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| , INTRODUGTION.

Common net hods adopted: to ascertain t he. nutrltional

val ue or quantity and qual i ty of _arass and.other foodstuffs
| ncl ude chariges | M ve wei g mprovement in heal th and pr‘o~
duetion, chemi cal anal yses* nak ap eye responses to fertilisers,
tons per acfe, and SO on. Hdch Of tirese ' Nethods has its limit-
ations. Vithin recent year :ga howeyés, NDr € at t ent | On has been
devot ed to brid%ingt e gap tetween ,the act ual ' production of . a,
foodst uf S utilisation DY the animal Whi Ch, after all
the inal “best of .15 suitabi ItV f&particular Funetions. For
t hat reason nmat abol i smst udi €S must: now be>recognised ‘as part of -
any scheme: designed t 0 improve pasture or feed production., The
pur poSe of ‘this paper | S to ‘discuss the value of digeitibility

rk in. relation’t0 grassland reseapch and. nutritional problems
pecul | ar ‘Bo New Zealandconditions.

Support f?r -the views aust expressed will: be given by
a brief disouesion of some of the sesults obtained DY Dr. H.E.
hie Dast ure investigations af the Nutrition Institute
versity. In thr s Work Dr. Woodman has notconly
ed. . total yields and 1ca comnoei ion i n hi S pas-
ture research, but has addeea cons era e value Of his
esul tS by digeetibil:l.tyt rialsthus obtaining dat a on quantities
the ds l§‘ex'en1; constirtuents a?tually a?r ailableto the animal,
should De obvious t0 all that Tiqures for gross proauction
ar e of -much qr eat er val ue when t.h,e x%ercentage ‘availability (and
hi S ineludes t he percentage Of the food t he animal is able to
?ﬂjhe for n odu Ifl on of ‘energy heat,fat, f| esh, m:llk.. eto-)
e ind:l.vidual f ood constr tuents isal so known,

ix. TECHNIQUE OF METABOLI§M EXPERIMENTS'

Before deal i ng with Dr. - Woodman's results & “brief review
of t he’ technigque of | digestibuwy trials. ma?r be s i nterest*
Some will al ready be fam |iar with the detai|s. Actually the
progeédure | S relativel simple, and merely-consists | N feedin
to the ani mal in. a o{. ;able metabolism cage a definite quantit;
of food; of which the chemif:a anal ysi's is .known, and the oollec-
tion and anal ysis of the sol1d excretas Every chre must bé |,
t aken t 0 ensur e representative sam 1113; and the greatest. accui*ac
in the analytical work, but there s be no necessity to dwel

on_such obvious detai|s in addressing an audience conposed mainly
of chemists,

The type of metebolism cage iS, '"in Many casesjreally
a matter of personal choice, and, of course dependent "uppn t he
%e of animal with which one is dealing. During the last
t ree years eight or rhe di ff erent tyﬁes of metabol | sm cages
have béen inspected e sp ea er Ith tﬁe exc%%tlon of two
all were 'desrgned for use vvrt ni m |31,| C’f)f
quently a disadvantage and at t e Canter ury Aqrrcultura | ege
we have recently designed a-type, really a i cation of ose
used at the Nutrition Instituté i'n Adelaide, vr/nrch it is hoped
will prove equally adaptable for either evves .or wethers,
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In metabolismtrials the urine is al so uften analysed,
This will, of course; consist of material which has been di gested
by the ani mal and does not enter into digestibility.trials but

i's of considerabl e value in finding the quantity of "any constit-

organic ®r inorganic,

lime or phosphate by the amima: both faecal- an
must be taken into considerahion. 3

to such experinents,

CHO CE OF

ANIMALS : , B
. . Reccasionally difficulty mMay be exper-—
| enoed in obtaini ng animal which settle dovm readily %o metabsl
olism cage conditions,

. Wnere the animal | e
either ' show ng excessive restlessness,

v

does not

which is being retained or
For exanpl e where one i s following, say, the storage of
urinary excretion

take kindly

| arge fluctuations inits delly food consuiption,or sbne other
. it must be rejected. for the results obtained

abnor mal
woul d

behavi our

be of very doubt f ul

valile.

With care i n handling the

ani mal s and experience such cases, however, shoul d be rare,
" 1

‘Qj.me.
SO may

. Further, the p&evibué hi story, of,the ani mal must be
~ttore fully taken into accdunt than is donesby some at the 'present
metaboliiem studies failure: %odo

In the case, of mneral
quite easily | ead %0, erroneous conckusionse

ing two cases wl |

il lustrate this point,

The f¢low-

Mr., A, Leslie, head of the Veterinary Departnent. at
Cant er bury Agriculturai College, has obtai ned sone particularly
I n&resting results.

on cases of
ewe's on the Cdilege experinenta

dental attrition in two-tooth
farm at Ashley Dene.

