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				ABSTRACT: This study was aimed at improving the efficiency of blood meal (BM) use as feedstuff through the application of agricultural waste absorbance and fermentation technology. Blood was absorbed by oil palm fronds and fermented by using Bacillus amyloliquefaciens (BAF) and Lactobacillus plantarum (BLP) inoculants in 0, 60, and 120 hour incubation times.  Quality was assessed by using Van Soest fiber analysis and in vitro digestibility trial on the best fermented product. Results showed that there was significant interaction effect (P<0.05) of inoculant type and fermentation times on the changes in fiber fraction of BM absorbed by oil palm fronds. Inoculant types were found to give significant effects (P<0.05) on ration digestibility rate and in vitro rumen condition characteristics. It was concluded that fermentation of BM absorbed with palm oil fronds with BLP in 120 hours resulted in BM with the best fiber fraction reduction, digestibility rate, and in vitro rumen condition characteristics. 
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	INTRODUCTION  

	 

	Agricultural wastes including oil palm fronds have been extensively used as animal feedstuff (Ooi et al., 2017). Blood meal, an animal farming waste, is also a potential source of protein and its availability for animal feed is plenty.  It is high in protein (80-95%) and amino acid contents particularly lysine, arginine, methionine, cystine, and leucine but it is lacking in isoleucine and methionine (Odukwe and Njoku, 1987; Kerr et al., 2019).  Fresh blood can be obtained from slaughtered cattle by 7-9% of body weight (BW) (Santoso, 1989) and contains 80% water while BM contains 16.5% water (Ramadhan et al., 2015). This indicates that fresh blood may contain 36.5% dry matter (DM). Meanwhile, Setyani and Soenarno (2020) found that cattle weighed 449 kg produced about 58.63 kg fresh blood (13.06% BW) which could be further be processed to produce about 11.73 kg BM (20%) (Ridla, 2014).  

	Time consuming drying process and low digestibility rate due to high iron content are the constraints found in the utilization of BM. Several processing methods including drying, absorption or mixing, and fermentation have been applied to overcome these constraints. Corn waste (Makinde and Sonaiya, 2011) and cassava peels as a substitute for 50% soybean cake meal (Onyimonyi and Ugwu, 2007) were used in BM processing by using a mixing method.  Absorption or mixing method was found to be better than the drying method as the former could improve the utilization of BM up to 15% in poultry ration. This might be attributed to the findings that the absorption method accelerated drying process and improved nutrient quality. Mixing corn waste and BM shortened the drying process to less than 4 days, increased protein content, and reduced environmental pollution (Makinde and Sonaiya, 2007).  

	Common BM processing by using a heat drying method taking relatively longer time often results in protein denaturation. The use of absorbents is believed to accelerate BM drying process without destructing protein content. Oil palm frond, like other agricultural wastes, is potential to be used as an absorbent material as it contains high fiber (32.87-57.43%) and low protein (5.3%) (Imsya et al., 2013). Wide cell surface of fiber in oil palm frond makes water absorption from blood and blood drying process occur more extensively. In this study, the efficiency of BM production by using oil palm fronds as the absorbent was assessed. The resulted BM was fermented by using BAF and LBP inoculants and their effects on the improvement of nutrient contents ant the use of BM as animal feed were also assessed.  

	 

	MATERIALS AND METHODS

	 

	Site of the study and ethical regulations

	The study was conducted at Faculty of Agriculture, Sriwijaya University and supervised by the research committee of the Faculty of Agriculture, Sriwijaya Universisty in compliance with the Government Regulation (PP) Number 95 Year 2012 on Veterinary Public Health and Animal Welfare.

	Blood, oil palm fronds, and bacterial inoculant 

	Fresh cattle blood was obtained from a slaughterhouse in Palembang City, South Sumatera.  Blood was placed in a container containing salt (8 g/liter) to avoid blood coagulation. Blood was immediately stirred and mixed with absorbent (chopped oil palm fronds). Oil palm fronds were obtained from oil palm plantation of Sriwijaya University, Palembang of South Sumatera. Bacterial culture was obtained from Biotechnology Laboratory of Faculty of Mathematics and Natural Sciences, Halu Oleo University, Kendari, Southeast Sulawesi (BAF FZB42) and Agrotech Laboratory, Yogyakarta (LBP Strain IS-10506).   

	 

	Experimental design

	This study was designed to assess the effects of bacterial inoculant (BAF and LBP) and incubation times (0, 60, and 120 hours) on the quality of BM produced by an absorbance method using oil palm fronds. Six replicates were allocated to each treatment.   

