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Problem identification 

Greenhouse gasses (GHG) have a detrimental effect on the ozone layer, therefore 

enhancing the effects of solar and thermal radiation on atmospheric and surface 

temperatures. This leads to climate changes and global warming (increased risk for drought, 

fire and floods, more heat-related diseases and melting of ice caps), as a result. The 

sustainability of current farming enterprises is questioned. Methane (CH4), carbon dioxide 

(CO2), nitrous oxide (N2O) and halocarbons are GHG. Methane is a potent GHG with 29 

times the greenhouse potential (over 100 years) of CO2 and is cheaper to mitigate than CO2 

(IPCC, 2014). Recently South African livestock producers have come under increasing 

pressure over the environmental impact of production systems. Ruminant livestock constitute 

the single most important source (29%; enteric CH4) of anthropogenic emissions of CH4, 

resulting in 18% of global CH4 emissions (Figure 1). There is a need to accurately measure 

enteric CH4 emissions from cattle and farming systems, representative to a specific country, 

to better predict the global impact of climate change. 

Figure 1: Estimated global methane (CH4) emissions from natural and anthropogenic 

sources (graph source: Knapp et al., 2014) 
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Aim 

Measure enteric methane emissions from early lactation Jersey cows supplemented with a 

conventional dairy concentrate at three different levels (0, 4 and 8 kg) and grazing kikuyu 

during summer (study 1) and grazing ryegrass during winter (study 2) for quantitative 

purposes. 

Objectives 

 Determine enteric methane using Tier 3 methodology (IPCC) 

 Determine total feed intake (markers) 

 Determine milk production, milk composition and body weight 

 Determine rumen fermentation patterns 

 

Rationale – Hypotheses 

It is important to generate accurate GHG baseline data to help develop South Africa’s 

capacity to better understand and reduce GHG emissions from the livestock sector. The 

measurement of enteric CH4 emissions from grazing Jersey cows is for South Africa’s GHG 

inventory. The data will be based on the Inter-governmental Panel on Climate Change’s 

(IPCC) Tier 3 methodology. This methodology differs from Tier 1 and 2 by means of 

measuring CH4 directly and not using prediction models based on data from the United 

Nations. Data from Tier 3 is more accurate and closely represents the countries actual 

enteric CH4 emissions for a specific animal species, breed and production system. Before 

the implementation of enteric CH4 mitigation strategies on pasture-based lactating dairy 

cows (to follow after this project), it is important to firstly know what the current enteric CH4 

output is in such a system. From this a base-line for enteric CH4 can be extrapolated that is 

representative of a specific region for example the southern Cape. This will determine to 

what extent enteric CH4 must be mitigated. 

Hypotheses 

 Enteric methane emissions will be the highest for cows receiving pasture-only  

 Enteric methane emissions will decrease with increasing level of concentrate 

 Enteric methane emissions will decrease with decrease in protozoa count    

 Body weight, condition score and milk production will be the lowest for cows 

receiving pasture-only diet 

 

Literature Review 

It is well known what effect CH4 emissions have on climate change and global warming. 

Therefore the most accurate GHG figures, representative of a defined animal, production 

system and feeding regime, are of utmost importance to correctly predict the magnitude of 

GHG and the negative livestock impacts as result thereof. The Tier 3 methodology is the 

flagship approach to be used when calculating GHG (IPCC, 2007). This approach seeks to 

define animals and breeds, animal productivity, diet quality and management circumstances 

while measuring enteric methane directly to support a more accurate estimation of regional 

GHG output. 



 

Why should the dairy industry in any country be concerned about CH4 emissions? 1) 

Ruminant livestock constitute the single most important source (29%; enteric CH4) of 

anthropogenic emissions of CH4, resulting in 18% of global CH4 emissions (Figure 1). 2) 

Methane is cheaper to mitigate than CO2. 3) Methane mitigation approaches can be 

economically advantageous as well as environmentally beneficial. 4) Enteric and manure 

methane comprise more than 40% of the GHG emissions associated with fluid milk 

production. 5) Consumers in both domestic and international markets are concerned about 

the contribution of GHG emissions to the carbon footprint of foods. 6) Methane gas account 

for up to 12% loss in gross energy consumed in the ruminant. A cow with a high methane 

output is an inefficient cow, resulting in a system with high inputs and low outputs – not 

economically viable (FAO, 2010; Johnson & Johnson, 1995; Knapp et al., 2014).  

