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Sumgérx of thesis

Enerpy metabolism studies with sheep
by
NelMeC. Grahanm

As the population of the world increases and man's standard
of living rises it becomes increasingly ilmpovtant that the world's
supplies of anlwald feedingstuffs should be used efficliently and
that waste should be mininised. If this 1s %o be accomplighed
the nutritive value of feedingstuffs must be known accurstely.
The work descrlbed in the present theslis ls part of extensive
invééhigationa that ave now haing‘made t0 obtain preecise information
on the encrgy metabolism of farm animals and on the ability of
different feedingstuifs to eaﬁiﬁf& thelr energy reguivenenis fop
naintenance; for grovth and for the production of meat, milk and
wools The object of the present experiments was the developmend
of s relisble wethod that could be used exztensively for the
determination of the_neﬁ energy values of animal feedingstuils.
Sheep were uged as %he exp@fimentél animals and closedwglreult -
respiration calorlmetry was used to measure thelr energy exchange.
The thesis iz divided into three main pavts. In fhe fivet
part a description is piven of the experimental nmethods and of the
cloped=cirveult respiration apparatus. The energy retention of the
sheep was caleulated ae the difference hetween the energy intake
and energy losses (Respiratory Quotient or R.Q, method) and also as
the energy stored in body fat and pretein (0/N method). Phe relative
neriits of these two methods are discussed. |

The second. pard of the thesls describes.the. five exberinenisa.

gomprising the malin part of the work. The more important results
are summarised in tables in the texﬁ; and the detaliled wesulis are
avallable for reference in a serles of tables in an appendizx. In
the fLirst experiment the heat produetions of eight sheep were
neasured and it was shown that the sheep uged for this type of work
wust be carefully trained to accustom them $0 the experimental routline
in order to ensure that their basal metabolism remains peasonably

consbant. The second experiment showed that when one type of
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feedingstuff is to be tested immediately after another, the pheep
mugt be fed for at least 10 days on the new ration before measures
ments of energy exchange are nede. .

The results of the third experiment made it clear that the
net energy value of a given welght of drled grass is not conetant
but that it decreases as the amount eaten is inerveased. This is
due mainly to bhe faet that abt the higher levels of feeding the
digestibility of the drled grass is reduced and the ancunt of heat
produced from the dipeated povtion is increased. It was found that
there was a eurvilinear relationship between cnergy retention and
energy lntake, and an éxpon@hﬁial euuation wae derived o describe u
that relationship.

The effects on the cnergy exchung@ of feeding dvied grase in
different physical forms and of altering the frequency of feeding
was studled dn the féurtb and Fifth experiments. It was Dound thab
the net energy value of dried grass was not alteved by the process
of grinding and cubing except at very high planes of nutrition.
Frequenéy of feeding also had no signilicant effect on the utilige
ation of the energy of ehopped dried grass although the methane
producﬁion of the sheep was slightly less when they were given one
large neal each day than it was when they were glven the samne
amount of gress per day in four small meals,

In the third part of the thesis the resulis and nethods are
dipeussed aud the net enerpgy values which were obtalned by direct
determination are shown to differ markedly from those computed from
digestlbility date by the methods of Kellner and Armgby. The
causes of the disagreemnent are dipcussed and a method of expressing
net energy values to take account of variations in level of Peed
is descyibed. The work has led t0 the conelusion that net energy
values can be measured to within i 2% by the respiratory quotient
method using the apparatus and teehnigues descrlbed but in order 4o
obbtain this accuracy, resulbs must be obbtalned for three widely-
separated planes of nutrition (one of which could be the fasbing
level) with at least four sheep; with only one vespiration chamber
the debermination in this way of the net energy value of one

Paedingstulft would require a perlod of 10 weeks.
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Plate 1.

Wether sheep harnessed for the
collection of faeces.
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Pig.

