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Abstract

Eighteen growing Awassi lambs were used in this study to determine the effect of supplementing two levels of yeast and
methionine (cyc-methionine) on the trace elements bioavailability, growth rate, and general performance. The lambs were divided
to three groups. The dietary treatments were the control diet (C), control diet plus 2 g cyc-methionine/lamb/day (T1) and control
diet plus 4 g cyc-methionine/lamb/day (T2).

Lambs fed 2 g/day of cyc-methionine (T1) showed a significantly higher (Pb0.05) copper, zinc, and cobalt concentrations in
liver and meat tissues, but not the same trend in kidney. No significant (PN0.05) effect of time and time× treatment interaction on
copper, zinc, cobalt, and manganese concentrations in blood serum, but cobalt and manganese concentration showed significant
(Pb0.05) change by time. Moreover, a significantly (Pb0.05) higher total body gain, average daily gain, dressing percentage, and
lower feed conversion were detected in lambs from T1 compared with the control and T2 groups.

Feeding 2 g of cyc-methionine to growing lambs increased the net profit by $6.017/lamb and only $3.52/lamb fed 4 g cyc-
methionine/day when compared with the control group.

In conclusion, feeding growing Awassi lambs yeast and methionine in a form of cyc-methionine, with a low level of 2 g/day,
improve the bioavailability of copper, zinc, and cobalt by growing lambs and their growth performance.
© 2007 Elsevier B.V. All rights reserved.
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1. Introduction

The bioavailability of many trace elements can be
affected by number of factors including their interaction
with dietary nutrients, the chemical form, solubility of the
trace mineral, and the ruminal pH. Ruminant diets are
usually high in fiber, which digested via microbial
fermentations in the rumen. However, association of
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mineral with the fiber fraction of feedstuffs (Whitehead
et al., 1985) or binding to undigested fiber constituents in
the forestomach may alter the bioavailability of some trace
minerals for ruminant animals (Kabaija and Smith, 1988).

Many of feed additives such as probiotics, chelated
minerals and protected amino acids are introduced to the
market to improve the nutrient availability and utilization
and consequently the general performances of ruminant
livestock. Interest in the use of probiotics as feed
supplements for ruminants has increased in recent years.
Commonly used is the yeast culture (Saccharomyces

mailto:mutassimm@yahoo.com
http://dx.doi.org/10.1016/j.livsci.2007.07.015


236 M.M. Abdelrahman, D.A. Hunaiti / Livestock Science 115 (2008) 235–241
cerevisiae) to stabilize the ruminal environment. Most
research results indicated that supplementation of live
yeast cells (S. cerevisiae) into the ruminants' feed ration
may improve feed intake (Williams et al., 1991), weight
gain (Greive, 1979; Fallon and Harte, 1987), digestion
(Wohlt et al., 1991), influence ruminal fermentation and
the population ofmicroorganisms in the rumen, especially
cellulolytic bacteria (Harrison et al., 1988; Dawson et al.,
1990), increase ruminal pH (Williams, 1989), andmineral
absorption and metabolism (Peterson et al., 1987).

Methionine and lysine are the most limiting amino
acids for ruminants because of their low concentrations
in feed proteins. Many studies reported that methionine
is the most limiting amino acid for protein synthesis in
growing lambs (Storm and Orskov, 1984; Nolte et al.,
2004) and steers (Greenwood and Titgemeyer, 2000).
Many approaches have been developed to avoid
methionine degradation in the rumen. Methionine
hydroxy analog is one of these approaches that
generated from the substitution of the amino group
with the non-nitrogenous group, such as hydroxyl
group, which lead to maximize methionine absorption
in the intestinal tract while minimizing losses in the
rumen and feces (Schwab et al., 2001).

The aim of this experiment was to determine the effect
of using two dietary levels of cyc-methionine as a main
source of yeast (S. cerevisiae) and methionine hydroxy
analog on the trace mineral availability and general
performance of growing Awassi lambs. Moreover,
conduct an economical study of using cyc-methionine.