Methane gas, in ruminants, is produced mainly from microbial fermentation of hydrolyzed 

dietary carbohydrates (HDC; cellulose, hemi-cellulose, pectin and starch) in the rumen and 

emitted primarily by eructation. The primary substrates for ruminal methanogenesis are 

hydrogen (H) and CO2. Most of the H produced during the fermentation of HDC, much of 

which is generated during the conversion of hexose to acetate or butyrate, ends up in CH4 

(Bhatta et al., 2007). Significant quantities of CH4 can also arise from microbial fermentation 

of amino acids, the end products of which are ammonia, volatile fatty acids, CO2 and CH4. 

The formation of propionate serves as an H2 sink in ruminal fermentation, and a greater 

proportion of propionate and/or a lower acetate:propionate ratio in ruminal fluid could 

indicate a lower availability of metabolic H2 for methanogenesis that forms CH4. Propionate 

production can be stimulated by diets containing relative high starch contents. As such, any 

nutritional intervention that causes a shift in favour of propionate production will be 

accompanied by a reduction in methane production per unit of feed fermented (Knapp et al., 

2014). Energy dense diets or feeds usually contain higher proportions of starch relative to 

neutral detergent fibre, and less methane is produced per unit of starch digested than neutral 

detergent fibre (Moe and Tyrrel, 1979). A review by Knapp et al. (2014) showed that when 

concentrate feeding is increased methane per energy corrected milk decreased by 2% for 

every 1% increase in ration non fibre carbohydrate (like starch). 

The SF6 tracer gas technique remains the method of choice when methane emission 

measurements are required from individual ruminant species under free ranging conditions 

(Pinares-Patino and Clark, 2008).    

Further research on the quantification of enteric methane from different breeds of grazing 

dairy cows in different feeding regimes is justified to develop a focus point for mitigation 

strategies. 
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Potential Beneficiaries 

Commercial and emerging pasture-based dairy farmers and milk buyers and processors in 

the Eastern and southern Cape will benefit. Consumers want to see the methane 

contribution associated with a product; they are more aware of their carbon footprint. 

Consumers are willing to pay a premium for a product with a lower carbon footprint. Inter-

governmental Panel on Climate Change will benefit due to more accurate and relevant 

methane output data. More accurate prediction models can be developed. 

 

Materials and methods - Work Plan 

STUDY 1: 

Study site 

Location 

The study will be carried out at the Outeniqua Research Farm situated near George in the 

Western Cape Province of the Republic of South Africa. The altitude, latitude, and longitude 

are 204 m above sea-level, 33°58´38´´S and 22°25´16´´E, respectively. The George area 

has a temperate climate. The long term mean rainfall in this area over a period of 45 years, 

since 1967, is 731.45 mm per annum (ARC, 2011).  

Paddock description 

The paddock that will be utilized consists of 8.55 ha of kikuyu as base that is annually over-

sown with annual ryegrass (Italian ryegrass) during March. The planting method used is as 

ascribed by Botha (2003). The paddock will consist predominantly of kikuyu during the study 

period since the growth rate of annual ryegrass decreases significantly during the mid and 

late summer months in the southern Cape (Botha, 2003). The paddock consists of two 

distinct soil forms namely an Estcourt form in the northern part of the paddock and a 

Witfontein form in the slightly downward sloping southern part (Soil Classification Working 

Group, 1991). 