Diagram of the closed-circuit respiration
apparatus. (a) chamber, (b) oil seal,
(c”) and (eg) inlet and outlet pipes for air
stream, (d) oxygen inlet, (e) wurine outlet,
(f) air-sampling cock, (g) manometer,

(h) water reservoir and inlet pipe, (i)
electric leads, (j) lid, (k) inspection
windows, (1) absorption train, (m) compress-
or, (n) by-pass valve, |oJ flow gauge.

(y) oxygen spirometer. oxygen cylinder.

The inset is a view of the chamber from the
spirometer.
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Pig. 2. The animal cage used inside the respiration
chamber. (a) wurine pan, (b) wurine outlet,
,c) fan with heating element, (d) fan,
e) food box, (f) rods to open food box,
.g) water bowl, (h) rod to which the animal
is tethered, (i) lighting system.
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Fig. 8. Absorption bottle used with the respiration
apparatus. A = polythene bhottle; B = head
for use with liguid potash; ¢ - head for use
with fused calclum chloride.
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Fig. 4.

Gas analysis apparatus used in conjunction with the
apparatus. (i) methane burner; (ii) potash pipette
for absorption of 00%; (ili) pyrogallol pipette
for absorption of Og; (iv) compensation burette;
v) 8top-cock for introduction of sample;

vi) levelling burette; (vii) measuring burette;
viii) stop-cock for coarse adjustment of mercury
level in the measuring burette; (ii) screw clamp
for fine adjustment of mercury level in measuring
burette; (x) constant source of negative pressure
to ensure that mercury in the measuring burette
only falls during washing operations to the base of
the bulb on the measuring burette.
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due bo the slipht differesngen lo apsrgy nbsse ab
aach: level of foedlug, neabloned on b 68. Phowe
rosulis are given lo Tably 1o bopether witn he ast

Srey exprenead gsioliayly. A8 anadysis of variance
of fue peoled resulbs Dor ssgh oneiey CoboJuiy Lnve
Bhe ataadard orvorn oF Hhe means Lot are looladed
v Pable 1. The statistiopl pipmificencg ol e
differeasen bobwesn bhe Stheos pabions ond betwosn bihw
fwe levels of latoke thwt appeor b voble 16 is
ghowe dn Fable 1d.

T date ln thewe bables show BThat, fov o gilven
gnergy dvbakey bhe pepocpdage 03 bhe energy leost in
Hihe foeoed was aonslderably grestey vhen the aheeyp
wore glven cubed ghass koo az:ftm’:ﬁ they wvele plver
chopped wmaterial. LALL add thres mebewriale hbe
Pacoel losses vers gresber ab the blgber lovel of
Feoding. dgbluang prodoodlon, on bhe obbher tand,

phowed exasdly opptsite alfeais.

onebher ganple of hls sale yrosy apd reported slags
where (30) peoduced parallel typonds pelading bo
loswes of ¢y mabtber dn the faeues. Powi Bhe
Pendte ebialoed . dn thet expoeprisnemt 14 was conoluded
Boat bhe pbhyelosd foww vl Bhe $O00 sod BHE pasmh
given wodiiled ite time oF passape throuph the it
pd that this wan the fachor reosponsible foy the
Wide vardablon in the digestlnilisy of the dwy
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totrean the sheep wose umyked (as ebown o Table 34)

and ey bhave rosulbed fron alfferspcen n Ponen Dloars

g Lo pUBen Bi%G. sdshough tne alfierences in
Glpestibility of dlebury energy botvesn the shosp on
any obe feblon vere net statledically slmiflaenabs
as dipestible encrgy Invrenasd melhane losses olso
Bended 0 Ingreasey; as shown o Pig. 0.
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dlat of shopped grasi. gectmdly, 4% tuok the gheep
waoh doeger tv eab o weal off ehoppod fodder sthan we
af subes, especially ol the bigher lovel of intabe.
Thus o shesy given ohopred aaberdal exponded
gunsidecnily nore puscular enePgy In preboending,
ehwyw ing and oudding thoyy one fed on eubode
P Faet bhad biw net anergy vadues of due thrae
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dlgestible epargy obbalogd fveon dhe ghopped fodder
was aluest ocunterbalanced by an lsorease In eneyoy