Twos-

tooth ewes bought at the Addington saleyards and drawn from diff-
erent parts of Canterbury ars now, as two-year olds and:due to
snowing in an-exceptionally | arge percen-

have their

first

| anmb,

tage of cases signs of

sane age and _
fact in the same mob,during _
prior to that were reared under good feedin

College farm are not

t hat
present

Cembrigge University on data obtained during
into the nutritional and biochemical effects of
cium di et onewes and wethers.

dentai &t tratd o,

. f 1s, fromothers which en
their young growi ng period cn.a higher plane of nutrition.

The second exanple i s drawn from

The

results obtained with ore of the 'aninals,

CHEVIOT TAMB--LIME BALANCES,

| 't

gn

conditions on
: \re showing the sane trouble.
this may indicate that Taulty mineral nutrit
in some of our Canterbury fiecks.
abl e to. exneect such animals {0 react differently
their utilisation of minerals,
In

: 2College ewes of the
which have been kept under similar conditions, in
the |ast +welye months. but which

the
It 1's believed
ion may be |,

woul d be reason-

in regard to
had been reared,

own work at
I nvestigation

, ‘a very _
followng are sone of the

low zal-

‘er DATE Food |[Faecal |Av.daily {Serum Ca
.od Intake| Excret-|Balance Mg. per 400 c.c.
g.- |ion g, {{(Ubine
Inck.)g-
1 Dec. 3~ 17 1931123.859]32,419 |- 0,650 11.02 (Dec.9)
2 Pec.17-31 "o 125.404]28.410 |=.Co27h 11.67 (Dec,30,
3 Dec.’3 - Janth 1932 2L4.96C| 26,280 |- 0.147 44.00(Jan.4 3)
4 Jan 1L~ 28 "o [15.397(17,752 |- 0s213 1 05148(Jan.28
5 Jan 28- Feb.41 " 18,231 [417.472 |+ 0.046 10.49 (feb. 4)
6 Jeh 4o 2, 5 . L4.757] 9,137 |~ 04351 10.49(Feb. ? G
7 fprom2t e b0y 7,036 |- 0.03L :29( 0. 20
g Apr121-iMay ? : 8.650| 9,707 |~ 04088 i gagg %hy ?gé
- .llne T 08 L. 60 "“"O.'v*)i—— ! AR ay
o fite' 3= 18 y 1§afuz EEGLBO - o;go% 9. 93§Jun€
4 Junel 6- 30 "o |i0l210|00.660 |~ 0L67F | 9,89(Jun627%
. o . 100155!]-111 |J|_,
P 40.09(July25)
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4 The results in the above table show the difference
betweeh the faecal excreticn a f00d intake from the commence-
ment of the experiment on 3%rd December 1931 until 5th May 1932,
After this period, however , = |arge change took place in the
cal ci ummetabolism of the animal and faecal excretion showed a
marked increase over +the food. intake, an imbalahce which was
not rectified by an increase in the quantity of dietary line of
t he wether.  This physiological upset in the animal was also
reflected in the |l ever of calciumin the bicod, On the |ow
calcium diet it showed a faliing tendency until 4th May but with
the increase in {he withdrawal from the bones due, probably, to
excessive activity of the parathyroid giands , the serum cadcium
level rose %o moprs orf i ess normaival ues, Obviousiy such an
animal - could not have been taken fyom thisrexperiment and used
for the investigation of the normzl reaction of the sheep to
changes in the mneral. contens of its diete

-k A

The following tables illustraibiag-

(a) a digeetibility trial : _
. and (b} a nitrogen and mineral balance trial may help to
expl ai n further +he procedure adopted ia such experimonts.

DIGESTTRITOTY COREFICIENTS.

