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Summary

Tkis study was conducted 1o determine the effect cf norganic selenium {Se) sources an rumen
hacterial vield, ruminal volatile fatty awcd (VFA) praduction and total tract digestion of tmothy hay
(Phlewn pratense 1) in lapanese Carriedale wethers. A 3 X 3 Latin square design was used with
three wethers, three periods ard three treatments. In each pericd, there was 7 d dietary adjustment
fellowed by 5 d total collection of urine and feces. Ruminal fuid samples were obtained at 0, 1,
3, 5 and 7 h postprandially on the final day ol the collection period. The 1hree dietary treatments
were: (1} without Se supplementation (cantral): (2} with Se supplemeniation as sadium selenate: and
(1) sodium selenile a1 a rate of 0.2 mg Sefkg dictaty DM. The basal d:et was timothy hay led ar
2% of bedy weight/d. Results indicated ihat there was siight deerease in rumen bacterial yield of
animals supplemented w:th inorganic Se, however. differences over the cantra) were insignificant. It
was fannd 1hat Se cantent of ruminal fluid was negatively cerrelated {p < 0.05) ta rumen bacterial
yicld The various VFA contenls and acetate and propicoate ratio of the different ruminal fluid
samples were insignificant across irealment means and the same manner was ohserved to the differeut
digestihilities (DM, OM. CP, NDF. ADF and NDS}. This study concludes that Se snpplementatian
al 0.2 mp Sc/kg dictary DM ecither from sadium selenale or sodium sclenite could net significantly

influexee rumen bacterial funclions.
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Introduction

Seleninm is an imporiant dietary constituent
of animal feed. It is a component of glutathione
peroxidase (GSH-Px) which acts to destroy dama-
ging peroxides that accumulate in tissucs (Retruck
et al, 1973). It also prevenis white muscle disease
(butritional muscle dystrophy) and improves the
growth of young animals and the reproduclive
perfarmance of alder animals {(Ammerman and
Miller, 1975). Also, recent developmen! revealed
that dictary Sc can decrease the incidence af
metritis in cattle and improve the antibody res-
ponse in sheep (Sutile and Jones. 1989).

In ruminant nutrition, ane aspect thal reeds
attention  is its rumen  bacterial
functions. Recause of its immediale incorporaticn
to the bacterial protein upon its intreduction into
the rumen (Hidiroglou et al., 1968; Whanger et
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al., 1978; Serra et al, 1993). bacterial functions
might be affccled. The study of Durand and
Kawashima (1980) on the influence of lrace ele-
ments (iron, manganese, molybdenum, zinc and
cobalt) to rumen microorganism functions showed
that the trace clemenls aptimized microbial
metabolism at certain levels in in vifro results.
On the olher hand. copper (Cu) and Se even
atl low concentrations (less than 1 mifl) inhibited
cellulolytic activity. However, in vivo results on
these trace elements describing i1s influcnce in
rumen microbial functions are lacking especially
in Se. Becausc of this, this siudy was conducted
to determine the influence of dictary Se¢ sources
on rumen bacterial yield, ruminal VI°A production
and total tract digestion of timothy hay (Phleum
pratense L.) in shcep when fed only to meet their
maintenance requirements.

Materials and Methods
The full details of the experimental procedurcs

were discussed earlier (Serra et al., 1993). low-
ever, salien f{catures are given below:
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Experimental animals, diets and design

The study used a 3 X 3 Latin square design
with three Japanese Corricdale wethers (average
body weight of 47 kg), three periods and three
dietary treatments. In cach period. had 7 d
duration for dieiary adjustment followed by 5
d total collection period of urine and feces. The
threec dietary Ireatments were: (1) without Se
supplementation (control); (2) with Se supple-
mentation as sodium selentate; and (3) sodiuin
sclenite, The Se was mixed Lo the carrier, (20 g
pure Sejkg wheat flour) and was led to the
wethers to provide 0.2 mg of Se/kg dietary DM.
The basal diet was timothy hay (Phleum pratense
L) jNutrient composition (DM basis): 8.437%
CP, 10769, ash, 60.23% NDF, 38919 ADF,
39.77% NDS and 31.74 ppb Se] fed (o the
animals at a rate of 29 of kody weight/day.

Sample collection

Feed intake was recorded daily with no orts.
Subsampgles of the diet were obtained several times
during the cxperiment and composited for anal-
ysis. Wet feces was obtained daily, dried at 50
C for 48 h. An aligout sample was obtained
from the 5 d collection, ground through a 1 mm
screen in 4 grinding mill and saved for later
analysis. Urine sample was collected daily and
preserved in the freezer a1 —207%, also for laler
analysis. On the final day of the collection period,
ruminal fluid samples obtained at 0, I, 3, 5 and
7 h postprandially. Immediately after sampling,
mercuric chlaride drops were added as preserva-
tive. The fluid sample was strained using four
layers of gauze cloth and then lrozen at 200
and later analyzed.

