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Abstract The effects of selenium-methionine (Se-Met) and
chromium-methionine (Cr-Met) supplementation on perfor-
mance and response to transportation stress were studied on
24 Baluchi ewe lambs (18–20 weeks of age) for 9 weeks. The
lambs were randomly assigned to four dietary treatments: (1)
control; (2) 1.5 mg supplemental Se-Met/kg dry matter (DM)
of diet; (3) 0.8 mg supplemental Cr-Met/kg DM of diet; and
(4) 1.5 mg Se-Met plus 0.8 mg Cr-Met/kg DM of diet (Se-Cr-
Met). At the commencement of week 8, a road transportation
stress (TS) was carried out for 30 min. Lambs fed Cr-Met and
Se-Cr-Met diets had higher feed intake than the control and
Se-Met animals (P<0.0001). Lambs on Cr-Met diet showed
higher average daily gain (ADG) compared to the control
group (P=0.007). Se-Met and Cr-Met supplementation alone
or in combination significantly (P<0.05) reduced feed con-
version ratio (FCR). The animals that received Se-Met (P=
0.014), Cr-Met (P=0.005), and Se-Cr-Met (P=0.003) supple-
mented diets had lower glucose concentration than the control.
Lambs on Cr-Met had higher blood T3 concentration than
control animals (P=0.040), while Cr-Met (P=0.039) and Se-
Cr-Met (P=0.032) supplementation increased triiodothyro-
nine (T3) to thyroxin (T4) ratio. Animals fed Se-Met and/or
Cr-Met supplements had lower blood malondialdehyde
(MDA) in week 9 of the experiment (P<0.05). Blood ferric-

reducing antioxidant power (FRAP) tended to be higher in the
Se-Met- and Se-Cr-Met-supplemented groups (P<0.1).TS re-
duced feed intake in lambs fed the control diet in week 8 of the
experiment (P=0.003). The lambs given with supplemental
Cr-Met exhibited lower glucose concentration before trans-
portation (BT) (P=0.029) and after transportation (AT) (P=
0.016) compared to the control. Lambs fed Se-Cr-Met had the
lowest cortisol concentration BT (P<0.05). It was concluded
that feeding Se-Met and/or Cr-Met supplements could im-
prove growth performance and be beneficial in attenuating
the adverse effects of transportation stress in Baluchi ewe
lambs.
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Introduction

Baluchi breed is the most common medium-sized fat-tailed
sheep in Iran. This type of sheep is reared around the two big
Iranian deserts with a dry climate and, consequently, poor
natural vegetation [1].

Lamb growth rate in the early stage of life is of great
importance. Ewe lamb’s nutrition is a critical factor influenc-
ing the start of lamb’s puberty and has a significant effect on
sexual maturity, breeding, and reproductive performance [2].
Provided that the lamb growth is restricted in this stage, young
ewes will remain prepubertal until the required proportion of
mature body mass is reached [3]. Live weight of lambs at the
start of mating is an important determinant factor for repro-
ductive performance of ewe lambs [4].

For improving the performance of ewe lambs, metabolic
modifiers (such as minerals and vitamins) could be an
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effective strategy. Metabolic modifiers increase growth rate,
feed efficiency, and profitability of livestock production [5].
Chromium (Cr) and selenium (Se) are two micronutrients
which could be considered as metabolic modifiers [6]. The
effects of organic Se and Cr on growth performance of ewe
lambs have not been well investigated yet. Enhancement of
reproductive performance [7], protection against oxidative
stress, improving immune system, as well as increasing car-
cass quality are well documented [6, 8, 9] by Se supplements
in ruminant animals. Cr supplementation also gives rise to
various metabolic functions. The trivalent form of Cr (Cr+3),
as a constituent of low-molecular-weight Cr-binding sub-
stance (LMWCr) or chromodulin, which increases glucose
tolerance by potentiating the action of insulin, is essen-
tial in the metabolism of proteins, lipids, and carbohy-
drates [10, 11]. Feeding Cr has improved carbohydrate
metabolism and performance of fattening lambs [12,
13]. There are few researches concerning Cr supplemen-
tation in sheep. Nevertheless, sheep Cr requirements on
different feed systems have not been defined yet.

Besides nutrition, stress also serves as a significant influ-
ence on animal health and reproductive performance. Heat
stress has adverse effects on feed intake, reproductive physi-
ology, health, and energy metabolism [14]. Transportation
stress is also a detrimental factor to animal health and produc-
tion [15]. Several researchers have confirmed that transporta-
tion for short or long periods can impose a variety of physical
and psychological stimuli that disrupt homeostasis and me-
tabolism of different animal species [16–18]. Psychological
stress due to road transportation or inappropriate housing
elevates oxidative stress in ewes as measured by serum total
antioxidant capacity and affects animal production [19]. An-
tioxidant properties of Se [20] and Cr [21] were studied in
other species, but there was not observed any study on ewe
lambs. Therefore, the possible stress-ameliorating effects of
Se and Cr on ewe lambs need to be investigated.

