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ABSTRACT: The effects of Saccharomyces cerevisiae supplementation (6.6x10° cfu) and anhydrous ammonia treatment (3%) of
wheat straw (WS) were investigated on in-situ dry matter (DM) degradability, and on rumen fermentation and growth performance of
lambs. Rumen-fistulated Menemen sheep fed a diet with and without live yeast were used to assess the DM degradability characteristics
of WS and ammonia-treated wheat straw (WSyy3). Twenty-six yearling Menemen male lambs were fed in four groups. Lambs of control
group (WS) received untreated WS without supplemental yeast, whereas other three groups were fed WS treated with anhydrous
ammonia (WSynz group), untreated WS and yeast (WS+YEAST group) or WS treated with anhydrous ammonia and yeast
(WSnwstYEAST group). Supplemented live yeast (4 g/d) was added in the diet. Lambs were offered untreated or ammonia treated WS
ad-libitum and concentrate was fed at 1% of live body weight. The degradability of the water-insoluble (fraction B) was significantly
increased by all of the treatment groups. Potential degradability (A+B), effective DM degradability’s (pe2, pe5, and pe8) and average
daily weight gain increased only in WSyu3+YEAST group (p<0.05). Voluntary DM intake was not increased by the treatments (p>0.05),
but voluntary metabolizable energy and crude protein intake were increased by WSyzand by WSy3+YEAST (p<0.05). Average daily
rumen pH was not affected by any of the treatments, but average daily NH3-N was significantly higher in the WSy, and
WS+ YEAST groups, and total volatile fatty acids were significantly higher in the WS+YEAST and WSy\ys+YEAST groups. In
conclusion, the improvement of feed value of WS was better by the combination of ammonia-treatment and yeast supplementation
compared to either treatment alone. (Key Words: Wheat Straw, Ammonia-treatment, Live Yeast, In-situ Degradability, Growth
Performance)

INTRODUCTION other compounds to break the ester linkages between lignin

and polysaccharides (e.g., cellulose and hemicelluloses) in

Large quantities of cereal straws are used in ruminant
nutrition in Turkey because of the lack of quality forage in
this region (Sehu et al., 1996). Cereal straws are difficult to
digest because of their high cellulose content and
lignification (Horton and Steacy, 1979). Among various
cereal straws in use, wheat straw (WS) is the most common
and has the highest feed value, and various studies have
been conducted to improve apparent digestibility and
voluntary intake of WS (Kili¢ et al., 1990). Wheat straw is
treated with sodium hydroxide, anhydrous ammonia, and
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the cell membrane. This process makes the polysaccharides
more accessible to microbial enzymes that catalyze their
hydrolysis (Tuah et al., 1986; Silva et al., 1989). Various
chemical treatments show similar effects, however
ammonia is used most commonly because ammonia
increases the crude protein (CP) content (Ozkul and Sayan,
1996) and decreases the insoluble lignin content of WS
(Singh and Gupta, 1990; Habib et al., 1998).

Various studies have shown that ammonia-treatment
increases in-situ rumen degradability and effective dry
matter (DM) degradability at different rumen outflow rates
(Ma et al., 1990; Habib et al., 1998). On the other hand, the
studies of ammonia-treatment of straws on rumen
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fermentation and growth performance show inconsistency.
Horton and Steacy (1979) claimed that voluntary intake of
WS was significantly improved by 19% with ammonia-
treatment, while Kilig et al. (1990) found that ammonia-
treatment of WS did not affect live weight, live weight gain,
or DM intake. Bruchemi et al. (1993) reported that
ammoniating of WS led to increased voluntary intake in
sheep, but the increased intake did not affect the rumen
fermentation. No differences were found between average
daily pH and total volatile fatty acids (TVFA), but rumen
ammonia-N (NHs-N) of ammonia-treated wheat straw
(WSnn3s) was significantly higher than that of non-treated
WS.

