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USE OF TRITIATED WATER FOR ESTIMATION OF DRY MATTER
INTAKE IN GRAZING CATTLE

D. MOHAMAD AZIZX'
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RINGKASAN

Satu percubaan untuk menguj i  kaedah pcncntuan pcngambi lan bahan kcr ing mcnugunakan air
beradioisotop t r i t ium tc lah di lakukan ke atas lcmbu- lembu dara baka Jcrscy dan LID-Jcrscv bcrumur
antara l5 h ingga l t l  bulan.  Lcmbu- lcmbu tcrscbut  tc lah dibcr i  makan dcngan rumput Pani l rur t
mux imum secukupnva  dan  3  kg ' pc l l c t ' seha r i  pada  sc t i ap  cko r .  A i r  j uga  d i bc r i  s ccukupnva .  Lcmbu -
l embu  i t u  kemud ian  d i sun t i k  dcngan  a i r  bc rad ro i so top  t r i t i um  bag i  mcncn tukan  pu lanuan  a i r  t ubuh .
Kandungan air  pada makanan yang diambi l  d i tcntukan dar ipada pcrbczaan pulangan air  tcrhadap air
yang  d im inum dan  a r r  da r i pada 'pe l l c t ' .  N i l a i  i n i  dan  n i l a i  pe ra tus  bc ra t  kc r i ng  rumpu t  d i gunakan  un tuk
menganggarkan berat  bahan ker ing yang diambi l  o lch haiwan tcrschut .  Ni la i  scbcnar d i tcntukan
da r i pada  kandungan  a i r  da lam makanan  dan  j um lah  makanan  yang  d i amb i l .  Jum lah  pcngamb i l an
makanan  yangd iuku r  ( 5 . l t i  kg /eko r / ha r i  a t au  2 .2 lC l  be ra t  badan /ha r i )  d i dapa t i  t i dak  bc rhcza  (P ,0 .1 )
dengan ni la i  yang dianggarkan (5.26 kg/ekor/har i  atau 2.2.191 bcrat  bat lan/har i )  dan purata
pe rband ingan  kedua -dua  n i l a i  ada lah  1 .01 .

Pengamb i l an  bahan  kc r i ngo leh  t u j uh  eko r  l cmbu  kacukan  Sah iwa l -F r i c s i an  vang  mc ragu t  an ta ra
jam I  5(X)-- I  l (X)  sct iap har i  d i  padang ragut  rumput Sctar iu.sphutc lura var.  Splcndida dan dibcr i  2 kg
' pc l l e t 'mcnggunakan  

kacdah  vang  sama  i a l ah  l - 1 . - 12  kg i cko r i ha r i  a t au .1 .06 . l  bc ra t  badan  scha r i .

O leh  i t u .  dcngan  mcnggunakan  a i r  bc rad io i so top  t r i t i um  bag i  mcncn tukan  pu langan  a i r  t uhuh .
menguku r  a i r  1 ' ang  m in imum dan  kandungan  a i r  da lam run rpu t  dan 'pc l l c t ' .  maka  pcngamb i l l n  b1hu1
ke r i ng  t c rnakan  l cmbu  vang  mc ragu t  dapa t  d i t cn tukan .

INTRODUCTION

The most  d i f f icu l t  par t  in  assessing the
feed intake in  indiv idual  animal  is  when the
animal  is  graz ing.  This becomes a chal lenge
in evaluat ing the per formance of  var ious
breeds and crossbreds in pasture where its
feed efficiency in terms of gain per unit feed
intake cannot  real ly  be determined because
of  the d i f f icu l ty  of  accurate ly  measur ing the
qUant i ty  of  food an indiv idual  animal
ingests.  Compar isons of  breeds in  large
scale t r ia ls  have inc luded management,
fer t i l i ty ,  surv iva l  rate,  d isease res is tance,
growth rates and carcass composition, but
not  feed intake.  Where in format ion on
group feeding is sought, pasture dry matter
in take can be measured by cut t ing samples
before and after grazing, but the method is
not  very accurate.  Whi le for  ind iv idual
in take.  the method most  commonly used
involved measur ing the d i lu t ion of
chromium oxide (FArcHNEy,  197-5) .  This

too,  has Large source of  err r t rs  (WRt( ;Ht ' .
r e82 ).

