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ABSTRACT 

Lignocellulosic biomass (LCB) such as crop residues and agro-industrial wastes are renewable resources and available 

abundantly. It could play central role in sustainable feeding system of ruminant production. These materials are potential source 

of fiber to support optimum rumen function and energy supply. However, the LCB has important nutritional constraints that limit 

its utilization as feed for ruminants. This review is intended to discuss nutritional constraints of LCB as ruminant feed and the 

potentials and challenges of processes in upgrading the nutritional quality of LCB. The main polymer compounds in LCB are  

cellulose (30 to 60% ), hemicellulose (20 to 40 %) and lignin (15-25%)  and its  inter linkages make the energy contained in the 

LCB is less extractable by the ruminant digestive system. Physical, chemical and biological processing technologies have been 

well known as  alternative means to upgrade the nutritive values of LCB. Recently, novel processing technologies of LCB such 

as ionic liquid, organosolv, sonication, and new screened rot white fungi (Ceriporiopsis subvermispora) and some older 

technologies  using alkaline and acids have been studied and developed particularly for the purpose of biofuel production in the 

bio refinery industry. Processing technologies have different properties in degrading the lignin, degrading and solubilizing the 

cellulose and hemicellulose that all relate to the nutritive quality of LCB. Advantages of processed LCB in ruminant animals 

were indicated by increase in diet digestibility, intake, rumen fermentation and gain. It is concluded that numerous processing 

technologies are available to upgrade the nutritional quality of LCB, but there are obstacles to use some of these techniques for 

wide application in ruminant production system. 

Key words: Lignocellulosic biomass, processing technology, feed,  ruminants 

ABSTRAK 

Biomasa lignoselulosa seperti hasil sisa tanaman dan industri agro merupakan sumberdaya terbarukan dan tersedia dalam 

jumlah besar, sehingga dapat berperan penting dalam sistim pakan berkelanjutan untuk mendukung produksi ruminansia. 

Biomasa tersebut merupakan sumber serat potensial untuk menjamin rumen berfungsi secara optimal. Namun demikian, materi 

tersebut memiliki beberapa kendala nutrisi yang membatasi penggunaannya seperti tingkat kecernaan dan konsumsi yang rendah 

serta kandungan nutrien penting seperti nitrogen yang juga rendah. Senyawa polimer utama dalam biomasa lignoselulosa 

selulosa (30 – 60%, hemiselulosa (20 – 40%) dan lignin (15-25%). Ikatan kimiawi yang terbentuk antar unsur polimer tersebut 

mengakibatkan energi yang dikandung kurang dapat dimanfaatkan oleh sistim cerna ternak ruminansia. Teknologi proses secara 

fisik, kimiawi maupun biologis telah banyak dikembangkan sebagai upaya meningkatkan kualitas nutrisi biomasa lignoselulosa. 

Beberapa teknologi proses yang lebih dulu diteliti seperti larutan amonia cair dan amonia dengan tekanan tinggi dan hidrogen 

peroksida merupakan teknologi proses yang menjanjikan.  Akhir-akhir ini, berbagai teknologi proses baru telah diteliti terutama 

bertujuan untuk memproduksi bahan bakar, seperti penggunaan ion cair, pelarut organik dan inorganik (organosolv), sonikasi, 

iradiasi gelombang mikro, sinar gama, tekanan hidrostatik, maupun penggunaan strain baru jamur putih (Ceriporiopsis 

subvermispora). Penggunaan teknologi proses biomasa dalam produksi pakan telah berhasil meningkatkan kecernaan dan 

konsumsi pakan, tingkat fermentasi rumen dan pertambahan bobot badan pada ternak ruminansia. Berbagai teknologi proses ini 

menghasilkan pengaruh yang bervariasi dalam mendegradasi lignin, mendegradasi dan melarutkan selulosa dan hemiselulosa 

yang semuanya terkait dengan kualitas nutrisi biomasa. Disimpulkan bahwa sejumlah teknologi proses yang tersedia dapat 

meningkatkan kualitas nutrisi biomasa lignoselulosa, namun terdapat pula berbagai kendala teknis maupun ekonomis dalam 

penerapannya secara luas di dalam sistim produksi ternak ruminansia. 

Kata kunci: Biomasa lignoselulosa, teknologi proses, pakan, ruminansia
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INTRODUCTION 

In ruminant feeding system crop residues are 

important feed resources in many regions in the world. 

Quantitatively, it is estimated that there are about 150 

billion metric ton of lignocellulosic biomass (LCB) 

produced from the agricultural practices globally 

(Guerriero et al. 2016). In Indonesia, for example it is 

estimated that there are at least 300 million metric ton 

of biomass production annually of LCB from the 

plantation crops and its mill processing such as oil 

palm fronds, palm oil empty bunch, palm press fiber, 

oil palm trunks, cocoa pod husk and sugar cane 

(Widiawati et al. 2019). Meanwhile, there is 

approximately 82 million ton of rice straw produced in 

2019 calculated based on rice/straw convertion ratio of 

1/1.5 (Makarim et al. 2007) and rice production of 54.6 

million ton (BPS 2020). LCB are renewable resources 

and can play central role in developing a sustainable 

feeding system for ruminant animal production by 

converting it into feeds to generate high quality food for 

human. Less utilization of arable land to produce feed 

for livestock can be expected by maximizing the 

utilization of LCB as ruminant feed (Van Zanten et al. 