Laboratary apalyses

Diet and fecal samples were analyzed for dry
matter (DM}, crude protein (CP), and ash fol-
lowing the procedures of AOAC (1984); neutral
detergent fiber {NDF), acid detergent fiber (ADF)
and peutral detcrgent solubles (NDS) using the
pracedures of CGoering and Van Soest (1970).
Also, the diet, feces and ruminal fluids were
analyzed for their Secontent (Watkinson, 1966)
using fluorescence  spectrophotometer  (Hitachi
204, Hitachi Ltd., Tokyo, Japan). The different
ruminal fluid samples were injected into a gas
chromatograph (Hitachi 164 Gas Chromatograph,
Hitachi Lid., Tokyo, Japan) for the dctermination
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of VFA (Erwin et al,, 1961).
To obtain a bacterial-rich precipitate, ruminal
fluid was centrifuged at 2,000 X g for 20 min.

The resulting supernatant  was  transferred  to
another centrifuge tube and centrifuged at
24,000 x g for 20 min. The precipitate was

washed in an acid sclution (pH 2.8 to 3) and
oven-dried at 70C for 12 h and then weighed.
A portion of the firsl supernatant was analyzed
for its Se conlent.

Statistical analysis

Data were analyzed by using Analysis of
Variance in 3 X 3 Latin square (Stesle and
Torrie, 1980). The sum of squares was partitioned
into the main cffect of animal, period and treat-
ment. When the main effect was significant (p <
0.05), means were compared using least signili-
cant difference. Correlation cocfficients among
rumen baclerial yield, ruminal total VFA content
and Se content of ruminal Auid were alse com-
puted.

Results

Rumen bacterial yicld

Table | shows the postprandial cffect of Sc
intakc on rumen bactenal yield of rominal (luid.
Although the results were not significant across
treatment means, Se intake eilher as selenate or
selenite decreased rumen bacterial yield by 19
and 279, respectivety. Selentum content of the
ruminal  fluid  was negatively correlated (p <
0.05)to bacterial yield (r = —0.78, table
2). However, bacterial yicld was positively cor-
related to ruminal total VIFA content (r = 0.46).

rumen

Rtuminal VFA content

‘The cffects of Se intake on VFA concentration
and acetate and propionate (A:l) ratio of ruminal
Nuids are shown i table 3. Slightly higher acetate
and valerate and slightly wider AP rauvo were
observed on the Se supplemcnted dicts, however,
statislical analysis showed insignificant differences
among the treatment means.

Figure 1 shows the time course of rwminal
total VFA content and Se content of the different
treatments, The peaks of total VFA content in
all treatments were seen to he evident after one
hour. In contrast, the peaks of Se content of

ruminal fluids in the lreated dicts were noted
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INFLUENCE OF SELENIUM ON RUMEN BACTERIAL YIELD, VFA AND DIGESTIBILITIES

TABLE 1. FOSTPRANDIAL EFFECT OF SE INTAKE ON BACTERIAL YIELD (X 4+ SD) OF RUMINAL FLUID
(g DM / kg RUMINAL FLLID}'

~ Hour ~ Cantral Selenate ~ Selenite B
Q 0.51 + 0.2 0.45 + 0.33 0.42 + 0.07
I 0.62 + Q.19 044 + 0.J5 0.4] + 0.24
3 0.64 4+ 0.32 044 + 023 0.4s X 0.25
5 0.70 + 0.38 0.56 £ 0.13 0.50 £ 0.41
7 0.64 + 0.27 0.60 + 6.35 0.44 + 0.14
Mean 0.62 + 0.23 0.50 + 0.22 045 +0.21

! Figures in each row are not slatistically diffetent.

TABLE 2. CORRELATION COEFFICIENTS AMONG BACTER'AL YIELD, RUMINAL TOTAL VFA CONTENT AND SE
CONTENT OF RUMINAL FLUID

Se conlent of Raminal taal VIFA
Concept . :
ruminal flvid content
Rumen bacterial yield —0.78* .46
Ruminal total VFA content —0.28
* (p <0.05).

TABLE 3. EFFECT OF SE INTAKE ON VFA CONCENTRATIONS (mo / 1CG mol) AND ACETATE AND PROPI-
ONATF RATIO (A:P) OF RUMINAL FLUID (X + SD)'

~ Item Control Selenate Selenite B
Acetate 66.76 + 1.84 6991 + 3.43 68.04 + 2.19
Propionate 20.40 + 2,40 20.21 + 1.31 19.29 + 1.16
Butyrate 11.4] £ 1.52 11.38 + 1.38 11.85 + 2.05
Valerate 0.69 £ 0.18 1.00 + 0.60 083 + 037
AP 3.31 £ 048 347 +£0.22 3.54 £ 027

