Rice distillers’ byproduct and biochar as additives to a forage-based diet for growing Moo Lath pigs; effects on growth and fed conversion
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Abstract 

Native Moo Lath pigs (n=20; initial live weight 15.8 ( 1.3 kg) were housed in individual concrete pens (1.2 *0.6m).  They were fed a basal diet of ensiled banana pseudo stem and ensiled taro foliage supplemented with broken rice and soybean meal. There were four dietary treatments arranged as a 2*2 factorial in a completely randomized design with 5 replications. The treatments (% in diet DM) were: no additive (CTL), 4% rice distillers’ byproduct (RDB), 1% biochar (BIO) and the combination of RDB and BIO (RDB-BIO). 

Growth rates were improved by 20-23% and feed conversion by 12-14% (p<0.089 and <0,048) by addition to the diet of 1% biochar or 4% rice distillers’ byproduct. There were no benefits from combining the two additives compared with each fed separately.
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Introduction

Rice distillers’ byproduct (RDB) is the residue derived from yeast fermentation of rice to make rice wine
 usually at householder pg farms
. Rural smallholder farmers have successfully used RDB as a protein source especially for pigs (Manh et al 2009; atc.. more in Vietnam & Laos). Recently it has been hypothesized that RDB fed in small quantities (4% of diet) also acts as a prebiotic safeguarding cattle from potential toxicity caused by hydrocyanic acid in cassava foliage (Binh et al 2017), increasing N retention in growing pigs (Sivilai and Preston 2017) and improving growth and feed conversion in pregnant-lactating gilts and in the growth rate of their piglets to weaning (Sivilai et al 2018). 

Biochar is the residue from the carbonization of fibrous biomass at high temperatures (500-1000 °C) in a downdraft gasifier (Rodriguez and Preston 2010) or in an updraft gasifier stove (Philavong et al 2017). It has been extensively researched as a means of sequestering carbon in soils (Lehman 2007) with associated beneficial effects on crop and plant growth (Lehman and Joseph 2015; Preston 2015).  
Feeding biochar to animals is a recent development arising from the finding that 1% of biochar in a cassava-based diet enhanced growth rate of cattle (Leng et al 2012a; Sengsouly and Preston 2016) and reduced the release of methane in an in vitro rumen incubation (Leng et al 2012b). The potential of feeding biochar to monogastric animals was indicated by the superior growth rates in striped catfish fed 1% biochar in their diet and the associated improvement in water quality in the fish tank (Lan et al 2016). 
The objective of the research described in this paper was to evaluate the effect of biochar on the growth rates of indigenous Moo Lath pigs, which fed a high forage diet and to compare it with rice distillers’ byproduct already shown to be effective as a prebiotic in diets of Moo Lath pigs (Silivai and Preston 2017, Sivilai et al 2018). 

Materials and Methods
Location and duration
The experiment was conducted in the farm of the Department of Livestock and Fishery, Faculty of Agriculture, National University of Laos, Vientiane capital, Lao PDR. The temperature during the experiment ranged from 24 to 35°C. The experiment was carried out for four months from 27 November, 2017 to 27 February, 2018.    
Experimental design

Twenty native Moo Lath pigs with 15.8 ( 1.3 kg initial live weight were housed in individual concrete pens (1.2 *0.6m).  They were fed a basal diet of ensiled banana (Musa spp) pseudo stem and ensiled taro (Colocasia esculenta) foliage supplemented with broken rice and soybean meal. There were four dietary treatments arranged as a 2*2 factorial in a completely randomized design with 5 replications. The treatments (% in diet DM) were: no additive (CTL), 4% rice distillers’ byproduct (RDB), 1% biochar (BIO) and the combination of RDB and BIO (RDB-BIO) as shown at Fig. 1. 
Feeding and management

The pigs were vaccinated against hog cholera and de-wormed with Ivermectine (1 ml/20 kg LW) and adapted to the new feeds for 12 days prior to collection of data. The daily allowances were prepared immediately prior to feeding at 7:30 AMand 4:30 PM; water was freely accessed through nipple tap drinkers in each pen.
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	Photo 1. The biochar was the residue from rice husks used as fuel in a gasifier stove


The rice distillers’ byproduct (RDB) was bought from traditional rice alchohol producers, mostly smallholder farmers, in the area surrounding Vientiane city. It was stored in closed containers to maintain the quality and avoid mold growth.  The biochar was made from rice husk 
combusted in a gasifier stove (Photo 1).  