It was assumed that Se, as a component of antioxidant
system, and Cr effectiveness in carbohydrate metabolism
could improve the performance and mitigate the adverse
effects of a short-time transportation stress in Baluchi ewe
lambs feeding a moderately high-fat diet. To test these hy-
potheses and study the effects of selenium-methionine and
chromium-methionine on the performance of fat-tailed ewe
lambs, this experiment was conducted.

Materials and Methods

Animal Husbandry and Experimental Design

This experiment was carried out at the Research Station of the
Department of Animal Sciences, Ferdowsi University of
Mashhad, Iran. Animals were cared for according to

guidelines of the Iranian Council of Animal Care [22].
Twenty-four (18–20 weeks of age and 24.2±0.4 kg of live
weight) fat-tailed Baluchi ewe lambs were randomly assigned
to four experimental diets in a completely randomized design.
After 2 weeks of adaptation to a control diet and experimental
condition, the lambs were randomly allocated to one of the
four dietary treatments: (1) control diet; (2) control diet plus
1.5 mg/kg Se-Met (Availa®Se 1000 with a minimum concen-
tration of 1000 mg/kg of Se from a selenium-L-methionine
complex, Zinpro Corporation, USA); (3) control diet plus
0.8 mg/kg Cr-Met (Availa®Cr 1000 with a minimum concen-
tration of 1000 mg/kg of Cr from a chromium-L-methionine
complex, Zinpro Corporation, USA); and (4) control diet plus
1.5 mg Se-Met and 0.8 mg/kg dry matter (DM) of Cr-Met (Se-
Cr-Met). The control diet (Table 1) was balanced and formu-
lated using the Small Ruminant Nutrition System (SRNS,
version 1.9.4468) software. The experimental period lasted
for 9 weeks during summer (from 22 June to 23 August). The
lambs were individually penned (1.5×1-m pens) with free
access to fresh water. Feed intake was recorded daily, by
deducting feed offered from feed refusals, at 0800 hours. After
an overnight fasting, the body weight (BW) of lambs was
measured weekly throughout the experiment. Blood samples
of 10 ml were obtained after an overnight fasting with free
access to water by jugular puncture on days 1, 35, and 63.
Blood samples were placed on ice immediately after collec-
tion and centrifuged at 3500×g for 15 min at 4 °C for serum
harvesting. The serum was preserved (−20 °C) until analysis
for metabolites and hormones.

Transportation Stress

In the commencement of week 8 of the experiment, a trans-
portation stress (TS) was carried out for 30 min (1100 to
1130 hours) on day 50 of the experiment. The weather condi-
tions were as follows: temperature 31.6 °C and humidity of
30 %. After an overnight fasting, with free access to water, the
lambs were loaded into a truck with a floor of thick corrugated
iron of 5×2 m (0.5 m2 per animal) and 1 m high. Loading of
the lambs was done individually by two persons. One person
easily caught one lamb and calmly lifted it up by supporting it
with two hands from the abdomen and handed it to the other
person, already inside the vehicle. The second person in turn
restrained the lamb by a rod using a 1-m rope that was tied to
each animal. The rope was long enough for the lambs to freely
turn and lie down inside the vehicle. The procedure was done
as explained by Minka and Ayo [15]. Thereafter, all the lambs
were transported for 30 min on a country bumpy road,
similar to most of the transportation systems in rural
areas, at a speed range of 35–40 km/h. Blood samples
were obtained just before the lambs were loaded and
unloaded from the truck. Samples were obtained and
handled similarly as described previously.
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Chemical Analysis

Food samples were obtained weekly for chemical analysis.
DM content was determined by oven drying at 65 °C for 72 h.
Ether extract (Soxhlet, Behr EF, Germany) and crude protein
(CP) (Micro kjeldahl Behr S5, Germany, method 984.13;
[23]), similar with neutral detergent fiber (NDF) [24] and acid
detergent fiber (ADF) (method 973.18; [23]), were measured.
NDF and ADFwere expressed with residual ash (NDFom and
ADFom). Serum total protein (TP) and albumin were estimat-
ed by biuret and bromocresol green dye binding methods.
Serum globulin was calculated by subtracting the values of
serum albumin from the values of TP and serum glucose by
glucose oxidase/peroxidase method. Concentration of serum
cholesterol was estimated by cholesterol oxidase/peroxidase,
and activity of aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) and concentration of magnesium
(Mg) were determined. All aforementioned metabolites were
measured by an autoanalyzer spectrophotometer (BT 3500,
Spain) using kits and associated procedures (Pars Azmoon
Co., Tehran, Iran). Concentrations of insulin (insulin ELISA
kit, Monobind Inc., Lake Forest, CA, USA), thyroxin (T4) and
triiodothyronine (T3) (triiodothyronine and thyroxin ELISA
kits, Diametra, Italy), and cortisol (cortisol ELISA kit,

Monobind Inc., Lake Forest, CA, USA) were measured using
ELISA method.