' Figures in each raw are not statistically different.
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Figure 1. Total VFA concentrarticn anc Se content of ruminal fiu'd postprandially in wethers suppiemen
ted without and with incrganic Se ( o , contro’: 4 , selenate: = , selenite).
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aller one to three hours unlike the contral which value 15 shown in bgure 2 (a and b). The animals
remained more or less constant. The two paru- under the control had higher individual VFA
meters (ruminal total VFA content and Se conlent value cver time excepl for valeric acid. Comparing
of ruminal fluid) were oegatively correlated (r the two Se sources, the animals supplemented
= —{0.28, table 2) Lo other. with selenite had higher VIFA values than the

The time course of individual ruminal VFA animals supplemented with sglenate.
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Figure 2a. Acetate (€2) and propinnate (C3) concertrations of ruminal flu.d postprand.ally in wetrers

sLpplemented withaut and with inorganc Se ( o, control: a , selenate: = , selenite).
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Figure 2b. Butyrate (C4) and valerate (C5) concentrations of ruminal flu'd postprandialy in wetrers
supplerrented without and with inorganic Se { ¢ , control: 4 , selerate; = , selerite),

Nutrient digeslihilities nutrient digestibilitics might have been the end
The different nutrient digestibilities were not result of a complicated adjustment in the rumen
alfecled significantly by inorganic Se supplemen- due to the presence of dictary Se. The change
tation (table 4). However, CP digestibility was in the diet had a marked impact on the number
slightly improved while the fiber components and kind of microorganisms in the rumen con-
(NDF and ADF) were slightly changed. tents. This was shown by the slight decrease in
rumen bacterial yield which subsequently aflccted

Discussion VFA production as well as fiber and protein

digestion.  Previous study indicates that Se

A little change in VFA concentration and supplementation in the purified diet of sheep
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TABLE 4. EFFECT OF SE INTAKE CON TOTAL TRACT (X + SD) DIGESTION OF TIMOTHY HAY’

[tem Contro]
DM intake (g/d) 948.10 £+ 14.08
Se intake (xg/d) 30.09 + 0.44°
Digestibility (%)

DM 56.25 + 587

OM 56.70 + 4.87

cr 64.64 + 547

NDF 51.14 + 5.74

ADF 4227 + 9.30

NDS 65.70 £ 10.22

Selenate Selenite

948.10 1 14.08
230.09 + 0.44°

948.10 + 14.08
23009 + 0.44°

5510 + 5.88 56.17 + 490
56.06 + 5.82 5733 + 5.66
64.54 + 8.21 68.08 + 1.63
4825 + K.59 4957 4+ 7.62
39.63 + 6.65 4174 + 218
6550 + 5.48 66.17 + 0.88

Figures in each row having the same superscript are noi significanily different (p <0.05).

alters the VFA production (Hidiroglou and
Lessard, 1976). The present study showed that
the VFA concentralion failed to show significant
changes possibly due to optimum Jevel of Se
supplementation.  As presented earlier, the fiber
digestibilities were  slightly affected due to Se
supplementation both in the forms of selenate
and sclenite. These findings conformed with the
in vitro study of Martinez and Church (1970)
which revealed low Se supplementation (0.C1 to
5 ppm), slightly reduced digestion. While, higher
supplementation {7 up to 20 ppm) caused a
significant  depression (p <0.05). According to
McDowell (1985). dictary Se above 5 ppm is
considered toxic to the animals. The toxic level
of dietary selenium can significantly decrease
rumen bacterial yield. This bacteria play a key
role in the conversion of dietary Se intc unavail-
able forms m the rumen {Durand and Kawa-
shima, 1980). Therefore, if there are few bacieria
then most of the dictary Sc is absorbed in the
gat, making toxic to the animal. Hased on the
results of the present study and the previous
evidence presented (Martinez and Church, 1970).
Se is not an essential clement for rumen
cellulolytic microorganisms.

While Se inhibits cellulolytic microorganisms,
it probably stimulates proteolytic microorganisms
as indicated in the slight improvement in the
protein digestibility. This improvement might also
be attributed the increased tumover
bacterial protein into the abomasum. This uncer-
tainty therefore necessitates further study on the
effect of protein to Se metabolism.

Sc supplementation in rominants should be

ratc of
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made with precaution. Factors like the type of
the diet should be comsidered. If the animal is
nourished on hay, straw or with low concentrate
supplementation, then low Se supplementation
rate should be followed so that fiber digestion
is not affected. This study showed thalt Se sup-
plementation al 0.2 mg/kg dietary DM did not
significantly alter fiber digestion. On the other
hand, high concentrate diet requires higher Se
supplementation rate (Gerloff, 1992). This type
of diet will result in high reducing capacily of
the rumen environment making the dictary Se
mostly unavailable to thc animal. Podoli ¢t al
(1992) presented a Se supplementation of 0.3
mg/kg dietary DM in cattle, sheep and horses.
Above 0.5 mg Se/kg dictary DM should be
avoided because its effects as explained earlier.
Thus. Se supplementation either as selenate or
selenite at the rate of 0.2 mg Se/kg dietary DM
does not have significant influence on the different
rumen bacterial functions.
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