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Abstract 
 

A series of experiments was carried out to determine the effect of nitrate and urea as fermentable 

nitrogen sources on methane production in an in vitro system and on growth performance and 

methane emissions in cattle fed lime-treated rice straw supplemented with fresh cassava foliage. 

Paper 1:  

An in vitro incubation system was used to evaluate the following treatments in a completely 

randomized 2*2 factorial arrangement with 4 replications;  Cassava leaf meal plus urea (CLM-

U),    Cassava leaf meal plus calcium nitrate (CLM-CaN), Mimosa pigra leaf meal plus urea 

(MLM-U) and Mimosa leaf meal plus calcium nitrate (MLM-CaN). The basal substrate was 

cassava root meal.   

Gas production did not differ between calcium nitrate and urea but was higher for mimosa than 

for cassava leaf meal after 48 hours of fermentation. The percentage of methane in the gas was 

lower for calcium nitrate than for urea at all incubation times but the degree of difference 

decreased with the length of the incubation. After 9 h of fermentation, nitrate reduced methane 

production by 53 and 48%, compared with urea on the mimosa and cassava leaf meal 

supplements. There were no consistent differences between the cassava and mimosa leaf meals 

in the methane content of the gas.  Methane production increased, and the effect of the nitrate 

decreased, with fermentation time the trend being similar for both sources of leaf meal. The 

proportion of the substrate DM that was fermented in 48 h did not differ between sources of 

NPN nor between the two leaf meals. Overall, the production of methane per unit of substrate 

fermented was decreased by 32% when calcium nitrate replaced by urea as the NPN source. In 

vitro systems of feed evaluation should carefully select incubation times to represent more 

closely the period dominated by primary fermentation.  

Paper 2:  

The aim of this study was to evaluate the effect of combining alkali treatment of rice straw with 

non-protein nitrogen (NPN) from nitrate in reducing methane production in an in vitro 

incubation system. The treatments in a split-plot 2*6 arrangement with four replications were: 

alkali treated straw with NaOH (0; 1; 2; 3; 4%) plus lime (Ca(OH)2) (4; 3; 2; 1; 0%) or untreated 

straw, and as NPN source  potassium nitrate or urea. All treatments had fresh cassava leaf as 

protein source.  The quantity of substrate was 12 g to which were added 240 ml rumen fluids 

(from slaughtered buffalo) and 960 ml of buffer solution. The incubation was for 24 h with 

measurements of total gas production, methane percentage at intervals of 4, 8, 12, 16 and 24 

hours and determination of residual unfermented substrate at the end. 

The proportion of substrate fermented after 24 h was increased by NaOH-lime treatment and 

tended to increase as lime replaced NaOH. There was no consistent effect of alkali treatment on 

methane percentage in the gas nor on methane production per unit substrate. Total gas 

production and methane percentage increased with incubation time and the gas production and 

the percentage of methane in the gas were reduced when nitrate replaced urea at all fermentation 

stages. After 24 h, the methane production per unit of fermented substrate was less when nitrate 
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replaced urea. It is concluded that lime can replace NaOH as a means of increasing the 

fermentability of rice straw and that methane production is decreased with potassium nitrate 

instead of urea as NPN source. 

Paper 3:  

Two experiments were carried out to study effects of processing of cassava leaves on the 

solubility of the protein and on methane production when they were incubated with cassava root 

meal in an in vitro incubation with urea or potassium nitrate as source of NPN.  

Experiment 1: The treatments in a 2*4 factorial arrangement in a randomized block design were:   

leaves or petioles of cassava, and form of processing (fresh, ensiled, sun-dried and oven-dried). 

Protein solubility was decreased by ensiling and with the severity of drying.    

Experiment 2: The treatments in a 2*4 factorial arrangement in a randomized block design were: 

form of processing cassava leaves (fresh, ensiled, sun-dried and oven-dried) and source of NPN 

(urea or potassium nitrate).  An in vitro incubation system was used to determine the effects of 

the treatments on methane production and substrate fermentation. The quantity of substrate was 

12 g DM to which was added 240 ml rumen fluid (from slaughtered buffalo) and 960 ml of 

buffer solution. The incubation was for 12 and 24 h with measurements of gas production, 

percent methane, substrate fermented and methane produced per unit substrate fermented.   

Protein solubility in leaves and petioles decreased in the order: fresh, ensiled, sun-dried and 

oven-dried. Protein solubility in petioles was lower than in leaves. The gas production and 

methane percentage in the gas were increased with incubation time. The percentage of methane 

in the gas, and methane per unit substrate fermented were reduced when nitrate replaced urea as 

the NPN source and were lower for fresh and ensiled cassava leaves than for dried leaves at both 

12 and 24 h of incubation. Methane produced per unit of fermented DM was inversely related to 

protein solubility.   

Paper 4:  

Sixteen male local “Yellow” cattle with initial weight 63-100 kg were fed lime-treated rice straw 

and fresh cassava foliage in a randomized complete block design (RCBD) with to two 

treatments: potassium nitrate or urea as NPN source.  The NPN sources were dissolved in 100 g 

molasses diluted with 500 ml of water.  The experiment lasted 120 days at the end of which 

concentrations of methane and carbon dioxide were determined in eructed gas mixed with air in 

a closed chamber in which the animals were kept for 5 minutes prior to measurement of the 

gases so as to ensure equilibration of the eructed gases with the air in the chamber.  

Daily live weight gain and DM feed conversion were improved by supplementation with nitrate 

rather than urea. There was no difference between treatments in DM intake. Feed intake as g 

DM/kg live weight and growth rate were linearly and positively related to initial live weight.  

The ratio of methane to carbon dioxide in the mixed eructed gas and air was decreased by 

feeding nitrate with an overall 27% reduction in methane emission, for animals fed nitrate 

compared with those fed urea. This is the first research to report better growth rates and better 
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feed conversion ratios when nitrate replaces urea in a low quality diet. This result may be related 

to the pattern of feeding of the straw /molasses nitrate diet which was given every 6 hours.  

Key words: Alkali treatment, calcium nitrate, climate change, feed conversion, gas production, 

greenhouse gases, hydrogen cyanide, live weight gain, nitrogen solubility, potassium nitrate, 

rumen ammonia. tannins, urea 
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Introduction 

In SE Asia, most farmers raise livestock for their main source of income and draft 

power. According to FAO (2005) over 75% of the population in Lao PDR relies on 

agriculture as the primary source of income. Cattle and buffaloes are important on 

smallholder farms in developing countries to provide meat, milk, traction power and manure 

in integrated crop and livestock farming (Preston and Leng 2009). In Lao PDR the 

populations of cattle, buffalo and sheep-goats have increased significantly from year 2002 to 

2007 at the rates of 1.9, 0.61 and 9.46 % per annum, respectively (Anon 2007). However, a 

number of impediments and constraints have been shown to affect livestock productivity and 

efficiency. The main feed resources for the ruminants in Lao PDR are native grasses, legumes 

and tree leaves that are available in the natural grassland and forests (Phonepaseuth 

Phengsavanh and Ledin 2003). The availability of these feed resources is seasonally limited 

and both feed availability and quality are low, especially in the cropping season.     

Preston and Leng (2009) and Leng (1997) have emphasized that the most appropriate ways to 

improve feed resources for ruminants are through efficient utilization of crop residues and 

tree/shrub foliage.  However, to optimize performance correct feeding methods need to be 

applied ensuring that rumen function is efficient and secondly ensuring efficient assimilation 

of nutrients by providing a source of bypass nutrients (Preston and Leng 2009).  

Rice straw is the most abundant crop residue in Asia, particularly in Lao PDR. It is the main 

feed in the dry season when natural grasses are in short supply to animals. Rice straw is 

characterized by high fiber level (39-53 % ADF) and nutrient deficiencies, especially protein 

(2 to 4% crude protein), vitamins, minerals and soluble carbohydrates. The straw itself is 

98% covered with silica which has to be disrupted (McAllister et al 1994). Thus rice straw 

has low digestibility for ruminants in the range 41- 59 % (Napasirth et al 2005; Susuki et al 

2004; Bui Van Chinh et al 2001; Tran Quoc Viet et al 2001). 

There are  two ways to improve the feeding value of rice straw: (i) by delignification 

treatments which also disrupt the silca covering, which may be physical, chemical or 

biological (Sundstol 1984; Doyle et al 1986); and (ii)  supplementation with limiting nutrients 

in the rumen and essential amino acids (bypass protein) in the animal (Preston and Leng 

2009). Treatment with sodium hydroxide was used in early trials on delignification of straw, 

but ammoniating the straw with urea has been the most widely used method (Chenost and 

Kayouli 1997). The partial replacement of urea by lime was reported by Nguyen Xuan Trach 

et al (2001) and Le Thi Thuy et al (2005) to be equally effective and more economical then 

ammonization methods. 

Leng (2008) concluded that the inclusion of nitrate salts in feed supplements appeared to 

be entirely feasible as a means of providing fermentable nitrogen and simultaneously 

reducing enteric methane emissions from ruminant livestock. Whilst there is a risk of nitrite 

toxicity, nitrate reduction to ammonia in the rumen should theoretically improve microbial 

growth efficiency and retain the energy that is otherwise lost in methane.  

The possibility of nitrate as an alternative hydrogen sink to carbon dioxide has been 

downplayed because of the possible toxic effects of nitrite, which is formed as an 

intermediate during the reduction of nitrate to ammonia (Lewis 1951).  However, several 

reports have recently examined the potential of nitrate as a methane-lowering feed additive, 

and it has been shown to lower methanogenesis consistently (Leng and Preston 2010).  
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Recent researche in Vietnam (Nguyen Ngoc Anh et al 2010) and Cambodia (Iv Sophea and 

Preston 2010) have confirmed that the long term feeding of nitrate salts supported the same 

growth in goats as when urea was the NPN source, but brought about 30% reduction in 

production of methane.  Much higher (50%) responses were reported in sheep in the 

Netherlands (Van Zijderveld et al 2010a) and in dairy cattle in Brazil (Van Zijderveld et al 

2010b).  However, there appear to be no reports showing that the reduction in methane is 

accompanied by more efficient production of meat or milk, which should theoretically 

happen.  

It has been postulated (Leng 2008) that nitrate salts will be most effective as an NPN source 

when the diet is low in other sources of rumen-fermentable nitrogen and that the additional 

protein needed by the animal, over and above that produced by rumen microbes should be 

provided in the form of bypass protein. Fresh cassava foliage has been shown to be an 

effective source of bypass protein in diets where the dietary N was mostly in the form of urea 

(Ffoulkes and Preston 1978). Cassava is widely grown in all tropical countries and the fresh 

foliage / leaf meal has been shown to support increased growth rates in cattle fed on rice 

straw (Keo Sath et al 2008; Tham et al 2008). Recently, the foliage of Mimosa pigra has been 

shown to support high growth rates when fed as the sole diet to goats (Thu Hong et al 2008). 

The authors postulated that this could be explained by the high content of condensed tannins 

conferring “rumen escape’ qualities on the protein. Mimosa is considered to be an invasive 

weed in many tropical countries (Tran Triet et al 2007); however, if a positive use could be 

found for the plant as an animal feed supplement it could become a useful plant rather than an 

environmental menace.  

Hypotheses  

The hypotheses to be tested were:   

Paper I: Giving calcium nitrate rather than urea will reduce the methane production in an in 

vitro system using cassava root meal, with mimosa or cassava leaf meals as the source of 

protein. 

Paper II: Lime (Ca[OH]2) could replace NaOH to treat rice straw to improve the digestibility 

in an in vitro incubation and providing the NPN source as potassium nitrate rather than urea 

will reduce the methane production irrespective of the method of treating the straw.  

Paper III a: Different ways of processing cassava leaves and petioles (fresh, ensiled, sun-

dried, oven-dried) will affect solubility of the protein. 

Paper III b: Different ways of processing cassava leaves (fresh, ensiled, sun-dried and oven-

dried) will affect CH4 production in an in vitro incubation with cassava root meal as energy 

source and urea or K-nitrate as source of NPN. 

Paper IV: Growing cattle fed lime-treated rice straw and fresh cassava foliage will have 

better growth performance and produce less methane when supplemented with potassium 

nitrate rather than urea.   
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Literature review 

Livestock production systems in Lao PDR 

Lao People’s Democratic Republic (Lao PDR) is a rural country with an estimated 6.3 

million people in 2010. About 73 percent of its population lives in rural areas. Livelihoods of 

a large majority of these people are based on a combination of rice-based agriculture, the 

collection of forest products and livestock production (FAO 2010). Agriculture is changing 

and many Lao farmers are moving from subsistence farming, where they produce food for 

their family’s self-sufficiency, to commercial farming in order to produce commodities for 

the market (NAFES 2006). Nowadays many Lao products are competitive in international 

markets including rice, coffee, maize, sugarcane, green tea, plantation timber, and non-timber 

forest products (MAF 2007). However, livestock is a particularly important activity for 

upland households and farmers as they receive more than 50 percent of their income by 

selling animals (Wilson 2007). Livestock is important for farmer’s livelihood security 

because when crop production fails they can sell animals and buy rice (Ingxay et al 2009). In 

general, livestock are most used as a source of cash income by farmers who live in remote 

areas without road access to markets. They can walk livestock to markets but are unable to 

transport perishable crop products (Stur et al 2002). So far, the Lao government has given 

high priority in its rural development strategy to improving livestock production systems 

(ACIAR 2004).  

Livestock production in Lao PDR contributes around 15% to national GDP and 33% of 

agricultural GDP (Government of Lao PDR (GOL); Millar and Photakoun 2008), and is thus 

of crucial importance to the economy (FAO launches 2009). This production includes 

livestock such as buffalo, cattle, pigs, poultry and insects. There is potential to improve and 

develop livestock production, because firstly smallholders already have local knowledge and 

experiences on livestock management and production which have been transferred from 

generation to generation, there is natural grassland and other areas that suitable for ruminant 

production and the most important is that the government of Laos has developed a strategy 

for diversifying its agricultural economy, particularly the livestock sector (Ingxay et al 2009).  

