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Abstract— Purpose from this research was to determine the best 

treatment of corn substitution with palm kernel meal dan fermented 

tapioca waste (PKMFTW) as broiler feed on the density, crude 

protein digestibility, apparent metabolizable energy (AME), and 

apparent metabolizable energy nitrogen corrected (AMEn). The 

materials of the research were unsexed broilers, corn, palm kernel 

meal and fermented tapioca waste (PKMFTW), rice bran, broiler 

concentrate, Aspergillus oryzae, Saccharomyces cerevisiae, and 

Cellulomonas sp. The method used in this study was a field 

experiment using a completely randomized design (CRD) using 7 

treatments and 4 replications. The treatment were used T0: without 

substitution palm kernel meal and fermented tapioca waste (control 

feed), T1: substitution 10% palm kernel meal and fermented tapioca 

waste, T2: substitution 20% palm kernel meal and fermented tapioca 

waste, T3: substitution 30% palm kernel meal and fermented tapioca 

waste, T4: substitution 40% palm kernel meal and fermented tapioca 

waste, T5: substitution 50% palm kernel meal and fermented tapioca 

waste, T6: substitution 60% palm kernel meal and fermented tapioca 

waste. Data were analyzed using analysis of variance (ANOVA) and 

continued using Duncan's Multiple Range Test (DMRT). The result of 

this study shows that palm kernel meal dan fermented tapioca waste 

as corn substitution caused lowering the value of feed density, crude 

protein digestibility, apparent metabolizable energy (AME), and 

apparent metabolizable energy nitrogen corrected (AMEn). Palm 

kernel meal dan fermented tapioca waste as much as 20% is the best 

corn substitution for broiler feed. 

 

Keywords— Broilers, density, digestibility, palm kernel meal (PKM), 

tapioca waste. 

I. INTRODUCTION  

Feed is one of the most influential factors on successful of 

livestock business. Good quality feed is needed to support 

optimal growth and development of livestock. The poultry 

feed ingredients are compete with food, for example is corn. 

Corn is the main source of energy in the poultry feed 

manufacture because its have high energy content and 

complete nutrients. The nutritional content of corn in the form 

of energy reaches ±3,350 Kcal/kg, crude protein 9.5%, crude 

fat 3.7%, crude fiber 0.6%, carotenoid compounds 6.4-11.3 

µg/g (22% carotene and 51% xanthophyll), methionine, lysine, 

and tryptophan. Corns are widely used as food and bioenergy 

(fuel), so its causes limited availability and expensive. This 

incident has led to finding other feed ingredients alternatives 

that have high nutritional content, cheaper, easy to obtain, 

abundant availability, and do not compete with foodstuffs, that 

is waste. The waste that can be used as corn substitution is 

palm kernel meal (PKM) and tapioca waste. 

Palm kernel meal (PKM) is waste from the processing of 

palm kernel oil (PKO). The nutritional content of PKM 

consists of gross energy ±4,758 Kcal/kg, crude protein 

13.98%, crude fat 8.61%, crude fiber 17.63%, methionine, 

lysisn [18;24]. Tapioca waste is waste from the processing of 

cassava into tapioca flour, which is dry and hard. The 

nutritional content of tapioca waste is gross energy ±2,700-

3,500 Kcal/kg, crude protein 2.2%, crude fat 2.40%, crude 

fiber 12.45%, carbohydrates 51.8%, BETN 62.10% [14;27]. 

The production of these wastes in Indonesia is overflow and 

the nutritional content are high, so its potential to be used as 

alternative ingredients for poultry feed. It is feared that the 

direct use of waste for poultry feed will reduce feed 

digestibility and performance due to very high crude fiber 

content of feed and high fat content in PKM. This obstacle 

must be overcome by fermentation so it can decrease crude 

fiber, increase feed digestibility, and does not cause problems 

when it is used for large amounts of poultry feed. 