Attempts have been madt :  to  use
tr i t ia ted water  as a t racer  f<t r  measur ing thc
quant i ty  of  feed an animal  consumes.  I t  has
been demonstrated that  there is  a corre lu-
t ion between water  turnover  and faecal  dry
matter  excret ion in  graz ing sheep (Srr- .Hr ,x . . r .
197  l ;  Mnc 'pARLANT: .  Howenn  and  ( l < l oo :
1971).  As water  turnover  is  equal  to  watcr
in take f rom dr ink ing water  p lus water  f rom
food ingested, therefore water from fo<td
can be est imated by measur int l  watcr  tunl -
over  and water  in take f rom dr ink ing watcr .
Thus,  the dry mat ter  in take c i tn  be
est imated i f  the water  content  of  the food is
known. Another  source of  bodv water
which is  not  considered in the calculat ion is
water  f rom metabol ic  body water .  The value
of  metabol ic  body water .  however is  smal l
and assumed to be n i l  (Rose nrsnnw, per . \ .
comm.. 1982\.
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of radioisotope i4jection, blood sampling,
analysis of trit ium and calculation were
carried out similarlv as in the first
exper iment .

The water intake and concentrate
given were measured; and the grass samples
from the pasture were taken three times
daily for determination of the dry matter
content of the pasture.

RESULTS AND DISCUSSION

The results on the estimated dry
matter intake derived from water turnover
and the measured dry matter intake of the
animals are shown in Table 1. It was found
that  the mean of  the est imated dry mat ter
in take (5.26 kg/dav/animal)  was not  s igni f i -
cant ly  d i f ferent  (P.0.1)  f rom the actual
in take (5.18 kg/day/animal)  and the rat io
between the mean of estimated u.r.
measured dry mat ter  in take was 1.01.  Both
est imated and measured dry mat ter  in take
were s igni f icant ly  corre lated (P.0.01.  r  :

0.es).

The resul ts  ind icated that  the t r i t ia ted

Table 1.  Compar ison of  the est imated dry

water dilution technique can be used to
est imate the dry mat ter  in take in  cat t le  wi th
a great accuracy as reported in small
ruminant  (BEru;anarN,  CHEN. DeceN,
Asour-  Aztz and Al  Hnono,  1917).  ln
compar ison wi th other  techniques,  the
tr i t ia ted water  d i lu t ion method is  s impler
and more re l iab le.  Faecal  output  co l lect ion
technique can reduce animal  per formance
(ConnErr ,  1960) due to lower in take
(Mt lxe .  1974) and h igh energy expendi ture
(Reln,  1966) caused by the st ress of  the
equipment .  Fur thermore,  the tota l  faecal
col lect ion technique has h igh labour
requirement  (GneeNHnlcH. 1974) and
diff icult to collect faecal free urine with
female animal .  A l though est imat ion of
faecal  output  us ing chromium oxide as the
feed marker  overcomes most  of  the
problems involved in the tota l  co l lect ion
technique,  i t  s t i l l  has some errors.  This was
main ly  due to the d iurnal  var iat ion in  faecal
marker  concentrat ion thus deviat ing f rom
the assumpt ion that  1007c of  the marker  rs
recovered in the faeces (Merts,  1981).  The
technique using f is tu lated animal  has l imi ta-
t ion in  that  i t  is  not  appl icable for  a s tudy
using a large number of  animals.  Therefore.

mat ter  in take and measured intake in  hei fers

Ar r ima l
breed

Watcr  turn-
BodY weight  

over rate
(kg) 

( l i r res/day)

Total  watcr  Est imated
intake water f rom feed*

( l i t res/day) ( l i t res/dav)

Total  dry matter  intakc (kg,da1 )" '  Rat io
cs t rma tcd
measureoEst imated Measurcd

L I D _ J

L , ID_J

L ID -J

J

J

J

J

233

2 3 1

268

211

244

2t9

20.11

22.32

2 7 . t 7

20.95

2 1 . 3 9

21.87

20.45

9.53

n . 2 6

1 1 .  l 3

14 .96

1 5 . 6 3

l  5 . 2 0

I  3 .86

1 0 . 6 1

I  1 . 0 6

1 3 . 0 1

5.99

5 . 7 6

9.6'7

6 . 5 9

5 .7-s

5. ttu

6.46

4.3tt

4 .31
<  1 ?