In 2009, livestock production in Laos increased 4.4 percent and net livestock production, at 

240,500 tonnes, now exceeds domestic consumption - indicating that Laos has the ability to 

export livestock to neighboring countries (Northern farmers fatten 2009). The government 

has 2006-2010 plans to export between 100,000 and 120,000 tonnes of livestock per year; 

however, exports in 2008 reached only 98,000 tonnes (More livestock 2009). About 75% of 

cattle and buffalo produced are consumed domestically, and the remaining 25% are exported 

to neighboring countries. Lao PDR exports about 100,000 head per year to Thailand (Millar 

and Photakoun 2008). In general, farmers like to keep the poorest animals for consumption 

and sell the good quality animals to the capital Vientiane, Thailand and Vietnam (Stur et al 

2002). The National Growth and Poverty Eradication Strategy identifies targets of an average 

meat supply of 60 kg/capita/year and increased exports to value of $50 million by 2020 

(Millar and Photakoun 2008). The Lao government has declared the goal of becoming a 

regional exporter of cattle and buffalo (Michael 2009).   

The Department of Livestock and Fisheries (DLF) has planned to ensure cattle destined for 

export weigh at least 180-250 kg. Upland areas will be encouraged to breed cows because 

local weather conditions are suitable for livestock raising (More livestock 2009). Cattle are 

one type of livestock which is important for smallholder farms. Rural farmers mainly grow 



18 

 

crops as the primary commodity and they keep cattle for draft power and for manure as 

fertilizer for their crops. The numbers of buffaloes and cattle are increasing in Lao PDR, as 

shown in Table 1, despite a concurrent increase in the numbers exported to neighboring 

countries, principally China and Thailand (FAO 2011).  

 

Table 1. Livestock Numbers (‘000 head) by Province, 2007-2009 

 Buffaloes Cattle Pigs 

 2007 2008 2009 2007 2008 2009 2007 2008 2009 

Phongsali 36 37 39 38 38 39 169 176 181 

Luang Namtha 23 23 22 26 27 27 66 70 75 

Oudomxai 37 36 39 34 36 39 103 105 123 

Bokeo 23 24 28 30 30 33 50 55 69 

Luang Prabang 58 58 60 55 57 59 162 179 198 

Huaphanh 66 67 69 53 54 55 301 357 392 

Xayabouri  53 53 55 68 70 71 138 166 185 

North  296 298 312 304 312 323 999 1108 1223 

Vientiane Municipality 16 18 19 71 83 84 52 55 62 

Xienkhuang 46 53 51 71 73 76 76 79 82 

Vientiane 69 72 71 122 133 133 94 97 100 

Borikhamxai 44 44 45 54 55 56 58 60 62 

Khammuane 74 75 73 65 66 69 61 62 69 

Savannakhet 285 285 285 391 391 392 244 249 256 

Centre  534 547 544 774 901 810 595 602 631 

Saravane 99 112 121 112 120 123 328 374 367 

Sekong 28 28 30 23 25 27 123 129 135 

Champassak 119 123 124 120 125 129 137 148 170 

Attapeu 47 47 47 14 15 17 24 26 29 

South  293 310 322 269 285 296 612 650 701 

Lao PDR 1123 1155 1178 1347 1398 1429 2186 2360 2555 

Source:  MAF Agricultural Statistics Yearbook (2009).   

The majority of animals in Lao PDR are native breeds managed in a free range system in 

grassland and forest areas. The main purpose is meat production for consumption, traditional 

ceremonies and selling in the market. Besides that, farmers like to raise cattle as draught 

power, for transportation and manure (Ministry of agriculture and forestry 2003). However, 

cattle usually lose body weight in the dry season, when natural grasses are less available. 

There are opportunities to make better use of rice straw which normally is burned after 

harvest (Vongsamphanh et al 2004).      

Utilization of feed resources for ruminant production   

Livestock can utilize agricultural crop residues and farm by-products that are abundantly 

available particularly for large ruminants - buffalos or cattle which are able to use nutrients 

arising from poor quality forage or cellulosic biomass (Preston and Leng 2009).  

Rice straw has been used as ruminant feed in traditional livestock farming communities in 

Asia. According to NAFRI, NAFES and NUOL (2005) rice straw is the most common 

roughage in Lao PDR, as it is available as the byproduct from crop cultivation. It is used to 

meet part of the nutrient requirements of ruminants in the rice-producing areas during the 

cropping season and in dry or drought periods. However, the animals fed only rice straw do 

not obtain enough nutrients to maintain high production levels due to the low nutritive value 
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of this highly lignified material. The high level of lignification and solidification, the slow 

and limited ruminal degradation of the carbohydrates and the low content of nitrogen are the 

main deficiencies of rice straw, affecting its value as feed for ruminants (Van Soest 2006).  

Possible strategies to improve rice straw utilization  

Basically, the key to improving the use of crop residues for ruminants is to overcome their 

inherent barriers to rumen microbial fermentation. In the case of rice straw, the important 

factors that restrict bacterial degradation in the rumen are its high levels of lignification and 

silidification, and its low content of nitrogen, vitamins and minerals. To improve the feeding 

value of rice straw, the straw can be treated with different means and methods and other 

required nutrients can be supplied to the ration of the animal. Strategies to improve the 

utilization of rice straw may use alkaline, acidic or oxidative agents. Among these, alkali 

agents have been most widely investigated and practically accepted for application on farms. 

Basically, these alkali agents can be absorbed into the cell wall and chemically break down 

the ester bonds between lignin and hemicellulose and cellulose, and physically make the 

structural fibers swollen (Chenost and Kayouli 1997; Lam et al 2001).  These processes 

enable the rumen microorganisms to attack more easily the structural carbohydrates, 

enhancing degradability and palatability of the rice straw (Prasad et al 1998; Shen et al 1999; 

Selim et al 2004).  

The most commonly used alkaline agents are sodium hydroxide (NaOH), ammonia (NH3), 

Lime (Ca[OH]2) and urea. Chemical treatments appear to be the most practical method for 

use on-farm, as no expensive machinery is required, the chemicals are relatively cheap and 

the procedures to use them are relatively simple. However, the chemicals themselves are not 

harmless and safety precautions are needed for their use.   

NaOH treatment  

Several NaOH treatment methods to improve the use of crop residues for ruminant feeding 

have been developed as reviewed by Jackson (1977), Berger et al (1994) and Arieli (1997). 

The principal advantages of the different NaOH treatment methods are increased 

degradability and palatability of treated straw, compared to untreated straw (Chaudhry and 

Miller 1996; Vadiveloo 2000). However, NaOH is not widely available as a resource for 

small-scale farmers and may be too expensive to use. In addition, the application of NaOH 

can be a cause of environmental pollution, resulting in a high content of sodium in the 

environment (Sundstol and Coxworth 1984).    

Urea treatment 

Rice straw can also be treated with urea, which releases ammonia after dissolving in water. 

For practical use by farmers, urea is safer than using anhydrous or aqueous ammonia and also 

provides a source of nitrogen (crude protein) in which straw is deficient (Schiere and Ibrahim 

1989). Since urea is a solid chemical, it is also easy to handle and transport (Sundstol and 

Coxworth 1984) and urea can be obtained easily in many developing countries. In addition, 

urea is considerably cheaper than NaOH or NH3. Vadiveloo (2003) reported that rice varieties 

with a low degradability responded better to urea treatments than higher quality straw, 

increasing the in vitro dry matter degradability from 45 to 55-62%. Urea treatment may 

therefore be most suitable for small-scale farmers to improve the quality of straws, 

particularly varieties showing a low degradability. In the past, numerous investigations 

involving urea treatment of rice straw, with or without additional supplementation, were 
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performed not only in the laboratory (Reddy 1996; Shen et al 1998; 1999; Vadiveloo 2003) 

but also in field trials (Prasad et al, 1998; Vu et al, 1999; Akter et al 2004; Pradhan et al 

1997). Sirohi and Rai (1995) demonstrated that a combination of 3% urea plus 4% lime at 

50% moisture for 3 weeks incubation time was the most effective treatment for improving 

degradability of rice straw. Using urea is regarded as a practical and available method in 

livestock production, especially in developing countries, as it is relatively cheap, adds 

nitrogen to the ration and is relatively safe to work with.    

Lime treatment 

Lime (CaO/Ca(OH)2) is a weak alkali agent with a low solubility in water. It has been 

reported that lime can be used to improve the utilization of straw and also can be used to 

supplement the ration with calcium, which has been found to be in a negative balance in 

cattle fed only rice straw (Hadjipanayiotou 1984; Pradhan et al 1997; Chaudhry 1998). 

Soaking and ensiling are two methods of treating straw with lime. Although lime treatments 

increase the degradability of straw, the dry matter intake often decreases, due to a reduced 

acceptability of the treated feed by animals. Pradhan et al (1997) reported that ensiling rice 

straw with 4 or 6% Ca(OH)2 showed a higher IVDMD than using 4 or 6% urea. However, 

mould growth was noticed in the Ca(OH)2 treated straw. It was suggested that a combination 

of lime and urea would give better results than urea or lime alone. This combination has the 

advantage of an increased degradability and an increased content of both calcium and 

nitrogen. Additive effects of lime and the other alkali agents have been demonstrated 

(Saadulah et al 1981; Hadjipanayiotou 1984). The use of lime may be safer and more cost 

effective to use than NaOH.   

Alkali treatment of straw will increase is digestibility but supplementation is also needed to 

ensure there is an adequate balance of nutrients available to the animal. Therefore, as 

described by Preston and Leng (2009), when considering way to optimize the utilization of 

feed resources for ruminants it is necessary to apply basic concepts that include: 

 Ensuring optimum conditions for microbial growth in the rumen to make this part of 

the digestive system of the animal as efficient as possible by providing macro and 

micro minerals and sources of ammonia 

 Providing a protein meal that is relative slowly degraded by microbial action such that 

a proportion of the dietary protein enters the intestine for enzymic digestion  

 Modifying the rumen microbial ecosystem (eg: defaunation by oil drenching) to 

minimize protozoa that prey on bacteria and reduce protein flow to the intestine.  

For this purpose there is a need to supply readily fermentable nitrogen and minerals as well 

the “unknown” factors often associated with green feeds (Preston and Len 2009). However, 

even when the needs of rumen micro-organisms are met, basal diets such as rice straw must 

also be supplemented with sources of bypass or escape protein (Preston and Leng 2009) in 

order to meet the requirements for production. In this respect cassava foliage has proved to be 

a valuable supplement in diets that otherwise supply only rumen nutrients (Ffoulkes and 

Preston 1978). Several authors showed that on diets of rice straw fed to growing cattle, rates 

of live weight gain were increased by supplements of fresh cassava foliage (Seng Mom et al 

2001), cassava leaf meal (Ho Thanh Tham 2008) and sun-dried cassava hay (Keo Sath et al 

2008).    
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Impact of global greenhouse gases    

Greenhouse gas (GHG) emissions have become an increasingly important topic worldwide 

due to their effects on global warming and climate change. Since the industrial revolution in 

the 1750’s, there has been a global increase in atmospheric concentrations of GHGs. 

Evidence that the global temperature is increasing (IPCC 2007) has resulted in an 

international effort to reduce anthropogenic GHG emissions to the atmosphere.  

Sources of GHG emissions include fossil fuel use, enteric fermentation from livestock and 

manure management, rice agriculture, biomass burning and waste management. The 

remaining emissions come from natural sources including wetland, gas hydrates, permafrost, 

termites, oceans, freshwater bodies, non-wetland soils, volcanoes and wildfires (IPCC 2007, 

Sejian et al 2011). The largest growth in GHG emissions has come from energy supply and 

transport and industry, while emissions from residential and commercial building and 

agriculture sectors have been growing at a slower rate.   

According to Smith et al (2007) agriculture produces 10-12% of total global anthropogenic 

greenhouse gas emissions, contributing 50% of all anthropogenic methane (CH4). Ruminant 

livestock animals are a major source of total anthropogenic emissions producing an estimated 

80 million tonnes of CH4 annually accounting for 33% of anthropogenic emissions of CH4 

(Beauchemin et al 2008). There is therefore an urgent need to develop ways of reducing 

methane production from ruminants which are major contributors to global warming 

(CONAM 2001).  

Ruminants and the environment  

Methane formation in the rumen is important for the ruminant animal because it removes 

hydrogen (H2) arising from the fermentation of feed that would otherwise accumulate and 

have adverse effects for rumen function (Moss et al 2000). The methanogens in the rumen 

maintain low H2 concentrations, which allow the primary fermentation of feed to proceed 

(Buddle et al 2011). The net effect of CH4 formation is that four moles of H2 are removed for 

each mole of CO2 reduced to CH4 (Table 2). The free energy change (∆G) associated with 

CH4 production phosphorylates adenosine di-phosphate (ADP) to form adenosine tri-

phosphate (ATP), which provides energy for maintenance and growth of the methanogenic 

archaea (Russell and Wallace 1997).  