 

 



Treatments 

Grouping of cows 

Fifty four intact, early lactation Jersey cows between 20 and 150 days in milk (DIM) will be 

used (supplied from the Outeniqua Research Farm). The cows will be blocked according to 

4% fat corrected milk production (FCM), DIM and lactation number. They will then be 

randomly allocated to three treatment groups resulting in 18 cows per treatment for the 

production study. Additionally, six lactating rumen-fistulated cows will be used which will be 

randomly allocated to the three treatment groups resulting in 2 rumen-fistulated cows per 

treatment in a cross-over design (six replicates per treatment). The six rumen-fistulated cows 

have previously been fistulated and will form part of the rumen fermentation study. Each 

treatment will, therefore, consist of 20 cows. This is a practical constraint of the milking 

system, because cows are milked in groups of 20. 

Concentrate treatments 

The three treatments will differ only by concentrate level. A pasture-only treatment (zero 

concentrate) and a four and eight kilogram dry matter (DM) concentrate treatment (PO, LC 

and HC, respectively). The ingredient and chemical composition of the dairy concentrate will 

be homogeneous for each treatment (Table 1). Cows will be adapted for 14 d receiving 

allocated treatment. The data collection period will extent for 63 d. Concentrates of the LC 

and HC treatments will be fed individually to cows in the milking parlour split over two milking 

sessions. Cows on the PO treatment will receive zero concentrate in the parlour. Cows will 

be milked at 05:30 AM and 15:30 PM. Prior feeding, allocated concentrates will be weighed 

accurately (2 and 4 kg) into plastic bags. Clean water will be available ad libitum at all times. 

Pasture allocation 

Treatment cows will strip graze the paddock from west to east as one group at a stubble 

height of 50 mm with one rotation after each milking, resulting in a 28 d grazing cycle. Cows 

will graze 24 h per day except during milking times. Before each milking session cows will be 

separated into their respective treatment groups. Pasture will be allocated at 10 kg DM/cow 

above a stubble height of 50 mm using pre- and post-grazing rising plate meter (RPM) 

readings and a regression for the specific site and season. Each strip will be top-dressed 

with 42 kg N/ha post-grazing. Limestone ammonium nitrate (LAN, 28% N) will be used as 

nitrogen fertiliser. Pasture will be irrigated according to tension-meter readings (Botha, 

2002). 

 

 

 

 

 

 



Table 1 The ingredient and estimated nutrient composition of the concentrate treatment that will be 

fed to Jersey cows at 0, 4 or 8 kg DM/d grazing kikuyu pasture 

Ingredient  (%, as is basis) Concentrate Treatment 

Maize 80.6 

Soybean oilcake 11.5 

Molasses 5 

Feedlime 1.5 

Salt 0.6 

Magnesium oxide 0.3 

Premix1 0.5 

Total 100 

Nutrient (%, DM basis)  

Dry matter 87 

Crude protein 12.1 

Metabolisable energy (MJ/kg) 12.5 

Neutral detergent fibre 8.9 

Starch 62.4 

Ether extract 3.85 

Calcium 0.67 

Phosphorous 0.37 

Magnesium 0.31 

1 Premix (Coprex Dairy Premix) – (per unit of premix) 6 million IU vitamin A; 1 million IU vitamin D3; 8000 IU vitamin E; 100 

g Zn, 50 g Mn, 20 g Cu, 1.7 g I; 1 g Co; 300 mg Se 

 

Analytical methodology – Production study 

Pasture yield and quality 

Pasture dry matter (DM) yield per area will be estimated by using the RPM with a disk area 

of 0.098 m2 by taking the mean of 100 RPM readings in a zigzag pattern on each pasture 

strip pre- and post-grazing. A custom regression will be determined by weekly cutting nine 

circles (three of each low, medium, and high sward heights being representative of the rest 

of the pasture in that strip) at a stubble height of 30 mm after measuring the height of the 



pasture with the RPM. A metal ring that is the exact size as the RPM disk will be used to 

obtain the circles. Cut pasture samples will be dried at 60°C for 72 h (Botha, 2003) and 

milled to pass a 1 mm screen to determine the DM content, hence DM yield. 