In addition to chemical treatment of WS, various studies
have investigated methods for increasing the digestibility of
cereal straws with live yeast supplementation, because live
yeast provides a natural approach for manipulating animal
performance by altering the rumen microfauna (inal et al.,
2010). Researchers attribute this effect to the establishment
of an environment conducive to the growth of anaerobic
bacteria by depleting oxygen in the rumen, thus promoting
the development of cellulosic bacteria (Newbold et al.,
1996). However, there have been variable effects of yeast
supplementation on growth performance and rumen
fermentation in ruminants. Inal et al. (2010) reported
increased in-situ DM degradation rate with yeast
supplementation, whereas yeast supplementation did not
improve feed DM intake in lambs (Haddad and Goussous,
2005; Khadem et al., 2007). However, improved growth
performance (Triapathi and Karim, 2011) and feed
conversion ratio (Haddad and Goussous, 2005) were
reported in lambs. Influence of live yeast supplementation
in ruminants has been demonstrated on rumen fermentation,
which was dependent with the yeast strain, viable cell
numbers, basal diet, and the forage type. Promoted rumen
pH, TVFA, and NHs-N were reported in sheep (Roa et al.,
1997; Khadem et al., 2007), whereas improved pH and no-
effect on NHs-N was reported in cows (Guedes et al., 2008).
A greater influence of live yeast was reported on
digestibility of fiber with fiber rich diets even on low
quality forages (Mazzia and Walker, 2008).

Few studies have examined the individual effects of live
yeast supplementation and anhydrous ammonia-treatment
on the DM degradation and, growth performance and rumen
parameters of forage, but no studies have assessed the yeast
effects with ammonia-treated or untreated WS. With the
combined effect, it is expected that feed value of WS could
be positively improved by the increasing crude protein and
rumen cellulosic bacteria. Therefore, the present study aim
was to investigate the effects of with live yeast
(Saccharomyces  cerevisiae)  supplementation  with
ammonia-treated or untreated WS on in-situ DM
degradability and, rumen fermentation and growth
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performance in yearling lambs.
MATERIALS AND METHODS

The experiment was carried out at the Biological
Analyses Laboratory of Animal Science Department,
Faculty of Agriculture, Ege University lzmir, Turkey. The
study consisted of two experiments including in-situ study
(nylon bag method) and animal experiment.

Wheat straw, ammonia-treatment, and live yeast

The Menemen-88 genotype WS which is commonly
produced in Western Anatolia part of Turkey was used to
evaluate  the  effects  Saccharomyces  cerevisiae
supplementation and anhydrous ammonia-treatment of WS
on in-situ DM degradability, rumen fermentation, and
growth performance in yearling lambs. Anhydrous
ammonia-treatment (3%) was carried out according to Kilig
et al. (1990). Eighty-five bales of WS were randomly
placed in a single stack in a barn. The rectangular stack was
covered with 0.20 mm polyethylene sheet and sealed at the
base using sandbags. Anhydrous ammonia was delivered to
the WS via a perforated 5 cm diameter iron pipe inserted
three quarters of the way into the stack. The cover was
removed after 35 days treatment. Another eighty-five bales
of WS were stored at the different part of the barn at the
time of ammoniating. A hay maker (manufactured in
National Agricultural Supplying Foundation) was used to
grind the straws into 16 mm at the start of animal
experiment. The WS and WSy were packed in the
polyethylene bags after grinding. The straws were kept at
the room temperature (approximately 19°C) during the
experiment. The activity of live yeast (Alltech Inc.,
Saccharomyces cerevisiae, Yea-Sacc 1026, Nicholasville,
AL, USA) was 6.6x10° cfu/g (Method: FDA/BAM-2001).

In-situ study

In-situ dry matter degradability were determined
according to the nylon bag method of Bhargava and Orskov,
(1987) using three rumen fistulated (40 mm diameter)
yearling Menemen male yearling sheep (crossbred of 75%
lle de France and 25% Tahirova). The nylon bags of 9x14
cm in size with pore diameter of 40pum were used for in-situ
study. The sheep (live weight about 50 kg) were kept
individually (1.2 mx2 m) and had free access to fresh water.
Before the study, the parasite and vaccination applications
were performed based on veterinary advices. The sheep
were distributed according to 3x3 Latin Square design and
fed with 60% alfalfa hay (143.0 g/kg of CP and 2,003
kcal/kg of metabolizable energy [ME]) and 40%
concentrate (146.0 g/kg of CP and 2,754 kcal/kg of ME)
twice a day with the 1.25xof maintenance requirements.
The vitamin and mineral composition of the concentrate
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consisted of vitamin A 7,000 U/kg, vitamin D3 700 U/kg,
vitamin E 25 mg/kg, calcium 1.1%, phosphorus 0.4%, and
sodium 0.25%.

