibility value. 

In Table 6 it can be seen that the digestibility of organic 

matter increased with increasing doses of betel lime, either 

at 1, 2 or 3h of the immersion. The increased digestibility 

value of organic matter is due to the increased digestibility 

of the nutrients that make up the organic matter, namely the 

digestibility of mitrogen free extract, fat and protein except 

for crude fiber. Organic matter that are easily digested will 

provide energy for rumen microbial activity in degrading 

nutrients so that the digestibility of nutrients becomes 

better (Jamarun et al. 2017a; Zain et al. 2023). 

 

Crude Fiber Digestibility of Cassava Peel: The 

digestibility value of crude fiber in this study was 

influenced by the immersion process, nutrients contents 

and the presence of rumen microbial activity. Based on the 

results of the first phase of the study, it was found that the 

crude fiber content decreased with increasing immersion 

time with betel lime. With lower levels of crude fiber, it 

will be more easily digested by enzymes produced by 

rumen microbes, so as to increase the digestibility value of 

fiber (Jamarun et al. 2017b; 2017c; Elihasridas et al. 2023). 

However, in this study the digestibility value of the fiber 

decreased with increasing betel lime dose. This could be as 

the more Ca(OH)2 added, the more calcium binds to 

cyanide so that more and more cyanide is released from the 

cassava peel. However, the addition of Ca(OH)2 that is too 

high will cause a saturation point of the binding of calcium 

to cyanide, causing slower or even no binding of calcium 

to cyanide of cassava peel. This condition can also cause 

an increase in the amount of easily soluble carbohydrates 

to be dissolved thereby increasing the starch content or 

nitrogen free extract. This can be explained that the cassava 

peel contains higher extracts without nitrogen, such as 

starch, so the microbes that grow and develop with this 

cassava peel substrate in the rumen are starch digesting 

microbes, so the high digestibility value of nitrogen free 

extract. so that the digestibility value of crude fiber was 

only about 50%. 
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Nitrogen Free Extract Digestibility of Cassava Peel 

after soaking in calcium hydroxide: Cassava peel is a 

feed ingredient that can be used as an energy source for 

dairy cows (Agustin et al. 2020). The nitrogen free extract 

(NFE) digestibility shown in Table 9 is digestibility value 

of single ingredient, namely cassava peel resulting from the 

soaking treatment. The increase in the NFE digestibility 

value of cassava peel after soaking for 1-3 hours was due 

to the increase in the NFE content. NFE is part of a 

carbohydrate that is easily soluble (McDonald et al. 2002). 

This study found that there was indeed an increase in 

nitrogen free exttract content with the longer soaking time 

and the higher calcium hydroxide dose. The fermentation 

process of structural and non-structural carbohydrates to 

volatile fatty acids (VFA) by microbial action in the rumen 

involves an interdependency of fermentable energy and 

microbial protein production (Dijkstra et al. 2005). Agustin 

et al. (2021) revealed that the best VFA concentration was 

155 mM, which was found in a combination treatment of 

0.50% Ca(OH)2 and a soaking time of 2 h. 

Cassava peel is rich in non-structural carbohydrates. 

This was proven in this study, namely the high NFE content 

of cassava peel (77.70%) after soaking with whiting for 3 

hours. Zhao et al. (2015) state that non-fiber carbohydrate 

(NFC) type, rumen degradable protein (RDP) level and 

their interaction affected ruminal fermentation and 

microbial growth. The digestibility value of nutrients in the 

rumen is strongly influenced by the growth and activity of 

microbes in the rumen. The substrate that enters the rumen 

greatly determines the growth and the activities of 

microbes. Cassava peel is rich in nitrogen free extract. 

