
Copyright is owned by the Author of the thesis.  Permission is given for 
a copy to be downloaded by an individual for the purpose of research and 
private study only.  The thesis may not be reproduced elsewhere without 
the permission of the Author. 
 



Methane emissions from farmed red deer 

A thesis i n  partial fu lfi l lment of the requirements for the 

degree of Master of Science in  Animal Science 

at Massey University, Palmerston North . 

Natasha Madeleine Swainson 

2004 



DECLARATION 

The studies presented in  this thesis were completed by the author wh i le  a post­

graduate student in the I nstitute of Food Nutrition and Human Health,  Col lege of 

Sciences, Massey University, Palmerston North , New Zealand . This is al l my 

own work and the views presented are mine alone. Any assistance received is  

acknowledged i n  the thesis. 

I officia l ly state that the contents of the thesis have not been submitted for any 

other degree and are not currently being submitted for any other degree . I 

certify that to the best of my knowledge, any help received i n  preparing this 

thesis ,  and al l  sou rces used , have been acknowledged in  the thesis .  

Natasha Swainson 

MSc Candidate 

Dr. S. 0. Hoskin 

Chief Supervisor 

Dr. M. Krause 

Co-su pervisor 



ABSTRACT 

Methane (CH4) is one of the end products of fermentation of ingested feed by 

the microbial population resid ing i n  the foregut of ruminants . lt represents a 

potential loss of 2- 1 2% of gross energy consu med , and is a potent greenhouse 

gas . The objective of this study was to fi rstly measure methane emissions for 

the first time using the sulfur hexafl uoride tracer technique in red deer ( Cervus 
elahus) grazi ng ryegrass-based pasture (Lolium perenne) and secondly, to 

compare methane emissions of deer grazing chicory ( Cichorium intybus) and 

plantain (Plantago lanceolata) with those g razing ryegrass-based pasture .  

Methane production per day and per kg of dry matter i ntake ( D M I )  was 

measured us ing the sulfur  hexafluoride tracer technique cou pled the with 11-

alkane techn ique for feed intake estimation in  25 red deer g razing ryeg rass­

based pasture ,  chicory or plantain in March and May of 2003 . Methane 

production per u nit DMI  obta ined in this study (37.8 g I kg D M I )  was 

approximately 75-80% greater than values used in the New Zealand National 

Greenhouse Gas I nventory for dairy cows and sheep , and estimated for deer 

grazing ryegrass-based pastures. Deer g razing chicory and plantain in March 

exh ibited lower methane emissions per kg DMI  compared with ryegrass-based 

pasture . However, in May methane emissions per kg of DMI  from p lantain was 

simi lar to pasture ,  which were both higher compared with chicory. The variabi l ity 

and accuracy of resu lts obtained for esti mated DM I  using the alkane technique 

was questioned, and a lack of publ ished i nformation regard ing methane 

production by red deer provided few possible explanations for the a pparently 

h igh methane emissions. This prompted the in i tiation of an i ndoor study where 

DMI  cou ld be accurately measured concurrently with methane production using 

1 2  an imals from the grazing study. 

Mean methane production per kg DM I  of 1 2  mature hinds housed i ndividually 

indoors in metabol ism cages and fed fresh ryegrass-based pasture in August 

2003 was 22.5 g CHJkg DM I .  Th is figu re was s imi lar to publ ished results 

obtained from sheep and cattle on s imi lar d iets and was 42% lower than the 

grazing study in autumn.  This latter result emphasises the i mportance of 
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obtain ing accurate i ndividual DM I  measurements with which to express 

methane e missions per unit feed intake . 

Estimated dry matter intakes using the double n-a lkane technique have not 

previously been val idated agai nst actual intakes for red deer, or for deer fed 

fresh forages. Therefore , the third experi ment attempted to val idate the use of 

this technique with rumen-fistulated , castrated red deer stags housed i ndoors 

and fed either fresh ryegrass-based pasture or plantai n ,  wh i le concurrently 

measuring methane prod uction .  I nd i rect estimation of DMI using the double n­

alkane techn ique u nderestimated actual DMI of pasture by 23.5% and 

overestimated actual DMI  of plantain by 1 3 .9%. These results ind icate that the 

estimation of DMI  by the double n-alkane technique was possibly not val id for 

comparisons between treatments, and across experiments or an imal species.  

The i mpact on methane emissions of the inaccurate estimation of D M I  by the 

double n-technique resulted in  methane production from deer fed pasture being 

overesti mated by 1 1 .0 g CH4/kg DMI and an underesti mation of methane 

production of 4.8 g CH4/kg DMI for deer fed plantai n .  

Findi ngs of th is thesis suggest that the measurement of methane from g razi ng 

and/or forage-fed an imals shou ld be conducted under conditions where D M I  

can b e  measured accurately, otherwise comparisons of methane production 

across treatments , experi ments or species may be inval id .  The latter two 

stud ies indicate that methane production of forage-fed red deer is simi lar to 

publ ished val ues for sheep and cattle .  However, this should be confirmed by 

d i rect comparisons where al l  species are fed the same d iet, methane 

measurements are conducted over the same ti me period usi ng ident ica l  

methods, and feed intake can be accu rately  determi ned . 
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CHAPTER 1. Review of literature 

1 . 1 Introduction 

The objectives of th is review of the l i terature were to establish the role methane 

(CH4) p lays in  g lobal warming ,  the agricultural  industry sector's contribution to 

greenhouses gases, but with a focus on methane i n  New Zealand ,  and current 

research into methane emissions from ruminants in  New Zealand focusing on 

potential methane emissions from deer. 

1 .2 .  Globa l warmi ng and methane 

The earth's surface retains heat through the presence of an atmospheric 

gaseous insulation layer. Some of the gases present in th is  layer are referred 

to as greenhouse gases and are responsi ble for absorbing solar i nfrared 

radiation in the atmosphere ( Moss et al. , 2000). The accumulation of 

greenhouse gases (GHG) related to human activity, such as carbon d ioxide 

(C02), n itrous oxide (N20), methane and CFCs with in the earth 's atmosphere, 

are proposed to contribute to an increase in  the earth's average temperature 

(g lobal warming) .  The rates of the estimated accumulation of the greenhouse 

gases are shown in Table 1 . 1 .  To prevent or slow this process, wh ich is 

predicted to result  in major ecological  changes to ecosystems, a reduction in  

the emission of these greenhouse gases emitted from h uman activity is 

required . Global warming is predicted to increase the earth's average 

temperature from 0 .5  o c to 2.5°C by the year 2030 (Moss et a/. , 2000). 

The actual i ncrease in  g lobal temperatures due to the accumulation of methane 

is not clearly defi ned . However, it is estimated that CH4 result ing from human 

activity has  i ncreased in  atmospheric concentration by  1 40% s ince the  pre­

industrial e ra (Howden & Reyenga,  1 999) (Table 1 ). lt is also recognised that 

methane has a global warming potential that is twenty-one times g reater than 

C02. Therefore ,  it is predicted that methane may contribute to approximately 

20% of g lobal warming (Howden & Reyenga, 1 999). Methane's atmospheric 

l ifetime i s  shorter  than that of carbon dioxide (12 years versus 5-200 years) 

(Ravindra nath & Sathaye, 2002) ,  any positive effects of reduci ng methane 

emissions wi l l  be obtainable with in  a short t ime period . 
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Table 1 .1 .  Atmospheric volu me mixing ratios of main  agricu ltural 

greenhouse gases during the last glacial , the pre- industrial Holocene and from 

1 900 to 1 990 . Also shown are the observed annual  atmospheric growth rates i n  

1 990, and  atmospheric residence times (Crutzen ,  1 995) . 

C02 CH4 N20 

ppmva ppmv ppbv 

Last glacial 1 95 0 .35 244 

(=== 1 8000 yr BP) 

Pre-industrial 280 0 .79 260 or 288 

1 900 296 0 .97 292 

1 960 3 1 6  1 .27 296 

1 970 325 1 .42 299 

1 980 337 1 .57 303 

1 990 354 1 .72 3 1 0 

Annual increase 1 .8 0 .01 5 0 .8  

(0 .5%) (0 .9%) (0 .25%) 

Atmospheric residence 

Time/years 50-200 9 1 30 

appmv = parts per mi l l ion by volu me = 1 0"6 ; ppbv = 1 0"9 ; pptv = 1 0"12 

1 .2 . 1 . G lobal methane emissions 

Methane emissions (F igure 1 . 1 )  from human activity may account for 70% of 

total methane emissions ,  where the remai n ing 30% arises from natura l  sources 

such as natural wetlands and oceans and lakes (Moss et al. , 2000). A large 

proportion (approxi mately � to �) of the CH4 from anthropogenic sources is a 

resu lt of agricultural activities and,  of that, 1 6  to 1 9% of CH4 arises from farmed 

ruminants (Ciark, 2002; Moss et al., 2000) .  However methane emissions from 

wi ld ruminants remains  largely undefined .  

As i l lustrated i n  F igu re 1 . 1 ,  the total methane production from a l l  sources 

exceeds the methane sin ks in the environment by 1 2% .  The two major methane 

s inks in the envi ronment are the reaction  of methane with hydroxyl rad icals in 
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the atmosphere and the second is by methanotrophic bacteria (Moss et al., 

2000; O'Hara et al. , 2003) .  

Biomass Burning, 40T g, 6% 

Digestion in domestic 
animals, 75Tg, 11% 

Reaction with OH in the 
atmosphere, 570Tg, 84% 

Sources of Methane 

Rice growing, 110Tg, 16% 

Methane sinks 

Natural wetlands, 265Tg, 

37% 

Excess, 80Tg, 12% 

F igure 1 . 1 .  Sources and sinks of methane on the earth and i n  the 

atmosphere (Moss et al. , 2000) .  
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1 .2 .2 .  Methane emiss ions from New Zealand and New Zealand agriculture 

Methane i n  2001 as C02 equivalent accounts for 38% of tota l New Zealand 

GHG emissions (Table 1.2). Emissions from g razing ruminants account for 88% 

of the total methane emissions, and approximately 98% of methane from the 

New Zealand agricultural sector (N IR, 2003; O'Hara et al., 2003). The h igh 

percentage of GHG emissions due to l ivestock for New Zealand (37.5%) ( N I R, 

2003) and Australia (12%) renders them un ique among developed countries ,  

most of which have a significantly smal ler percentage of their  emissions from 

l ivestock, for example Un ited States of America (3.3%), Un ited Kingdom (4%), 

Canada (3.8%), and Japan (0.8%) (Howden & Reyenga, 1999). 

Table 1 .2 .  Summary of New Zealand's Greenhouse Gas Emissions ( N I R . ,  

2003) 

1990 2001 

Gas C02 Equi 1 % total C02 Equi*  % total % Change 

c o2t 25,266.88 40.9 32,430.19 44.6 28.35 

CH4 25,600.37 41.5 27,065.36 37.5 5.72 

N20 10,281.46 16 .5 12,576.17 17 .4 22.32 

Totalt 61,754.10 100 72,379.13 100 17.2 

*C02 equilvent Gg (gigagram, 10 g) 

t Without land use change and forestry 

The ratification of the Kyoto Protocol by New Zealand means GHG emissions i n  

2008 wil l  be requ i red not to exceed 1990 levels (Howden & Reyenga, 1999). 

Therefore, it is important that firstly there is a creation  of accurate i nventories 

based on an imal numbers and rates of methane emissions by rumi nant 

l ivestock (section 1.2.4) and secondly, that there is research into sustainable 

methods for reducing methane production (section 1.4) u nder New Zealand 

pastoral farming conditions. 
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1 .2.3. Current research into enteric methane emissions 

Research i n itiated to determine the enteric methane product ion from grazing 

sheep and dairy cattle has been conducted using the ERUCT (Emissions from 

Rumi nants Usi ng a Cal ibrated Tracer) method , where the tracer gas employed 

was su lphur hexafl uoride (SF6), commonly referred to as the SF6 technique 

(Uiyatt et al . ,  1 997) developed by Johnson et al. ,  ( 1 994) .  Enteric methane 

emissions from sheep and catt le when measured using the SF6 method are 

comparable to methane emissions measured by open-ci rcuit respiration 

ca lorimetry (Pinares-Pati no ,  2000; Boad i et al., 2002). 

The SF6 method is based on three major assu mptions as described below. 

Firstly, the SF6 technique rel ies on the col lection of two gases, SF6 and CH4. lt 

is assumed that emission of SF6 exactly simulates the emission of CH4 and that 

the rate of the d i lution of the gases is the same. Grounds for this assumption 

rely on the notion that the mixi ng of both gases is dominated by turbulent 

d iffusion than by molecu lar diffusion, therefore gases of d i fferent weight 

experiencing the same degree of turbulence wi l l  have the same rate of d i ffusion 

and are not affected by molecu lar diffusion (Johnson et al., 1 994) .  The 

molecu lar weight of SF6 is nine ti mes that of methane (Uiyatt et al., 1 999) ,  

wh ich could result i n  different rates of d i ffusion of the gases. However, as 

reported by Ulyatt et al ., ( 1 999), there does not seem to be evidence of different 

molecu lar weight affecti ng the sampl ing of exp ired gases. 

Secondly, it i s  assumed that in  measuring enteric methane from ruminants, SF6 

is released from the permeation tube at a constant rate for the l ife of the tube. 

The rate of SF6 release from the permeation tubes i s  cal ibrated by regular 

weigh ing of the tube in  the laboratory for a period (ideal ly  two months) at 39°C 

(Uiyatt et al., 1 999). lt is assumed that the rate of SF6 release is  also constant 

once the permeation tube enters the rumen .  U lyatt et al., ( 1 999) examined the 

rate of release of permeation tubes maintained in the laboratory for 500 days 

and found the rate of SF6 release was s l ightly curvi l i near, with a faster rate of 

release at the start compared with the end of the measurements. The release 

rate of SF6 from the permeation tube retrieved from an imals post-experiment 

after 235 days has been found  to be reduced by 20% compared with the pre-
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experimental release rate (U iyatt et al., 1999. There was no suggestion to 

whether the change i n  release rate was due to the curvi l i near relationship of 

SF6 or if the rumen itself affects the release rate . However, it was noted that 

recovered permeation tubes were encrusted with microbial deposits and digesta 

had penetrated around the lock-nut of the tube (U iyatt et al., 1999). 

The th i rd assumption of the SF6 technique is  that the major route for methane 

excretion is via the mouth and nose. However, this 

is  based u pon one study conducted with four sheep fed 800g of lucerne chaff 

per day (U iyatt et al. , 1999). This study showed that 87% of methane was 

produced in the rumen and the remain ing 13% i n  the lower d igestive tract, and 

that 98% of the methane produced i n  the gastroi ntestinal tract was excreted via 

the mouth and 2% in  flatus.  l t  was also shown that of the methane produced in  

the lower intestine 89% was absorbed and expi red (Murray et  al. , 1976). I n  the 

va l idation of the SF6 technique it has been found that emissions measured 

using the SF6 technique were within 90-95% of the values obtai ned from 

respi ratory chambers.  This supports the assumption that the main route of 

methane expi ration is via the mouth and nose (Pinares-Patino,  2000 ; Boadi et 
al. , 2002). However, this is  based on a l imited nu mber of tria ls ,  and there is very 

l i ttle known about species differences and influences of diet or season upon the 

sites of methane production and excretion . 

General ly, publ ished resu lts have found that when grazing ryegrass-based 

pasture (perenn ial ryeg rass (Lolium perenne)/white clover ( Trifolium repens) 
80 :20), sheep produce less methane (CH4 g I kg DM I )  than do catt le and that 

there is some seasonal  variation in  methane emissions, wh ich are expected to 

be related to seasonal changes in pasture chemical  composition (U iyatt et al. , 
2002b) (Table 1.3.). Studies have found the production of methane per un it 

d igestible d ry matter i ntake (DDMI )  is fai rly similar for sheep and dairy cows and 

a common figure of  26 g CH.J kg DDMI  could therefore be used for breeding  

ewes and dairy cows (U iyatt et  al. , 2002b) .  Currently, there are no publ ished 

methane e missions for either grazing beef cattle or deer using the SF6 method 

i n  New Zealand . 
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Table 1 .3 .  Methane measurements us ing the SF6 technique from 

different classes of ruminant l ivestock, under grazing conditions fed ryegrass-

based pasture C Uiyatt et a l . ,  2002a;  2U iyatt et a l . ,  u npublished ; 3Lassey et al . ,  

1 997; 4Pinares-Pantino, 2000; 5P inares-Pantino e t  a l . ,  2003a ; 6Pinares-Pantino 

et a l . ,  2003b ;  7Waghorn et al 2002; I n  O'Hara et a l . ,  2003). 

Pasture BW Dig OMI  CH4 CH4/DM I  CH4/DDMI  MY 

(kg )  (%) (kg/d ) (g/d ) (g/kg ) (g/kg ) 

Ewes PRIWC:Sept1 54 82 1 .5 1  30.6 20.3 24 .7 6 . 1  

NOV1 54 72 1 .46 33.2 22 .7 3 1 .5  6 .6  

Mar1 62 75 1 .35 27 20 . 1  27.0 6 . 1  

Jul1 66 82 1 .89 27.9 1 5 . 1  1 8 .5 4 .6 

Wethers PRIWC:Mar3 37 75 1 .27 1 8 .9 1 5.0 1 9 .8 4 .6  

PRIWC:Ap� 38 80 1 .39 1 9 .3 1 3 .8 1 7 .4 4 .2  

PRIWC:Apr4 4 1  81  1 .70 2 1 .9 1 2 .9  1 5 .9 3.9 

PRIWC:Jun4 40 80 1 .4 1  24 . 1  1 7 .3 2 1 .7 5.2 

PRIWC:Nov5 46 76 1 .62 29.9 1 9 .8 26.0 6 .0 

PRIWC:Oct6 45 82 2 .07 30.4 1 5 .2 1 8 .6 4 .5  

PRIWC:Nov6 48 77 1 .81  34 .3 1 9 .8 25.9 6.0 

PRIWC:Jan6 52 79 2 .26 30.4 1 4 .0 1 7 .9 4.2 

PRIWC:Feb6 53 82 2 .42 3 1 .2 1 3. 7  1 6 .7 4 . 1  

Cows PRIWC:Sept1 475 82 1 9.3  431 22.4 27 .3  6 .8  

PRIWC:Mar 483 77 1 2 .9  263 20.4 26.4 6 .2 

NZ pasture/Sep7 497 82 1 7 .2 307 1 8 .0 22 .0  5 .3  

Dec7 5 1 9 79 1 7 .0 376 22.2 28 .3  6 .6 

M a? 5 1 9 78 1 5 .0 353 23.8 30.4 7.0 

os 588 82 1 7 .7 267 1 5 . 1  1 8 .4 4 .5  
pastu re/Sep 7 

Dec7 601 74 1 7 .6 345 1 9 .9  26.8 6 .0  

M a? 594 78 1 6.3 379 23.4 30 . 1  6 .9  

* OS represents cows of overseas genetics 

BW = body weight, Dig= DM digestibility, CH4 = methane, DMI = dry matter intake, DDMI = 

digestible dry matter intake, MY methane yield (MJ/100 MJ gross energy intake). Dominant 

pasture species; PR = perennial ryegrass and WC = white clover. 
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1 .2.4. Livestock methane emissions and i nventory 

Methane emissions per ki logram of dry matter intake for ruminant l ivestock as 

used in the New Zealand National Greenhouse Gas Inventory created by MAF 

(Min istry of Agriculture and Forestry) are based upon research resu lts using the 

SF6 method conducted in  New Zealand (section 1 .2 .  3 . ) .  For inventory purposes 

adult sheep are said to produce 20.9g CH4 I kg DMI ,  sheep less than 1 year  

1 6 .8 g CH4 I kg DMI  and adult dai ry cattle 2 1 .6 g CH4 I kg DMI  (N I R, 2003). 

However, as not a l l  classes of stock have had methane measured under 

grazing conditions ,  it is assumed that al l  dairy and beef cattle are represented 

by the value for adult dairy cattle, and simi larly all adult sheep are represented 

by the value for adult ewes. Adult deer are assumed to emit the average of 

adult sheep and dairy cattle (2 1 .25 g CH4 I kg DM I )  (N IR, 2003). 

I nventory estimates of enteric methane production  from the Sheep, Dairy, Beef 

and the Deer Industries show that the total enteric methane has decreased by 

nearly 1 0% from 1 990 to 2000 (Ciark, 2002; N I R, 2003). As d iscussed by Cl ark 

(2002), this is assumed to reflect the current trends of l ivestock numbers i n  the 

four l ivestock i ndustries, reflecting current industry trends. 

Prior to the research using the SF6 technique, methane emissions for inventory 

purposes were based upon the Baldwin mathematical model ,  wh ich estimates 

methane production based upon feed i ntake, the chemical composition of the 

d iet and resu l ts from calorimetry chamber work. l t  has been found that the 

Baldwin mode l  has a tendency to overestimate methane production by 20-30% 

as compared with data gai ned using the SF6 technique (Ciark, 2002; N I R, 

2003). Therefore, there may be significant behavioural  and envi ronmenta l  

factors which affect the production of methane that are not accounted for i n  the 

Baldwin mathe matical model and are present under New Zealand farmi ng 

conditions. 

1 .2.5.  Methane emiss ions and deer 

Enteric methane p roduction of deer from 1 990 to 2000 was predicted to double, 

based upon i ncreased l ivestock numbers of the deer industry (section 1 .5 . 1  ) . 
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Methane production from adul t  deer is  estimated at 22 .6 kg I animal I year (de 

Klein et al., 2002) or (2 1 .25 g CH4 I kg DM I )  ( N I R, 2003) .  Total methane 

production by deer is  expected to double again by 20 1 0 , if the current expected 

growth as predicted by Clark, (2002) i n  the deer industry continues. However 

the current growth of the deer industry has dec l ined (section 1 .5 . 1  ). Un l ike 

sheep and cattle, there are no publ ished data on methane production from 

grazi ng deer using the SF6 method. 

A l imited number of experiments have measu red methane production from deer 

housed in calorimetry chambers. Semiadi et al. , ( 1 998) found that methane 

production of deer consumi ng a diet with an organ ic matter d igesti bi l ity (OMD) 

of 77%, averaged 1 6 .4 g CH4 I kg DMI and 1 9 . 7  g CH4 I kg DMI  for red deer 

( Cervus elaphus) and sambar (Cervus unicolor) , respectively, when fed at 

mai ntenance. Methane production was simi lar when deer were fed twice energy 

mai ntenance, with mean values of 1 5 .2 g CH4 I kg D M I  and 22.0 g CH4 I kg DMI  

for red deer and sambar respectively. However, there was no mention of a 

species difference i n  methane production . Galbraith et al. , ( 1 998) examined the 

methane production  of bison (Bison bison), wapit i  ( Cervus elaphus) and wh ite­

tai led deer (Odocoileus virginianus) . lt was observed that wapiti produced 1 6 .8 

g CH4 I kg DMI  and wh ite tai l  deer produced 1 0 .8 g CH4 I kg DMI .  A s ign ificant 

interspecies difference of methane production was observed , where bison lost 

the g reatest proportion of gross energy intake (GE l )  to methane, whi le  white­

tai led deer lost the least. For both bison and wapiti there was found to be a 

seasonal effect of methane production from FebruaryiMarch ( late wi nter) to 

MayiJ une (early summer), where methane production as a percentage of g ross 

energy intake was found to decrease . 

Methane measured in  calorimetry chamber experiments suggests that methane 

production from deer could be lower than the estimated value (2 1 .25g CH4 I kg 

D M I )  used currently in  the i nventory (section 1 .2 .4 )  and lower than the methane 

production of sheep and cattle per ki logram of d ry matter i ntake . The above 

data suggests that some species of deer may a lso exhi bi t  seasonal ity i n  

methane production , as  found for wapiti but not white-tai led deer (Galbraith et 
al. , 1 998). 
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1 .  3 .  Methanogenesis 

1 .  3 .  1 .  Digestion in the rumen 

Rumi nants themselves, l i ke all an imals ,  are unable to digest cel lu lose and hemi­

cel lu lose due to a lack of the appropriate enzymes . However, by forming a 

symbiotic relationship with micro-organisms, bacteria ,  protozoa , and fung i , 

with in  the gastrointest inal tract, they are able to i nd i rectly gai n energy from 

fibrous materials. Microbial organisms reside with i n  the foregut (rumen­

reticu lum) and the h indgut, that is the large intesti ne and caecum, where plant 

materia l  is  fermented . 

Fermentation of substances with i n  the rumen and h indgut is typical ly an 

oxidative process, where catabol ic reactions release energy for microbial 

anabolic reactions. However, in the rumen this process occurs in an anaerobic 

environment. Therefore , the transfer of electrons and protons must be to 

acceptors other than oxygen (Demeyer & Van Nevel , 1 974 ; Russell & Wallace, 

1 997). I rrespective of genus and species, there is  a common biochemical 

pathway of plant breakdown and fermentation by ru minal microbes. The first 

stage i nvolves the breakdown of plant polymers to monomers and ol igomers 

primari ly by exogenous microbial enzymes. The products of hydrolysis are not 

readi ly detectable in the rumen as they are qu ickly engu lfed by microbes and 

converted to pyruvate i n  i ntracel lu lar metabol ism, in the second stage of the 

fermentation process (McDonald et al. , 1 995). 

Products of the fermentation process , particularly in the second stage of 

fermentation,  which cannot be reuti l ised by the microbes, are waste products . 

The host animal (the rumi nant) is able to absorb and gain energy from some of 

these waste products, for example the volati le fatty acids (VFA's :  propionate , 

butyrate and acetate) .  However, some of the end products of the fermentat ion 

process are not able to be uti l ised by the host animal and must be removed 

from the ru men ,  in particular the gases C02, and methane (as described in  

section 1 .2 .3) .  
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1 .3 .2 .  Methanogens 

Ruminant enteric methane prod uction is attri buted to a g roup of anaerobic 

microbes commonly cal led bacteria, known as methanogens, which more 

closely resemble eukaryotes, than they do to true bacteria (Stewart et al. , 1 997) 

and are classified as Archae or Archaebacteria (McAI I ister et al. , 1 996). 

Approximately ,  66 separate methanogenic species have been isolated from 

anaerobic envi ronments; five of these species are found to be important with in 

the rumen (McAI I ister et al. , 1 996 ; Stewart et al. , 1 997). Only two of these 

species (Methanobrevibacter ruminantium and Methanosarcicina sp) are 

thoug ht to reside in the rumen at concentrations greater than 1 x 1 06 ml-1 

(McAI I ister et al. ,  1 996) .  The establ ishment of a population of methanogens 

with in  the ru men of newborn lambs is  considered to occur within 30 hours of 

birth , wh i le eructation of calves begins four weeks after b irth (Johnson & 

Johnson , 1 995). This suggests that methanogens,  wh i lst lacki ng the population 

density of other microbes, may be a fundamental component of the microbial 

population (McAI I ister et al. , 1 996). 

The growth of methanogens is substantial ly s lower than that of fermentative 

rumen bacteria (Mi l ler & Wol i n ,  200 1 ) . The rapid turnover rate of fi bre with in the 

rumen effectively prevents methanogens from being able to convert organic 

matter to C02 and methane, however primary and secondary fermenters within 

the rumen produce the end products required (C02, hydrogen and formate) 

(section 1 .2 .3) to produce methane (McAI I ister et al. , 1 996) .  

The removal of protozoa from the ru men has been found to influence methane 

production .  This may be because ci l iate protozoa are associated with some 

species of methanogens with in  the rumen .  lt is estimated that between 9 - 25 %  

of methanogens are associated with protozoa , either external ly or as 

endosymbionts (Newbold et al. , 1 996 ; Takahash i ,  2001 ) . The colonisation of the 

ci l iates in part is dependent upon the partia l  hydrogen concentration of the 

rumen, as there is a g reater degree of association of methanogens with ci l iates 

in low concentrations of hydrogen than after a feedi ng event. This has been 

suggested to occur because protozoa are a major source of hydrogen withi n  the 

rumen (Takahashi ,  2001 ) . 
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1 .3 .3 .  Methanogenesis 

Methane produced in the rumen serves as an important sink  for hydrogen . The 

bui ld-up of hydrogen withi n  the rumen is reported to slow the fermentation 

process by changing the rumen environment (McAI I ister et al. , 1 996) .  Therefore , 

although methanogens do not d i rectly contribute to the digestion of fibre, the 

rate of fibre breakdown is  enhanced in the presence of methanogens as they 

effectively reduce the bui ld-up of reduced nucleotides (e .g .  NAD H) via 

interspecies hydrogen transfer (McAI I i ster et al. , 1 996) . 

. 1 .3 .3. 1 . Hydrogen transfer i n  the rumen 

l nterspecies hydrogen (H2) transfer in  the context of the rumen refers to H2 

produced in the fermentation process, wh ich is instantaneously used in 

reactions by H2-uti l is ing microbes , predominantly methanogens under low 

partial pressure of H2 (Mi l ler ,  1 995;  Wol in et al. , 1 997). Hydrogen is produced 

by the re-oxidation of reduced eo-factors i n  the presence of H2-uti l i sing 

microbes . As a general rule, eo-factors such as NAD, are red uced when energy 

(ATP) is released from a substrate (Czerkawski , 1 986). 