The in-situ study consisted of 2 steps: First, in-situ dry
matter degradability and degradability parameters (A, B,
A+B and c¢) of WS and WSyyz were determined with nylon
bag method without live yeast diet. The WS were grinded
using 2.5 mm sieve, weighed 3 g, and then incubated in the
rumen for periods 8, 16, 24, 48, 72, and 96 h. After removal
from the rumen, the bags were rinsed in cold tap water. The
washing losses were determined by measuring one hour
incubation in 39°C water. Then, all bags were washed for
10 min in a washing machine, dried at 55°C to 60°C for 48
h and weighed to determine dry matter degradability. The
dry matter degradability parameters were A; easily soluble
fraction or washing losses, (B = (a+b)-A); degradability of
water insoluble fraction, c; degradable rate constant, A+B,
potential  degradability. The effective dry matter
degradability (pe2, pe5, pe8) at different rumen outflow
rates (k = 0.02, 0.05, and 0.08 h™) were calculated using the
mathematical model “a+(bxc/c+k)” according to Orskov
and McDonald (1979). In the second step, each fistulated
sheep was daily supplemented with 4 g live yeast in the diet
for 15 days, thereafter attributes of the degradability of DM
of WS+Yeast and WSys+Yeast were determined by nylon
bag method. Three samples were incubated for each
observation and time.

Animal experiment

Animal and feeding: Twenty-six Menemen yearling
male lambs were used for the 70-day study with a fifteen
days adaptation period to the barn and diets prior to the start
of the experiment. The national obligatory vaccination
programme were applied as declared on TURKVET/KKKS.
The interparazitised and exterparazitised applications were
done according to veterinary suggestions. The lambs were
housed in individual pens (1 mx1.2 m) with 30 cm feed
trough. They had free access to fresh water during the
experiment. The lambs were fed in four groups. Lambs of
control group (WS, n = 6) received untreated WS without
supplemental yeast, whereas other three groups were fed
WS treated with anhydrous ammonia (WSyus group, n = 7),
untreated WS and yeast (WS+YEAST group, n = 6) or WS
treated  with  anhydrous  ammonia and  yeast
(WSnhstYEAST group, n=7).

Intake and performance: The WS and WSyy3 were fed
ad-libitum whereas, the concentrate was offered 1% of live
weight of lambs in two equal amounts twice a day at 8:00
AM and 16:00 PM. The live vyeast culture was
supplemented with concentrate (4 g/d: 2 g in the morning
meal, 2 g in the afternoon meal). Records of daily intakes of
straws and concentrate were maintained and daily intakes of
ME (kcal) and CP (g) were calculated. The live weight
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gains (g/d) were calculated by weighing the animals on the
first and last days of the experimental period and at 14-d
intervals for 70 d. The feed conversion ratio was calculated
on the basis of unit feed consumed to unit body weight gain
for each groups separately (Kilig et al., 1990).