 

Table 2. Key reactions in the rumen and free energy (∆G) change that is available for doing work 

Reaction Formula (∆G) (KJ/M) 

Glucose to acetate C6H12O6 + 2H2O                    2C2H4O2 + 4H2 + 2CO2  - 142.4 

Glucose to propionate C6H12O6 + 2H2                       2C2H6O2 + 2H2O - 303.9 

Glucose to butyrate C6H12O6                                 C4H8O2 + 2H2 + 2CO2  - 233.1 

Glucose to lactate  C6H12O6                                 2C3H6O3  - 116.8 

Lactate to propionate  C3H5O3 + H2                          C3H5O2 + H2O  - 93.6 

Methanogenesis CO2 + 4H2                                  CH4 + 2H2O - 134.9 

Acetogensis*  2CO2 + 4H2                           C2H4O2 + 2H2O  - 72.2 

ATP generation ADP + Pi                                    ATP + H2O - 10.4 

* not demonstrated in the rumen 

H2O: water; H2: hydrogen; CO2: carbon dioxide; CH4: methane; Pi: high energy phosphate; ADP: adenosine 

di-phosphate; ATP: adenosine tri-phosphate; M: mole 

Source: Kohn and Boston (2000) 
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Methane production from ruminant digestion not only contributes to the global greenhouse 

effect (Rossi et al 2001), but it also represents a substantial waste of feed energy (Waghorn et 

al 2007). As a percentage of gross energy (GE) consumed by ruminants, 2 to 12%, is lost as 

CH4. This variation is associated with factors including diet quality. Losses from ruminants 

grazing temperate forages are typically 5 to 7% of GE intake (GHI) (Lassey et al 1997, 

Pinares-Patino et al 2003d). In general, CH4 emissions are closely related to the digestible 

OM intake (DOMI). About 55 to 65% of digestion occurs in the rumen (Moss et al 2000, 

Waghorn et al 2007), but the rumen does not account for all of the CH4 produced by the 

animal. It has been estimated that 10 to 30% of OM digestion occurs in the hindgut (Moss et 

al 2000) and while its contribution may be relatively small, the hindgut does produce and 

contribute to overall CH4 emissions (Ellis et al 2008).   

Increased demand for global supply of animal products will drive an increase in livestock 

populations, resulting in higher total emissions of CO2, CH4 and N2O and result in greater use 

of N fertilizers. This is a concern for the environment and as a consequence research in 

pastoral situations is now re-focused on increased use of legume forages in pastures to 

overcome some environmental issues. According to (Waghorn et al 2002), sheep fed fresh 

forages such as white clover (Trifolium repens), lotus major (Lotus pedunculatus) and other 

legumes (Waghorn et al 2002) had much lower CH4 yields. The lower CH4 yields from sheep 

fed alternative forage species present an opportunity for GHG mitigation whilst increasing 

animal productivity. 

Methane emissions from ruminants 

Methane from ruminants is produced when feed macromolecules are fermented by 

microorganisms in the gastro-intestinal tract (GIT). The catabolism yields volatile fatty acids 

(VFAs), CO2, ammonia (NH3), H2 and heat. Volatile fatty acid and NH3 are absorbed via the 

rumen wall, where CO2 is both absorbed and eructed (Preston and Leng 1987). Methane 

production is the last step of the fermentation process and is carried out by methanogenic 

archaea (methanogens), which in the rumen predominately utilize H2 as an energy source to 

reduce CO2 to CH4. According to Moate et al (1997) the methane produced by methanogens 

accounts for about 25% of ruminal gases and it is absorbed and eructed with CO2. Cattle 

produce about 150 to 420 L of CH4 per day (107 to 300 g CH4/day) and sheep about 25 to 55 

L per day (18 to 39 g CH4/day), depending on intake (Czerkawski 1969, Holter and Young 

1992, McAllister et al 1996).   

Methanogens comprise a range of species and populate the rumen at 10
8
 to 10

10
 cell/litre of 

rumen fluid (Stewart, 1991, Kumar et al 2009). Although H2 and CO2 are preferred 

substrates, formate, acetate, methanol and mono-, di and tri-methylamine can also be utilized 

as substrate for CH4 formation (Wolin et al 1997). Cleavage of methyl groups from 

compounds such as pectin, methylamines and methylated suphides, can also serve as 

precursors for CH4 formation; as well as breakdown products of methylated amino 

compounds and methionine (Ellis et al 2008). Short chain alcohols can also serve as electron 

donor for CO2 reduction; where secondary alcohols are oxidized to ketones and primary 

alcohols are reduced to carboxylic acids (Widdel 1986, Zellner and Winter 1987).   

Methanogens are unique because they have a high affinity for very low H2 concentrations 

(Stewart 1991). They are consistently more competitive for H2 compared to other H2 utilizing 

microbes (i.e. sulphate reducing bacteria and acetogenic bacteria) because they use pathways 

with a more negative change in free energy (∆G) (Janssen 2010). For example, an alternative 

H2 utilizing pathway is the reduction of CO2 to acetate (acetogenesis), which is 
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thermodynamically less favorable (∆G= - 72.2 KJ) than the reduction of CO2 to CH4 (∆G= -

134.9KJ) (Kohn and Boston 2000). A negative ∆G enables a reaction to produced, so in 

conditions where species are using fermentation pathways with a large negative ∆G, they will 

dominate the microbial community (Janssen 2010).    

Digestion and fermentation in the rumen  

Forage digestion, especially of plant cell walls, arises from a symbiotic association between 

the host ruminant and gut microflora (bacteria, archaea, protozoa and fungi) (Akin 1993). The 

majority of digestion takes place in the reticulo-rumen (termed rumen), which is the primary 

source of CH4 and the remainder in the lower gut (mainly caecum and colon). In general, 55 

to 65% of the apparent OM digestion takes place in the rumen, about 20 to 30% in the small 

intestine and 5 to 15% in the large intestine (Waghorn et al 2007).  

The rumen functions as a large anaerobic fermentation vat buffered with bicarbonate from 

saliva to maintain the pH between 5.6 and 6.8 and temperature is about 39
.
C (Hungate 1966, 

Kolver and De Veth 2002). A pH between 6.0 and 6.8 provides an ideal environment for the 

microflora and enzymes from rumen microbes responsible for fermentation of the feed (Leng 

1984, Fisher et al 1995). As well as mechanisms involved in feed retention (e.g. chewing and 

particle size reduction), the rumen system allows ingested feed to be retained for an extended 

period. This enables extensive digestion by microbial enzymes, and is assisted by cell rupture 

and breakdown through mastication and rumination (Leng 1984). Rumen contractions move 

and mix the contents ensuring contact between microorganisms and particles and facilitate 

eructation of gases (Leng 1984).  

During the fermentation process, energy is conserved in the form of ATP and utilized for the 

maintenance and growth of the microbial population (France and Dijkstra 2005). Dietary 

carbohydrates such as cellulose, hemicellulose, pectin, starch and soluble sugar are degraded 

to hexoses and pentose before being fermented to VFAs via pyruvate (France and Dijkstra 

2005). The products of fermentation are primarily acetate, propionate and butyrate, and NH3 

from proteolysis, with CO2 and H2 (Janssen 2010). Acetyl-Co A is an intermediate in the 

formation of both acetate and butyrate from pyruvate, while propionate formation occurs 

mostly via the succinate pathway from pyruvate.  

In addition to production of microbial biomass, small concentrations of formate, ethanol, 

lactate and succinate are produced during fermentation. Proteins are hydrolyzed to ammonia 

and peptide; each amino acid is then delaminated to CH3 and a fatty acid (Wallace et al 

1997). Dietary lipids are hydrolyzed by bacterial lipases into glycerol and their constituent 

long-chain fatty acids (LCFAs). The complex fermentation system results in varying amounts 

of H2 formation and consequently CH4 (Janssen 2010).  

The proportions of VFAs produced from digestion are important for ruminant production 

because they differ in their end uses and in the efficiency of energy capture. The ratio of 

glucogenic (propionate) to non-glucogenic (acetate and butyrate) VFAs will affect the 

energetic efficiency and composition of the products (milk and meat) from the ruminant 

(Bannink and Tamminga 2005). When host energy needs are met, surplus acetate and 

butyrate must be stored as fat (Waghorn et al 2007). Propionate is more versatile and may be 

converted to glucose or to glycogen for storage, as well as to fatty acids (McDonald et al 

2002). Propionate production in the rumen represents a 7% increase in the efficiency of 

energy capture from hexoses relative to acetate (Beever 1993) and results in a net utilization 

of H2, while production of acetate and butyrate yield H2 (Figure 1).  
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Figure 1. Fermentation pathways in the rumen.  Source: Ungerfeld and Kohn (2006) 

Hydrogen and methanogenesis  

Anaerobic fermentation reactions are controlled by reduced cofactors (nicotinamide 

adenosine dinucleotide, NADH; nicotinamide adenosine dinucleotide phosphate, NADPH; 

and flavin adenosine dinucleotide, FADH), which are oxidized (NAD
+
, NADP

+
, FAD

+
) by 

the donation of electrons to hydrogen ions (H
+
) to form H2 (Hino and Asanuma 2003; Martin 

et al 2010; Kittelmann and Janssen 2011). These cofactors are required for energy generation 

(as ATP) for microbial growth, and most of the H2 produced in the rumen is used for 

methanogensis (Janssen 2010).  

The total pool of H2 in the rumen is small and the concentration of dissolved H2 is 0.1 to 50 

µM. The rate of CH4 formation is determined by the rate at which H2 enters the dissolved 

pool, because the partial pressure of H2 drives methanogenesis (Janssen 2010). Methanogens 

maintain a low H2 partial pressure in the rumen, which prevents oxidation of NADH to form 

products such as ethanol or lactate (Miller 1995), with the release of H2. If H2 accumulates, 

the oxidation of NADH is inhibited because it is thermodynamically unfavorable and because 

of feedback inhibition. Microbial growth, forage digestion and the associated production of 

acetate, butyrate and propionate is inhibited when NAD
+
, NADP

+
, and FAD

+
 accumulate 

(Joblin 1999) and this will stop fermentation.   

Requirement of non-protein nitrogen source to reduce methane emissions  

Enteric CH4 is produced under anaerobic conditions in the rumen, by methanogenic Archaea 

that gain energy by reducing CO2 with H2 to form CH4. Leng (2008) proposed that nitrate 

could potentially replace urea in low protein diets to provide a source of rumen ammonia and 

at the same time provide a hydrogen sink to reduce enteric methane production. The use of 

nitrate as a source of rumen fermentable nitrogen had previously been discouraged, due to the 

possible toxic effects of nitrite that under some circumstances is formed as an intermediate 

during the reduction of nitrate to ammonia in the rumen (Leng and Preston 2010). Nitrate is 
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not toxic to ruminants but absorbed nitrite binds haemoglobin forming methaemoglobinaemia 

which lowers the oxygen carrying capacity of blood.  Nitrite accumulates in rumen fluid 

when nitrate is suddenly introduced by an intra-ruminal injection (Lewis 1951). Trinh Phuc 

Hao et al (2009) showed that nitrate could be safely fed as the major source of fermentable N 

to goats provided the animals were adapted to the diet over a period of 2 weeks.  

It has been suggested that the use of nitrate as a source of fermentable nitrogen for rumen 

microbial synthesis will be facilitated if there is no competing source of ammonia in the diet, 

such as a readily fermentable protein. The suggestion is that nitrate reduction to ammonia 

could be suppressed by end product feed-back inhibition from high ammonia levels in rumen 

fluid (Leng 2008).  

Potential of cassava foliage as sources of bypass protein for ruminants  

Many developing countries are faced with the challenge of rapidly increasing populations 

without depleting the natural resource base. With the increasing use of cereal grains for 

human food, cassava (Manihot esculenta, Crantz) has been identified as a possible 

replacement for grain in the diet of animals, if properly supplemented with protein, minerals 

and in some cases, essential vitamins. The crop has multiple advantages including good yield, 

tolerance of poor soils, drought resistance and can be left in the ground, thus permitting 

staggered harvests. Cassava production in Laos is yearly mainly for root production by small-

holder farmers in upland areas. The crop’s starchy roots are mainly sold for use as animal 

feed and industrial processing but also serve as a secondary staple food.  

Cassava foliage 

Cassava is currently the third most important crop in Laos, after rice and maize. It is widely 

grown throughout the country by upland farmers but in small areas using local varieties and 

with very few inputs (CIAT 2001). Roots or tubers can be harvested between 7 and 18 

months, depending on variety. The potential use of cassava foliage as an animal feed has 

recently been studied and described by several authors. Phuc et al (2001) investigated the use 

of cassava foliage as a feed for pigs and poultry. Van et al (2001) and Khang (2004) 

described the foliage of cassava as a protein source for small ruminants and cattle. The tubers 

are rich in energy and the foliage or leaves have high protein content (Preston 2001), and can 

be used for animal feeding. A high edible biomass yield has been reported, ranging from 3.8 

to 7.9 tones DM/ha (Tung et al 2001; Van et al 2001; Hong et al 2003; Wanapat 2003; Khang 

2004; Vongsamphanh 2004; Thang 2005; Wanapat 2008). Protein content in cassava leaves 

ranges between 160 g to 250 g/kg dry matter (DM) and with almost 85% of the crude protein 

(CP) fraction as true protein (Ranvindran 1993).   

Feeding fresh cassava foliage to cattle and goats did not show any effect of toxicity from 

HCN or tannin, when the cassava was managed as semi perennial forage with repeated 

harvests at 50-80 day interval under fertilization (Seng Mom et al 2001; Seng Sokerya and 

Rodriguez 2001; Theng Kouch et al 2003). In fattening cattle, Ffoulkes and Preston (1978) 

reported that the fresh foliage could be used as the sole source of protein and fibre for 

supplementing a liquid diet of molasses-urea, supporting growth rates of more than 800 g/day 

in fattening cattle. Similarly, Seng Mom et al (2001) reported that when fresh cassava foliage 

was given to local "Yellow" cattle fed rice straw and rumen supplement, the daily weight 

gain increased from 210 to 302 g/day while Le Huu Khoung and Doung Nguyen Khang 

(2005) reported that increasing levels of fresh cassava foliage increased total DM intake and 

rate of live weight gain.  
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Up to the present time, the potential of cassava foliage as a protein source in ruminant feeds 

has not yet been fully exploited. The main reason for this is probably the content of hydrogen 

cyanide (HCN), which may affect animal health. Different kinds of processing like sun 

drying or ensiling, will reduce the cyanide content of cassava foliage to a level which is safe 

for cattle (Khieu Borin et al 2005; Phengvichith and Ledin 2007). Cassava leaves are known 

to contain variable levels of condensed tannins (0.26% in DM, Wanapat et al, 2000; 3.2% in 

DM, Netpana et al 2001; 3.2% in DM, Bui Phan Thu Hang
 
and Ledin 2005).  Condensed 

tannins at moderate levels are known to have positive effects on the nutritive value of the 

feed by forming insoluble complexes with dietary protein, resulting in "escape" of the protein 

from the rumen fermentation (Barry and McNabb 1999). A five-fold increase in N retention 

of goats fed ammoniated rice straw (by ensiling with urea) to intake of fresh cassava leaves at 

1% of live weight (DM basis) was reported by Ho Quang Do et al (2002).  