The release of energy in  the fermentation process by substrate 

phosphyorylation occurs in two key reactions. These reactions are ( 1 )  the NAD­

I inked dehydrogenation of g lycera ldehyde-3-phosphate and (2) pyruvate lyase 

reactions (Demeyer & Van Neve l ,  1 974). A common example to show the 

release of energy and influence of H2-uti l izing bacteria on the fermentation 

process for these two reactions is the fermentation pathway used by a key 

cel luolytic bacterium,  Ruminococcus a/bus (Figure 1 .2) .  I n  the dehydrogenation 

of glyceraldehyde-3-phosphate NAD is reduced to NAD H ,  consequently protons 

and electrons are transferred to ferredoxi n (fd ) .  I n  reaction 2 the electrons and 

protons are passed d i rectly to fd ; from fd they are then transferred to flavodoxin 

and related compounds, resulting in  the release of H2 .  H2 is  released i nto the 

surrounding envi ronment (rumen) in  the presence of H2-uti l i sing microbes, and 

acetate is  produced as the major product of fermentation .  This is commonly 

seen when R. ab/us is eo-cultured with methanogens or another H2-uti l is ing 

microbes (Glass et al. , 1 977; Wol in  et al. , 1 997). 
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Figure 1 .2. Hexose fermentation by Ruminococcus a/bus i n  the absence 

and presence of methanogens. I n  mono-cu lture,  R. a/bus deg rades g lucose to 

acetate, ethanol , H2, and C02. Hydrogen inh i bits its formation from NADH.  I n  

eo-culture with methanogens, NADH is  used to reduce protons to H2 and the 

final products are acetate and CH4 (Fd = ferredoxin )  (Mi l ler, 1 995) 

Alternatively, in the absence of H2-uti l is ing microbes, as i n  the monoculture of 

R. a/bus, the H2 release from reactions 1 and 2 results a h igher partial pressure 

of hyd rogen , wh ich acts to i nhib it the re-oxidation of NADH by transfer of 

electrons and a proton to fd (figure 1 .2) . Thus, NADH is  reoxid ised by 

dehydrogenase, resulti ng in acetyl-coA being reduced to ethanol or lactate 

(figure 1 .2 ) .  Therefore , methanogens maintain a low partial pressure of 

hydrogen ( less than 0 . 1  kPa) by reducing carbon d ioxide to form methane ,  

which results in  the conti nued release of  hydrogen ( Mi l ler, 1 995;  Wol in  et  al. , 
1 997) .  However, if the partial pressure of H2 increases above 0 . 1  kPa , the re­

oxidation of NADH to NAD plus H2 via ferredoxin ,  becomes thermodynamical ly 

u nfavourable (Bauchop & Mountfort, 1 98 1 ; Mi l ler, 1 995) 

Consequently, the energy gained by the fermenting microbes, is h igher in the 

presence of H2-uti l ising microbes (4 ATP) than when H2-uti l is ing microbes are 
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not present (3 ATP),  and in  addition energy is gained by methanogens when 

they reduce C02 to methane (Wol in  et al. , 1 997) .  Therefore , the fermentation 

process is  more efficient in terms of energy gai ned by the rumen microbes in 

the presence of methanogens and other H2-uti l izing microbes such as 

acetagens (Hegarty, 1 999).  

The bacterium R. a/bus used i n  this example is not the only major fermenti ng 

microbe affected by the partia l  pressure of hydrogen. In  genera l ,  these 

microbes when g rown in monocu lture produce products such as lactate , ethanol 

and succi nate . However, when they are eo-cu ltured with methanogens or H2-

uti l isi ng microbes, these products are significantly reduced and the 

concentration of acetate is increased . Ethanol and lactate are not i mportant 

intermed iate substrates in the fermentation process, unl ike succinate, wh ich is 

an important intermed iate in the formation of propionate. Therefore , H2-uti l ising 

microbes can i nfl uence the ratio of acetate to propionate . I n terestingly, 

microbes whose products result in the formation of butyric acid do not seem to 

be affected by changes in  the partial pressu re of hydrogen whether or not H2-

uti l is ing are present (M i l ler, 1 995) . 

1 .4. M itigation 

The reduction of g ross energy i ntake lost to methane may result  in  the 

redi recting of that energy to increased growth and production performance of 

ruminants .  Methane mitigation strategies wi l l  play an important role in  New 

Zealand being able to meet Kyoto protocol requirements upon compl iance of 

the agreement in  2008 , where total enteric methane emissions from ruminants 

may need to be reduced . Jobl i n ,  ( 1 999) has identified three major s ites of 

microbial intervention to reduce methane production (F igure 1 .3) . The first site 

of microbial i n tervention is to alter the microbes involved i n  d igestion  and to 

alter the formation of hydrogen with i n  the rumen . The second s ite is to provide 

alternative sin ks for hydrogen and the third is to reduce the population of 

methanogens in the rumen . Potential methods of methane mit igation i nclude the 

supplementation of chemical feed additives or d ietary man ipulation .  
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Possible options for reducing enteric methane production have been reviewed 

extensively (Baker, 1 999; Hegarty, 1 999; Lee et al. , 2000 ; Moss et al. , 2000; 

Pinares-Pati no,  2000; Ulyatt, Clark et al. , 2002; O'Hara et al. , 2003), therefore a 

summary of methane mitigation options d iscussed wi l l  be concerni ng methane 

mitigation by mani pulating production systems, i ntake and d ietary components 

of forages fed to animals .  

t t t 
Hydrogen formation Alternative H2 sinks. IAnti-methanogens I 

inhibitors. Increased microbial 
Protozoa removal.  growth yields. 

Figure 1 .3 .  Possible sites of microbial-intervention for lowering ruminant 

methane (Job l in ,  1 999). 

1 .4.1 . Production systems 

By increasi ng farm production efficiency, methane emission from an imals per 

u nit of production is able to be reduced per unit  of output (meat, mi lk ,  wool  etc . ) .  

For example, if animal productivity is measured as l ive weight ga in  (LWG) and 

p lotted against methane production per LWG (g/kg) (figure 1 .4) a n egative 

curvi l inear relationship appears (Howden & Reyenga, 1 999; Kurihara et al. , 

1 997) .  This curvi l i near relationshi p results from the non l inear relationship of 

feed intake and growth , which is  a result of the maintenance requirement of the 

an imal becoming proportional ly smal ler as i ntake above maintenance i ncreases 

(Howden & Reyenga, 1 999). An example of increasing production efficiency to 

reduce methane production is the New Zealand sheep i ndustry ,  wh ich has been 

able to decrease overal l  methane emissions by 1 4 .7% from 1 990 to 2001 (N IR, 

2003) by decreasing animal numbers .  Nevertheless, by increasing the anima l  

production efficiency th is  industry has been able to mai ntai n  total production as 

lambing percentages from 1 990 to 1 999 have i ncreased by 1 2% and simi larly 
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lamb and sheep slaughter weights have i ncreased by 1 2  and 1 1 %  respectively 

(Ciark, 2002) .  

• • •  
0.5 1 .0 1 .5 2 .0 

LWG (kg/day) 

Figure 1 .4. Change in efficiency of l iveweight gain (LWG) in  terms of 

methane emissions with increasing rate of l iveweight gain (LWG) for Bos 
indicus eating a tropical forage diet (•) . and B. taurus and B. indicus on a h igh 

g rain diet (+) .  Relationships a re shown for gra in diets (-) and tropical  forage 

d iets ( ---) (Howden & Reyenga, 1 999). 

I ncreases i n  production efficiency to reduce methane emissions must be viewed 

with caution,  as increased production performance often coi ncides with 

i ncreased animal i ntake (section 1 .3 .2) .  I ncreased animal  production and i ntake 

wi l l  create decreases i n  methane per product gain or per kg of DM I ,  however as 

an imal intake is increased there wi l l  be an increase in methane production per 

an imal or per day ( Howden & Reyenga,  1 999). Therefore , methods of 

i ncreasing production efficiency that wi l l  not increase DMI  in take may need to 

be i nvestigated as d iscussed by Howden & Reyenga, ( 1 999). 

1 .4.2. Feed intake 

Dry matter intake of ruminants has been found to be related to methane 

production , where as intake i ncreases methane production is fou nd to decrease 

per kg of DMI ( Figure 1 .5). However, methane production per day has an 

overal l  i ncrease as i ntake increases (Biaxter & Clapperton ,  1 965; Johnson & 
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Johnson , 1 995; Kurihara et al. , 1 997) . The major route i n  wh ich i ntake is 

thought to affect methane production is v ia passage of feed particles out of the 

rumen (Moss et al., 2000).  Therefore, under ci rcu mstances of increased rumen 

particle outflow, methane production per kg of DMI  should be reduced . I n  

agreement with this (Pinares-Pati no et al. , 2003) found that methane production 

in  sheep housed indoors was positively correlated with the rumen pool size of 

organic matter (OM), OM intake and rumen fi l l ,  but negatively correlated to the 

fractional outflow of particles from the rumen . 

§' 7.0 
..., 6.0 :s � 5.0 
:::; � 4.0 
.. � 3.0 
c: ii 2.0 
c: "' = 1 .0  .. 

Methane emission per unit of intake 

\ r = - 0.597 \ 

• • 

:s 0.0 +------�--.------�------, 
80) 1 CXX) 1200 1400 1600 10CO 

OM Intake (gd) 

Figure 1 .5. Methane emissions per unit of feed intake plotted against OM 

i ntake in  sheep grazing the same pasture (Lassey et  a/, 1 997; I n  O'Hara et  al. , 
2003) .  

The relationsh ip of decreasing methane production per kg of DMI  remains true 

except when the d iet is  of low apparent digestib i l ity as shown in F igure 1 .6 

(Biaxter & Clapperton ,  1 965). This therefore suggests that methane produ ction  

may also be i nfluenced by apparent d igestibly, the nutrient components of  the 

d iet, and the digesta passage rate. Red deer fed chicory (Cichorium intybus) 
have been found to exh ibit  a faster particle outflow rate (Kusmartono et al. , 
1 997) possibly due to a greater rate of particle breakdown (Kusmartono et al., 
1 996) compared with ryegrass-based pasture (Lolium perenne), therefore the 

feedi ng of chicory may be useful as a mitigation tool i n  deer and other 
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ruminants. Wag horn et al . ,  (2002) found that methane emissions of sheep fed 

chicory was reduced by up to 4 1 % per kg of OMI as compared with pasture .  

8 
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Apparent digestibility of dietary energy (%) 

Figure 1 .6.  Esti mated CH4 production by sheep and cattle receivi ng 

constant amounts of feed , at three different levels of feeding and apparent 

digestib i l ity (Biaxter & Clapperton ,  1 965). 

1 .4.3 Apparent d igesti b i l ity 

The apparent digestibly (either as organic matter or as energy) of feeds fed to 

ruminants has been found to affect the methane production of an imals per unit  

of feed i ntake .  As the digesti b i l ity of a given feed i ncreases, the proportion that 

may be fermented by the microbial populations also increases, therefore 

resulting in  methane production increases ( Moss et al. , 2000).  Blaxter & 

Clapperton ( 1 965) fou nd that methane production of sheep and cattle i ncreases 

with increasing apparent digestibi l ity (energy) when an imals are fed roughages, 

pelleted or mi l led feeds and mixed d iets. However, i t  was also found that when 

in take increased at each level of apparent digestib i l i ty the methane produced 

(kcal/1 00 kcal feed) decreased for diets of med ium and h igh digestibi l ity. The 

methane production of an imals consuming d iets of low d igestib i l i ty was not 
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affected by the level of intake ( Figure 1 .6) .  Pi nares-Patina et al. , (200 1 ) found 

that when ten rumen-cannulated sheep were fed lucerne chaff the apparent 

digestibi l ity of cel l ulose and the apparent mean retention ti me of the d iet was 

positively related to methane emissions expressed as a percentage of gross 

energy. 

1 .4.4. D ietary mani pulation 

The manipu lation of the dietary components of feeds fed to alter methane 

emissions may be an effective method for methane mitigation . However, the 

man ipu lation of  single nutrient components without dramatica l ly changing other 

components of the diet is difficult i n  mixed ration diets and is almost i mposs ib le  

to achieve for an imals grazing forages. 

John son and Johnson , ( 1 995) suggested that there were two broad d iet-related 

mechanisms by which methane emissions from ruminants could be 

man ipu lated . Fi rstly, the amount of dietary fi bre that was avai lable for 

fermentation i n  the rumen cou ld be manipulated to effect carbohydrate 

fermentation and the rate of passage through the rumen , which would a lso 

i ncl ude absol ute feeding levels (section 1 .4 .2) .  The second mechan ism of 

man ipu lation may be by the regu lation of hydrogen and methane production via 

the man ipulation of the ratio of volati le fatty acids produced as a result  of 

fermentation .  Much of the research investigating the affects of forages and 

chemical composition upon methane emission rates has been based upon 

conserved forages or  total mixed ration diets . 

The proportion of each type of carbohydrate (cel lu lose, hemicel lu lose and 

soluble carbohydrates) present in forages fed to ruminants has been fou nd to 

i nfluence methane emissions (Moe & Tyrrel l ,  1 979; Halter & Young ,  1 992).  The 

proportion of d igested cel l u lose is predicted to result i n  methane emissions that 

a re three and five times g reater than the digestion of hemicel lu lose and soluble 

carbohydrates respectively. Methane production tends to be related to the 

carbohydrate type fermented and the time spent in the rumen, as solu ble 

carbohydrates tend to pass through the rumen and are digested in  the sma l l  

1 9  



i ntestine ( Moe & Tyrrel l ,  1 979). However, the proportion of carbohydrates in  

forages and total mixed rations infl uenced methane production on ly  at  i ntakes 

greater than 1 .5 maintenance energy (Moe & Tyrrel l ,  1 979). 

By chang ing the sources and proportion of carbohydrates , that is the ratio of 

structura l  and soluble carbohydrates, by the feeding of forages with a reduced 

proportion of structural fibre and a greater content of readi ly fermentable 

carbohydrates or cereal grains, a lower rumen pH may result ,  leading to an 

increased proportion of propionate being produced.  Th is may result i n  

unfavourable conditions for methanogens and  hence methane production 

(Johnson & J ohnson,  1 995; Lee et al. , 2000). The man ipu lation of acetate to 

propionate to decrease methane emissions should be viewed with caution . For 

example, Hoskin et al. ( 1 995) found that deer fed chi cory compared with those 

fed ryegrass-based pasture had a g reater ratio of acetate : propionate . However, 

Waghorn et al. (2002) fou nd that the methane emissions per kg DM I  of sheep 

housed i ndoors was reduced by up to 40% when fed ch icory compared with 

those an imals  fed pasture ,  the ratio of acetate :propionate was not i nvestigated 

in th is  study. 

The increasing concentration and d igesti bi l ity of the chemical components ADF 

(acid detergent fibre), and  NDF (Neutral detergent fi bre) have been found to be 

positively related to methane emissions when expressed as  proportion of g ross 

energy, . In contrast increasing crude protein and dietary fat digestib i l i ty in the 

diet is  negatively related to methane emissions as a percentage of g ross energy 

(Moe & Tyrrel l , 1 979; Halter & Young,  1 992). S imi lary some secondary plant 

compounds,  such as condensed tan nins ,  have also been shown to be 
' 

negatively related to methane production . Waghorn et al., (2002) showed that 

forages contain ing condensed tann ins such as sul la (Hedysarum coronarium) 
and lotus (Lotus pedunculatus) fed to sheep red uced methane production  per 

kg of DM I  by up to 50% compared with sheep fed ryegrass-based pasture ,  of 

which 1 6% of the reduced methane emissions was due to condensed tann ins .  

Other  secondary compounds found i n  alternative forages such as  

sesquiterpene lactones have not been eva luated i n  their potential role for 

methane mitigation . 

20  



Table 1 .4. Methane emissions from sheep and dairy cows fed a ra nge of d iets 

indoors, determined with the SF6 tracer techn ique (Pinares-Pantino,  2000; 2Waghorn 

et a l . ,  2002a ; :Waghorn et a l . ,  2002b;  
4
Woodward et a l . ,  2002; I n  O'Hara et a l . ,  2003) .  

BW Dig DMI CH4 CHJDMI C HJDDMI MY 

Diet (kg) (%) (kg/d) (g/d) (g/kg) (g/kg) 
Wethers Pasture 57 73 1 .26 25.0 1 9.8  27 .3  6.0 

Lucerne hay1 59 59 1 .08 1 8 .7  1 7 .3  29.2 5 .2 

Lucerne hai 43 64 1 . 1 8  1 8 .8  1 5 .9 24 .8  4 .8  

Pasture2 33 74 1 . 1 2 28.7 25 .7 34.7 7 .8  

Lucerne2 38 7 1  1 .47 30.2 20.6 29.0 6.2 

Sulla2 38  73 1 .50 26.3 1 7 .5  24. 1 5 .4 

Sulla/lucerne2 38  7 1  1 .67 3 1 . 8 1 9.0 26.7 5 . 8  

Chi cor/ 35 79 1 . 1 2  1 8 . 1  1 6.2 20.4 4.9 

Sulla2 36 63 1 . 1 7  20.5 1 7 .5  27 .7  5 .3  

Chicory/Sulla2 36 7 1  1 .3 7  23 . 1  1 6.9 23 .8  5 . 1 

Red Clover2 44 76 1 . 76 3 1 .2 1 7 .7  23 .4 5 .4  

Chicory/ red 36 77 1 .3 6  26.8 1 9.7  25 .6 6 .0 

clover2 

Lotus2 40 70 0.94 1 0.8  1 1 .5 1 6.4 3 . 5  

Lotus (+PEG)2 40 76 0 .94 1 2 .9 1 3 .8  1 7 .3  4 .2  

Ewe 

Lambs Lucerne hay1 3 5  64 0 .90 1 1 .5  1 4. 8  23 . 1  4.4 

Dairy 

cows NZ/TMR: Sepe 544 72 2 1 .4 422 20.3 27.3 5 .6 

Dec3 583 8 1  1 9.7  435 22.0 27.3 6. 1 

Mar3 626 80 1 9.0 423 22.3 27.9 6.4 
*OS/TMR: Sept 3 6 1 0  75 27 .9  446 1 6.0 2 1 .5 4.4 

Dec3 646 80 23 .0  448 1 9. 5  24.3 5 .4 

Mar3 693 78 2 1 .4 452 2 1 .4 27. 1 6 .2 

Ryegrass4 66 1 0.7  260 24.6  37 .3  7 .2  

Sulla4 83 1 3 . 1  253 1 9. 5  23 .5  6. 1 
BW = body weight, Dig= DM digestibi l ity, CH4 = methane, DMI = dry matter i ntake, DDMI = 

digestible dry matter intake, MY methane yield (MJ/ 100 MJ gross energy intake), *OS = cows of 

overseas genetics, TMR = total mixed ration, PEG = .polyethylene glycol MW 3350. 
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1 .5 .1  The New Zealand deer industry 

Currently New Zealand is the world's largest suppl ier of farmed venison ,  and 

exports approximately 90% of its total p roduct ion . The majority of venison is 

exported to Europe, particularly Germany wh ich receives over 50% of total 

ven ison exports. The other main product from the deer industry is velvet a ntler, 

which is exported to Asia , namely South Korea ( MAF , 2003). 

The population of farmed deer in  New Zealand was pred icted to be 

approximately between 1 . 7 mi l l ion and 2 mi l l ion animals as at J une 2003 

(F igure 1 .7) with approximately three-q uarters of this estimate compris ing of 

h inds. However, the present (January 2004) estimates for g rowth of the deer 

industry due to current economic events are that annual growth has slowed 

substantially to approxi mately 5% (M .  J .  Loza personal communication ,  2004) 

from previous estimates ranging from 9- 1 4% (Barry et al. , 2002) . To ma intain 

and improve prod uction performance i n  the deer ind ustry, gains must be made 

through improved genetics , nutrition and hea lth management in a susta inable 

manner without rel iance on feed additives and d rugs (Parker & Loza , 2003) .  
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Figure 1 .7 .  Popu lation growth from 1 987 and estimated g rowth to 20 1 0  

(M.  J .  Loza, January 2004 , unpubl ished) . 
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1 .5.2.  Deer, energy requirements and forages 

Deer i n  New Zealand are predominantly g razed on pastures (commonly 

perennial ryegrass-based pasture) that have traditional ly been fed to sheep and 

catt le.  However, the suitabi l ity of ryegrass-based pasture for optimal 

performance of farmed deer is questionable for the reasons outl i ned below. 

Those deer that are commonly farmed in New Zea land (red deer and wapit i) 

have evolved as i ntermediate feeders (Hofmann ,  1 985) (Figure 1 .8) .  

Concentrate and intermed iate feeders that evolved earl ier than the roughage 

feeders are assumed to be less efficient at uti l isi ng energy from fibrous feeds, 

as the rumen tends to be less developed and less able to selectively delay food 

passage. I n  contrast, the more developed rumen of roughage feeders,  

concentrate and in termed iate feeders are thought to be better su ited to a d iet of 

p lants lower i n  fibre and higher in sol uble carbohydrate , protein ,  fat and oi l , 

(such as legumes, and herbs) than the grasses normal ly consumed by 

roughage feeders. 
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Figure 1 .8 .  Classification of the Cervidae on the basis of 

morphophysiological feeding types. The position of a species is  based on 

typical structures of the digestive tract and/or on feeding behaviour/forage 

selection . The basel ine indicates flexib i l ity i n  adaptation ; from left to right the 

abi l ity to uti l ise fi brous roughage i ncreases ( Hofmann,  1 985) .  
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The reproductive cycle,  as dictated by seasonal control mechan isms of 

temperate deer species, has a marked effect on the annual cycle of feed 

demand . This d istinct cycle of feed demand of deer results i n  a peak in demand 

i n  summer, of 47 MJME/kg OM for an average lactati ng red deer h ind , 

compared with 22 MJME/g OM for wi nter maintenance of the same pregnant 

h ind (Moloney, 2003). Weaner h inds and stags also show a simi lar pattern in 

feed i ntake as reflected in  their seasonal pattern of g rowth wh ich ranges from 

1 50g per day l ive weight gain (LWG) in  wi nter compared with 250- 350 g/day 

LWG in the fol lowing spri ng ( Moloney, 2003 ; Stevens & Corson , 2003) .  As 

i l lustrated in  F igure 1 .9 the peak in  feed demand of both lactating h inds and 

growing animals lags beh ind the peak of pasture g rowth i n  the spring by 2-3 

months. 

Pasture production 

// 6reeding hinds reQuirements 

/ 
/ 

Breeding and 
tin ishing requirements 

o �------------------------
J J A S O N D J F M A M  

Month 

F ig ure 1 .9 .  Seasonal variation in pasture production and an imal  

requ i rements in deer production systems i n  perennia l  ryegrass/wh ite clovers 

pastures (Moloney, 2003) .  

An  i ndication of the  severity of the production i nefficiency of New Zealand deer 

farms has been i l l ustrated by a study by Audige ( 1 995) where it was found that 

on ly 1 5% (ranging from 0 to 40%) of wean er stags reached target weights of 92 
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kg body weight o r  50 kg carcass weight by their first year. Average growth rates 

were found to be 1 1 8 ,  96 and 206 grams per day for autumn , wi nter and spri ng 

respectively. I n  an attempt to meet feed demands of deer in  late spri ng and 

summer alternative forages have been eval uated . Special ist forages i ncl ude the 

summer and winter brassica crops, legumes such as red clover, lotus species 

or lucerne , and herbs such as chicory (Moloney, 2003). 

The feeding value1 of a l i mited nu mber of specia l ist forages has been evaluated 

i n  deer compared with ryegrass-pastures, wh ich have been reviewed by Barry 

et a/. , (2002) and Hoski n et a/. , (2003). The feeding value of chicory, red clover 

( Triolium pratense), sul la (Hedysarum coronarium) and bi rdsfoot trefoi l  (Lotus 
corniculatus) was greater than ryegrass-based pasture,  with the indicator of 

feeding value i n  these studies bein g  liveweight gai n .  Liveweight gain of deer fed 

alternative forages, compared with ryegrass-based pasture, have been up 55%, 

23%, and 30% for autumn ,  spring  and summer, respectively (Hoskin et a/. , 
2003). The h igher feeding value or growth rates of deer fed these forages i n  

autumn compared with growth rates in  spring represents a decrease i n  the 

feeding value of ryegrass-based pasture in  autumn rather than an i ncrease of 

feeding value of the special ist forages from spring to autumn (Barry et a l . ,  

2002). The i ncreased growth rates from deer fed specia l ist forages can result i n  

90-1 00% of stags meeting target l iveweights for venison production by 1 year of 

age, resu lting in  an increase of farm productivity (Barry et a/. , 2002) .  

Many of the special ist forages that have been evaluated have been found to 

contain secondary plant compounds, such as condensed tan nins ,  endophyte 

alkaloids, coumestans, isoflavones, sesquiterpene lactones, i ridoid g lycosides 

and phenol ic glycosides (Barry et a/. , 2002 ; Hoskin et a/. , 2003). The presence 

of some of these secondary plant compounds such as condensed tann ins and 

sesquiterpene lactones have i ndicated some n utritional benefit for ruminants 

1 Feeding value is 'defined as the animal production obtained from grazing a forage under 

unrestricted conditions, and its com ponents are voluntary feed intake, the digestive process 

(including percentage digestion and retention time in each section of the digestive system), and 

the efficiency of utilization of digested nutrients' (Barry et al. ,  2002). 
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and particularly deer. However the impact of secondary plant compounds in 

isolation on feeding values is  not known (Hoskin et al. , 2003) .  One factor that 

may contribute to the greater feeding value of special ised forages could be that 

secondary plant compounds have been shown to have anthelmi ntic properties 

against parasites of deer (Hoski n ,  1 998) and other ruminants (Hoskin et al. , 

2003). Therefore , it is  l ikely that the reduced parasite burden of deer fed forages 

contain ing secondary plant compounds, such as chicory in the farmed situation 

compared with those fed ryegrass-based pasture wi l l exh ib it  greater an imal 

production ( l iveweight gains) on the same DMI a l location,  as less protein and 

energy is required for ma i ntenance ( i .e .  maintain ing bodyweight) and there is 

l ikely to be a reduced nutrient demand for combati ng parasite infection . 

1 .6.  Conclusion and Requirements for further research 

1 .6 .1 . Methane accounts for 38% of New Zea land's greenhouse gas emissions, 

of wh ich 88% arises from ruminant l ivestock in the microbial fermentation 

of ingested feed . 

1 .6 .2 .  Methane emissions of grazing adult sheep, sheep less than 1 year and 

dairy cows have been measured using the SFs techn ique .  However, no 

measurements have yet been conduced using a l l  classes of sheep and 

dairy catt le,  beef cattle ,  and deer. To provide an accurate set of methane 

emissions measurements from ruminant l ivestock, methane emissions 

need to be measured from al l  species and classes of l ivestock. 

1 .6 .3 .  Due to the increase of the farmed deer population estimated in 2002 of 

approximately 1 0% per annum, methane emissions of red deer were 

predicted to double from 2000 to 2008, therefore it was thought that deer 

wou ld contribute to a large  proportion of the methane emissions from 

ruminant l ivestock a bove 1 990 levels.  However, the current growth of the 

deer industry has sharply decl ined to approximately 5% per annum.  
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1 .6 .4. Grazing red deer are suggested to prod uce methane per kg of D M I  that 

is s imi lar to the production  by grazing sheep and dairy cattle .  This 

suggestion is based upon a l imited number of studies that have 

measu red methane production of deer i n  calorimetry chambers . 

1 .6.5. Temperate deer species, which are farmed in New Zealand,  have been 

establ ished to exhibit strong seasonal cycles of voluntary food intake, 

energy req ui rements, reproductive annual cycles and digestive 

physiological changes; it is not known if these seasonal changes wi l l  

affect methane emission levels throughout the year .  Methane emissions 

from wapiti , as measured in a calorimetry chambers,  showed that 

methane as a percentage of GE decreased from early summer to 

autumn,  therefore it is suggested that the methane emissions of grazi ng 

temperate species of deer wi l l  change with time (season ) . 

1 .6.6. The dietary components of ruminant feeds have been shown to affect 

methane emissions ,  however as much of th is research has been 

conducted using conserved or total mixed rations,  there is a need for 

simi lar research to be undertaken with fresh forages . 

1 .6. 7. The feeding of alternative forages to reduce methane emissions can 

provide a methane mitigation  option that is free of feed additives and 

drugs.  Sheep and dairy cows have shown red uced methane emissions 

per kg of DMI when fed chicory, sul la,  and lotus species. Further 

research needs to be conducted to test other forages for methane 

mitigation potential  and to d iscover if other ruminant species also reduce 

methane emissions in  response to being fed these forages. 