	 

	Inoculant preparation 

	Inoculant was prepared by using 100 g rice bran as a medium. Rice bran was sterilized in an autoclave at 121 °C, 1 atm pressure for 15 minutes before it was left cool at room temperature (24°C). A streak of pure BAF culture was diluted in 100 ml distilled water. Ten-millilitre of this mixture was taken and diluted in 90 ml distilled water. This procedure was repeated 6 times until a mixture containing 106 cpu of BAF was obtained. No dilution procedure was conducted for LBP culture as it was obtained in the form of diluted one. Diluted culture of both bacteria was each poured into sterilized rice bran medium which was then incubated for 24 hours before it was ready to use in the fermentation process.    

	 

	Blood meal processing by using absorbent

	Blood meal was made by using a method of Makinde and Soniya (2010) with some modifications. Oil palm fronds were chopped into fiber before it was sundried for 24 hours. Chopped oil palm fronds were mixed with fresh blood in 1:1 ratio weight/weight (w/w). This blood-absorbent mixture was dried for 3-4 hours before it was mixed with more blood in 5:4 ratio (w/w).  This final mixture was subsequently fermented.  

	 

	Fermentation process 

	Aerobic fermentation was conducted in tightly closed plastic containers. Microbial inoculant as much as 3% (w/w) was added to the blood-absorbent mixture. The mixture was further incubated at 40 oC for 0, 60, and 120 hours before they were dried at 60 oC for 24 hours. Dried fermented materials were analysed for their nutrient contents. Fiber fractions were determined by using Van Soest analysis. 

	 

	In vitro test

	In vitro test was conducted to fermented BM-oil palm frond absorbent (BMOPFA) mixtures which were incubated for 120 hours. Three treatments rations including 60% king grass (KG) + 40% BM (P0, control), 60% KG + 40% BMOPFA fermented with BLP (P1), and 60% KG + 40% BMOPFA fermented with BAF (P2) were used. 

	 

	Digestibility determination 

	Digestibility was determined by using the in vitro technique of Tilley and Terry (1963). Rumen fluid was obtained from the rumen of a fistulated cow and filtered by using 4-layer cheese clothes.  One part of rumen fluid (10 ml) was mixed with 4 parts of media solution (40 ml) consisting of buffer solution, macro and micro mineral solution, resazurin, and reduction solution (Goering and Van Soest, 1970). This mixed solution (50 ml) was added into 1 g of sample placed in a 100-ml incubation tube. CO2 gas was flown into the tube for 30 seconds before the tube was covered. The filled tubes were incubated for 24, 48, and 72 hours. At the end of each incubation time, 2 drops of HgCl2 were added into each tube. Tubes containing samples and incubation media were centrifuged at 4000 for 10 minutes. Supernatant was taken out from the tubes and analysed for volatile fatty acids and N-NH3 concentration. Meanwhile, the residue was added with 50 ml pepsin-HCl 0.20% and incubated for 48 hours. When the incubation finished, the solution was filtered by using Whatman No. 41 filter paper and dried at 60 oC for another 48 hours before it was analyzed for its nutrient contents.  

	 

	Statistical analysis

	Data were subjected to an analysis of variance and a Duncan test.  Differences were considered to be statistically significant at P<0.05.

	 

	RESULTS 

	 

	Changes in fiber fractions of fermented BMOPFA 

	Types of inoculant and fermentation times gave significant interaction effects (P<0.05) on changes in fiber fractions including neutral detergent fiber (NDF), acid detergent fiber (ADF), hemicellulose, cellulose, and lignin of fermented BMOPFA (Table 1).  Neutral detergent fiber and ADF contents of fermented BMOPFA significantly decreased (P<0.05) with the interaction of between inoculant type of BAF and BLP and incubation times. Bacterial incubation within 120 hours reduced NDF contents by 1.05 percentage points (BAF)) and 1.60 percentage points (BLP). Significant reduction in ADF content by 2.50 percentage points was found in BMOPFA inoculated with BAF for 120 hours but not in BMOPFA inoculated with BLP. Significant interaction effects of inoculant types and incubation times on hemicellulose, cellulose, and lignin contents of BMOPFA were also revealed. There were fluctuated changes of hemicellulose contents in BMOPFA fermented with both bacteria. Hemicellulose contents were found to increase with the use of BAF and decrease with the use of BLP. However, these changes in hemicellulose contents were not statistically different.  