Malondialdehyde Concentration

The concentration of malondialdehyde (MDA) in serum was
determined as thiobarbituric acid-reactive substances accord-
ing to Placer et al. [25]. The method is based on forming a
color complex between MDA and thiobarbituric acid (TBA).
Briefly, 0.2 ml of serum was added to 1.3 ml of 0.2 mol/l Tris
and 0.16 mol/l KCl buffer (pH 7.4), and then, 1.5 ml TBA
(Sigma, USA) was added and the mixture was heated in a
boiling water bath for 10 min. After cooling, 3 ml of pyridine-
butanol (3:1, v/v) (Sigma, USA) and 1 ml of 1 mol/l NaOH
were added. A blank was run simultaneously by incorporating
0.2 ml distilled water instead of the serum. The absorbance of
the test sample was read at 548 nm. The concentration of
MDA (nmol of MDA/ml of serum) was calculated using
1.56×105 as extinction coefficient.

Ferric-Reducing Antioxidant Power

Total plasma antioxidant capacity was determined by the
ferric-reducing antioxidant power (FRAP) assay according
to Benzie and Strain [26]. The FRAP value depends upon
the reduction of a ferric tripyridyltriazine (Fe3+-TPTZ) com-
plex to the ferrous tripyridyltriazine (Fe2+-TPTZ) by sample
antioxidants at low pH. Fe2+-TPTZ has an intensive blue color
and was monitored at 593 nm.

Climatic Data

Maximum air temperature and minimum relative humidity
(RH) data were obtained from the Mashhad Meteorological
Network Station (Iran) to calculate the temperature-humidity
index (THI) according to the following formula: THI=0.8×
maximum T+(minimum RH/100)×(maximum T−14.4)+
46.4 [27]. The average maximum THI during the study was
79.5 units, which indicates a medium degree of heat stress.

Statistical Analysis

Data for initial body weight (IBW) and overall average daily
gain (ADG), feed intake, feed conversion ratio (FCR), and
blood metabolites were analyzed as a mixed model with fixed
effect of treatment, plus the random effect of lamb [28]. For
data over time such as weekly BW and daily feed intake,
mixed models with fixed effects of treatment, week and treat-
ment×week, as well as the random effect of lamb within
treatment×week were used. The covariance structure that
resulted in the lowest Akaike’s information was compound
symmetry (CS). Two-way interactions were illustrated in
graphs as required. Blood metabolites and hormones for

Table 1 Ingredients and chemical composition of the experimental diet

Ingredient DM (g/kg)

Alfalfa hay mid-bloom 100

Corn silage 100

Wheat straw 50

Barley grain 300

Soybean meal 90

Extruded linseed 80

Wheat bran 150

Beet pulp shreds 115

Mineral-vitamin mixturea 10

Salt 5

Chemical composition

Crude protein 157

Ether extract 50

Neutral detergent fiber (NDF) 360

Ashb 70

Calcium 8.5

Phosphorus 5.9

Metabolizable energy (Mcal/kg)c 2.57

aMineral and vitamin (g/kg) supplement: Se, 0.01 g (Na2SeO3); Mn, 2 g;
Zn, 3 g; Co, 0.1 g; I, 0.1 g; Ca, 195 g; P, 90 g; Mg, 20 g; Fe, 3 g;
antioxidant, 0.4 g; vit. A, 500,000 IU; vit. D3, 100,000 IU; vit. E, 0.1 g
b Se concentration was 0.27 mg/kg DM (calculated with NRC 2001)
c Calculated with the Small Ruminant Nutrition System (SRNS) software
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transportation stress were analyzed separately with a mod-
el without the effect of time using paired T test with the
pre-post stress values. Where biologically worthwhile and
significant, the initial values for blood metabolites and
IBW were included in models as a covariate to further
improve the analysis precision. Orthogonal contrasts were
used to obtain linear and quadratic trends of treatment
effects on response criteria. The PDIFF option of SAS
[28] was used to separate means. The significant differ-
ences were declared at P≤0.05 and tendencies were de-
clared at P≤0.10.