Taro foliage (leaves + petioles) were collected in the local village where waste water was stored; the banana pseudo stems were obtained from farmers’ gardens in Vientiane city. Both foliages was chopped into small particles of 1-2 cm and wilted under shade for 24 h prior to being stored in closed plastic bags in which they were preserved for 14 days before being fed to the pigs.  
Data collection and proximate analysis, 
The pigs were weighed every 14 days during the 90-day experiment. Average daily weight gain was determined from the linear regression of live weight (Y) against days in the experiment (X). Feeds offered and refused were recorded daily. Representative samples were stored at -18°C until the end the experiment when they were bulked on an individual animal basis for determination of DM, crude protein, crude fiber and ash according to AOAC (1990) procedures.

Statistical analysis

The data of DM feed intake, live weight change and feed conversion were analyzed by the general linear model option in the ANOVA program of the Minitab software (Minitab 2016). Sources of variation in the model were rice distillers’ byproduct (RDB), biochar (BIO), interaction of RDB*BIO, replicates and error. 
Results
Composition and proximate analysis of the diets
Approximately 55% of the protein in the diets came from the taro silage with soybean meal accounting for 26%. When RDB was added, it represented about 6% of the total protein supply (Tables 1 and 2).
	Table 1. Proximate composition of diet ingredients

	Diets
	DM, %
	% in DM
	pH

	
	
	CP
	CF
	Ash
	

	Ensiled banana pseudo stem
	10.4
	3.6
	35.0
	2.3
	4.5

	Ensiled taro foliage
	12.8
	15.2
	17.3
	2.5
	3.9

	Broken rice
	85.2
	7.8
	2.8
	2.4
	-

	Soybean meal
	86.3
	48.6
	5.2
	7.9
	-

	Soybean oil
	-
	-
	-
	-
	-

	Rice distillers’ byproduct
	8.7
	23.4
	3.6
	13.6
	3.6

	Biochar
	87.6
	-
	-
	-
	-


	Mineral mixture
	92.5
	-
	-
	85.3
	-


	Table 2. Composition and analysis (DM basis) of diets 

	Items
	Treatments, as % in DM basis

	
	CTL
	RDB 
	BIO 
	RDB+BIO

	Ensiled banana pseudo stem
	10.0
	10.0
	10.0
	10.0

	Ensiled taro foliage
	54.1
	50.0
	51.1
	48.9

	Broken rice
	20.0
	20.0
	20.0
	20.0

	Soybean meal
	8.0
	8.0
	9.8
	8.0

	Soyabean oil
	6.4
	6.4
	6.6
	6.6

	Rice distillers’ byproduct
	0.0
	4.0
	0.0
	4.0

	Biochar
	0.0
	0.0
	1.0
	1.0

	Mineral mixture#
	
	
	
	

	Proximate composition

	Crude protein
	14.1
	14.3
	14.0
	14.2

	Crude fiber
	15.0
	15.6
	16.2
	16.5

	pH 
	4.3
	3.8
	4.6
	4.4



Dry matter content of the diets was in the range 14 to 16%
# Mixture (%) of CaCO3 30, CaHPO4 30 and NaCl 40
Dry matter intake, growth rate and feed conversion
There was no effect of the additives on feed intake (Table 3: Figure 1). Growth rate and feed conversion tended to be better (p<0.089 and <0.048) for both additives, fed separately or together, when compared with the control diet (Table 3; Figures 2 and 3). The degree of improvement was 20 to 23% for growth rate and 12 to 14%. for feed conversion.  There were no benefits from combining both additives compared with feeding each one fed separately.  
	Table 3. Mean values for change   live weight, feed intake and conversion for Moo Lath pigs fed rice distillers’ by-product, biochar or both, as presumed sources of prebiotics