2019). It is estimated that globally 40% of the total 

cropland is used to produce feeds for livestock and 

about 30% of the global cropland is allocated to cereals 

intended for livestock feed that could be consumed 

directly as human food (Musacat et al. 2019). To 

mitigate the competition of food and feed for limited 

resources, ruminant should be directed to use more non-

edible feedstuffs and renewable biomass as a significant 

component of its feeding system. This approach would 

also potentially reduce wastes to minimize 

environmental pollution. However, the cell wall of LCB 

become more lignified as the plant matures resulted in 

low digestibility and intake. Providing unprocessed 

LCB to ruminants causes low production rate mainly 

due to low available energy for metabolic activities. 

The processing of this LCB is an important step to 

make these materials become more digestible so that 

more energy could be extracted metabolically from it to 

support production. The current widely adopted 

processing of LCB as feed for ruminants is mainly the 

physical process such as chopping and shredding. 

These processes are relatively simple and requires less 

capital to operate. However, it did not provide changes 

in the chemical structure of the LCB cell wall 

components. This review will discuss nutritional 

constraints of LCB as ruminant feed and effects of 

several conventional and recent developed  

processesing technologies on LCB. The responses of 

ruminants on the processed LCB are presented and the 

potential of these processing technologies in the 

Indonesia ruminant production setting is discussed. 

NUTRITIONAL CONSTRAINTS OF 

LIGNOCELLULOSIC BIOMASS (LCB) 

Most of LCB mainly composed of heterogenous 

complex polymer of carbohydrates (cellulose and 

hemicellulose) and polymer of phenylpropanoid unit 

(lignin). In cereal crop residues such as rice straw, 

wheat straw, corn stover, corn cobs the lignin content 

ranges from 9 to 22%, cellulose and hemicellulose 

contents range from 32 to 59% and from 24 to 35%, 

respectively  (Kumar & Sharma 2017; Huang et al. 

2016). Relatively high lignin content (21.6%) was 

found in sugar cane bagasse with cellulose and 

hemicellulose contents of 42.9 and 27.6%, respectively 

(de Morales Rocha et al. 2015). Biomass such as oil 

palm fronds, oil palm empty bunch, oil palm trunks and 

palm pressed fibre contained relatively high lignin 

ranging from 15 to 28% (Intasit et al. 2019; Rizal et al. 

2018; Zakaria et al. 2014; Hashim et al. 2011; Hassim 

et al. 2012). In LCB the major part of these three 

components is cellulose, but although lignin comprises 

the least amount, it negatively affects the utilization of 

cellulose and hemicellulose as important energy 

sources for ruminant animal production. As ruminant 

feed, the LCB have only 4-6 % average crude protein 

and 1.5-2.6 Mcal ME/kg DM (Akram & Firincioglu 

2019) with potential intake at 1.0-1.2% of body weight. 

The caloric values of LCB materials from oil palm 

plantation and industry are limited to support ruminant 

production (Ginting et al. 2018). In several cereal 

straws, the digestibility is less than 50% (Mahesh & 

Mohini 2013) and closely correlate to the contents and 

compositions of its major constituents. The LCB do not 

only differ greatly in the amount of lignin, cellulose 

and hemicellulose, but could also vary in the degree of 

polymerization, compositions of the building unit of 

the lignin and degree of crystallinity of the cellulose 

structure  (Behera et al. 2014). Therefore, 

delignification of LCB is a critical process in 

optimizing the utilization of such material for animal 

feeds. Furthermore, purified lignin could be used as 

antioxidant feed additive in ruminants as shown in 

cattle by Wang et al. (2017) or for other valuable 

industrial products such as adhesives, surfactants and 

absorbents (Talaiekhozani & Rezania 2020). 

PROCESSING TECHNOLOGIES OF LCB FOR 

RUMINANT FEED PRODUCTION 

Due to the limited nutritional capacity of LCB to 

support high ruminant productivity processing 

technologies are required to make the most of its huge 

quantitative potentials. Pretreated LCB will further 

mechanically processed by ruminants through chewing 

and ruminating activities. Processing technologies 

could act as important preparatory processes for 
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maximal chewing and rumination and further extensive 

digestion in the rumen to extract the metabolic energy 

contained in the LCB to support ruminant production. 

Processing technologies are commonly classified into 

mechanical, physical, chemical, and biological 

treatment that alters the physical and chemical 

properties of the LCB. The main purpose is to break 

the linkages between lignin, cellulose and 

hemicellulose and to disrupt the crystallinity of the 

cellulose or increase the porosity of the cellulose and 

hemicellulose (Behera et al. 2014; Kucharska et al. 