Fermentation of palm kernel meal and tapioca waste were 

used 3 types of microbes namely Aspergillus oryzae, 

Saccharomyces cerevisiae, and Cellulomonas sp. [28;31] 

explained that Aspergillus oryzae and Saccharomyces 

cerevisiae are able to work synergistically, because 

Saccharomyces cerevisiae is a growth factor for cellulolytic 

bacteria (Aspergillus oryzae and Cellulomonas sp.) by 

providing nutrients in the form of vitamins, minerals and 

amino acids. The increasing population of cellulolytic 

microbes has an effect on the increasing cellulolytic activity to 

digest crude fiber. According to [28] Saccharomyces 

cerevisiae produce amylase enzyme which is useful for starch 

digesting in tapioca waste. Aspergillus oryzae produces 

cellulase and hemicellulase enzymes that can stimulate 

cellulolytic bacteria growth to digest crude fiber. According to 

[32] fermentation using Cellumonas sp. causes break down the 

fibers contained in the material so the bonds become more 

tenuous. Bond in the fibers that has been loosened results in a 

simpler protein bonding so the protein content of the material 

also increases and improves digestibility. 

Based on that statement, it is necessary to do further 

research on the effect of the utilization of industrial waste in 
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the form of palm kernel meal and tapioca waste by 

fermentation using 3 types of microbes, Aspergillus oryzae, 

Saccharomyces cerevisiae, and Cellulomonas sp. as 

alternative corn substitution on the density and digestibility of 

broiler feed. 

II. MATERIALS AND METHODS  

A. Materials 

The materials used in this research were unsexed 35 days 

broilers, there are 28 chickens. The feed were used is self 

mixed complete feed consist of yellow corn, broiler 

commercial concentrate, rice bran, palm kernel meal and 

fermented tapioca waste (PKMFTW). The microbes were used 

Aspergillus oryzae (2,7x10
8 

CFU/ml), Saccharomyces 

cerevisiae (3,21x10
7 

CFU/ml), and Cellulomonas sp (1,86x10
7 

CFU/ml). The nutritional content of feed ingredients that will 

be used in the preparation of broiler feed can be seen in table 

1. The composition and content of the treatment feed 

ingredients for digestibility testing can be seen in table 2. 

The equipment were used includes metabolic cage 

20x35x35 cm equipped with feeding and drinking tools, 

provided with tray and plastic to accommodate the excreta, 

and lighting. Metabolic cages were used from the age of 35-41 

days totaling 28 plots, each plot was filled 1 chicken. 

 

TABLE 1. Nutrient content of feed ingredients 

Food Nutrient 
Feed ingredients 

Yellow corn * PKMFTW * Rice Bran * Concentrate** 

Metabolic Energy (Kcal/kg) 3397.87 3057.32 2505.94 2300 

Crude Protein (%) 9,56 8.57 8.77 41 

Crude Fat (%) 3.27 11.41 8.86 5 
Crude Fiber (%) 2.75 21.11 19.17 6 

Calcium (Ca,%) 0.01 0.27 0.06 2.50 

Phospor (P,%) 0.26 0.43 0.18 1.40 

PKMFTW: Palm kernel meal and fermented tapioca waste  
Source: * Proximate Test Results in the Laboratory of Animal Nutrition and Feed, Faculty of Animal Science, Brawijaya University  

** Broiler commercial concentrate based on label produce by feed industry 

 
TABLE 2. Composition and content of treated feed ingredients for digestibility testing 

Feed Materials 
Treatment (%) 

T0 T1 T2 T3 T4 T5 T6 

Yellow corn 60 50 40 30 20 10 0 
PKMFTW 0 10 20 30 40 50 60 

Rice Bran 10 10 10 10 10 10 10 

Broiler Concentrate 30 30 30 30 30 30 30 
Metabolic Energy (Kcal/kg) 3049.32 3015.26 2981.21 2947.15 2913.10 2879.04 2844.99 

Crude Protein (%) 20.19 19.88 19.57 19.26 18.94 18.63 18.32 

Crude Fat (%) 4.54 5.16 6.77 7.39 8.00 8.62 9.23 
Crude Fiber (%) 5.37 7,20 9.04 10.88 12.71 14.55 16.38 