Results

Feed Intake and Growth Performance

Feed intake and growth performance were affected by the
experimental diets (Table 2). Cr-Met-fed animals showed
higher final BW (FBW) than the obtained weight for lambs
on control diet (P=0.007). Lambs on Se-Cr-Met diet tended to
show heavier BW than the control lambs at the end of the
experiment (P=0.076). Animals fed Cr-Met diet had the
highest total gain (P=0.007). Se-Cr-Met group also had
higher total gain in comparison with the lambs on control diet
(P=0.077). Dietary treatments both linearly (P=0.0001) and
quadratically (P=0.004) influenced feed intake. Ewe lambs
fed Cr-Met and Se-Cr-Met diets consumed more feed than
control and Se-Met animals (P<0.0001). Lambs in the Cr-Met
and Se-Cr-Met groups also had higher ADG than the control
group (P=0.007 and P=0.076, respectively). Animals fed Se-
Met, Cr-Met, and Se-Cr-Met had better feed efficiency than
the control (P<0.05).Weekly DM intake (DMI) of ewe lambs,
which is shown in Fig. 1, was not different among experimen-
tal groups until week 6 in which lambs fed Cr-Met consumed
more DM than the lambs on control diet (P=0.015) as well as
Se-Met (P=0.002) animals. In week 7, lambs fed Cr-Met kept
increasing feed intake (Cr-Met vs. control P=0.009; Cr-Met
vs. Se-Met P=0.003) and Se-Cr-Met lambs had higher DMI
than the control and Se-Met groups (Se-Cr-Met vs. control P=
0.073; Se-Cr-Met vs. Se-MetP=0.029). Although animals fed
Cr-Met and Se-Cr-Met diets continued consuming more feed
than the control and Se-Met groups in week 8, feed intake
decreased in all groups in this week compared to the previous
week (week 7). However, only the lambs in the control group
had statistically significant DMI reduction in week 8 com-
pared to week 7 (829 vs. 1002.8 g, P=0.003). Lambs on Cr-
Met and Se-Cr-Met diets hadmore DMI than lambs on control
and Se-Met diets in week 9 (Fig. 1).

The same trend in weekly BW of the experimental lambs
was observed (Fig. 2). Before and after transportation, the
lambs fed Cr-Met and Se-Cr-Met diets had higher BW than
lambs on the control diet.

Blood Metabolites

The effects of feeding Se-Met and Cr-Met on blood metabo-
lites are shown in Table 3. Lambs fed Se-Met (P=0.014), Cr-
Met (P=0.005), and Se-Cr-Met (P=0.003) supplemented di-
ets had lower serum glucose concentration than lambs fed the
control diet. In addition, animals on Cr-Met diet tended to
have higher blood insulin than animals on Se-Met diet (P=
0.068). Dietary supplementation of Se-Met and/or Cr-Met had
no effect on serum urea, cholesterol, total protein, albumin, A:
G, AST, and ALT (Table 3). T3 and T4 levels and T3:T4 ratio
were affected by feeding the experimental treatments. Lambs
on Cr-Met diet had higher concentration of serum T3 than the
control group (P=0.040). The Se-Cr-Met group showed a
lower level of T4 compared to the control animals (P=
0.043). The results indicated that lambs fed Cr-Met (P=
0.039) and Se-Cr-Met (P=0.032) supplements had higher
T3:T4 ratio. Se-Met-fed animals showed a non-significant (P
=0.119) higher ratio of T3:T4.

Serum MDA (Fig. 3) was not different among the experi-
mental groups in week 5, while the lambs that received diets
supplemented with Se-Met and/or Cr-Met exhibited a lower
MDA concentration in week 9 (P<0.05). The FRAP value
(Fig. 4) tended to be higher in lambs given Se-Met- and Se-Cr-
Met-supplemented diets (P<0.1).

Transportation Stress

Data concerning the effects of feeding Se-Met and Cr-
Met supplements on TS in ewe lambs are presented in
Table 4. Cr-Met-fed lambs had lower serum glucose
content than the control before transportation (BT) and
after transportation (AT) (P<0.05). T test analysis indi-
cated that glucose concentration of the animals in the
control group significantly increased in the AT condition
compared to the BT situation (P=0.036). A quadratic
effect of experimental diets on serum cortisol (P=0.041)
was observed. The Se-Cr-Met group had the lowest cor-
tisol concentration in the BT condition (P values for Se-
Cr-Met vs. control, Se-Met, and Cr-Met were 0.055,
0.040, and 0.009, respectively). The mean of serum cor-
tisol concentration tended to increase in the control group
in the AT condition comparing with the BT condition
(6.80 vs. 3.28 μg/dl, P=0.085). Treatment application
had no effect on serum urea, total protein, albumin and
globulin concentrations, and AST activity (see Table 4).
However, lambs in the control group showed increased
blood AST in the AT condition compared with the BT
condition (162.25 vs. 146.60 IU/l, P=0.023). Serum Mg
(Fig. 5) decreased after the application of TS, but only
the control group showed a lower level of Mg in the AT
condition compared with the BT situation (2.2 vs.
2.5 mg/dl, P=0.034).
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Discussion