2. Materials and methods

2.1. Animals, treatment, and samples collection

Eighteen growing Awassi lambs (26.9±1.2 kg body
weight) were individually housed in separate pens
(1.8 m×0.85 m) with concrete floors. All lambs were
vaccinated for common infectious disease and dewormed
before the experiment started. The lambs were randomly
divided to three groups and each group assigned to one of the
following dietary treatments: the control diet (C), control diet
plus 2 g cyc-methionine/lamb/day (T1: company recommen-
dation level) and control diet plus 4 g cyc-methionine/lamb/
day (T2). The cyc-methionine supplements (CHOONG ANG
company, Korea) contained 1.5×1011 c.f.u. live cells of S.
cerevisiae and 10 g methionine hydroxy analogue/kg. The
control diet was fed as a total mixed diet and consisted of the
following: 56.1% barley; 12.15% soybean meal; 15% wheat
bran; 15% wheat straw; 1.15% calcium carbonate; 0.5%
sodium chloride and 0.1% vitamin and minerals according to
NRC (1985) to contain adequate levels of metabolizable
protein, energy, and minerals for this stage of growth. Lambs
were fed the diets of 500 g /day at 8:00 am and the rest at
16:00 pm ad libitum. Moreover, lambs fed these diets for
12 weeks with recording the daily feed offered and refusal.
Water was available ad libitum using plastic buckets. All lambs
were bled at the beginning of the experiment and every
4 weeks via the jugular vein. Blood samples were centrifuged
at 3000 rpm for 15 min and serum was separated. Serum
samples were stored at −20 °C until analysis. Feed intake was
recorded daily and body weight was recorded weekly. At the
end of experiment, all lambs were slaughtered after 12 h
fasting and bodies were skinned and head and feet were
removed. The carcass was eviscerated and the hot carcass
weights were recorded for calculating dressing percentages.
Samples from liver, kidney, rib bone, and meat were collected
for mineral analysis. Serum was prepared by mixing 4 parts of
Trichloroacetic acid (TCA) with 1 part serum and centrifuged
(3000 ×g/15 min). Tissues samples were dry ashed at 450 °C/
4 h and diluted by using concentrate HCl for analysis. Feed
samples were dry ashed at 600 °C/6 h (AOAC, 1990). Blood
serum, meat, liver, kidney, and rib bone were analyzed for
zinc, copper, cobalt, and manganese by using Atomic
Absorption Spectrophotometer.

2.2. Economical evaluation

The partial budgeting analysis was conducted to illustrate
and estimate the economic impact of using cyc-methionine
supplementation in growing Awassi lambs diet. The budget
was prepared using the following assumptions: 1) lambs in the
control (C), treatments 1 (T1) and 2 (T2) have similar labor,
veterinary, fuel, oil, rent, and water costs; 2) the index price for
1 kg cyc-methionine was $2.82, and for the 1 kg feed was
$0.183; 3) the current price of 1 kg of live weight of lambs
$3.38 on farm gate.

2.3. Statistical analysis

Data were analyzed using the general linear model of the
Statistical Analysis System (SAS, 1988) for a completely
randomized design with repeated measurements. Initial Awassi
lambs weight was used as a covariant for performance
measurements. Differences among treatment means for
significant dietary effect were detected using the least
significant differences (LSD) procedure of SAS, with
Pb0.05 considered statistically significant.
3. Results

3.1. General performance measurements

Table 1 shows the effect of treatment on the general
performance of growing Awassi lambs. The final body
weight of the lambs in treatment 1 (T1) and 2 (T2) were
significantly greater (Pb0.05) than the control group.
Within treated groups, no significant (PN0.05) differ-
ences detected in the final body weights. Moreover,



Table 2
The effect of cyc-methionine supplementation on copper, zinc, cobalt
and manganese concentration (μg/ml) in blood serum of the growing
Awassi lambs

Item Time Significance

1 2 3 4 SE a TRTb TMc TRT⁎TMd

Zn, μg/ml 1.1 1.26 1.22 1.24 0.02 NS NS NS
Cu, μg/ml 0.76 0.72 0.76 0.70 0.05 NS NS NS
Mn, μg/ml 1.07 1.52 1.73 1.35 0.10 NS ⁎⁎ NS
Co, μg/ml 0.202 0.16 0.178 0.22 0.0003 NS ⁎⁎⁎ NS

⁎⁎ Pb0.01.
⁎⁎⁎ Pb0.001.
NS=Not significant.
a Standard error of means.
b Treatment effect.
c Time effect.
d Treatment by time interaction effect.
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lambs from T1 showed a significant greater (Pb0.05)
hot carcass weight compared with the control group, but
no significant (PN0.05) differences when compared
with lambs from T2. Lambs from T1 showed a
significant (Pb0.05) greater dressing percentage com-
pared with lambs from the other two groups.