dost en wetbane and hesob, an wae fowsd by Forbes,

Fries & Braman (B e

In Pable 186 the digesntibls, metubulilsable and
net energles of the dhyse pablons ave glven Loy the
higher level of fecding. L8 the value of bhoese
gablong heu Desn based on aidher the digeetible up
petebollsable eneygy, thelr scal reluabive values as
given by bboe ool enerpy, would hwve been obspured.
Thue Glgestible energy would rabte e value of the
Piloe oubow an bolog sous 0% below hat of dhe
chwpred «Pasg, sud swtebodizable energy vorld sioess

FD

bl vulue s belng aboud 10 below. L bhe athap
nand, acoording o the figuves fop net eaopgy all
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Ay of bhe gunrse cubaes over she choprod craes aoed
veldng stablsticaldly slgnifloent. Thuny albbuugh
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Methane production per hour,

% of 24h total

| meal at time O

3 meals at times ©,6,12 818
WII.3OC|.m. Time after first meal hours
O 4 8 i2 16 20 24

Rates of methane production after feeding(means of 3sheep)

Figo 11.
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e near the peue bosel nobabollse anpd 36 may be that
1% wvelers 0 anbralped sheap.

£t io probableo thob, even wiith btxloed sheepe
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Bhe mindunl veabing metebolion {true basel medabolisn)
A very seldon abtained. Howevery In the cobluntlon
o neh GRYLRY valuen fadlupe O vesch puch %@wal
conditions o nodb of peood nonent; 4% In nuoeh wope
imﬁm@%mg@ Bhat vaives showld be obbheined fopr the
poat-abpoppbive energy orRchanpe wndor cundlilong
ﬁ&%&l&ﬁ Ho thess exleting when the onerpy esehangs

GE he fed anlnade e neasupod.

Vordetdonns over o beedod of glng

£t w0 happosed Shat the fusdlon hoad m%@ﬁu&%&mﬁ
of vhooe of the 1LY shegp need & the presend wopk
woe debormined on dve oocasionn § nondho spavb. Tho
rostglts for those thyree eheopy in @é%lw By milve
sene indiostion of the vepletiong which could oeouy
in the guuwrse of o long SRR Ry TR A shoun in
whide fabla, bhe fasting heab production of cheop A7
pose fPon D16 So 1810 koals pow 94 hee An € sonbha,
whide shabt of shoen 10 wose oaly from L0E? o 110B.
L theose incyeases bad bowh sololy die 0 ineroases
in ghe bHody walght of the aninals. bhon Lhe boeab
produchions per kg T8 of body wolghl would have
vomalned consbany {Ba). Bowevew, oo alhvwn in dbe
i, whily this wap spproninetely trug for sheap
18, the veluen fov ihe othor Hus %mﬂﬁp norensad
sonniderably with Bine. L% way be bbat She boaosad
metabolisn of dthese sheep wey sifecbed by gomne Dacboy

other than paln of Dody subobansods Uk pp, lew
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anenpdes o Senporayy (seosonal) op poymanent aliep-
whilon in biw sodoorine eyotens of the anlundo. Phsge

3

wesulis ouggeet bhet &% lo nod deolbsble to wply on

i

She vee of goevgy onchungs neg Bge 078 oF Budy welahd
e gompaying soergy SRobonges nosgused durlng o
paprdad of soverald nobths. I edddtion, body wolghd
i an Lll-dedined guanbity uwnloos the eneoiba oF
digents aye ndwn op nvariont, nediber of whieh
gonddblons io ofben fRIFLlled with poninent andonls.
Im view of theps faobny 38 ds doportent 6o hoop
cxperinente Ghat ave dewigned 40 neasuye nol eneypy
as abars as popslble and fhuad peduce $he goupdicablong
Bhnd aviss o o yeselt of ohabnpen ﬁ@:& wher Dasad