Feed Intake and Growth Performance

The effects of chromium on feed intake, in literature cited, are
controversial. In contrast with the obtained results in this
study, Dominguez-Vara et al. [6] in a feedlot experiment
showed a linear decrease of feed intake by increasing the Cr
(as Cr-yeast) content of diet. Contrarily, Ding et al. [29], by
feeding CrCl3 to lambs, and Chang and Mowat [30], by Cr-
yeast to steers, showed increased feed intake. There are lim-
ited researches regarding feeding chromium (Cr) in sheep.
Most authors reported that Cr supplementation has positive
effects on feed intake and weight gain under stress conditions.
Al-Saiady et al. [31] and Soltan et al. [32] reported that Cr
supplementation increases feed intake in dairy cows under
both normal and heat-stressed conditions. However, no report
related to feeding Cr as Cr-Met to sheep was observed. Most
studies using Cr-Met have been conducted on dairy cows.
Concerning the effects of Se on feed intake, similar to our
findings, Luseba et al. [33] on steer and Dominguez-Vara et al.
[6] on lambs showed that dietary supplementation of Se did
not affect the feed intake.

Growth performance was improved by Se-Met and Cr-Met
in the present study. The detected higher gain following Cr-
Met and Se-Met supplementation in this experiment may be
due to higher feed intake of these groups. The higher ADG in
the Cr-Met group (202.95 vs. 157.52 g/day) suggests a more
efficient tissue accretion in the Cr-Met-fed lambs. These find-
ings were supported by the better FCR in Cr-Met-fed lambs in
comparison with the control-fed animals. Lower FCR in
lambs fed Se-Met- and/or Cr-Met-supplemented diets, in the
present study, suggests the improving effects of Se and Cr on
growth performance of ewe lambs. Some researchers [6, 33]
did not report any growth-improving impacts of feeding Cr
supplement to animals. In contrast, Ding et al. [29] with
lambs, Halder et al. [34] with goats, and Ghorbani et al. [35]
with calves reported elevated ADG and reduced FCR by
feeding Cr supplements to animals. It seems that the beneficial
effects of Cr are associated with its role in carbohydrate and
protein metabolisms. Chromium potentiates insulin action by
enhancing its binding to target cell receptors and also by
improving its post-receptor signaling. Insulin increases pro-
tein synthesis, efficiency of amino acid transport, and carbo-
hydrate and lipid utilization and reduces protein degradation

Table 2 The effects of selenium-methionine (Se-Met) and/or chromium-methionine (Cr-Met) supplementation on the growth performance and feed
intake of Baluchi ewe lambs

Item Experimental group SEM P value

Control Se-Met Cr-Met Se-Cr-Met Linear Quadratic

IBW (kg) 24.45 24.72 23.98 24.20 0.389 0.672 0.912

FBW (kg) 34.09 b 35.17 ab 36.78 a 35.75 ab 0.643 0.031 0.115

Total gain (kg) 9.64 b 10.45 ab 12.80 a 11.55 ab 0.625 0.032 0.113

Intake (g/day) 944.68 c 942.11 c 1059.53 a 1014.34 b 4.999 0.0001 0.004

ADG (g) 157.52 b 173.87 ab 202.95 a 186.02 ab 10.396 0.024 0.135

FCR 5.99 a 5.41 b 5.22 b 5.45 b 0.177 0.021 0.034

Means with different letters in a row differ (P<0.05); n=6 in each experimental group

SEM standard error of means, IBW initial body weight, FBW final body weight, ADG average daily gain, FCR feed conversion ratio,

Fig. 1 Weekly dry matter intake (DMI) of Baluchi ewe lambs fed
selenium-methionine (Se-Met)- and/or chromium-methionine (Cr-Met)-
supplemented diets.Week 6 Cr-Met vs. control (P<0.05); weeks 7–9 Cr-
Met and Se-Cr-Met vs. control and Se-Met (P<0.05)

Fig. 2 Weekly body weight of ewe lambs fed selenium-methionine (Se-
Met)- and/or chromium-methionine (Cr-Met)-supplemented diets.Week 6
Cr-Met vs. control (P<0.05); weeks 7–8 Cr-Met and Se-Cr-Met vs.
control (P<0.05); week 9 Cr-Met vs. control and Se-Met (P<0.05); Se-
Cr-Met vs. control (P<0.05)
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rate [36]. The released energy in these processes could be the
reason for better growth and performance of lambs following
Cr supplementation [6].

Data related to the effects of Se on growth performance
were also inconsistent throughout the experiments. In agree-
ment with the findings of the current study, Kumar et al. [8]
and Nicholson [37] reported that Se supplementation led to
higher performance of lambs and steers, respectively. Kumar
et al. [8] demonstrated that organic Se was more effective than
inorganic forms.