	Cellulose contents were found to be significantly reduced (P<0.05) as the results of interaction effects of inoculant types and incubation times. Compared to that of unfermented BMOPFA, cellulose content of BMOPFA incubated with bacteria in 120 hour was found to be lower by 3.29 percentage points (BAF) and 5.40 percentage points (BLP).  Meanwhile, BMOPFA fermentation within 120 hours by using BAF and BLP was shown to lower lignin content by 0.92 and 1.66, respectively.  

	 

	
		
				Table 1 - Changes in fiber fractions of fermented BMOPFA

		

		
				Inoculant

				Incubation times (hours)

				Fiber fractions (%)

		

		
				NDF

				ADF

				Cellulose

				Hemicellulose

				Lignin

		

		
				No inoculant 

				0

				39.11c

				27.07c

				17.55d

				12.04ab

				6.69c

		

		
				B. amyloliquefaciens

				60

				38.17b

				26.87bc

				14.32b

				11.30a

				6.55c

		

		
				120

				38.16b

				26.79bc

				14.26b

				11.37a

				5.77b

		

		
				L. plantarum

				60

				38.60bc

				26.01b

				15.85c

				12.59b

				5.79b

		

		
				120

				36.51a

				24.57a

				12.15a

				11.94ab

				5.03a

		

		
				Different superscripts in the same column indicate significant differences (P< 0.05), NDF: Neutral detergent fiber, ADF: Acid detergent fiber

		

	

	 

	 

	 

	 

	 

	Digestibility rates and in-vitro rumen condition characteristics of fermented BMOPFA  

	It was revealed that inoculant types significantly affected (P<0.05) DM and organic matter (OM) digestibility rates of BMOPFA (Figure 1). The highest DM (78.10%) and OM (73.56%) digestibility rates were found in BMOPFA fermented with BLP followed by those in BMOPFA fermented with BAF (66.11 and 60.98%), and those in unfermented BMOPFA (52.59 and 48.54%). Compared to those in unfermented BMOPFA, DM and OM digestibility rates of fermented BMOPFA increased by 48.51 and 51.55% (BLP) and 25.56 and 25.63% (BAF), respectively.  

	Fermentation also gave significant effects (P<0.05) on crude protein (CP) digestibility and rumen N-NH3 concentration of BMOPFA (Figure 2). BMOPFA fermented with BLP and BAF was found to have increased CP digestibility and rumen N-NH3 concentration. CP digestibility rates of inoculated BMOPFA were 67.33% (BLP) and 56.08% (BAF).  These figures were higher than that (48.72%) of inoculated BMOPFA. These findings indicated that fermentation of BMOPFA with BLP and BAF improved CP digestibility by about 38.42 and 15.11%, respectively. Similar findings were revealed in rumen N-NH3 concentration, which was higher in inoculated BMOPFA, namely 32.67% (BLP) and 28.67% (BAF), than that in inoculated BMOPFA (25.00%). These were increases of 30.68 and 14.68% of rumen N-NH3 concentration resulted from BMOPFA fermentation.  

	 

	

	Figure 1 - Dry matter and organic matter digestibility rates of fermented BMOPFA (%).  BLP= Lactobacillus plantarum; BAF= Bacillus amyloliquefaciens 

	

	Figure 2 - Crude protein digestibility rates and rumen N-NH3 concentration of fermented BMOPFA (%).  BLP= Lactobacillus plantarum; BAF= Bacillus amyloliquefaciens 

	 

	DISCUSSION

	 

	In a fermentation process, incubation time and type of inoculant affect nutritive values of fermentation substrate (Wang et al., 2019; Suprayogi et al., 2022). This can be seen from the stages of the fermentation process.  In the initial stage, no or very slow growth of inoculant is observed as it is acclimatizing to pH, nutrients, and temperature in a new medium.  In an initial (lag) phase, bacteria are adapting to new environment and do not reproduce or undergo cell division (Rolfe et al., 2012). In this lag phase, cell growth but not cell proliferation may take place. As incubation time progresses, inoculants enter exponential phase when and stationary phases. In the exponential phase, bacteria grow very fast while in the stationary phase bacterial growth takes place in the same rate as the bacterial death (Urnemi et al., 2012). Faster growth of inoculant in stationary phase results in production of enzymes to degrade substrates.  Changes in dry matter degradation occurs because of the growth of fungi, substrate decomposition, and changes in water content as a result of evaporation, substrate hydrolysis, or metabolic water production (Gervais 2008). Imsya et al. (2013) found that degradation of lignocellulose components in oil palm fronds by fungi increased nutrient availability and improved inoculant growth. Decreased DM and OM contents was caused degradation of OM by fungi which produced more water. This finding was in line with what Dinis et al. (2009) found that cycles of nutrient availability continued to occur during the fermentation process. This led to fluctuations in DM and OM contents as the degradation and utilization of nutrients as an energy source by inoculants progressed. Decreased DM and OM contents of BMOPFA as the substrate used in this study might be attributed to this notion.  