	
	CTL
	BIO
	RDB
	BIO*RDB
	SEM
	p

	Live weight
	
	
	
	
	
	

	  Initial, kg
	15.9
	15.8
	15.6
	16.0
	0.619
	0.692

	  Final, kg
	36.5
	40.5
	40.1
	41.6
	1.52
	0.423

	  Daily gain, g
	179
	215
	220
	220
	9.51

	0.089

	DM intake, g/d
	787
	850
	859
	674
	41.7
	0.58

	DM conversion
	4.43b
	3.96a
	3.89 a
	4.02 a
	0.13
	0.048



ab Mean values without common superscript are different at p<0.05
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	Figure 1. Effect of additives (DM basis) of rice distiller’s byproduct (4%) and biochar (1%) on DM intake of Moo Lath pigs fed a basal diet of ensiled banana pseudo stem, ensiled taro foliage and broken rice
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	Figure 2. Effect of additives (DM basis) of rice distiller’s byproduct (4%) and biochar (1%) on live weight gain of Moo Lath pigs fed a basal diet of ensiled banana pseudo stem, ensiled taro foliage, broken rice and soybean meal.
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	Figure 3. Effect of additives (DM basis) of rice distiller’s byproduct (4%) and biochar (1%) on DM feed conversion of Moo Lath pigs fed a basal diet of ensiled banana pseudo stem/taro foliage, broken rice and soybean meal


Discussion
The positive effect of rice distillers’ byproduct on growth rates and feed conversion of the Moo Lath pigs agrees with previous results in our laboratory where: (i) 4% (as DM) of rice distillers  byproduct improved N retention in growing Moo Lath pigs by 36% and the biological value of the nitrogen by 18% (Sivilai and Preston 2017): and (ii) 4% (as DM) of rice distillers byproduct increased the litter weight of weaned pigs from Moo Lath gilts  by 67% and the overall feed conversion (feed consumed in pregnancy and lactation/weight of weaned piglets) by 64% (Sivilai et al 2018). 
The feeding of biochar to pigs has not previously been reported. The degree of response observed in this experiment with growing pigs (20-23% and 11-14% for growth and feed conversion) is similar to the 15 and 18% improvements in growth and feed conversion reported for biochar fed to cattle (Sengsouly and Preston 2016) and the 27 and 13% improvements in growth and feed conversion when biochar was fed to goats (Silivong and Preston 2016). 

The related issue is the extent to which the soil ameliorating properties of biochar will be observed when the excreta of biochar-fed animals is returned to the soil as fertilizer.  This expectation is conditional on, and a stimulus for, the animal being fully integrated in the farming system.
 Conclusions
Growth rate of Moo Lath pigs was improved by 20-23% (p<0.089) and feed conversion by 12-14% (p<0.048) when 1% of biochar or 4% rice distillers’ byproduct (% DM basis) were added to a forage-based diet. There were no apparent advantages from combining the two additives.  
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�Alchohol or wishky?


�At householder pig farms


�


�This equipment can be reached 1000oC? Please, check again?


�Check again DM?


�Why pH are so low? Because of? Normally pH in digestive tract of pigs are higher than dog and human.


�20% for CTL & BIO; 22% for RDB; BIO*RDB and CTL, comperated between different diets, P > 0.05 no differences


�There were differences, P < 0.05 and explainations for this?


�This paragragth is more important for article, can you explore there any papers applied Biochar for pigs? Importance of Biochar to improve pig’s health and slaughter performance (if we combinate Biochar with mollasses will be)? We did not check microflora and meat quality of growing pigs?
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