1 .6 .8 .  Ryegrass-based pasture has been found not to be suited for maxi mum 

an imal production performance of deer though out  the entire year, 
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especially in  summer, therefore to opti mise the genetic potential for 

an imal production specia l ist forages such as chicory, red clover and 

forages crops are being uti l ised . Some of these special ist forages have 

been found to be of g reater feedi ng value compared with ryeg rass-based 

pasture,  however feeding values, rumen kinetics and apparent 

digestibil ity research has been conducted in  a l imited number of forages 

and in  a restricted nu mber of trials. There needs to be more research 

investigating the potential of forages already employed to feed deer, and 

the potential of new forages species, with the aim of increasi ng an imal 

productivity. 

29 



CHAPTER 2. Methane production from farmed red deer 

grazing perennial ryegrass pasture, chicory, or plantain. 

2.1 . Introduction 

In s igning the Kyoto agreement New Zea land has made its commitment to the 

reduction of greenhouse gas emissions. I n  the period 2008 -201 0 ,  fol lowi ng 

ratification of this agreement, New Zealand wi l l  be fi nancial ly responsible for the 

emission of greenhouse gases above the basel ine year of 1 990.  Methane 

accounts for 38% of the total g reenhouse gases produced by NZ, where enteric 

methane emissions from g razing rumi nants account for 88% of the total 

methane emissions, and 99% of methane from the agricultural sector (N I R, 

2003). Because of animal n umbers,  the NZ sheep industry is the largest single 

contri butor. However, i n  the last decade estimated methane production from 

the deer industry has i ncreased by 50% and is expected to approximately 

double again by 2008 (Ciark, 2002). 

In the official New Zealand national i nventory, the enteric methane production 

of deer is estimated to be 21 .25 g CH4 per kg d ry matter i ntake (DMI ) ,  wh ich is 

an average of the val ues used for adult  sheep (20.9 g CH.Jkg DM I )  and adult  

dairy cows (21 .6 g CH4Ikg DM I )  ( N I R, 2003). A l imited number of publ ished 

stud ies have measured methane production from deer using calori metry 

chambers and have ind icated that methane production from red deer might be 

expected to be lower than that from both adult sheep and dai ry cows (Galbraith 

et a/. , 1 998; Semiadi et a/., 1 998). 

Semiadi et a/., ( 1 998) found that red deer and sambar deer fed at mai ntenance 

produced an average of 1 6 .4 g CH4 I kg DMI  and 1 9 .7 g CH4 I kg D M I  

respectively, when consuming a d iet of 77% organic matter digestibi l i ty (OMD) .  

When fed twice maintenance they were fou nd to produce 1 5.2 g CH4 I kg DM I  

and  22.0 g CH4 I kg  DM I  for red deer and  sambar respectively, there was no  

mention of a species difference of  methane production . Galbraith et al. , ( 1 998) 

examined the methane production  of bison ,  wapiti and white-tai led deer. l t  was 

observed that wap iti produced 1 6 .8 g CH4 I kg DMI  and wh ite-tai led deer 

30 



produced 1 0 .8 g CH4 I kg O M  I .  A s ign ificant interspecies difference of methane 

production was observed , where bison lost the greatest proportion of g ross 

energy (GE) to methane and white-tai led deer the least. Both bison and wapiti 

were found to exhibit seasonal differences whereby methane production per kg 

DM I  decreases from February/March to May/June with the greatest change in 

methane production exh ibited by bison , then wapiti deer.  The change in  

methane production was 3 .9% GE and 2 .4% GE,  respectively. 

Farmed deer in New Zealand are grazed largely upon perennial ryegrass/clover 

pastu res developed for g razing by sheep and catt le. However, due to strong 

seasonality of feed intake and growth , later calvi ng compared with sheep and 

cattle and the high dietary preference for legumes and herbs of the temperate 

deer species farmed in New Zea land (Hoski n et al. , 2003) deer are less suited 

to perennial ryegrass-based pastures than are sheep and cattle .  Beneficial 

effects on deer health and production from grazing alternative forages such as 

chicory, wh ich produce large quantities of h igh nutritive value herbage in  

summer and autumn , have been wel l  documented (Barry, 1 998; Barry et  al . ,  

2002; Moloney, 2003) ,  with some effects bei ng attributed to the presence of 

secondary compounds (Hoskin et al. , 2003). 

Forages such as sul la, bi rdsfoot trefoi l  and lotus major contain ing secondary 

compounds such as condensed tann ins have been fou nd to reduce methane 

emissions from sheep and cattle by up to 50 and 28%, respectively (Woodward 

et al . ,  2001 ; Woodward et al . ,  2002). Condensed tannins (CT) have been fou nd 

to alter the breakdown and fermentation of protein and fibre in the digestive 

tract of ruminants through changes in the microbial population and growth 

(Woodward et al. , 200 1 ; Barry et al. , 2002). Waghorn et al. , (2002) fou nd that 

CT significantly reduced methanogenesis by 1 6% and methane production per 

kg DDMI  (digestible d ry matter i ntake) was reduced in  sheep by up to 50% 

( 1 6.4 g CHJDDMI )  when fed lotus major conta ining CT of 5 .3 g /kg,  compared 

with those fed ryegrass-based pasture . Sheep fed chicory were found to have 

reduced methane production  of up  to 4 1 % (20.4 g CHJD DMI )  compared with 

sheep fed ryegrass-based pasture . Chicory in this study was not reported to 
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contain CT, however other studies have reported a low presence of CT in  

ch icory of 1 .7g/ kg DM (Barry, 1 998) and 2 .80 g /kg (Hoskin et al. , 1 995). 

The pri mary objective of th is experiment was to measure enteric methane 

output from red deer grazi ng ryegrass-based pasture usi ng the SF6 techn ique in 

order to provide deer-specific data for the New Zealand national inventory of 

ruminant methane emissions . A secondary objective was to in itiate an 

investigation into the effect of the a l ternative forage herbs, chicory and plantain ,  

on  the methane production of grazing red deer. 

2.2.  Materials and methods 

2 .2.1 . Experi mental design  

An experiment to measure methane production from farmed red deer grazi ng 

d ifferent forage species was conducted at Massey University Deer Research 

Un it, Palmerston North , New Zealand. Twenty red deer hinds and five castrated 

stags were randomly allocated to one of three treatment forages, perenn ial 

ryegrass-based pasture (n = 1 2  h inds and n = 1 castrated stag) ,  chicory or 

plantai n  (both n = 4 hinds and 2 castrated stags) in  a repeated measures 

experimenta l  design conducted over two periods;  late summer (3-71h March 

2003; Period 1 )  and late autumn ,  (2ih May - 1 st June 2003; Period 2) .  

2.2.2.  Animals 

Twenty red deer hinds of mixed age (4 .76 ± 2 .45 age i n  years ;  1 1 5 .0 ± 1 3 . 1 0  

l iveweight i n  kg) and five hand-reared castrated stags (8 ± 6 .60 age i n  years ;  

1 43 .7  ± 37.42 l iveweight in  kg) ,  four  with rumen and abomasal cannulae and 

one that were non-surgical ly modified, were used . Al l the h inds and four  stags 

were used for methane measurements , the remain ing rumen fistulated stag on 

pasture was used to measure a lkane capsule release rate only. 

I n itia l ly twenty-five hinds were selected from the commercial  herd ,  based upon 

previous good behaviour d u ri ng routi ne hand l ing .  These an imals,  plus four of 

the castrated stags, were accustomed to the methane measuring equ ipment 
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(halters , harnesses and yokes) and the handl ing procedures daily for two 

weeks . Any an imals that became stressed or did not accept the equipment or 

hand l ing procedures were omitted from future work (n=3), leaving a total of 20 

h inds for use in the experiment and two randomly selected h inds for use as pre­

trained spares. 

H inds and castrated stags were randomly a l located to the three treatment 

groups based on age and weight at the start of Period 1 accord ing to Table 1 ,  

with 1 3  deer grazing pasture ( 1 2 h inds,  1 stag) and 6 deer (4 hinds,  2 stags) 

grazi ng both chicory and plantai n .  

Table 2. 1 .  Number of an imals  in  each treatment group ,  mean and 

standard deviation expressed for age and weight. 

H inds Castrated Age Liveweight Liveweight 

Treatments stags (years) March (kg)  May (kg)  

Pastu re 1 2  1 4 .64 ± 2 .5  1 2 1 .2 ± 25 .5 1 1 0 .2 ± 24 .8 

Chicory 4 2 5 .67 ± 4 .2 1 25 .5 ± 23 .9 1 1 7 .0  ± 1 9 .6 

Planta in  4 2 6 .83 ± 5.4 1 1 3 .8 ± 1 1 .0 1 06 .2 ± 1 7 .5  

* Not used for methane measurements. 

Prior  to the start of each period an imals were grazed on permanent perennial  

ryegrass-based pasture. Ani mals were al located to their treatment groups ten 

days before the start of methane col lection  to a l low for d iet adaptation .  An i mals 

were g iven ad l ibitum access to water. From Period 1 to Period 2 three an imals 

(1 castrated stag and 2 hinds) were d ropped out and replaced with trained 

spares due to either health problems , behavioural  problems or poor sampl i ng of 

SFs.  Animals were weighed on the day of treatment a l location and again at the 

start and end of the methane measu rement period . 
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2.2.3 .  Forages and Grazing Management 

The forages g razed were: 1 .20ha (3 paddocks) establ ished perennial  ryegrass 

(Lolium pernne cv. Nui )/wh ite clover ( Trifolium repens cv. Hu ia)  pasture, sown 

December 1 992 or earl ier; 1 .2 1 ha (3 paddocks) chicory (Cichorium inybus cv. 

Grasslands Puna) ,  sown November 200 1 and 1 .24ha (2 paddocks) narrow­

leaved planta in (Plantago lanceolata cv. Ceres Ton ic), sown November 2002 . 

Urea was appl ied to pasture, plantain and chicory paddocks from March to May 

with a total appl ication of 25 kg N (nitrogen) per hectare . Al l th ree plantain 

paddocks were mechan ical ly topped once between March and May to control 

reproductive growth , however chicory and pasture paddocks were not topped . 

Deer were rotational ly grazed throughout the d ietary adjustment and methane 

measurement periods. Herbage al lowances were set at 1 0 kg "edi ble" dry 

matter (OM) /deer/day to al low for unrestricted feed intake. With in  each period 

the deer did not g raze each paddock more than once.  Fol lowing Period 1 ,  non­

experimental stock were used to remove excess herbage to a constant resid ual . 

2.2 .4. Forage Sampling and Measurements 

Pre- and post-grazing herbage mass was measured by taking cuts to soi l  level 

from six quadrats ( 1 .5m2) from each paddock for OM determination (60°C, 48 

h rs) ;  enabl ing calculation of g razing days (Semiadi et al. , 1 993) according to the 

al lowance set. Samples for botanical composition from cuts to soil l evel beside 

each quadrat were d issected into g rasses , clover ( red and wh ite together), dead 

matter and weed (pasture) ,  and for planta in  and chicory, stem and leaf 

(separately), clover, dead matter and weed . Each component was separately 

oven-dried and weighed . The herbage a l lowance was calculated by subtracting 

the proportion of "unedible" dead,  weed (al l  forages) and stem (ch icory and 

plantain only) from the total herbage mass to g ive the "edible" herbage mass . 

Each day during the methane measurement  period, feed offered (randomly 

cutt ing 20 x 20 cm squares down to soil level until 500g wet weight forage was 

collected) and hand-plucked samples estimating deer diet selected were taken 

dai ly (Semiad i et al. , 1 993;  Kusmarton o  et al. , 1 996) washed , and stored at 

minus 20°C for chemical analysis .  At the end of each experimenta l period the 
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feed offered and d iet selected samp les were pooled , and oven d ried for 48 hrs 

at 60°C. 

2.2.5.  Methane measurement 

Enteric methane production from 24 an imals (20 h inds and 4 castrated stags) 

was determined usi ng the SF5 tracer method , as developed by Johnson et al., 
1 994) and mod ified accord ing to U lyatt et al. ( 1 999 ; 2002b).  H i nds were fi tted 

with mod ified sheep halters and body harnesses to which gas collection yokes 

were fitted at the base of the deer's neck, attached to the body harness with 

velcro ™ ,  as shown in plates 2 . 1 ,  2 .2  and 2 .3 .  An imals were accustomed to the 

wearing of the halters, harness, yokes and the handl ing procedures in the 

removal of harnesses and yokes over a train ing period of two weeks. The yokes 

were made from h igh-pressure PVC and had a total volume of 2 .5  L .  Each deer 

had a brass SF5 permeation tube i nserted oral ly into the rumen approximately 

seven days before the start of methane collection i n  March ; the same 

permeat ion tube was used in May. Deer that were employed in May that were 

not in the March trial had permeation tubes i nserted seven days before the start 

of methane col lection .  The permeation tubes contained the sul phur  hexafluoride 

(SF5) tracer gas, which was emmitted at an assumed constant rate , as 

determined by the incubation at 3rC and regular weighing of each tube prior to 

its insertion into the rumen (Uiyatt et al. , 1 999). 

Plate 2. 1 .  Deer wearing methane collection eq uipment, g razi ng ryeg rass­

based pasture in March 2003. 

35 



Plate 2.2.  Deer wearing methane collection equipment whi le grazi ng 

planta in  in May 2003. 

Plate 2.3. Deer wearing methane col lection equ ipment, g razing chicory 

i n  March 2003. 
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The col lection of the SF6 and expi red gases occurred over a period of five days, 

each day's col lection occurring over a twenty-four  hour period , where four days 

of successful sampl ing was requ i red. At the start of each 24 hr col lection period 

an evacuated yoke (-1 00 kPa) was placed on the an imal 's neck and attached to 

the body harness . Expired a i r  was sampled from above the nose, via a nylon 

tube connecti ng to a capi l lary tube (0.76-1 .27mm in  diameter) resulted i n  

restricting the airflow to approximately 0 .7  ml/min restricted to the evacuated 

yoke. On the removal of the yoke after 24 hrs the sample col lected averaged 

between 1 - 1 .5 L. On the removal of the yokes the pressures were checked to 

ensure that a sample was collected . If the yoke held no pressure or was sti l l  

evacuated ,  the halter of that an imal was changed as this indicated broken or 

blocked tubing . In the proximity of each treatment paddock wh ich was being 

g razed whi lst methane measurements were being taken, a background yoke 

which sampled the ambient air  was placed on the fence at the approximate 

height of the yokes worn by the deer. 

Methane and SF6 were determined by gas chromatography (Hewlett Packard 

5890 Seris 1 1 )  fitted with a stain less steel Molesive packed column (AI Itech C-

5000) and using a flame ionisation (CH4) and electron-capture (SF5) detectors 

(Uiyatt et al. , 2002). To standardize the gas chromatograph for SF5 and CH4 

three prepared standards of h igh ,  med ium and low concentrations SF6 and CH4 

were used . Standards were run at the start and end of the sample run ,  and in 

addition , the med ium standard was run at regu lar i ntervals through the sampl i ng 

period to ensure consistent col umn performance. Methane production was 

calculated using the formu la below (Equation 1 )  as developed by Johnson et al. , 
(1 994 ) . 

CH4 production (g/day) = Perm.tube SF5 release rate (g/day) x 

( [CH4]yoke - [CH4]background /[SF6]yoke - [SF6]background) 

(Equation 1 )  
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2.2.6.  Voluntary feed intake 

The double n-a lkane procedure was used to estimate voluntary i ntake (Dove & 
Mayes 1 996; Dove, et al. , 1 996; Gedir  & Hudson ,  2000). Seven days before the 

start of methane measurements animals were dosed with alkane control led 

release capsu les (CRC).  The capsules were manufactured for growing cattle 

(Captec, N ufarm Ltd . ,  New Zea land) contain ing 4 g of TJ-dotriacontane (C32H66) 

p lus 4 g TJ-hexatriacontane (C3sH74), and all a lkane capsu les used were from 

the same batch . H inds and the nonsurgical ly mod ified castrated stag were 

admin istered the capsules oral ly .  However, the four cannulated castrated stags, 

at least one from each treatment, had a lkane capsu les i nserted into the rumen 

via the rumen cannulae. These alkane capsu les were attached to a string so 

that during the methane measurement period the d isappearance of the 

remain ing matrix of the capsule could be determined dai ly to calculate release 

rates. Due to difficulties arising from administering capsules designed for 

g rowing cattle of 1 OOkg mi n imu m  and not deer of 80kg mi n imum,  one an imal  in  

Period 1 and three an imals in  Period 2 were dosed with two sheep-sized 

capsu les as used by Stevens, (2003). Sheep capsules contain 1 g of TJ­

dotriacontane and 1 g of TJ- hexatriacontane.  Dry matter i ntake was estimated , 

as in  the equation below (equation 2) ,  from the dai ly dose rate and the d ietary 

and faecal concentrations of the dosed even-chain a lkane (TJ-dotriacontane, 

C32Hss), and the adjacent natural odd-chain alkane (11 -monotriacontane, 

c31 H54). 

Intake = - D1 H; - - M F; ( F; ) 
Fj Fj 

(Equation 2) 

In the equation Hi and Fi represent the herbage and  faecal (respectively) 

concentrations of the odd-chain a lkane , Hj and Fj are the even cha in  

equ ivalents and Dj is the  dai ly  dose of the even chain alkane. The dai ly dose 

rate was determined by the d isappearance rate of the a lkane matrix over t ime, 

as measured dai ly in  the morn ing from the rumen can nulated animals .  

However, for those deer that received sheep capsules the dai ly dose rate as 
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suggested by the suppl ier was used . Faecal samples were collected by rectal 

grab samples from every an imal once daily i n  the morn ing during the 

measurement period . Faecal samples were oven dried for 48 h rs at 60°C and 

ground in  a coffee gri nder. The da i ly  samples of faeces, feed offered and feed 

selected (dried and ground) were then combined per animal and per forage and 

analysed for the a lkanes, 11-dotriacontane and 11-monotriacontane, v ia gas 

chromatography as described by Dove et al. ( 1 996), with the fol lowing 

mod ifications; i ndustrial-heptane was used i nstead of analytical g rade and 

saponification took place in  an  oven rather than on heating blocks. 

2.2 .7 .  Laboratory Analyses 

Fol lowing oven drying ,  forages were ground to pass a 1 mm sieve (Wi l ley Mi l l , 

USA). Organic matter (OM) content was measured by ashing the samples i n  a 

furnace at 500°C for 1 6hrs.  Total N was determined by the Dumas method 

(Leco CNS 2000 Model 602 600 200, USA) and it was assu med that the 

conversion factor of nitrogen to crude protein is  6 .25 . Neutral detergent fi bre 

(NDF) ,  acid detergent fibre (ADF) ,  hemi-cel lu lose, cel l ulose and l ign in contents 

were analysed fol lowing the detergent procedures of Van Soest ( 1 994 ). 

Cel lu lose was calculated as ADF less l ign in and hemicel lu lose was calculated 

NDF less ADF .  Hot water solu ble carbohydrate (HWSC) and pectin were 

analysed using boi l ing water, and reflux in ammonium oxalate respectively, as 

described by Bailey & Ulyatt, ( 1 970).  Gross energy was determined through 

heat of combustion using an ad iabatic bomb ca lorimeter (Gal lenkamp 

Autobomb, Watson Victor Ltd , U K) .  Extractable and bound condensed tan ni ns 

were determined by the Butanoi/HCL procedu re of Terri l l  et al. ( 1 992) .  Organic 

matter digestibi l i ty and metabol isable energy (MJ ME) of the forages were 

estimated using near infra red spectroscopy (N IRS), where forage samples of 

0 .5-1 .0g are exposed to an  electro-magnetic scan of a spectral wavelength 

range of 1 1 00 to 2500 nm (near infrared ) ,  the reflected energy is then measured 

by the instrument (feedTech , Agresearch , New Zealand) (Corson et al. , 1 999) .  
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2.2.8. Statistical ana lysis 

Methane and DMI data were analysed using the mixed model  procedure in  SAS 

(SAS, 1 998). Type of forage (ryegrass-based pasture, chicory and plantain )  and 

time of measu rement (March versus May) were fixed effects i n  the model ,  and 

ti me of measu rement was used as a repeated measurement with compound 

symmetry covariance structure .  The random statement i ncluded deer with i n  

forage type. The model i s  shown i n  Equation 3 below. 

Yijk = 1-1 + Fi + DHil + Tk + (F x T)ik + eijk 

( Equation 3) 

Where J.1 = overal l  mean;  Fi = fixed effect of forage type (i = 1 to 3) ;  DHiJ = 
random effect of deer with i n  forage type U = 1 to 1 2  or j = 1 to 6); Tk = fixed 

effect of time of measurement analysed as repeated measurement (k = 1 to 2) ;  

Fi x Tk = fixed effect of in teractio n  between forage type and ti me of 

measurement;  eijk = random residual error, assumed to be normal ly  distri buted . 

The model for testi ng the effect of pasture sampl ing strategy ( 'feed offered'  

versus 'feed selected ') on DM I ,  O M I ,  GE l ,  methane per kg DMI and methane % 

of GEl  incl uded type of forage (ryegrass-based pasture , chicory, and plantai n) ,  

t ime of  measurement (March and May), and method of sampl ing  ('feed offered ' 

versus 'feed selected') as fixed effects in  the model includ ing al l  i nteractions.  

The random statement comprised deer withi n forage type .  

Chemical compostion of forages where possible were analyzed using the mixed 

model procedu re in SAS (SAS, 1 998) .  Type of forage (ryegrass-based pasture , 

ch icory and plantain)  and t ime of measurement ( March versus May) were fi xed 

effects in  the model ,  and time of measurement was u sed as a repeated 

measure ment with compound symmetry covariance structure. The random 

statement included sample with i n  forage type. The model is  shown in  Equation  

4 below. 

Yijk = 1-1 + F i  + Sj(i) + Tk + (F  x T)ik + eijk 

(Equation 4) 
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Where 1J = overal l  mean ;  Fi = fixed effect of forage type (i = 1 to 3) ;  SHi) = 

random effect of sample with in  forage type U = 1 to 2); T k = fixed effect of t ime 

of measure ment analysed as repeated measurement (k = 1 to 2) ;  F i x Tk = fixed 

effect of interaction between forage type and time of measurement; e ijk = 

random residual error, assumed to be norma l ly d istri buted. 

Values reported for methane, DMI  and n utrient composition of forages are 

reported as least square means, as stated ,  a l l  other values reported i n  the 

tables are mean val ues, standard error of the mean (SEM), d ifference (SED) or 

standard deviation (STD) are reported as stated . Significance was declared at P 

� 0.05, and a trend was reported if 0 .05 < P � 0 . 1 0 .  Al l mean comparisons were 

by Fisher's least sign ificant d ifference method after a sign ificant treatment main  

effect was detected . 

2.3 .  Results 

2 .3 .1 . Botan ical composition and d ry matter 

The three treatment forages differed significantly in  thei r botanical composition 

(BC), however no significant effect of period on BC was observed . The clover 

content of pasture was sign ificantly lower compared with chicory (P = 0 .009), 

but not planta in  (P = 0 .33). The clover content of chicory was significantly 

greater than planta in (P = 0 .004 ) . Chicory had a higher proportion of weeds 

than both pasture (P = 0.04) and planta in  (P = 0 .03), wh ich were s imi lar. The 

proportion of dead matter in pasture compared with either planta in  or chicory 

did not differ significantly. However, the proportion of dead materia l  i n  chicory 

was s ignificantly g reater than in planta in (P = 0 .03). The leaf content of pasture 

was s ign ificantly g reater than chicory (P = 0.0001 ) ,  but not plantain (P = 0 . 1 1 ) .  

The proportion of leaf in  chicory was significantly less than for plantain (P = 

0 .0001 ) , probably due to the higher proportion of stem i n  ch icory compared with 

planta in (P = 0 .02) .  
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Table 2.2. The botanical composition of the three treatment forages grazed by hinds i n  March and May. 

Pasture Chicory Plantain  P-values 

% DM (n=3) (n=3) (n=2) 

March May SED March May SED March May SED Forage Time F X T2 

Stem - - 1 9 .7 1 9 .7 6 . 1  1 .0 1 .0 7.4 0 .02 1 .0 1 .0 

Clover 2.0 2.0 1 .8 6 .7 6 .7 1 .8 0 .5  0 .5  2 .2 0 .007 1 .0 1 .0 

Weed 1 .7 1 .3 2.7 6 .3 6 .3 2.7 0 .5  0 .5  3 .3  0 .05 0 .9 1 .0 

Dead 22.7 22.3 6 .8 31 .0 31 .0 6 .8 1 6.0 1 6 .5 8.3 0 .07 0 .99 1 .0 

Leaf1 73.7 74 .3 5 .5 36.3 36.3 5.5 82.0 81 .5 6 .7 0.0001 0 .99 0 .99 
1The leaf proportion of pasture contain both stem and leaf. 

2Forage type by time. 
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The dry matter percentage (OM%) of al l three forages is shown in Table 2 .3 .  

and decreased from March to  May, with the greatest difference occurring i n  

pasture . 

Table 2.3. Mean d ry matter percent and standard deviation of forages, 

feed offered and feed selected , as sampled duri ng the methane measurement 

period . 

Pasture Chicory Plantain 

(n= 1 8) (n= 1 8) (n= 1 2) 

Mean STD Mean STD Mean STD 

Feed Offered 

March 24 0 .02 1 7  0 .01  1 6  0 .03 

May 1 3  0 .01  1 0  0. 002 1 1  0 .0 1  

Feed Selected 

March 22 0 .03 1 1  0 .02 1 5  0 .0 1  

May 1 3  0 .0 1  1 0  0 .01 1 0  0 .0 1  

2.3.2.  Chemical composition of forages 

The chemical composition of feed offered and feed selected are presented in 

Tables 2.4a and 2 .4b ,  respectively. Unless stated all forages are presented as a 

percentage of dry matter, the means of che mical components that were able to 

be analysed with statistics are presented as least square means and a l l  errors 

are the standard error of the difference of the mean . 

2.3.2 . 1 . Feed offered 

The OM percentage of OM, NDF ,  hemice l lu lose, cel lu lose, crude protein and 

gross energy present i n  ryegrass-based pasture grazed by an imals in  March 

and May was greater (P < 0 .05) than both chicory and plantain .  The HWSC of 

pasture also tended to be greater than that of chicory (P = 0 .06), but not of 

plantain (P = 0 .5) .  In contrast, the percentage of ADF, l ign in ,  and readi ly 

fermentable carbohydrate : structural carbohydrates (RFC:SC) in  the OM of 
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ryegrass-based pasture was less (P < 0 .05) than both chicory and plantain .  The 

OM percentage of pecti n ,  gross energy, cel l u lose, and hemicel lu lose of chicory 

were greater than planta in (P < 0 .05). However ch icory had reduced 

concentrations of RFC :SC, AOF,  and l ignin (P < 0 .05) ,  where both HWSC (P = 
0 .07) and N O F  (P = 0 .08) tended to be less as compared with plantain .  

The chemical components, pecti n and gross energy, i n  al l forages changed with 

ti me (P < 0.01  ) .  The OM percentage of HWSC, crude protein ,  RFC in the OM of 

ryegrass-based pasture ,  chicory and planta in  al l  increased with ti me. I n  

contrast, the proportion of O M ,  N O F ,  AOF and cel lu lose decreased with ti me for 

a l l  forages. The hemice l lu lose content of pasture increased with t ime, wh i le it 

decreased in both ch icory and planta in ,  in contrast the OM percentage of l ign in 

i n  pasture decreased whi le it i ncreased in  both chicory and planta in .  

2.3.2 .2.  Feed Selected 

The organic matter, N OF, cel l u lose, hemicel lu lose, HWSC, and gross energy of 

pasture selected were greater than both chicory and plantain (P < 0 .05),  where 

the OM percentage of RFC:SC, pectin crude prote in ,  AOF and l ign in was less 

than those of plantai n  and chicory (P < 0 .05) .  The OM proportion of crude 

protein ,  g ross energy, pectin ,  RFC:SC in chicory selected was g reater than 

plantain (P < 0 .02). However ,  the concentration of NDF ,  AOF,  cel lu lose, HWSC 

and l ign in  of chicory was less than planta in selected (P < 0.05) .  

Overal l  there was a significant effect of t ime of al l  chemical components of the 

forages (P < 0 .05), except for cel lulose and AOF (P > 0 . 1  0) .  The RFC:SC, 

HWSC and crude protei n of al l  forages increased with time; i n  contrast, the OM 

content of  pasture and plantain deceased ,  but not  the OM percentage of ch icory 

(P = 0 . 1  0) ,  the l ign in  content of chicory and plantain also decreased , but not 

pasture (P = 0 . 1 5) .  The NOF proportion of chicory decreased with t ime, 

however there was no s ignificant change of pasture (P = 0 .2) or planta in  (P = 

0 .2) .  I n  contrast the pectin proportion of both pasture and plantai n  and plantai n  

i ncreased with time, however the pectin i n  chicory decreased ( P  = 0 .0003). The 
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gross energy of both pasture and chicory increased , however there was no 

s ign ificant change in  the gross energy of planta in (P = 0 .5 ) .  