	Inoculant types also affect nutrient changes in substrate as each inoculant has an ability to produce different kinds of enzymes having different activities. BAFs produce significant amount of amylase making them excellent degraders of simple carbohydrates. Having this characteristic, BAFs are considered as a biocatalyst in starch hydrolysis. Meanwhile, BLPs are cellulase producers (Turker and Ozcan, 2015).  

	Decreased NDF and ADF contents of BMOPFA in this study might be caused by cell wall degrading activities of enzymes produced by BAF and BLP. Fluctuating decreases in substrate NDF and ADF contents were observed in a fermentation process (Nelson and Suparjo, 2011). Decreases in NDF and ADF contents are the reflections of accumulated decreases in fiber components (cellulose, hemicellulose, and lignin). Cell walls are composed of NDF components including cellulose, hemicellulose, and lignin and ADF components including cellulose and lignin (Van Soest, 2002).  

	Significant changes in fiber fraction contents, particularly cellulose and lignin of BMOPFA in this study were caused by activities of BAF and BLP inoculants. BAFs and BLPs were found as bacteria which could produce extracellular enzymes including cellulases and hemicellulases (Wizna et al., 2007). In another study by Ramadhan et al. (2016), it was found that the absorption treatments of BM by using coconut pulp and palm kernel cake decreased fiber contents by 6.78-14.72%. Cellulase is a mixture of hydrolytic enzymes which hydrolyse β-1,4-glycocide bonds found in cellulose (Dashtban et al., 2010).  Based on their specific activities, these main hydrolytic enzymes include endoglucanase or endo-1-4-β-glucanase (EC 3.2.1.4), cellobiohydrolase (EC 3.2.1.91), and β-glucosidase (EC 3.2.1.21) (Rabinovich et al., 2004; MekonnenTeto, 2021). Cellulose degradation is initiated by endoglucanase which hydrolyzes the amorphous part of cellulose to result in end groups of cellulose. These cellulose end groups are further hydrolyzed by cellobiohydrolase to form cellobiose (Rabinovich et al., 2002; Shrotri, 2017). Monomers and dimers are removed from the end of glucan chains by cellobiohydrolase and these dimers are then hydrolyzed by β-glucosidase to produce glucose (Rabinovich et al., 2002).  

	Similar kinds of enzymes in greater amount are involved in hemicellulose degradation as hemicellulose is more heterogenous than cellulose (Malherbe and Cloete, 2002). Degradation of hemicellulose results in monomeric sugars and acetic acid.  The main carbohydrate contained in hemicellulose is xylan and degradation of it requires collaborative work of various hydrolytic enzymes (MekonnenTeto, 2021). Hemicellulases are divided based on their activities into endo-1,4-β-xylanase (EC 3.2.1.8) producing oligosaccharides from xylan degradation and xylan 1,4-β- xylosidase (EC 3.2.1.37) producing xylose from xylan oligosaccharides. Furthermore, supplementary enzymes including xylan esterases, ferulic and p-coumaric esterases, α-1-arabinofuranosidases, and α-4-O-methyl glucuronosidases which synergically work to hydrolyze xylans and mannans (Perez et al., 2002; Juturu et al., 2013; Houfany et al., 2020). Degradation of O-acetyl-4-O-methylglucuronxylan, the main form of hemicellulose, requires four hemicellulolytic enzymes including endo-1,4-b-xylanase (endoxylanase), acetyl esterase, a-glucuronidase and b-xylosidase. Meanwhile, degradation of O-acetylgalactoglucomannan is initiated with the breakdown of it by endomannases. This is followed by the removal of acetyl groups and galactose residues by acetylglucomannan esterases and a-galactosidases, respectively. In the last stage, endomannases-generated oligomers b-1,4 bonds are broken down by b-mannosidase and b-glycosidase (Perez et al., 2002).  