N 1

PERICD I 'CRUDE | ETHER | CRUDE| N-FREE| ORGAN1 TOTAL

(44 days) |PROTEIN|EXTRACT TFIBRE| EXTRACT| MATTER  ASH

? g g 2 " NG g 4 8o
Food suppiy 799,80 827.035025.00 | 7301.00 [274.83
Peod residue 36,22 402.80] 263.10 | 412.40 | 20,94
Net Consumption|736.28 7ol 53| 5163 .90 |6888.60 -253.89
Voided 2113, 00 506,95 "578.50 |1485.00 H&1 .90
Digestead 520,28 287.73|LL8%,40 |5L03.60 9 .99
Digestibility
Coefficients % | 68.47 £6.27 36 . 24 36.85 8 .4B36 . 2 3
NITROGEN AND MINERAL BALANCES.
PERICD I NITRO-| Cad Pslr | % KO Nan0 | Clp
(1L days) IEN . i
" ‘ g g go g. | g go

Dood supply 127,90 127.79] 38.36| 63,46 | 5.73119.04.
Food residue 5.80 2.0 1Ll - 5.7H Q.47 151
Net Consumption 422,40 25,38 36,92 | 57.T1 5,26 | 17:53
Voided in faeces 28.87 [29.883] 22.56 |- 8,88 | 0.39 0.75
Voided in urine 21.26 | 0.55] 0.17]22.28 | 1.25] 9.97
Total excretion. 60,43 | 3043 32,73 3 .45 | 1.6L[10.72
Périod balance £1.07 | «5.05 ] L.19| 26.55 | 3.62| 6.8
Mean daily .
Balance i3 1 =0.36 1 +0.30 W, .90 +0.26 | +0.49

, The futility Of short period experinents , in work of
this nature, cannot be emnhasized %oo strongly.  Results'
obt ai ned on one, two, three, four. a»n five day trials are little
nore than useless.  Freguenily they nmay lead one to an entirely
erroneous conclusion, Furiher, attenticn must be paid to the
pre-experinental perivd which cne should give an animal 3in a
metabolism trisl and alsc cn the diet, before being placed in the
cage,



FOOD UNITS; . .

It is not the cbject of this paper to deal
with the different food units used by hnutrition workers or how
these are ar rived at, Conseguently onlél the briefest nention
oan bhe made:. t6 themhere, The Starch Equival ent (1 ib. S.E.)
and Digestibily Pro6ein (1 | b, Dig.Prot.) are universally used
in England and these will e “emnloyed here;, From the results
of digestibility experiments all foodstuffs can be redugga to a
cormmon basis of starch equivalent and digestible protein units
and their relative food values readily conpared, or the data so
obtained used in conmpiling rations suitable for nmeat ar mlk
production or for the demands of vpregnancy.

11, THE APPLICATION _OF DIGESTIBILITY TRIALS TO THE FOOD
VALUE O PASTURES.

(a2) UNDER DI FFERENT TYPES OF GRAZING Thi s has been
shown very welT Dy Woodman (1932) 1n his work at Canbridge in

which he has'investigated the +hree types of grazing:- a

L
i) Non-rotational close grazing.
ii) Rotational close' grazing:
ii1) Extensive grazing.,

. Using the data which he has ovtained in'"his Canbridge
experinents he then traces out the relative anpunts of food
units supplied by such pastures and the production |evels one
could hope to get from them A 9 cwt. dairy ‘cow is used as the
basis for his arguments. Such an ani nal can consume approx=-
imately 30 1bs, of dry matter daily, and will require for her,
mai nt enance regquirements 7.5 1bs. of Starch equivalent i ncluding
0.7 1b. of digestible protein Further . for 'm 1x production
she would require for each gallon (assuming a but terfat consent
of 3,7per cent) 2.5 ibs. Of starch equi vaf’rent i ncl uding 0.6 1b.
of digestible protein,

‘Using the data obtained by Who&nman _ his pasture inves~
tfgations it then becomes a relatively simple matter to conpare
the production levels of the different types' of pasture,

(i) Non-Rotational C ose Grazing: .
20 1bs, of dry
matter fromsuch pasture supply 21 tbs, S.E. i ncluding 6 1bss

digestible protein, The maintenance reguirement of fhe animal
is 7,5 1bs. S.E, tncluding 0.7 1bs, Of digestible protein, thus
| eavi ng for production:—~-- & 3

_ 1%5 1bs of S.E. including eF 1bs., of digestible
rotein. Thus there is sufficient starch equivalent to provide
or the production of nearly 5.5 gallons of milk and enough
digestible protein for g galicns. From such pasture one coul d
expect an animal to be abFe to produce 5 to % gallons of mlk

without any necessity for supplementary feeding.  Production
above this level, unl'ess acconpanied 'by suitable conmcentrate
feeding would result in a drain on the animal's own reserves.