The positive effects of feeding Se-Met and Cr-Met supple-
ments on feed intake and growth performance, in the present
study, are likely related to some reasons. The interaction of Se
and Cr with fat and unsaturated fatty acids may cause a
difference in the results of the present study. It has to be noted
that in the current experiment, lambs were fed a moderately
high-fat diet (fat=5 %) containing extruded linseed high in

polyunsaturated fatty acids. A positive correlation was also
observed between concentrations of unsaturated fatty acids
and the dietary content of Se by Yu et al. [38]. Cezauderna
et al. [39] demonstrated that feeding diets containing linseed
oil supplemented with Se improved body weight gain and
feed conversion efficiency (FCE).

The discrepancy in the results of this study may also be
attributed to the different environmental conditions, which
may result in different degrees of stress. The most positive
effects of Cr supplementation on growth performance were
observed under stress conditions. Cr reserves are depleted in
stress [33]. Supplemental Cr yields discernible effects in ani-
mals with depleted body Cr reserves [12]. During the period
of running this study (June–August), the THI was approxi-
mately 78.9, 81.1, and 79.1, respectively. Exposure to maxi-
mum air temperature over 30 °C and to THI higher than 80

Table 3 The effects of feeding selenium-methionine (Se-Met) and/or chromium-methionine (Cr-Met) on serum metabolites of Baluchi ewe lambs

Blood parameter Experimental group SEM P value

Control Se-Met Cr-Met Se-Cr-Met Linear Quadratic

Glucose (mg/dl) 68.10 a 58.26 b 56.12 b 55.57 b 1.739 0.003 0.067

Urea (mg/dl) 47.79 59.87 53.58 56.77 3.485 0.389 0.334

Insulin (μU/ml) 10.49 7.41 15.50 9.90 2.802 0.578 0.640

Cholesterol (mg/dl) 63.00 58.33 59.20 60.00 3.692 0.911 0.472

Total protein (g/dl) 7.90 7.88 8.03 8.03 0.283 0.682 0.977

Albumin (g/dl) 3.88 3.88 3.81 3.86 0.088 0.799 0.800

Globulin (g/dl) 4.02 4.00 4.21 4.16 0.260 0.595 0.955

A:G 0.98 0.99 0.93 0.94 0.061 0.505 0.989

AST (IU/l) 158.60 140.80 140.00 139.20 11.889 0.283 0.485

ALT (IU/l) 31.20 24.60 28.20 22.20 4.306 0.242 0.945

T3 (ng/dl) 103.80 b 136.34 ab 161.64 a 149.63 ab 21.506 0.079 0.232

T4 (μg/dl) 6.93 a 5.44 ab 5.63 ab 5.04 b 0.567 0.061 0.469

T3:T4 19.06 b 29.69 ab 32.45 a 33.78 a 4.362 0.031 0.293

Means with different letters in a row differ (P<0.05); n=6 in each experimental group

SEM standard error of means, A:G albumin to globulin ratio, AST aspartate aminotransferase, ALT alanine aminotransferase

Fig. 3 Serum malondialdehyde (MDA) of Baluchi ewe lambs fed Se-
Met- and/or Cr-Met-supplemented diets

Fig. 4 Serum ferric-reducing antioxidant power (FRAP) of Baluchi ewe
lambs fed Se-Met- and/or Cr-Met-supplemented diets at week 9 of the
experiment
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prevents lactating ewes from maintaining their thermal bal-
ance, thus inducing heat stress conditions [40]. Se-Met may
have reduced heat stress through reversing or inhibiting the

reduction in antioxidant activity caused by heat stress [41, 42]
and may have decreased the release of ACTH, which is
increased by heat stress [43]. Data regarding feeding Cr to
sheep in heat stress are limited. However Al-Saiady et al. [31]
and Nikkhah et al. [44] reported ameliorating effects of Cr on
heat stress in dairy cows. High air temperature may reduce
feed intake and cause physiological changes that increase Cr
requirements [44]. In addition, our results showed that Se and
Cr supplementation prevented from severe reduction in feed
intake after transportation stress which may imply the stress-
ameliorating effects of these minerals.