Lambs from T1 and T2 showed a significant greater
(Pb0.05) total body gain (kg) compared with the
control and T2, but no differences detected when
compared with T2 Moreover, the same trend was
found for the average daily gain (Table 3).

No significant differences (PN0.05) were detected in
total feed intake between lambs in all groups, but lambs
in T2 showed a significantly (Pb0.05) lesser feed
intake. Lambs from the control and T1 groups showed a
significant lesser (Pb0.05) average feed conversion
compared with the control and T2, but no significant
different detected between the control and T2.

3.2. Zinc, copper, manganese, and cobalt concen-
trations in blood serum and tissues

The effect of treatment, time, and time× treatment
interaction effect on copper, zinc, cobalt, and manga-
nese in blood serum of lambs were reported in Table 2.
There were no significant effect of treatment, time, and
interaction on zinc and copper concentration in blood
serum, but time showed a significant effect (Pb0.05) on
manganese and cobalt that were the greatest at slaughter
time compared with the beginning of the experiment.

The effect of cyc-methionine supplementation on
zinc, copper, manganese, and cobalt concentrations in
liver, kidney, meat, and rib bone are shown in Table 3.
Cyc-methionine caused a significant effect on liver
Table 1
The effect of cyc-methionine supplementation on the general
performance measurements of the growing Awassi lambs⁎

Item Control1 T1
2 T2

3

Initial body weight (kg) 25.6±1.5 28.0±1.9 27.0±1.1
Final body weight (kg) 44.0±2.1a 48.7±2.3b 48.8±3.9b

Total gain (kg) 19.3±0.17a 21.3±0.81b 20.6±1.4b

Average daily gain (kg) 0.21±0.02a 0.22±0.01b 0.22±0.02b

Total feed intake (kg) 130.0±1.1a 130.0±0.5a 126.9±2.1b

Feed conversion ratio 6.9±0.45a 6.3±0.29b 6.9±0.72a

Hot carcass weight (kg) 23.5±1.5a 26.7±1.2b 25.0±1.5ab

Dressing % 53.8±1.2a 54.8±0.41b 50.9±0.51c

1Control diet NRC.
2Control diet plus 2 g cyc-methionine/lamb/day.
3Control diet plus 4 g cyc-methionine/lamb/day.
a,bMeans with different superscript within a column significantly differ
(Pb0.05).
⁎Mean±Standard error of means.
copper concentrations (Pb0.01) and zinc (Pb0.001).
The highest concentrations in these two elements were
detected in lambs from T1 compared with the control,
but not significantly different when compared with
lambs from T2. On the other hand, cobalt concentrations
in lambs from T1 were significantly lower (Pb0.001)
when compared with the control, but no differences
between the control and T2.

A significant greater (Pb0.001) concentration of
copper in kidneys of lambs from T2 compared with the
control and T1 (7.7 vs 3.7 and 4.0 μg/g, respectively). No
significant differences (PN0.05) were detected in zinc
concentration between all groups. Lambs from T2

showed a significantly (Pb0.001) greater concentration
of kidney cobalt when compared with the control (200.1
vs 70.7 μg/g ww), but no differences between lambs
from T1 to T2. Moreover, the concentrations of
manganese in kidneys of lambs from T1 were signifi-
cantly (Pb0.05) greater when compared with lambs
from the control and T2.

Addition of cyc-methionine caused a significant
increase in concentrations of copper (Pb0.0001) and
cobalt (Pb0.01) in meat when compared with the
control. No significant effect of treatment in meat
manganese concentrations. Moreover, zinc concentra-
tions in meat of lambs from T2 were significantly greater
((Pb0.01) when compared with the control and T1 (53.1
vs 28.3 and 33.3 μg/g ww, respectively).