(i1) Robational Cl 0se grazing:
™is will, of course,
vary with the intensity of the grazing, If a monthly rotat-
ional systemis adopted the nutritive value of the pasture can
be divided into two stages,

(1) Pore-fiush period: During the period Of
early spring growth the food value has DEeN shown to approxi mate
very closely to that of non-rotatiomnal ciosely grazed pasture
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301‘05 of dry matter containing 21 1bs. 'of starch equivalent.,
including 6 1bs. of digestible protein go that the sane produc-
tion eould be expected as that given in the section above,

i (2) Md Decenber Opwards: ' Monthly grazed
pasture will nggy Show a slight falling off in .food value $00 1bs.
of dry matter contai ning 66‘3 1bs, of S.Ei including 13 | bs, of

di gestible protein. 30 Ibé, of such dry matter would, there-
fore, provide 20 Ibs, of S.E., includina”_3.9 1bs. of digestible
protein, Agai n deducting for maintenance 7,5 1lbsi nf S,E,

Including 0.7 Ibs, of digestible protein there 1s left for
production:-

12.5 1bs, of S.E. including 3.2, 1bs, digestible pro-
teins This is a perfectly balanced diet both as regards starch
equi val ent and digestible protein for a cow of 9 cw-, live
wei ght producing 5 gallons of mlk,

(iii) Extensive Gazing:

Ext ensivel v grazed pasture
has a |ower food value than either of the above fypes, Under
Canbridge conditions Woodman has found that during the spring
gronth 100 1bs. of dry matter: contain 56 1bs. of S.E. including
12.5 1vs, of digestible protein, 30 1bs, of dry matter; would,
thereforg., contain 16.8 1bs, of S.E. including 3,75 | bs of
di gesti bl e protein. Again,; 'deducting the ,cow's mai ntenance
ration, of 7:51Bs. S.E. including 0.7 1bs. .of digestible protein
there is left for production:---

9.3 I bs of S,E, including 3,05 lbs, Of digestible
protein,which i s sufficient sfarch equival ent”to provide for
3.7 gallons and sufficient digestible protein for 5 gallons of
mi | kK. Such a ration could maintain a 9 cwt, con in good con-
dition and supply the extra food necessary for a mlk production

of approximately 4 gal | ons per day,

- As the season progresses extensivel¥ grazad pasture
becomes little better than good hay 400 |bs, of dry matter non
supplying 43.2 Ibs. of s.E, including 6.3 1bs. of digestible
protern. 30 1bs. of dry matter' nould, therefore, suppiy cnly
12.9 I'bs. of 8,E, including 1.9 1bs. of digestible protein.
Agai n deducting the naintenance ration of the cow there would be
left for production:---

_ «4 I'bs, of §,8, including {1 .2 1bs, of digestible
protein.  *his would suffice for the production of gal | ons of
mlk. H gher producing cows on such fie#a, unsupplenmented by
other rations, would adapt themselves to it either by a rapid
falling Of in production or else by a heavy drdin on their own
body reserves. '

_ The following table summarises the above findings
with a 9 ewts cow grazing under the pasture conditions at the
Nutrition Institute, Canbridge University:e-
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TYPE OF GRAZI NG 100 1lbs,of| 30 1bs, of |Available |[In gall,

dry matter|dry matter|for pro- |ons of
contains— | contains  |duction mlk,
SOE; DOP’.}ISQEE D. P. .f'saEa DcPa SoEu Do *
Lbs. |Lbs,|Lbs.|Lbs' ILbs.|Lbs, | Gal, | Gail
(i)Non-rotational
. close grazin 70 | 26| 21 6 [13+5 |53 |5:5 | 9
(ii)Rotational close
grazing S .
1gFore-f1ush period 70 | 20 | 21 6 [13.5 |53 |hiH | 9
2)Mid-Dec. omwards 66% 1% | 20 |3.9 |12.5 [3.2 |50 | 5
(11i) Extensive ’
| _grazing'*. \ S
§1;SDrlng growth 56 |12:5(16:8|3.75 | 963 |3.05(3.7 | 5
2)As season pro- ‘ I R | |
-, gresses b3e2| 6e3| 129169 | 5okt |[142 [2:0 2

T The above data shows nost strikingly the varying
production | evel s of different types of nastures  The point
which'it is the objectcof this paper to enphasize is that such
information could not have been obtained wthout the results of
digestibilityexperimentss \When such gata has been applied to
the requirenents of the animal,;making use of maintenance and o>
production tables which have bee:n worked out already and are
universally applicable, 'there can be do doubt that such infor-
mation is much nore valuable than gross yields of dry matter'
and their conposition can ever hope to be,

éb) ISTRIBUTION OF FOOD REQUIREMENTS : A greater use.
of food untis in tNhe Interpretation of sone of our nutritional
problems could also provide useful information regarding the
distribution of food requirenents, The follow ng hypothetical
case of the annual food requirements of a ewe and her Zamb
shoul d make this eclearer.
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FOOD REQUIREMENTS IN POUNDS OF STARCH EQUIVALENT IN EACH MONTH FOR EWES PRODUCING