2018). All of these structural and chemical alterations 

will enhance the access of enzymes secreted by the 

rumen microorganisms and increase the cellulose and 

hemicellulose fermentability. It is important to note 

that ideally, any processing technologies should keep 

the cellulose and hemicellulose to be conserved as much 

as possible for ruminal fermentation to maximize the 

yield of volatile fatty acids and ATP for the synthesis 

of microbial protein in the rumen. 

Various classical and the emerging  technological 

processes of LCB are now available to fractionate, 

solubilize, hydrolyze and separate cellulose, 

hemicellulose, and lignin components. Recent 

technological processes have been researched and 

developed mainly in the bio-refinery production of 

biofuel (Aditiya et al. 2016; Kumar & Sharma 2017; 

Panahi et al. 2020). Principally, all these processing 

technologies are compatible with the intention of LCB 

utilization for ruminant production. 

MECHANICAL AND PHYSICAL-BASED 

PROCESSES OF LCB 

Mechanical process aims to process LCB into 

smaller particle size to facilitate chewing and 

ruminating process that enhance the surface area of 

digesta particles and more accessible to the rumen 

microorganisms. Reduced particle size will also reduce 

sorting by the animals and enhance feed intake. 

Grinding of LCB could be performed using hammer or 

roller type of grinders. The hammer type-grinder crush 

the material by repeated blows of hammers. The roller 

type of grinder uses cylindrical roller in opposing pairs 

to crush the materials. This method usually resulted in 

very small (0.2 mm) particle size materials (Kumar & 

Sharma 2017). As an animal feed the very small 

particle size LCB are lacking of physical characteristic 

crucial for optimum rumen function (Adesogan et al. 

2019). Therefore, grinding and milling process would 

be most suitable for production of pellet feed although 

this process is expensive since it requires a lot of 

energy that limits its application for ruminant feed 

production. 

Chopping is a mechanical process that yield 

coarser (>10 cm) particles (Kumar & Sharma 2017). 

The advantage of this mechanical process is that it only 

reduces the length of LCB particles and not its diameter 

so the effective fiber-properties of the chopped LCB is 

maintained. It may also increase the rate of passage 

through the rumen that subsequently increase the feed 

intake by animals, and still have physical properties 

required for optimal rumen fermentation, and less 

energy is required to perform the process (Adesogan et 

al. 2019). However, chopping could reduce the 

digestibility of the LCB due to the increased rate of 

passage of the chopped LCB along the gastrointestinal 

tract of the ruminants. Shredding is another mechanical 

process that not only reduce the length of LCB particle 

but also crush or tear the material and cause greater 

physical damages to LCB (Adesogan et al. 2019). 

Shredding process would increase the digestibility of 

the LCB by facilitating efficient chewing and 

ruminantion and further digestion in the rumen. It is 

suitable to pretreat the relatively hard LCB such as oil 

palm frond, oil palm trunk, oil palm empty bunch. The 

energy required for shredding increases with higher 

moisture content, larger initial particle size and smaller 

final particle size (Montgomery & Bochman 2014). 

Chopping and shredding may aid ruminants to chew 

and ruminate feed particle more efficiently. 

Steam explosion is one of the physical process 

that has been studied extensively for upgrading the 

LCB for ruminant feeds (Mokomele et al. 2018; Rusli 

et al. 2019; Wu et al. (2020). This method typically 

proceed by rapidly heating the LCB at relatively high 

temperatures (160-260°C) and by high-pressure steam 

(0.7-4.8 MPa) and terminated by explosive 

decompression (Kumar & Sharma 2017). 

Hemicellulose is hydrolyzed and acid is generated 

during the process. Removal of hemicellulose is the 

disadvantage of this method intended for animal feed 

production. There are more recent physical processing 

technologies that have been studied including 

microwave irradiation, ultrasound, gamma ray, electron 

beam, pulse electric field, high hydrostatic pressure and 

high pressure homogenization. in the bio-refinery 

system (Kumar & Sharma 2017; Kucharska et al. 

2018). The mode of actions of these physical 

processings vary but it has common impact on 

disruption of the lignocellulosic matrix resulting that 

cellulose and hemicellulose are more readily exposed 

to hydrolytic enzymes. Sonication (ultrasound) process 

for example altering the morphology of the LCB by 

forming cavitation bubbles that ruptures cellulose and 

hemicellulose fraction by ultrasound waves 

(Karunanithy et al. 2011; Kucharska et al. 2018). Pulse 

electric field method disrupts the cell wall membrane 

by generating pores to increase the penetration of 

hydrolytic enzymes into the cell wall matrix (Kumar & 

Sharma 2017). Currently, the cost effectiveness of 

these technologies is the most limiting factor for widely 
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commercial application and it seems that information 

on the utilization of these emerging technology  of 

LCB for of animal feed production is unavailable. 