2.3.2.3.  Feed offered versus feed selected 

The method of forage sampl ing (not tabulated) was s ignificant (P < 0 .02) for the 

OM percentages of al l  of the chemical components except for organic matter (P 

= 0 .4) and HWSC (P = 0 .7) .  The proportion of NOF ,  ADF, cel lu lose, and 

hemicel l ulose represented a greater proportion of OM when sampled usi ng the 

feed offered technique compared with the feed selected tech nique.  I n  contrast 

the OM proportion of l ign in ,  crude protein ,  RFC:SC, pectin ,  and g ross energy 

were represented in smal ler proportions when forages were sampled by the 

feed offered technique. 
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Table 2.4. a & b. Chemical composition of the forages fed during the methane measurement period for feed offered (3a ) and feed 

selected (3b) (% OM). 

2 .4.  a.  Feed offered 

Pasture Chicory Plantain P-values 

% OM March May SED March May SED March May SED Forage Time F x T 

OM 92 .5 9 1 .5 0 . 1 8  87.6 86 . 1  0 . 1 9  87.7 86.0 0 . 1 9  0 . 0001 0 . 0002 0 . 1 1 5  

ADF 29.7 24.6 0 . 73 3 1 .0 24.9 0 . 36 32.8 30 .5 0 .36 0 .02 0 .0006 0 . 0 1  

NDF 57.6 56.2 0.49 46.5 36.4 0.48 45.4 39.2 0 . 49 0 .0001 0 . 0002 0 . 002 

Hemicellulose (b) 30.4 32.7 0 . 32 1 4 .7 1 0 .7 0 .28 1 3 .2 9 .4 0 .28 0 . 000 1  0 . 002 0 . 00 1  

Cellulose (b) 24.2 2 1 .3 0 . 59 24.3 1 5 .8 0.40 1 9 .7 1 3 .5 0.40 0 . 006 0 . 0002 0 . 009 

Lignin 3 . 8  2 . 5  0 .38 7 . 3  9 .7  0 .43 1 2 .8 1 6 .3 0 .39 0 .000 1 0 . 0006 0 . 0003 

Pectin (a) 1 .3 1 .8 0 .33 7 . 5  6 .6  0 . 1 7  5.3 5 .5  0 . 1 7  0 .0023 0 . 62 0 .032 

HWSC (a) 1 0 .0 1 1 . 1 0 .84 4.6 1 0 .5 0 . 54 4 .9  1 4 .5 0 . 54 0 .093 0 . 0007 0 .007 

Ratio RFC:SC (a/b)1 0 .20 0 . 23 0 .03 0 .30 0 . 64 0 .02 0 . 3 1  0 .88 0 . 02 0 .004 0 .0001 0 . 00 1  

Crude protein 1 3 . 1  24.3 0.44 1 4 .2 2 1 .6 0 .36 1 1 .3 1 3 .3 0 .36 0 .0009 0.0001 0 .00 1  

Condensed tannins 0 .20 0 . 1 3  0 .33 0 .42 0 . 1 9  0 .20 

OM d igestibi l ity 2 58.3 75.5 70 .8 78.6 69.6 73.9 

M E  (MJ /kg DM)2 8.5 1 0 .8 1 0 .2 1 1 .2 1 0 .0 1 0 .8 

GE (MJ/kg OM) 1 8 .37 1 8 .98 0 . 1 2  1 7 .87 1 7 .81  0 . 1 2  1 7 .25 1 7 . 1 1  0 . 1 2  0 . 00 1  0 . 1 5  0 . 04 

Ratio of readily fermentable carbohydrate : structural carbohydrates. 2Estimated using N IR. 
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2 .4 . b .  Feed selected 

Pasture Chicory Plantain P-values 

% DM March May SED March May SED March May SED Forage Time F x T  

OM 92.0 9 1 .3  0 . 1 6  86.8 86.5 0 . 1 6  87.3 87.2 0 . 1 6  0 .0001 0 .02 0 . 1 8  

ADF 25.2 22.5 1 . 1 23. 1 20.7 1 . 1 30 .0 3 1 .7 1 . 1 0 .003 0.2 0 . 1 2  

NDF 55.4 5 6 . 1  0 .52 32.0 29.4 0 . 52 40 .9 40.0 0 . 52 0 .0001 0 .05 0 .04 

Hemicellulose (b) 30.2 33.7 1 .3 8 .9 8.6 1 .3 1 1 .0 8 .3 1 . 3 0 .0002 0 . 8  0 .09 

Cellu lose (b) 2 1 .4 1 9 .9 1 .2 8 . 1  1 0 . 1  1 .2 1 2 .2 1 4 .2 1 .2 0 .002 0 . 33 0 . 2 1  

Lignin 3 . 8  2 . 6  0 . 7  1 5 .0 1 0 .9 0.7 1 7 .7 1 7 .5 0 . 7  0 .000 1 0.008 0 .02 

Pectin (a) 0.9 1 .2 0 .04 8 . 1 7 .2  0.04 5 . 3 5 . 7  0 .04 0 . 000 1 0 .07 0 .0005 

HWSC (a) 9.8 1 2 .2 0.41  4 .2 1 2 .3 0.41  3 .8 1 5 .9 0 .41  0 .006 0.0001 0.001 

Ratio RFC:SC (a/b)1 0.21  0 .25 0 .02 0 .66 0 .98 0 .02 0 .37 0 .94 0 .02 0 .0009 0 . 0001 0 .0005 

Crude protein 1 6 .3 28.4 0. 37 20.8 26.9 0 . 37 1 4 .0 1 5 .8 0 .37 0 .0006 0 .0001 0 .0007 

Condensed tannins 0 . 1 7  0 .06 0 .39 0 . 34 0 .38 0 .28 

OM d igestibi l ity 2 nd nd nd nd nd nd 

ME (MJ /kg DM)2 nd nd nd nd nd nd 

GE (MJ/kg DM) 1 8.82 1 9 .64 0 .06 1 8 . 1 4  1 8 .84 0 .06 1 7 .46 1 7 .4 1 0 . 06 0 .00 1  0 .0008 0 .004 

1 Ratio of readi ly fermentable carbohydrate : structural carbohydrate, 2Estimated using N IR . ,  nd not determined 
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2.3 .3 Body weight and l ive weight change 

The l ive weights of the deer are reported in Table 2.5. Despite ad libitum access 

to feed , deer lost weight in both March and May, with an imals losing 

s ignificantly more weight i n  March than in  May (405 g/d versus 253 g/d , P = 

0 .006) duri ng the tria l  period. The greater weight loss in March could reflect the 

lower feed qual ity of the forages in March and greater stress associated with 

i ntensive handl ing and wearing of col lection equipment compared with the 

second run in May. There was found to be no significant d ifference of weight 

loss with forage type . 
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Table 2.5 Average body weight of deer at start of experimental periods and body weight change. 

Pasture 

March May 

BW, kg1 1 08 .5±1 0 .7  1 03.8±9 .5  

BW 

change, 

(g/d) 

-291 

1Mean ± standard deviation 

-240 

SED 

67 

Chicory 

March May 

1 20 .2±25.2 1 1 7 .0±1 9.6 

-51 4  -326 

SED 

96 

Planta in 

March May 

1 08.7±1 0 .6 1 06.7±1 7 .5  

-4 1 0  - 1 92 

SED 

92 

P-values 

Forage Time F x 

T 

0 .34 0 .006 0 .27 
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2.3.4 Dry matter i ntake 

Dry matter i ntake (DM I )  was estimated usi ng the double n-alkane procedure, 

where n-monotriacontane (C31 H64) was used as the adjacent alkane to n­

dotriacontane (C32H55), as it had a h igher content than n-tritriactane (C33H68) .  

The contents of these a lkanes are shown in  Table 2 .6 .  l t  was found that the 

alkane content of chicory was less than that of either plantai n or pasture.  The 

a lkane capsules used also contai ned hexatricontane (C35H74) and the two 

adjacent a lkanes. However, these could not be used to calculate intake as they 

were either very low or not detectable.  The difference in the alkane content of 

feed offered and feed selected was not great for planta in  and ryegrass-based 

pasture , but there was found to be up to a 50% d ifference in chicory offered and 

selected . Gross analysis of feed offered and selected samples analysed by both 

Lincoln University and Dexcel laboratories, were simi lar, as shown in table 2 .7 .  
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Table 2.6.  The alkane content of n-monotriacontane (C31 H54) ,  n-dotriacontane (C32H66) and n-tritriactane (C33H68) of the three 

forage treatments (ryegrass/clover, chicory and plantain) for March and May (n = 2 ) . 

Alkane, Pasture Chicory Plantain 

mg/1 00gD March May March May March May 

M 

FO FS FO FS FO FS FO FS FO FS FO FS 

c31 H64 27. 1 24.5 22. 1 23.6 9.9 5 .2 3 .8  2.7 25.2 27.8 38.2 48.2 

c32H66 1 . 1 1 . 1 1 .2 1 .2 0 .8  0 .6  0 .5  0 .5  2 .8 3 .2  3 .3  4 . 1  

C33Hsa 9 . 1  9 .7 1 5.4 1 6 .0 1 .2 0 .9  1 .0 0 .7  9. 1 1 0 .6 1 3.7 1 6 .7 

FO = Feed offered , FS = Feed selected 
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Table 2.7 Gross analyses of TJ-a lkanes (C31 to C33) for a l l  forges for both 

feed selected and feed offered as analysed by both Lincoln U niversity and 

Dexcel laboratories. 

TJ - alkanes (mg/1 DOg) 

Analysed 

C31 C32 c33 at; 

Feed Offered March Pasture 27. 1 1 . 1 9 . 1  Dexcel 

25 .5  1 .0 9 .2 Lincoln 

Chicory 9.9 0.8 1 .2 Dexcel 

8.3 0.5 1 .0 Lincoln 

Plantain 25.2 2.8 9 . 1  Dexcel 

24 .7 2.6 9 . 1  Lincoln 

May Pasture 22 . 1  1 .2 1 5 .4 Lincoln 

Chicory 3 .5  0 .3  0 .7  Lincoln 

Plantai n  38.2 3.3 1 3 .7 Lincoln 

Feed Selected March Pasture 24 .5  1 . 1 9 .7  Lincoln 

Chicory 4 .0 0 .4 0 .6 Lincoln 

Plantai n  27.8 3 .2 1 0 .6 Lincoln 

May Pasture 23.6 1 .2 1 6 . 0  Lincoln 

Chicory 4 .6 3 .3 1 .9 Lincoln 

Plantain 45.2 4 . 1  4 . 1  Lincoln 

The DM I  in  May for p lantain was based upon five observations i nstead of six, 

because for one an imal the dosed alkane was non-detectable. lt was assu med 

that this animal lost the capsule. DMI was calcu lated using the alkane 

concentrations as shown in  Table 2 .6 for both feed offered and selected . lt was 

found that estimated DMI  of a l l  forages was influenced by the method used to 

col lect the forage samples, with the mean for feed offered (2869 ± 1 24 (SEM) 

g/d ) being significantly lower than for feed selected (3756 ± 1 24 (SEM) g/d) (P 
= 0 .0001 ), as shown in  Table 2 .8 .  However, a closer examination of the 

interaction of forage and method found that this difference was largely driven by 

d ifferences within  the chicory treatment, as there was a s igni ficant effect of 
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method and forage (P = 0.000 1 ), whereas there was no significant effect for 

either planta in  or pasture (P = 0.8 and P = 0 .7 respectively) . 

Simi lar relationships were also found for organic matter i ntake (OM I ) , the 

percentage of g ross energy lost as methane,  g ross energy i ntake and methane 

produced per kg of OMI with use of feed offered vs . feed selected val ues .  There 

was found to be no effect of forage sampl ing method when examin ing the 

i nteraction of method by time , or ti me by method and forage. There was no 

s ignificant effect of sampl ing method for planta in and pasture , and the D M I  of 

chicory usi ng data from feed selected samples was not biological ly feasible for 

e ither March or May (5204 ± 284 (SEM) g/d and 901 0 ± 284 (SEM) g /d 

respectively). Therefore the results for the DMI  of feed offered on ly, are 

presented i n  Table 2 .9 .  
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Table 2.8. Effect of the method of forage sampl ing ,  either feed selected or feed offered , on esti mated dry matter intake and 

methane production per unit  of intake of deer grazing ryegrass/clover, plantain or chicory. 

Pasture Chicory Plantain  P-val ues 

Feed Feed Feed Feed Feed Feed Forage x 

offered selected SED offered selected SED offered selected SED Method Metho 

d 

DMI ,  g/d 1 959 1 991  1 37 4322 71 07 1 93 2238 2 1 73 203 0 .0001 0 .000 1 

OMI ,  g/d 1 879 1 820 1 40 374 1 6 1 25 1 98 1 948 1 898 207 0 .000 1 0 .0001 

GEl ,  kJ/d 38253 383 1 8  2900 77050 1 3 1 1 52 41 02 3851 8 37903 4302 0 .000 1 0 .0001 

CH,JDMI ,  g/kg 37 .5  36 .8 2 . 1  1 8 .7 1 0 .4 2 .9  26.2 25.6 3.2 0 .05 0 .08 

CH4, % of GEl  1 0 .9 1 0 .5  0 .43 5 .8 3 . 1  0 .92 8.4 8 . 1  1 .0 1  0 .029 0 . 1 2  
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Dry matter i ntake for the three treatment forages are shown in  Table 2 .9 .  There 

was a s ignificant main effect of forage species on mean DMI  of grazi ng deer (P 

= 0 .000 1 ) .  The intake for ryegrass-based pasture,  chicory and plantai n was 

1 948 g/d , 4321 g/d and 2258 g/d respectively, where chicory was sign ificantly 

g reater than pasture and plantain (P = 0 .0001 ) .  The mean OMI  in  March (23 1 3 

g/d) was sign ificantly lower than in  May (3371 g/d ) (P = 0 .000 1 ). The D M I  of 

pasture and plantain i n  March compared with May were simi lar (P >0 . 1  0), 

whereas the OMI  of ch icory s ignificantly (P = 0 .0001 ) increased from March to 

May. The DMI  of deer consuming pasture in both trials was sig nificantly lower 

than that of animals grazing chicory duri ng both March (P = 0 .02) and May (P = 

0 .0001 ) .  The OMI  of deer grazi ng pasture i n  March (P = 0 .04 ) ,  but not May was 

s ignificantly lower than those grazing planta in .  The DMI  of deer grazing chicory 

and planta in did not differ statistica l ly i n  March , however in May the D M I  of deer 

g razi ng chicory was s ign ificantly g reater than for plantain (P = 0 .000 1 ) .  

Resu lts for OMI were s imi lar to DM I ,  with a h igh ly sign ificant main  effect of 

forage type (P = 0 .0001 ) . The average O M I  of pasture ,  chicory, and planta in 

was 1 79 1 , 37 4 1  and 1 963g/d respectively ,  where pasture and planta in  were 

simi lar and lower than chicory (P = 0 .0001  ). The intake of OM for March (2057 

g/d ) was lower than for May (2340 g/d ) (P = 0 .0001 ) .  The interaction of forage 

and time for OMI was s imi lar  to DM I ,  however plantai n tended to be greater 

than pasture in March (P = 0 .08). 

Gross energy intake (GEl )  per day fol lowed the same pattern as both OMI and 

D M I .  GEl averaged 36 .4 ,  77 . 1  and 38.8 MJ/d for pasture,  chicory and plantain 

with significant effects of forage type (P = 0 .000 1 ) and time (P = 0.0001 ) ,  where 

for May GEl  (4 1 . 1  MJ/d) was greater than for March (38 .8 MJ/d) .  The ti me effect 

seems to be driven by the significant difference of chicory (P = 0 .000 1 )  as  

plantain and pasture were not signifi cantly d ifferent with t ime (P = 0 . 1 4  ) .  

Simi larly to  OMI  and  D M I ,  t he  i nteraction of forage with time showed that the 

GEl  of ch icory was s ignificantly higher in March compared with pasture (P = 

0 .03) ,  but not plantai n  (P = 0 .6), and the GEl of plantain  tended to be greater 

than that of pasture (P = 0.09). In May the GEl  of deer grazing pasture was 

simi lar to that of plantain (P = 0 .41  ) ,  but was significantly lower than that of 

55 



chicory (P = 0 .0001 ) .  The GEl of chicory was also significantly g reater (P = 

0 .000 1 )  than the GEl of plantain .  

2.3 .5 .  Methane production 

A summary of methane production is presented in Table 2.7 for methane 

production per day and per kg D M I ,  with i nd ividual animal data presented in 

Appendix 2 .5 Table 2.1 0 .  For one an imal in the plantain g roup i n  March it 

appeared that the permeation tube may have been lost as there was no 

detection of SF6. This an imal was replaced for the May period , but then a 

different animal from the same group had to be omitted from the May period 

because only one day of successful measurement of methane production  was 

obtained . Total methane prod uction (g/d) did not d iffer sign ificantly accord ing to 

forage grazed (P = 0 . 1 3), where methane averaged 71 .4 , 68 .5 and 56 .8 g/d for 

pasture,  chicory and plantai n ,  respectively. However, methane production was 

s ignificantly d ifferent with ti me (P = 0 .05), where methane production i n  May 

(70 .6 g/d) was g reater than in March (60 .6 g/d ) .  There was found to be no 

s ignificant forage type by time i nteraction for methane production .  

Methane produ ction calculated as g ross energy (GE,  kJ/d) output also d id not 

differ with forage grazed (P = 0 . 1 3) .  However, the effect of ti me was s ign ifi cant 

(P = 0 .05), with more GE as methane produced during May (3882 kJ/d) than 

during  March (3330 kJ/d ). 

Methane as a proportion of body weight differed signifi cantly with ti me (P = 

0 .02) ,  with a g reater proportion of methane produced per kg of body weight 

( BW)  per day i n  May (0.66 g/kg BW/d) than i n  March (0 . 54 g/kg BW/d) .  There 

was a trend towards lower methane product ion per u nit bodyweight for the 

herbs compared with pasture (P=0.08) ,  which was 0.67, 0 .59 and 0.53 g/kg 

BW/d for pasture ,  chicory and plantai n  respectively. There was no sign ifi cant 

t ime by forage type i nteraction (P = 0 .5) .  

I n  contrast, methane production when expressed as a proportion of DMI 

showed no sign ificant effect of time (P = 0 .73) .  However, there was fou nd to be 

a s ign ificant effect of forage type (P = 0.0001 ) , where the average methane 
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production over March and May was 37.7 ,  1 8 .7 and 26 .7 g/DM I/d for pasture, 

chicory and plantain ,  respectively. Methane production per kg DMI  from deer 

grazi ng pasture in March was si mi lar to that produce in May (P = 0 .81  ) .  I n  

contrast, there was found to be a s ignificant d ifference i n  methane production 

(g/kg OM I )  for both chicory and planta in with time . Ch icory had h igher emissions 

of methane production in  March (P = 0 .03) compared with May, whereas the 

reverse was true for plantain (P = 0 .008) .  I n  March the methane emissions from 

the deer grazing pasture were h igher compared with those grazi ng chicory (P = 

0 .02) and plantain  (P = 0 .0009) ,  with no sig nificant d ifference observed between 

the two herbs. However, in May, methane emissions (per kg D M I )  from pasture 

d id not differ s ignificantly from those from planta in ,  but were sign ificantly greater 

than were those from chicory (P = 0 .0001 ), with chicory emissions significantly 

less than planta in (P = 0.0009). Over all lt was fou nd that methane (g/kg D M I )  

production from deer grazing pasture was significantly greater than for both 

chicory (P = 0 .000 1 ) and planta in (P = 0 .009), but chicory tended to be less 

than plantain (P = 0 .08). A significant ti me by forage type interaction was found 

(P = 0 .0045). 

A s ignificant forage type effect (P = 0 .0003) and forage by t ime i nteraction (P = 

0.004) was found for the percentage of GEl lost as methane,  however no effect 

of time was found .  The average percentage of GEl  lost to methane was 1 1 . 1 ,  

8.6 and 5.8% for ryegrass-based pasture, planta in  and chicory respectively, 

where ryegrass-based pasture was s ignificantly higher compared with both 

chicory (P = 0 .000 1 ) and plantai n (P = 0 .05). The proportion of GEl lost as 

methane for chicory was significantly g reater than for planta in  (P = 0 .04) .  The 

interaction of ti me and forage was d riven by differences between periods for 

both herbs (chicory; P = 0 .03:  plantain P = 0 .006), but not pasture (P = 0 .51  ). I n  

March , the percentage of GEl lost to methane from chicory was less than from 

pasture (P = 0 .02) ,  but simi lar to planta in  (P = 0.25) .  However, i n  May, less GEl  

as methane was lost from those deer g razing chicory compared with plantain  (P 

= 0 .0005) and ryegrass-based pasture (P = 0.0002) .  In May, the percentage of 

GEl lost to methane for ryegrass-based pasture and planta in  was simi lar (P = 

0.64) .  
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Table 2.9. I ntake and methane production for red deer grazing ryegrass-based pasture, chicory and plantain .  

Pasture Ch icory Planta in P-va lues 
--

March May SED March May SED March May SED Forage Time F x T  

DMI ,  g/d 1 828 2067 206 26 1 5  6029 287 2499 20 1 7  3 1 6  0 .0001 0 .0001 0 .000 1 

OMI ,  g/d 1 690 1 892 1 80 2290 5 1 92 251 2 1 9 1 1 735 276 0 .000 1 0 .000 1 0.0001 

GEl ,  kJ/d 33591 39248 3655 46727 1 07373 5098 431 1 3  34502 5603 0 .000 1 0.000 1 0 .000 1 

CH4, g/d 68.2 74 .7 6.20 65.3 71 .7 8 .68 48.2 65.4 9 .44 0 . 1 3  0 .05 0 .62 

CH4, g/kg BW /d 0 .63 0 .71  0 .06 0 .56 0 .62 0.08 0 .43 0 .64 0 .09 0 .08 0 .02 0 .46 

CH4, kJ GE/d 3749 4 1 09 34 1 3593 3946 477 2649 3595 5 1 8 0 . 1 3  0 .05 0 .62 

CHJDMI ,  g/kg 38 .5  37.0 5 .28 25.5 1 2 .0  5 .55 1 7 .6 35.7 6 . 1 2  0 .000 1 0 .74 0 .005 

CH4, % of GEl  1 1 .52 1 0 .72 1 .22 7.85 3 .70 1 .72 5.63 1 1 .49 1 .89 0 .0003 0 .75 0 .004 
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2.4 Discussion 

This study has d i rectly measured methane production  from g razing red deer for 

the fi rst time. A mean value of 71 .4 g CH4 I d or 37.7 g CH4dkg DM I/d was 

obtained for deer grazing pasture . For New Zealand inventory purposes, and to 

compare methane prod uction between species of differi ng body size and feed 

consumption where d i rect comparative trials have not been publ ished , methane 

production per u n it feed intake has been used (N I R, 2003) . For grazing trials, 

such comparisons are dependent on accurate, repeatable measurement of both 

methane production and feed intake, and this l i mitation wi l l  be d iscussed below. 

However, the val ue for methane production per u nit dry matter in take obtained 

for grazing deer in th is study is approximately 75-80% greater than values used 

in the inventory for dai ry cows (2 1 .6 g CH4/kg DMI ,  (N IR ,  2003)) ,  sheep (20.9 

CHJkg DMI ,  ( N I R, 2003)) and estimated for deer (2 1 .25, ( N I R, 2003)) g razi ng 

ryegrass-based pastures. The val ues obtained in this study for deer fal l  outside 

the range of val ues publ ished for sheep and cattle grazing ryegrass-based 

pasture ( 1 2 .9  - 23.8 g CH4/kg DMI  (O' Hara et al. , 2003). Methane production 

per kg of body weight of sheep (0 .57 g CH4 /kg BW (O'Hara et a l . ,  2003)) and 

dairy cows (0 .63 g CH4 /kg BW (O'Hara et a l . ,  2003))  was s imi lar to the average 

value for deer for g razi ng chicory (0.59 g CH4 /kg BW) and plantain  (0 .53 g CH4 

/kg BW). However, methane production of deer-grazing ryegrass-based pasture 

(0 .  67 g CH4 /kg BW) was higher. 

There does not seem to be any obvious explanation for the apparently greater 

production of methane per kg of OMI  from deer compared with publ ished values 

for other ruminant l ivestock. However, th is study did not provide a d i rect 

comparison between ruminant species g razing the same pastures at the same 

time, comparisons of methane production between species using data from this 

study should be u ndertaken with caution .  Prudence should also be used when 

comparing measurements from calorimetry chambers to grazing tria ls .  The 

calorimetry chamber is an artificial environme nt, therefore should not be d i rectly 

compared with methane measurements per day or per kg of DMI  measured 

from graz ing an imals (Ciark, 2002; Johnson et al. , 1 994). However, val idation  

studies have found methane production from g razing sheep and cattle to  fal l  
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with i n  90-95% of chamber measurements (Johnson et al. , 1 994; Pinares­

Pati no ,  2000 ; Boadi et al. , 2002). 

Species comparative differences in, and possi ble effects of, digestive 

physiology and passage rate on methane prod uction may expla in a h igher 

methane production by deer compared to sheep.  Pinares-Patino et al. , (2003) 

found that methane production by sheep housed i ndoors was positively 

correlated with the rumen pool size of organ ic matter, organic matter i ntake and 

rumen fi l l ,  but negatively correlated to the fractional outflow of particles from the 

rumen . lt was a lso found that methane production could be predicted by OM 

pool size and the molar percentage of butyrate present i n  rumen fl u id .  Despite a 

h igher voluntary i ntake of deer compared with sheep, Domingue et al. ( 1 99 1 ) 

showed that deer mai nta ined an average total rumen pool size throughout the 

year that was smal ler than that of sheep by 1 7%,  wh i lst mainta in ing a greater 

FOR (percent per hour) than sheep in both summer and wi nter. So if methane 

production is positively correlated with rumen pool size and negatively 

correlated with the fractional outflow rate (FOR) of particles accord ing to the 

evidence presented by Pinares-Pati no et al. (2003) ,  then accord ing to evidence 

presented by Domingue et al. ( 1 991 ), deer should produce less methane than 

sheep,  in  contrast to the results of the present study. However, looking more 

closely at the results of Domi ngue et al. ( 1 991 ) reveals the faster FOR of deer 

seemed to be a function  of a greater FOR of l iqu id rather than of particulate 

matter. Also the O M  rumen pool of deer was found to be greater than that of 

sheep i n  summer (43 vs 37 g I kg W0·75, respectively) and smal ler than that of 

sheep in  winter (31  vs . 40 g I kg W0·75, respectively) .  This emphasises the need 

for d i rect comparative studies of methane production by different farmed 

ruminant species .  

Methane production expressed per u nit GE and DMI from deer grazing ch icory 

was reduced compared with pasture .  However, the proportion of reduced 

methane may be overestimated due to overestimation of feed i ntake, especia l ly 

i n  May where d eer were estimated to consume a pproxi mately 6 kg of chicory 

(OM) .  Previous stud ies of deer indoors have found that deer readi ly consume 

more chicory than pasture, but the consumption of chicory was 2 .25 kg for 

60 



castrated stags (Kusmartono et al. , 1 997) and it i s  un l ikely non-lactating h inds 

would be able to consume 6 kg DM. However, it was esti mated -using i ntra­

rumina! chromium slow release capsules- that lactating h inds in the grazing 

situation ate 6.3 kg/d OM chicory (Kusmartono et al. , 1 996) .  lt is assumed that 

i ntake for chicory in May using the alkane techn ique was overestimated . The 

esti mation of i ntake may resu lt from the very low alkane content of chicory 

found for the alkanes used to estimate intake. The intake of the deer in  March 

seemed reasonable; however, the accuracy of the double TJ-alkane techn ique to 

measure i ntake of chicory should be questioned . There do not seem to be any 

published data measu ring the DM I  of chicory using the n-alkane technique.  

Publ ished data have shown that actual feed intake was overestimated by 6 . 1 % 

when feed intake was calculated using the double n-al kane when gestating 

wapiti h inds were fed a cubed dried alfalfa-based d iet (Ged i r  & Hudson, 2000), 

but these results can hardly be compared to feeding a low DM, fresh forage 

such as chicory. 

The measured consu mption of ryegrass-based pasture by deer in this study 

was found to be with in  previously publ ished va lues. Contrary to the seasonal 

cycle of vol untary feed i ntake of temperate deer, which reduces from su mmer to 

wi nter (Domingue et al. , 1 99 1 ;  Rhind et al. , 1 998),  deer i n  this study i n  March 

consumed 1 3% less D M  per day than in May. The low consumption of ryegrass­

based pasture in March may reflect the h igh fibre and proportion of OM of the 

forage ,  wh ich could have restricted intake due to ru men fi l l  (Forbes , 1 977; 

McDonald et al., 1 995) .  The low apparent digestibi l ity of the pasture treatment 

may reflect the unusual ly d ry summer, which occurred during this experiment 

(N IWA, 2004) .  

I n  a comparative study of deer, sheep and goats (Domingue et al. , 1 99 1 ) it was 

found that deer exhi bited g reater seasonal ity in  rumen pool size, D M I ,  FOR and 

a pparent digestibil ity than did either sheep or goats. Deer consumed more D M  

i n  summer than did sheep, and were able to d igest fibre more efficiently than  

were than sheep (P = 0 .09) i n  summer due  to an increase in  rumen pool size. 

