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Abstract

Background: Organic Se sources such as hydroxy-selenomethionine (OH-SeMet) offer higher bioavailability than inorganic
forms; however, their effects on Se deposition and meat quality in lambs remain insufficiently studied. Aims: This study aimed to
determine the growth performance, slaughter performance, meat quality, serum glutathione peroxidase (GSH-Px) activity and Se
content in the serum and longissimus dorsi (LD) muscle of lambs offered diets containing OH-SeMet at different doses or sodium
selenite (SS). Methods: Twenty-one Kivircik male lambs (3-4 months old; 26.96+4.83 kg body weight) were randomly allocated to
three dietary treatments (n=7) in a randomized complete block design, following a 10-day adaptation period and 56-day feeding
period. The experimental diets consisted of concentrate-based rations supplemented with Se at 0.2 mg/kg in the form of SS (45% Se;
0.44 g/ton) or at 0.2 and 0.4 mg/kg in the form of OH-SeMet (2% Se; 10 or 20 g/ton). At the end of experiment, blood samples were
collected from all lambs, which were then slaughtered, and tissue samples were obtained for subsequent analysis. Results: Dietary
OH-SeMet supplementation did not affect growth, slaughter performance, or meat quality but markedly increased Se concentrations
in serum and LD muscle compared with SS (P<0.001). At 0.2 mg Se/kg, OH-SeMet elevated muscle Se by 61.17% versus SS, and
increasing the OH-SeMet level to 0.4 mg Se/kg further increased muscle Se in a dose-dependent manner, while serum GSH-Px
activity remained unchanged. Conclusion: The increased incorporation of OH-SeMet into muscle tissue may enhance the Se content
of meat, thereby providing an additional dietary Se source for consumers of animal products; however, this may not necessarily
translate into improvements in growth performance or meat quality.
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Introduction

Lamb fattening is a preferred production model due
to its ability to generate high amounts of animal protein
in a short period. Nutrition, production systems, and
various health-related factors collectively influence both
performance and meat quality (Bello et al., 2016).
Among nutritional factors, selenium (Se) has received
considerable attention because dietary Se
supplementation in livestock has been shown to improve
growth performance (Shi et al., 2011; Vieira et al.,
2022), enhance meat quality and antioxidant capacity in
lambs (Kumar et al., 2009), and strengthen the immune
system in calves (Salles et al., 2014). The biological
functions of Se are primarily mediated through
selenoproteins, which incorporate  selenocysteine

(SeCys) as a key component. SeCys serves as the
essential structural element of 25 distinct selenoproteins,
including enzymes such as glutathione peroxidase (GSH-
Px), thioredoxin reductase, and deiodinase. These
selenoproteins are critically involved in regulating
essential biological processes such as antioxidant
defense, reproduction, and DNA synthesis (Zhang et al.,
2023). Selenium is also a key component of the muscular
antioxidant system in ruminants, and it has been shown
to improve major parameters related to meat quality
(Vignola et al., 2009; Grossi et al., 2021; Tian et al.,
2022). This effect varies depending on species, Se form,
and supplementation level (Wahyono et al., 2023).
Sodium selenite (SS) is commonly included in lamb
diets at 0.20 mg Se/kg dry matter (DM) to meet the Se
requirements of lambs (NRC, 2007). However, this
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inorganic form of Se is used solely for the synthesis of
selenoenzymes and, unlike organic Se forms with higher
bioavailability, it is not incorporated into non-specific
body proteins and 1is largely excreted into the
environment (Weiss, 2003). One of the organic forms of
Se, selenoyeast (Se-yeast), which contains organically
bound Se produced by yeast, has been approved for use
as a feed additive, provided that >63% of the total Se
content is in the form of selenomethionine (SeMet)
(EFSA, 2008, 2018, 2019). The principal advantage of
supplementing Se in the form of SeMet, as opposed to
inorganic Se sources, lies in its dual metabolic fate: a
portion of SeMet is incorporated into the body’s protein
pool via the methionine metabolic pathway, while the
remainder is metabolized similarly to other Se forms to
fulfill immediate selenoprotein requirements (Weiss,
2003). This allows Se to be stored in animal body
tissues, creating a reserve for future physiological use
(Hosnedlova et al., 2017; Surai et al., 2018). In addition,
the increased Se content resulting from the greater
incorporation of SeMet into muscle tissue may serve as
an additional dietary Se source for individuals
consuming animal products (Kieliszek and Sandoval,
2023). However, it has been reported that the SeMet
content of Se-yeast products does not always comply
with the minimum 63%, and more recent evaluations
have indicated that the proportion of inorganic Se often
exceeds 3% (Vacchina et al., 2021; Hachemi et al.,
2023a; Angaits et al., 2024). Such variability results in a
less reliable product that may not consistently optimize
the Se status of animals. In contrast, pure forms of
organic Se, such as hydroxy-selenomethionine (OH-
SeMet), provide a highly consistent source, with >98%
of the total Se present as OH-SeMet (EFSA, 2013). To
date, the higher bioavailability and associated functional
effects of OH-SeMet in comparison with SS and Se-
yeast have been documented in broilers (Zhao et al.,
2017; Sun et al., 2021), laying hens (Jlali ez al., 2013),
pigs (Jlali et al., 2014), beef cattle (Grossi et al., 2021),
and dairy cows (Li et al., 2022). Given its efficient
incorporation into body proteins, OH-SeMet may further
enhance antioxidant protection in muscle (Sun et al.,
2021). However, to the best of our knowledge, no
published studies have investigated the effects of
stepwise OH-SeMet supplementation on meat quality in
lambs.

