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CONCENTRATE RATIO ON DIGESTION, NITROGEN BALANCE
AND RUMEN FERMENTATION.
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SUMMARY

The effect of adding dry veast (Saccharomyces cerevisiae, YC) to sheep rations was
investigated in two trials. The 1* was an in vitro study to test the effect of YC at different
levels (0, 2. 4, 6, 8 and 10g dry yeastkg) on the disappearance of feed dry-"and organic-
matter (/VDMD and IVOMD). Rumen liquor used in this trial was obtained from four
fistulated rams fed good quality hay of Rhodes grass. The 2™ trial was to determine the
nutrient digestibility, N-balance and feeding value of the experimental rations as well as
rumen fermentation in vive (in terms of pH, VFA and NH;-N concentrations). Four
fistulated rams were distributed in a Latin square design and fed 4 different rations. Two
rations differed in their roughage to concentrate ratio (70:30 and 30:70) were used in the
experimental groups i.e. high roughage (HRO) and high concentrate {HCO). respectively.
Both rations were either used without or with {HRW and HCW) veast culture
supplementation at the level of 10g/head/d. Results of experiment 1 revealed that the
addition of yeast culture at all levels used significantly improved the /V'DMD and /V'OMD.
The highest values were reported with the level of 10g/d. In vivo digestibility of DM, CP
and CF was also increased due to the addition of YC, which lead to an increase in the
nutritive value (TDN and DCP). Nitrogen balance as well as the rumen microbial activity
was also improved with the addition of YC. Sheep fed HCW ration showed higher VFA
" concentration followed by those fed the HCO. while those in-groups HRO and HRW were
the least. The effect was more pronounced with the high roughage ration compared with the
high concenirate ration.
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INTRODUCTION streptococei are the most commonly used
genera of microorganisms in . the
production of probiotics (Sandine, 1979
and Saucier et al., 1992). Succharomyces
cerevisiae (as live yeast culture) was
reported to balance the energy and the

improving its intestinal microbial balance acid-base _metabolism in dairy cattle,
P = resulting in a significantly higher milk

S;Ili::)s. 1994). Probiotics have been’lused production (Brydt et al., 1995).

growth promolers to replace the widely The most reproducible effect of
used antibiotic and synthetic chemical dietary yeast supplementation is the
feed  supplements (Higginbotham and increase in bacterial numbers in the

Bath. 1993; Brydt er al., 1995; Sumeghy, c s .
1995; Strzetelski,. 1996). Lactobacilli and. fumen. Whlch..ls cg_ntral IP ”_’? lactu.)n of
the veast “in improving = ruminant

The use of yeast cultures (YC) asa
feed additive has been increasing during
the last decade. These probiotics are live
microbial feed supplements, which
beneficially affect the host animal by
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productivity (Wallace and Newbold,

1992). Yeast has been shown to provide
nutrients that stimulate the growth of
certain rumen microorganisms such as the
lactic acid-utilizing rumen bacterium
Selenomonas ruminantium (Nisbet and
Martin, 1990 and 1991). Newbold et a/.,
(1996) reported that S. cerevisiae
stimulation of rumen bacteria depends on
its respiratory activity, which allow it to
scavenge O,, thus protecting the strictly
anaerobic bacteria (Rose, 1987). Its
content of malic acid {Nisbet and Martin,
1990 and 1991) has little to do with its
action. Yeast also provides vitamins to
support- the growth of rumen fungi
{Chaucheyras et al., 1995). The presence
of respiring yeast, therefore, would be
predicted to be beneficial to the rumen
microflora. The present work was carried
out to study the effect of adding YCto
sheep rations differing in their roughage
10 concentrate. ratic on their nutrient

digestibility in vitro and in wvivo. N- |

balance and rumen = fermentation
parameters {pH, VFA and ammonia-N)
were also determined in order to explain
the positive effect of the yeast culture.

MATERIALS AND METHODS

Two experiments were carmried out in
order to determine the effect of yeast-
culture supplementation on in vitro and in
vivo digestion kinetics in sheep.
Experiment [: In vitro DM and OM
disappearance: :

A series of laboratory treatments was
made to study their effects on in vitro DM
and OM disappearance. Treatments were
dry yeast (Saccharomyces cerevisiae, YC)
supplementation at the levels of 0, 2, 4, 6,
8 and 10g dry yeast/kg of the basal ration
in order to determine the best addition
level. The basal ration contained Rhodes
grass hay, wheat bran and barley grains at
the ratio of 2:i:1, respectively (Table ).
The basal ration was dried and ground to
pass through a imm screen. /nvitro DM

and OM digestibility were determined
using the two stage technique of Tilly and
Terry (1963) as’ modified by Ahmed
(1989). Rumen liquor was obtained from
four fistulated Naemy (local Saudi
Arabian breed) rams (40 kg ABW)
maintained on a basal ration of Rhodes
grass hay (good quality) for at least 21
days. Rumen fluid was withdrawn from