These findings by Dominque et al., ( 1 991 ) suggested that methane production 

from deer may exh ib it  seasonal variation .  In the current study, there was no 
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clear indication of a shift in  methane production due to seasonal ity ,  which is i n  

contrast to the find ings of Galbraith e t  al . ,  ( 1 998) ,  where Northern Hemisphere 

wapiti were found to have a seasonal decrease i n  methane production from 

February/March to May/June .  Methane production (g/d) per day of deer grazi ng 

pastu re was higher i n  May than i n  March , wh ich may reflect the i ncreased 

consumption of OM in May compared to March . G rams of methane production 

per day from deer grazi ng chicory and planta in were also g reater i n  May as 

compared to March , when deer grazing chicory ,  l ike those grazing  pasture, 

were estimated to have a greater DMI  in May. However, those deer grazi ng 

plantain  were esti mated to have a reduced DMI  in May compared to March . The 

effect of seasonal ity of methane production in th i s  study may be confused with 

the estimation of intake as the accuracy of the O M I  is under question . 

I nvestigation i nto the effect of grazi ng alternative forages on methane 

production of g razing deer showed that when tak ing an average of both periods, 

deer grazing chicory and plantai n produced 50 and 4 1 %,  respectively, less 

methane per kg DMI than did deer grazing perennial-ryegrass based pasture . 

This effect was more pronounced in  March , particularly for plantain ,  possibly 

due to drought-mediated effects on forage chemical composition , discussed 

below. Sheep fed chicory indoors were found to have decreased methane 

production of up to 40% compared with those an imals fed pasture (Waghorn et 
al. , 2002). 

I n  the same study, it was found that CT significantly red uced methanogenesis 

by 1 6% and methane production was reduced in sheep by up  to 50% ( 1 6.4 g 

CHJDDMI )  when fed lotus (Lotus pedunculatus) conta in ing CT of 5.3 g /kg . 

Sheep fed ch icory showed a 4 1 %  (20.4 g CHJDDM I )  reduction  in methane 

emissions per kg DMI compared to sheep fed pasture (20 .4g CH4/DDM I ) ,  

however, no CT were detected i n  the ch icory fed to sheep. I n  the current study, 

concentrations of CT found in chicory and plantain were s imi lar to that found in 

pasture, and therefore were un l ikely to be responsible for any differences 

between forages. Condensed tannins have been found to alter the breakdown 

and fermentation of protein and fibre i n  the digestive tract of ruminants through 

changes in microbial populations and growth (Barry et al. , 2002; Woodward et 
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al. , 2001 ) . Deer grazing chicory compared with ryegrass-based pasture have 

shown a tenfold (93 . 3%) decrease i n  the popu lation of methanogens (cel ls per 

ml) i n  the rumen, additional ly the methanogen colonies were also reported to 

appear to be different when compared with animals grazi ng ryeg rass-based 

pasture and plantain (N .  Wal ker, personnal commun ication ,  2003). However, 

this may be due to other nutritional factors besides CT. Sheep have also been 

shown to reduce methane production by 1 6% and 44% when fed lucerne and 

Lotus pendunculatus respectively compared with sheep fed pastu re (Woodward 

et al. , 2001 ). Cattle grazi ng Lotus corniculatus and sul la were found to produce 

an average of 30% less methane per kg DMI  than were cattle  consuming 

pasture (Woodward et al. , 2002; Woodward et al. , 2001 ), whereas cows fed 

sul la had a reduction of gross energy intake lost in  the form of methane of 1 . 1 %  

compare with those fed pasture (Woodward et al. , 2002). 

Aside from the influence of DM I ,  the findings of the current study  suggest that 

deer grazing chicory and planta in had reduced methane production as 

expressed per un i t  DMI  or percentage of GEl and this could possibly be 

associated with the fol lowing poi nts regarding cu rrent u nderstanding of how 

nutritional factors influence methane production. Feeding of forages with a 

reduced proportion  of fibre and a greater content of readi ly fermentable 

carbohydrates, such as cereal g rains,  tends to resu lt in  a lower rumen pH and a 

greater proportion of propionate being produced (Johnson & Johnson ,  1 995;  

Lee et al. , 2000) .  However, the man ipulation of acetate to propionate to 

decrease methane emissions should be viewed with caution . For example 

Hoskin et al. , ( 1 995) found that deer fed chicory compared with those fed 

ryegrass-based pasture showed a greater ratio of acetate : propionate . 

However, this has not been establ ished for sheep or cattle .  Under these 

cond it ions, there tends to be more methane produced (Lee et al . ,  2000 ; 

Benchaar et al. , 2001 ) .  An increased rate of passage is negatively correlated 

with methane production (McAI I i ster et al. , 1 996; Benchaar et al. , 200 1 ) .  

The reduced methane production per kg  DMI  from deer g razing ch icory 

compared with pasture is  possible for nutritional reasons, as previous stud ies 

with deer have shown that chicory has a g reater ME and h igh  ratio of readi ly 
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fermentable to structural carbohydrates compared with pasture (Barry, 1 998;  

Hoskin et al. , 1 995; Kusmartono et al. , 1 996) .  Deer consuming chicory have 

also been shown to have a greater rate of ru men outflow than have deer fed 

ryegrass-based pasture (Kusmartono et al. , 1 996) .  Little is known about the 

ruminal  digestion of plantain .  However, the h igher estimated OM digesti bi l ity in 

March and increased ratio of readi ly fermentable carbohydrates to structural 

carbohydrates of plantain compared to pastu re suggests that n utritive factors 

could have influenced methane production . 

I n  conclusion , methane emissions per kg of DMI  of red deer appear to be 

greater than those values of sheep and cattle, and appear to be affected by 

forage type fed . However, esti mated DM I  used i n  th i s  study may not be 

representative of actual DMI  va lues of grazing red deer, consequently these 

results should be viewed with caution . Due to the uncertainty of the estimated 

DM I ,  concurrent measurements of methan e  and accurate measurements of 

DMI need to be undertaken to either support or d isprove the resu l ts of this 

experiment. 
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Table 2 . 10 .  Methane emissions (g ) per day (a) and per kg of DM I  (b) of i ndividual red deer feed ryegrass-based pasture, 

chicory and plantain over the entire methane measurement period (March and May). 

(a) Methane grams per day. 
March (days) May (days) 

Treatment Deer 1 2 3 4 5 6 Mean STD 1 2 3 4 5 Mean STD 
Pasture 54 60.7 73. 1 65.7 70.9 62 .0 66.48 5.42 52.3 55. 1 54.0 66.4 58.9 57.3 5.61 

"206 n/a n/a n/a 66.4 55.7 6 1 . 1 7.57 
323 n/a 1 00.2 88.7 98.8 98.2 96.48 5.25 75.2 67.8 55.9 67.0 72.7 67.7 7.43 
411 72.2 75.2 70.9 73.7 68.20 73.00 2.68 66. 2 7 1 . 2  57.6 74.3 70.0 67.9 6.43 
730 58.2 56. 3 58.8 59.3 n/a 58. 1 5  1 .31 93. 2 1 27.7 1 1 1 .9 1 32.4 136.8 120.4 1 7 .88 
836 n/a 40.2 83.3 42.3 49.3 53.78 20.06 48.6 47.1  37.3 54 . 1 54 .7 48.4 7.02 
840 6 1 .8 55.3 64.3 59.9 57. 1  59.68 3.60 66.9 n/a 82 .8 1 0 1 .5 n/a 83.7 1 7 .32 
853 58.8 63.8 58.9 61 .0 61 .6 60.82 2 08 66.5 65.7 98 .6 67 . 1 1 1 3.2 82.2 22.23 
908 69.2 82.4 83.9 96.4 79.0 82. 1 8  9.80 90.6 84.2 77.0 1 1 5 .0 1 1 6.7 96.7 1 8. 1 4  
938 58.0 68.5 69.7 72 .7 70.8 67.94 5.77 n/a 67. 2  57.2 82 .8 78 .6 7 1 .5 1 1 .56 
942 6 1 .5 60.8 60.5 66. 1  65.4 62.86 2.67 n/a 71 . 1  n/a 7 1 . 1  59.7 67.3 6.58 
945 73.0 79.4 81 .0 88 .9 78.9 80.24 5. 7 1  54.2 n/a n/a 42 .2 79.0 58.5 1 8.77 

"953 65.6 72.6 69.9 69.6 65.4 68.62 3.08 
Mean 63.90 68.98 71 .30 71 .63 68.72 69. 1 9  68. 1 9  73.0 1  70.26 78.36 81 .45 73.55 
STD 5.74 1 5.38 1 0.49 16.39 1 3 .09 1 2 . 1 3  1 5.88 22.99 24.05 25.81 28. 1 0  1 9.77 

C hicory 68 n/a 63.0 60.5 67. 1  70.0 65. 1 5  4.23 43.2 56.2 65.3 86.6 1 02.8 70.8 23.87 
455 47.9 63.8 56.2 64.0 65. 5 59.48 7.42 4 1 . 7  39.9 54.4 72 .5 76.5 57.0 1 6 .98 
732 49.5 n/a 60.5 n/a 65.8 58.60 8.31 45.0 23.0 64.3 98.8 1 02 . 1  66.6 34 . 1 7  
859 n/a n/a 50.9 63.6 57.9 57.47 6.36 n/a 89.5 62.7 89.2 1 07.8 87.3 1 8 .56 

Deer A 5 1 .3 64.0 66.6 52.3 65.2 59.88 7.44 30.3 98.8 63.3 83.2 99.3 75.0 28.98 
Deer l 87.4 84.1 90.8 84.4 1 1 0.0 9 1 . 34 1 0.78 55.9 65.0 61 .8 82.2 1 04 .0 73.8 1 9 .52 
Mean 59.0 68.7 64 .3 66.3 72.4 65.3 43.2 62. 1 62.0 85.4 98.8 7 1 .8 
STD 1 9.0 10.3 1 4 .0 1 1 .6 1 8.8 1 3.0 9.1 28.9 3.9 8.7 1 1 .2 1 0.0 

Plantain 46 1 9. 1  16.5 25.2 31 .8 30.2 30.6 25.57 6.48 60. 1  47.3 50.0 51 . 1  49.7 51 .6 4 .93 
424 n/a 58.7 8 1 .3 67.4 80.4 76.3 72.82 9.62 88.9 79.3 92.2 92.2 1 02. 1 90.9 8 . 1 8  

*612 n/a 3477 . 1 952.3 2275.2 2172.1 3025. 6 2380.46 963.45 
*408 99.4 97.3 73.2 1 1 8.0 1 06.0 

862 n/a 40.1  n/a 27.2 42.9 39.2 37.35 6.95 n/a n/a n/a n/a 60.5 60.5 0 .00 
T2 91 .5 42.9 48.9 62.8 68.4 65.3 63.30 1 7.02 
Deer P n/a n/a 33.7 38.4 42 .2 52.5 4 1 .70 8.00 45.0 49.8 n/a 55.6 77.7 57.0 1 4 .45 
Deer S n/a 12.3 24.3 39. 1  4 1 .7 29.4 1 3 .71 
Mean 55. 30 727.06 228.28 4 1 7 . 1 3  406.03 548.25 436.87 73.35 57.20 59. 93 7 1 . 20 72.95 57.89 
STD 5 1 . 1 9  1 537.39 405.30 9 1 0.41 865.39 1 2 1 3.76 952.32 25. 1 6  32.65 29.36 32.82 26 .97 22 . 1 0  

,.. Deer 206 replaced deer 953 i n  May. * Deer 408 replaced deer 6 1 2  in  May. n/a no sample collected . 
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(b)  Methane grams per kg DM I .  
March (days) May (days) 

Treatment Deer DMI(g/d) 1 2 3 4 5 6 Mean STD DMI (kg/d) 1 2 3 4 5 Mean STD 
Pasture 54 1 708.6 35.5 42.8 38.5 4 1 .5 36.3 38.9 3 . 1 7  2477.80 2 1 . 1  22.2 2 1 .8 26.8 23.8 23.1 2.27 

"206 3002.7 n/a n/a n/a 22. 1  1 8.5 20.3 2.52 
323 1 6 1 5.52 n/a 62.0 54.9 61 .2 60.8 59.72 3.25 1452.60 5 1 .8 46.7 38. 5 46. 1 50.0 46.6 5.12 
41 1 2030.7 35.6 37.0 34.9 36.3 33.6 35.46 1 .32 21 55.30 30.7 33.0 26.7 34.5 32.5 3 1 . 5  2.96 
730 2101 .6 27.7 26.6 26.0 26.2 n/a 27.67 0.62 2434.40 36.3 52.5 46.0 54.4 56.2 49.5 7.34 
836 1 502.6 n/a 26.8 55.4 28.2 32.6 35.79 1 3.35 1 537.80 31 .6 30.6 24.3 35.2 35.6 3 1 .4 4.56 
840 1 1 79.2 52.4 46.9 54.5 50.8 48.4 50.61 3.05 1 771 .20 37.8 n/a 46.7 57.3 n/a 47.3 9.78 
853 1 975.5 29.8 32.3 29.8 30. 9 31 .2 30.79 1 .05 1 872.80 35.5 35. 1 52.6 35.8 60.4 43.9 1 1 .87 
908 1850.9 37.4 44.5 45.3 52.1 42.7 44.40 5.29 2731 .00 33. 2 30.8 28.2 42.1 42.7 35.4 6.64 
938 1 759 .9 33.0 38.9 39.6 4 1 . 3 40.2 38.60 3.28 1 880.90 n/a 35.7 30.4 44.0 4 1 .8 38.0 6 . 1 5  
942 2059 . 1  29.9 29.5 29.4 32. 1 31 .8  30.53 1 .30 1 670.40 n/a 42.6 n/a 42.6 35.7 40.3 3.94 
945 1 954 37.4 40.6 4 1 .5 45.5 40.4 41 .06 2.92 1 809.60 30.0 n/a n/a 23.3 43.7 32.3 1 0.37 

"953 1 884.5 34.8 38.5 37. 1  36.9 34.7 36.41 1 .63 
Mean 1 80 1 .84 35.33 38.89 40.74 40.41 39.35 39. 1 6  2066.38 34.43 36.58 35.02 38.69 40 09 36.64 
STD 268.56 6.87 9.90 9.97 1 0.40 8.87 9.02 492.57 8.28 9.22 1 1 .22 1 1 .26 1 2.74 9.38 

Chicory 68 2346.5 n/a 26.8 25.8 28.6 29.8 27.8 1 .80 6437 .94 6. 7 8.7 1 0 . 1  1 3.5 16.0 1 1 .0 3.71  
455 2501 .99 1 9. 1 25.5 22.5 25.6 26.2 23.8 2.97 4992.54 8.4 8.0 1 0.9 14.5 1 5.3 1 1 .4 3.40 
732 2891 .72 1 7. 1 n/a 20.9 n/a 22.8 20.3 2.88 5508.40 6.2 4.2 1 1 .7 1 7.9 1 6.5 1 2 . 1  6.20 
859 2771 .99 n/a n/a 1 8.4 22.9 20.9 20.7 2.29 5631.29 n/a 1 5.3 1 0.6 1 5.3 1 8.5 n/a 3.16 

Deer A 2676.5 1 7.6 22.2 23.2 1 8.2 22.7 20.8 2.59 7305. 1 6  4 . 1  1 3.5 8.7 1 1 .4 1 3.6 10.3 3.97 
Deer L 2300.4 38.0 36.6 39.5 36.7 47.6 39.7 4.66 6097.62 9.2 1 0.7 10 .1  1 3.5 1 7. 1 1 2 . 1  3.20 
Mean 2614 .65 23.02 27.79 25.03 26.40 26.36 25.51 6026.63 7.31 1 0.07 1 0.38 14.35 1 6.49 1 1 .36 
STD 265.87 1 0.02 6 . 1 6  7.49 6.91 1 0.05 7.51 798 . 1 1  1 .98 4.03 1 .01 2.20 1 .92 0.78 

Plantain 46 1866.2 1 0.2 8.8 1 3.5 1 7.0 1 6.2 1 6.4 1 3.70 3.47 753.92 60. 1 47.3 50.0 5 1 . 1  49.7 5 1 .6 4.93 
424 3369.1 n/a 1 7.4 24.1 20.0 23.9 22.6 2 1 .6 1  2.66 2 1 7 1 .23 66.9 79.3 92.2 92.2 1 02.1 90.9 8 . 1 8  

*612 1 861 .2 n/a 1 868 .2 51 1 .7 1 222.4 1 1 67.0 1 625.6 1 276.99 51 7.65 99.4 97.3 73.2 1 1 6.0 1 06.0 96.8 1 6.42 
*408 n/a 

862 271 1 .8 n/a 1 4.6 n/a 10.0 1 5.6 1 4.5 1 3.77 2.56 3670.04 n/a n/a n/a n/a 60.5 60.5 0 00 
T2 3400.7 26.9 1 2.6 14.4 1 6.5 20.1 1 9.2 1 6.61 5.01 
Deer P 1 966.4 n/a n/a 1 7.0 1 9.3 21 .2 26.4 20.99 4.03 1 769.49 45.0 49.8 n/a 55.6 77.7 57.0 1 4.45 
Deer S 1409.65 n/a 1 2.3 24.3 39. 1 4 1 .7 29.4 1 3.71 
Mean 2532.5667 1 8.6 364.4 1 1 6.1  21 7.9 210.7 267.5 227.9 1 998.87 73.35 57.20 59.93 71 .20 72.95 64.71 
STD 731 .93495 1 1 . 76655 629A917 22 1 . 1 462 492 . 1 4 1 2  466.5149 655 .5758 514.91 59 11_69.61 25. 1 6  32.65 29.36 32.82 26.97 25.67 

11 Deer 206 replaced deer 953 i n  May. * Deer 408 replaced deer 6 1 2  in  May. n/a no sample col lected . 
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Chapter 3 :  Methane production of red deer housed indoors 

and fed fresh perennial ryegrass-based pasture. 

3.1 . Introduction 

For the purposes of the New Zealand Greenhouse Gas I nventory, methane 

production was measured from mixed-age red deer hinds grazing a ryegrass­

based pasture in autumn 2003, using the SF6 techn ique for the first time in deer, 

as described in  Chapter 2 .  lt was found that h inds produced an average of 71 .5  

g rams per  day and 37.8 g per kg DMI  of  methane per  an ima l .  These emissions, 

when expressed per ki logram of OM eaten ,  were 75 and 80% greater than 

mean values for cattle and sheep (respectively) ,  reported by the New Zealand 

Greenhouse Gas I nventory. The val ues of methane emissions of sheep and 

da i ry cows used in  the New Zealand Greenhouse Gas I nventory are excl usively 

based upon all the published and unpubl ished experiments conducted in  New 

Zealand using the SF6 method ( N I R, 2003). The emissions recorded in Chapter 

2, expressed per kg OM i ntake, were a lso approximately double that of average 

methane emissions from red deer housed in  calorimetry chambers ,  when fed a 

pelleted concentrate diet at mai ntenance or twice maintenance (Semiad i et al. , 

1 998) .  

The SF6 technique has been used extensively for measuring methane 

production from sheep and catt le .  Validation of the method has resu lted in  

methane emissions using SF6 being at  least 90-95% of  methane emissions 

measured i n  respiratory chambers (Johnson et al. , 1 994; Pinares-Patino ,  2000 ; 

Boadi et al. , 2002). The double n-alkane techn ique has also been used 

extensively for estimating the feed i ntake of grazing sheep and cattle, i n  

conjunction with methane measu rements using the SF6 technique (Robertson & 
Waghorn ,  2002; Ulyatt et al. , 2002b; Woodward et a l . ,  2002). The double ,_ 

a lkane technique was used in the experiment described in  Chapter 2 to 

estimate feed intake, from wh ich the methane emissions per u nit  feed intake 

were derived . However, this experiment raised some doubt as to the accuracy 

of the double n-alkane technique,  particularly for deer g razing chicory .  There 

have been no published reports val idating the use of the double 11-alkane 
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techn ique in  red deer fed fresh forages. However, a Canad ian study by Ged i r  

and  H udson , (2000), found that the intake of wapiti h inds when fed an  alfalfa­

based compound d iet using intra-ruminal control led-release devices (CRD), 

was s l ightly overesti mated by 6 . 1  %,  when using alkanes 11 -dotriacontane, 

(C32H66), and the adjacent natural odd-chain alkane 11-monotriacontane, 

(C31 H54) .  

l t is  assumed that the SF6 techn ique is  more rel iab le at determin ing methane 

emissions than the double 11-a lkane technique is at estimat ing feed i ntake . 

Therefore,  the accurate measurement of individual feed intakes combi ned with 

methane measure ments, using the SF6 techn ique,  of animals previously used 

for the determi nation of methane emissions in  the grazing situation should 

ass ist i n  elucidating the high methane emission val ues obtained in Chapter 2 .  

Therefore, the objective of this experiment was to accurately measure the feed 

intake of deer housed individual ly i ndoors when fed fresh pasture, wh i lst 

concurrently measuring enteric methane production using the SF5 technique.  

3.2 .  Materials and methods 

3 .2 .1 . Experimental design 

Methane production was measured using 1 2  mixed-age red deer h i nds also 

used previously in the grazing experiment and housed i ndoors wh i lst fed 

perennia l  ryegrass-based pasture. The experiment was conducted in  

Pal merston North , New Zealand at Massey University's deer metabol ism faci l i ty 

from 20th August to 5th September 2003 . 

3.2.2 .  Ani mals 

The 1 2-mixed age red deer h inds ( 1 02 . 5  ± 1 0 . 3  l ive weight kg and 4 .6 ± 2 .6 

years old) used in  the indoor experiment were from the com mercia l  herd and 

had been previously used for the methane measu rements described in Chapter 

2 .  H i nds were pregnancy tested using u ltrasound (Bingham et al., 1 990) on the 

22nd May. Ten h inds were confirmed as being pregnant at this time, with two 
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h inds una ble to be confirmed pregnant .  As at 20th August h inds were at 90 ± 

3 .57 days' gestation, accord ing to days' gestation estimated by u l trasound on 

the 22nd May. The finish date for th is experiment of 5 September was set to be 

before the h inds went into thei r third tri mester of pregnancy.  The Massey 

University An ima l  Eth ics Committee,  with the cond ition that h inds were removed 

from the metabol ism cages on entering the th i rd trimester of pregnancy, gave 

approval for the experiment. 

H i nds were selected on temperament from behaviour during the previous 

methane experiment and perceived l i kel ihood of adaptation to metabol ism 

cages. However, h inds from the ryegrass-based pasture treatment of the 

grazing trial were preferred over h i nds from other treatment groups to al low a 

better comparison of measurements made wh i lst grazing and indoors on a 

simi lar diet .  

As none of the hi nds had previously been housed in metabol ism cages , al l  

h i nds u nderwent a tra in ing period . However, due to th is occurring in mid-winter 

when pasture supply was l imited , h ind's d iet was supplemented with lucerne 

chaff ( 'Chaffage' , The Great Hage Company) and deer-nuts wh i lst on a 

ma intenance pasture grazing a l location prior to i n itial housing .  Hinds were 

housed individual ly in  metabol ism cages indoors and fed solely chaff and n uts 

for 5 days. Deer were then returned to the grazing situation and fed ad l ibi tu m  

pasture only for 3 days . Then they were brought back ins ide for an 1 1 -day 

adjustment period to handl ing procedures and experimental  d iet before the start 

of the methane measure ments, du ri ng wh ich t ime they were fed cut ryegrass­

based pasture as described below. Three days before the start of the 

measurement period methane halters were fitted . Duri ng methane 

measure ments the size of the metabol ism cage was adjusted using a sl id ing 

cage s ide to prevent an imals from turn ing around and tangl i ng tubing .  

However, an imals were n ot prevented from lying down during th is  time. 
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3.2.3 .  Diet and i ntake 

During the experi ment  an imals were fed a tetraploid perennial  ryegrass-based 

pasture (cv. Quartet) , wh ich was cut dai ly us ing a sickle bar mower, i n  the 

morn ing before the first feeding , and stored at an ambient temperature (at 

approximately 1 1  °C), for the afternoon feed ing .  

H i nds were fed ad l i bitum during the methane measurement period , with 15  kg 

wet weight or 2 .07 kg OM offered per animal per day. Th is ad l ib itu m feed ing 

level was determi ned duri ng the adjustment period , where the feed offered dai ly 

was i ncreased u ntil i ndividual deer consumption reached a plateau.  Deer were 

fed twice a day, 0830 hr  and 1 630 h rs ,  when deer received half of thei r dai ly 

ration.  Al l an imals also received ad l ibitum access to water. 

Total wet feed i ntake was determined by weigh ing the wet feed offered l ess the 

feed refused from the b in and sweepings. Sweepi ngs were any pasture in  the 

cage, water bucket or on the floor (al l  pooled) spilt by the deer d uri ng the 

i nterval from one feed ing to the next, but pooled per animal per day for 

weighing.  

3 .2 .4. Forage sampl ing 

During the methane measurement period tripl icate 200g samples of feed 

offered were taken dai ly for OM determination and a 200g sample of feed 

offered taken dai ly for both botanical composition and chemical analys is .  Feed 

refused samples for each deer were taken from wel l-mixed feed remain ing i n  

the bins only, as sweepings were l ikely to be  sl ightly contami nated with hair and 

dust. Of the i nd ividual feed refused daily, trip l icate 200g samples were taken 

for OM determination and two 200g samples were taken and pooled separately 

per animal  for botanical composition and chemical analysis .  OM sa mples were 

dried dai ly at 1 oooc for 24 hrs .  The samples of botan ical composition were 

d issected into grasses, legumes, weed and dead . Each component was oven 

dried at 60°C for 24 hrs .  
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3 .2.5. Laboratory Analyses 

The samples for chemical composition analysis were stored frozen u nti l  oven 

d rying (60°C for 48 h rs)  and gri nd ing .  Samples were ground to pass a 1 m m  

sieve (Wil ley Mi l l ,  USA) . Forage samples were analysed a s  described i n  

Chapter 2,  section 2 .3 .7 .  Metabol ic energy, starch and soluble sugars and 

organic matter d igestib i l ity were estimated by N I R, whereas organic matter, 

NDF,  ADF, l ign in and carbohydrates were analysed by wet chemistry (as per 

chapter 2) .  

3.2 .6 .  Methane measurement 

Enteric methane production was determined using the SF6 tracer method , as 

developed by Johnson et a l . , ( 1 994) and mod ified according to Ulyatt et al . ,  

(1 999) and Ulyatt et a l . ,  (2002b) as described i n  Chapter 2 section 2 .3 .5 .  The 

yokes were attached external ly at the rear of the cages (Plate 1 ) .  Sampl i ng  of 

the ambient air was done by the placement of four  yokes and halters in the 

centre of each wal l  of the deer shed, at approxi mately the same height as the 

deer. The four background yokes were not a l l  equidistance from deer or 

sources of venti lation .  Windows and a ir  vents along the wal ls of the shed -as 

wel l  as two roof extraction fans- provided venti lation of the shed , which was 

important to maintai n  mixing of the ambient a ir  i n  the shed and avoid the bu i ld­

up of methane or SF6 i n  pockets throughout the shed . Al l h inds used i n  the 

experi ment a l ready had a permeation tube i nserted i nto the rumen from the 

grazing trials; it was assumed that the permeation tubes were sti l l  emitting a 

constant rate of SF6. 
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Plate 3 .1  Hind housed i n  a metabol ism cage and wearing methane­

col lecti ng apparatus, with the yoke attached near the rear  of the sl id ing door of 

cage.  

3.2.7.  Statistica l ana lysis 

Data were analysed using the mixed model procedure in  SAS (SAS, 1 998) . 

Type of forage (ryeg rass-based pasture) and t ime of measurement (grazing 

experiment (Chapter 2) vs. indoor experiment) were fixed effects in  the model ,  

and the experiment was conducted by way of a repeated measurement with 

compound symmetry covariance structure . The random statement i ncluded 

deer with i n  forage type . The model is i n  Eq uation 1 below. 

(Equation 1 )  

Where JJ = overa l l  mean ;  Fi = fixed effect of forage type ( i  = 1 ) ; DHO = random 

effect of deer with in  forage type U = 1 to 1 2) ;  Ek = fixed effect of experiment of 

measure ment analysed as repeated measurement (k = 1 to 3) ;  0; x Ek = fixed 
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effect of interaction between deer and experiment of measurement; eijk = 

random residual error, assumed to be normally d istributed . 

Val ues reported for the comparison of the experimental data are least square 

means; a l l  other val ues reported are the mean and either the standard error of 

the mean (SEM) or standard deviation of the sample (STD), as stated . 