According to Commission Implementing Regulation
No. 427/2013 of 8 May 2013, the European Union has
set the maximum allowable supplementation level for
organic Se compounds at 0.2 mg Se/kg of feed.
Nevertheless, increasing attention has been given to Se
supplementation above recommended levels, with the
aim of improving animal health, performance, and meat
quality (Grossi et al., 2021; Li et al., 2025), and
potentially supporting disease prevention and functional
food production (Rayman, 2008; Fairweather-Tait et al.,
2010; Paiva et al., 2019). In this context, we
hypothesized that dietary OH-SeMet supplementation
would increase Se deposition in serum and muscle
tissues in a dose-dependent manner compared with SS,
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and that this enhanced bioavailability might influence
antioxidant status and meat quality. Therefore, the
specific objectives of this study were to:

(i) Evaluate the effects of OH-SeMet versus SS on
growth and slaughter performance

(i1) Assess post-mortem meat quality traits

(iii) Determine Se concentrations in serum and
longissimus dorsi (LD) muscle

(iv) Measure serum GSH-Px activity in lambs fed diets
supplemented with different levels of Se

Materials and Methods

Study location and ethical statement

The feeding trial was carried out at a private farm in
the village of Cevreli in the Almus district of Tokat
province, Turkey. Geographically, the study area is
located at 40°17756.66"°N latitude and 36°51°03.84"'E
longitude.

The experiment was approved (2022/31-6/2022) by
the Local Animal Ethics Committee of Ondokuz Mayis
University following guidelines of the European Union
directive number 2010/63/EU (2010) regarding the care
and use of animals for experimental and scientific
purposes.

Animals,
treatments

The feeding trial was conducted using 21 male
Kivircik lambs (Body weight, BW: 26.96+4.83 kg; age:
3-4 months old), which were sourced from the local
market. Animals were weighed, immunized against
common infections, and treated for both internal and
external parasites of sheep. All lambs were kept in
individual pens (2x1.25 m) with straw bedding and
provided with individual feeding and watering. During
the experimental period (September-November 2022),
ambient temperature ranged approximately between 8
and 26°C, reflecting typical autumn conditions, with
moderate relative humidity and natural ventilation
without mechanical climate control. Photoperiod was not
experimentally controlled; animals were exposed to the
natural daylight cycle prevailing at this latitude
(approximately 12.5 to 11 h light/day). No artificial
lighting was applied.