4.-s6

( 2 . 1 7 )

(  2 .  s4)

( 2 . . 1 1 )

(2.0_s )

( t . 7 1 )

( 2 . 3 1 )

(2 .0n  )

5  .8n

5 .1i9

5 7 2

1.15

+ . + /

-5 .40

J 5 0

r  1  5 1 l

(2  5s )

( 2 .  l 1 )

(2.0e )

i l . 1 . { t )

( 1 . 3  |  )
(  1 .06)

( ) . 98

t ( x )

t . t 3

0.9lJ

0.9t i

l . 0 l

l . 0 l

Mean

+

1 1  1 1 1 3 . 5 1

2 . 2 7

8 .96

2. t t6

L 0 l

( ) . 05

L J +

l 7

s.26" (2.21)

0.84 (0.2r3)

5 .  rn ' '  ( 2 .2  r  )
0.70 (0.27)

+ Standard deviat ion
LID-J Local  Indian Dairv -  Jersev crossbred
J Jersey
a Compar ison of  means in row at  P.0.01
- Dty matter  of  grass = 22.13%

Dry matter  of  concentrate :  90.0?i .  g iven at  3 kg/animal /day
( )  Value in percentage of  body weight /day.
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The possib i l i ty  of  us ing water  turnover

rate technique to estimate the dry matter

in take therefore is  obvious '  Therefore '  an

exper iment  was conducted wi th s ta l l - fed

cat t le  to evaluate th is  technique by com-

paring the estimated v.r measured dry matter

in take.  The technique was then tested on a

group of grazing animals.

MATERIALS AND METHODS

An exper iment  to evaluate the tech-

nique of  us ing t r i t ia ted water  to est imate dry

matter  in take was carr ied out  on a group of

hei fers.  The group consisted of  seven

hei fers,  four  Jersey and three Local  Indian

Dairy x  Jersey crosses (LID-J)  wi th the age

ranging f rom 15 to 18 months.  The purpose

of  us ing two breeds of  animals was to get  a

wider  range of  body weight  and therefbre.

widen the range of  feed intake values as the

feed intake is  corre lated wi th body weight .

Indiv idual  animals were sta l l - fed wi th

cut Guinea grass (Panicum maximun) ud

t ib i tum and supplemented wi th 3 kg of

commercia l  cat t le  pel le t  (15c/c crude

prote in)  per  animal  dai lv .  Water  was a lso

avai lable qd l ib i tum. Feed and water  in take

as wel l  as the water  content  of  the grass and

cat t le  pel le t  g iven were recorded dai ly .  A

day pr ior  to  isotope in ject ion.  these animals

were starved and cont inued wi thout  food

and water  the n ight  fo l lowing in ject ion.  The

purpose of  s tarv ing the animals was to

reduce the body water  turnover  and a l lowed

maximum mix ing of  in jected t r i t ia ted water

with body water before the isotoPe

disappeared f rom the c i rcu lat ion.

The animals were in jected in t ra-

musculary wi th t r i t ia ted water  at  the dose

rate of  3.7 mBq/kg body weight  in  the

af ternoon.  Ten mi l l i l i t res of  b lood samples

were taken through the jugular  ve in pr ior  t t l

in ject ion and at  two days in tervals  for  l -5

consecut ive days fo l lowing in ject ion

Plasma samples were immediate ly  separated

and kept  f rozen at  -10"  Cent igrade.