Rumen fermentation: Rumen fluid samples were
collected using stomach tube on day 35 at 0, 3, 6, and 9
hours after morning meal for determination of pH, NH3-N
and TVFA. The pH measured with a digital pH meter
(Hanna HI 8314 pH-meter) after the sampling and 50 mL
rumen fluid samples were collected from four sheep of the
each group were strained through five layers of cheesecloth.
A 0.5 mL 1 M HCI was added to each rumen fluid samples
and stored at —20°C for NH3-N and TVFA analysis (Demirel
and Bolat, 1996). NH3-N was determined by using The
Hanna C213 Multiparameter lon specific Meter (Nessler
Method). To determine TVFA, rumen fluid samples were
centrifuged at 6,000xg for 10 min at 4°C with 15 mL tubes.
Then 5 mL rumen fluid were taken to the new tubes and 1
mL 25% meta phosphoric acids was added in each 5 mL
supernatant, after 30 min, the tubes were centrifuged again
to collect the supernatants. The supernatants were sent to
The Central Laboratory of Ege University Agriculture
Faculty to determine TVFA by gas-liquid chromatography
(Agilent Technologies 6890N Network GC System,
Anaheim, CA, USA). The Supelco Analytical WSFA-2 (900
to 1,100 ug/mL in water) was used as a TVFA standard.
Detector temperature: 260°C, Injection block temperature:
250°C, Owen temperature: gradually from 45°C to 250°C,
helium as the carrier gas: 1 mL/min, Hydrogen gas passes
ratio: 30 mL/min (Erwin et al., 1961).

Chemical analyses and calculations

The chemical compositions (dry matter, crude protein,
ether extract, crude fiber) were determined according to
AOAC (1995) (Table 2). The organic matter and nitrogen
free extract were calculated from chemical compositions.
The ME values were calculated by using Turkish Standard
Institute equation (TSE9610, 2004) ME, kcal/kg organic
matter = 3,260+(0.455xcrude protein+3.517xether extract)
—4.037xcrude fiber.

Statistical analyses

All tests were carried out using the statistical package of
SPSS (15.0). The data were analyzed using Genel Linear
Model procedure with a model including anhydrous
ammonia-treatment and live yeast (Saccharomyces
cerevisiae) supplementation and, interaction between yeast
supplementation and anhydrous ammonia-treatment.
Duncan test was used to compare the means, when
significant differences occurred.



642

Comert et al. (2015) Asian Australas. J. Anim. Sci. 28:639-646

Table 1. In-situ DM degradability parameters of wheat straw and ammonia-treated wheat straw with and without dietary yeast

supplementation

-value
Items ws! WSps! WS+YEAST! WSyt YEAST!  SEM b
NH; YEAST  NHzxYEAST
Parameter?
A 24.67 27.96 24.67 27.96 0.67 0.042 0.666 0.111
B 35.71°¢ 39.21° 43.92%® 49.14 2 1.27 0.087 0.001 0.001
A+B 60.38° 67.17° 68.59 ® 77.11° 1.75 0.026 0.007 0.004
c(h™ 0.0323 0.0383 0.0240 0.0283 0.003 0.307 0.062 0.210
RSD 2.30 2.24 1.92 2.56 1.00 0.144 0.889 0.153
Effective DM degradability?
pe2 44.24° 51.14® 46.28"° 54.022 1.31 0.003 0.354 0.025
pe5 35.99° 4171%® 36.14° 43.02° 1.14 0.004 0.753 0.042
pe8 32.27° 37.10%® 31.99° 38.33° 1.02 0.004 0.819 0.044

SEM, standard error of means; RSD, residual standard deviation.

L WS, wheat straw; WSys, ammonia-treated wheat straw; WS+YEAST, with 4 g/d live yeast supplementation; WSyz+YEAST, ammonia-treated wheat

straw with 4 g/d live yeast supplementation.

2 A, easily soluble fraction; B, degradability of water-insoluble fraction; A+B, potential degradability; c, degradability rate constant.
® pe2, pe5, and pe8, effective DM degradability at rumen outflow rate (k) = 0.02, 0.05, and 0.08 h™*, respectively.

Different letters (**°) within rows indicate significant differences (p<0.05).

RESULTS AND DISCUSSION

In- situ study: Dry matter degradation characteristics
In-situ DM degradability of WS, WSyn3, WS+YEAST,
WSnHs+YEAST varied between 24.67% and 70.03% for O
to 96 h of incubation times, and these values were used to
estimate degradability characteristics of the treatments
(Table 1). In agreement with Inal et al. (2010), fraction (A)
did not vary significantly between the control (WS) and
experimental treatments. Although the degradability of the
water-insoluble fraction (B) was significantly increased by
all of the experimental treatments, potential degradability
(A+B) was significantly increased only by WSyus+YEAST
(16.73%). Similar to these findings, Ma et al. (1990) found
that ammonia-treatment strongly influenced the degradation
characteristic of B, while ¢ was not markedly changed.
These findings could be explained by the fact that yeast
supplementation affected only the water-insoluble material

in the rumen by promoting the development of rumen fauna.