The negative impact is caused by the HCN and the tannins in cassava foliage. When there is 

high tannin content in forage the tannins are probably combined with protein to form 

indigestible complexes, which result in low feed intake and performance (Barry and McNabb 

1999; Man and Wiktorsson 2001). The HCN is an anti-nutritional factor in cassava foliage 

when fed to animals, as reported in many studies (Poonam and Hahn 1984; Dufour 1988; 

Ravindran 1993; Wanapat 2008). In principle, cyanogen is hydrolysed by enzymes to release 

HCN, which can take place in the rumen by microbial activity. Then the HCN is absorbed 

rapidly to the blood and detoxified in the liver by the enzyme rhodanese, which converts CN 

to thiocyanate (SCN) which is excreted in the urine (Kumar 1992). However, excess cyanide 

ions inhibit cytochrome oxidase and consequently stop ATP formation and tissues suffer 

energy deprivation and death quickly follows.  

The presence and role of condensed tannins in cassava leaves was discussed by Reed et al 

(1982). Tannins in cassava leaves have been shown to increase with maturity (Gomez and 

Valdivieso 1984; Ravindran and Ravindran 1988) and also to vary between cultivars 

(Padamaja 1989). It was reported that tannin content in fresh cassava leaves varied from 30 to 

50 g/kg DM (Ravindran 1993) and from 32.6 to 43 mg/kg in sun-dried cassava leaves 

(Wanapat 2003; Netpana et al 2001). Free tannin contents of cassava leaves were markedly 

lowered by drying (Padmaja 1989). Similar effects were also found by Khang (2004) and 

Borin (2005), who reported that sun drying and ensiling reduced tannin contents in cassava 

foliage, although ensiling after sun wilting was more effective. Tannin content was reduced 

from 3.51% in fresh cassava foliage to 2.42% and 2.74% after drying and ensiling, 

respectively. HCN and tannin contents of cassava leaves processed in different ways are 

summarized in Table 3.  

 
Table 3. HCN and tannins contents of cassava leaves processed in different ways 

 HCN (mg/kg DM) Reference CT (g/kg DM) Reference 

FCF 840 

983 

Man (2001) 

Khang (2004) 

40 

35.1 

Chataprasarn (2005) 

Khang (2004) 

CH 120 

128 

Ho Bunyeth (2005) 

Dung (2003) 

31 

23 

Wanapat et al (2000) 

Dung (2003) 

PCF 341 Khang (2004) 24.2 Khang (2004) 

ECF  
408 

292 

Khang (2004) 

Man (2001) 

27.4 

45 

Khang (2004) 

Man (2001) 

CLM  -  31 Khang (2004)  

CT= Condensed tannins; FCF= Fresh cassava foliage; CH= Cassava hay; PCF= Pelleted cassava foliage; 

ECF= Ensiled cassava foliage; CLM= Cassava leaf meal 
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Numerous studies have shown the potential of the tannin content in cassava leaves to play an 

anthelminthic role for the control of nematode parasites in ruminants (Seng Sokerya and 

Preston 2003; Neptpana et al 2001; Le Huu Khoung and Doung Nguyen Khang 2005). In an 

experiment with urea-treated rice straw fed to Sindhi x yellow cattle plus 0.72 kg DM/day of 

Napier grass and 0.26 kg DM/day of cassava root meal per 100 kg LW, provision of 100 g 

CP/day of fresh cassava foliage per 100 kg LW increased LW gain with an indication of 

reduced levels of nematode eggs in the faeces (Khuong and Khang 2005).  

Mimosa foliage 

Mimosa pigra has been shown to support high growth rates when fed as the sole diet to goats 

(Thu Hong et al 2008). The authors postulated that this could be explained by the high 

content of condensed tannins conferring “rumen escape’ qualities on the protein. Mimosa is 

considered to be an invasive weed in many tropical countries (Tran Triet et al 2007); 

however, if a positive use could be found for the plant as an animal feed supplement it could 

become a useful plant rather than an environmental menace.  

Potential of condensed tannins in foliage to reduce methane production   

Improving diet quality can both improve animal performance and reduce CH4 production, but 

also improve efficiency by reducing CH4 emissions per unit of animal product. Recent studies 

have shown that plant secondary metabolites (PSM) at low concentrations could be used to 

manipulate rumen fermentation favorably. At appropriate dose level, saponins or saponin-

containing plants have been shown to suppress protozoal population, increase bacteria and 

fungi population, increase propionate production, and yield and efficiency of microbial 

protein synthesis as well as to decrease methanogenesis hence improve performance in 

ruminants (Diaz et al 1994; Makkar et al 1995; Hess et al 2003). Tannins especially 

condensed tannins (CT) also decrease methane production and increase efficiency of 

microbial protein synthesis as reported by (Makkar et al 1995). Condensed tannins (CT) were 

generally found to have a higher value in mature cassava leaves, but levels were lower in 

cassava hay harvested at a young stage (Wanapat 2001).  

Condensed tannins (CT) have been shown to reduce CH4 production by 13 to 16% (DMI 

basis) (Carulla et al 2005; Grainger et al 2009; Waghorn et al 2002; Woodward et al 2004), 

mainly through a direct toxic effect on methanogens. However, high condensed tannins (CT) 

concentrations (>55 g CT/kg DM) may reduce voluntary feed intake and digestibility 

(Beauchemin et al 2008; Grainger et al 2009; Min et al 2003). Plant saponins also hold 

potential to reduce CH4, with some saponin sources more effective than others, with CH4 

suppression attributed to their anti-protozoal properties (Beauchemin et al 2008).   

Conclusions 

 Crop residues especially rice straw are important feed resources for ruminants in SE 

Asia. Their feeding value can be improved by simple methods involving the use of 

readily available chemicals such as urea and lime.  

 Ruminants are a major source in agriculture of anthropogenic methane emissions 

through enteric CH4 produced under anaerobic conditions in the rumen, by 

methanogenic Archaea that gain energy by reducing CO2 with H2 to form CH4. Use of 

nitrate salts as a source of non-protein nitrogen in ruminant diets can act as a 
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hydrogen sink to reduce enteric methane production and also provide a source of 

rumen ammonia for micro-organisms. 

 Foliage of cassava and mimosa can be potentially valuable supplements for ruminant 

animals, as the presence of condensed tannins confers “rumen escape’ qualities on the 

protein. Tannin-rich plants can also have potential to reduce methane production.  
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Abstract 

An in vitro incubation system was used to evaluate the following treatments in a completely 

randomized 2*2 factorial arrangement with 4 replications;  Cassava leaf meal plus urea 

(CLM-U),    Cassava leaf meal plus calcium nitrate (CLM-CaN), Mimosa pigra leaf meal 

plus urea (MLM-U) and Mimosa leaf meal plus calcium nitrate (MLM-CaN). The basal 

substrate was cassava root meal.   

Gas production did not differ between calcium nitrate and urea but was higher for mimosa 

than for cassava leaf meal after 48 hours of fermentation. The percentage of methane in the 

gas was lower for calcium nitrate than for urea at all incubation times but the degree of 

difference decreased with the length of the incubation. After 9 h of fermentation, nitrate 

reduced methane production by 53 and 48%, compared with urea on the mimosa and cassava 

leaf meal supplements. There were no consistent differences between the cassava and 

mimosa leaf meals in the methane content of the gas.  Methane production increased, and the 

effect of the nitrate decreased, with fermentation time the trend being similar for both sources 

of leaf meal. The proportion of the substrate DM that was fermented in 48 h did not differ 

between sources of NPN nor between the two leaf meals. Overall, the production of methane 

per unit of substrate fermented was decreased by 32% when calcium nitrate replaced by urea 

as the NPN source. In vitro systems of feed evaluation should carefully select incubation 

times to represent more closely the period dominated by primary fermentation.  

Key words: Climate change, gas production, Greenhouse gases, tannins, urea 

Introduction 

According to Smith et al (2007) agriculture produces 10-12% of total global anthropogenic 

greenhouse gas emissions, contributing 50% of all anthropogenic methane (CH4). Ruminant 

livestock animals are a major source of total anthropogenic emissions producing an estimated 

80 million tonnes of CH4 annually accounting for 33% of anthropogenic emissions of CH4 

(Beauchemin et al 2008). There is therefore an urgent need to develop ways of reducing 

methane production from ruminants which are major contributors to global warming 

(CONAM 2001).  

mailto:inthapanyasangkhom@yahoo.com
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Enteric CH4 is produced under anaerobic conditions in the rumen by methanogenic Archaea 

that gain energy by reducing CO2 with H2 to form CH4. Leng (2008) proposed that nitrate 

could potentially replace urea in low protein diets to provide a source of rumen ammonia and 

at the same time provide a hydrogen sink to reduce enteric methane production. The use of 

nitrate as a source of rumen fermentable nitrogen had previously been discouraged, due to the 

possible toxic effects of nitrite that under some circumstances is formed as an intermediate 

during the reduction of nitrate to ammonia in the rumen (Leng and Preston 2010). Nitrate is 

not toxic to ruminants but absorbed nitrite binds haemoglobin forming methaemoglobin 

which lowers the oxygen carrying capacity of blood.  Nitrite accumulates in rumen fluid 

when nitrate is suddenly introduced by an intra-ruminal injection (Lewis 1951). Trinh Phuc 

Hao et al (2009) showed that nitrate could be safely fed as the major source of fermentable N 

to goats provided the animals were adapted to the diet over a period of 2 weeks.  

It has been suggested that the use of nitrate as a source of fermentable nitrogen for rumen 

microbial synthesis will be facilitated if there is no competing source of ammonia in the diet, 

such as a readily fermentable protein. The suggestion is that nitrate reduction to ammonia 

could be suppressed by end product feed-back inhibition from high ammonia levels in rumen 

fluid (Leng 2008). This requires that any supplementary protein should be mainly in the form 

of ‘bypass’ protein that will escape the rumen fermentation. When low protein feeds are the 

major component of the diet such bypass protein will have a stimulatory effect on feed intake 

and production (Preston and Leng 1987). The protein in cassava (Manihot esculenta, Crant) 

leaves is considered to be a good source of bypass protein (Ffoulkes and Preston 1978; 

Wanapat et al 1997; Keo Sath et al 2008). It is widely cultivated in all tropical counties and is 

thus logical forage to provide the additional protein required in diets high in non-protein 

nitrogen.  

Recently, the foliage of Mimosa pigra has been shown to support high growth rates when fed 

as the sole diet to goats (Thu Hong et al 2008). The authors postulated that this could be 

explained by the high content of condensed tannins conferring “rumen escape’ qualities on 

the protein. Mimosa is considered to be an invasive weed in many tropical countries (Tran 

Triet et al 2007). However, if a positive use could be found for the plant as an animal feed 

supplement it could become a useful plant rather than an environmental menace.  

In vitro fermentation procedures to evaluate the nutritive value of feeds were first promoted 

by Tilly and Terry (1963) and were subsequently developed by Ørskov et al (1980) and 

Menke and Steingass (1988) among others.  An in vitro method was used recently by Khan 

and Chaudhry (2009) to evaluate the effect of spices as potential modifiers of methane 

production in diets for ruminants.  

The purpose of the present study was to develop and use a simple in vitro method to screen 

the potential methane production from a diet based on cassava root as the energy source 

supplemented with protein from mimosa or cassava leaves, using calcium nitrate and urea as 

sources of non-protein nitrogen. 

Hypothesis 

Giving calcium nitrate rather than urea will reduce the methane production in a diet based on 

cassava root meal with mimosa or cassava leaf meals as the source of protein.  
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Materials and Methods  

Location 

The experiment was conducted in the laboratory of the Faculty of Agriculture, An Giang 

University, Vietnam, from August to October 2010.  

Treatments and experiment design 

An in vitro incubation system was used to evaluate the following treatments in a completely 

randomized 2*2 factorial arrangement with 4 replications 

         Cassava leaf meal plus urea (CLM-U)  

         Cassava leaf meal plus calcium nitrate (CLM-CaN) 

         Mimosa leaf meal plus urea (MLM-U) 

         Mimosa leaf meal plus calcium nitrate (MLM-CaN)  

The basal substrate was cassava root meal (CRM).  
 

Table 1. Ingredients in the substrate, g 

  
Urea CaN 

CLM MLM CLM MLM 
Cassava root meal 8.76 8.76 8.34 8.34 
Cassava leaf meal 3.00 

 
3.00 

 Mimosa leaf meal 
 

3.00 
 

3.00 
Urea 0.24 0.24 

  Ca(NO3)2.4H20 
  

0.66 0.66 
 12.0 12.0 12.0 12.0 

The in vitro system 

Recycled water bottles (capacity 1500 ml) were used for the fermentation and collection of 

the gas (Photo 1). A hole was made in the lid of each of the bottles, which were inter-

connected with a plastic tube (id 4 mm).  The bottle receiving the gas had the bottom 

removed and was suspended in a larger bottle (5 litre capacity) partially filled with water, so 

as to collect the gas by water displacement. The bottle that was suspended in water was 

calibrated at 50 ml intervals to indicate the volume of gas.  
 

 

 

Photo 1. The in vitro system  Photo 2. Using "plasticine" to seal the junction 

between the gas inlet tube and the bottle used 

to measure gas volume by water displacement 



43 

 

Preparation of diets and rumen fluid  

The components of the substrate (cassava root and mimosa leaves or cassava leaves) were 

chopped into small pieces and dried in an oven at 105
 °
C

 .
for 24 h prior to being milled in a 

coffee grinder. They were then mixed with the source of NPN (calcium nitrate or urea).  A 

representative sample of the mixtures (12 g DM) (Table 1) was put in the fermentation bottle 

to which was added 0.96 litres of buffer solution (Table 2) and 240 ml of rumen fluid 

(obtained from a newly slaughtered buffalo in the town abattoir), prior to displacing the air 

with carbon dioxide. Each junction of the connecting tube with the bottles was covered by 

"plasticine" (modelling clay) to ensure a gas-tight seal (Photo 2). The bottles with substrate 

were then incubated at 38
°
C in a water bath for 48h.   