mebebolisn oY the cxperinental snislo.
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e deterpination of neld eporgy veluos a
Iawas punbay of grrors conbribnte 50 e Lotnld opyo
KAVEHEOR AT There ore Inshromental ond analyilond
GERORE. ond errovd. whish ope Iohezead i the mothods
ef gonpubing bhe mmsﬁy Gighmeey, £ saddidlons She
mabobeodiion of fhe ﬁtx;aﬂ;gﬁﬁ%ﬁ%i‘*x wbad anfinolds yorlas Seom

Gay Bo day opnd andosds pen gamm di¥ferenddy to the
gang Srasduend. Eho e Lpoiptead 0 50T the aopnie
Hade of bhoow owrors 80 fthe ned energy veluos which
pre debernived ave 9 be properly oosoepsod and AP
Bhe appatabuss nobhods and m:a u,mn* pantad deoglin ke
B0 bhe :Ekw.-gp‘s-weaﬁ

Pl ob ic&x;a. ol Biio chapbor s 49 oxoning 4w
eprora whieh prose o the odurse of the werk alveady
daseribed snd 0 dioguss thes In relablon o the
pEsswenentd of nob CRGRgY VAR
IR AR

subilentive M%%%ﬁ“&ﬁi wirhad ayrors oon seise &n

& end regeoeding the various nsesuresonts and
Bher ereorg onn aPise bBoossise 0F She physloeel and
Ghanland L0 Az:a“%sz,auw.nm of Hho apearaing ueed. e
puivientive aprosn glve rlae 40 ondown varladlong
whileh pay Be grentdy reduged end dodeed pradiloally

glinineted by oavefnd wowl. Phe orrors dus B0 bho



iimdtations of the apperabis ouwld csuse gypdeunabico
opsowms An the flanl ropulie, Bowever, they oan be
menared and sreollied, end often edinmlnated, by bhe
wee of sulitable doobo.

The besbing of the reuplration apparotus hmg
aloendy been desoribed {(p. 24);
thobt ap ek ns O8N 0F o quamsl oy of earboy dienide
adnlbted B0 the pppesrstue conld be recvvered. s
golume of Yhe apparebug ves meaowred by three
webhots {see Table 4 foclog pe R7), Gwo of which
peve pesulits that diiPered by sboud 183 Ghe Bhipd
noethod pave vnrellable weyulds £or peassons which
ware explaioed (p. 7). The volume of the gpparabus
obiuined by the dwo pellable meithods was peduced
farther by 80 L. bo allow for the voluwe cocuploed

o g A i o i [ R B LT iy
s aloes 0F She shoeon 3 ffered

v

't

£t

By o Bliespe Bince $he

k2

B

G
poncewhet, the applicadion of dbhie conpbant eoprechion
may boave Indrodueed o furthes orpow ol aboud 0. 88
i the volowme of the chombei. Ehg aodowlahion

that involved the use of Lthe velume of the reapliw
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o

ablon shenber condd thues be 4 oppor 40 the gréen
ol pabner nore bhon 0.8 dug 0 LheBe GEBUEH
Thess eve (@) bhe caleuletion of methane production
and (b)) the ealoulation of $he corrvoblons applied
Bo the apparent corbon dlorlde productlion and omyopn

eonsuapbdion o allow Lo ehaupes in the composition

e she siy In the spperatus betwach She bBegliniilag
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and oud of o days experdnond.  Howevey, 4 op BE
grper in bhese eoloatively omell coupimenta of She
eperyy enchonge (poe belovs p.102) would suvndribubs
wn Lnsiyslilloant anount b0 the %w%m& arppr abhashed
4o the enepny rebantion.