Pasture quality will be determined by cutting a total of six representative pasture samples (of 

0.098 m2 each) at a stubble height of 30 mm on a weekly basis on the particular strip pre-

grazing. The six pasture samples cut per week will be pooled, resulting in a total of 8 pooled 

pasture samples at the end of the study (after 7 weeks). Cut pasture samples will be 

prepared in the same way as for the pasture samples for determining pasture yield, but will 

be analysed for DM, ash, CP, NDF, ADF, ADL, ADIN, NDIN, IVOMD, starch, GE, EE, Ca 

and P following standard procedures. 

Concentrate quality 

Weekly grab samples of the concentrate treatment will be taken and pooled fortnightly, 

resulting in four concentrate samples at the end of the study. The concentrate samples will 

be analysed for the same nutrient fractions using the same analytical methods and 

preparations as for the pasture samples.  

Enteric methane gas emissions 

The SF6 tracer gas technique will be used to determine enteric CH4 emissions. Ten (block 

one to ten) of the 18 intact cows from each treatment in the production study will be used. 

Brass permeation tubes (14.3 × 38 mm) will be filled with ultra-pure SF6 gas and calibrated 

(weighing of tubes kept at 39°C) for six weeks to get an accurate release rate (four 

significant figures). The tubes will be placed in the rumen per os  using a bolus gun at least 

14 d before measurement. All tubes have an expiration date which is ca. 2-3 years after 

manufacturing date. A customized halter fitted with a capillary tube (with known flow rate) will 

be placed on each treatment cow’s head and connected to an evacuated (negatively 

pressurised) polyvinyl chloride yoke/canister (with known volume) designed to half fill with 

eructed gas diffusing into the system over a 24 h period. Measurement will continue for five 

consecutive days. Filled yokes will be replaced every 24 h. Cows will graze normally and will 

be milked according to standard protocol. Samples from filled yolks will be analysed for CH4 

and SF6 gas using a gas chromatograph (GC). Methane will be expressed as gram methane 

per kilogram dry matter intake. 

  



 

Figure 1 Illustration of the SF6 tracer gas technique. (Source: Johnson et al., 1994). 

 

Pasture intake 

This measurement will run concurrently with the SF6 measurement using the same 10 cows 

per treatment. A slow release titanium oxide (TiO2) capsule will be used as inert marker to 

determine faecal output. The marker (cylinder shape, white in colour with dimensions of 10 x 

30 mm) will be dosed per os with a bolus gun twice daily for five consecutive days. 

Subsequently faecal grab samples from rectum twice daily will follow for five consecutive 

days with continuous dosing of marker twice daily. Faecal samples will be pooled and dried 

pending TiO2 analyses. For pasture digestibility samples, cows will be followed and pasture 

samples will be cut where cow graze to account for selective grazing. Samples will be dried 

pending in vitro digestibility analyses. Intake will be calculated using the following equation: 

pasture digestibility (%) = ((dry matter intake – faecal output)/dry matter intake) x 100. 

Milk yield and composition 

Treatment cows will be milked twice daily using a twenty point Dairy Master swing over 

milking parlour with weigh-all electronic milk meters. A refined milking procedure will be 

followed ensuring sustainable udder health and wellbeing of cows during each milking 

session. Milk yield of individual cows will be electronically measured and recorded during 

each milking procedure. Milk yield per day will be determined on pooled AM and PM milking 

data and the monthly average milk yield per cow per day and per treatment will be 

calculated. 

Milk composite samples (from each cow’s milk meter) will be taken fortnightly for each cow. 

Milk samples will be analysed for milk fat, -protein, and -lactose, MUN, and SCC. 

Body weight and condition score 

Body weight and body condition score of treatment cows will be measured and determined 

post AM milking over two consecutive days at the start and end of the study. Body condition 

score will be determined subjectively by using the 1 to 5 scale scoring system. 



Analytical methodology – Rumen study 

Three rumen analytical methods will be applied on the six rumen-fistulated cows during the 

course of a 21 d period which will consist of 14 d adaptation and 7 d data collection. This 

period will be replicated three times (cross-over design). Firstly, ruminal pH will be measured 

with indwelling pH loggers over a 3 d period; secondly, rumen fluid will be extracted through 

the rumen fistula using a modified hand drain pump to determine ruminal volatile fatty acid 

(VFA) profile, ammonia nitrogen (NH3-N) concentration, protozoal counts, and pH using a 

handheld pH meter; and lastly an in situ study will extend for 30 h with three dacron bag 

removal intervals to determine DM and NDF degradability and NDF degradability rate of the 

available kikuyu pasture affected by treatment. 