Calcium (Ca,%) 0.76 0.79 0.81 0.84 0.87 0.89 0.92 

Phospor (P,%) 0.52 0.55 0.58 0.61 0.64 0.67 0.70 

* Calculation based; PKMFTW= Palm kernel meal and fermented tapioca waste  

 

B. Research Method 

1. Feeding digestibility 

The research method was used field experiment using a 

completely randomized design (CRD) using 7 treatments and 

4 replications. The treatments were used: 

T0 : without substitution PKMFTW (control feed)  

T1 : Corn substitution using 10% PKMFTW in feed 

T2 : Corn substitution using 20% PKMFTW in feed 

T3 : Corn substitution using 30% PKMFTW in feed 

T4 : Corn substitution using 40% PKMFTW in feed 

T5 : Corn substitution using 50% PKMFTW in feed 

T6 : Corn substitution using 60% PKMFTW in feed 

Feeding treatment in the form was mash using restricted 

feeding methods 140 grams/chicken/day. Feeding treatment 

starts from day old chick (DOC) until 41 days, so it does not 

require feed adaptation. The drinking treatment was used ad-

libitum method. Chickens are placed in metabolic cages start 

from 35-41 days, 3 days for cage adaptation treatment and 3 

days for excreta sample collection. The excreta is collected on 

trays that have been coated with plastic and sprayed every 6 

hours using boric acid (H3BO3) and the ratio 1:10 which 

serves to fix nitrogen. Excreta were cleaned of feathers loss 

and feed residue before weighing it as wet weight. The excreta 

was sun dried for 3 days, then weighed as sun dry weight, 

oven at 60
o
C for 24 hours, and weighed again to determine the 

oven dry weight. The dry excreta was grinded using grinder 

and tested following the test standards in the laboratory. 

2. Density 

The feed ingredients in the form of palm kernel meal and 

fermented tapioca waste (PKMFTW), corn, broiler 

commercial concentrate, and rice bran are weighed according 

to the proportion/percentage of treatment, mixing the 

treatment using mixer until homogeneous and labeled 

according to the treatment. Weighed the empty measuring cup, 

the sample is put in the measuring cup. Weighed the 

measuring cup and sample to determine the density of broiler 

feed sample. 

C. Research Variable 

1. Feeding density  

Feeding density testing was carried out by [20]: 

   
        

  
 

ρ = density (g/L) 
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w1 = measuring cup weight (g) 

w2 = measuring cup + sample weight (g) 

Vp = measuring cup volume (L) 

2. Feeding digestibility 

Feeding digestibility were measured using the total 

collection method. Feeding digestibility test consists of: 

a. Crude protein digestibility was analyzed based on dry 

matter and crude protein from feeding samples and excreta 

[5]. 

                               

  
                                   

                    
        

Note : 

- Protein consumption = total feed consumption (% dry 

matter) x % crude protein of feed 

- Protein excreta = total excreta (% dry matter) x % crude 

protein of excreta 

b. Apparent metabolizable energy (AME) and apparent 

metabolizable energy nitrogen corrected (AMEn) was 

analyzed based on dry matter and metabolizable energy. 

Metabolic energy is obtained differences between gross 

energy content of feed and gross energy lost through excreta 

[11]. 

             

 
                                        

                
 

              

 
                                       

                
                             

Notes: 

- Feed gross energy/consumption gross energy = feed 

consumption (dry matter) x feed gross energy 

- Excreta gross energy = total excreta (dry matter) x 

excreta gross energy 

- Nitrogen retention = nitrogen consumption - nitrogen 

excretion 

D. Data Analysis 

The analysis data was used analysis of variance 

(ANNOVA) if the results were significant effect (P<0.05) or 

very significant effect (P<0.01) continued with Duncan's 

Multiple Range Test (UJBD). The purpose of this analysis was 

to determine the best treatment of the percentage of palm 

kernel meal and fermented tapioca waste (PKMFTW) on 

feeding digestibility so it can be used as corn substitution 

alternative for broiler feeding. 