 

Table 2. Ingredients of the buffer solution  
Ingredients CaCl2 NaHPO4.12H2O NaCl KCl MgSO4.7H2O NaHCO3 Cysteine 
(g/liter) 0.04 9.30 0.47 0.57 0.12 9.80 0.25 
Source: Tilly and Terry 1963 

Data collection and measurements  

Gas production was estimated by water displacement and the percentage of methane was 

measured (by infra-red sensor, Crowcom Instruments Ltd, UK; Photo 3), after 9, 18 and 48h 

of fermentation. At the end of the incubation the total gas volume and total methane 

production were calculated. Residual insoluble DM from the substrate was determined by 

filtration through cloth (Photo 3) and drying the residues at 100°C for 24 h.  

 

 

 

Photo 3.  Measurement of  methane 

with the Crowcom meter 

Photo 4. The substrate residue 

filtered through cloth 

Statistical analysis 

The data from each treatment were analyzed by the General Linear Model (GLM) option in 

the ANOVA program of the Minitab Software (version13.2) (Minitab 2000).  

Sources of variation in the model were: substrate, NPN source, interaction substrate*NPN 

source and error.  

Results and Discussion 

Gas production did not differ between fermentation supported by either calcium nitrate or 

urea but was higher for the substrate mixes containing mimosa foliage than for cassava leaf 

meal after 48 hours of fermentation (Table 3). The percentage of methane in the gas was 
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lower for calcium nitrate than for urea over all incubation times but the difference decreased 

with increasing time of the incubation (Figure 1). There were no consistent differences in 

methane production between the flasks containing cassava and mimosa leaf meals. The 

proportion of the insoluble DM that was degraded in 48 h did not differ between sources of 

NPN nor between the two leaf meals. Overall, the production of methane per unit of substrate 

fermented was decreased by 32% when calcium nitrate replaced urea as the NPN source.  

 

Table 3. Mean values for gas production, percentage of methane in the gas, substrate fermented and methane 

production per substrate fermented according to source of protein and NPN 

 Protein source NPN source 
  CLM MLM P CaN Urea P SEM 

Gas production, ml 

0-9h 769 863 0.20 694 938 0.04 48.6 

10-18h 725 763 0.53 688 738 0.39 34.3 

19-48h 413 375 0.030 575 463 0.17 35.9 

Total 1906 2094 0.020 1894 2106 0.35 55.8 

Methane, % 

0-9h 17.0 16.3 0.20 11.1 22.1 0.001 0.39 

10-18h 25.4 23.4 0.001 21.8 27.0 0.001 0.30 

19-48h 43.3 36.4 0.003 38.1 41.5 0.091 1.30 

DM fermented after 48h, % 63.8 64.8 0.73 62.6 66.0 0.26 2.03 

Methane, ml/g DM fermented 65.8 66.5 0.87 57.2 75.1 0.002 3.11 

 

 

Figure 1. Effect of fermentation time on methane content of the gas  

The increase in the methane content of the gas with increasing time of incubation may reflect 

the likely order of use of fermentation substrates. Initially any soluble sugars, starches and 

proteins will be degraded by the microbial consortium with a much slower hydrolysis of 

structural carbohydrates such as cellulose and hemicelluloses and insoluble protein, all of 

which are also fermented to VFA. As the more digestible components of the substrate are 

solubilized and converted into VFA there will be a change in the microbial population to 

those organisms that utilize VFA as an energy source (similar to the reactions that occur in a 

biodigestor) with the production of methane and carbon dioxide gas. In the rumen the short 
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turnover time of rumen contents ensures that most of the digestible energy is contained in the 

VFA and microbial biomass, and methane production is limited. However, as the 

fermentation moves into a secondary fermentation considerable amount of the VFA energy 

are released as methane and microbes lyse to provide substrate for other organisms to grow. 

In both primary and secondary fermentation, nitrate can act as a high affinity electron 

acceptor but the residual nitrate after 9 hours may primarily limit the effectiveness in 

reducing methane. The longer incubation times may also be sufficient to allow denitrification 

to nitrogen of any non-protein nitrogen, also diluting the methane percentage, whilst 

increasing gas production. It is also likely that sulphur compounds will act as high affinity 

electron acceptors when nitrate is fully utilized with time of incubation. The sulphur content 

of the substrate was unlikely to be higher than 0.4% of the dry matter so that the hydrogen 

sulphide produced would be small. However, the smell of hydrogen sulphide is likely to 

indicate the time for termination of any experiment since it indicates the exhaustion of nitrate 

which is a potent inhibitor of sulphur reducing bacteria (Bracht and Kung 1997).  The result 

after 9 h of incubation, for which the reduction in methane was 50%, is probably more 

indicative of the in vivo situation. The per cent reduction in methane production by replacing 

urea by a nitrate salt is in agreement with recently published studies with sheep (Nolan et al 

2009; Van Zijderveld et al 2010a, b), goats (Iv Sophea et al 2010; Nguyen Ngoc Anh et al 

2010; Ngoc Huyen Le Thi et 2010) and cattle (Do Thi Thanh Van et al 2010) and in vitro 

(Guo et al 2009). 

The in vitro system used in this study was simple to install and operate, and is especially 

relevant for use in developing countries where conventional laboratory glassware is not 

always available. However, future experiments with this system should be restricted to 

incubation times not exceeding 12 hours to make the results more applicable to the in 

vivo situation in ruminant livestock. 

Conclusions 

 After 9 h of fermentation, nitrate reduced methane production by 53 and 48%, 

compared with urea on the mimosa and cassava leaf meal supplements, respectively.   

 Methane production increased, and the effect of the nitrate decreased, with 

fermentation time the trend being similar for both sources of leaf meal.   

 In vitro systems of feed evaluation should carefully select incubation times to 

represent more closely the period dominated by primary fermentation. 
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Abstract 

The aim of this study was to evaluate the effect of combining alkali treatment of rice straw 

with non-protein nitrogen (NPN) from nitrate in reducing methane production in an in vitro 

incubation system. The treatments in a split-plot 2*6 arrangement with four replications 

were: alkali treated straw with NaOH (0; 1; 2; 3; 4%) plus lime (Ca(OH)2) (4; 3; 2; 1; 0%) or 

untreated straw, and as NPN source  potassium nitrate or urea. All treatments had fresh 

cassava leaf as protein source.  The quantity of substrate was 12 g to which were added 240 

ml rumen fluids (from slaughtered buffalo) and 960 ml of buffer solution. The incubation was 

for 24 h with measurements of total gas production, methane percentage at intervals of 4, 8, 

12, 16 and 24 hours and determination of residual unfermented substrate at the end. 

The proportion of substrate fermented after 24 h was increased by NaOH-lime treatment and 

tended to increase as lime replaced NaOH. There was no consistent effect of alkali treatment 

on methane percentage in the gas nor on methane production per unit substrate. Total gas 

production and methane percentage increased with incubation time and the gas production 

and the percentage of methane in the gas were reduced when nitrate replaced urea at 

all fermentation stages. After 24 h, the methane production per unit of fermented substrate 

was less when nitrate replaced urea. It is concluded that lime can replace NaOH as a means of 

increasing the fermentability of rice straw and that methane production is decreased with 

potassium nitrate instead of urea as NPN source. 

Keywords: Alkali, climate change, gas production, greenhouse gases, urea  

Introduction 

The greenhouse gases (GHG) emissions from the agriculture sector account for about 25.5% 

of total global radiative forcing and over 60% of anthropogenic sources (FAO 2009). Animal 

husbandry accounts for 18% of GHG emissions. Emission of methane (CH4) is responsible 

for nearly as much radiative forcing as all other non-CO2 GHG gases combined (Beauchemin 

and McGinn 2005). While atmospheric concentrations of GHGs have risen by about 39% 

mailto:inthapanyasangkhom@yahoo.com
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since pre-industrial era, CH4 concentration has more than doubled during this period (WHO 

2009). Reducing GHG emissions from agriculture, especially from livestock, should 

therefore be a top priority since it could curb global warming fairly rapidly (Sejian et al 

2010).  

Ruminants, such as cattle, buffalo, sheep and goats, are the major contributors of total 

methane agricultural emissions (Leng 1993; Lassey 2007; Chhabra et al 2009). In ruminants, 

the H2 produced in rumen fermentation is normally removed by the reduction of CO2 to 

methane. However, nitrate has a higher affinity for H2 than CO2 and is first used to reduce of 

NO3 to NO2 and then NO2 to NH3, thereby reducing methane production from CO2. Renewed 

recognition that nitrate supplements in ruminants compete successfully for H2 and thus 

decrease methane production is a promising development (Leng 2008).  

The use of nitrate as a source of rumen fermentable nitrogen had previously been discouraged 

due to the possible formation of toxic nitrite under some circumstances during nitrate 

reduction of nitrate to ammonia (Leng and Preston 2010). However, recent research has 

shown that if the adaptation to nitrate is done gradually, toxicity is not a problem (Hao Trinh 

Phuc et al 2009). 

The key to improving the use of crop residues for ruminants is to overcome the inherent 

barriers to rumen microbial fermentation, which in rice straw is the lignification of the 

cellulose and hemicellulose cell wall components, and to provide supplements of fermentable 

nitrogen, vitamins and minerals. Among the strategies to improve the straw fermentation, 

alkaline substances have been the most widely investigated and accepted for practical on-

farm application (Chenost and Kayouli, 1997). The most commonly used alkaline agents are 

sodium hydroxide (NaOH), ammonia (NH3), lime (Ca[OH]2) and urea. Chemical treatments 

appear to be the most practical for on-farm use since inexpensive machinery is 

required, chemicals are relatively cheap and the procedures are relatively simple. Hao Trinh 

Phuc et al. (2009) showed that in goat production studies given a low-protein rice straw diet, 

similar improvements in growth rate and N retention were obtained irrespective of whether 

the animals were supplemented with nitrate or urea. In a similar cattle study, Le Thi Ngoc 

Huyen et al (2010) compared sodium nitrate and urea as iso-nitrogenous sources of 

supplementary N to NaOH-treated rice straw, molasses and cottonseed meal. They found that 

methane production was reduced by nitrate supplementation while feed intake, digestibility 

and growth rate did not differ between treatments.  

The protein in cassava (Manihot esculenta, Crant) leaves is considered to be a good source of 

bypass protein (Ffoulkes and Preston 1978; Wanapat et al 1997; Sath et al 2008). It is widely 

cultivated in all tropical counties and is thus logical forage to provide the additional protein 

required in diets high in non-protein nitrogen.  

The purpose of the present study was to determine if lime (Ca[OH]2) could replace sodium 

hydroxide as an alkaline source to improve straw digestibility, and how this might affect 

methane production in an in vitro incubation, in which the NPN source was either potassium 

nitrate or urea. 

Hypothesis  

The hypotheses to be tested were:  
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 Lime (Ca[OH]2) could replace NaOH to treat rice straw to improve the digestibility in 

an in vitro incubation.  

 Providing the NPN source as potassium nitrate rather than urea will reduce the 

methane production irrespective of the method of treating the straw. 

Materials and methods  

Location and duration  

An in vitro incubation was conducted in the laboratory of the Faculty of Agriculture and 

Forest resources, Souphanouvong University, Luang Prabang province, Lao PDR, from May 

to June 2011.   

Treatments and experimental design   

The experimental design was arranged as a split-plot 2*6 factorial arrangement with four 

replications of the following treatments: 

Source of NPN: 

 Urea  

 Potassium nitrate 

Alkali treatment:  

 NaOH 0%  plus  Ca(OH)2 4% 

 NaOH 1%  plus  Ca(OH)2 3% 

 NaOH 2%  plus  Ca(OH)2 2% 

 NaOH 3%  plus  Ca(OH)2 1%  

 NaOH 4%  plus  Ca(OH)2 0% 

 Untreated  

The main plots (one run with 4 flasks) were the NPN sources; the split plots were the alkali 

treatments.   

Table 1. Ingredients in the substrate (g) 
  Urea KNO3 

Rice straw 8.00 7.55 
Fresh cassava leaf 3.73 3.73 
Urea 0.22   
KNO3   0.72 
  12.0 12.0 

The in vitro system 

The equipment and procedure was that used by Sangkhom Inthapanya et al (2011) (Photos 1 

and 2).  
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Photo 1. The in vitro system Photo 2. Gas production after 

fermentation   

Experimental procedure  

The rice straw was chopped into small pieces of around 1-2 cm of length, then ground (1mm 

sieve). A sample of 500 g was taken to treat with combinations of NaOH (% in straw DM: 0, 

1, 2, 3, 4) and lime (% in straw DM: 4, 3, 2, 1, 0). The alkalis were dissolved / suspended in 

water (50% solution) and applied to the straw, which was then stored in plastic bags at room 

temperature for 14 days. The treated straw was mixed with 30% (DM basis) of fresh cassava 

leaf before the incubation, and with either potassium nitrate (6% of substrate DM) or urea 

(2% of substrate DM) as source of NPN. 

Representative samples of the substrates (12 g DM which included 8 g straw, 3.73g fresh 

cassava leaf, 0.72 g potassium-nitrate or 0.22 g urea) were put in the incubation bottle to 

which were added 0.96 litters of buffer solution (Table 2) and 240 ml of rumen fluid 

(obtained from a recently slaughtered buffalo at the village abattoir), prior to filling each 

bottle with carbon dioxide. The bottles were incubated at 38 
0
C in a water bath for 4, 8, 12, 

16 and 24 h.   
 