RESPONSE OF RUMINANTS TO 

MECHANICALLY AND PHYSICALLY 

PROCESSED LCBS 

Combination of chopping with pressure  on oil 

palm fronds fed to goats resulted in improvement in 

feed degradability and ruminal VFA concentration 

(Rusli et al. 2019). It was suggested that the beneficial 

effects of chopping process on LCBs was greater when 

they had low digestibility (Malik et al. 2015) and that 

nitrogen can be a limiting factor for optimum 

improvement effect of reducing particle size of LCB 

with very poor digestibility. Steam explosion method 

has been studied extensively in ruminants . In vitro 

study using rumen liquid from dairy cow on sugar cane 

bagasse pretreated by steam explosion showed 

increased DM digestibility by 54% (Mokomele et al. 

2018). Other study in dairy cow (Wang et al. 2020) 

showed that the NDF and ADF digestibility of corn 

stover pretreated by steam explosion increased by 26.1 

and 27.1%, respectively and methane production 

decreased by 9.5%. Using steam explosion process on 

oil palm empty bunch increase metabolizable energy by 

13.5% when fed to steer (Wu et al. 2020). In the same 

study, increased total ruminal VFA concentration by 

17.3% was also detected when oil palm fronds were 

pretreated by steam explosion. 

CHEMICAL-BASED PROCESS OF LCBS 

Chemical treatments of LCBs have been explored 

extensively in attempting to upgrade their nutritive 

quality for ruminants using various chemicals as 

hydrolyzing agent such the alkaline, mineral acids, 

organic acid and oxidizing agents. Alkaline  treatment 

is probably one of the most studied  processes that have 

been studied in converting LCB into ruminant feeds. 

The alkaline processes employ various chemical agents 

such as sodium hydroxide, calcium hydroxide, 

potassium hydroxide, aqueous ammonia, and 

ammonium hydroxide (Agbor et al. 2011; Behera et al. 

2014). The effects of alkaline process on the LCB main 

components is shown in Table 1. The effect of alkaline 

agents including swelling the LCB leading to increased 

specific area, degrading the side chain of ester and 

glycosides, degrading, dissolving, removing and 

altering the structure of lignin, reducing the 

crystallinity of the cellulose and solvate the 

hemicellulose. It is shown that alkaline agents are 

capable of removing lignin by 30 to 80%, depending on 

the alkaline agents and substrates used. Although some 

hemicellulose was removed, most of the cellulose was 

retained by the alkaline treatments. Alkaline process is 

effective in swelling and increasing the internal surface 

area of cellulose, breaking the linkages between the 

lignin and the polysaccharide and solubilizing the 

lignin (Balan 2014). 

The effect of acids and oxidative  treatments on the 

main components of various type of LCB are presented 

in Table 2. It is shown that significant amount of lignin 

(19-81%) could be removed by these chemical 

processes depending on the chemical agents and 

substrates used. Most of the cellulose are retained while 

hemicellulose is partially retained. Sulfuric acid 

(H2SO4) has been a conventional acid  treatment of 

LCB. Diluted sulfuric acid is preferred than the 

concentrated one since the former is less corrosive, 

generate less inhibitory products and environmentally 

friendly process (Behera et al. 2014). The specific 

surface area of oil palm fronds treated with diluted acid 

(H2SO4) at 121°C for 30 minutes increased from 2.23 to 

5.57 m2/g (Kristiani et al. (2013). The increase in 

specific surface area of the LCB materials is due to 

hydrolysis of the cellulose and hemicelluloluse and 

dissolving of the lignin by the acid. This change in the 

morphological surface is indicative of decreasing 

crystallinity of cellulose molecules. Organic acids 

produce less degradation products than mineral acids 

(Balan 2014). Organic acids such as oxalic acid (Lee et 

al. 2011) and malic acid have been carried out as 

alternative  treatment to overcome the disadvantages of 

sulfuric acid (Kumar & Sharma 2017). Most of acid  

treatment also hydrolyze hemicellulose, particularly the 

xylan. Combination of organic solvents in inorganic 

acids (Organosolv) is  a process that is mainly used to 

extract lignin by disrupting the linkage between the 

lignin and the hemicelluloses. The common organic 

acids used include ethanol and methanol (Kumar & 

Sharma 2017), oxalic and salicylic (Behera et al. 2014), 

while the common inorganic acids are chloric and 

sulfuric acids. The organosolv process usually proceed 

at high temperature (150-200°C). Other recent chemical  

treatment is the ionic liquids such as imidazolium salt 

that could dissolve lignin by disrupting the hydrogen 

bonding of the lignocellulosic complexes (Kucharka et 

al. 2018). It is inexpensive process and can be 

conducted under low and mild temperature and 

selectively depolymerize the lignin. It is attractive for 

industrial scale because it is not volatile making it is 

environmentally friendly treatment (Kucharska et al. 

2018), but to the author’s knowledge this type of 

processing has not been studied for animal feed 

purposes. 