-the animals 4-hr after feeding and strained

through four layers of cheesecloth. The
determination was repeated four times
with each run.
Experiment 2: In vivo digestibility, N-
balance and rumen fermentation

The above mentiored fistulated adult
rams were used in a digestibility trial to
determine the nutrient digestibility, N-
balance and feeding value of the
experimental rations as well as the rumen

fermentation in a 4x4 Latin square design

-and fed 4 different rations. Two rations

differing in their roughage to concentrate
ratio (70:30 and 30:70) were used in the
experimental groups i.e., high roughage
{HRO) and high concentrates (HCO),
respectively. Both rations were either

~used without or with {HRW and HCW)

yeast culture supplementation at the level
of 10ghead/d. Animals were fed
separately in individual cages. The
chemical composition of the ingredients
and experimental rations is presented in
Table (1). Animals’ requirements were
met according to Church (1977). Dry
yeast culture (Yea-Sacc, Saccharomyces
cerevisiae, product of  Alitech
Biotechnology Center, Kentucky, USA)

~was included in the ration by simple

mixing with the concentrate part of the
rations just before feeding. Animals were
kept and fed in individual metabolic cages
allowing a separate collection of feces and
urine as described by Maynard et ol
{1979). Animals were fed twice dailv and
water was available at all times. Animals
were adapted to the cages for two weeks
as a preliminary period followed by a
collection period of one week. During the



Table 1. The proximate analysis of the feed ingredients used in formulation of the basal ration used in the present study.

Basal ration' HRO* HCO’
Item Wheat bran Rhodes hay Expt. | Expt. 2 Expt. 2
Dry matter, DM 90.41 (100) 91.10 (100) 91.45 (100) 91.30 (100) 91.59 (100)
Organic matter, OM 9035 (96.94) 84.89(93.89)  77.90(85.51) 82.76 (90.50) 80.81 (88.51)  B4.71(92.49)
Crude protein, CP 10.66 (11.44) 11.79(13.04) 7.35(8.07) 9.29(10.16) 8.51(9.32) 10.06 (10.98)
Ether extract, EE 2.71(3.00) 112 (1.23) 175 (1.91) 1.50 (1.64) 2.01(2.19)
N-free extract, NFE 73,41 (78.76) 59.58 (65.90)  40.28 (44.22) 53.39(58.38) 48.14 (52.73)  58.63 (64.02)

Crude fiber, CF

Ash

10.82 (11.97)
5.51 (6.09)

29.15 (32.00)
13.20 (14.48)

18.34 (20.05)

8.69 (9.50)

22.66 (24.82)
10,49 (11.49)

14.01 (15.29)
6.88 (7.52)

Values between parenthesis are on DM basis,

'"Basal ration used in the experiment 1, conlaining $0% Rhodes hay, 25% wheat bran and 25% barley grain.
HRO. high roughage ration used in experiment 2; containing 70% Rhodes hay, |1 5% wheat bran and 15% barley grain,

'HCO, high concentrate ration used in experiment 2; containing 30% Rhodes hay, 35% wheat bran and 35% barley grain.

(Z00T) Sp22. puv woprany “f wogddSy



Al-Dabeeb and Ahmed

collection week feces and urine were
collected and were sampied for analysis.
Chemical analyses were conducted
according to A.O.A.C. (1980).

For the rumen fermentation study,
animals were fistulated prior to the
experiment.  Rumen samples were
collected during the three days following
the collection period of the digestibility
trial at 0, 1, 3 and 6 h post-moming
feeding to determine the production of
volatile fatty acids (VFA)and ammonia-
nitrogen (NH3-N) concentration. Rumen
fluid was strained through four layers of
cheesecloth, pH was immediately
measured using a hand pH-meter with
glass electrode followed by the addition
of 2 ml H,SO, (50%v/v) to retard
ammonia loss. Samples were frozen for
subsequent  analysis  for ammonia
according to Al-Rabbat ef a/.(1971), and
total volatile fatty acids as described by
Warmner (1964).

Statistical analysis:

Data were analyzed by ANOVA for

Latin square design using GLM procedure

of the SAS program (1996) using the
model:
Y‘Jl\ p+P+A+Tg‘+€Uk

where Y, is the dependent variable, p 15
the overall mean, P; is the effect of i”
period, A, is the effect of ™ ram, Ty is the
effect of the k® dietary treatment and e;
is the residual error assumed to be
normally and independently distributed.

Duncan's test (1955) was used to
compare the treatment means.