Table 2. Ingredients of the buffer solution  
Ingredients CaCl2 NaHPO4.12H2O NaCl KCl MgSO4.7H2O NaHCO3 Cysteine 
(g/liter) 0.04 9.30 0.47 0.57 0.12 9.80 0.25 
Source: Tilly and Terry (1963) 

Data collection and measurements 

The gas volume and the percentage of methane in the gas were recorded at 4, 8, 12, 16 and 24 

h with a Crowcon infra-red analyser (Crowcon Instruments Ltd, UK, photo 3).  At 24 h the 

residual DM in the incubation bottle was determined by filtering through cloth and drying 

(100 
0
C for 24 h) the residue (Photo 4).  
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Photo 3.  Measurement of  methane 

with the Crowcom meter 
Photo 4. The substrate residue 

filtered through cloth 

Chemical analyses 

Samples of straw and fresh cassava leaf were analysed for DM, ash and N according to 

methods outlined in Ly and Nguyen Van Lai (1997).  

Statistical analysis 

The data were analyzed by the General Linear Model (GLM) option in the ANOVA program 

of the Minitab (2000) Software. Sources of variation in the model were: NPN source, alkali 

treatment, interaction NPN*alkali and error. 

Results and discussion 

Chemical composition  

The DM content of rice straw treated with lime or NaOH was lower than in untreated straw 

(Table 3). Straw treated with lime had higher ash content than straw treated with NaOH. The 

relatively low solubility of the N in the fresh cassava leaf was indicative of potential bypass 

protein characteristics.    

 

Table 3. Mean values for dry matter (DM), ash, crude protein and N solubility of substrate ingredients  
  Rice straw (RS) RS*-NaOH RS-Lime Fresh cassava leaf 
DM, % 94.9 90.8 90.3 33.4 
Ash in DM, % 15.1 15.2 16.4 5.88 
Crude protein in DM, % 4.91 5.33 5.78 25.2 
Solubility of  N, % 12.2 13.3 13.4 32.5 

  

Effects of alkali treatment and NPN sources on total gas and methane production  

The proportion of substrate fermented after 24 h was increased by NaOH-lime treatment and 

tended to increase as lime replaced NaOH (Table 4; Figures 1 and 2). The total gas 

production and percentage of methane in the gas increased with time of incubation (Figures 3 

and 4). The gas production and the percentage of methane in the gas were reduced when 

nitrate replaced urea all stages of the fermentation. After 24 h, the percentage methane in the 

gas and the methane production per unit of fermented substrate was less when nitrate 

replaced urea as the source of NPN (Figures 5 and 6). There was no consistent effect of alkali 

treatment of the straw on methane percentage in the gas nor on methane production per unit 

substrate fermented (Figures 5 and 6).  
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Table 4. Mean value for gas production, percentage of methane in the gas, substrate solubilized, methane production per 

substrate solubilized according to source of alkaline or no alkaline and NPN  

  Alkaline NPN source   

  Untreated N0L4 N1L3 N2L2 N3L1 N4L0 Prob Urea KNO3 Prob SEM 

0-4 hours 

           Gas production, ml 207 234 218 234 251 244 <0.001 246 216 <0.001 3.81 

Methane, % 6.38 7.13 6.75 6.63 7.13 7.63 <0.001 7.63 6.25 <0.001 0.11 

Methane, ml 13.3 16.8 14.8 15.6 17.9 18.8 <0.001 18.6 13.5 <0.001 0.39 

0-8 hours 

           Gas production, ml 230 236 225 225 245 239 0.255 268 198 <0.001 3.69 

Methane, % 8.06 8.63 8.13 8.25 7.63 8.75 0.004 9.13 7.35 <0.001 0.11 

Methane, ml 18.9 20.8 18.4 18.9 18.9 21.4 0.078 24.5 14.6 <0.001 0.47 

0-12 hours 

 

  

         Gas production, ml 261 308 276 270 274 298 0.123 357 205 <0.001 8.01 

Methane, % 11.4 13.1 12.5 11.1 12.0 11.0 <0.001 14.9 8.75 <0.001 0.17 

Methane, ml 31.5 45.7 37.7 31.5 34.8 34.6 0.007 54.0 17.8 <0.001 1.62 

0-16 hours 

  

  

        Gas production, ml 283 341 301 286 300 315 0.003 394 215 <0.001 6.17 

Methane, % 13.2 14.6 14.6 13.8 14.4 13.9 0.025 17.9 10.2 <0.001 0.22 

Methane, ml 39.4 55.8 47.8 42.6 45.8 47.4 0.001 71.0 21.9 <0.001 1.53 

0-24 hours 

           Gas production, ml 310 411 390 356 355 385 <0.001 458 278 <0.001 6.00 

Methane, % 14.8 16.1 17.4 15.5 16.0 16.4 <0.001 19.3 12.8 <0.001 0.19 

Methane, ml 47.9 68.7 73.3 57.5 59.3 66.2 <0.001 88.7 35.6 <0.001 1.30 

Total gas production, ml 1291 1530 1410 1371 1424 1480 <0.001 1723 1112 <0.001 17.9 

Total methane, ml 151 208 192 166 177 188 <0.001 257 104 <0.001 3.85 

Overall methane, % 11.2 12.8 12.8 11.6 11.9 12.1 <0.001 14.9 9.30 <0.001 0.11 

DM solubilized after 24 

h, % 21.4 29.8 28.4 27.4 27.9 26.6 <0.001 28.5 25.4 <0.001 0.33 

Methane, ml/g DM 

solubilized  18.8 19.6 21.7 17.8 18.1 21.2 0.002 26.5 12.6 <0.001 0.42 

 

 
 

Figure 1. Effect on percentage of substrate fermented 

of combinations of lime (L) and NaOH (N) 

Figure 2. Effect on percentage of substrate 

fermented  of replacing NaOH with lime  treatment 
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Figure 3.  Effect of incubation  time on gas production 

with KNO3 or urea as NON source 

Figure 4.  Effect of incubation  time on methane 

content of the gas with KNO3 or urea added to the 

substrate 

 

  

Figure 5.  Effect of alkali treatment and proportion of 

lime (L) and NaOH (N) in the alkali medium on 

percentage methane in the gas 

Figure 6.  Effect of alkali treatment and proportion of lime 

(L) and NaOH (N) in the alkali medium on methane 

produced per unit substrate fermented 

Conclusions 

 The total gas production and percentage of methane in the gas increased with 

incubation time.  

 The gas production and the percentage of methane in the gas were reduced when 

nitrate replaced urea as the NPN source at all stages of the fermentation.  

 After 24 h, the methane production per unit of fermented substrate was less when 

nitrate replaced urea as NPN source.  

 The proportion of substrate fermented after 24 h was increased by NaOH-lime 

treatment and tended to increase as lime replaced NaOH. 

 There was no consistent effect of alkali treatment on methane percentage in the gas 

nor on methane production per unit substrate.  
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Abstract 

Two experiments were carried out to study effects of processing of cassava leaves on the 

solubility of the protein and on methane production when they were incubated with cassava 

root meal in an in vitro incubation with urea or potassium nitrate as source of NPN.  

Experiment 1: The treatments in a 2*4 factorial arrangement in a randomized block design 

were:   leaves or petioles of cassava, and form of processing (fresh, ensiled, sun-dried and 

oven-dried). Protein solubility was decreased by ensiling and with the severity of drying.    

Experiment 2: The treatments in a 2*4 factorial arrangement in a randomized block design 

were: form of processing cassava leaves (fresh, ensiled, sun-dried and oven-dried) and source 

of NPN (urea or potassium nitrate).  An in vitro incubation system was used to determine the 

effects of the treatments on methane production and substrate fermentation. The quantity of 

substrate was 12 g DM to which was added 240 ml rumen fluid (from slaughtered buffalo) 

and 960 ml of buffer solution. The incubation was for 12 and 24 h with measurements of gas 

production, percent methane, substrate fermented and methane produced per unit substrate 

fermented.   

Protein solubility in leaves and petioles decreased in the order: fresh, ensiled, sun-dried and 

oven-dried. Protein solubility in petioles was lower than in leaves. The gas production and 

methane percentage in the gas were increased with incubation time. The percentage of 

methane in the gas, and methane per unit substrate fermented were reduced when nitrate 

replaced urea as the NPN source and were lower for fresh and ensiled cassava leaves than for 

dried leaves at both 12 and 24 h of incubation. Methane produced per unit of fermented DM 

was inversely related to protein solubility.   

Key words:  Climate change, gas production, greenhouse gases, hydrogen cyanide 
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Introduction  

Cassava is currently the third most important crop in Laos, after rice and maize. It is widely 

grown throughout the country by upland farmers but in small areas using local varieties and 

with very few inputs (CIAT 2001). The potential use of cassava foliage as an animal feed has 

been studied and described by several authors. Phuc et al (2001) investigated the use of 

cassava foliage as a feed for pigs and poultry. Ffoulkes and Preston (1978) reported the 

feeding of fresh cassava foliage as the only source of roughage and protein in diets for cattle 

based on molasses-urea. Van et al (2001) and Khang (2004) described the use of foliage of 

cassava as a protein source for small ruminants and cattle. The potential of cassava foliage as 

a protein source in ruminant feeds has not been fully exploited, probably because of the risk 

of toxicity resulting from the content of precursors of hydrogen cyanide (Wanapat 2001). 

However, it is known that the capacity to liberate HCN from cassava foliage is reduced by 

processing such as sun drying or ensiling (Khieu Borin et al 2005; Phengvichith and Ledin 

2007).The role of cyanide as inhibitor of methanogenesis in sludge fermentation has been 

discussed by Gijzen et al (2000), Eikmanns and Thauer (1984), Smith et al (1985) and Cuzin 

and Labat (1992).  

Cassava leaves are known to contain variable levels of condensed tannins; about 3% in DM 

according to Netpana et al (2001) and Bui Phan Thu Hang
 
and Ledin (2005).  Condensed 

tannins at moderate levels are known to have positive effects on the nutritive value of the 

feed by forming insoluble complexes with dietary protein, resulting in "escape" of the protein 

from the rumen fermentation (Barry and McNabb 1999). Numerous studies have also shown 

the potential of the tannin content in cassava leaves to play an anthelminthic role for the 

control of nematode parasites in ruminants (Seng Sokerya and Preston 2003; Neptpana et al, 

2001; Khoung and Khang 2005). Condensed tannins (CT) are also reported to decrease 

methane production and increase the efficiency of microbial protein synthesis (Makkar et al 

1995). Reductions of CH4 production by 13 to 16% were reported by Carulla et al (2005), 

Waghorn et al (2002), Grainger et al (2009) and Woodward et al (2004), apparently through a 

direct toxic effect on methanogens.  

In a recent study, Ho Quang Do et al (2010, unpublished data) showed major effects of 

protein solubility on methane production in an in vitro incubation. Methane production was 

reduced by almost 50% when the protein source was fish meal (protein solubility 16.6%) 

compared with groundnut (protein solubility 76.2%) when sodium nitrate was the source of 

NPN and was 25% less when urea was the source of NPN.  

The purpose of the present study was to determine the possible relationship between the 

solubility of the protein in cassava foliage and how this might affect methane production in 

an in vitro incubation, in which the NPN source was either potassium nitrate or urea. 

Hypothesis  
 

 It was hypothesized that the solubility of the protein in cassava leaves would be 

reduced by drying and that this would result in a reduced production of methane in an 

in vitro incubation with cassava root meal as energy source and potassium nitrate or 

urea as source of NPN.  
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Materials and methods 

Location and duration  

The experiment was conducted in the laboratory of the Department of Animal Science, 

Faculty of Agriculture and Forest Resources, Souphanouvong University, Luang Prabang 

province, Lao PDR, from September to October 2011.   

Experiment 1: Protein solubility of leaves and stems of cassava foliage   

Treatments and experimental design   

The experimental design was arranged as a random block design with a 2*4 factorial 

arrangement of the following treatments: 

Source of material: 

 Leaves 

 Petioles 

Processing:  

 Fresh 

 Ensiled 

 Sun-dried  

 Oven-dried 

Experimental procedure  

Cassava foliage was collected from the Souphanouvong University campus. The samples 

were collected in the morning and immediately put into sealed plastic bags to avoid moisture 

loss.   

Leaves and petioles were separated and chopped into small pieces around 0.5-1.0 cm of the 

length and then ground through a 1mm sieve. Part of the material was sun-dried for 24 h. 

Another part was dried in the oven for 24 h at 80°C. For the ensiling treatment, the material 

was put in sealed plastic bags, and the air removed prior to storage at room temperature for 

14 days.  

Protein solubility was measured by weighing 3 g of samples (DM basis), followed by 

liquidizing and shaking in 100 ml of M NaCl  for 3 h. The suspension was then filtered 

through Whatman No. 4 filter paper and washed 3 times with distilled water. All the filtrate 

was then transferred to a kjeldahl flask for digestion, distillation and titration according to 

AOAC (1990). Protein solubility was calculated as the N content of the filtrate as a 

percentage of the N in the original sample. 

 



61 

 

    
Photo 1. The shaking Photo 2. The filtering  Photo 3. The 

digestion 

Photo 4. The 

distillation 

Statistical analysis 

Data were analyzed by the General Linear Model option in the ANOVA program of the 

Minitab software (Minitab 2000). Sources of variation in the model were: plant part, 

processing and interaction plant part*process and error. 

Experiment 2: Effect of processing of cassava leaves on methane production in an in vitro 

incubation with cassava root meal as energy substrate and potassium nitrate or urea as 

source of NPN 

Treatments and experimental design   

The experiment was arranged as a 2*4 factorial of the following treatments in a random block 

design: 

Source of NPN: 

 Urea  

 Potassium nitrate 

Processing of cassava leaves:   

 Fresh  

 Ensiled 

 Sun-dried 

 Oven-dried 

The basal substrate was cassava root meal.   