III. RESULTS AND DISCUSSION  

A. Effect Treatment on Feeding Density 

The density measurements results of corn, palm kernel 

meal and fermented tapioca waste (PKMFTW), and feeding 

teratments can be presented in table 3. 
 

 
 

 

TABLE 3. Corn, PKMFTW, and feeding treatment density 

Treatment Density (g/L) 

Corn 558 

PKMFTW 237 
P0 598 

P1 509 

P2 450 
P3 420 

P4 355 
P5 350 

P6 314 

Note: PKMFTW (palm kernel meal and fermented tapioca waste) 

Density is ratio between the mass of material to their 

volume, the unit is g/mL. Density give affects to the 

homogenity and stability of mixing quality. According to table 

3, the greatest density value of feeding treatment was found at 

P0, the treatment is without using palm kernel meal and 

fermented tapioca waste in feed. This result was due to the 

fact that P0 feed had the lowest crude fiber content. [9] 

explains that the higher fiber content of feed cause the lower 

density value, which indicates that feed is getting more bulky, 

while the lower fiber content causes the higher density of feed. 

The higher using palm kernel meal and fermented tapioca 

waste as corn substitution give effect to the lower feed density. 

The lower density indicates that feed is getting 

voluminous/bulky. The increasing use of palm kernel meal 

and fermented tapioca waste causes crude fiber content of feed 

increase. This result is described [16] that corn substitution 

using higher wheat into the feed caused the lower feed density. 

The lower density affects to feed nutrient density, at the same 

volume of nutritional value of feed will be less if it has lower 

density. 

Different density values on feeding treatment was due to 

the voluminous/bulky of palm kernel meal and fermented 

tapioca waste. The result of [2] research explained that 

voluminous characteristic of noni leaves give impact to the 

differences of density values. The addition of noni leaves 

causes larger cavity in the pellet feed. [10] added that particles 

shape give affect to the material density, large porosity 

particles cause the cavities particle to be filled air so the 

density is smaller. 

Feeding density are indicates voluminous/bulky level of 

feed that affect to quality and consumption of livestock. 

Feeding density affects to the total of consumption and level 

of feeding digestibility [29]. High density give effect on 

increasing consumption and reducing spillage of feed [12]. 

[26] added that the higher level of voluminous feed causes the 

sensation of being full is faster, so feed consumption is 

limited. According to [28] the lower density of feed 

ingredients indicates that feed is getting more voluminous. 

The characteric of feed quality is smooth surface, not rotten, 

not rancid and moldy, healthy nutritional content, and high 

digestibility. 

Feeding density related to the feeding process such as 

homogenity during the mixing process and making pellets. 

Density is influenced by particle size, material properties, 

material composition and degradation of the molecules in the 

material due to processing. The good quality of mixing feed 

produces a good density value. The homogeneous feeding 

texture is more resistant to pressing process during pellet 
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making so the bonds between material particles are not filled 

with air cavities [15]. 

B. Effect Tretament on Crude Protein Digestibility, Apparent 

Metabolizable Energy (AME), and Apparent 

Metabolizable Energy Nitrogen Corrected (AMEn) 

The palm kernel meal and fermented tapioca waste 

(PKMFTW) as corn substitution alternative on crude protein 

digestibility, apparent metabolizable energy (AME), and 

apparent metabolizable energy nitrogen corrected (AMEn) in 

broiler feed can be presented in table 4.  

1. Crude Protein Digestibility of Broiler Feed 

According to table 4, the treatment of palm kernel meal 

and fermented tapioca waste (PKMFTW) as corn substitution 

in broiler feed has very significant effect (P<0.01) on crude 

protein digestibility. The results of Duncan's multiple range 

test showed that between treatments gave significant effect. 

The best result is P0 (77.73±4.63%), the treatment without 

palm kernel meal and fermented tapioca waste (PKMFTW). 