	Similarly, lignin degradation also occurs in fermentation processes involving microbial organisms including fungi and bacteria (Janusz et al., 2017). Lignin is the hardest part of cell wall components designed to protect carbohydrates from bacterial degradation. Therefore, in nature, lignin is more effectively degraded by white-rot fungi (Zabel and Morrell, 2020). In ruminant animals, however, rumen bacteria are also found as lignin degraders (Kuhad et al., 2013).  There are two important groups of enzymes involved in lignin degradation namely lignin-modifying enzymes (LME) and lignin-degrading auxiliary (LDA) enzymes. Lignin-modifying enzymes including lignin peroxidase, manganese peroxidase, versatile peroxidase, and laccase can work on their own or cooperatively with others. Meanwhile, LDA enzymes cannot work by their own but are required to complete the degradation process (da Silva Coelho-Moreira et al., 2013; Janusz et al., 2017) into simpler components (Nelson and Suparjo, 2011). Changes in lignin degradation in this study were found to be small compared to those of cellulose and hemicellulose. This might be attributed to the fact that the fermentation process in this study were conducted by using bacterial inoculants (BAF and BLP) which were less effective in degrading lignin component than fungi (Zabel and Morrell, 2020).  

	Increases in BM and OM digestibility of BMOPFA in this study occurred because of changes in nutrient contents resulted from absorbent and fermentation treatments. Fermentation process resulted in decreased fiber fraction contents (Table 1) which, in turn, made it easier for rumen microbes to degrade other nutrients contributing to higher DM and OM digestibility. It is well accepted that DM and OM digestibility is negatively correlated with fiber fraction contents (Cherdthon et al., 2010). Lower fiber content increased DM and OM digestibility and DM digestibility was affected by OM digestibility as OM is part of DM in feeds (Davidson et al., 2003; Griswold et al., 2003; Imsya et al., 2013).  

	Likewise, increased protein content because of absorbent and fermentation treatments was found to enhance protein digestibility of BMOPFA in this study. Increased activities of proteinase enzymes were observed in BM treated with fermented agricultural wastes (Ramadhan et al., 2016). Fermentation by inoculants degraded protein into simpler peptides and improved protein digestibility. In vitro CP was also found to increase in BM as protein solubility increased (Paz et al., 2013).  

	Increased CP and OM digestibility was indicated by increased rumen N-NH3 concentration (Imsya et al., 2013).   Rumen N-NH3 concentration resulted from BMOPFA in this study was adequate to meet the requirement of ruminant animals (10-15.7 mg N/dl ) for their optimal growth (Alcaide et al., 2003; Cherdthong et al., 2011).  

	 

	CONCLUSION 

	 

	It was concluded that types of inoculants and lengths of incubation time interactively affected changes in concentration and digestibility of fiber fractions of BMOPFA.  Fermentation with BLP in 120-hour incubation time produced the best BMOPFA containing 36.51% NDF, 24.57% ADF, 12.15% cellulose, 11.94% hemicellulose, and 5.53% lignin. This BMOPFA had 78.10% DM digestibility rate, 73.56% OM digestibility rate, 67.33% CP digestibility rate, and 32.67 mM rumen N-NH3 concentration. In-vivo feeding studies on the use of BMOPFA fermented with LBP in 120-hour incubation time and its effects on the performance of ruminant animals are suggested.  

	 

	DECLARATIONS

	 

	Corresponding author

	E-mail: burhanudin.malik@unida.ac.id

	 

	Authors’ contribution

	All authors contributed equally to this research work. All authors read and approved the final manuscript 

	 

	Conflict of interests

	The authors declare no conflict of interests. 

	Acknowledgements 

	Financial support by PNBP competitive grant scheme (SP DIPA-023.17.2.677515/2021) from Research and Community Service Institution of Sriwijaya University was acknowledged. 

