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Summary

The cxperiments were cacricd out to stody tke effect of physical forms of hay dict on phespharus
melakolism by offering sheep roughage cicis containing a8 low phosphotus contenl. The sheep were
fed coarse hay, short hay or Nincly ground pelected hay. The physical [orms of hay diet had littic
effect an the pathway of phosphoros ¢xcretion. In all greups. the most ol phosphorus was excreled

in leces and urinary phasphorus exerction was negligible. Duodena! Muid Now, rumen Mud autNow

and estimated salivary flow appeared to be relatively high in sheep fed the coarse hay diet as com-

pared to these in sheep fed the [nely ground diet. The amount of phosphorus MNow (o the duodenum

tended ta be high in the ccarse diet group as compared to those in cther twe groups On the other
hand. phaspharus cancentrations in the duodenal fluid and the romen fluid were lawer in sheep led

¢ canrse hay dier thao those in sheep fed the groued hay. Net intestinal phasphorus abscrption

tended te: ke higher in sheep fed the coarse hay than thai in sheep fed rthe ground hay or pelleted

hay. Hawever, a negative phasphorus balance was okserved in 1the coarse hay dict group although

a positive phasphorus haance was faund in ather 1we groups. It was cansidered that salivary pho-

sphorus secrelan was greater than the amount of salivary phaspharus reabsorbed fram the intestine,

resulting in the ncgative of phosphorus halance in sheep led the coarse hay.
{(Key Words: P, Absorpl:on, Duadenal Flow, Physical Form, Sheep)

Introduction

The relevance of dietary phosphorus deficiency
in grozing cuminants is well documented 2as one
of the mineral deficiencies, particularly in grazing
area of tropical couniries. The extended use of
poor-guality roughages has increased the risk of
phosphorus  deficiency as those feadsiulls  are
characterized by low phosphorus contents.

Ruminants commanly excrete very hitle phos-
phorus in their urine (ARC, 1980}, They do.
however, sccrete a large quantity ol phospharus
inta the digestive (ract thrangh their saliva (Clark
ct al, 1972; Tomas, 1973) and much af this
salivary phesphorus lose in their feces. Thereforc,
the control of phasphorus hameostasis must he
dachieved 10 the gut cither through the control
ol phosphorus ahsarption or contral ol saliva
phosphorus  seeretion ar a comhbination of the
two.
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The alternaticn of salivary phasphorus appears
to play a major role in phosphorus homeostasis.
Phosphorus in saliva is correlated with plasma
phasphorus and the salivary phosphorus secretion
appeirs te be dependent an salivary flow (Scolt
and Buchan, [987). The physical nature of a diet
seems ta be an important factor influencing
solivary secrcuan, ‘The {low rate of saliva is higher
in ruminants given pcor quality roughages than
that in ruminants given pelleted (Putbam ¢t al.,
1966) and finely graund diets (Wilson & Tribe
1963). Highly digesithle concentrate dicls  arc
wellknown ta he associated with o reduced rate
of salivary secretion (Sato et al. 1976)

The present study is designed o examine the
effect of physical ferm ol diets on phasphorus
metabolism. This was achieved hy ofTering sheep
poor quality roughage diets of either coarse or
fincly ground form Changes in phospharus and
some other reievant parameters i romen flurd,
duodenal NTuid and blood were observed.

Materials and Methods

Twa expermmerts were carred out, the first
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studying the eflects of diet on phosphorus bal-
ance, salivary phosphorus secretion and its absa-
sption and the second studying salivary secretion
rate and ruminal water balance.

Fxperiment 1

Three mature castrated male sheep of Suffolk
breed averaging 50 kg body weight were used.
Several months prior ta the experiment, all
animals were fitted with T-shape cannula in the
rumen They weye housed in
metabolic cages to allow the separate collection
of feces and urine. Orchard hay and barley were
used ay feeds. The hay was cut to provide threc
treatment differences in length, 6.0 and 1.3 cm,
and the 1.3 cm hay was again passed to the
hammer mill so as to produce a more finely

and duodenal.

ground material of about 0.2 cm in length. Barley
and 0.2 cm hay were then pelleted prior to use.
Details of composition and physical characteristics
of diets are given in lable 1 and 2, respectively.
The experiment was planned to be carricd out
by a 3 X 3 latin square method.