S ign ificance was declared at P :=:;; 0 .05, and a trend was reported if 0 .05 < P :=:;; 

0 . 1  0 .  Al l mean comparisons were by Fisher's least significant difference method 

after a significant treatment ma in  effect was detected . 
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3.3. Results 

3.3.1 . Forages 

Table 3 . 1 , shows that the pasture offered was found to have a h igh proportion 

of ryegrass leaf and very l ittle clover, weed or dead matter. The ryegrass was i n  

a total ly vegetative state with no reproductive stem material present .  There was 

some d ietary selection of the pasture components, as the feed refused by the 

h inds appeared to have a greater proportion of dead material and clover and a 

lower leaf proportion than the feed offered , suggesting that h i nds selected 

against the dead and clover components of the pasture .  

Table 3.1 . Botanical composition of pasture offered and feed refused . 

Botan ical composition %OM 

Leaf clover Weed Dead 

Feed offered (n= 1 5 ) 88.3 0 .3  0 .0  1 1 .3 

Feed refused 
Deer (n= 10) 

46 8 1 .8 0 .9 0 .0  1 7 .3  

54 7 1 .3  0 .5  0 .0  28 . 1  

206 69 .8 0 .6  0 .0  29.6 

4 1 1 83 .6 0 .8  0 .0  1 5 .5  

455 84 . 1  0 .4 0 .0  1 5 .5  

730 80 .8 0 .5 0 .0  1 8 .7 

836 83.8 0.2 0.0 1 5 .9  

853 80.9 0 .7 0 .0 1 8.3  

908 59.8 0 .6 0 .0 39.6 

938 75.2 0 .6 0 .0  24 .2 

942 82.2 0.7 0.0 1 7 . 1  

954 82.7 0.6 0.0 1 6 .7  

Mean1 78 ± 2 .2 0 .59± 0 . 1 7 0 .0 2 1 .4 ± 6 .2 
1 Mean ± STD 
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The nutrit ional components of the pasture fed and refused are shown in  Table 

3.2. The ryegrass pasture fed to the hinds was esti mated , by N I R, to have an 

organic matter digestib i l ity of 80 . 1 %  and a metabol isable energy content of 1 1 .3 

MJ per kg of DM .  There were found to be only minor differences between the 

nutrient composition of pasture offered and refused . The average proportion of 

DM of the pasture offered was 1 3 .8%. 

Table 3.2.  Nutrient composition of pasture offered and refused duri ng the 

methane measu rement period . 

Feed offered3 Feed refused3 

% DM (n = 4) 
Organic Matter 87 .7  ± 0 .9 

N D F  45.0 ± 1 

ADF 26 .0  ± 0.7 

L ign in 1 1 .72 

Hemicel l u lose 1 9 . 1  ± 1 .25 

Cel lu lose 24 .2 ± 0 .7 

Carbohydrates5 8 .7 ± 0 .75 

sss2·
4 1 0 .7 ± 1 

Crude protein 1 6 .8 ± 0.8 

Organic matter d igestib i l i ty? 80 . 1  ± 0 .7 

ME (MJ /kg DM )2 1 1 .3 ± 0 . 1  

GE (MJ/kg DM ) 1 1 8 .02 

Composite samples, Estimated by NIR, composite sample. 

3 Mean ± standard error of the mean 
4 

SSS = Starch and soluble sugars 

5 Carbohydrates includes starch and sol uble sugars 

3.3.2. Dry matter i ntake 

(n = 12) 
85.0 ± 0 .8  

45 .0  ± 1 .0 

27 . 1 ± 1 .0 

1 7 .9 ± 0.4 1 

25.4± 1 .0 

7 .2 ± 0 .3  

1 6 .0  ± 0 .2  

The average amount of pasture offered per day was 2 .07  kg , whi ch resulted in  

deer being offered 23.4 MJME per day.  Deer were found to consume an 

average of  1 .55 ± 0 .3  kg of  DM per day, result ing in an estimated metabolisable 

energy i ntake of 1 7 .5 ± 3 .4 MJ per day. Deer grazing pasture in the grazing 
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experiment were estimated to consume an average of 1 .97 kg DM per day, 

wh ich was s ignificantly (P = 0 .0001 ) greater than the deer in  the i ndoor trial 

(Table 3 .4 ). Dry matter intake of deer in both the grazing experiment and indoor 

experiment are shown in  Append ices 3 .6,  Table 3 .6 .  

3 .3 .3 .  Animals 

Two an imals from the grazing experiment (Chapter 2) who were al located to the 

pasture treatment were not i ncluded in the indoor experiment because 

behaviour traits rendered them u n l ikely to become adapted to being housed 

i ndoors without becoming h ighly stressed.  The excl usion of these animals from 

the i ndoor experiment was not thought to affect the mean methane production 

per day as the methane measured per day from these two an imals were found 

to be randomly distributed amongst the treatment group in  May,  although one 

an imal was an outl ier in March . To ma inta in the constant treatment numbers, 

two deer that were al located to the other treatment g roups in the grazing 

experiment were used as replacements for the deer that were excluded from 

the indoor experiment. The mean methane measured from these deer was also 

found  to be randomly d istributed amongst the treatment group.  Therefore, it was 

assumed that the presence of these deer did not alter the mean methane 

production (CH4/d) of the treatment group .  The mean methane emissions as 

per day for each i ndividual an imal are shown in Appendices 3 .6 ,  Figu re 3 . 1 . 

Animals were found to lose an average of 51  ± 1 56 (STD) g rams bodyweig ht 

per day over the adjustment and methane measurement periods combined,  with 

the largest proportion of weight loss accruing in the adjustment period when 

h inds lost an average 943 ± 329 g/day. Bodyweight loss for the grazing  

experiment (Section 3 .3 .5 ,  Table 3 .4)  was sign ificantly (P = 0 .0001 ) greater (-

267.62g/d)  than for animals housed i ndoors. The interaction of deer and 

experiment showed that a l l  deer, except one ,  in  both experiments had a 

signifi cantly g reater weight loss i n  the grazing experiment. However, as an imals  

were pregnant in the i ndoor experiment they were expected to be gain ing  

weight due to  fetal g rowth ,  i n  contrast to the an imals i n  the grazing experiment, 

where methane was measured pre and post mating ,  and the l ive weights of the 

deer were not l i kely to be affected by pregnancy. 
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Table 3.3.  Mean (± SEM) d ai ly  metha n e  production a n d  d ry matter intake ( D M I )  of h i n d s  fed rye g rass pasture i ndoors. 

Deer 46 54 206 4 1 1 455 730 836 853 908 938 942 945 Mean S E M  

Daily CH4, g/d 

Day 1 34. 1  30.4 54 .5 1 5 .4 26.9 36 .6 1 9 .6 27.2 n/a n/a 20 . 1  48.8 3 1 .4 3 . 6  

Day 2 28.8 n/a 5 1 .5 24 .2 26.9 39.6 30.6 28.6 4 1 .0 n/a 29.6 45 .7 34 .7 2 . 6  

Day 3 34.9 3 1 . 1 45.8 29.0 1 8 .7 35.0 32.3 30 . 1  43.8 24.4 3 1 .8 29 . 1  32.2 2 . 1  

Day 4 36 .6 37.3 69.4 30.5 27.3 45.4 37.8 3 3 . 1  47.8 27.2 34.5 n/a 38.8 3 . 5  

Day 5 34 .0 33.9 5 1 .5 30 .8 29.0 44.2 28.5 35.0 49.9 34 .8 40.0 25.3 36.4 2 .4 

Mean CH4, g/d 33.7 33.2 54.5 26.0 25.8 40 . 1 29.8 30.8 45.6 28 .8 3 1 .2 37.2 34.7 2 . 9  

Standard deviation 2.9 3 . 1  8 . 9  6 . 5  4 .0 4 .6  6 .6 3 .2 4 .0 5.4 7 .3 1 1 .8 

Mean DMI ,  kg/d 1 .46 1 .49 1 .6 1  1 .49 1 .32 1 .28 1 .28 1 .43 1 .97 1 . 54 1 .52 1 .69 1 . 55 0 .05 

Mean NDFI ,  g/d 585 671 725 671 594 576 526 644 887 693 684 761  668 27 

CHJDMI ,  g/kg 2 3 . 1  22.3 33.8 1 7 .4 1 9 .5 3 1 .3 23.3 2 1 . 5  2 3 . 1  1 8 .7  20.5 22.0 23.0 1 .4 

CH4/N DFI ,  g/kg 57.6 49.3 75.2 38.7 43.4 69.6 56.7 47.8 5 1 .4 4 1 .6 45.6 48.9 52.2 3 .2  

CH4, g/kg BW/d 0 . 38 0 . 37 0 . 57 0 .26 0 .24 0 . 37 0 . 34 0 . 33 0 .38 0 .29 0 .33 0 .40 0 .36 0 . 02 

CH4, kJ G E/d 1 854 1 826 2998 1 430 1 4 1 9  2206 1 639 1 694 2508 1 584 1 77 1  2046 1 9 1 5  1 34 

CH4, % of G E l  7 .0  6 .8  1 0 .3 5 .3  6 . 0  9 . 6  7 . 1  6 . 6  7 . 1  5 . 7  6 . 5  6 . 7  7 . 1  0 .4 

n/a No sample collected 
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3 .3.4 Methane production 

Methane production per day is shown in Table 3.3, with an average methane 

production per day of 36.4 g recorded . When methane production was 

expressed per kg of OM eaten ,  the average methane production was 23.0 g 

CH4/kg D M I ,  with methane production ranging from 1 7 .4 g CH4/kg DM I  to 33.7 g 

CH4/kg D M I  for i ndividual deer. The average gross energy lost as methane was 

1 9 1 5  KJ per day, therefore result ing in a mean value of 7 . 1 %  of the gross 

energy i ntake being lost as methane. 

3.3.5 Deer grazing pasture versus deer housed i ndoo rs 

Dry matter intake and methane production of deer housed indoors compared 

with deer grazing pasture is shown in Table 3 .4 .  The OM i ntakes of deer grazing 

pasture were found to be greater than when the same deer were housed 

i ndoors and fed cut pasture (Chapter 2, section 2.4 .4) .  The average esti mated 

organic matter digesti bi l ity, metabol izable energy, CP and  NDF of the pasture 

offered i n  the grazing experiment were 66.9%, 9 .7 MJ kg , 1 8 .7 % OM and 56.9 

% OM, respectively. In comparison ,  metabolisable energy,  CP and NDF of the 

pasture offered in the grazing experiment were 80 . 1  %,  1 1 .3 MJ kg , 1 6 .8 % OM 

and 45.0 % OM,  respectively. 

Methane production as measured from ani mals housed i ndoors (34.7 g/d) was 

found to be significantly lower than during the grazing experiment (71 .4 g/d) .  

Methane production expressed per kg of OM eaten was significantly (P = 

0 .000 1 ) lower for animals housed indoors (22 . 5  g/kg DM I/d) compared with 

g razi ng (37 .3 g/ kg DMI /d) .  

W hen looking at  ind ividual an imal  data for an imals fed pasture i n  both 

experiments (Appendix 3 .6 ,  Table 3.6) ,  all an imals except one produced 

s ignificantly (P = 0 .0001 ) lower methane per day when housed i ndoors 

compared with grazing . When expressed as grams of methane per kg of DMI ,  
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methane production from al l  animals,  except two , exh ib ited significantly lower 

methane (P = 0 .02) production indoors. 

Table 3.4. A comparison of dry matter intake, body weight, body weight 

change and methane production of deer firstly grazing ,  

perennial ryegrass-based pasture i ndoors. 

Grazing 1 

Body weight, kg 1 06 .08 

Body weight -267 

change, g/d 

D M I ,  g/d 1 973 

GE l  kJ/d 36902 

CH4. g/d 71 .5 

CH4/DMI  g/kg 37.3 

CH4, % of GEl 1 1 .0 

N D F I ,  g/d 1 1 21  

CHJNDF I ,  g/kg 65.5 

C H4, g/kg BW/d 0 .67 

Grazing experiment, chapter 2 

21ndoor experiment, this chapter. 

lndoo? 

1 0 1 .96 

-51 

1 557 

28060 

34 .7 

22.5 

6 .9 

700 

50.0 

0 .34 

4 Expt, represents grazing vs. indoor experiment 

SED 

0 .34 

1 0  

37.5 

724 

2 .5 

1 .2 

0 .4 

1 9  

2 .23 

0 .02 

and then bei ng fed 

Expt4 Expt4 x 

P-va lues Deer P-

val ues 

0 .0001 0 .0001 

0 .0001 0 .0001  

0 . 000 1 0 .0001  

0 .0001 0.0001 

0 .0001 0 .00 1 5  

0 .0001 0 .0001 

0 .0001  0 .0001 

0 .000 1 0 .0001 

0 .000 1 0 .000 1 

0 .000 1 0 . 1 5  

Neutral detergent fibre intake (NDF I )  -wh ich represents the amount of cel l ulose, 

hemicel lu lose, and l ign in in the forage intake per day- was significantly lower in  

the i ndoor experiment (700 g/d) than in the grazing experiment ( 1 1 2 1 g/d) (P = 

0 .0001 ), with al l  an imals having a significantly lower intake of NDF when 

housed indoors compared with grazi ng .  Methane per kg of N D F I  was a lso found 

to be s ignificantly lower in  the indoor experiment compared with the grazing 

experiment. Methane expressed per kg of body weight was s ignificantly lower 

i n  the indoor experiment (P = 0 .0001 ), however the interaction of deer with 

experiment was not s ignificant (P = 0 . 1 5) .  
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3.4. Discussion 

Methane produced per day from h i nds i ndoors was 5 1 %  less per day and 38% 

less per ki logram of dry matter eaten than for h i nds grazing pastu re (Chapter 2) .  

Methane emissions per  kg of DM I  were 27% greater than the calori metry 

chamber measurements of Semiad i et a/. , ( 1 998), and were closer to the 

esti mated value (21 .25 g CH4/ kg DMI )  used in the inventory (N I R, 2003). Table 

5 shows methane prod uction  data from grazing trials of ruminants consuming 

ryegrass-based pastures compared with indoor trials .  This table shows that for 

sheep and cattle, respectively, methane production measu red indoors was 45 

and 1 8% higher than in  the grazing situation, with no obvious explanation for 

the difference (O'Hara et al. , 2003) .  This is i n  stark contrast to the current 

results from deer. 
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Table 3.5. Summary of experiments measuring methane using the SF6 technique in  NZ from ewes, wethers and cows grazing or 

housed indoors fed a ryegrass-based pasture (Lassey et al. , 1 997; Lassey et al. , unpubl ished ; Pinares-Pantirio ,  2000; Ulyatt et al. , 
2002a; Waghorn et al. , 2002; Woodward et al. , 2002; Pinares-Pantirio, 2003a ; Pinares-Pantirio,  2003b; !n O'Hara et al. , 2003). 

Dig1 OMI  CH4 CH4/DMI CH4/DDMI  CH4 , % GE 

(kg )  (kg/d) (g/d) (g/kg ) (g/kg) 

Ewes (n=4l Grazing 77.8 ± 2 .62 1 .55 ± 0 . 1  29.7 ± 1 .4 1 9.6 ± 1 .6 25.4 ± 2.7 6.0± 0 .41  

Indoors 
Wethers (n=9) Grazing 78.6 ± 1 .0 1 .77 ± 0 . 1 4  26.6 ± 1 .9 1 5 .7 ± 0 .9  20.0 ± 1 . 2 4 .7 ± 0 .3  

(n=2) Indoors 73.5 ± 0 .5  1 . 1 9  ± 0 .07 26 .8 ± 1 .9 22 .8 ± 2 .9  3 1 .0 ± 3 .7  6 .9 ± 0 .9  

Cows (n=B) Grazing 79 ± 1 .0 1 6 .6 ± 0 .7  340 . 1  ± 20 .5  20 .7  ± 1 .0 26.2 ± 1 .4 6 . 1  ± 0 .3  

(n=1) Indoors 66 1 0 .7 260 24.6 37.3 7.2 

Deer3 (n= 1) Grazing 66.9 1 .95 71 . 5  37.8 55.0 1 1 . 1 2  

(n= 1) Indoors 80 . 1  1 .55 34 .7 23.0 28.0 7 . 1  
1 Dig = OM digestibi lity, 2 mean ± (SE), 3 This thesis, 4 n ,  represents the number of experiments. 
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There is no obvious exp lanation for the difference of methane production of 

grazing animals versus those housed i ndoors .  In this study, the i ndoor 

experi ment compared with the grazing experiment was found to have less 

methane:SF6 .  When using the equation developed by Johnson et al. , ( 1 994) an 

increase of SF6 in  the ratio of methane: SF6 wi l l  effectively result in a depression 

of calculated methane emissions, where a decrease of SF6 wi l l  cause an 

elevation of calcu lated methane. Accumulative factors that cou ld possi bly result 

in some differences in  calculated methane emissions and the measured 

concentration of SF6 and methane are suggested as fol lows . F i rstly, when 

measuring enteric methane from ru mi nants, it is  assumed that SF6 is released 

from the permeation tube at a constant rate for the l ife of the tube as described 

in  Chapter 1 ,  section 1 .2 .3 .  As there was a lower concentration of SF6 col lected 

in the yokes in the grazi ng trial , there could be some unknown factor in the 

rumen that could have either depressed that rate of SF6 release from the 

permeation tube or the rumen .  However, it is un l ikely that the rumen and rumen 

environment of deer differ sufficiently either over ti me or from those of sheep 

and cattle to depress SF6 enough to cause an inflated estimate of methane 

emissions 

Secondly, the SF6 techn ique relies on the col lection of two gases. lt is assu med 

that emission of SF6 exactly simulates the emission of CH4 and that the rate of 

the d i l ution of the gases is the same. Grounds for th is assumption depend on 

the idea that the diffusion of gases is more affected by turbu lence than by 

molecular weight ,  therefore gases of d ifferent weight experiencing the same 

degree of turbulence wi l l  have the same rate of d iffusion (Johnson et al. , 1 994). 

The molecular weight of SF6 is nine times that of methane (Uiyatt et al. , 1 999),  

which cou ld affect the efficiency of the collection of either of the gases,  as 

reported by Ulyatt et al. , ( 1 999). There does not seem to be evidence of 

d ifferent molecu lar weight affecting the sampl ing of expired gases. However, 

the different weight of the gases may affect the ratio of SF6 and methane i n  the 

ambient air, as col lected by background yokes . In  the equation used to 

calculate methane emissions the concentration of S F6 and methane is corrected 

against the concentration of SF6 and methane in the surrounding envi ronment. 

Therefore if there is  stratification of the gases, the concentrations col lected by 
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the background yokes wi l l  depend on their placement in  respect to the ani mals 

and al l other sources of methane and SF6 .  As SF6 is heavier than methane, SF6 

cou ld accu mulate around the an imal and cage whi le methane, a l ighter gas, 

d issipates more quickly, especial ly i n  the metabolism cages, wh ich would result 

in  a higher concentration of S F6 col lected by the animal yokes , resulting in  a 

calculated decrease i n  methane compared with grazing an imals .  To account for 

the accumulation of SF6 around the an imal in a second i ndoor trial (Chapter 4) 

background yokes were placed so that air inside the cages was col lected . There 

was found to be no d ifference of calculated methane using ambient air from 

either with i n  the cages or from the backgrounds placed i n  the shed . 

Another assumption of the S F6 techn ique is  that the major route for methane 

excretion i s  via the mouth and nose, however this assu mption is based upon 

one study conducted with four sheep fed 800g of lucerne chaff per day (Murray 

et al. , 1 976; Ulyatt et al. , 1 999) (Chapter 1 ,  section 1 .2 .3) .  However, this has 

been done in  a l imited number of tria ls ,  and there is very l i ttle known about 

either species differences or the effect of d iet or season upon the sites of 

methane production and excretion . lt has been established by Domi ngue et a/. , 
( 1 991 ) that deer have a g reater seasonal change of OM I  and digestive 

physiology than do sheep (as discussed below). Therefore ,  i t  could be 

suggested that the proportio n  of methane produced i n  the rumen or lower 

d igestive tract may change with ti me (season), which cou ld  result i n  a change of 

the proportion of methane expi red or excreted . If a greater proportion  of 

methane is excreted as flatus,  some of this may be picked up  i n  the background 

yokes , especial ly in an indoor experiment, wh ich would then be subtracted from 

the concentration of methane i n  the ani mal yokes, further decreasing the 

calculated methane prod uction . l t  is a lso not known if the nutrient component of 

the diet (e .g .  organic matter d igesti bi l ity and fibre content) affects the site of 

digestion and/or the site of methane production . Therefore, i t  could be 

suggested that the combi ned change of digestive physiology in response to 

seasonal ity and a change in feed qual ity- from 69% to 80% organic matter 

d igestibi l ity in the indoor experiment- could have resulted in a shift i n  the site of 

methane production and possibly the proportion of methane expi red via the 

mouth and nose. Research needs to be conducted examin ing the sites of 
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methane production and the proportion of methane expired via the mouth and 

nose. 

Pasture (tetraploid) consumed i n  the i ndoor experiment compared with that fed 

i n  grazi ng experiment (diploid)  was h igher in estimated apparent digestib i l ity 

and had a lower fibre content (NDF) .  Digestibi l ity and fibre have been shown to 

affect the methane production of an imals .  Increasing the fibre content when 

an imals are fed maintenance or above mai ntenance causes a shift in the ratio 

of propionate and acetate production towards increased acetate production,  

which has been shown to increase the production of methane (B iaxter & 

Clapperton,  1 965; McAI I ister et al. , 1 996). Blaxter and Clapperton ( 1 965) have 

a lso shown that methane prod uction is expected to decrease with increasing 

d igestibi l ity; presumably, this may be a response to the decreasing fibre and 

increasing soluble sugars in  feeds with h igher apparent d igestib i l i ty .  Thus ,  it 

may be reasonable to suggest that the higher digestibi l ity and lower fibre 

content of the pasture fed indoors, compared with pasture fed to the grazing 

an imals ,  may have , in  part, resulted in  the lower methane prod uction per an imal 

and per unit of feed eaten .  

Deer are h ighly seasonal in  volu ntary feed intake , where the i ntake and nutrient 

requ irements peak in  summer when lactating adult hinds wou ld be expected to 

requ ire between 47-49 MJ ME per day (Fennessy et al . ,  1 98 1 ; Shin et al . ,  2000; 

Mu l ley, 2003) and consume approximately 4 kg OM per day. However, in wi nter 

nonlactating h i nds are expected to consume 1 .7 kg OM or requ i re 22 MJ ME 

per  day. Domingue et  al. , ( 1 99 1 ) found that the d igestive physiology of deer 

exh ib its seasonal changes and this may also partly account for some of the 

d ifferences observed between the grazing trial and indoor tria l .  Deer were found 

to increase their  total rumen pool size from winter to summer, leadi ng to no 

decrease in  apparent digestib i l ity with greater feed intake as occurs i n  sheep 

and goats. lt was also found that the fractional outflow rate (FOR) of particles 

and l iqu id from the rumen in  deer changed significantly from summer to winter. 

This led to the overall concl usion by Domingue et al. ( 1 991 ) that deer exh ibit a 

g reater seasonal change i n  intake and digestive physiology than sheep . 

Methane production from sheep has been correlated with rumen pool size and 
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FOR. Pinares-Pati no et al. , (2003) found that methane production is positively 

correlated to the rumen pool size of organic matter and negatively correlated to 

the rate of FOR. This suggests that seasonal changes i n  the d igestive 

physiology of deer may be associated with seasonal changes in methane 

production . Therefore, further indoor research needs to be undertaken to 

i nvestigate the seasonal production of methane in deer and the d igestive 

physiological changes that occur, wh ich may result in changes of methane 

production . 

Given that the average dry matter i ntake of h inds indoors was 1 .55 kg O M  per 

day, then h inds were consuming an estimated average metabol isable e nergy 

i ntake of 1 7 .5 MJ per day. This is  lower than the recommended 24 MJ per day 

for maintenance (Fennessy et al. , 1 98 1 ; Shin et al. , 2000) and 28 MJ ME per 

day (Jermy, 2003; Mul ley, 2003) for h inds in the second trimester of preg nancy 

and consuming approximately 2 .0  kg OM per day during mid pregnancy and 2 .3  

kg  OM in  late pregnancy (Shi n et  al. , 2000) . However, h inds  were expected to 

consume less than they would outside,  as they are not subjected to wi nter 

environmental conditions, and are not search i ng for food , and may not requ i re 

as much energy for maintenance i n  these respects. However, du ri ng the 

housing period the deer lost on average 51 ± 1 56 g/d bodyweight, suggesting 

that on average the level of feed i ntake ach ieved in this experiment was below 

maintenance for these animals .  Therefore, despite prior tra in ing and adjustment 

to housing,  given the short housi ng i ntervals i nvolved , it is most l i kely that stress 

at housing and in tensive handl ing procedures prevented some an ima ls  from 

ach ieving a maintenance level of feed i ntake. B laxter and Clapperton ,  ( 1 965) 

fou nd that on very low apparent d igestible diets (-40-60%) the amount of feed 

consumed by an animal  is almost independent of the methane production 

(kcal/1 00 kcal feed) .  However, when an imals are fed d iets with a greater 

proportion of the dietary energy being apparently digestible,  intake above 

maintenance has a negative effect on methane production (kcal/1 00 kcal feed) .  

Therefore, although the an imals apparently ate more in the grazing trial , the low 

estimated d igesti bi l ity of the organic matter may have resulted i n  methane 

production being higher than expected for OMI consumed . 
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Results from the indoor experiment i mply that methane production data from 

both housed and grazing deer should be viewed with  caution when appl ied to 

the inventory of GHG.  However the methane measured suggests that methane 

production from deer is greater than the estimated va lue of 21 .3 g CH4/kg D M I  

(N IR, 2003). Both these experiments should be repeated , preferably at several 

t imes during the year in the same animals ,  to confi rm the current findings and 

investigate the possi ble infl uence of seasonal ity on methane prod uction . 
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3.5 .  Appendix 
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Figure 3.1 . Mean enteric methane emissions (g per day) from deer fed pasture from the grazing and indoor experiments . 1 

and 2 represent the grazing experiment where 1 represents the trial i n  March and 2 represents the trial in  May and 3 the i ndoor 

experiment. Deer 323 and 840 were not i ncl uded in  the indoor experiment and were replaced with deer 46 and 455. 
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Table 3.6.  A comparison of the DM I ,  methane production per day and per kg of DMI  of deer feed pasture i n  the grazing and 

i ndoor experiments .  

DMI  (g )  Methane (g/d) Methane/DM I  (g/kg ) 

Deer I Grazing I ndoor SED P- Grazing I ndoor SED P- Grazing Indoor SED P-

val ues values values 

461 - 1 464 - 34 .7  - 23.2 

54 2093 1 538 1 29 0 .000 1 61 .9 33.2 7 .9 0 .0004 3 1 .0 2 1 .6 3.9 0 .01 7 

206 3003 1 6 1 2  1 48 0 .000 1 74 .7 54 .5  1 1 .2 0 .073 24 .9 33.7 5 .5 0 . 1 1 

3231 1 534 - 80 .5  - 52 .5  

4 1 1 2093 1 494 1 29 0 .0001 69.9  25.98 7.3 0 .000 1 33.5 1 7 .4 3 .6 0 .0001 

4551 - 1 3 1 8  - 25.8 - 1 9 .9 

730 2268 1 71 8  1 29 0 .0001 92.73 40.2 7.4 0 .000 1 39 .8 23 .6 3 .7  0 .0001 

836 1 520 1 280 1 29 0 .06 45.8 29.8 7 .4 0 .0332 30 . 1  24 . 1  3 .6 0 . 1 1 

8401 1 475 - 68.7 - 49.4 

853 1 925 1 434 1 29 0 .0002 71 .5  30.8 7 .3 0 .0001 37.3 23.4 3 .6 0 .0002 

908 2291 1 970 1 29 0 .0 1 36 89.5 45.6 7 .9  0 .0001 39.9  22.8 3 .9  0 .0001 

938 1 820 1 646 1 29 0 . 1 8  69.5 28.8 8 .9  0 .000 1 38.3 1 7 .0 4 .4 0 .0001 

942 1 865 1 524 1 29 0 .009 64. 5  3 1 .2 7 .6 0 .0001 34 .2 20.3 3 .8 0 .0003 

945 1 882 1 688 1 29 0 . 1 3 72 . 1  37.2 8 .2 0 .0001 37 .8 23 .2 4 . 1  0 .0005 

Deer 323 and 840 were not i ncluded in the i ndoor experiment and were replaced with deer 46 and 455. 
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Chapter 4 :  Validation of the double 11-alkane procedure to 

estimate the dry matter intake of red deer fed fresh pasture or 

plantain. 

4.1 Introduction 

Accu rate determi nation of dry matter intakes of individuals or groups of an ima ls  

is essential to  the measurement of methane emissions and nutritional research 

to enable val id comparisons across treatments, trials and species. The dry 

matter intake of an imals housed indoors can be determined by the s imple 

measurement of feed offered less feed refused . However, the housi ng of 

an imals indoors may cause behavioural changes wh ich cou ld i nfluence normal 

i ntake as compared with the grazing situation.  In addition,  when feed ing fresh 

forages indoors, the simple act of harvesting the forage and presenting it i n  the 

cut form is therefore l i kely to give d ifferent results from the g razing situation  

where animals harvest the plant material themselves . The estimation of  the 

feed i ntake of ind ividual grazing animals is  d ifficult  and ind irect measurements 

are normal ly employed , such as i ndigesti ble markers, for exa mple chro mi u m  

oxide ,  or indigestible components of the feed eaten such a s  l ign in  or alkanes. 