The HCN content in cassava peel that has been treated 

with does not interfere with microbial activity in digesting 

nutrients. Cassava peel which has been treated with 

calcium hydroxide, has decreased HCN levels. The lowest 

HCN level was found at a dose of 0.25% betel lime and 3h 

of soaking time. The digestibility of NFE in cassava peel 

can represent the ability of feed to be utilized and converted 

by microorganisms. Increasing the availability of protein 

and energy has an effect on the absorption or utilization of 

food substances, so that NFE digestibility tends to increase 

(Budiman et al. 2006). In this study, NFE Carbohydrates in 

rumen will be hydrolyzed by the activity of microbial 

enzymes. The end product of this fermentation is volatile 

fatty acids (VFA) (Orskov and McDonald 1979). 

Important influencing factors on the digestibility of 

feed ingredients is protein because it plays a role in 

maintaining the life of rumen microorganisms. 

 

Crude Protein Digestibility of Cassava Peel after 

Soaking Betel Lime: The most crucial factors influencing 

the protein digestibility in rumen are type of protein, the 

interaction with other nutrients and microbial population, 

which depend on rumen pH (Bach et al. 2005). In this 

study, the digestibility value of this crude protein is 

influenced by the nutrient content of the cassava peel, 

including its anti-nutrients, HCN and rumen microbial 

activity in fermenting the protein contained in the cassava 

peel. Crude protein of cassava peel is 5.88% and this 

protein content is able to provide nitrogen for the growth 

of rumen microbes. Agustin et al. (2021) declared that the 

best amount of ammonia (NH3) produced by soaking 

cassava peel with 0.5% Ca(OH)2 for 2 hours was 

11.62mg/100ml. This ammonia concentration is 

necessary for maximal growth of rumen microorganisms 

(Satter and Slyter 1974). Important factors that influence 

digestibility of feed ingredients is protein because it plays 

a role in maintaining the life of rumen microorganisms 

(Dijkstra et al. 2005). Microbial activity in rumen reaches 

optimum when ruminal pH is in normal range (Antonius 

et al. 2023). Agustin et al. (2021) reported that in this 

research series, the rumen fluid in all treatment 

combination had a normal pH, with pH value ranging 

from 6.57-6.92. Russell et al. (1992) stayed that rumen pH 

above 6.0 is required for microbial protein synthesis, and 

the optimal pH range of 6.7±0.5 required to maintain 

normal cellolysis (Van Soest 1994). A decline in rumen 

pH from 6.8 to 6.4 decreased feed digestibility, protein 

degradability, and the daily outputs of some fermentation 

end-products (gas, VFA, acetate, ammonia) but had no 

effect on the synthesis of microbial protein (Vargas et al. 

2023), Santoso et al. (2017) found that ruminal pH is 

between 6.94-6.96. 

The HCN level of cassava peel after 1-3 hours of 

soaking was 24.83-33.51ppm and did not interfere with the 

activity of rumen microbes in degrading nutrients in 

cassava peel. The nutrients can be digested well. 

The results of the second stage showed that there was 

an interaction (P<0.01) between the dose of betel lime and 

the soaking time of the cassava peel on the digestibility of 

the nutrients. The nutrients digestibility of dry matter, 

organic matter, crude fiber, nitrogen free extract, fat and 

crude protein were 51.43-55.10%; 52.46-56.35%; 50.43-

52.32%; 64.89-69.50%; 55.26-57.40% and 53.24-57-21% 

respectively. There was an increase in the digestibility of 

nutrients with increasing doses of betel lime and longer 

immersion time. Synchronization of nutrient supply in 

rumen is important to stimulate the microbial growth and 

maximize the rumen degradable protein binding into 

microbial cells (Valkeners et al. 2004). 

 

Conclusion 

There was a decrease in the crude fiber content and an 

increase in the NFE content of cassava peel with a soaking 

process of up to 3 hours. In this condition, crude fiber 

content was 11,94% and NFE content was 77.70%. The 

best soaking time to reduce crude fiber content and increase 

NFE content is 3hours of soaking time. In the second stage, 

there was an increase in the digestibility of nutrients with 

increasing doses of betel lime and longer immersion time. 

In conclusion, the best immersion time to reduce crude 

fiber and increase nitrogen free extract content is 3 hours, 

and the best nutrient digestibility is found in the treatment 

combination of 0.50% betel lime and 2 hours immersion 

time. 
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