TABLE 1. MINERAL COMPOSITION OF DIETS

o Analysis
Phosphorus _ Calcium
(gfkg)’
Experiment
I. Hay 2.00 3.50
Barley 2.80 0.60
2. Hay 1.8R8 2.48
Barley 2.56 0.60

' Air dry matter basis.

TABLE 2. THE DISTRIBUTION OF PARTICLE SIZE IN

HAY

Hay Length %
6.0 cm. > 6.0 cm. 33.7
1.3-6.0 cm. 46.8
1.2-0.2 cm. 17.8
< 0.2 om. 1.7
1.3 cm. > 1.3 em. 18.6
1.3-0.2 cm. 78.1
< 0.2 em. 33
02 cm! < 0.2 em. 100.0

' Prior 10 pelleting.
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The experiment was conducted for 15 days.
Sheep were fed B00 g/day of hay and 200 g/day
of barley from an automatic feeding equipment
set to deliver 1/8 th of the daily ration at 3 h.
intervai from A.M. 09:00 h. Water was available
continuously and the water intake was measured.
All sheep were allowed 7 days of a preliminary
feeding before the start of each collection periad.
Details of the design
sampling schedule were shown in figure 1.

of experiment and the

Day DL T T T T J7fs] Do] 2f3] [is]
Pre-feeding [~ ]

Feces + Urine |

Duodenal digesta
Blood |
Marker (PEG 4000)

Figure 1. The plar of experiment ~ and sampling

schedule.

Total urine and feces were collected once a
every 5 days period. They were collected imme-
diately before feeding at 09:C0 h, Fecal air dry
matter was determined cach day and the rema-
ining aliquot was later bulked and stored. Daily
urine aliquot were also taken aund bulked, and
the acidity was adjusted with concentrated hyd-
rocholic acid to approximately pH 4. Bloed
samples were taken from jugular vein on the third
and fifth day of urine and lecal collection petiod.
Digesta flow at thc dvodenum was measured by
infusing 250 ml of palyethyieneglyco!l solution
(PEG 4000, 18 g/d) as the liquid phase marker
into the rumen on the third day of the feces and
urine collection period with continuons infusion
for further 6 day period. Digesta samples were
callected during the last 3 days of each period.
On cach of these days, digesta samples were
collected at 10:00, 12:00 and 17:00 h. The samples
obtained in the 3 successive days from cach
cannula were pooled to give a comprise sample
for each sheep. The subsamples were centrifuged
at 18006 G for 30 minutes and the supernatant
fraction was retained for wmarker and mineral
analysis.

Experiment 2
Four ewes of Suffolk brecd averaging 30 kg
body weight were used. Two weeks prior to the
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experiment, all sheep were fitted with rumen
cannula and were raised with timothy hay and
barley in metabolic cages. Hay was cut to provide
2 treatinent differences in length, 6.0 cm and
0.2 cm then the barley and 0.2 cm grounded
timothy hay were pellected prior to use. Details
of their mineral composition are shown in table
I

The experiment was consisted of two 10 days
period in which sheep were offecred 600 g of
either hay and 200 g. of bharley daily at 08:00
and 20:00 b Water was available consistently
and the amount of intake was mecasured. All
sheep were allowed about 7 days of preliminary
teeding before the start of each collection period.
Details of the design of experiment and the
sampling schedule are shown in figure 2.

Day L [T T 7 T7787 Tio]
Pre-feeding | |

Blood ]
Marker (PEG 4000) 1

Rumen Muid — =1
Figure 2. The plan of experiment 2 anc samgling
schedule.

Rlood samples were collected from the jugular
vein wilh heparinized centrifuge tubes twice a
day at 10:00 and 16:00 h. on the first day of
the sampling period. Plasma was slored at
—20°C prior to analysis. On the second day of
each collecction period. 100 ml of 20% of poty-
ethyleneglycol (PEG 4000) was infused into the
rumen ai 09:00 h to determine the rumen volume
and dilntion rate. Samples of rumen fluid were
taken immediately after the infusion of marker
at 10:00, 12:00, (500 and 18:00 h. The sample
was strained through the four layers of surgical
gauze and then centrifuged at 18000 G for 30
min. The supcroatant was stored at —207C prior
to analysis.