The method of using n-alkanes, saturated long-chai n hydrocarbons of plant 

cuticular wax, na med the double n-alkane technique, has been developed and 

refi ned by Dove and Mayes, (1 991 , 1 996) .  This tech nique employs both 

naturally occurring T]-alkanes (odd-chain a lkanes) of forage species and oral ly­

admin istered synthetic (even-chain)  a lkanes. To accurately measure i ntake th is 

method rel ies on the assumptions that herbage samples taken for laboratory 

analyses are representative of the forage consumed and that the dosed alkane 

and i ts adjacent natural ly occurring alkane are recovered in  the faeces i n  s imi lar 

proportions (Dove & Mayes, 1 991 ) . Faecal recovery of alkanes has been fou nd 

to be incomplete due to l imited absorption of the alkanes i n  the digestive tract . 

However, it is  assumed that modification or absorption of the alkanes is  smal l ,  

as faecal recoveries of  dosed alkanes and the i r  adjacent natural ly occurring 

a lkane are simi lar (Dove & Mayes, 1 991 ; Dove et al. , 2002). Furthermore,  

Hendricksen et al. , (2002) found that the recovery rates of adjacent n-a lkanes 
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were high ly variable when brahman-cross cattle were fed several d iets 

contain ing tropical grasses (buffel-grass fresh or as hay) and l ucerne hay. The 

low n-alkane content of the lucerne hay (C3s <1 Omg/kg) used by Hendrickson et 
a/ (2002) a lso resu lted in poor calculation of the faecal recovery rates and 

hence i ntake. 

The accurate measurement of i ntake is  important i n  the measurement of 

methane e missions, as methane per kg OM I  forms the basis of the i nventory of 

rumi nant g reenhouse gas emissions and al lows for comparison of methane 

emissions between trials and an imal species. The double n-tech nique has been 

used as a measurement of i ntake in studies measuring the methane production 

of g razing sheep and cattle ( Robertson & Waghorn , 2002 ;  Ulyatt et al. , 2002b; 

Woodward et al. , 2002) .  However, when i ntake was measured during 

concurrent measurements of methane production using TJ-alkanes i n  red deer 

grazing ryegrass-based pasture, chicory and plantain (Chapter 2) the accuracy 

of the i ntake measurements was questioned , due to the h igh estimation of the 

OM I  of ch icory. 

Currently there are no publ ished data val idating the measurement of the i ntake 

of red deer consuming fresh forages as measured by the double n-alkane 

technique.  However, va l idation studies have been conducted with fal low and 

wapiti deer fed dried ,  alfalfa-based diets. The actual i ntake of n ine ma le fal low 

deer, e ight months of age, fed l ucerne chaff was fou nd to be not s ignificantly 

(P=0.05) different from estimated i ntake . However, numerical ly the DM I  of the 

fallow deer was u nderestimated by 1 1  %, as deer fed lucerne chaff actual ly 

consumed 394g/d , and esti mated DMI showed that deer consumed 354g/d (Ru 

et al. , 2002) .  I n  contrast, the measurement of i ntake vs . estimated i ntake of 

eight wapiti h inds fed an alfalfa-based compound d iet overestimated the true 

intake by 6 . 1 % (C31 :C32) and 2 .2% (C33 :C32) (Ged i r  & Hudson , 2000). 

Due to uncertainty concerning the accuracy of estimated i ntakes of grazing red 

deer (Chapter 2) ,  the overestimation of i ntake by wap iti h inds (Gedir & Hudson , 

2000) and u nderestimatio n  of intake by fal low deer (Ru et al. , 2002) using the 

double TJ-alkane technique, and the fact that th i s  technique has not been 

92 



val idated for deer consuming fresh forages, the val idation of th is technique in  

red deer fed fresh forage is  needed . Therefore , the objectives of th is  study were 

to eval uate the double 11 -alkane technique for estimati ng the dry matter intake of 

housed adult red deer fed either ryegrass-based pasture or plantain ,  wh i le also 

concurrently measuring methane production . 

4.2 Materials and methods 

4.2 . 1  Experimenta l des ign 

The val idation of the double 11-alkane techn ique was conducted at the deer 

metabol ism facil i ty at Massey Un iversity's Deer Research Unit, September to 

October 2003. The six week experiment i nvolved six adult castrated red deer 

fed ryegrass-based pasture and plantain in two periods in a cross-over design ,  

with each period lasting 3 weeks . Five an imals were employed in the val idation 

of the 11-alkane technique and methane emissions were concurrently measu red 

us ing the SF6 techn iq ue in  6 an imals .  

4.2.2 Animals 

Six adult  hand-reared castrated red deer stags were used (8 .7 ± 6 . 1  (STD) 

years of age and weighing 1 46.6 ± 55.6 (STD) kg), five of wh ich had rumen 

cannulae (four also with abomasal can nu lae),  and one of wh ich was non­

surgical ly modified .  Animals were randomly al located to one of two groups :  

Group A (n=4) in  the first period were fed pasture and Group B (n=2) were fed 

plantain ,  with the diets changed over for the second period . U nequal al location 

of an imals to g roups was because plantain supply at the trial start was 

potential ly l imiti ng .  One animal in Group A, who was nonsurg ically mod ified , 

was used to measure methane production only. Ani mals in  group B took longer 

to adapt to housing than did animals in group A, therefore period 1 for group B 

was repeated fol lowi ng period 1 once feed i ntakes had stabi l ised . Each period 

consisted of three weeks as shown below; 
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Period 1 and 2 

Week 1 .  Ani mals grazing their allocated d iets outdoors ad l ibitum.  

Week 2 .  Adjustment period for animals to hous ing in metabol ism crates 

and fed cut treatment d iet forage ad l ibitum.  

Week 3 .  Measurement period. 

4.2.3 Diets and actual intakes 

The forages fed consisted of permanent perennial  ryeg rass (cv Nu i ) ,  white 

clover (cv Huia) pasture ( ryegrass-based pasture) and pure narrow-leaved 

p lanta in  (cv Ceres Tonic) .  For the first week an imals were grazed outside ad 
libitum on their al located forage diet .  When housed i ndoors i n  metabol ism 

cages (weeks two and three of each period), an imals were fed fresh forage cut 

dai ly with a sickle bar mower at 1 300 hrs and stored at ambient temperature (at 

approximately 1 1  oc) ,  for the afternoon and morn i ng feeding.  The level of 

feeding used during  housi ng was determined in week two of period one, where 

the feed offered dai ly was increased unti l i ndividual deer consumption reached 

a plateau . This took approximately 2-3 days . In week 3 of period 1 a l l  an imals 

on both diets were set to a constant OM al lowance based upon the group mean ,  

maxi mum dai ly i ntake of the plantain group,  for wh ich mean ad libitum i ntake i n  

week 2 of period one  was s l ightly lower than for t he  pasture group .  This was in 

order to try to have an imals on both d iets in  the same period offered the same 

amount of OM,  and to ma intain this level of feed i ntake across both periods. 

Hence deer in period two were offered the same level of dry matter of the new 

d iet as they received in period one . Deer were fed twice dai ly at 0900 and 

1 630h , and received half their dai ly ration at each feeding . Animals had ad 
libitum access to water at al l  times. 

Feed intake was determined by weighing the feed offered less the feed refused 

from the b in  and sweepings. Sweepings were any forage in the cage, water 

bucket or on the floor (al l  pooled) spi lt by the deer duri ng the interval from one 

feeding to the next, but pooled per an imal per day for weigh ing .  
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4.2.4 Forage Sampling 

During the measurement period tripl icate 200g samples of feed offered were 

taken dai ly for OM determi nation a nd a 200g sample of feed offered taken dai ly 

for botanical composition, chemical analysis, and alkane analysis.  Feed refused 

samples for OM and chemical analysis were taken from the wel l-mixed feed 

remain ing in the bins only, as sweepings were l ikely to be sl ightly contaminated 

with hair and dust. Of the dai ly i ndividual feed refusals, tripl icate 200g samples 

were taken for OM determination and two 200g samples were taken and pooled 

separately per animal for botan ical composition,  chemical and alkane analysis .  

Tripl icate samples (200g) of  sweepings were also taken for OM determination , 

as the OM content of the sweep ings was l i kely be different compared with that 

of feed refusals in the b in .  OM samples were dried dai ly at 1 oooc for 24 hr. The 

samples of botanical composition were dissected into grasses, legumes, weed 

and dead for pasture and plantain leaves, plantain reproductive stem, legumes, 

weed and dead for the plantain sward . Each component was oven dried at 

1 oooc for 24 hr. 

4.2 .5 Laboratory Analyses 

The samples for chemical composition were stored frozen prior to freeze drying 

and gri nd ing .  Samples were ground to pass a 1 mm sieve (Wi l ley M i l l ,  USA). 

Forage samples were analysed as described in Chapter 2, section 2 .3 .7 .  

However, no samples were analysed by N IR. Dry matter apparent digestibi l ity 

was ca lcu lated using Equation 1 .  

OM d igestibi l ity = (OM feed offered - feed refused) - OM faeces 

(OM feed offered - feed refused) 

(Equation 1 )  
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4.2.6 Methane measurements 

Methane emissions were measured from al l  six an imals ,  four  of wh ich had been 

used for methane measurements in the grazing experiment (Chapter 2) and 

already had SF6 permeation tubes present in the rumen. The two an imals that 

had not been previously used for methane measurements underwent tra in i ng 

prior to this experiment to become accustomed to wearing  the methane 

col lection ha lters and harness . These animals had permeation tubes inserted 

i nto the rumen seven days before the first set of measurements. Enteric 

methane production was determi ned using the SF6 tracer method ,  as developed 

by Johnson et al. , ( 1 994) and mod ified according to Ulyatt et al. , ( 1 999) and 

Ulyatt et al. , (2002b) as described in  Chapter 2 section 2 .3 .5 ,  and with the 

appropriate mod ifications as descri bed in Chapter 3 to adapt the method for 

deer housed i ndooffi .  

4.2 .7  Voluntary Feed Intake - double n-a lkane technique 

The double n-a lkane procedure was used to estimate vol untary i ntake (Dove & 

Mayes, 1 996; Gedir  & H udson , 2000) from five cannu lated castrate stags .  

Seven days before the start of methane measurements an imals had alkane 

control led release capsules inserted i nto the rumen via rumen can nulae. The 

capsules used in this experiment were al l from the same batch , wh ich was also 

the same batch as used in  the grazing experi ment. Capsu les were 

manufactured for g rowing cattle (Captec, Nufarm Ltd . ,  New Zealand) conta in ing 

4 g of YJ-dotriacontane (C32H66) p lus 4 g YJ-hexatriacontane (C36H74). The alkane 

capsule was attached to a string  so that during the methane measurement 

period the d isappearance of the remain ing matrix of the capsule could be 

measured to determi ne the daily release rate . Dry matter i ntake was estimated , 

as in  equation  2 below, from the dai ly dose rate and the d ietary and faecal 

concentrations of the dosed even-chain alkane (YJ-dotriacontane,  C32H66), and 

the adjacent natural odd-chain a lkane (11-monotriacontane,  C31 H64). 

Intake = - DJ H; -- li}  F; ( F; ) 
F) Fj 

(Equation 2) 
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I n  the equation Hi and Fi represent the herbage and faecal (respectively) 

concentrations of the odd-chain a lkane, Hj and Fj are the even chain  

equivalents and  DJ is the dai ly dose of the even chai n alkane . The dai ly dose 

rate was determined per an imal by the d isappearance rate of the a lkane matrix 

over ti me, as measured daily at 1 300 hrs from the five rumen-cannu lated 

an imals .  Total faecal output was weighed dai ly 0900 hrs (coi ncid ing with 

feeding) .  Faecal samples for alkane analysis were col lected once daily (0900 

hrs) d uri ng the measurement period from isolated faecal samples. 

Faecal samples were oven dried for 48 hrs at 60°C and ground in a coffee 

grinder. The pooled feed offered forages samples for each d iet were oven dried 

and ground to pass a 1 mm sieve (Wil ley M i l l ,  USA). The daily samples of 

faeces ,  (d ried and ground) were then combined per animal and per forage . 

Faecal and forage samples were then analysed for the alkanes, 11 -dotriacontane 

(C32H55) ,  and 11-monotriacontane (C31 H54) ,  via gas chromatography as 

descri bed by Dove et al . ,  ( 1 996),  with the fol lowing mod ifications.  l nd ustria l­

heptane was used instead of analytical grade and saponification taking place i n  

a n  oven rather than o n  heating blocks. 

4.2 .8  Statistical ana lysis 

Alkane validation - Data were ana lysed by SAS (SAS 1 998) by s imple ANOVA. 

Type of forage (pasture or planta in) , period the animals were fed each forage, 

and methods of i ntake measurement were fixed effects of the model . The model 

is equation 2. 

(Equation 2) 

Where JJ = overal l  mean ;  Fi = fixed effect of forage type (i = 1 to 2);  Pj = fixed 

effect of period U = 1 to 2); Mk = method of DMI  (k = 1 to 2);  (M x F);k = fixed 

effect of i nteraction between forage type and time of measure ment; eyk = 

random residual error, assumed to be normally d istributed. 
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Methane emissions - Data were analysed by SAS (SAS 1 998) by simple 

ANOVA. Type of forage  (pasture or plantai n) ,  and period the an imals were fed 

each forage. The model is shown in equation 3 .  

(Eq uation 3) 

Where J.1 = overa l l  mean ;  Fi = fixed effect of forage type (i = 1 to 2); Pj = fixed 

effect of period U = 1 to 2); (P x F)ik = fixed effect of interaction between forage 

type and t ime of measurement; eijk = random residual error, assumed to be 

normal ly d istributed . 

Values reported for the comparison of the experimental  data are least square 

means, a l l  other values reported are the mean and either the standard error of 

the mean (SEM) or standard deviation of the sample (STD), as stated . 

Significance was declared at P � 0 .05, and a trend was reported if 0 .05 < P � 

0 . 1  0 .  Al l mean comparisons were by Fisher's least significant difference method 

after a significant treatment main effect was detected . 
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4.3 Results 

4.3.1 Botanical  composition 

Table 4 . 1  shows the botanical composition of feed offered and feed refused for 

ryegrass-based pasture (a) and plantain  (b) .  The botanical composition of the 

feed offered and refused showed a tendency for animals to select against dead 

material for both forages. When fed planta in ,  five out of six an imals showed a 

strong selection for leaf material over reproductive stem materia l .  Pasture was 

i n  a total ly vegetative state, with no reproductive stem materia l  present. 

Table 4.1 . The botan ical composition of feed offered and feed refused of 

ryegrass-based pasture (a) and plantain (b). 

a. Ryegrass- based pasture 

Botan ical composition %DM 

Leaf Stem Clover Weed Dead 

Feed offered 1 94 .5 ± 2 . 1  2 ± 1 .4 0 3 .5  ± 0 .7 

Feed refused 

Deer P 9 1  4 2 4 

Deer A 92 1 2 5 

Deer G 9 1  2 1 6 

Deer l 92 2 0 6 

Deer T 44 6 0 50 

Deer S 84 8 0 7 
Average of period 1 and 2 
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b.  Plantain 

Botanical composition %DM 

Leaf Stem Clover Weed Dead 

Feed offered 1 45 ± 1 7 .0 48 ± 1 1 .3 0 .5  ± 0 .7  2 ± 1 .4 1  4 .5  ± 3 .54 

Feed refused 

Deer P 44 45 1 1 9 

Deer A 27 69 0 0 3 

Deer G 1 1  85 0 1 3 

Deer l 32 66 0 0 2 

Deer T 1 9  71 0 2 7 

Deer S 26 59 0 3 1 1  
Average of period 1 and 2 

4.3.2 Chemical  composition of forages 

The mean forage chemical composition ,  as shown in Table 4 .2 ,  (% of D M ) over 

both periods showed that pasture had a greater NDF ,  hemicel l ulose, cel lu lose 

and gross energy content than plantain (P <0.001 ) , whereas in contrast the OM,  

ADF ,  l ignin ,  HWSC, and  pectin contents were lower in pasture compared with 

p lantain (P < 0 .005). The higher concentration of pectin and HWSC in plantain 

contri buted to a greater ratio of readi ly fermentable carbohydrate to structural 

carbohydrates for plantain (0 .77) compared with pasture (0.25) (P < .000 1 ) .  

Al l chemical components of the feed offered to deer on both d iets changed 

s ignificantly across periods (P < 0.03), except for pecti n .  This is probably a 

reflection of the rapid g rowth and development of both forage species during  the 

mid spring season ,  despite efforts with agronomic management to mainta in  

herbage qual ity from period 1 to period 2 .  
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Table 4.2. Chemical  composition and apparent dry matter d igestibi l ity of forages fed to deer. 

Pasture Plantain P - values 

Period Period S E  Period Period S E  

% DM 1 2 1 2 Forag Period F x P  

e 

Organic matter 88. 1  89.5 0 . 29 9 1 . 1  92.8 0 .29 0 .0004 0 . 006 0 . 67 

ADF 2 3 .2 25 . 1  0 .27 29.6 22.5 0 .26 0 . 0021 0 . 0007 < .000 1 

NDF 4 1 .0 43.9 0 .07 4 3 . 1  32.9 0 .07 0 . 0001 0 .0001 0 .000 1 

Hemicel lulose (b) 1 7 .8 1 8 .8 0 . 27 1 3 .5 1 0 .4 0 .27 < .000 1 0 . 0 1 5 0 . 00 1 6  

Cellulose (b) 2 1 .9 23.2 0 . 26 22.4 1 4 .9 0 .26 0 .0001 0 . 0003 < .000 1 

Lign in  1 .24 1 .99 0 . 1 23 7 . 1 8  7 .62 0 . 1 23 < .000 1  0 .028 0 . 367 

Pectin (a) 1 .27 1 .6 1  0 . 04 1  4 . 1 0  3 .49 0 . 04 1  < .000 1  0 . 086 0 .002 

Hot water soluble 

carbohydrate (a) 7.66 9 .63 1 .26 1 4 .38 22 .25 1 .26 0 .00 1 5  0. 0 1 8  0 .079 

Ratio RFC:SC (a/b) * 0 . 22 0 .27 0 . 03 0 . 5 1  1 .02 0 .03 < .000 1 0 .0009 0 .002 

CP, % DM 24.4 1 9 .0 0 .08 1 2 .7 1 1 .5 0 . 08 0 . 0001 0 .0001 0 . 0001 

Gross energy (MJ /kg DM) 1 9 . 1 6  1 8 .7 0 . 03 1 8 .5 1 8 .5 0 . 03 0 .0003 0 . 00 1 3  0 . 00 1 9  

D M  apparent digestibil ity 8 1 .07 78 . 6 1  1 . 72 67.0 1 72 .02 0 .000 1 0 .4377 0 . 0267 

* Ratio of readily fermentable carbohydrate: structural carbohydrates 
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4.3.3 Dry matter i ntake - calcu lated a nd measured intake 

For OM I  of the five deer used for the YJ-alkane val idation,  a s ign ificant 

mai n  effect of forage (P = 0 .000 1 ) and period (P = 0 .01 ) were found , 

where DMI  was greater in  period 1 ( 1 634 ± 50 g/d) compared with 

period 2 ( 1 452 ± 50 g/d) .  The overal l  average DMI  of planta in ( 1 750 

± 0 .05 g/d )  was greater than that of pasture ( 1 328 ± 50 g/d ) .  A 

s ignificant method of intake determination by forage i nteraction  was 

found (P = 0.000 1 ), as i l lustrated i n  F igure 4 . 1 .  
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Figure 4.1 . Dry matter i ntakes (g/d) for deer fed ryegrass-based pasture and plantai n ,  where DMI is measured (actual) or 

estimated using the double 11-alkane technique. I ndividual deer are represented by differing symbols, Deer P (-) , Deer A ( • ) , Deer 

G (x) , Deer S ( • ) , and Deer T ( .&. ) ,  where deer fed each forage is denoted by colour. 
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The actual mean (± SEM) dry matter i ntake of the five deer consuming pasture 

and plantain was 1 53 1  ± 73 and 1 658 ± 73 g/d , respectively. The mean (± SEM) 

dry matter in takes as calculated by the dou ble 11-alkane technique were 1 1 25 ± 

73 and 1 857 ± 73 g/d for pasture and plantain respectively (Table 4.3)  . l t  was 

found that the mean i ntake of animals when consuming pasture was 

sign ificantly (P = 0 .0002) underestimated by 23.5 ± 7.6 (STD) % using the 

dou ble n-alkane technique.  In contrast, the mean DMI  of plantain tended to be 

overestimated 1 3 .9 ± 1 5 .2 (STD) % (P < 0 .06) .  Figure 4 . 1  shows the l inear 

relationsh ip of actual DMI  vs. estimated DM I  and the significance of the 

difference of estimated and actual DMI  for each forage fed .  Although a strong 

relationship between actual and esti mated DM I  was found (R2 = 0 .9; P = 

0 .0002) for pasture and plantain (R2= 0 .7; P < 0 .06), on average the estimated 

DMI  of an imals fed pasture was signifi cantly less than actual D M I ,  whereas in 

contrast the DMI of plantain was overestimated . 

Table 4.3. Dry matter intake of ind ividual deer as measu red (actual) or 

ca lculated using the double 11-alkane techn ique (al kane) . 

Ryegrass-based pasture Planta in  

Actua l 1 Al kane Alkane % Actual 1 Alkane Alkane % 
Actual Actual 

(g/d) (g/d) (g/d) (g/d ) 

Deer P 1 243 ± 239 997 80.2 1 473 ± 359 1 746 1 1 8 .5 

Deer A 1 823 ± 250 1 4 1 0  77.3 1 431 ± 34 1 1 433 1 00 . 1  

Deer G 1 1 72 ± 335 829 70.7 1 248 ± 309 1 72 1  1 37.9 

Deer T 1 960 ± 276 1 433 73 . 1  2267 ± 428 2325 1 02 .6 

Deer S 1 242 ± 609 9 1 0  73.3 1 662 ± 380 1 836 1 1 0 .5  

Mean 1 488 ± 373 1 1 1 6  ± 74.9 ± 1 61 6  ± 392 1 8 1 2  ± 1 1 3 .9 ± 
285 3 .8  324 1 5 .2 

n = 5  
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4.3.4 Herbage concentrations, dose rates a nd faeca l recovery rates of 

natural and synthetic alkanes 

The concentration of alkanes present in each forage are shown in Table 4 .4 .  

The  natural a lkane content of C31 i n  plantain was sl ightly h igher than in  pasture ,  

but  the converse was found for C33 and C3s . 

Table 4.4. The 11-alkane concentrations present in forage species offered 

to deer. 

TJ-alkane concentrations of feed offered (mg/g) 

C31 c32 c33 c3s c36 

Pasture 

Period 1 0 . 1 67 0 .009 0 . 1 1 8  0 . 0 1 1 0 . 000 

Period 2 0 . 1 97 0 .009 0 . 1 1 5  0 .0 1 1 0 .000 

Plantain  

Period 1 0 .257 0 .0 1 6  0 .068 0 .009 0 .000 

Period 2 0 .222 0 .0 1 4  0 .059 0 .007 0 .000 

The dose rates of alkanes were calculated for each ind ividual an imal and are 

shown i n  Table 4 .5  in  comparison with the manufacturer's recommended dose 

rates. Dose rates per an imal were found by measuri ng the disappearance of 

the matrix of the a lkane capsules over the five day measurement period and 

calculating the slope of the l ine of best fit , for each animal (shown i n  Appendix 

4.5 ,  F igure 4.5) .  The mean rate of matrix d isappearance had a strong negative 

l i near relationship to the increasing number of days that the alkane capsules 

were in the rumen (pasture R2 = 0 .99 and planta in R2 
= 0 .99) .  The 

d isappearance of the matrix in  the an imals fed plantain was g reater than those 

fed ryegrass-based pasture (P = 0 .0005) .  There was also found to be some 
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variation around the mean rates of disappearance as represented by the 

standard error of the mean ,  shown in Figure 4 .2 .  The variation of the mean 

d isappearance rates of the matrix from the CRC seemed to be d riven by a 

s ignificant d ifference of deer by forage (P = 0 .000 1 ) i nteraction ,  where deer a l l  

deer except Deer P showed a greater rate (P < 0 .00 1 )  of matrix disappearance 

when fed plantain compared with ryegrass-based pasture. 

Table 4.5. Calculated and recommended dose rates of synthetic 

alkanes, 11-dotriacontane (C32H66) and n-hexatriacontane (C36Hn). 

Pasture (mg/d ) Plantain  (mg/d) 

c 32 c 36 c 32 c 36 

Deer P 1 70 . 65 1 80 .49 204 .36 2 1 6 . 1 4  

Deer A 1 74 .76 1 84 .84 1 82 .63 1 93 . 1 6  

Deer G 1 73 .45 1 83 .45 206 .61 2 1 8 .52 

Deer T 1 80 .57 1 90 .98 21 8 .22 230 .8 1  

Deer S 1 76 .82 1 87.01  1 82 .45 1 92 .97 

Mean ± STD 1 75 .7  ± 4 . 1 4  1 85.4 ± 3 .94 1 98.9 ± 1 5 .79 2 1 0 .3 ± 1 6 .7 

Deer T2 1 60 . 1 6  1 38 .68 

Deer S2 1 31 . 1 2  1 69 .39 

Captec1 200 2 1 1 .5 200 2 1 1 .5 
Captec, manufacture's recommended dose rates for calculating intake. 

2 Alkane recovery rates from group B, period 1 ,  which was later repeated due to poor adaption 

of these animals to housing expressed by low and variable feed intakes. DMI of plantain for 

Deer T and Deer S was 3 1 9  ± 326 (STD) g/d and 1 97 ± 1 79, respectively. 
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The average dose rate of TJ-dotriacontane (C32H55) and TJ-hexatriacontane 

(C35H72) (table 4.5) when an ima ls  were fed pasture was below that of the stated 

manufacturer's dose rate . However, the real and manufacter's dose rates were 

simi lar for an imals fed plantain .  The dosage rates of C32H65 ranged from 1 82 .45 

mg/d to 2 1 8 .22 mg/d , and C35Hn ranged from 1 93 . 1 6  to 230 .81  mg/d . Duri ng 

the i n itial period 1 ,  group B was slow to adapt to housing and hence DM I  was 

low and variable leading to low dose rates of C32H55 compared with when period 

1 was repeated . 

1 07 



30�-----------------------------------------------------------------------------------------------. 

25 +-------------��-------------------

20 +-------------------------���-----=�------------------------------------------------------------4 

I 
)( 

� 1 5  
� 

Pasture y = -2 .673 1 x + 2 7.043 
R2 = 0 . 9947 

I Plantain y = -3.033 1 x + 2 5 . 889 
R2 

= 0.99 1 9 

1 0  +---------------------------------

5 +----------------------------------------------------------------------------------------------------4 

o+--------------,-------------.--------------.-------------.-------------�-------------.-------------4 
8 9 1 0  1 1  1 2  1 3  1 4  1 5  

Days since insertion of alkane caps u le 

• Pasture 
• Plantai n  

F ig ure 4.2. Mean matrix disappearance rates of an imals fed ryegrass-based pasture and plantai n .  Error bars represent the 

standard error of the mean . 
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The faecal recovery rates of both natural and dosed alkanes are presented in  

Table 4 .6 and Figure 4 .3 .  The recovery rates of individual alkanes tended to be 

differ s ignificantly (P < 0 .07), which agrees with the weak l i near relationship of 

faecal recovery rate and a lkane carbon length (F igure 4 .3) .  There was a lso a 

significant affect of period ,  where i n  period 1 the mean recovery rate was 92.5% 

and period 2 was 1 1 7.2%, however th is  may be an affect of the greater number 

of an imals fed plantain in period 2. Al kanes used to calculate i ntake in  both 

Chapter 2 and the current experiment were 11-dotriacontane (C32Hss) ,  and Y)­

monotriacontane (C31 Hs4) .  However, the recovery rates of C32 , C31 and others i n  

Table 4 .6 differed from one another (P  = 0 .04 ) ,  and  were lower in  pasture-fed 

an imals (92 .5%) compared with plantai n-fed an imals ( 1 1 9 .7%) (P = 0 . 001  ). The 

majority of a lkane faecal recovery for plantain-fed animals were above 1 00%, 

and particularly for C32, recovery rates of pasture-fed an imals were also 

calculated to be greater than 1 00%. There was a h igh degree of i nd ividual 

an imal variabi l i ty in  the alkane faecal recovery data from both pasture and 

plantain-fed an i mals ,  as denoted by the standard error of the mean shown by 

error bars in  figure 4 .3 . 
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Table 4.6. The faecal recovery rates of dosed and natural ly occurring TJ­

alkanes in pasture (a) and plantain (b). 