...7_ ¥
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— of ewe and lanb I n M~ N O MO D00 N O
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: ' - s : Cer : e
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~ prod. which must be O M ~ © I T A T T T
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Feed reqc.supplied by , H o
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~ milk, S R *'ﬁ '
- ? =
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T Gy }
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= 10 1bs, o - | o
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of 8.E, e T S e e B A
~ . . O ©w o o wn O 00O O nwn N
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- Column 15 in the above table sets out, the total food
requirenents for a ewe and her |anb (assumng that she has
reared only one lanb) and shows how the food distribution should
be planned over a twelve nonth period,

_ By a crmbination or farmsurvey work and nmetabolism
experiments such figures could be placed on a very sound basis.
The farm survey wonk would require for any particular area the
collection of data on carrying capacities.average nonthly live
weights, in the case of sheep, percentage |ambings and |ive
wei ght increases (obtainable from killing weights), mlk produc-
tion, types of food available at aifferent seascns of the Yyear,
and so on, Know edge of starch equivalent and digestible pro-
tein values for the types cf foodstuffs available would be
necessary for the matabolism work,, At present such data has to
be taken from results obtained in other countries and probably
frequently for material grown under entirely different soil and

climatic conditions and with different nethods of hnsbandry,

1l SCOPE OF THE WORK.

_ _ Al though this papsr has been directed primarily to a
di scussion of metabolism work in relation to grassland research
|t shoulc. be obvious that the work has an unlimted ccope.
Since the quantities of foodstuffs recommended for a particular
purpose by the animal are based primarily on a know edge of
their digestibility and suitability it is -apparent that metab-
olismwork on food peculiar to Kew Zeal and: conditions should
receive first consideration,

_ Wth hay, for exanple, tinme of eutting,methods of
drying and harvesting are known in a general way, to affect the

~food val ue, Silage, alsec, Will show large variations in

feeding value according to the ingredientsused and its nethod
of preparation.

_ ~ The problem of lucerne growing also requires further
investigation in view of the popular belief anobng the farming
cemmunity that it yields a greater proportion of Tced units per
acre than pasture grass, From data ON total yields and di ges-
tibility experiments Woodman (1933, 1934)has shown that this
is a fallacy. Hs results have shown conclusively that, under

- Canbri dge conditions=-~

, o " Lucerne, %oth-in bud and in flower
is very distinctly inferior in digestibility and nutritive val ue
to pasture herbage sulmitted t0 systens of cutting:at intervals
of one to five weeks, On account of its high content of indig-
estible fibre and i+s relatively Z1ow content of digestible
organic matter and ytarch equivalent the ary matter of |ucerne,
inbud or in flower, is conparable in nutritive properties to a
superior coarse fodder rather than to the pasturs cuts, the dry

matter of which has the character of a concentrate, "

o The following table summarises a few of Wodman's
findings.
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COVPARI SON OF WUTRITIVE VALUES OF LUCERNE; PASTURE

HERBAGE, AnD MEADOW HAY ( DRy MATTER BASIS)

PASTURE HERBAGE
MEADOW LUCERNE (Mean val ues for
HAY season)
Very | Med- In |In Fort- Mont hl'y
good [ium | bud |flow | nightly
ual-|qual -er cuts cuts
Ity [Ity
% | % % | % % %
Crude fibre 25.8|34s1 | 23:9(29.7 15.9 21¢.2
Di gestion coefficient
Organic matter 6lic6[5109 | 65.7|60.L [78,0-82,3| 76.7-83.L
Crude fibre 63.0(52.L ) 78,6-8L.9
Di ‘gesn ble protein 867! Bolt | #5a3|N3:6 |80,3-18.8 147
Oganic matter | 59.3|48.7 | 58.6153.4 7202 72.5
St arch  Equi val ent 4502 [29.2 | 50.8 L2.h 69.9 671
Also differences between first and second growh
rape, lupins, various other green fodder crops, roots and con-

centrates are some of the problenms which
tigation in New “eaiand.

require further inves-

‘Matabolism studius al so have their glace in the inves-

tigation of many of the so-called deficiency diseascs.

ularly is this so in New Zealand where many stock ailments are

of a nutritional origin,

'V CONCLUSI ON:

Parti c-

. . The educational value alone of such work would
justify any research scheme whi ch included metabolism investig-

ations.,
lines suggested by this paper.: would,
nunber of years not
workers in aninal
of far greater inportance,
interpreted into popular
the scientific principles of
community of New Zeal and,
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