 

Table 1. Ingredients in the substrate, g 

  FCL-U SCL-U OCL-U ECL-U FCL-KN SCL-KN OCL-KN ECL-KN 

Cassava root meal 8.76 8.76 8.76 8.76 8.28 8.28 8.28 8.28 

Fresh cassava  leaf  3.00 

   

3.00 

   Ensiled cassava leaf    3.00    3.00 

Sun-dried cassava leaf 

 

3.00 

   

3.00 

  Oven-dried  cassava leaf 

  

3.00 

   

3.00 

 Urea 0.24 0.24 0.24 0.24 

    KNO3 

    

0.72 0.72 0.72 0.72 

Total 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 
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The in vitro system 

The equipment and procedure was that used by Sangkhom Inthapanya et al (2011) (Photos 5 

and 6).   

 

  
Photo 5. The in vitro system Photo 6. Gas production after 

fermentation   

Experimental procedure    

The leaves of cassava were chopped into small pieces of around 0.5-1.0 cm of length, then 

ground (1mm sieve). They were mixed with cassava root meal and either potassium nitrate or 

urea (Table 1) prior to adding 0.96 liters of buffer solution (Table 2) and 240 ml of rumen 

fluid (obtained from a newly slaughtered buffalo in the village abattoir), and put in the 

incubation bottle which was then gassed with carbon dioxide. The bottles were incubated at 

38 
0
C in a water bath for 12 and 24 h.  

 

Table 2. Ingredients of the buffer solution  

Ingredients CaCl2 NaHPO4.12H2O NaCl KCl MgSO4.7H2O NaHCO3 Cysteine 

(g/liter) 0.04 9.30 0.47 0.57 0.12 9.80 0.25 

Source: Tilly and Terry (1963) 

Data collection and measurements 

The gas volume and the percentage of methane in the gas (Crowcon infra-red analyser; 

Crowcon Instruments Ltd, UK; Photo 3) were recorded for the separate incubations after 12 

and 24 h. At the end of each incubation the residual DM in the incubation bottle was 

determined by filtering through cloth and drying (100°C for 24 h) the residue (Photo 4).  

Statistical analysis 

The data were analyzed by the General Linear Model (GLM) option in the ANOVA program 

of the Minitab (2000) Software. Sources of variation in the model were: NPN source; leaves 

of cassava, interaction NPN*leaves and error. 
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Results and discussion 

Chemical composition  

On all processing treatments, the petioles had lower content of DM and of crude protein in 

the DM (Table 3).  

 

Table 3. Dry matter (DM) and crude protein (CP) in the diets  

  DM, % CP in DM, % 

Fresh cassava 

    Leaves 31.8 23.4 

  Petioles 25.8 16.8 

Ensiled cassava 

    Leaves 28.2 21.2 

  Petioles 17.6 15.9 

Sun-dried cassava 

    Leaves 66.7 21.9 

  Petioles 54.1 15.6 

Oven-dried cassava   

   Leaves 92.6 21.6 

  Petioles 85.2 16.0 

Protein solubility  

 

The protein solubility decreased in the order: fresh, ensiled, sun-dried and oven-dried 

processing (Table 4; Figure 1).  Petioles had lower values than leaves.  

 
Table 4. Mean values of protein solubility of cassava leaves and petioles subjected 

to different forms of processing 

  Fresh Ensiled Sun-dried Oven-dried SEM Prob. 

Leaves 33.1 31.6 29.9 29.4 1.26 <0.001 

Petioles 25.2 21.1 22.0 21.0 1.26 <0.001 

 

 

Figure 1.  Protein solubility in leaves and petioles of cassava  
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Methane production 

Gas production, per cent methane on the gas, substrate fermented and methane produced per 

unit substrate fermented were higher for 24 than 12 h incubation and higher for nitrate than 

for urea (Figures 2-9).   

Gas production was lower for fresh leaves than for ensiled or dried leaves when urea was the 

NPN source, but with no differences for processing with nitrate as NPN. Per cent methane in 

the gas was lower for fresh and ensiled leaves compared with dried leaves at 12 h with a 

similar but less marked tendency for the 24 h incubation. The proportion of substrate 

fermented was higher for fresh and ensiled leaves compared with dried leaves for both nitrate 

and urea supplements and for both times of incubation. Methane produced per unit substrate 

fermented was lower for fresh and ensiled leaves than for dried leaves at both12 and 24 h 

incubation, the differences being more marked for the shorted incubation time. 

 

Table 5. Mean values of gas production, methane percentage in the gas, substrate solubilized and methane per 

substrate solubilzed according to process of cassava leaves and  NPN source 

  FCL ECL SCL OCL Prob. KNO3 Urea Prob. SEM# 

0-12 hours 

         Gas production, ml 744 938 1013 988 <0.001 669 1172 <0.001 28/20 

Methane, % 12 11 14 15 <0.001 12 14 <0.001 0.46/0.32 

Methane, ml 91.6 109 140 152 <0.001 78.2 168 <0.001 5.0/3.5 

Digested, % 49.7 51.6 45.1 45.1 <0.001 39.9 55.8 <0.001 0.90/0.64 

Methane, ml/g substrate 

fermented 15.7 17.7 25.9 28.1 <0.001 17.7 26.0 <0.001 1.1/0.77 

0-24 hours 

         Gas production, ml 1075 1188 1138 1163 0.326 847 1434 <0.001 43/31 

Methane, % 16 16 17 18 <0.001 15 18 <0.001 0.36/0.25 

Methane, ml 170 194 193 213 <0.001 127 258 <0.001 7.8/5.5 

Digested, % 56.7 59.1 54.4 50.5 <0.001 46.7 63.7 <0.001 1.8/1.3 

Methane, ml/g substrate 

fermented 25.5 27.4 30.3 35.6 <0.001 24.8 34.5 <0.001 1.2/0.88 

FCL: Fresh  leaves; ECL: Ensiled leaves; SCL: Sun-dried leaves; OCL: Oven-dried  leaves  

#SEM for process/NPN 

  
Figure 2. Effect of NPN source on gas production for 12 

h incubation  time with fresh, ensiled,  sun-dried and 

oven-dried cassava leaves  

Figure 3. Effect of NPN source on gas production for 24 h 

incubation  time with fresh, ensiled,  sun-dried and oven-

dried cassava leaves 
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Figure 4. Effect of NPN source on methane per cent  in 

the gas for 12 h incubation  time with fresh, ensiled,  

sun-dried and oven-dried cassava leaves 

Figure 5. Effect of NPN source on methane per cent  in 

the gas for 24 h incubation  time with fresh, ensiled,  

sun-dried and oven-dried cassava leaves 

 

  

Figure 6. Effect of NPN source on substrate fermented  

for 12 h incubation  time with fresh, ensiled,  sun-dried 

and oven-dried cassava leaves  

Figure 7. Effect of NPN source on substrate fermented  

for 24 h  incubation  time with fresh, ensiled,  sun-

dried and oven-dried cassava leaves 

  

Figure 8. Effect of NPN source on methane per unit 

substrate fermented for 12 h incubation  time with 

fresh, ensiled,  sun-dried and oven-dried cassava 

leaves 

Figure 9. Effect of NPN source on methane per unit 

substrate fermented for 24 h incubation  time with 

fresh, ensiled,  sun-dried and oven-dried cassava leaves 
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The lower methane production per unit of dry matter digested in substrates with fresh cassava 

leaves compared with dried leaves indicates that treatments that increase cyanide 

concentrations (eg: in fresh cassava leaves) decrease the amount of methane produced, which 

may be explained if cyanide inhibits the metabolism of acetate to methane and carbon dioxide 

as happens in sludge type fermentations (Gijzen et al 2000; Eikmanns and Thauer 1984; 

Smith et al 1985; Cuzin and Labat 1992).  

The original hypothesis that decreasing protein solubility would reduce methane production 

was disproved as the contrary effect was observed (Figure 10).  It would appear that the 

effects of drying on cyanide release potential were more important than the slight differences 

in protein solubility brought about by drying. 
 

 

Figure 10. Apparent relationship between protein solubility in cassava 

leaves and production of methane per unit substrate fermented  

Conclusions 

 

 Protein solubility in leaves and petioles decreased in the order: fresh, ensiled, sun-

dried and oven-dried 

 Protein solubility in petioles lower than in leaves  

 The percentage of methane in the gas and quantity of methane per unit of fermented 

substrate was lower with fresh cassava leaves when compared with dried cassava 

leaves in an in vitro incubation with cassava root meal as energy source 

 The gas production, percentage of methane in the gas and methane produced per unit 

substrate fermented, were reduced when nitrate replaced urea as the NPN source in 

the in vitro incubation  
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Abstract 

Sixteen male local “Yellow” cattle with initial weight 63-100 kg were fed lime-treated rice 

straw and fresh cassava foliage in a randomized complete block design (RCBD) with to two 

treatments: potassium nitrate or urea as NPN source.  The NPN sources were dissolved in 100 

g molasses diluted with 500 ml of water.  The experiment lasted 120 days at the end of which 

concentrations of methane and carbon dioxide were determined in eructed gas mixed with aif 

in a closed chamber in which the animals were kept for 5 minutes prior to measurement of 

the gases so as to ensure equilibration of the eructed gases with the air in the chamber 

Daily live weight gain and DM feed conversion were improved by supplementation with 

nitrate rather than urea. There was no difference between treatments in DM intake. Feed 

intake as g DM/kg live weight and growth rate were linearly and positively related to initial 

live weight.  The ratio of methane to carbon dioxide in the mixed eructed gas and air was 

decreased by feeding nitrate with an overall 27% reduction in methane emission, for animals 

fed nitrate compared with those fed urea.  

This is the first research to report better growth rates and better feed conversion ratios when 

nitrate replaces urea in a low quality diet. This result may be related to the pattern of feeding 

of the straw /molasses nitrate diet which was given every 6 hours.  

Key words:  Climate change, feed conversion, greenhouse gases, live weight gain, rumen 

ammonia 

Introduction   

In SE Asia, most farmers raise livestock for their main source of income and draft 

power. According to FAO (2005) over 75% of the populations in Lao PDR rely on 

agriculture as their primary source of income. Cattle and buffaloes are important on 

smallholder farms in developing countries to provide meat, milk, traction power and manure 

mailto:inthapanyasangkhom@yahoo.com
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in integrated crop and livestock farming (Preston and Leng 2009). In Lao PDR the 

populations of cattle, buffalo and sheep-goats have increased significantly from year 2002 to 

2007 at the rates of 1.9, 0.61 and 9.46 % per annum, respectively (Anon 2007). However, a 

number of impediments and constraints have been shown to affect livestock productivity and 

efficiency. The main feed resources for the ruminants in Lao PDR are native grasses, legumes 

and tree leaves that are available in the natural grassland and forests (Phonepaseuth 

Phengsavanh and Ledin 2003). The availability of these feed resources is seasonally limited 

and both feed availability and quality are low, especially in the cropping season.     

Preston and Leng (2009) and Leng (1997) have emphasized that the most appropriate ways to 

improve feed resources for ruminants are through efficient utilization of crop residues and 

tree/shrub foliages.  However, to optimize performance correct feeding methods need to be 

applied ensuring that rumen function is efficient and secondly ensuring efficient assimilation 

of nutrients by providing a source of bypass nutrients (Preston and Leng 2009).  

Rice straw is the most abundant crop residue in Asia, particularly in Lao PDR. It is the main 

feed in the dry season when natural grasses are in short supply to animals. Rice straw is 

characterized by high fiber level (39-53 % ADF) and nutrient deficiencies, especially protein 

(2 to 4% crude protein), vitamins, minerals and soluble carbohydrates. The straw itself is 

98% covered with silica which has to be disrupted (McAllister et al 1994). Thus rice straw 

has low digestibility for ruminants in the range 41- 59 % (Napasirth et al 2005; Susuki et al 

2004; Bui Van Chinh et al 2001; Tran Quoc Viet et al 2001). 

There are  two ways to improve the feeding value of rice straw: (i) by delignification 

treatments which also disrupt the silca covering, which may be physical, chemical or 

biological (Sundstol 1984; Doyle et al 1986); and (ii)  supplementation with limiting nutrients 

in the rumen and essential amino acids (bypass protein) in the animal (Preston and Leng 

2009). Treatment with sodium hydroxide was used in early trials on delignification of straw 

but, ammoniating the straw with urea has been the most widely used method (Chenost and 

Kayouli 1997). The partial replacement of urea by lime was reported by Nguyen Xuan Trach 

et al (2001) and Le Thi Thuy et al (2005) to be equally effective and more economical then 

ammoniation methods. 

Leng (2008) concluded that the inclusion of nitrate salts in feed supplements appeared to 

be entirely feasible as a means of providing fermentable nitrogen and simultaneously 

reducing enteric methane emissions from ruminant livestock. Whilst there is a risk of nitrite 

toxicity, nitrate reduction to ammonia in the rumen should theoretically improve microbial 

growth efficiency and retain the energy that is lost in methane in the nutrients absorbed.  

The possibility of nitrate as an alternative hydrogen sink to carbon dioxide has been 

downplayed because of the possible toxic effects of nitrite, which is formed as an 

intermediate during the reduction of nitrate to ammonia (Lewis 1951).  However, several 

reports have recently examined the potential of nitrate as a methane-lowering feed additive, 

and it has been shown to lower methanogenesis consistently (Leng and Preston 2010).  

Recent researches in Vietnam (Nguyen Ngoc Anh et al 2010) and Cambodia (Iv Sophea and 

Preston 2010) have confirmed that the long term feeding of nitrate salts supported the same 

growth in goats as when urea was the NPN source, but brought about  30% reduction in 

production of methane.  Much higher (50%) responses were reported in sheep in the 

Netherlands (Van Zijderveld et al 2010a) and in dairy cattle in Brazil (Van Zijderveld et al 

2010b).  However, there appear to be no reports showing that the reduction in methane is 
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accompanied by more efficient production of meat or milk, which should theoretically 

happen. 

It has been postulated (Leng 2008) that nitrate salts will be most effective as an NPN source 

when the diet is low in other sources of rumen-fermentable nitrogen and that the additional 

protein needed by the animal, over and above that produced by rumen microbes should be 

provided in the form of bypass protein. Fresh cassava foliage has been shown to be an 

effective source of bypass protein in diets where the dietary N was mostly in the form of urea 

(Ffoulkes and Preston 1978). Cassava is widely grown in all tropical countries and has been 

shown to support increased growth rates in cattle fed on rice straw (Keo Sath et al 2008; 

Tham et al 2008).  