This result caused feed at P0 had the highest protein content 

and low crude fiber content. This result same as [13;30] 

explanation that crude protein digestibility is influenced by 

feed constituents, feeding protein percentage, protein 

consumed total, and feeding fiber content. The crude fiber 

content is low causes feed can stay longer in the digestive tract 

so the available time is longer for digestive enzymes to digest 

feed and affects to the higher protein digestibility. 

 
TABLE 4. The results of crude protein digestibility, AME, and AMEn of broilers feed 

Treatment Crude protein digestibility (%) AME (Kcal/kg) AMEn (Kcal/kg) 

P0 77.73± 4.63C 2598.08± 210.88b 2489.09± 215.31b 

P1 68.81± 1.57B 2595.07± 58.25b 2523.63± 65.91b 
P2 70.29± 4.95BC 2688.95± 177.91b 2596.51± 171.59b 

P3 64.92± 4.46B 2589.28± 149.21b 2509.55± 142.20b 

P4 65.94± 4,51B 2587.37± 173.90b 2502.36± 167.49b 
P5 66.25± 3.10B 2548.62± 119.49b 2459.12± 114.45b 

P6 55.86± 4.62A 2257.63± 166.23a 2198.00± 155.13a 

Note: The different superscripts value in the same column showed significant effect (P<0.05) and very significant effect (P<0.01). 

 

The lowest crude protein digestibility was found at P6 

(55.86± 4.62), the treatment by palm kernel meal and 

fermented tapioca waste (PKMFTW) as much as 60%. The 

lowest value at P6 is comparable to the lowest density of the 

feed, which indicates that crude fiber content of feed is very 

high. According to [9] fiber content of feed is higher causes 

the feed more bulky/voluminous, so the density value is lower. 

Very high crude fiber content causes feed is faster to leave 

digestive tract so impact to the digestion and absorption 

process of feed unoptimal. The fiber character is voluminous 

so broiler feel full easily when consuming feed containing 

high crude fiber because chicken’s crop is full faster [4]. 

According to [26] the higher voluminous/bulky rate of feed 

causes the sensation of being full faster so the consumption is 

limited. Broiler will stop eating when they feel full (crop is 

full), the impact is feed consumption decreased and lack of 

protein intake, so protein digestibility is low. 

The value of crude protein digestibility based on the results 

of this study ranged from 55.86 to 77.73%. According to 

[1;17] crude protein digestibility is divided into 3, low 

digestibility levels ranging from 50-60%, moderate 

digestibility levels ranging from 60-70%, and high 

digestibility levels >70%. Based on this explanation, the 

digestibility level in this study is classified as moderate. This 

result is supported by an explanation from [19] that broilers 

protein digestibility in the tropics is around 60-85%. Protein 

digestibility describes that total protein used by the body in 

digestive process, both for basic living and production [8]. The 

total protein that break out with excreta is less cause crude 

protein digestibility is higher [17]. 

2. Apparent Metabolizable Energy (AME) of Broiler Feed 

According to table 4, the treatment of palm kernel meal 

and fermented tapioca waste (PKMFTW) as corn substitution 

in broiler feed had significant effect (P<0.05) on apparent 

metabolizable energy (AME). The results of Duncan's 

multiple range test showed that the treatments gave significant 

effect. The apparent metabolizable energy if viewed based on 

the notation does not make any difference to P0-P5, if based 

on the greatest value found at P2. The best results were due to 

the highest consumption of feed than the others. Feed 

consumption is higher causes higher apparent metabolizable 

energy. The affect factors of apparent metabolizable energy 

value are feed energy content, feed consumption, age, types of 

livestock, and the ability of livestock to metabolize in the 

body. The value of apparent metabolizable energy (AME) is 

directly proportional to feed consumption and dry matter 

digestibility [19]. 