The effective DM degradability of WS was significantly
increased by WSys+YEAST (Table 1). Habib et al. (1998)
reported that effective DM degradability of WS genotypes
at different rumen outflow rates was positively influenced

Table 2. Chemical composition of feeds and live yeast

(p<0.001) by ammoniation. However, we observed a
significant increase in effective DM degradability of WS
(Menemen-88) only with the combined effect. The effects of
different wheat varieties could be explained depending on
feed intake, because wheat varieties have different stem-to-
leaf ratios (0zkul and Sayan, 1996) and the physical
capacity of the rumen is limited (Givens and Moss, 1995).

Animal experiment: Growth performance study

The chemical composition of feeds and live yeast is
presented in Table 2. The CP content of WS was doubled
with 3% ammonia-treatment (Table 2), consistent with
findings of Singh and Gupta (1990), Ozkul and Sayan
(1996).

Growth performance and voluntary intake parameters

Growth performance and voluntary intake parameters of
yearling lambs are shown in Table 3; no significant
differences were observed in changes in body weight
between the control and experimental groups during the
study. However, numerical differences in body weight
between the control and experimental groups were observed
after 14 d (Figure 1).

Feed* DM % OM CP EE CF NFE ME kcal/kg
WS 90.72 82.95 453 1.58 38.94 37.90 1165
WShs 89.50 83.16 10.07 1.56 37.11 34.42 1252
Concentrate* 88.60 81.45 14.60 4.41 3.05 59.39 2754
Live yeast 92.88 79.58 19.38 3.94 7.93 48.33 -

DM, dry matter; OM, organic matter; CP, crude protein; EE, ether extract; CF, crude fiber; NFE, nitrogen-free extract (NFE = [OM—{CP+EE+CF}]); ME,

metabolizable energy.
L WS, wheat straw; WSy, ammonia-treated wheat straw.

* Concentrate consisted of: Vitamin A, 7,000 U/kg; Vitamin D5, 700 U/kg; Vitamin E, 25 mg/kg; calcium, 1.1%; phosphorus, 0.4%; sodium, 0.25%.
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Table 3. The growth performance and voluntary intake parameters of wheat straw and ammonia-treated wheat straw with and without
yeast supplementation diets of one-yearling lambs between 0 to 70 days

Parameter ws! WSnust  WS+YEAST! WSyust YEAST! SEM p-value
NH;  YEAST NH;xYEAST
Initial weight (kg) 48.50 48.43 48.33 48.07 0.98 0.517 0.644 0.999
Final weight (kg) 57.33 58.79 59.37 60.74 1.24 0.676 0.359 0.829
Average daily gain (g) 126° 148 ® 157 ® 181° 7.2 0.012 0.145 0.044
Voluntary DM intake (g/d) 896 946 919 1016 179 0.037 0.185 0.082
Feed conversion ratio 6.90 5.74 5.44 5.21 0.25 0.166 0.048 0.074
(kg feed/kg gain)

Voluntary ME intake (kcal) ~ 1,151° 1,324° 1,180° 1,422° 31.2 0.001 0.278 0.001
\oluntary CP intake (g/d) 44.77° 106.50 ° 45.89° 114.392 41.3 0.001 0.726 0.001

SEM, standard error of the mean; DM, dry matter; ME, metabolizable energy; CP, crude protein.
1 WS, wheat straw; WSys, ammonia-treated wheat straw; WS+YEAST, with 4 g/d live yeast supplementation; WSyuz+YEAST, ammonia-treated wheat

straw with 4 g/d live yeast supplementation.
Different letters (*°°) within rows indicate significant differences (p<0.05).

* WS and WSyys were given ad-libitum; concentrate was limited to 1% of live weight (DM basis).
Voluntary intake of DM, ME, and CP were calculated in the absence of offered concentrate.