The form of a supplemented mineral also affects its func-
tion [45]. It is believed that the improved performance with
chelated and organic forms of Cr and Se (such as amino acid-
or yeast-chelated forms) may be related to improved absorp-
tion of these forms [46, 8]. The bioavailability of Se-Met and

Table 4 Effects of a short-time transportation stress on the serum metabolites of Baluchi ewe lambs supplemented with selenium-methionine (Se-Met)
and/or chromium-methionine (Cr-Met)

Blood parameter P value SEM Experimental group

Quadratic Linear Se-Cr-Met Cr-Met Se-Met Control

Glucose (mg/dl)

BT 0.135 0.226 4.101 70.00 ab 60.75 b 70.75 ab 75.74 a

AT 0.179 0.043 13.883 86.66 ab 72.00 b 101.00 ab ✝127.75 a

Cortisol (μg/dl)

BT 0.041 0.101 0.294 2.40 b 3.67 a 3.35 a 3.28 ab

AT 0.319 0.358 1.094 4.95 5.17 4.30 6.80

Urea (mg/dl)

BT 0.725 0.450 3.638 53.80 52.60 55.60 57.00

AT 0.776 0.829 4.477 55.60 54.60 57.00 53.25

Total protein (g/dl)

BT 0.893 0.733 0.250 6.30 6.35 6.32 6.44

AT 0.926 0.801 0.273 6.20 6.62 6.10 6.47

Albumin (g/dl)

BT 0.810 0.654 0.109 3.88 3.72 3.86 3.76

AT 0.231 0.967 0.083 3.88 3.82 3.75 3.90

Globulin (g/dl)

BT 0.732 0.311 0.257 2.22 2.62 2.46 2.68

AT 0.644 0.571 0.276 2.32 2.80 2.10 2.32

A:G

BT 0.433 0.516 0.184 1.78 1.53 1.55 1.60

AT 0.241 0.522 0.180 1.68 1.40 1.61 1.78

AST (IU/l)

BT 0.954 0.708 12.101 136.60 147.00 137.60 146.60

AT 0.801 0.462 14.288 142.40 160.40 152.00 *162.25

Means with different letters in a row differ (P<0.05); n=6 in each experimental group

SEM standard error of means, A:G albumin to globulin ratio, AST aspartate aminotransferase
✝Glucose: control BT vs. AT P=0.036

Cortisol: control BT vs. AT P=0.085

*AST: control BT vs. AT P=0.023

Fig. 5 Serum Mg before (BT) and after (AT) transportation stress
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Cr-Met is more than that of inorganic forms [33, 47]. Se-Met
and Cr-Met chelates could directly cross the intestinal cell
membrane and be metabolized without any prior digestion
due to being chelated with amino acids [47]. Therefore, the
positive effects of Se-Met and Cr-Met on ewe lamb perfor-
mance, in the present study, may be due to increased absorp-
tion of these organic forms.

Blood Metabolites

In the present study, serum glucose concentration was de-
creased in all three supplemented groups (P=0.003). These
results are conflicting with those of Dominguez-Vara et al. [6]
who fed Cr-yeast to feedlot lambs. However, in agreement
with the data obtained in this experiment, Fakler et al. [48]
with feeding Cr-Met to pigs, Uyanik [49] with feeding CrCl3
to lambs, and Kegley et al. [50] with feeding Cr-Met to calves
reported a significant reduction in blood glucose concentra-
tion. Cr-Met-fed lambs had a higher insulin level than the
other groups of animals in this study. Lambs fed Cr-Met
tended to increase serum insulin compared to Se-Met-fed
animals (P=0.068). Similar results had been reported by
Dominguez-Vara et al. [6] in lambs, who found that lambs
fed 0.3 mg/kg Se-yeast had lower blood insulin than lambs fed
0.25 mg Cr-yeast. According to Kitchalong et al. [12], in the
presence of Cr, insulin can enhance protein synthesis in lambs.
It has been reported [51] that LMWCr or chromodulin is
responsible for glucose reduction in mammalian cells. The
assumed mechanism for the action of chromodulin has been
described by Vincent [11]. Chromodulin increases the insulin
receptor sensitivity and potentiates the function of insulin
which increases the entry of glucose to cells and consequently
decreases the blood glucose. This potentiated insulin action
increases protein synthesis and efficiency of amino acid trans-
port, reduces protein degradation rate, and increases carbohy-
drate and lipid utilization. The energy released in these pro-
cesses could be responsible for the effect of Se-Met and Cr-
Met on growth and performance of lambs [36, 6].

Blood concentrations of TP and albumin are longer term
indicators of amino acid and immune states, whereas blood
urea may more accurately reflect short-term dietary effects on
rumen ammonia production and hepatic nitrogen turnover
[12, 52]. As such, blood globulin and A:G are used to assess
the systemic immune function at times of high metabolic
demands. None of TP, urea, albumin, and globulin and A:G
was affected by treatments in the current study. The results of
this study are in agreement with those reported by Kitchalong
et al. [12] and Dominguez-Vara et al. [6] with lambs and
Bunting et al. [53] with steers in the case of feeding Se or Cr
and their effects on these blood metabolites. Cr-Met and Se-
Met supplementation also had no effect on ALT and AST
activities in the present study. Finding these enzyme activities

to be within the reference interval of sheep may indicate that
the supplementation had no adverse effect on liver [49].