Oxidative process uses oxidizing agents to 

degrade the lignin in LCB, but it also dissolves some 

hemicellulose and the amorphous cellulose, but not the 

crystalline cellulose (Kucharska et al. 2018). Hydrogen 
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peroxide is the most commonly used oxidizing agent 

that generates hydroxyl radical to degrade the lignin 

into acids (Kumar & Sharma 2017). This hydrolyzing 

agent is very mild and does not pollute the biomass 

(Kucharska et al. 2018). Oxidative process of corn 

stover using hydrogen peroxide resulting in lignin 

removal by 81.6%, while 95% of glucan and 70% of 

xylan were retained (Saha & Cotta 2014). Ozonolysis 

is a process that uses ozon as strong oxidizing agents 

that oxidize lignin into acids, but also degrade the 

hemicellulose and cause the swelling of biomass. 

Cellulose is not affected by ozonolysis due to its linear 

structure, but this process is expensive (Kucharska et al. 

2018). 

Table 1.  Effects of alkaline-based process on the main polymer components of several LCBs potentially used as feed for 

ruminants 

Processing technology Procedures LCB Results 

Aqueous ammonia 
soaking (AAS) 

Biomass is soaked in 15% 

aqueous ammonia, biomass/ 

ammonia ratio 1/5, for 12 h at 
40 to 80°C 

Oil palm empty fruit bunch Removed lignin by 36 to 

43%1 

Aqueous ammonia 

soaking (AAS) 

Soaked in aqueous ammonia at 

concentrations 5 to 20% at a 

solid to liquid ratio of 1:10, 
120°C for 60 min 

Rice straw Removed lignin by 55 to 

69%2 

Ammonia fiber explosion 

(AFEX) 

Aqueous ammonia with ratio of 

(1/1-2); at 60-90°C, at pressure 
> 3 MPa, 15 minutes 

Corn stover 30% lignin is removed3 

Sodium hydroxide 4% NaOH at 150°C, for 30 

minutes, 500 g substrate/2.5 L 
solution 

Oil palm empty fruit bunch 30% lignin and 28% 

hemicellulose were removed4 

Alkaline hydrogen 

peroxide (AHP) 

Process in 2% H2O2 solution 

(v/v), pH 11.5, 35°C, 24 h,10%, 
w/v 

Corn stover 81.6% lignin was removed, 

95% gulan and 70% Xylan 

were retained6 

Sodium hydroxyde NaOH 1N, for 30 minutes Sugar cane bagasse Lignin content decreased by 

59.1%5 

Lime processing 5 g biomass/2 g Ca(OH)2 Corn cob 34% lignins were removed7. 

1Latif et al. (2018); 2Swain & Krishnan (2015); 3Uppugundla et al. (2014); 4Barlianti et al.(2015); 5Saha & Cotta (2014); 
6Maryana et al.(2014); 7Mafa et al.(2020)  

Table 2. Effects of acid-based process on the main polymer components of several LCBs potentially used as feed for ruminants  

Processing 

technology 

Procedures LCB Results 

Ionic liquid Processing with (1-ethyl-3- methylimidazolium-diethyl 

phosphate) and (1-ethyl-3-methylimidazolium acetate), 
(70–100°C) for 4 h 

Oil palm fronds Lignin content decreased by 19.6-

68.8%1 

Orgnanosolv Substrate was mixed with citric acid with1:16 (w/w) 

ratio 

Coffee pulp Lignin content decreased by 19.6-

68.8%2 

Organic acid Solution of 30 g/l of oxalic acid in a 500-l reactor for 20 

min at room temperature. The solid:liquid ratio during 
impregnation was 1:6 

Corn cob 13.5% lignin was removed, 

glucan was retain, and 75.7% 

xylan was removed3 

Mineral acid H2SO4 (0.5–1.5%), for 120 minutes, at 250C;6% 

biomass /solvent ratio 

Cocoa pod Lignin content decreased by 46%4 

Mineral acid 1% H2SO4; at 250C, for 18-24 hours Wheat straw 50% delignification, partial 

dissolution of hemicellulose5 

1Tan et al. (2011); 2Lini et al. (2018); 3Lee et al. (2011); 4Nazir et al. (2016); 5Kucharska et al. (2018) 
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RESPONSES OF RUMINANTS TO 

CHEMICALLY-BASED PROCESSED LCB 

Recents in vitro and in vivo studies have evaluated 

the effect of chemical process of LCB in ruminant. 

Carperson et al. (2018) treated corn stover with calcium 

hydroxide to replace partially (15-30%) forages in diet 

of dairy cow and found no negative effects in milk 

production and compositions. Using lime (CaO) as 

alkaline  treatment on wheat straw and fed to steers at 

the rate of 25% DM in diet, Shreck et al. (2015) found 

increased average daily gain by 5.6% and did not affect 

feed intake so that feed efficiency was improved by 

6.2%. Ahmadi et al. (2016) combined sodium 

hydroxide and calcium hydroxide as alkaline 

processing treatment on sugar cane bagasse and found 

that the in situ degradability of NDF at 24 and 48 h 

incubations were increased by 1.9 and 1.58 fold, 

respectively. Urea as alkaline processing treatment has 

additional advantage that it also supply nitrogen to the 

LCB that could be converted by the microorganisms in 

the rumen into their protein cell. Recent study by 

Laconi & Jayanegara (2015) indicated that using urea-

treated cocoa pod husk at 35% of DM diet of steer 

resulted in increased OM intake, OM digestibility and 

body weight gain by 73.3, 7.2 and 105.2%, respectively. 