The gross energy and crude fat content of P6 was higher 

than P2, however was not proportional to apparent 

metabolizable energy value. According to [7] feed containing 

high fat causes higher gross energy content of feed and 

proportional to the higher digestibility value of metabolizable 

energy, but in this study the opposite occurs because the crude 

fiber content is too high. Crude fiber content is very high will 

inhibit the digestion process of feed because feed leaves the 

digestive tract more quickly, so the digestive enzymes do not 

have much time to digest the feed. The low apparent 

metabolizable energy value is proportional to feed density 

which is very low than the other treatments. Feed density 

values is lower indicate that the feed is getting 

bulky/voluminous because crude fiber content of feed is 

higher [9]. 

The value of apparent metabolizable energy is influenced 

by the level of feed consumption. The influenced of broiler 

feed consumption is crude fiber content, shape and color of 

feed. Broiler prefer bright/light colored feeds to dark colored 
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feed [22]. [25] explained that broilers prefer feed has yellow 

colour and bright. 

Feed consumption is low but the excreta production is 

solid and lots that indicates feed has low metabolizable 

efficiency. [7] explained that broiler feed consumption is high 

but excreta production is high indicates that feed nutrients can 

not be digested by the digestive tract, that affected so many 

energy is released through excreta. Metabolic efficiency is 

influenced by fat content, fiber content, low moisture content, 

excreta color, total excreta, and excreta viscosity [22]. High 

metabolic efficiency value can be indicated by green excreta, 

liquid and low production. 

3. Apparent Metabolizable Energy Nitrogen Corrected 

(AMEn) in Broiler Feed 

According to table 4 the treatment of palm kernel meal and 

fermented tapioca waste (PKMFTW) as corn substitution in 

broiler feed had a significant effect (P<0.05) on apparent 

metabolizable energy nitrogen corrected (AMEn). The results 

of Duncan's multiple range test showed that the treatments 

gave significant effect. The best apparent metabolizable 

energy nitrogen corrected value was found at P2 due to the 

highest feed consumption. Feed consumption is influenced by 

the balance of gross energy content and feed [3]. The feed 

consumption is higher impact to the higher apparent 

metabolizable energy nitrogen corrected because its value 

affected by gross energy consumption, crude protein content, 

nitrogen consumption, and feed nutritional balancing [21]. 

The lowest apparent metabolizable energy nitrogen 

corrected was found at P6 because it has the lowest feed 

consumption and the highest crude fiber content. Crude fiber 

content of feed is higher give impact to the lower density 

value that can be shown in P6. High crude fiber component in 

the form of cellulose make stronger bond with energy 

component, so feed nutrients are increasingly difficult to 

digest and lost with excreta [17]. [4] explained that low feed 

consumption was due to the fiber characteristic is voluminous. 

According to [26] level of bulky feed is higher causes the 

animal feel full faster, so feed consumption is limited. Broiler 

will stop eating if the crop is full. Low feed consumption 

causes broiler get less energy supply and impact to the body 

size can not growth optimal. 

According to [23] apparent metabolizable energy nitrogen 

corrected value is influenced by nitrogen retention content in 

broilers, nitrogen retention value is higher give impact to the 

lower excreta nitrogen retention. Nitrogen retention is directly 

proportional to nitrogen consumption but inversely 

proportional to nitrogen excreta [6]. Nitrogen retention is 

description of the efficiency level of using protein by 

livestock/protein that is left in the animal's body. 

Apparent metabolizable energy nitrogen corrected (AMEn) 

value is lower than apparent metabolizable energy (AME) 

because AMEn calculates the energy conversion as nitrogen 

correction factor for uric acid, if it is completely oxidized it 

will produce as much as 8.22 Kcal/kg [16]. [21] explained that 

AMEn showed the metabolic energy value corrected by 

nitrogen retention by reducing the caloric value by 1 gram 

nitrogen (8.73) and multiplying by nitrogen retention. 

IV. CONCLUSION 

The higher palm kernel meal and fermented tapioca waste 

(PKMFTW) as corn substitution impact to decreases of  feed 

density value, crude protein digestibility, apparent 

metabolizable energy, and apparent metabolizable energy 

nitrogen corrected. The palm kernel meal and fermented 

tapioca waste (PKMFTW) as much as 20% is the best corn 

substitution alternative in broiler feed. 
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