The splromsbey that was vaed B0 ueasue Lhe
Quypen soosunad by the sheep ves eallbrated by bwo
methods (doscwibod on g. 25} which gave wavulio
adffaring by aboud 1% The head produedion esloule
nied by bhe Rdle sebhod could thus be in epver o
o Dexdnan enbent of 40,68 due o Shin esvsg.
anpdyiiend seentagy

&0 the deternination of the cevbon and albrogon
gontendts snd the colopldfic veluss of food aud oaoreta
phe woslows analybloel eyror von 5085 of She gquane
3%y messured. hig spplies b6 the eheoks aaninng
she analybliosd %@ﬁﬁﬁ%%&% end aleo o %@@%g@%ﬁﬁ@ﬁ&‘

Lo Teblo BY an exemple is glven of the pusmositdon of
enalytioad sprors of this ¢lue to glve the weeuliling
aerors atbashed 40 dhe esbimates of @%@wﬂy'wm%@m%mmm#
Phde otows thaby (o8 an @ﬁ@wgy Intelie of 48588 hools
per 84 b, an errop of B8P kosl. por @4 bw. o

Phe onergy retendlion eobliated By Ghe Helle tnubbwod
apudd srioe Ceon these amald am@&y%i@a& fnpootraclien,
arpors i &ﬁ%&%&%iﬂg $he energy indokes hond
produobion gnd feeoend soormy coenponents belog the
mony Anpoertand. The sexrespondlay error ol the §/8

aatinade of the energy retentlon was pabhye lurgoepy
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268 kool per 34 br. (Teble BB}, and the opeors abie
nebad do the intakes of cavbon snd albrogen, urinaoy
nidbrvgen, feeeald oerbos and oarbun D Pespiiaibowy
Garven dloside were Sho wmest lnporsent cowponento.
Phe meahean spolytiesl errore Shued conld have beon
atbached o the edbliwbos 0f enevgy esehonge pey B4
e mmce An Honge () wore sobuslly tueh ssalley thow
Bhawe glven dn Tebde BB bhosevse Lhoos eobioates woere
Lhe moann of peasurensids mnade over poarlods of
aeveral doya.

Peonuse ooub estingbe of epeygy rotention
deponds on 80 nany neastrononbs, spalybised acovpagy
ab overy sbtage s efoecodingly Laporbont. EEOoarane,
ginee She inddviduald compononits ol fhe cpoy oo
trdbote tu the $ohald in propogtion o fhelr sguares,
A4 du pob pegensery o Gbdaln an hich & depgres of
pocuraoy W the aesapuroions of thope guantitles
wileh nalke up ondy g epadd part of bhe elergy esaehanee
s An the mmapurenswt O these quantitles whieh ko
up o devge part ol e  Thus An most eaperinends
mebhane produetion, and wrinnry esrbon and onlopliiec

pinaads Lon

Fod

volue wore deberaloed with sligbbly leos
whan the otber guanbitles withoeut redusing slgnd -
leantly the sopuracy of the esbloates of energy
Pahoiyh Lna

Bawoks of aommatahion

:«’9

The bheoretical valldihy of fthe saleulation of
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enovgy pebention By bhe M0 eod G4 sethode bne
nhisady been disouspad On De 306 but AL Ao poocooany
0 toud the practioal velidddy of hw aotheds. el
can, be dong by eowpnelog the heod produeblon weanubed
by ddpged caloplnatsy with that cadeudated by She B0
mowhot Dr with Bhatd obbalned by subiveoding he
energy ratonbion coblnsbod by the /8 wethod fvon
Bl I‘?W&; nbolisable anePEys Thene conparloons eould
nod be saade o dhe preoent esporioento, bad ooy
workass with oattle (4 34, 85 pad 87) heve found
dlifevensas «f obhonl 8% ol the energy fnbokeg
Iadapendent 0f sdang of oubeldion. I khe provend
wppky, hovever, Ghe energy wedbentlon eobinated by