A significantly greater (Pb0.05) concentration of
copper and manganese in rib bones of lambs from T1

and T2 were detected when compared with the control.
No significant effect of treatment on zinc in bones
between all groups, but cobalt concentrations were
significantly greater (Pb0.0001) in bones of lambs from



Table 3
The effect of cyc-methionine supplementation on copper, zinc, cobalt
and manganese concentrations (μg/g, WW⁎⁎) in different tissues of
the growing Awassi lambs

Item Control1 T1
2 T2

3 Significance

Liver (μg/g): X SE⁎ X SE X SE
Copper 23.3 0.66 29.1 0.70 26.9 0.86 0.01
Zinc 33.9a 6.0 50.3b 3.2 42.4b 3.0 0.05
Cobalt 3.84a 0.34 1.86b 0.24 1.92b 0.28 0.001
Manganese 5.57 0.69 4.65 0.58 4.05 0.43 NS

Kidney (μg/g):
Copper 3.7a 0.74 4.0a 0.38 7.7b 0.63 0.001
Zinc 22.8 2.10 23.7 2.20 22.3 2.00 NS
Cobalt 0.71a 0.07 1.79b 0.23 2.00b 0.20 0.001
Manganese 2.00a 0.24 3.13b 0.44 2.31a 0.34 0.05

Meat (μg/g):
Copper 6.4a 0.70 12.0b 0.62 11.2b 1.30 0.0001
Zinc 28.3a 1.70 33.3a 3.30 53.1b 6.70 0.01
Cobalt 1.59a 0.24 1.28b 0.07 1.33b 0.13 0.01
Manganese 2.99 0.66 3.89 1.30 4.00 0.22 NS

Bone (μg/g):
Copper 11.8a 0.50 14.4b 1.10 14.0b 1.40 0.05
Zinc 28.0 1.60 48.7 9.20 36.3 7.10 NS
Cobalt 2.77a 0.13 4.55b 0.18 2.12a 0.20 0.0001
Manganese 3.3a 0.60 5.7b 0.86 4.3b 0.90 0.05

1 Control diet NRC.
2 Control diet plus 2 g cyc-methionine/lamb/day.
3 Control diet plus 4 g cyc-methionine/lamb/day.
a,bMeans with different superscript within a column significantly differ
(Pb0.05).
⁎ mean±Standard error of means.
⁎⁎ As wet weight.
NS=Not significant.
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T1 compared with the lambs from the control and T2

(455.1 vs 277.1 and 211.5 μg/g ww, respectively).

4. Discussion

The main target of using yeast for growing lamb is to
increase the break down of dietary fiber and protein that
lead to increase microbial protein as a main source of
amino acids in the small intestinal, consequently,
improve growth. Moreover, yeast affects ruminal pH
by reducing activity of lactic acid producing bacteria
(Williams, 1989) and increase mineral availability.
Protected methionine added to the yeast to avoid
under supply of this amino acid is that reported by
Nolte et al. (2004) to be the most limiting amino acid for
growth of lambs, especially when fed diet containing
protein that is predominantly degraded in the rumen.

4.1. General performance measurements

Yeast culture didn't affect the total feed intake for
lambs from T1 compared with the control. This finding
is consistent with Avendano et al. (1997), Giger-
Reverdin et al. (2004), and Mutsvangwa et al. (1992)
who reported no effect of yeast culture on dry matter
intake by ruminant. Moreover, Haddad and Goussous
(2005) found that dry matter intake was not affected by
yeast culture supplementation to growing Awassi lambs,
which agreed with our findings. On the other hand, our
findings disagreed with Andrighetto et al. (1993) who
reported an increase in dry matter intake by adding yeast
culture to hay based diet fed to sheep. The drop down in
total feed intake of lambs fed high level of yeast culture
with methionine may result of the interaction of yeast
culture with high level of protein. Bonilla et al. (1992)
suggests that with low level of dietary protein, yeast
culture improve dry matter intake, where with a high
protein level, yeast culture reduce it.

A significant improvement in total body gains and
average daily gain for lambs from T1 and T2 are
compared with the control. These findings are consistent
with numerous earlier studies. El-Waziry et al. (2000)
and Fayed (2001) reported an improvement in nutrients
digestibility, weight gain and feed conversion in sheep
and goats as a result of yeast culture supplementation.
Phillips and Von Tungeln (1985) who observed an
increase of average daily gain with yeast supplement to
stressed steers. Moreover, Haddad and Goussous (2005)
reported an improvement of average body weight,
average daily gain, and feed to gain ratios with yeast
culture supplementation to growing Awassi lambs,
which is consistent with our findings. In contrast, Zinn
et al. (1999) reported that yeast supplementation didn't
affect the average daily gain of stressed steers.