	 

	REFERENCES

	 

	Alcaide EM, Ruiz DRY, Moumen A, and Garcia AIM (2003). Ruminal degradability and in vitro intestinal digestibility of sunflower meal and in vitro digestibility of olive by-products supplemented with urea or sunflower meal: Comparison between goats and sheep. Animal Feed Science and Technology, 110: 3-15. DOI: https://doi.org/10.1016/j.anifeedsci.2003.08.002

	Cherdthong A, Wanapat M, Kongmun P, Pilajun R, and Khejornsart P (2010). Rumen fermentation, microbial protein synthesis and cellulolytic bacterial population of swamp buffaloes as affected by roughage to concentrate ratio. Journal of Animal and Veterinary Advances, 9:1667–1675. DOI: http://dx.doi.org/10.3923/javaa.2010.1667.1675

	Da Silva Coelho-Moreira J, Maciel GM, Castoldi R, da Silva Mariano S, Inácio FD, Bracht A, and Peralta RM. (2013). Involvement of lignin-modifying enzymes in the degradation of herbicides. In: Price A (Editor). Herbicides - Advances in Research. Croatia: In Tech. DOI: https://doi.org/10.5772/55848

	Dashtban M, Maki M, Leung KT, Mao C, and Qin W (2010). Cellulase activities in biomass conversion: measurement methods and comparison.  Critical Reviews in Biotechnology, 30(4): 302–309.  DOI: https://doi.org/10.3109/07388551.2010.490938 

	Davidson S, Hopkins BA, Diaz DE, Bolt SM, Brownie C, Fellner V, et al. (2003). Effects of amounts and degradability of dietary protein on lactation, nitrogen utilization, and excretion in early lactation Holstein cows. Journal of Dairy Science, 86: 1681-1689. DOI: https://doi.org/10.3168/jds.S0022-0302(03)73754-0 .

	Dinis MJ, Bezerra RM, Nunes F, Dias AA, Guedes CV, Ferreira LM, et al. (2009). Modification of wheat straw lignin by solid state fermentation with white rot fungi. Bioresource Technology, 100:4829-4835.  DOI: https://doi.org/10.1016/j.biortech.2009.04.036 

	Gervais P (2008). Water relations in solid state fermentation. In: Pandey A, Soccol CR, Larroche C (Editors). Current Development in Solid-State Fermentation. Asiatech Publisher Inc., New Delhi. pp. 74-116. DOI: https://doi.org/10.1007/978-0-387-75213-6_5   

	Griswold KE, Apgar GA, Bouton J, and Firkins JL. (2003). Effects of urea infusion and ruminal degradable protein concentration on microbial growth, digestibility, and fermentation in continuous culture. Journal of Animal Science, 81:329-336. DOI: https://doi.org/10.2527/2003.811329x    

	Hasunuma T, Kawashima K, Nakayama H, Murakami T, Kanagawa H, Ishii T, et al.  (2011). Effect of cellooligosaccharide or synbiotic feeding on growth performance, fecal condition, and hormone concentrations in Holstein calves.  Animal Science Journal, 82:543–548.  DOI: https://doi.org/10.2527/2003.811329x 

	Houfani AA, Anders N, Spiess AC, Baldrian P, and Benallaoua S (2020). Insights from enzymatic degradation of cellulose and hemicellulose to fermentable sugars–a review. Biomass and Bioenergy, 134:105481. DOI: https://doi.org/10.1016/j.biombioe.2020.105481 

	Imsya A, Laconi EB, Wiryawan KG, and Widyastuti Y (2013). In Vitro Digestibility of Ration Containing Different Level of Palm Oil Frond Fermented with Phanerochaeate chrysosporium. Media Peternakan, 36(2): 79–158. DOI: https://doi.org/10.5398/medpet.2013.36.2.131

	Janusz G, Pawlik A, Sulej J, Swiderska-Burek U, Jarosz-Wilkołazka A, and Paszczynski A.  (2017). Lignin degradation: microorganisms, enzymes involved, genomes analysis, and evolution. FEMS Microbiology Reviews, 41(6): 941–962.  DOI: https://doi.org/10.1093/femsre/fux049   

	Juturu V and Wu JC (2013). Insight into microbial hemicellulases other than xylanases: a review.  Journal of Chemical Technology and Biotechnology, 88: 353–363. DOI: https://doi.org/10.1002/jctb.3969 

	Kerr BJ, Urriola PE, Jha R, Thomson JE, Curry SM, and Shurson GC.  (2019). Amino acid composition and digestible amino acid content in animal protein by-product meals fed to growing pigs. Journal of Animal Science, 4540–4547. DOI: https://doi.org/10.1093/jas/skz294 

	Kuhad RC, Kuhar S, Sharma KK, and Shrivastava B. (2013). Microorganisms and enzymes involved in lignin degradation vis-à-vis production of nutritionally rich animal feed: an overview. In: Kuhad RC and Singh A (editors). Biotechnology for Environmental Management and Resource Recovery. Springer, India. pp. 3-44.  DOI:  https://doi.org/10.1007/978-81-322-0876-1_1 