Ll bﬂ%’ wethod was, on the aveyage, 10 koal. pew
24 Tige (Ge &3 0 the averagy onepgy intoke) bighew
Hhan et eodlnabed by the B.O. wethod, and tho
magultude of bhe dingrepansy ves ooy dopondent wm'
the plone of nuterltion. I the oxpardinents of
wed with plee bept ab bigh planes of subeitlon (0B),
In whioh gdlghtly aifferent Tsebors vors ubad 40
abtain Hhe onevgy pebontlon by bhe O/ nothoed, the
aerrespesding Plaure wes B enl. por B4 hre The
Inaddonoa of diiforences of vardous pmegnlindes bedveon
Bl 490 cobiuaios of energy retentlons s feund In
Bapoe (O are glven in Pable 88. Phie deble showp
A

Stk Soy o fotel of Ol gumpariconsy dn only three

Inotonees 434 the dlserspancy oxseed 200 koal. pop



B4 bee (about &0 0F the averuge enevgy indake of @
BREST) «

These oconaldeprationn ouuggest that f$here I
pbill a suwall eyotonetiec cwpey n the oobiveblon of
enerygy setention by dhe GN nethod even vhen factera
bemed oo the uosd Gpedosdate fnformabion (B8) ave
LR Ty ondom gprrors due 0 thio fouee and due B0
eryorsd in the endtlmablon of conengy rebtondlon by dhe
Herbo wethod ln the present caporinemio seldom
groeeded §5 of the enevyy ilntabo, snd were pore olben
lass thaa 1%

apdabiong bebvoon muadyilent pariods

0 "
R R LS O S RN T S i e 2

58 deseribad un pe 1%, ceoh enperimont was
divided Into s pumber of periods gach of which
sopyeaponded ¢ o parbicalay treatuond and bhe cnengy
dospen o0 oy traatihent were vnessured ln experlnwewmiald
periods made up from Swe or wnoxe gnalytloal pardods

soerds dasting several deye. The variatlons in the

energy loseess due LU any e freatoent fron analybioald

pariod 4o spalytiond perlod vere obbalined by otatiogew
deal poadysis of dhe resuldts of each expeploent.
The botel verlsnce ves Alvided dnbo two pards due

1+

%0 (o) verletion bebween shoep snd bebween troatnends
and (b)) wishin.shesy vapriationo i Table 8% the
withinaheen errors are glven Fowr the Teoonl Saoppyp
woad producetion (M.4. eobloebe), vrinavy eneyyy,

methiang enerry ond encrgy rotenbion Doy pash gxpols

fmends eapressed a8 bBhe atandard gewpor ol e nenn
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of phy Bvo puadybhlosl porioda. Dhe punbore of
anslybicod poeyiods Der ezpovinental pordod oave alsn

< P

given ou thob dhe aobuad otondasd epresd sbhaebad

s

o the nean valoes of 4he enengy onobange (R«

fed

EN

eablonte) con b oaleuniated Lor ongh experineita
Poy exaiple, the otendard appoy of o RORD GO

retendion 30 Eape (Lib) weg % 08w \] 070 5 A0 eands

¥ PRy

par 94 . bocause bhors vore iz apalybiceld pewlods
Ban ,:‘gg:e wimantad powlode

I?‘gawmx# GREers pangad feon ) BE w0 g 388 ool |
noEe B g Loy Boga (@) £ e '79} B wepsonsble doppow of

psmureny ves wbbtolaod {olindard cpropr o OF Hoale pow
B Ture ) oddbough thegs wos only ope anedydioal neviod

WEY G w:f,um‘*% periods  the sewe in btrue of Gbhe

(h

;"(E

oPrPere atisshed §0 tha wRinary snermy 08068, whish

“*‘“m%mﬁ Epowt w B G0 g 18 Boal. per 24 byw  Head

produebion was osubjioed B much icos vewd pbkon Ghan

A

.