The data obtained in the present study suggests that a lower
concentration of T4 in lambs fed Se-Cr-Met following a higher
T3:T4 ratio in Se-Met-, Cr-Met-, and Se-Cr-Met-fed lambs
could be due to increased T4 to T3 conversion probably
induced by Se and Cr supplementation. To become functional,
T4 needs to be converted to T3. As a result, a more biologically
meaningful relationship is expected between growth and T3

rather than T4 [54]. Se activates the thyroid deiodinases (DI)
and selenoenzymes which catalyze the activation of T3 from
T4. Se deficiency reduces the T3 concentration and the liver DI
type 5′ activity and increases the concentration of T4 [55]. The
effects of Cr supplementation on thyroid hormones have not
been well elucidated yet. Collectively, the increased T3:T4

ratio in lambs fed supplemental Se and/or Cr suggests an
improvement in the efficiency of the T4 to T3 conversion
and possibly an increased T3 requirement for lambs during
summer time.

In the current study, Se-Met and/or Cr-Met supplementa-
tion led to a significant reduction in serum MDA in ewe
lambs. MDA concentration is widely used as an indicator of
lipid peroxidation. Parvin et al. [56] observed that MDA level
was significantly elevated in the cells which were treated with
aflatoxin B1 while Se-Met prevented MDA increase in these
cells. Hu et al. [20] also showed that Se-Met supplementation
improved total antioxidant power and reduced serumMDA in
sows. Sadeghian et al. [57] indicated that thiobarbituric acid-
reactive substances, such as MDA, vary and return to normal
levels over time. Cr supplementation decreased MDA con-
centration in quail under heat stress [58]. In the present study,
lower MDA concentration, as a lipid peroxidation indicator,
on the one hand, and higher FRAP value, as a total antioxidant
power indicator, on the other hand, in the Se-Met- and/or Cr-
Met-fed groups, could indicate the stress-ameliorating effects
of Se and Cr supplements in ewe lambs.

Transportation Stress

Sheep can be subjected to a variety of acute and chronic
stressors in both extensive and intensive production systems.
Animals that possess an adequate level of immunological
protection against stress have been demonstrated to exhibit
greater performance including growth and feed efficiency
[59]. TS has been reported to cause an elevation in plasma
glucose concentration due to breakdown of glycogen from the
liver or to depletion of glycogen reserves from the skeletal
muscles [16, 60, 61]. In the current study, serum glucose
concentration increased AT only in lambs fed the control diet.
It is believed that during stress, cortisol acts antagonistically to
insulin, preventing entry of glucose into muscle and adipose
tissues and sparing it for tissues of high demand (brain and
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liver) [33]. Given that Cr enhances the activity of insulin, a
potential anti-stress role of Cr could be hypothesized [62].

In the present study, Se-Cr-Met-fed lambs had a lower
concentration of serum cortisol than the Se-Met- and Cr-
Met-fed lambs BT. A synergistic interaction between Se and
Cr to the serum cortisol concentration could be suggested. It
was speculated that Se acted directly on blood cortisol by
affecting the free radical-antioxidant capacity balance, while
Cr had an indirect effect on glucose metabolism by potentiat-
ing insulin function [6]. However, the condition of sampling
(such as blood sampling) could affect the results of blood
cortisol concentration [63].

Serum urea, total protein, albumin, and A:G were not
affected by TS and mineral supplementation in this study.
This lack of effect may be due to the short period of transpor-
tation stress (30 min). AST concentration increased AT com-
paring with BT in the control group. AST level is a good
marker of muscle cell damage [64].

Serum Mg concentration decreased in lambs on con-
trol diet AT compared to the BT condition. The concen-
tration of Mg in body tissue decreases during transpor-
tation, which led to a change in the activity of the
mitochondrial membrane of cells [65]. Stress together
with lack of Mg causes an increase in the synthesis and
release of catecholamines, resulting in an increase in
cell permeability [66]. Mg acts as a cofactor or an
activator of many critical enzymes for the reactions
involving ATP that energize all major metabolism path-
ways. Also, Mg acts as a sedative that reduces the
stress-induced catecholamine secretion and the inhibited
glycogen breakdown [67].

Conclusion

Cr-Met and Se-Cr-Met supplementation increased DMI and
ADG of lambs. Lambs fed Se, Cr, and Se-Cr supplements had
lower FCR than lambs on the control diet. Either alone or in
combination, Se-Met and Cr-Met supplementation decreased
the serum glucose and MDA concentration at the end of the
experiment. Se-Cr-supplemented lambs had a lower cortisol
concentration before TS. The supplementation of Cr reduced
serum glucose content after TS and increased serum T3:T4
ratio at the end of the experiment. This study suggests that
organic Se and Cr supplementation may be an effective meth-
od for improving performance and metabolic status of ewe
lambs.
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