(a) Pasture 

Faecal recovery (%) 

c31 a C ab 32 c33 c3s 

Deer P 78 98 82 88 

Deer A 81  1 03 88 95 

Deer G 75 1 07 80 93 

Deer T 85 1 06 94 1 05 

Deer S 76 1 1 3 8 1  87 

Mean ± STD 79 ± 4 . 1  1 05 ± 5 .5  85 ± 5 .9  94 ± 7.2 
a Alkanes used to calculate i ntake. Dosed alkanes. 

(b) Plantain 

Faecal recovery (%) 

c31 a C32 ab c33 c3s 

Deer P 1 36 1 1 1  1 59 1 72 

Deer A 1 30 1 36 1 55 1 68 

Deer G 1 39 1 05 1 87 202 

Deer T 1 22 1 09 1 4  1 50 

Deer S 1 1 7 1 23 1 3  1 4 1  

Mean ± STD 1 29 ± 9 .3  1 1 7 ± 1 2 .7 1 06 ± 85.0 1 67 ± 23.5 
a Alkanes used to  calculate intake. Dosed alkanes. 
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bars represent the standard error of the mean .  
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4.3.4 Methane production 

No s ignificant main effects of forage type (P = 0 .3) or period (P = 0.2) were 

fou nd for dai ly methane production g rams per day, (shown in Table 4 .7) .  

However, there was a significant forage by period i nteraction (P = 0.0001 ) .  I n  

period 1 methane emissions per day from an imals fed ryegrass-based pasture 

(35 . 1  ± 1 .8 g/d) were less than from an imals fed plantain (43.4 ± 2 .5  g/d) (P = 

0 .009) ,  with the converse true i n  period 2 (ryegrass-based pasture 48 .5  ± 2 .8  

g/d ; plantain 35 .5± 1 .8 g/d ; P = 0 .0003), thus suggesti ng an  an imal effect. 

Methane production per kg actua l  DMI  of deer fed ryegrass-based pastu re and 

plantain  is  shown i n  Table 4 .7  and was si milar for both forages (P = 0 .8) .  Actual 

d ry matter i ntakes and methane emissions for i ndividual deer are shown i n  

Appendix 4 .5 ,  Table 4 .8 .  

Table 4 .7  Methane production and  actual DMI  from deer when fed either 

ryegrass-based pasture or plantain .  

Pastu re 1 Plantain 1 P - values 

LSM SEM LSM S EM Forage Period P x F  

DM I  (g/d) 1 548 85.25 1 722 85 .25 0.2704 0.2495 0 . 0064 

CH4 (g/d) 41 .8 1 .64 39.46 1 .54 0.2294 0 .3047 0 .0001 

CH4/DMI (g/kg ) 25.6 1 .79 25.0 1 .67 0.8002 0 .3085 0 .5346 
Methane emissions and OMI are measured from all six an imals. 

Methane emissions per kg DMI  us ing esti mated and actual DMI  from the five 

deer that were used for both measurements were compared to determine the 

effect of the method of i ntake measurement on methane emissions (F igure 4 .4) . 

Methane emissions per kg DMI from pasture were significantly (P = 0 .0001 ) 

overestimated by 1 1  g CH4/kg DMI  when DM I  was calculated using the a l kane 

technique. When deer were fed planta in  it was found that methane emissions 

per kg DMI were significantly (P < 0 .04 ) underestimated by 4 .77 g CHJkg D M I .  
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Figure 4.4. Methane emissions per kg of DMI for deer fed ryegrass-based pasture and p lanta in ,  where DMI is  measured 

(actual) or estimated using the double 11-alkane technique. I nd ividual deer are represented by d iffering symbols ,  Deer P (-) , Deer A 

( • ) ,  Deer G (x } ,  Deer S ( •) , and Deer T ( • ) . where deer fed each forage is denoted by colour. 
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4.4 Discussion 

The dry matter i ntake of  deer consuming pasture was underestimated (23.5%) 

and the DMI of plantain was overesti mated ( 1 3 .9%) when DMI was calcu lated 

by the n-a lkane technique as compared with actual intakes. This therefore 

infl uences methane production per kg DM I  such that methane production was 

overestimated when an imals were fed pasture by 1 1  g CH 4/kg D M I  and 

u nderestimated by 4 .8 g 1 1  g CH 4/kg DMI  when animals were fed plantain .  

This h ighl ights the need for accurate measures of feed i ntake to be taken i n  

conjunction with measurements o f  methane emissions, for methane production 

per un it  DMI to be a va l id means of expressing methane emissions. lt a lso 

throws dou bt on differences i n  methane production per u nit feed intake that 

have been reported for ruminants g razing different forage species, i ncluding 

those presented in  Chapter 2 ,  where the 11 -alkane method has been used to 

estimate feed i ntake . 

The fi ndings of this experiment a re i n  contrast to val idation trials conducted with 

sheep and cattle as reported by Dove and Mayes , ( 1 991 , 1 996) and fal low deer 

(Ru et al. , 2002), where intakes calculated by the n-double alkane technique 

were representative of actual i ntakes. However, it is i mportant to emphasise 

that these trials were conducted largely on dried diets, not fresh forages. 

Recent tria ls i n  New Zea land with dai ry cattle ( H .  Clark, personal 

communication ,  2004) and sheep (Krause, 2002 unpubl i shed) showed that 

estimated i ntakes using the a lkane technique were erratic compared with real 

i ntakes. Krause (2002 unpubl ished) found that the intakes of sheep fed wh i te 

clover were significantly underestimated by 1 7% (P = 0 .0002), but other studies 

report overestimations ranging from 3 .6-1 2 .6% (Gedir & Hudson ,  2000; Val iente 

et al. , 2003) .  

The double n-alkane method i s  rel iant on two main assumptions according to 

Dove and Mayes, ( 1 991 , 1 996) .  Fi rstly, that the herbage subsample taken to 

represent feed offered has a representative 11-alkane profi le of the forage 

actual ly eaten by the animal .  In the current study ani mal selection of the 

components of pasture was not substantia l .  However, an imals actively selected 
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against the stem proportion of the plantain forage, hence the feed offered 

sample that was taken to be analysed for its a lkane profi le  may not have been 

representative of the alkane profi le  that was consumed by an imals fed plantain .  

Therefore , future experimentation of this type should analyse both feed offered 

and feed refused samples for alkane content to determine the actual i ntake of 

natural plant a lkanes to al low for d iet selection ,  or i ntakes should be restricted 

to the point where no feed is refused .  The concentration of the natural ly 

occurri ng 11- alkane C31 i n  the feed offered of both ryegrass-based pasture and 

plantain was considered high enough that it would not created large errors in 

the calculation of i ntake . However, the low n-alkane concentrations of C35, if 

used to ca lcu late intake, may result i n  large errors i n  the esti mation of intake as 

it was suggested by Hendricksen et al. , (2002) that alkane concentrations less 

than <0 .01  mg/g would result in poor calculation of faecal recovery rates and 

i ntake . 

The second assu mption of the n-al kane techn ique is that the rate of alkane 

faecal recovery is s imi lar for both the dosed a lkane and the natural  alkane used 

to calculate intake , even if faecal recovery rates are not complete . I f  faecal 

recovery rates are dissimilar there can be 'an error of 1 .25% in the estimated 

intake for each percentage difference i n  recovery between the alkane pai r' 

(Dove & Mayes ,  1 996) . As there was up to a 26% difference i n  faecal recovery 

of c31 and c32 of pasture and 1 2% difference i n  plantai n-fed an imals i n  the 

present study, differences of recovery rates are suggested to impact heavi ly on 

accuracy of estimation of intake . The faecal recovery of the dosed alkane, C32 

was found to average over 1 00% for both pasture and planta in  and the faecal 

recovery rate of C31 was also over 1 00% for plantain ,  but not pasture . Krause, 

(2002 unpubl ished ) also reported that for three of the six sheep used in  that 

val idation study there were dosed al kane (C32) recoveries above 1 00%.  lt was 

also found by Krause (2002 unpu blished) that there was a 22% difference 

between the recovery of C31 and C32 . Publ ished studies have also shown that 

faecal recovery rates can exceed 1 00% of either dosed or natural i ntake of 

al kanes ( Dove et al., 2002; Val iente et al. , 2003) .  However, reasons for a lkanes 

exceed ing 1 00% were not addressed i n  these reports . The d issimi larity of the 

rates of faecal recovery and the recovery rates of both the dosed and natural ly 
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occurring TJ-al kanes over that of either the dose rates or herbage i ntake 

suggested that TJ-alkanes may not be inert in the digestive tract . 

The incomplete recovery of a lkanes has been acknowledged by Dove and 

Mayes ( 1 991 , 1 996) and is the fi rst suggestion in the l i terature that a lkanes are 

not inert i n  the d igestive tract .  Reasons for the dissimi lari ty, and h igh 

percentage of alkane recovered i n  the faeces of the current study are 

suggested below. I n  a study by Mayes in  1 988 as cited in  Doves & Mayes 

( 1 991 ) and Hendrickson et al. , (2002) with sheep, a disappearance of a lkanes 

occurred in  the sma l l  i ntesti ne of the rumi nant. This study by Mayes i n  1 988 (as 

cited in Doves & Mayes, 1 991 ) suggested that the microbes of the foregut d id 

not influence dosed or natural alkanes as there was very l i ttle loss of the 

alkanes unti l the smal l  intestine .  Straight chain hydrocarbons were found by 

McCarthy ( 1 964) to be d irectly transformed to fatty acids of the same carbon 

length , in goats, chicken and rats . In contrast, Ohajuruka & Palmqu ist ( 1 991 ) 

found evidence for rumi nal loss of C32 in  dai ry cattle, indicating the there may be 

some rumen mod ification and/or d isappearance of alkanes.  lt is also possi ble 

that a smal l  proportion of a lkanes recovered in  the faeces of ruminants is 

endogenous in orig in  or due to the saturation of unsaturated hydrocarbons 

consumed in the diet (Mayes et al. , 1 986; Doves & Mayes, 1 991  ) . Fungi ,  yeast 

and bacteria have been found to both uti l ise and synthesise n-alkane (McKenna 

& Kal lo ,  1 956) .  However, it has not been establ ished if these species reside in  

the digestive tract of  ruminants. The fi nd ings i n  this study, together with those 

studies reported , h ighl ight the need for research investigati ng the breakdown , 

d igestion  and metabol ism of TJ-alkanes by ruminants and the microbes with in  

the digestive tract when fed both fresh forages and con served forages. 

The hypothesis that the dosed TJ-alkanes (even-chain TJ-alkanes) may behave 

d ifferently from the odd chain a lkanes (Dove & Mayes, 1 99 1  ) , may contribute to 

the d issimi lari ty of a lkane faecal recovery rates as found with red deer. The 

even chain TJ-alkanes have been establ ished to remai n  in the particulate phase 

of the digesta . However, 30-40% of the dosed even cha in  a lkanes have been 

found associated with the liquid phase of the digesta (Doves & Mayes 1 99 1  ) . 
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The association of the dosed alkanes with the l iqu id phase of the digesta may i n  

deer account for some of the dissi mi larity of  the faecal recovery rates. 

Domingue et al. ( 1 991 ) found that the outflow of l iqu id and particulate matter in 

the rumen of deer is markedly different from that of sheep , with deer having a 

g reater outflow rate of l iqu id than sheep in  both summer and winter, but with 

more of a difference in summer than in winter. However, the particulate matter 

outflow rate of deer is slower than of sheep,  therefore suggesting there is 

selective retention of the particle component of the digesta . This therefore 

suggests that in  red deer the large difference i n  the faecal recovery rates of 

d ietary and dosed YJ-alkanes could be created by the faster excretion rate of 

d ietary alkanes associated with the l iqu id phase of the digesta than of dosed 

a lkanes associated with particles. 

The finding that the mean dosage rates of a lkanes, which are a function of 

matrix d isappearance rate in  the rumen ,  in  pasture-fed animals were lower than 

the manufacturer's recommended rates is consistent with the findings of Ru et 

al. , (2002) .  In contrast, the mean dose rates of alkanes in plantain-fed an imals 

were simi lar to the dose rates recommended by the manufacturer. Therefore , 

the assumption that a common dose rate across forage treatments exists i s  not 

supported . There was a lso a considerable range of dose rates between 

an imals. Dove et al . ,  (2002) claimed that the dose rates of s low release 

capsules were not affected by the level of feed ing or feedi ng frequency.  An i mals 

i n  group B that had very low DMI  of plantain  in  the initial period 1 (wh ich was 

repeated), had very low dose rates of synthetic YJ-alkanes compared to when 

they ate normal ly  in the repeated period, thus suggesting that dosage rates 

between an imals consuming d ifferent amounts of the same d iet may not be 

simi lar. 

Dose rates were calculated from the slope of the rate of disappearance of the 

a lkane matrix over time. The variabi l ity in  the rate of matrix d isappearance in 

this study was considerable compared with that reported by Dove et a/. , (2002) 

and probably caused the high variabi l ity of dose rates found in  this study. The 

rates of matrix d isappearance from those an imals in the grazing experi ment 

were also found to be different between and with in forage (Appendix 4 .5 ,  F igure 
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4 .6) .  The findings of th is study imply that i nd ividual dose rates of hi nds and 

stags i n  the grazing experiment (Chapter 2) may a lso have been as variable as 

reported here, and th is may have contributed to inaccuracies i n  feed intake 

estimation .  However, as release rates have only been measured in th is study 

and Chapter 2 in rumen fistulated deer, the question remains as to whether th is 

is  representative of release rates in  non-fistu lated deer. Dove et al. , (2002) 

i ndicated that there was no d ifference between surgical ly and nonsurgical ly 

mod ified sheep in  dosage rates. 

Ideal ly, the val idation of the double n-alkane technique for use in  grazing 

animals should be conducted in  the grazing situation as both the fresh diet and 

the g razing behaviour may infl uence the estimation of DMI .  As there is  no way 

to determine accurate individ ual intakes of grazi ng animals, a compromise is  

made to val idate the techn ique using a fresh forage indoors, but  th is  does not 

al low for unknown behaviour d ifferences of deer housed indoors or grazing 

forages. Diet, due to digestion effects, is more l ikely than behaviour to influence 

the accuracy of the technique.  

The fi ndings of th is experiment suggest that the estimation of intake usi ng 

alkanes is highly variable and of poor accuracy and concurrent measurements 

with methane may s ign ificantly over or underestimate methane production per 

kg D M I  eaten. This is of considerable concern when appl ied to the New 

Zealand National I nventory of Greenhouse Gas Emissions. The u nder and 

overestimation of estimated intakes for ryegrass-based pasture and plantai n 

suggest there may be an  effect of forage on the calculation of i ntake that 

warrants further investigation , especial ly with deer consuming fresh forages. 
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4.5.  Appendix 
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(a) Disappearance of alkane matrix of animals fed pasture 
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Figure 4.5. The disappearance rates of the alkane matrix of i ndividual 

deer when fed ryegrass-based pasture (a) of plantain (b) . 
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(a) Matrix disappearance rates in March 
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Figure 4.6 .  The disappearance rates of the alkane matrix in March (a) 

and May (a) from the fistulated red deer used to calculated dosage rates of TJ ­

alkanes for animals used in the g razing trial (chapter 2). 
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Table 4.8. D ry matter i ntakes and methane emissions per day and per kg 

OM I  based upon actual intakes for deer when fed pasture and plantain .  

Pasture Plantain P - values 

LSM S E M  LSM S E M  Forage Deer D x F  

I ntake g/d 1 5 1 5  67.36 1 64 1  67 .36 0 . 1 904 0 . 00 0 1  0 . 1 335 

Deer P 1 243.2 1 65 . 0  1 472 1 65 .0 

Deer A 1 823 1 65 . 0  1 340 1 60 . 0  

Deer G 1 1 72 1 65 . 0  1 248 1 60 . 0  

Deer L 1 554 1 65 . 0  1 862 1 65 .0  

Deer T 1 960 1 65 . 0  2264 1 65 .0  

Deer S 1 338 1 65 . 0  1 66 1 .6 1 65 .0  

CH4 (g/d ) 39.58 0 . 99 38. 1 98 0 . 96 0.3244 0 .0001 0 . 0001 

Deer P 26.51  2 . 3 1  28 .61  2 . 3 1  

Deer A 46.22 2 . 3 1  34 . 6 1  2 . 3 1  

Deer G 32.07 2 . 3 1  42 . 1 2  2 . 3 1  

Deer L 35.64 2 . 3 1  37 .03 2 . 58 

Deer T 48.47 2 . 3 1  5 1 . 1 2  2 . 3 1  

Deer S 48.55 2 .98 35.71  2 . 3 1  

CHJDMI 25.78 1 .5 1  25.43 1 .46 0.9449 0 . 0 1 84 0 . 4874 
(g/kg) 

Deer P 22.04 3 . 5 1  20 .25 3 . 5 1  

Deer A 25.70 3 . 5 1  3 1 .37 3 . 5 1  

Deer G 29.50 3 . 5 1  35.62 3 . 5 1  

Deer L 23.33 3 . 5 1  1 9 .38 3 . 92 

Deer T 25. 1 6  3 . 5 1  23 .79 3 . 5 1  

Deer S 2 7.74 4 . 54 22. 1 9  3 . 5 1  
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Chapter 5 :  General Discussion 

5.1  Introd uction 

Methane production per day and per kg of DMI  measured from 20 mixed-age 

h i nds and 4 castrated stags g razi ng ryegrass-based pasture , chicory and 

p lantai n in March and May of 2003 (chapter 2), did not support the hypothesis 

that methane emissions per kg of DMI  from red deer would be simi lar to those 

of adult sheep and dairy cows . Methane production per unit dry matter i ntake 

obtained for grazing deer in th is study was approximately 75-80% g reater 

than publ ished mean methane emissions from sheep and cattle fed perennial­

ryegrass-based pasture.  However, the hypothesis that methane emissions 

per kg of d ry matter would be reduced in  deer grazi ng forage herbs compared 

with perennial  ryegrass-based pasture was supported by this study. The 

accuracy of these results was questioned ,  however, because of concerns 

regarding the accuracy of the esti mated DMI  determined using the double n­

alkane technique. This prompted the in itiation of an indoor study where intake 

cou ld be accurately measured concurrently with the methane prod uction of 

h i nds.  

Methane emissions from an i ndoor study (Chapter 3) contrasted with the 

results of the grazing experi ment and supported the hypothesis that methane 

production from red deer is simi lar to that from sheep and catt le,  thus 

i ndicating , that the calculated i ntake us ing the double YJ-al kane techn ique was 

i naccurate . The val idation of this technique (Chapter 4) confi rmed th is ,  as DM I  

of pasture and plantain was s ignificantly under and  overestimated , 

respectively, wh ich significantly i mpacted on methane emissions per kg of 

DM I  when calculated using estimated i ntakes compared to actual i ntakes. 

5.2 Methane production by red deer 

Figure 5 . 1  shows methane emissions measured using the SF6 technique from 

red deer on both a dai ly and per u nit feed intake basis measured in a l l  three 

studies. This is the fi rst such data from red deer and deer fed fresh forages. 

Methane production per u nit DM I  obtained from grazing deer in the fi rst study 
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(37.8 g/kg DMI )  is approximately 75-80% greater than val ues u sed i n  the 

National I nventory for dai ry cows (2 1 .6 g CH4/kg DM I ,  (N IR ,  2003) ,  sheep 

(20 .9 CH4/kg DM I ,  (N IR, 2003) and estimated for deer, based on (21 .25, ( N I R, 

2003) grazing ryeg rass-based pastures and 39% greater than values obtai ned 

from both indoor stud ies presented in th is thesis .  

The hypothesis that deer produce less methane per unit feed i ntake than do 

sheep and cattle is  not supported by al l  three studies, as study one (Chapter 

2) found higher emissions for deer than publ ished values for sheep and cattle 

and studies two (Chapter 3) and three (Chapter 4) found simi lar emissions to 

reported values for other ruminant l ivestock. However, such comparisons are 

based on the assumption,  used by the National I nventory, that the 11-alkane 

tech n ique used to estimate feed intake in  most of the reported studies is  an 

appropriate technique that is accurate in al l  species and across different d iets. 

This assumption is  not supported by the results of the current studies and is 

d iscussed in more depth in section 5 .3 .  I n  addition it should be h igh l ighted 

that the studies presented here were not robustly designed to test the 

hypothesis that methane emissions from deer differed from those of other 

rumi nants, and further study is requ i red to do this by d i rect comparisons 

where a l l  species are fed the same diet, methane measurements are 

conducted over the same ti me period using identica l  methods and feed intake 

can be accurately determined . 

No effect of seasonality was observed for methane production per kg DMI  i n  

the deer used i n  the studies reported here a n d  conducted over the period 

from late summer to mid-spring ,  despite evidence to indicate that the digestive 

physiology of deer is highly seasonal (Domingue et al. , 1 991  ). Rumen pool 

size and digesta passage rate has been found to change more with season i n  

red deer compared with sheep (Domingue e t  al. , 1 991  ) ,  and these aspects of 

d igestive physiology are known to affect methane production (Pinares-Pati no 

et al. , 2003) .  lt i s  not known how or  if changes in  digestive physiology wou ld  

infl uence methane production i n  deer over t ime or compared with other 
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ruminant species, and this warrants further investigation in  appropriately 

designed comparative experiments. 

The double 11 -alkane technique for esti mating DMI  was val idated agai nst 

actual i ntakes i n  the final study, as d iscussed in  section 5 .3 ,  wh i le 

concurrently measuring methane emiss ions . The impact on methane 

emissions of the inaccurate estimation of d ry matter intake by the double n­

technique in  this experiment resulted i n  methane production from deer fed 

pasture overestimated by 30. 1 %  and from deer fed plantai n  being 

underestimated by 1 6 .0%. The impl ications of these results mean that the 

grazing experiment needs to be repeated,  but in  such a way that D M I  intakes 

can be accurately measured . 
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Fig ure 5. 1 .  Methane production per day (a) and per kg of DMI  (b) from 

red deer across three experiments, Grazing experiment (Chapter 2) ,  I ndoor 

experiment (Chapter 3), Alkane va l idation experiment (Chapter 4). Error bars 

represent the standard error of the least square mean .  Dry matter intakes that 

are estimated by the double n-alkane method are represented in  b lue ( ) , 
measured intakes are represented by the green bars (•) . 
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5.2 Effect of forage species on methane production 

Deer grazi ng ch icory and plantain in March and deer grazi ng chicory in  May 

appeared to have lower methane emissions compared with those grazi ng 

ryegrass-based pasture. Waghorn et al., (2002) observed that methane 

production from sheep fed chicory was reduced compared with those fed 

ryegrass-based pasture .  Forage herbs, such as chicory, when fed to deer 

have been establ ished to have a significantly greater feed ing val ue compared 

with deer fed ryegrass-based pasture (Barry 1 998; Hoski n et al. , 2003) .  

Components of the feed ing value of forages, as defi ned by Barry ( 1 998), are 

vol untary feed i ntake, d igestive processes ( including the percentage digestion 

and retention time in the digestive tract) . Deer when fed ch icory have been 

found to exhibi t  g reater voluntary feed intake, lower rumen pH and a faster 

particle outflow rate out of the rumen (Hoskin et al. , 1 995; Kusmartono et a/, 
1 996,  1 997). These are characteristics that have been establ ished to 

influence methane production of ruminants (Biaxter & Clapperton 1 965;  

Johnson & Johnson 1 995; Pinares-Pati no et al. , 2003) as described in  

Chapter 1 ,  section 1 .4 .  The effect of secondary p lant  compounds on methane 

production is uncerta in ,  however the concentration of condensed tan nins in  

ch icory was low and therefore is not  thought to  have influenced methane 

emissions, as simi lar to the findings of Waghorn et al. , (2002). However, the 

level by which methane production was reduced i n  deer fed chicory or 

plantai n in  the current study may have been overestimated , especial ly for 

chicory, due to the very high estimated dry matter i ntakes (Figure 5 .2) .  

5.3 Dry matter i ntake 

Esti mated and/or actual dry matter i ntakes for the three experiments are 

shown in  Figure 5 .2 .  The indoor val idation of the double 11-alkane technique 

supported suspicions that this  method may not have accurately represented 

actual intakes of deer in the grazi ng study. In the indoor study pasture d ry 

matter consumption was u nderestimated by 23 .5% and plantai n  was 

overestimated by 1 3 .9%. The DMI  of deer grazi ng chicory in the May trial 

were considered h igher than biological ly feasible (6kg OM /hd /day), even 

though actual i ntakes of deer g razing  chicory could not be compared to 

1 27 



estimated intakes in  th is study. This was probably related to the low n-alkane 

content of chicory. Existing establ ished alternative marker techniques for 

estimating D M I  of animals grazing forage herbs such as chicory, for example 

use of chromic oxide, do not seem to offer a better solution as simi lar high 

estimated D M I 's have been reported in lactating h inds grazing chicory using 

th is  technique (6.3kgDM/ hd/ day) (Kusmartono et al. , 1 996) .  The val idation 

of the 11-a lkane technique should be extended to val idate the use of the n­

a lkane techniq ue for esti mation of the D M I  of chicory and other fresh forages 

i nclud ing legumes . 

lt i s  bel ieved that from the findings of the n-alkane val idation study, a lkanes 

with in  the digestive tract are not as inert as suggested by Dove and Mayes 

( 1 991 , 1 996). Dove and Mayes suggested that a lkanes were inert i n  the 

d igestive tract as there was a simi lar recovery of dosed and synthetic TJ­

a lkanes in  the faeces. In contrast, this study showed that faecal recovery 

rates of 11-alkanes were h ighly variable.  This may indicate either d igestion,  

metabol ism of a lkanes by the an imal or microbial populations with in the 

d igestive tract. However, this may be in  part due to the greater variabi l ity of 

ca lcu lated dose rates and measured disappearance rates of the matrix of the 

control led release capsules used as compared with those reported by Dove et 

al. , (2002) .  Dose rates of 11-al kanes were found to be different between 

pasture and plantain ,  suggesting that for any treatment forages the alkane 

dose rates need to be calculated from measured matrix disappearance rates, 

not manufacturer's dose rates. However, inter-animal variabi l ity was a lso 

found to be h igh ,  suggesting that a mean or representative dose rate gained 

from one or more animals may not be able to be used across al l  an imals in  a 

treatment group .  

D ifferences of  faecal recovery rates of 11-alkanes may also be associated with 

the un ique d igestive physiology of deer (Domingue et al., 1 991  ). Dove & 
Mayes, ( 1 99 1 ) hypothesised that 30-40% of the dosed 11-alkanes were 

associated with the l iqu id phase of the digesta , whereas natural 11-alkanes 

remained associated with the particulate phase of the digesta . Deer have a 
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rapid passage rate of the l iquid phase compa red with the part iculate phase of 

d igesta i n  comparison to sheep (Domingue et al. , 1 991  ) .  Therefore the double 

11-alkane tech nique may be more u nsu itable for accurate measurements of 

d ry matter i ntake i n  deer, compared with other ruminant l ivestock species . 

7000 

6000 

5000 

.: 4000 .. ;: 
"' 
:.;; 3000 
E 

2000 

1000 

0 

Dry matter intake per day (g/d) 

� 

_l_ 
..I. � --J_ r=-

--

- 1- r-- 1- r---- - - - ,_ - - _j 

Pasture I Chicory I Plantain I Pasture I Chicory I Plantain Pasture 

March May 

Grazing Indoor 

Pasture I Pasture I Plantain I Plantain 

actual est1mated actual estimated 

Alkane 

F i g u re 5.2.  Dry matter intake from red deer across three experiments , 

Grazi ng experiment (Chapter 2) ,  I ndoor experiment (Chapter 3) ,  Alkane 

va l idation experiment (Chapter 4), error bars represent the standard error of 

the least square mean. Dry matter i ntakes that are estimated by the double n­

alkane method are represented in b lue ( ) , measu red intakes are represented 

by the green bars (•) . 
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5.4 Conclusions and recommendations for future research 

Conclusions 

• Methane emissions per kg DM I  from red deer appear to be simi lar to 

those from sheep and cattle based u pon i ndoor studies where intake 

was d i rectly measured . 

• The feeding of chicory compared with pasture could reduce methane 

production per kg of DM I .  I n  contrast, it appears that methane 

emissions per kg of DMI  were not reduced in two out of three 

occasions when animals were fed p lantain compared with ryegrass­

based pasture . 

• The estimation of DMI  by the double n-al kane technique seems to be 

h ighly variable and of poor accuracy and concurrent measu rements 

with methane production may s ignificantly over or underestimate 

methane production per kg of OM I .  

Recommendations for future research 

• To confirm that methane emissions per kg of DM I  of red deer grazi ng 

ryegrass-based pasture are simi lar  to those of sheep and cattle, 

methane measurements need to be repeated and under conditions 

where d i rect comparisons of ruminant species can be made.  

• The measurement of methane emissions from deer needs to be 

repeated for chicory and evaluated for other special ised forages that 

are used commercial ly or that may be potentially be used in  deer 

g razing systems, to asses methane mitigation properties of these 

forages. 
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• The val idation of the 11-alkane technique i mpl ies that for future research 

where accurate individual or group estimates are required to be able to 

compare resu lts across treatments, experiments and species, d ry 

matter intakes need to be di rectly measured .  
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