It is suspected that the combination effects of increase in 

feed intake and digestibility would have provide 

significantly more metabolizable energy to support the 

growth. Ammonia Fiber Explosion (AFEX) is one of 

alkaline processing treatments that have potential for 

application in ruminant feeding system based on LCB. 

In this process, liquid anhydrous ammonia is 

pressurized to the LCB.  

The process operate at mild temperature (60- 

100°C) at high pressure (250-300 psi) for 5 to 30 

minutes (Latief et al. 2018). Significant increase in in 

vitro true digestibility (69%) of sugar cane bagasse 

treated by AFEX was reported by (Mokomele et al. 

2018). Mor et al. (2018) studied the effects of inclusion 

of AFEX treated wheat straw in lactating cows and 

buffaloes. In lactating cow, they indicated that including 

AFEX-treated wheat straw in diet DM at 48.5% 

resulted in increased intake by 42% and milk energy 

content by 18%, while in buffaloes with similar rate of 

inclusion no effects on intake and milk production and 

decrease in BW loss by 42% were recorded. In goat, 

when concentrate was replaced by AFEX- treated 

wheat straw with the inclusion rate of 50% of diet 

(DM), the average daily gain (ADG) was attained at 

55.6 g with feed conversion ratio (FCR) of 9.9 and no 

effects were detected on rumen fermentation and blood 

metabolites (Mor et al. 2019). Falls et al. (2017) 

combine of oxidative lime process with pressure on 

corn stover and found considerable improvement 

(60%) in the in vitro neutral detergent fiber (NDF) 

digestibility (49.3% in untreteated vs. 79% in treated 

stover) and 40% improvement in total digestible 

nutrient (TDN) (51.0% in untreated vs 72.6% in treated 

corn stover). 

BIOLOGICAL-BASED PROCESS  

OF LCB 

The purpose of biological processing treatment on 

LCB is to increase its DM digestibility when offered to 

ruminants. The increase in LCB DM digestibility is 

related to the cleavage of linkages between lignin and 

cellulose and hemicellulose catalyzed by lignase 

secreted by microorganisms. Microorganisms like 

white and brown-rot fungi have been used to pretreat 

LCB since they produce effective lignin degrading 

enzymes such as peroxidases and laccases (Balan 

2014). Degradation of main components of LCB varied 

considerably due to type LCB, species of 

microorganisms and incubation time (Table 3). 

Phanerochaete chrysosporium is capable of degrading 

lignin but it also extensively degrades cellulose in 

wheat straw, oil palm press fiber and maize stalk. 

Pleurotus ostreatus degrade lignin significantly 

compared to hemicellulose in oil palm frond but it 

degrade more cellulose and hemicellulose in cocoa pod 

husk. Ganoderma lucidum is a good candidate for 

pretreating oil palm empty bunch since it can degrade 

lignin significantly and very less degrade 

polysaccharides. When evaluating the effectiveness of 

bioconversion process, it is critical to evaluate the ratio 

of the amount of lignin degraded per total cellulose and 

hemicellulose loss. For the purpose of animal feed 

production, the upgrading effects of biological pre-

treatment on LCB should be expressed by its strong 

degradation of lignin or breaking the linkages between 

the lignin and the polysaccharides with minimum 

degradation of the polysaccharides (cellulose and 

hemicellulose). The cellulose or hemicellulose should 

be conserved during the biological processing to fully 

utilized by ruminant  through microbial fermentation in 

the rumen. 

The composition of the constituents that build the 

lignin and its structure have been reported to be 

important factor that affect on its degradability by 

biological processing treatment (Van Kuijk et al. 2015). 

The time of incubation required to obtain maximum 

loss of lignin is also important since it may affect the 

palatability and voluntary intake of substrates when fed 

to ruminant animals. Mustabi et al. (2018) studied the 

fermentation of cocoa pod using several isolates of 

white rot fungi and concluded that Lentinus torulosus 

had the highest lignolytic activity and less cellulolytic 

and hemicellulolytic activities compared to Coprinus 

comatus and Corilopsis polyzona.  
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Table 3. Effects of biological-based process on the main polymer components of several LCBs potentially used as feed for 

ruminant 

Fungi Substrate 
Component of LCB Degraded/Loss (%) Incubation (days) 