Average daily weight gain was significantly increased
relative to the control in WSyu3+YEAST group, and tended
to be higher in WSyus and WS+YEAST groups (Table 3).
However, daily weight gain was not positively affected by
ammonia-treatment (Kili¢ et al., 1990) and there were no
effect of yeast culture on growth performance (Rouzbehan
et al., 1994). Similarly to our results, increased daily weight
gain were reported by the addition of live yeast (Haddad
and Goussous, 2005; Tripathi and Karim, 2011). The feed
conversion ratios of our experimental groups tended to be
lower than those of the control (Table 3). In agreement with
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our results, Rouzbehan et al. (1994) and Khadem et al.
(2007) found no differences in feed conversion ratios,
whereas significant differences among feed conversion
ratios of live-yeast-supplemented groups were reported in
the studies (Haddad and Goussous, 2005; Fadel Elseed and
Abusamra, 2007). The differences between studies could be
attributed to the use of commercial yeast strains that
differed in viable cell numbers, and to differences in the
dosage administered.

The differences in voluntary DM intake between the
control and experimental groups were not significant (Table
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Figure 1. Changes in body weight of yearling lambs according to treatment during the experimental period. WS, wheat straw; WSyus,
ammonia-treated wheat straw; WS+YEAST, with 4 g/d live yeast supplementation; WSys+YEAST, ammonia-treated wheat straw with
4 g/d live yeast supplementation.
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3). Voluntary ME and CP intake were not significantly
increased by yeast supplementation, but only ammonia-
treatment and the combined treatment were associated with
significantly higher voluntary ME intake compared to WS
(p<0.05), and voluntary CP intake was significantly
increased by only ammonia-treatment and the combined
treatment. The differences in voluntary ME and CP intake
could be a result of ammonia-treatment, but we found the
highest voluntary intake for the combined treatment.
Similar to our results, no significant effects were reported
on voluntary DM intake in ruminants by yeast
supplementation (Rouzbehan et al., 1994; Kawas et al.,
2007; Titi et al., 2008; Tripathi and Karim, 2011,
Issakowicz et al., 2013). However, in agreement with our
findings, Tripathi and Karim (2011) reported that feed
intake was numerically improved with  yeast
supplementation. The differences between the studies could
be attributed to the basal diet, forage type and feeding
strategy, because different contents of readily soluble
carbohydrates in the diet affect DM intake in ruminants.

Rumen fermentation parameters

Differences among average daily post-feeding pH
values of the control and experimental groups were not
significant (Table 4). Yeast supplementation tended to
produce higher pH values. Similar to our findings,
Bruchemi et al. (1993) reported that ammoniation of WS
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and Tripathi and Karim (2011) reported that yeast
supplementation did not produce differences in average
daily pH values. On the other hand, Khadem et al. (2007)
found higher rumen pH values with yeast supplementation
and proposed that the use of live yeast in sheep rations
resulted in more stable pH and probably more effective
ruminal activity and yeast addition was associated with a
significant increase in ruminal pH at 3 h post-feeding. We
did not observe this effect, which could be observed in
animals fed diets high in soluble carbohydrates. Differences
between the results of these studies could be attributed to
the yeast cultures, which may have different mechanisms of
action.

The average daily NH3-N values of WS were not
significantly increased by yeast supplementation, except at
0 h post-feeding. However, only ammonia-treatment or
combined treatment led to the highest average daily NHs-N
values (p<0.05) (Table 4). Therefore, differences in rumen
NHs-N could be a result of the ammonia-treatment.
Consistent with our results, Bruchemi et al. (1993) found
that NH3-N of WSyys was significantly higher than that of
WS (175.2 and 42.6 mg/L respectively). Roa et al. (1997)
and Khadem et al. (2007) observed that NH3;-N was
increased by yeast supplementation, whereas not positively
improved NHs-N was reported by yeast supplementation
(Guedes et al., 2008; Tripathi and Karim, 2011). In
agreement with our findings, Khadem et al. (2007) reported

Table 4. Rumen fermentation parameters of wheat straw and ammonia-treated wheat straw with and without dietary yeast
supplementation at 0, 3, 6, and 9 h post-feeding during the 35-d experiment