In order to avoid the use of both urea and sodium hydroxide for straw treatment we showed 

in an earlier paper (Sangkhom et al 2011) that hydrated lime (Ca[OH]2) could effectively 

replace sodium hydroxide with similar improvements in the digestibility of the straw. The 

objective of the studies reported in this paper was to investigate the use of a combination of 

lime-treated straw and fresh cassava foliage as the basal diet for fattening the local "Yellow" 

breed of cattle, with associated mitigation of methane emissions by incorporation in the diet 

of potassium nitrate.  

Materials and methods 

Location and duration  

The experiment was conducted in the farm of Souphanouvong University, 7 km from Luang 

Prabang city, Luang Prabang province, Lao PDR. This experiment was conducted for 4 

months, from July to October 2011 excluding adaptation and organizing period.in 

Treatments and experimental design 

Sixteen local male “Yellow” cattle (Photo 1) were assigned to 8 blocks according to live 

weight and within blocks, in a randomized complete block design (RCBD), to two treatments, 

which were: 

 Urea at 1.83% of diet DM  

 Potassium nitrate  at 6% of diet DM 

 

The basal diet was lime-treated rice straw fed ad libitum, fresh cassava foliage at 300 g/kg 

diet (DM basis) and 100 g of molasses/day diluted with 500 ml of water as the carrier for the 

urea and nitrate salts  

Animals and housing 

The cattle had an initial weight in the range of 63 to 100 kg. They were confined in separate 

pens (Photo 2). Vaccination was done against epidemic diseases and drenching against 

internal parasites before the commencement of the experiment.  
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Photo 1. Local "Yellow" cattle Photo 2. The cattle kept in individual 

pens  

Feeding and management 

The cattle were gradually introduced to the NPN sources over a period of two weeks.  The 

rice straw is offered at 120% of recorded intake the previous week. It was bought from 

farmers in the area. The straw was treated with lime (Ca(OH)2) at 4% of DM, 

dissolved/suspended in water (50% solution), and stored in sealed plastic bags for 14 days 

before feeding (Photo 3). The NPN sources was dissolved in the diluted molasses and 

sprayed over the straw prior to each new feed of straw, which was four times per day. 

Cassava foliage was harvested daily from farmer areas. It was offered two times a day, at 

7.00 am and 4.30 pm and put in to individual wood feeders. Water was freely available.   

  

 

 

Photo 3. Storage of lime-treated rice straw  Photo 4. Cassava at the time of harvesting the 

foliage  
  

Data collection and measurements 

Feeds offered were weighed before giving them to the cattle. Feed refusals were collected 

each morning prior to offering fresh feed and weighed to measure the feed intake. The live 

weights of the cattle were taken at the beginning, every 2 weeks and at the end of the 

experiment, using an electronic balance. Samples of rumen fluid were taken by a stomach 

tube; two hours post feeding in the morning at the end of the experiment for determining 

rumen ammonia and pH.  At the end of the experiment, a sample of mixed eructed and 

respired gas from each animal was analysed for methane: carbon dioxide ratio using the 

Gasmet equipment (GASMET 4030; Gasmet Technologies Oy, Pulttitie 8A, FI-00880 

Helsinki, Finland), based on the approach suggested by Madsen et al (2008). The cattle were 

held for 5 minutes in wooden crates covered with polyethylene film before taking the 

measurements, so that the gases emitted from the animal could equilibrate with the air in the 
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box (Photo 5). Samples of air in the animal house were also analyzed for the methane: carbon 

dioxide ratio. 

  

 

Photo 5. Wooden crates enclosed in plastic used to house the 

cattle during the 5 minute period of adaptation/measurement 

using the GASMET infra-red analyser.  

Chemical analysis  

Samples of feeds offered and residues were collected every 14 days to determine dry matter 

(DM), ash, crude protein (CP) following the procedure of Ly and Nguyen Van Lai (1997). 

Rumen pH was measured immediately after taking rumen fluid from the animal with a digital 

pH meter. Rumen ammonia was measured by steam distillation and titration with 0.1 N 

H2SO4. Protein solubility was determined by shaking 3 g sample with 100 ml 1M NaCl  for 3 

hours, filtering through Whatman No.4 filter paper and determining nitrogen in the filtrate. 

Statistical analysis 

The data were analyzed by the general linear model option of the ANOVA program in the 

Minitab (2000) software (version 13.31). In the model the sources of variation were blocks, 

source of NPN, straw treatment, the interaction NPN*straw and error. Live weight gains were 

calculated from the linear regression of live weight (Y) on days in the experiment (X).  

Results and Discussion 

Chemical composition of the feeds  

The leaves of the fresh cassava had higher DM, CP, Ash, OM and nitrogen solubility than 

fine stems (Table 1). The DM and crude protein contents of the lime-treated rice straw were 

lower than was reported by Sangkhom et al (2011) but the solubility of the nitrogen was 

higher.  Two thirds (65.4%) of the fresh cassava foliage was in the form of leaves. 
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Table 1. Chemical composition of the feeds 

    ----As per cent in DM----   
  %DM CP Ash  OM Nitrogen solubility 
Treated-straw 83.3 5.35 11.3 88.7 13.9 

Fresh cassava            
Leaves 31.2 23.4 7.54 92.5 35.8 
Stem 25.5 17.4 7.28 92.7 29.6 
Molasses 73.9 4.95 6.32 93.7   

  

Feed intake 

 

Intake of rice straw, of total DM and of crude protein was similar on both nitrate and urea 

treatments (Table 2).   

 
Table 2. Mean values of feed intake for local "Yellow" cattle fed lime-treated 

rice straw supplemented with fresh cassava foliage 

Item Urea K-nitrate SEM Prob. 

DM intake, g/day         

Rice straw 2355 2322 93 0.87 

Cassava foliage  814 830 18 0.60 

Molasses 74 72     

Urea 62       

K-nitrate   210     

Total 3303 3434 109 0.41 

DM intake, g/ kg LW 36.2 36.8 1.6 0.67 

N*6.25 intake, g/day         

Rice straw 127 126     

Fresh cassava foliage  178 181     

Molasses 3.65 3.65     

Urea 169       

K-nitrate    159     

Total 477 469 4.139 0.19 

CP (N*6.25) in DM, % 14.4 13.7 0.026 <0.001 

Growth rate 

The growth rate was higher for cattle fed potassium nitrate compared with urea (Table 3, 

Figures 1 and 2).  The animals used were of village origin and were immature with a rough 

condition score of 2 out of a scale of 5. Overall growth rates were lower than reported for 

Yellow cattle in Cambodia fed similar diets (250 g/day, Seng Mom et al 2001; 243 g/day, 

Sophal et al 2010).  However, initial weights were lower for the "Yellow” cattle in our 

experiment (83 kg) compared with those used in Cambodia (range of 100 to 127 kg). The 

data in Figures 5 and 6 show clearly that both relative DM feed intake (as g/kg live weight) 

and daily live weight gain were increased linearly with increasing initial live weight. Thus 

cattle that had an initial live weight of 100 kg (as in the Cambodia data) had a growth rate of 

205 g/day which is closer to the range of growth rates (243-250 g/day) reported for Yellow 

cattle in Cambodia (Seng Mom et al 2001; Sophal et al 2010).  

DM feed conversion followed the same response pattern as for growth rate with better 

conversion for the potassium nitrate treatment compared with urea (Table 3; Figure 5Mc). 

The range of values were similar to those (16 to 26) reported for Bos indicus cattle fed similar 
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diets (Ongol in the case of Keo Sath et al 2010; and Red Sindhi crosses in the case of Tham et 

al 2010). Seng Mom et al (2001) and Sophal et al (2010) reported a range of DM feed 

conversion of 13 to 17, better than in the present experiment and probably a reflection of the 

higher growth rates.   

 

Table 3. Mean values for live weight and conversion ratio in local "Yellow" cattle 

fed lime-treated straw supplemented with fresh cassava foliage 
  Urea K-nitrate SEM Prob. 

Live weight, kg         

Initial 82.6 82.5     
Final 95.6 99.0 1.09 0.049 
Daily gain, g/day 131 168 10.0 0.032 
DM intake, g/day 3303 3434 353 0.41 
DM feed conversion 24.9 21.1 0.93 0.02 

  

 

 

Figure 1. Growth curves of  local “Yellow” cattle fed 

lime-treated rice straw supplemented with cassava 

foliage and K-nitrate or urea as NPN source 

Figure 2. Live weight gain of local “Yellow” cattle fed 

lime-treated rice straw supplemented with cassava foliage 

and K-nitrate or urea as NPN source 
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Figure 3. Effect of initial live weight on feed DM intake 

(as g/kg live weight) by local “Yellow” cattle fed lime-

treated rice straw supplemented with cassava foliage and 

K-nitrate or urea as NPN source 

Figure 4. Effect of initial live weight on daily live 

weight of local “Yellow” cattle fed lime-treated rice 

straw supplemented with cassava foliage and K-nitrate 

or urea as NPN source 

  

 

Figure 5.  DM feed conversion of local “Yellow” cattle fed 

lime-treated rice straw supplemented with cassava foliage and 

K-nitrate or urea as NPN source 

Rumen parameters and ratio of methane and carbon dioxide   

There was no difference among treatment in the rumen pH value, but the concentration of 

rumen ammonia was higher when urea rather than potassium nitrate was the NPN source 

(Table 5). The concentrations of methane to carbon dioxide in the mixed eructed gas and air 

were decreased by replacing urea with potassium nitrate (Table 4 and Figure 6). The 

reduction in methane mission due to nitrate was 27%. Similar beneficial effects of dietary 

nitrate to mitigate methane production in ruminants have been reported by Nolan et al (2010), 

Van Zijderveld et al (2010a; b), Nguyen Ngoc Anh et al (2010), Hulshof et al (2010) and Do 

Thi Thanh Van et al (2010). 
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Table 4. Mean values for rumen pH, ammonia, concentrations of methane and 

carbon dioxide  in mixed eructed gases/surrounding air from  local "Yellow" cattle 

fed lime-treated straw supplemented with fresh cassava foliage and either potassium 

nitrate or urea as the NPN source 
  Urea K-nitrate SEM Prob. 
Rumen pH  8.12 8.10 0.046 0.696 
NH3, mg/litre 219 200 4.786 0.015 
CO2 1626 1945 86 

 CH4 109 107 5.1 
 CO2 (air) 430 430 

  CH4 (air) 2.13 2.13 
  CO2 (corrected) 1410 1679 268 

 CH4 (corrected) 107 104 16.9 
 CH4/CO2 0.0679 0.0498 0.0048 0.02 

 

 

Figure 6. Ratio of methane to carbon dioxide in expired breath of 

local “Yellow” cattle fed lime-treated rice straw supplemented with 

cassava foliage and K-nitrate or urea  

Despite the expected increased efficiency in using feed energy from incorporation of nitrate 

salts in ruminant diets, there appear to be no reports in the literature of improved growth and 

feed conversion from feeding of nitrate salts. It is tempting to hypothesize that the response 

observed in the present experiment reflected the result of a feeding system planned to 

optimize rumen function with supplementation of bypass protein, whereas in other reported 

feeding trials concentrate supplements, rich in maize and soybean meal,  or based on maize 

silage, were  the basis of the diets. Such feeding systems improve animal performance but 

may compromise the efficiency of the ruminant microbial mode of digestion.  A response to 

increased microbial growth efficiency would only be discernible where it improved the N 

balance of the animal. In much of the high quality feeding systems protein is not limiting and 

often wastefully metabolized as amino acids in the animal with excretion of urea at an energy 

cost. 
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Conclusions 

 Local “Yellow “cattle fed lime-treated rice straw and fresh cassava foliage had better 

growth rate and feed conversion when potassium nitrate replaced urea as the source of 

NPN.  

 The ratio of methane to carbon dioxide in the mixed eructed gas and air was lower for 

cattle fed potassium nitrate than for those fed urea, the reduction in methane emission 

being of the order of 27%. 
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General conclusions  
 

The research in this thesis was conducted in the laboratory of the Faculty of Agriculture, An 

Giang University, Vietnam (Experiment 1) and in the laboratory and farm of the Animal 

Science, Faculty of Agriculture and Forest Resource, Souphanouvong University, Laos 

(Experiment 2; 3 and 4). All the research was supported by the Mekong Basin Animal 

Research Network (MEKARN) project. The Norwegian Programme for Development, 

Research and Education (NUFU) funding the scholarship for the MSc degree at Cantho 

University. 

The experiments were carried out to determine the effect of nitrate and urea as fermentable 

nitrogen sources on methane production in an in vitro system and on growth performance and 

methane emissions in cattle fed lime-treated rice straw supplemented with fresh cassava 

foliage.  

The results of the experiments are summarized as follows:  

 The gas production, and methane percentage in the gas, increased with incubation 

time and were reduced when nitrate replaced urea at all fermentation stages. 

 The methane production per unit of fermented substrate was less when nitrate 

replaced urea as NPN source 

 Treatment with alkali as lime (Ca(OH)2 can replace NaOH as a means of increasing 

the fermentability of rice straw.  

 Protein solubility in cassava petioles was lower than in leaves and decreased in the 

order: fresh, ensiled, sun-dried and oven-dried.  

 The methane percentage in the gas, and methane per unit substrate fermented were 

reduced when nitrate replaced urea as the NPN source and were lower for fresh and 

ensiled cassava leaves than for dried leaves at all stages of fermentation time 

 Local “Yellow “cattle fed lime-treated rice straw supplemented with fresh cassava 

foliage had better growth rate and feed conversion when potassium nitrate replaced 

urea as the source of NPN 

 The ratio of methane to carbon dioxide in the mixed eructed gas and air was lower for 

cattle fed potassium nitrate than for those fed urea, the reduction in methane emission 

being of the order of 27%. 

 

  

 

 

 

 

 

 