RESULTS AND DISCUSSION

Results of Experiment { (Table 2)
revealed that the in vitro disappearance of
DM and OM were significantly (P<0.05)
increased with YC supplementation at all
levels used. The increases in /VDMD and
IVOMD were linearly correlated with the
increase in the YC level. The correlation
coefficient (R?) was 0.98 for /VDMD and
0.99 for IVOMD. IVDMD increased by
1.09 unit for each unit of supplementation
while it was only 0.94 unit for /FOMD
(Table 2).

Table 2. The in vitro dry matter (IVDMD) and organic matter (IVOMD)
disappearance of the basal ration as affected by the yeast culture

supplementation level.

Yeast culture level IVDMD IVOMD
Og 65.76:0.74" 67.560.87°
2g 67.35+0.85" 68.90+0.78°
4g 69.87+0.87° 71.2120.91%®
6g 72.01+0.86™ 73.45+0.86°
8g 74.56=0.97° 74.98+0.75%
10g 75.78=0.92° 76.58+0.98°
R* 0.98 0.99

y =65.76 + 1.09 x

y=67.56 +0.94 x

*P€ Values having different superscript within each column are significantly difterent {P<0.05)

The in vivo digestibility (Experiment
2) of DM was significantly (P<0.05)
improved by the supplementation of YC
only with the high roughage diet (Table 3)

while it was not affected by YC with the
high concentrate diet. Digestibility of CP
followed the same trend; however, the
effect of YC failed to be significant. The
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digestion coefficient of CF was also
improved by the YC supplementation and
the effect was significant (P<0.05) and
was more pronounced with the high
roughage  ration. In general. CF
digestibility was higher with the high
roughage than sith the high concentrate,
with or without YC. Supplementation of
YC had no effect on the digestibility of
NFE and EE; the digestibility of NFE was
non-significantly lower with the high
roughage than with the high concentrate
ration. Yeast culture has been observed to
improve the digestibility of most nutrients
(Wiedmeier et al., 1987; Williams et af,
1991, Wohlt et al., 1991: Harris eral.,
1992; Dawson, 1993; Robinson, 1997;
Putnam et al, 1997). Robinson (1997)
reported that supplementation of yeast
culture in the diet increased net digestion
in the fore-stomach, particularly of fiber
leading to increased energy output. Yoon
and Stern (1996) found that yeast
increased the initial rate of forage

digestion in the rumen, The increase in
digestibility, especially for CF, may have
been due to an increase in the population
(Wiedmeier er al., 1987 and Newbold er
al., 1997) and/or activity (Erasmus ef af.,
1992 and Dawson, 1993) of rumen
cellulolytic bacteria. Proteolytic bacteria
counts were also stimulated by veast
culture (Yoon and Stern, 1996).

The increase in digestibility lead to an
increase in the feeding values (Table 3).
Total digestible nutrients (TDN) increased
from 62.76% in the high roughage ration
to 64.87% and from 68.74% in high
concentrate ration to 69.84% due to the
YC supplementation. However, the effect
of YC was significant only with HR
ratior. The HC rations (with or without
YC) had more TDN than the HR ration.
The same trend was found for digestible
crude protein (DCP) being 6.28 and
7.20% for HR rations and 7.99 and 8.06%
for HC rations without and with YC
supplementation.

Table 3. The in vivo digestion coefficients and nutritive value of the experimental
diets as affected by the addition of yeast culture.

Experimental rations'

Ttem

HRO HRW HCO HCW
Digestion coefficients

DM 63.35121°  66.9+0.85 69.2=1.02° 70.7 £ 1.07°
CP 67.4+1.13*°  69.3+087° 72.8+0.96™ 73.4+1.19¢
EE 64.6£135° 64.8% 1287 65.6=197 65.9 £ 1.26"
NFE 74.5£1.05° 754+ 131* 773 1.63 78.1 £ 1.47°
CF 59.741.03%  65.520.76° 52.5+098 55.8 + 0.94"

Nutritive value {on DM basis)®
TDN 62.76x1.41° 64.87+1.42° 68.74=134° 69.84 = 1.55°
DCP 6.2820.10°  7.20+0.09° 7.99 =0.10% 8.06+0.10°

'™ Yalues having different superscripts withm each row are signdicant!y ditferent {P<0.03)
'HRO. high roughage ration without YC supplememation: HRW. high roughage ration with YC
supplementation; HCO, high concentrate ration without YO supplementation: HCW. high concentrate ration

with YC supplementation.

*TDN. total digestible nutrients. DCP. digestible crude protein.

To clarify the mode of action of veast
culture, ruminal microbial activity was

evaluated as pH and concentrations of

ammonia-N and volatile fatty acid (VFA).
The pH values of rumen liquor are
illustrated in Fig (1). No differences in
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the pH values were found due to the YC
supplementation. Yoon and Stern (1996)
and Putnam et al. (1997} have reported
similar results. The high concentrate
rations caused a significantly (P<0.05)
sharper drop in pH than the high roughage
rations especially at 3hr-post feeding. At
6hr post-feeding the pH values were
nearly similar in all the experimental
rations.