-val
Parameter wes! WSphs! WS+YEAST!  WSyust YEAST!  SEM pvaue
NH;  YEAST NH; xYEAST
pH
Oh 7.03°¢ 7.02°¢ 7.382 7.18° 0.05 0.288  0.001 0.001
3h 6.86 6.91 7.02 7.13 0.05 0.394  0.490 0.122
6h 6.68° 6.84 2 6.92 2 6.70° 0.03 0.688  0.025 0.003
9h 6.76 6.83 6.77 6.77 0.02 0.470  0.565 0.732
Average daily 6.83 6.90 7.02 6.94 0.03 0.944  0.045 0.136
NH3-N (mg/100 mL)
0Oh 7.65° 11.20° 6.45°¢ 9.88 ® 0.62 0.002 0.329 0.011
3h 6.75° 15.752 8.78"° 15.55 2 1.13 0.001 0.701 0.001
6h 10.15° 18.382 10.20° 16.58 1.04 0.001 0.689 0.001
9h 10.00° 15.952 7.83° 13.90° 0.96 0.001 0.284 0.001
Average daily 8.64° 15.322 8.31° 13.98°2 0.52 0.001  0.426 0.001
TVFA (mmol/100 mL)
Oh 8.22 7.06 8.64 7.77 0.47 0321  0.592 0.780
3h 6.88°¢ 7.47"% 8.93% 9.282 041 0.604 0.003 0.042
6h 7.16° 7.43° 9.91° 9.79° 0.50 0.947 0.001 0.011
9h 8.32 8.12 8.06 9.10 0.31 0.534  0.601 0.716
Average daily 7.64° 7.52° 8.882 8.992 0.21 0.978  0.001 0.008

SEM; Standard error of the mean; TVFA, total volatile fatty acids.

L WS, wheat straw; WSy3, ammonia-treated wheat straw; WS+YEAST, with 4 g/d live yeast supplementation; WSys+YEAST, ammonia-treated wheat

straw with 4 g/d live yeast supplementation.
Different letters (**°) within rows indicate significant differences (p<0.05).
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that peak rumen ammonia concentration occurred after 4 h
post-feeding. In our study, the declining concentration of
ammonia in the rumen after 6 h post-feeding appeared to be
a result of increased incorporation of ammonia into
microbial proteins, possibly because of stimulation of
microbial activity.

The average daily TVFA in WS were not significantly
increased by ammonia-treatment. However, the combined
treatment and the yeast-supplementation had significantly
higher TVFA than the control (p<0.05) (Table 4). At 3 and 6
h post-feeding, TVFA of WS were similar to WSyys and
significantly lower than WSyus+YEAST and WS+YEAST.
These differences in TVFA could be due to the yeast
supplementation. Similarly, Bruchemi et al. (1993) found no
effect of ammonia-treatment on daily TVFA values. Some
studies reported that TVFA were increased by yeast
supplementation (Roa et al., 1997; Khadem et al., 2007),
however some others did not find this increases (Tripathi
and Karim, 2011). Khadem et al. (2007) noted that TVFA
content in rumen fluid was not affected by live yeast
supplementation in rations containing low to moderate
concentrations of grain.

In conclusion, the present study showed that ammonia-
treatment increased the degradability of water-insoluble
material (the B fraction), voluntary ME intake, voluntary
CP intake, and rumen NH3-N of WS; yeast supplementation
significantly increased the B fraction and rumen TVFA.
Furthermore, the combination of ammonia-treatment and
yeast supplementation significantly increased the B fraction,
potential degradability (A+B), effective DM degradability
values (p2, p5, and p8), average daily weight gain,
voluntary ME intake, voluntary CP intake, rumen NHs-N,
and rumen TVFA of WS. We conclude that the
improvement of feed value of WS was better by the
combination  of  ammonia-treatment  and  yeast
supplementation compared to either treatment alone. These
results reveal combined effect of yeast supplementation and
ammonia-treatment of WS, leading to improve rumen
fermentation efficiency and a possible productivity in
ruminants.
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