The average feed conversion was lower for lambs
which received yeast culture and methionine. This result
is in disagreement with other previous reports by Castro
et al. (2002), but in agreement with lambs fed with high
yeast culture and methionine in our experiment (T2).

The hot carcass weight was significantly (Pb0.05)
greater for lambs from T1 and T2 compared with the
control (26.7 and 25.0 vs 23.5 kg), but the dressing
percentage of lambs from T1 group was significantly
greater when compared with the lambs from T2 and
control (54.8 vs 50.9 and 53.8%). These results
disagreed with Kawas et al. (in press) who reported no
effect of adding yeast culture to diet of lambs on their
hot or chilled carcass weight and dressing percentage.
Neither Fimbres et al. (2002) nor Petit et al. (1997)
found differences in carcass dressing percentage.

Many changes have been reported in ruminants
receiving yeast, but the most consistent is the increased
total viable count of bacteria in the rumen, an effect
which seems to be central to the action of yeast in the
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ruminant (Wallace and Newbold, 1993). Increased
microbial protein flow to the small intestine might be
reported to stimulate productivity, particularly in
animals given a cereal-based diet without added protein
supplement (El Hassan et al., 1996).

It is obvious that the effect of feeding yeast culture to
ruminant animals is inconsistent. Some of the possible
causes for the inconsistency could be associated with
characteristics of the strain (Newbold et al., 1995),
differences between commercial additives (Mendoza
et al., 1995), and diet composition (Wallace, 1994).

4.2. Zinc, copper, manganese, and cobalt concen-
trations in blood serum and tissues

Animal tissue and fluid levels of minerals are
important indicator of mineral status. Blood serum is
frequently used for mineral assessment because they are
significantly correlated to nutritional status of some
trace elements (Claypool et al., 1975; Levander, 1986;
Mills, 1987). Liver and rib bone samples are an
excellent indicator of the status of certain trace elements
(McDowell, 1985). Liver often represents the status of
several trace elements in animal and their endogenous
reserves (McDowell, 1995). Further more, kidney
samples analysis for trace minerals give a good
indication of the metabolism of minerals after absorp-
tion within animal tissues.

For the discussion, the adequate levels of trace
elements in sheep blood serum and tissues must be
mentioned. The adequate levels (i.e. levels believed to
represent dietary sufficiency) of traceminerals in serum of
sheep are: copper (0.7–2.0 μg/ml); zinc (0.8–1.2 μg/ml);
manganese (0.8–5μg/ml) and cobalt (0.2–0.3μg/ml). For
liver: copper (25–100 ppm); zinc (30–75 ppm); manga-
nese (2.0–4.4 ppm) and cobalt (0.3–2.24 ppm). For
kidney: copper (4.0–5.5 ppm); zinc (20–40 ppm);
manganese (0.8–2.5 ppm) and cobalt (0.2–1.9 ppm)
(Underwood, 1981; Puls, 1988).

The concentrations of zinc, copper, manganese, and
cobalt in blood serum of all lambs were fallen within the
Table 4a
Partial budget analysis (US$) of feeding growing Awassi lambs 2 g cyc-met

Positive impacts

Increased incomes
Additional returns as result of add cyc-Methionine $72

Decreased expenses
Feed intake cost $23.79
$95.79 Total positive impacts
Total positive impacts− total competing impacts=
adequate recommended levels, except for manganese
during the second and third blood samples (Table 2).
There were no significant effect of treatment, time and
interaction on zinc and copper concentration in blood
serum, but time showed a significant effect (Pb0.05) on
manganese and cobalt that were the greatest at slaughter
time compared with the beginning of the experiment
(Table 2). Even though, significant changes in some of
these trace minerals in tissues were detected in this
study. However, there are several limitations in the
concentration of minerals in the blood serum. The most
important one is the homeostatic control mechanism that
limits the concentration of some trace elements until the
endogenous reserves are substantially depleted (Miller,
1975). Moreover, many factors such as stress and
environmental can also influence the concentrations of
blood minerals (McDowell et al., 1982). Because of
that, mineral concentration in animal tissues can give an
accurate indication of change in the absorption and
metabolism of dietary minerals.