	Makinde OA and Sonaiya EB. (2010). A simple technology for production of vegetable-carried blood or rumen fluid meals from abattoir wastes. Animal Feed Science and Technology, 162:12-19.  DOI: https://doi.org/10.1016/j.anifeedsci. 2010.08.011  

	Makinde OA and Sonaiya EB (2007). Determination of water, blood and rumen fluid absorbencies of some fibrous feedstuffs.  Livestock Research for Rural Development, 19(10): Article #156.  DOI:  http://www.lrrd.org/lrrd19/10/maki19156.htm

	Makinde OA and Sonaiya EB. (2011). Utilization of sun-dried maize offal with blood meal in diets for broiler chickens. Open Journal of Animal Sciences, 1 (3): 106-111. DOI: http://dx.doi.org/10.4236/ojas.2011.13014 

	Malherbe S and Cloete TE (2002). Lignocellulose biodegradation:Fundamentals and applications. Reviews in Environmental Science and Biotechnology, 1: 105-114. DOI: https://doi.org/10.1023/A:1020858910646 

	MekonnenTeto A. (2021). A Review on biodegradation and biological treatments of cellulose, hemicellulose, and lignin. Global Journal of Biology, Agriculture, and Health Science, 10(1): 103. DOI: https://doi.org/10.35248/2319-5584.21.10.103 

	Nelson N and Suparjo S (2011). Penentuan lama fermentasi kulit buah kakao dengan Phanerochaete chrysosporium: evaluasi kualitas nutrisi secara kimiawi. Indonesian Research Journal in Education, 1(1): 1-10.  https://online-journal.unja.ac.id/irje/article/view/1 

	Odukwu CA and Njoku PC. (1987). Evaluation of blood meal and its potential as a supplementary source of lysine in laying chicken diets. Journal of Animal Production Research, 7: 9-18. https://agris.fao.org/agris-search/search.do?recordID=US201302675009 

	Onyimonyi AE and Ugwu SOC. (2007). Bioeconomic indices of broiler chicks fed varying rations of cassava peel/bovine blood. International Journal of Poultry Science,  6 (5): 318-321. DOI: https://doi.org/10.3923/ijps.2007.318.321. 

	Ooi ZX, Teoh YP, Kunasundari B, and Shuit SH. (2017). Oil palm frond as a sustainable and promising biomass source in Malaysia: A review. Environmental Progress & Sustainable Energy, 36(6): 1864-184. DOI:  https://doi.org/10.1002/ep.12642  

	Paz HA, Castillo-Lopez E, Ramirez-Ramirez HA, Christensen DA, Klopfenstein TJ, and Kononoff PJ. (2013). Invited review: Ethanol co-products for dairy cows: There goes our starch, now what? Canadian Journal of Animal Science, 93:407–425. DOI: https://cdnsciencepub.com/doi/10.4141/cjas2013-048 

	Peréz J, Muñoz-Dorado J, de la Rubia T, and Martínez J  (2002). Biodegradation and biological treatments of cellulose, hemicellulose, and lignin: an overview.  International Microbiology, 5: 53–63. DOI: https://doi.org/10.1007/s10123-002-0062-3 

	Rabinovich ML, Melnik MS, and Bolobova AV (2002). The structure and mechanism of action of cellulolytic enzymes. Biochemistry (Moscow), 67(8):850–71. DOI: https://doi.org/10.1023/a:1019958419032  

	Rabinovich ML, Bolobova AV, and Vasil’chenko LG (2004). Fungal decomposition of natural aromatic structures and xenobiotics: a review. Applied Biochemistry and Microbiology, 40:1-17. DOI: https://doi.org/10.1023/B:ABIM.0000010343.73266.08  

	Ramadhan RF, Marlida Y, Mirzah, and Wizna (2015). Metode pengolahan darah sebagai pakan unggas: Review (Method of cattle blood processing in producing powder for poultry feed component: A review). Jurnal Peternakan Indonesia. 17 (1): 63-76. http://jpi.faterna.unand.ac.id/index.php/jpi/article/view/195 

	Ramadhan RF, Wizna, Marlida Y, and Mirzah M (2016). Fermentation of Blood Meal with Bacillus amyloliquefaciens as Broiler Feeding.  Asian Journal of Animal and Veterinary Advances, 11: 840-846. DOI: https://dx.doi.org/10.3923/ajava.2016.840.846 