Ruminal pH 

Ruminal pH will be measured with pH-HR pH/temperature logging systems (TruTrack Data 

Logger, www.intech.co.nz). Each logging system is capsuled in a flexible watertight capsule 

to minimise logger malfunction and any discomfort to the cow, while allowing the electrode 

probe maximum access to the rumen content. The logging system logs an average pH value 

in 10 min intervals over a 3 d period. Data will then be downloaded. 

Ruminal fluid analyses 

Three rumen fluid sampling time intervals, evenly dispersed over 24 h, will be used; 06h00, 

14h00 and 22h00. A total of 100 ml rumen fluid will be extracted per sampling. The pH of the 

ruminal fluid will be determined with a hand held pH logger directly after extraction. Ruminal 

fluid will be filtered through four layers of cheese cloth. Three sub-samples will be taken: one 

each for NH3-N, VFA and protozoal count analyses. This will result in a total of 54 samples 

for each VFA and NH3-N analyses (6 cows x 3 sampling times x 3 periods) that will be done 

by Nutrilab, University of Pretoria, and 18 samples for the protozoal count analysis (6 cows x 

3 periods). The VFA and NH3-N sub-samples will be preserved by freezing them at -20°C 

subsequently after collection. The sub-samples for protozoal counts will be preserved with a 

10% formalin solution at a 9:1 ratio (sub-sample:formalin) and stored at 15°C. Protozoal 

counts will be done by Josef van Wyngaard using a light microscope.  

Ruminal pasture degradability 

Fibre digestion of kikuyu will be determined with the dacron bag technique. The DM, OM and 

NDF digestion will be determined by incubating dacron bags for 6, 18 and 30 h in the rumen 

of cows (three bags/time = 9 bags/cow x 6 cows = 54 bags/period x 3 periods = 162 + 6 zero 

time bags = 168 bags). Kikuyu will be cut at a height of 30mm when 1200 kg DM of grass is 

available above 30 mm. The samples will be dried and cut in 5 – 10 mm lengths. 

Approximately 5 g of prepared kikuyu sample will be accurately weighed with a three 

decimal scale and placed in the dacron bags. Dacron bags will be placed in nylon stockings 

and inserted in the rumen at 06:00 and will be removed after the specified times. Six bags 

will be filled for 0 h of incubation. After removal, bags will be dried at 55°C for 72 h where 

after the weight will be recorded. Pooled samples will be analysed for DM and NDF to 

determine the NDF degradability rate (56 pooled samples). 

After the first period rumen-fistulated cows will change treatment groups and will re-adapt for 

14 d followed by pH measurement, rumen fluid sampling and dacron bag study. This will be 

http://www.intech.co.nz/


done for each period to ensure that each rumen-fistulated cow receive each concentrate 

treatment.  

Statistical analysis 

The production study data will be analysed statistically as a randomised block design with 

four treatments randomly allocated to 18 blocks. The GLM model (Statistical Analysis 

Systems Institute, 2012) will be used for the average effects over time. Repeated measures 

analysis of variance (ANOVA) with the GLM model will be used for repeated period 

measures.  

The rumen study data will be analysed statistically in a cross-over design, which ensures 

that both treatments are present in both periods. Repeated measures ANOVA with the GLM 

model will be used for repeated time effects. 

Means and standard error will be calculated and significance of difference (P≤0.05) between 

means will be determined by Fischer’s test (Samuels, 1989). Tendencies will be declared at 

P<0.10. 

STUDY 2: 

The exact same methodology that will be used in Study 1 will be used in Study 2. Sixty new 

cows will be used for Study 2. Only the type of grazed pasture will change from kikuyu to 

ryegrass and the crude protein of the dairy concentrate will be lowered accordingly to adhere 

to the protein requirements of a lactating Jersey cow grazing ryegrass pasture. 
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