Rumen ammonia-N concentration of
sheep fed different diets is illustrated in
Fig. (2). Before feeding {at zero time)
ammonia-N was lower with the HR ration
{with and without YC) than the HC
rations at all times studied. The YC
supplementation lead to a non-significant
increase in ammonia-N concentrations
with both rations (HR and HC) at all
times. After the first hour, ammonia-N
concentrations started to decline linearly
to reach the minimum at 6-h post-feeding.
Putnam et al (1997) and Ahmed and
Salah (2000) reported similar trends.

Concentrations of VFA as affected by
the experimental diets are shown in Fig.
(3). The lowest level was reported before
feeding for all dietary treatments. At-lh
after feeding, sheep fed HCW ration
showed higher VFA concentration
followed by those fed the HCO, while
those in groups HRO and HRW were the
least. The same trend was observed at 3h
then declined at 6h. The increase in VFA
concentrations at 3h post-feeding lead to
the decreases observed in pH values (Fig.
1). Ahmed and Salah (2000} concluded
similar effect of YC attwo levels (4 and
8z/head/d). The effect of YC
supplementation was positive and more
pronounced with the HR diets.

In general the microbial activity was
increased with the advance in time
reaching the maximum activity at 3h afier
feeding then declined (Figures 1-3).
Similar trend was reported by (Taie er al.,
1998). This may have been due to the
increase  in the bacterial counts and

activity (Erasmus et al., 1992; Yoon and
Stern, 1996; and Putnam et al., 1997) and
the stability of the ruminal environment
(Lyons, 1994). The differences between
our results and other published data
(Hadjipanayiotou ef al,, 1997) could be
attributed to differences in the quantities
used and/or different strains of YC.
Newbold er af. (1996) reported that some
strains of yeast are effective whereas
others are not. They suggested that the
ability of different yeast preparations to
stimulate the viable count of bacteriain
the sheep rumen appears to correspond
with their ability to remove O, from
rumen fluid. The amount of O;entering
the rumen of sheep daily was calculated
to be in the range of 11.5 — 38 liters
through saliva, food and diffusion of the
blood of the host animal (Czerkawski et
al.,, 1969 and Newbold er al., 1996).
Oxygen is known to be toxic to anaerobic
bacteria and it inhibits the growth of
rumen bacteria in pure culture studies
(Loesche, 1969 and Marounek and
Wallace, 1984) and the adhesion of
cellulolytic rumen bacteria to cellulose
(Roger et al., 1990). The presence of
respiring yeast, therefore, would be
predicted to be beneficial to the rumen
microorganisms,

Results of the nitrogen balance are
presented in Table (4). Sheep fed HC had
significantly (P<0.05) more nitrogen
intake (NI) than those fed the HR diets.
That was due to the higher protein
contents of the HC diet (Table 1),
Difference was significant (P<0.03). Fecal
N did not significantly differed in all the
experimental groups. The higher intake
with the same fecal outputiead to more
digested N in-groups of HC. Sheep fed
the HC rations secrete more N in the urine
than those fed the HR {(either with or
without YC). N balance was the lowest
with sheep fed the HRO followed by
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Table 4. Nitrogen balance {(g/head/day) of sheep as affected by dietary yeast culture

Item

Experimental rations’

HRO HRW HCO HCW

N intake (NI) 19.06 = 1.11* 2002+ 1.54° 22.53+1.76° 23.49+1.07°
Fecal N (FN) 621+0.14° 6.15+0.18%  6.13+£024° 625+0.19°

Urinary N (UN) 7.75£0.10°  7.78+0.12° 897+0.08° 920+0.11°

N balance (NB) 512004  6.09£006" 7.43+004°  8.04+ 006

N digested (ND) 1285+ 0.16° 13.87+0.16° 1640£0.23% 17.24%0.25°
NB/NI, % 2686+ 022" 3042:0.16° 3298+0.11° 3423£021°
NB/ND, % 3984+ 031" 43914029 4530+0.34" 46.64 £ 0.36°

*2£ Values having different superscripts within each row are significantly different (P<(.05)

'HRO, high roughage

ration without YC supplementation, HRW, high roughage ration with YC

supplementation. HCO, high concentrate ration without YC supplementation, HCW, high concentrate ration

with YC supplementation.

those on HRW and the highest was that of
HCW which was non-significantly higher
that the HCO. Nitrogen balance as a
percentage of NI was better with HC
groups (32.98 and 34.23%) followed by
HRW (30.42) and the least was the HRO
group  (26.86);,  differences  were
significant. When NB was calculated as
percentages of N-digested (ND), the same
pattern was obtained. This means that the
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