	Ridla M.  (2014).  Pengenalan Bahan Makanan Ternak.  IPB Press. Bogor, Indonesia. https://adoc.pub › pengenalan-bahan-makanan-ternak  

	Rolfe MD, Rice CJ,  Lucchini S,  Pin C,  Thompson A, Cameron ADS, et al. (2012). Lag Phase Is a Distinct Growth Phase That Prepares Bacteria for Exponential Growth and Involves Transient Metal Accumulation.  Journal of Bacteriology. 194( 3):686.  DOI: https://doi.org/10.1128/JB.06112-11

	Santoso U (1989). Limbah bahan ransum unggas rasional. PT. Bharata Karya Aksara. Jakarta. https://opac.perpusnas.go.id/DetailOpac.aspx?id=328104 

	Setyani T and Soenarno MS (2020). Potensi Hasil Ikutan Ternak Sapi Pedaging Ketika Idul Adha di Sekolah Peternakan Rakyat Ngudi Rejeki, Kediri. Jurnal Pusat Inovasi Masyarakat, 2 (2): 215–219.  https://jurnal.ipb. ac.id/index.php/pim/article/view/ 30391/19577.

	Shrotri A, Kobayashi H,  and Fukuoka A  (2017).  Catalytic Conversion of Structural Carbohydrates and Lignin to Chemicals.  Advances in Catalysis,  60: 59-123. DOI:  https://doi.org/10.1016/bs.acat.2017.09.002 

	Suprayogi WP, Ratriyanto A, Akhirini N, Hadi RF, Setyono W, Irawan A (2022). Changes in nutritional and antinutritional aspects of soybean meals by mechanical and solid-state fermentation treatments with Bacillus subtilis and Aspergillus oryzae. Bioresource Technology Reports, 17:100925. https://doi.org/10.1016/j.biteb.2021.100925 

	Tilley JMA and Terry RA (1963). A two-stage technique for the in vitro   digestion of forage crops. The Journal of British Grassland Society, 18: 104-111. DOI: https://doi.org/10.1111/j.1365-2494.1963.tb00335.x

	Türker C and Özcan BD. (2015). Isolation of Alpha-amylase producing thermophilic bacillus strains and partial characterization of the enzymes.  Turkish Journal of Agriculture-Food Science and Technology, 3(6): 387-393.  DOI: https://doi.org/10.24925/turjaf.v3i6.387-393.312  

	Urnemi S, Purwati E, Sanusi I, Jamsari. (2012). Potensi bakteri asam laktat sebagai kandidat probiotik penghasil bakteriosin terhadap mikroba  pathogen asal fermentasi kakao varietas Criollo [The potential of lactic acid bacteria as probiotic candidates to produce bacteriocins against pathogenic microbes from the fermentation of Criollo variety cocoa]. Jurnal Riset Teknologi Industri. 6(13). http://litbang.kemenperin.go.id/jrti/article/view/1519 

	Van Soest PJ. (2002). Nutritional Ecology of the Ruminant, 6th. Edition. Cornell University Press, Ithaca, USA.

	Wang S, Li J, Dong Z, Chen L, Shao T (2019). Effect of microbial inoculants on the fermentation characteristics, nutritive value, and in vitro digestibility of various forages. Animal Science Journal, 90(2): 178-188. https://onlinelibrary.wiley.com/doi/abs/10.1111/asj.13134 

	Wizna H, and Deswan A.  (2014). Pengaruh Dosis Inokulum dan Lama Fermentasi Campuran Dedak Padi dan Darah dengan Bacillus amyloliquefaciens terhadap Kandungan Serat Kasar, Kecernaan Serat Kasar, dan Energi Metabolisme. Jurnal Peternakan Indonesia, 16(2): 128-133. DOI: https://doi.org/10.25077/jpi.16.2.128-133.2014 

	Wizna, Abbas H, Rizal Y, Dharma A, and Kompiang IP. (2007). Selection and identification of cellulase-producing bacteria isolated from the litter of mountain and swampy forest. Microbiology Indonesia, 1(3): 135-139.  DOI: https://doi.org/10.5454/mi.1.3.7 

	Zabel RA and Morrell JJ. (2020). Wood Microbiology: Chemical changes in wood caused by decay fungi. San Diego USA, Elsevier, pp. 215-244. DOI: https://doi.org/10.1016/B978-0-12-819465-2.00008-5 

	 


cover.jpeg
ISSN 22287707
|

Online
Journal of Animal |
and Feed Research






images/image.jpeg