The radioact iv i ty  of  t r i t ium in the

plasma was determined by the method ot

Spp tNcE I - l  and  Wn lcs r  (1976 ) .  D ioxane
(500 p l i t re)  was added to dupl icate thawed

plasma samples ( ,5(X)  p l i t re) .  Af ter

vor texed,  the prote in prec ip i ta te was

isolated by centrifugation at 3 0(X) rpm fot

30 minutes.  Supernatant  (2t ) t )  p  l i t re)  was

transferred in to count ing v ia l  conta in ing l0

ml  of  sc int i l la t ion cockta i l  (PCS'

Amersham).  The radioact iv i ty  of  t r i t ium

was then measured using l iqu id sc int i l la t ion

spectrometer  (Beckman,  Model  250) .

The average specific radioactivit ies ol '

t r i t ium for  each sample t l f  each animal  were

plot ted against  the sampl ing t ime.  
- I 'hc

water  turnover  was calculated as descr ibec

by  Ho l l eu lnN .  WHI r r .  and  Lu tc ' r  ( l 9 f l 2 ) .

Wa te r  i n take  I r r lm  g ras :  wus  cs t ima tcu

by subtract ing the in take t l f  dr ink ing water

and water  f rom the concentrate f r t lm the

water  turnover  rate vt l lume.  Bv knowing thc

d ry  ma t te r  con ten t  and  the  va lue  o l  t hc

wa te r  i n take  the  d ry  ma t te r  i n take  o f  t he

grass then was calculated us ing thc f t l l lowing

formulac:

Dr r  ma t t c r
i n t ake  -  W i l t c r  i n t i l k c  l r ( )m  g r i l s \  x  d r l  m r t t c r  { r /  )

l ( l { l - d r \  n l  l l t e r  {  ' '  '

To ta l  d r y  ma t t c r  i n t akc  :  d r y  ma t l c r  i n t akc  ( g rass )  +

d r \  m i r l t c r  i n l l r ke  ( e r rnccn -

t r a t c  ) .

1'he technique was then appl ied on a

group of  seven dry Sahiwal /Fr ies ian ct lws ' t<r

est imatc thei r  drv mat ter  in take.  J-he cows

which were about  three years o ld and

weighed between 280 and 430 kg.  were le  l t

for  graz ing on a f ive-he ctarc pasturc t l f '

Setaria sphacelutu var. Splendida
The animals were kept  in  the shade between
I  l (X)  h to I  5(X)  h dur ing which the water  r t r l

l ib i tum and concentrate (2 kg/animal /day)
wc re  g i ven  i nd i v i dua l l y .

Radio isotope in ject ion and b lot ld

sampl ing were carr ied out  in  the shade

du r i ng  the  t ime  when  the  an ima ls  we re

given concentrate and water .  The procedure
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Table 2. Dry matter intake of grazing by Sahiwal-Friesian cows

Body
weight
(kg)

Total body Water
water turnover

(%  b .w . )  ( l i t r es /day )

Watcr Water from
intake feed*

(l i tres/day) ( l i t res/day)

Total  dry matter  intake

kg/day - l  b.w. /dav

378
280
340
392
2"t9
428
40-3

7  4 . 7
78.0
68.7
7'7.5
6 7  . l
82 .9
76.4

56.22
44.1^7
1 1 . 9 3
62.02
51 .24
63.93
14 21

0.00
0.37
0.00
1 . 7 0
0.36
0.00
0.70

56.02
43.60
41  .73
60.12
50.68
63.73
73 .31

t 4 . 5 1  3 . 8 4
1 1 . 7 0  4 .  1 8
|  |  .21  3 .32
l-5..+5 3.94
I  3 .30  4 .77
16.27  3 .8 I
It ' t .4,1 4 5u

357
59

7 5 . 0
5 . 5

56.25
1 1 . 4 u

0.45
0 . 6 1

55.60
I 1 . 9 6

14.42 ,1.06

2.56 0.:19
*Dry matter of the grass : 18.5c/c'
Dry matter  of  the pel let  :90.0o/ . .  g iven at  2

the indirect measurement of dry matter
intake using trit iated water dilution tech-
nique seems to be the most  su i table at  the
moment.  The est imat ion is  only  based on
the water intake from the feed consumed
ar id water  taken by the animal  and thus,  i t
gives the advantage in that the animals are
allowed to have excess water whereby this
then a l lowed the animals to have normal
feeding.  Since i t  requi res the b lood samples
and s imple analys is ,  water  in take and dry
matter  measurement ,  therefore,  the tech-
nique is  easy to conduct  in  the f ie ld.