Analytical Procedures

Grounded samples of feed, feces and dry
whole duodenal digesta werc wet-ashed  with
HNO, and 1:4 HNO, HCIQ,, than made up with
IN FCIL Urine samples were also ashed by the
same procedure. Inorganic phosphorus in samples
of scrum {or plasma in exp. 2), rumen and
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duodenal digesta supernalant was also delermined
by the method of Gomorn (1942). The rumen
volume, dilution rate and the amount of digesta
and phosphorus flow from the abomasum (o the
small intestine were estimated by PE(G as described
by Malawer and Powel (1967).

Statistical analysis

Data in cxperiment 1 were analyzed by ana-
lysis of variance using Latin square design and
signmificamt differences between  ireatment  were
according to Statistical Analysis System (SAS)
program package (Barr et al, [985). Data in
experiment 2 were analyzed by Student’s t-test.

Results

As shown in table 3, the physical form of
diet had little effect on the pathway of phospho-
rus excretion.  Fecal phosphorus excrction was
higher and urinary phosphoriis excretion  was
negligible inshecp of all groups. Although stati-
stically not significant, changing the physical form
of diet had an obvious effect on phosphorus
retention, which was negalive in the 6.0 cm bay
group and became increasingly positive in the
1.3 and pelleted 0.2 ¢cm hay group. Apparent
phosphorus absorption tended to be higher in
animals fed 1.3 and pelleted 0.2 cm hay,
parcd to that in animals fed 6.0 cm hay.

Table 4. shows the eftects of changing the
physical form of hay diet on pbosphorus low
to the duodenum, the amount of phosphorus
secreted in saliva (duodenal P flow-P intake) and
on thc amount absorbed from thc intestine
{duodenal P fow-fecal P). Changing from 6.0
to 1.3 and pelleted 0.2 cm hay tended to decrease
the amount of phosphorus scereted via saliva.
This might play an impartant role on the reduc-
tion in both duodenal f{luid and the amount of
phosphorus flow to the duodenum in sheep fled
short cut {1.3 cm) and finely ground pelleted hay
(0.2 cm). Phosphorus concentrations i the duo-
denal fMuid, however. were lower in sheep fed
the coarse hay than those in sheep fed the short
cut (1.3 cm) and the finc ground pelleted hay
(0.2 cm). Apparent intestinal phosphorus absorp-
tion was higher in the coarse long hay group
compared to that in the finely ground hay group.

As presented in table 5, the rumen volume,
dilution rate and the estimated salivary flow

com-
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TABLE 3. THE EFFECTS OF PHYSICAL FCRM OF HAY DIET ON PHOSPHORUS EXCRETION IN URINE AND
FECES AND ON INORGANIC PHOSPHORLS LEVELS IN SERUM (EXP. 1)

__ Treatmert (cm)

6.0 1.3 0.2 o
(g/d)
P irtake 2.13 2.13 2.13
Excretion
Feces 225+ 035 1.89 4+ 0.20 1.3¢ + 0.10
Urine 0.02 + 0.00 0.03 + 0.0} 0.03 + 0.00
Tatal 227 + 035 1.92 F+0.19 139 £ 0.14
P retention -0.14 + 0.35 0.12 4+ 0.19 074 + 0.14
Serum Pi {mmolfl) 116 + .10 149 +0.30 . 144 + 009
(%)
Apparent
P absorption —579 + 16.39 1143 4 9.22 20.66 + 22.07

' Mean + SE.