Lignin Cellulose Hemi cellulose 

Phanerochaete crysosphorium1) PPF 22.8 15.1 - 7 

Phanerochaete crysosphorium2) Maize stalk 6.8 9.4 14.1 10 

Phanerochaete chrysosporium3) Wheat straw 47.6 59.2 67.2 30 

Phlebia floridensis3) Rice straw 6.2 4.7 5.8 20 

Phlebia floridensis3) Rice straw 39.4 52.0 50.9 60 

Phlebia floridensis4) Wheat straw 30.6 - - 30 

Phlebia brevispora3) Rice straw 20.0 12.8 8.7 60 

Phlebia fascicularia3) Rice straw 19.6 10.3 21.0 60 

Pleurotus ostreatus5) OPF 7.24 - 1.39 90 

Pleurotus pulmonarius6) Sorghum stalk 31.9 - 5.8 30 

Ganoderma lucidum7) OPEFB 31.5 2.1 14.1 48 

Lentinus torulosus8) Cocoa pod 1.4-12.3 - - 15-30 

Crinipellis sp. 9) Wheat straw 12.6 10.3 28.9 10 

1)Fariani et al. 2015; 2)Tao et al. 2016; 3)Sharma & Arora 2014; 4)Arora et al. 2011; 5)Metri et al. 2018; 6)Jonathan et al. 2012; 
7)Nazratul et al. 2019; 8)Mustabi et al. 2018; 9)Shrivastava et al. 2014; PPF: Palm press fiber; OPF: Oil palm fronds; OPEFB: Oil 

palm empty fruit bunch. 

When evaluating the biological process of LCB 

for animal feed production it is important to consider 

the potential effect of this processing on the dry matter 

loss during the process which can range from 11 to 42% 

(Mahesh & Mohini 2013). The rate of DM loss during 

the process is associated with the incubation periode 

and the maximum incubation period of 6-8 days for 

animal feed production has been recommended (Owen 

et al. 2012). 

RESPONSE OF RUMINANTS TO BIOLOGICAL 

BASED PROCESSED LCBS 

Studies in goats (Chanjula et al. 2018) showed a 

slight increase (5.5%) in DM intake and digestibility 

when oil palm frond pretreated with Lentinussajor-caju 

was included at 30% of diet (DM). Inclusion of rice 

straw pretreated with Pleurotus ostreatus in diet of 

lactating goats to replace Trifolium alexandrinum as 

forage by 25 or 45% resulted in no effect on feed 

intake, DM digestibility, but milk fat content were 

higher in rice straw diet (Kholif et al. 2014). Other 

study showed no effects on feed intake, milk 

production and ruminal fermentation in dairy cows fed 

sugar cane bagasse pretreated with Pleutorus sajor-

caju (Sirisan et al. 2019). Increase rate of digestion of 

cellulose and hemicellulose by almost 100% was found 

in sheep fed diet containing 17% maize stalk pretreated 

with Phanerochaete chrysosporium in a total mixed 

ration (Tao et al. 2016). These studies indicate that 

increase in DM or OM digestibilities are the most 

common effects of biologically pretreated LCBs and 

this is related to the increase the bioavailability of 

cellulose and hemicellulose. Further increase in feed 

efficiency of utilization would be expected. As 

reviewed by Van Kuijk et al. (2015) most studies in 

biologically processing treatment  have focused on 

single substrate inoculated with single fungal species 

and suggested that co-cultures of fungal species might 

provide better results as compared to monoculture. Tao 

et al. (2016) used co-cultured Phanerochaete 

chrysosporium and Aspergillus niger or Phanerochaete 

chrysosporium and Trichoderma viride and found 

increase loss of lignin after incubation for 10 days, but 

unfortunately increased loss of cellulose and 

hemicellulose was also found. Nayan et al. (2018) 

recently screen a number of white rot fungi species and 

found that Ceriporiopsis subvermispora strains show an 

overall high potential to improve the in vitro ruminal 

degradability of wheat straw, followed by Lentinula 

edodes and Pleutrotus eryngii strains. 
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PROSPECTS OF LCB PROCESSING 

TECHNOLOGIES IN INDONESIA RUMINANT 

PRODUCTION SYSTEM 

Ruminant production system in Indonesia is 

typically traditional farming system operated under 

integrated crop-livestock system. The dominant crops 

involve in this mixed system are cereal crops such as 

rice and maize and legume crops. LCB in the form of 

straw, stalk, stover are produced from this system. In 

drier part of Indonesia or during long dry season these 

crop residues are becoming more important as fodder 

for ruminants. Currently, there is considerable attention 

and effort to expand the ruminant production through 

integration with plantation crop such as oil palm, cacao 

and sugar cane where huge amount of biomass are 

produced (Table 4). Combining these biomasses with 

those from food crop residues produced by smallholder 

farms generate great amount of LCB that could be used 

to feed ruminant animals in Indonesia. However, most 

of the LCB from the oil palm industry are lack of 

energy contain to support the production of ruminants 

(Ginting et al. 2018). Studies of Puastuti et al. (2010) in 

sheep and of Puastuti & Yulistiani (2011) in goats 

indicated that pretreated cocoa pod in diets increase 

ADG. The potential application of processing 

techcnologies to support ruminant production indicated 

by the fact that differences of crop residue nutritive 

quality as low as 3 to 5% unit in organic matter 

digestibility can have a significant effect on livestock 

productivity (Blűmmel et al. 2013). Thus, there is 

potential for applying selective processing technologies 

that fit to the existing ruminant production setting for 

upgrading feed resources from LCB. 