Paneal losscs {oxcopd 9 Bxp. (6)) She cwvows dydag
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Betvern 4 BB and o T hoeade pur 84 he R oieors

abtaghed 30 the unerpy lood we methoas (g ¥ 4o g 36

nieh

4 »‘u-e

fmmlm nor B &‘sw} vare An nopd cases g AAHtis sondlep
vhon shese involved dn the meusuponend of w«mmw
GRGEEY o Finadlys uhe orporn atbeched 0 bhe apeygy
votsubion veried feom g 80 bo g 49 Rowad. per:24 hr.
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ponents of She enosgy lesn™ (g 88 50 » 187 kouls pow
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B by ) wpresd vesgonably well wish the pobual evporm

X

af Lhe ¢uelpy rebontlopy vhich fndioabes Shob ohe Gowop
foyyolved in rf;-;vﬁf«:ré;':i.mm;ﬁ,mg-; he pean enewgy intabe pep 84
fues was aoh lapne.

b She denebh ol she evsiylioad soedod

kA R

*

imeuanenhe

FAL R eI Ly

L, B0, apeienny of thae taiidons o
The only guentlities foy vwhich o gufileivat
paber of serdel B4 br., Deanorenente wers avaliable
wo pernid sbedistlonl spalyeds vowrs uplnary BLLIomsR,

heat produsbion {(Heh. osbtinate) and carbon dlonide
peoduobion.  Fop osel of fhose donponents bha

yarlmnee due bo daywiowday varistions {ivvoepeciive
of pny chasges with leveld of feeding) ven obbatned
da the sene voy ae wed fhe verlanse due 4o vaplabiong
petvoon analyticel periods Aloatosed abovos  Phe
angdyeis ves mede with the 84 by, velues and sloo wish
$he 48 b valnee obliained by gwouping bhenm inho
THLBG The phandard deviatlons of dhe 84 hw voluow
antd of dhg 48 e volden voere fhoen oomared b osdey
%0 dobsraing the effeet oF doubling the povlod of
monsarenent.

Wash heat preduebions eadovnlabed by She Bely

mathaed Yeon the urdngsy nitpogan and yespleabony

mehange (161 degpses of fveedon £or bhe eurppe bopo
obbolned Coom the B4 by velues ), the standesd
deviation of o 2 hy. velue vas ‘:% baad. por 8BS bk

ang b steoderd devistlon of f“ &3 e value wes

A06




gygﬁfhﬁ&la poy B4 hwe  Thus, olnee BE/ (B NG, bhe
shantard ereor oF g mean of B 84 hP. NOLSUTCRENYS Ve
approninately o &?Esfii—%' Boads por 84 b

a gimiler wosult wes obbelned for carbon
dioxidy preduetion (15D depwses %f Prgudon Loy Hhe
grEpor bewn obtaloed Tyem the 89 b valoen), the
gtapdard erver of o wosn of B B4 Ry nosowrenends
weling g 878 iltees por 24 hee vhich o egvivelent
W @?%ﬁﬁf;m kaol. pep 8¢ bo o hevon of enevgy
rabanbion o @mﬂg Fabe Thin eprey do suoh laggow
By sy ofF Sha w%%@@m apponnieredy a feodh thob o
due paebiy @@ anadyticst AALTioulling. Thuee, o
Srdar o pewdve sld bhe wabar vopouy peoduced by
She sheep and B0 aveld ite potendion 4 dhe ¢arbon
dloside aboorbers, the salofum chlopide In tho
phborption bottles wsed ln those experiavnts (Figi.
3) wust be very porevs and the indlvideal plocen pusd
e desg then O one dv dieuedter. Agaln, o vemy
seopbbive but wobupt belepce is neoded te welpgh the
fave L1 kge bobdles comppislog the earbon dloxide
abaerhars 0 0bBbedd on accuvate Boosure &F perbnapg
G303 ge wf oarbon dlozide. Howvever, 4% gpponis £rom
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whewe n was Ghe puiber oF soodytlest poplods pop

grpeRinens wi

W oaneh Bhoeh.
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menourenent of eorbon (lozide productlomn
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shaoge a8 diel.
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