TABLE 4. THE EFFECTS OF PHYSICAL FORM OF HAY CIET ON PHOSPHORUS FLOW TO THE DUODENUM,
SALIVARY PHOSPHORUS SECRFTION AND NET INTESTINAL PHOSPHORUS ABSORPTION (EXP. 1)

Treatment {(cm)

i 60 3 _ . 02
P intake (g/d) 2.13 212 213
Duodenal fluid

Flow (I{d) 23.30 + 5.36' 11.60 + 2.56 7.50 + 3.62

P flow {(g/d) 14.10 + 4.29 7.00 & 1.28 4.10 + 0.04

P content {(mmolfl) 16.61 -+ 3.24 18.01 4+ 1.51 18.46 + 1 11
Salivary P flow (gfd)* 12.56 + 4.29 5814 1.28 4.24 4 0.04
Net intestinal P absorption (%) 82.50 76.07 77.45

" Mean £+ SE.
" Salivary P flow = duodenal P flow — P inake.
' Net intestinal P ahsorpticn =

tended to be decreased in the finely ground
pelleted hay group cempared Lo those in the
coarse hay group. Rumen inorganic phosphorus
contents were significantly higher in sheep fed
with the finely ground hay than those in sheep
fed the coarsc long hay although there was no
difference jn phosphorus intake.

Discussion
According to Jacques et al. (1989), net trans-

ruminal water flux is negligible and saliva flow
can be estimated by the difference between rumen
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duodenal P {low — lecal P excretion.

fInid outflow and water intake. Although a little
amount of phosphorus is absorbed before the
duodenum in sheep (Breves ct al, [988), it is
assumed that the difference beiween duodenal
phosphorus flow and phosphorus intake provides
a reasonable estimated amount of phosphorus
added to the digesta via the saliva {Scott and
Ruchan, 1987).

Physical forms of hay had litde effect on the
distribution of phosphorus e¢xcretion via urine
and feces. This vesull might be due 1o the fact
that hay used in the present study contained a
relatively fow amount of phosphorus and serum
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TABLE 5. THE EFFECTS OF PHYSICAL FORM OF HAY DIET ON RUMEN FLUID PARAMETERS, THE AMOUNT
OF SALIVARY FLOW AND INORGANIC PHOSPHORUS CONCENTRATION IN RUMEN FLUID AND

PLASMA (EXP. 2)

Treatment (cm)

6.0 0.2
P intake (g/d) 1.64 1.64
Rumen fluid
Volume (1) 410 £ 0.19 383 £ 016
Dilution rate (%/h) 8.65 +1.78 6.72 + 0.67
P content (mmmalfl) 15.60 + 0.3) 18.39 X 0.44%*
P outllow (gfd) 4.30 + 0.72 3.49 4+ 0.36
Salivary flow (1fd)* 6.98 + 1.92 4.74 + 0.63
Plasma Pi (mmclfl) 1.02 + 0.06 1.14 + 0.16

' Mean + SE.
** p < 00).
2 Salivary flow =

inorganic phosphorus levels were lower than the
renal threshold of phosphorus which was reported
o be 2 mmol/l (Scott and McLean, 1981), and
urinary phosphorus was very little amount in
sheep of all groups.

Phosphorus concentrations in rumen fluid were
significantly higher in sheep fed the fincly ground
hay than those in animal fed the coarse long
hay. Most of phosphorus in the rumen seemed
to be entered with saliva (Tomas et al., 1967).
In the present study, grinding the diet led to a
decrease in salivary flow and, hence, 1o a reduction
in rumen voluine, dilution rate and rumen fluid
phosphorus outflow. 1t was reported by Cohen
(1980) there was an inverse relationship
hetween and phosphorus

that

salivary flow rates
concentrahons in saliva. As salivary flow increa-
sed, the PO, in saliva might be decreased in sheep
fed the coarse long hay. Thus, phosphorus
concentrations in saliva might be higher in am-
mals given the fincly ground hay than those in
animals piven the coarse hay. The increased
phosphorus concentration in saliva was thought
to induce the increase in a ruminal phosphorus
concentration in sheep fed the finely ground hay.

Scrum  phosphorus concentrattons appeared
to he higher in sheep fed the finely ground hay
than in sheep fed the coarse hay. The reduction
of salivary phosphorus sccretion might prevent
the removal of phosphorus from the bload in
animal fed the fincly ground pelleted hay.

When the diet was changed from the finely

rumen fluid outflow — water intake.

09

ground hay to the coarse hay, the salivary phos-
phorus flow was increased. The increase in sali-
vary phosphorus flow appeared {o play an
important role on the increasc of (he amount
of phosphorus flow to the duodenum. Net intes-
tinal phosphorus absorption tended to be higher
in shecp fed the coarse hay group than those
fed finely ground hay and pelleted hay group.