Unfortunately, there are no adequately published data
about this issue of the effect of yeast culture on the
availability of trace elements in sheep. No previous
research using animal tissues to give an accurate answer to
the above hypothesis. The only two studies in the
literature were conducted through metabolism trials.
Peterson et al. (1987) reported increased potassium,
copper, and zinc retention in lambs fed yeast culture.
Moreover, Cole et al. (1992) reported that only nitrogen
retention was significantly affected by yeast culture
supplementation, although copper, iron, and zinc reten-
tion were numerically greater in lambs fed yeast culture.

In this study, zinc and cobalt concentrations in liver
were significantly affected by yeast culture supplementa-
tions with higher values for the zinc and lower for cobalt
compared with the control, but all values fall within the
normal adequate levels (zinc 25 to 100 ppm and cobalt
from 0.3 to 2.24 ppm). Furthermore, significant increases
in cobalt concentrations in kidney, meat, and rib bone
were detected with no change in zinc concentrations in
only kidney and rib bone tissues (Table 3).
hionine daily

Competing impacts

Increased expenses
Additional feed intake cost $23.803
Additional cyc-methionine cost $0.731
Decreased incomes
Reduced returns (returns from control) $65.239
$89.733 Total competing impacts

$6.017



Table 4b
Partial budget analysis (US$) of feeding growing Awassi lambs 4 g cyc-methionine daily

Positive impacts Competing impacts

Increased incomes Increased expenses
Additional returns as result of add cyc-methionine $69.634 Additional feed intake cost $23.235

Additional cyc-methionine cost $1.43
Decreased expenses Decreased incomes
Feed intake cost $23.79 Reduced returns (returns from control) $65.239
$93.424 Total positive impacts $89.904 Total competing impacts
Total positive impacts− total competing impacts = $3.52

240 M.M. Abdelrahman, D.A. Hunaiti / Livestock Science 115 (2008) 235–241
Moreover, copper concentrations in kidney, meat, and
rib bone were significantly higher with addition of yeast
culture to feed compare with the control, but only
numerically increased in liver. In addition, manganese
concentration in kidney and bone were significantly
higher in lambs fed yeast culture compared with the
control (Table 3).

The biological reasons for these effects of yeast
culture on mineral metabolism are not apparent. Studies
have reported various effects of yeast culture on ruminal
fermentation (Adams et al., 1981; Harrison et al., 1988).
Harrison et al. (1988) noted that ruminal fermentation
was more stable in cows fed yeast culture supplements
that in cows not given yeast culture supplements.
However, association of mineral with fiber fraction of
feedstuffs (Whitehead et al., 1985) or binding to
undigested fiber constituents in the forestomach may
alter the availability of some trace minerals for ruminant
animals (Kabaija and Smith, 1988). An altered or more
stable ruminal fermentation could possibly affect
mineral solubility and absorption.

4.3. Economical evaluation

The cost of total feed intake by lamb was $23.8 for C
& T1, and $23.24 for T2. Costs of supplementing 2 g cyc-
methionine/lamb/day was $0.731 and $1.43 for 4 g cyc-
methionine/lamb/day. The total profit of T1 is $6.017
per lamb and only $3.52 for lambs from T2. The net
difference subtracting of the profits of T2 from T1 is
$2.497 (Tables 4a and b). Feed supplemented with cyc-
methionine caused an improvement in lambs total weight
gains. Therefore, the additional costs less than additional
benefits and consequently increases profitability. The
trend of improvement in lambs' performance is not linear
with increasing the level of cyc-methionine supplemen-
tation. However, to be an economically viable feed
supplement, lambs would have to be supplemented with
2 g of cyc-methionine per day for better performance and
consequently higher profit.
5. Conclusion

Feeding growing Awassi lambs yeast culture and
methionine in the form of cyc-methionine with a level of
2 g/lamb/day improve the availability of some trace
elements (copper, zinc, and cobalt), growth, dressing
percentage and consequently profit. This improvement
in general performance probably due to the improve-
ment in feed nutrients digestion and utilization. The
higher level of dietary cyc-methionine (4 g/lamb/day)
may cause a depression in feed intake by growing
lambs.

However, further research is necessary to evaluate
the mode of action and the effect of yeast culture
supplementations with different levels under proper
circumstances (environment, diet nutritive value, and
mineral concentrations).
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