The improvement of LCB nutritive quality 

through processing technologies would influence the 

trade-off of crop residue uses (feed, mulching for soil 

fertility) that are common in the mixed crop-livestock 

system (Valbuena et al. 2015). Assessing the specific 

properties of those processing technologies to indicate 

their potential and constraints would be a worthy tool 

to make recommendation of their prospective 

application in specific ruminant production system. 

The properties of the processing technologies are 

assessed from technical, economical or environmental 

perspectives. Advantages properties of the processing 

technologies such as delignification capacity, minimum 

degradation of cellulose and hemicellulose, avoiding of 

negative effect on the palatability, avoiding of toxic 

compound generation, cost effectivity, technical 

simplicity and environmental friendly are the properties 

related to the animal feed production. 

Physical process such as chopping and shredding 

are relatively simple and less expensive and so should 

be suited for small scale and industrial ruminant 

production. Except for production of pellet feed, ball-

milled process is extremely expensive due to high 

energy consumption. Nutritionally, there is limitation 

due to fine particles produced that can escape more 

easily from the rumen before being digested (Falls et al. 

2017). Most chemical processings are relatively costly, 

less safe and potentially cause environmental pollution. 

AFEX are preferred since they removed most the lignin 

(Rizal et al. 2018). AFEX technologies is effective on 

straw, stover and stalk of cereal crops and sugar cane 

(Balan 2014). The AFEX processing also produces 

only solid product that make it a prospective option 

(Blűmmel et al. 2014). The aqueous ammonia soaking 

(AAS)  could be a prospective  treatment for oil palm 

processing residues such as oil palm empty bunch and 

oil palm mesocarp that contain high level of lignin. The 

urea processing is seemed to be the most adaptive 

processing technology for the mix crop- livestock 

smallholders. It is cheaper compared to other alkaline 

treatment , and it is easily applied at either farm or 

industrial levels with no potential for environmental 

pollution. Ammonia and urea    treatments have 

technical advantages (easy to perform and safe), 

economic advantages (less costly) and nutritional 

advantages (extra crude protein). The common method 

used is using 4 kg of urea per 100 kg straw soaked in 

60-100 L of water for 1-2 weeks (Schiere 2010). 

Processing treatment using hydrogen peroxide could be 

prospective  in industrial ruminant production since it 

operates in mild condition and does not pollute the 

biomass (Kucharska et al. 2018). Biological treatment 

using solid state fermentation method require much 

less energy and infrastructures to operate, and 

environmentally safe and could be a potentially 

prospective processing technology for small scale and 

industrial ruminant production. 

Table 4. The potential of biomass from plantation crops in main regions of Indonesia 

Region Biomass production, t DM/year Main crops 

Sumatera 274,633,807 Oil palm, cacao, sugar cane 

Kalimantan 22,726,190 Oil palm, cacao 

Sulawesi 3,602,733 Cacao 

Java 2,067,509 Sugar cane 

Source: Calculated from Widiawati et al. (2019) 
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However, Kuijk et al. (2015) suggested that 

biological processing treatment would have greater 

potential application at industrial scale when there are 

fungal strain that have been selected with improved 

genetic potential for use under optimal cultivation and 

harvesting conditions. Although productivity of 

ruminant animals could be improved significantly by 

processing technologies on LCB, the large adoption of 

processing technologies in the Indonesia production 

system are rare. This may associate with the typical 

smallholder ruminant production system where little 

direct benefit would be expected from higher animal 

productivity through technology uptake. However, the 

increasing demand of meat for growing population will 

encourage a more intensive ruminant production 

system either under integrated crop-animal production 

or the feedlot industry systems. As production system 

become more intensive and less land is available for 

forage production the processing technologies to 

optimaize the use of LCB as feed for ruminants is 

becoming more prospective. 

CONCLUSION 

There are many recent and novel processing 

technologies that have been developed to process LCB 

originally designed for the purpose of biofuel 

production. Principally, these technologies are 

compatible for production of LCB-based ruminant 

feeds. Ruminant animals have responded positively to 

the pretreated LCB when included in diet at various 

levels as indicated by the increased DM and OM 

digestibility of diet and better rate of gain or milk 

production. Selection for the appropriate technologies 

for animal feed production need to consider the 

economic, technical and environmental aspects. 

Currently, acids  treatment seem to be the least 

prospective for animal feed production at present due 

to the economic and environment point of view. In 

ruminant production system, among the alkaline based-

processings, the urea  treatment still remains the most 

prospective chemical processing technology for 

smallholders, while for intensive and industrial 

ruminant production system the AFEX processing 

technologies is considered to be prospective. 
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