The technique however, has its l imita-
tion. The result depends on the accuracy of
the total body water determination. For wet
pasture, such as due to rain, it requires
frequent sampling to reduce the error of
estimating the dry matter content of the
pasture.

Since the results of the estimated dry
matter intake were agreeable with the
measured values, therefore, the estimated
values can be used without any adjustment
for estimation of the dry matter intake.

The estimated values of the dry matter
intake of seven dry Sahiwal-Friesian cows
grazed on Setaria sphacelata var. Splendida
are shown in Table 2. The mean dry matter
in take of  the animal  supplemented wi th 2 kg
of concentrate was 14.42 kuldav/animal or
about 4.067o body weight. T:he result seems
to be higher than the result found for the
stall fed animals in the first experiment. It is

kg/animal /dav.

possib le that  the grazing animals had bet ter
opportunity to choose fresh, young grass
which was more palatable and th is  might  be
the reason for  the drv mat ter  in take of
graz ing animal  to  be h igher  than sta l l fed
animal .  Dry mat ter  in take of  graz ing cows in
th is  exper iment  is  a lso h igher  than that
obta ined using the sward cut t ing technique
(Me rus,  1981).  f is tu lated animal  (Jo:rss.
Dnnrcp.-BRocKMAN and Holves,  1965) and
faecal  index technique (Hor-vEs,  CnvplrNc
and JosHt,  1972).  Unfbr tunate ly .  the
digest ib i l i ty  of  the grass sample which might
expla in the h igher  in take found in th is
study,  was not  determined in th is
exper iment .

In conclus ion,  the dry mat ter  in take of
grazing animals can be determined
accurately from water turnover rate, water
intake and dry mat ter  content  of  the homo-
geneous pasture.  Using th is  technique,  the
dry mat ter  in take,  of  the animals graz ing
between 1 500 h and 1 100 h dai ly  was
higher than the sta l l - fed animal  and thus
indicated that the grazing animal could
per form bet ter  than sta l l - fed animal  pro-
v ided that  the stocking rate of  the pasture is
sui table and the animal  grazes dur ing the
cooler  par t  of  the day.
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ABSTRACT

An exper iment was conductcd on hei fcrs to evaluate the technique using t r i t ia ted water for  thc

measurement of  dry matter  intake.  Four Jersey and three LID-J.  l -5 to l t l  months old wcre used. The

animals were sta l l - fed wi th Panicum mat imum ad l ib i tum and supplemcntcd wi th concentrate (3 kg/

animal /day).  Water was given ad l ib i tum. Tr i t iated water was in jected to the animals to measurc the

water turnover rate.  Water intake t iom thc feed was est imatcd f rom the di tTerencc between water

turnover ratc and water f rom concentrate p lus water drank.  Thc f inal  value and thc valuc of  dry mattcr

content  of  the grass were then used to catculate the dry mattcr  intakc of  the animals.  The mcasurcd

value of  dry matter  intake was calculatcd f rom the dry mattcr  content  of  thc grass consumcd and thc

total  dry matter  intake f rom the concentrate.  The est imated dry mattcr  intake (5.26 kg/animal /dav or

2.24% b<.tdy weight /day) was not  s igni f icant ly  d i f fercnt  (P'0.1)  f rom the measured intake (-5. l t l  kg/

animal /day or  2.21a/c.  body weight /day).  The rat io between thc former over thc lat ter  was 1.01.

The dry matter intakc of seven dry Sahiwal-Friesian cows grazed tln Setaria sphu<'elata var.

Splendida esr imated using the same technique was 1,1.42 kg/animal /day or  1.06% body wcight /day.

I t  is  concluded that  by measur ing the water turnover rate.  water  intakc and watcr  contcnt  of  thc

feed.  the dry matter  intake of  animals grazing on homogenous pasturc can bc est imatcd wi th h igh

accuracv.
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