Phosphorus retention,  however, became
negative in the coarse hay group although posilive
in the finely ground hay group. The amount of
phosphorus absorption in the gut was not enough
for phosphorus retention in sheep fed the coarse
hay, [t was also considered that salivary phos-
phorus secretion was greater than the amount
of salivary phosphorus reabsorbed from the
intestine in sheep fed the coarse hay.

Conclusively, it may be described that coarse
long hay of low phosphorus content is likely to
induce phosphorus deficiency because of an
increase in salivary phosphorus secretion although
phosphorus absorbability in the digestive tract
increases to some extent in sheep. On the con-
irary, when sheep are fed short cut or finely
pround roughage diet containing relalively low
phosphorus, phosphorus  deficiency appears to
be prevented through a reduction in salivary
phosphorus secretion.

Acknowledgements

This work was supported by the General



JUNLUANG ET AL.

Research Program B 63480084 fram the Ministry
of Education, Science and Culture, Japan.

Literature Cited

ARC 198C. The autriton requirements of ruminant
livestock. Farnham Rayal: Commaonweath Agri-
culture,

Barr, A. 1, 1.

Helwig.

H Goodnight, 1. P Stall and 1. T.
1985. SAS User’s Ginide  Statistics.
S edition North Carolina State Univ,,
NC. pp. 433-506.

Breves, (i, H. Holler, P. Packeisen, (. Gable and H
Martens 198§, Flux of incrganic phosphate acrass
the sheep romen wall i vwo and tn vitro. Q.
1. Expt. Physicl. 73:343-351.

Clark, R. C., O. E. DBudiz-Olsen, R. B. Cross, P.
Finnamore ani P. A. Bauert 1973 The important
of the salivary glands in the maintenance of
phosphorus homeostasis in the sheep. Aust. |
Agric, Res. 24:913-914,

Calien, R D. 1. 198C Phosgherus in rangeland rumi-
nant nutrilion: A ccview. Livest. Prod. So. 7
23-37.

Gomori, G. 1942, A modification cf colorisnetric phos-
phorus dctermination for use with the phcto-
eleciric colonmeter. 3, f.ab. Clin. Med. 27:955-
940

Jacques, K., . L. Harman, W. ). Graom and W M.
Hagier. JR. 1989, Estimating salivary flaw and
ruminal water balanee of intake, diet, feeding,

Version
Raleigh,

510

pattern  and slaframine.  J. Dairy Sci. 72:443-
452,

Malawer, S. 1 and D. W
turhidimetric analysis of polyethyieneglycol using
an emulsifier. Gasiroenterolagy 53-250-256.

Putnum, P. A, D. A Yarns and R FE. Davis 1966.

Fifect of pelleting rations and hay grain ratio

Powe|. 1967 An improved

an salivary secretion and ruminal characteristics
af steers. J. Anim. Sei. 25:1176-1180.

Sata, H, 8. Kato and T Tsuda. 1976 Effeci of hay
ta concentrate ratin an parotid secrelion and its
sodium, paotassivin phosphorus levels in sheep.
Ipn. J. Vet Sci. 38:347-354.

Scott, D). and A F. Mclean. 19R1. Contral of mineral
absorption 'n ruminants. Prac. Nutr. Soc  40:
257-266

Scatt, D. and W. Buchan, 1987, The eflect of feeding
hay cr grass diets cn salivary phosphorus secre-
tion, nel intestinal phospharus absorptic i and
on rthe partition of phosphorus excreticn between
urine and feces in sheep Q. 1. Exp. Physiol
72:331-338.

Tamas, F. M., R.]. Mair and M. Somer [967. Phos-
phorus turnover im sbeep. Aust. ) Agric. Res.
18:635-645.

Tomas, F M. 1973 Parotid salvary szerelion in sheep.
its measurement and influecnce of phospborus in
rmen flusa. Q J. Exp. Physiol. 58:)31-134.

Wilsan, A. D. and D. E. Trike. 1963. The eflfect of
diet on the secrelion of paralid saliva hy sheep
1. The daily secreticn of salive by caged shecp.
Aust. ) Agric Res. 14:670-679.