The experiment was conducted using a randomized
complete block design. At the beginning of the study,
lambs were individually weighed and ranked in
ascending order based on their body weight. The animals
were then grouped into seven blocks, each consisting of
three lambs, to ensure homogeneity based on initial body
weight. Within each block, the three lambs were
randomly assigned to one of three different treatment
groups, resulting in seven lambs per treatment group.
The experimental diets consisted of concentrate-based
rations supplemented with Se at 0.2 mg/kg in the form of
SS (45% Se; 0.44 g/ton) or at 0.2 and 0.4 mg/kg in the
form of OH-SeMet (2% Se; 10 or 20 g/ton). Sodium
selenite (45% Se) and OH-SeMet (Selisseo® 2% Se) for
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animal feeding were obtained from O Kimya (Istanbul,
Turkey) and Adisseo France S.A.S (Antony, France),
respectively. The Se additives were added to a premix
and then used to manufacture the concentrate feed. The
Se content of the concentrate feeds was analytically
measured as 0.31, 0.34, and 0.51 mg/kg DM for the SS-
0.2, OH-SeMet-0.2, and OH-SeMet-0.4 groups,
respectively. According to NRC (2007), the Se
requirement of small ruminants is approximately 0.1-0.2
mg/kg DM, whereas the maximum tolerable
concentration is 5 mg/kg DM. Thus, all dietary Se
concentrations in the present study (0.31-0.51 mg/kg
DM) exceeded the requirement while remaining well
below the maximum tolerable level.

Concentrate feeds (Table 1) were formulated to meet
or exceed the nutrient requirements recommended by the
NRC (2007), except for Se. Concentrate was provided ad
libitum and distributed twice daily at 09:00 and 17:00 h.
Mixed grass hay, chopped to 4 cm length, was given as
the forage source at 100 g/head/day. Concentrate feed
and forage were provided in separate feeders. The forage
allowance was completely consumed by all lambs
throughout the experiment. Fresh drinking water was
available ad libitum throughout the study. The study
included a 10-day adaptation period followed by a 56-
day experimental period.

Table 1: Concentrate feed ingredients and nutrient content of
concentrate feed and grass hay

Ingredients Quantity (g/kg DM)

Barley 500

Maize 173

Soybean meal 150

Sunflower meal 23

Wheat bran 70

Molasses 42

Sodium bicarbonate 10

Limestone 13

Salt 10

Vitamin-Mineral premix” 9

Analyzed nutrient composition (g/kg DM)  Concentrate Mixed
feed grass hay

Dry matter 876 894

Crude protein 161 89

Ether extract 23 24

Crude ash 60 78

ADF (acid detergent fiber) 54 394

NDF (neutral detergent fiber) 164 571

Metabolizable energy’ £ (MJ/kg DM) 11.38 8.79

DM: Dry matter. * The provided vitamin-mineral premix per kg
contains: Ca 130 g, P 65 g, Fe 1300 mg, Cu 200 mg, Zn 1200
mg, Mn 1000 mg, I 9 mg, Co 12 mg, Vitamin A 140,000 IU,
Vitamin D 37,500 IU, Vitamin E 375 mg, Vitamin K 25 mg,
Vitamin B1 25 mg, Vitamin B6 25 mg, Riboflavin 75 mg,
Vitamin B12 0.28 mg, Nicotinic acid 300 mg, Pantothenic acid
200 mg, Folic acid 15 mg, Biotin 1.5 mg, T The metabolizable
energy of the concentrate feed was calculated using standard
table values for each ingredient, and ¥ The ME content of grass
hay was estimated using the regression equation from
Kirchgessner and Kellner (1981): ME, MJ/kg DM= 14.70-0.15
x ADF, where ADF is expressed as % of DM

Growth performance
The body weight of the animals was measured using
an automated electronic scale at the beginning of the

feeding trial and subsequently on days 14, 28, 42, and 56
prior to the morning feeding. Average daily gain (ADG)
was calculated as the difference between final live
weight and initial body weight, which was then divided
by the number of feeding days. Daily offerings and orts
of each treatment diet were measured and recorded
throughout the experimental period for each
experimental animal. The daily feed intake of individual
lambs was calculated as the difference between the feed
offered and the feed refused on a DM basis. Feed
conversion ratio (FCR) was calculated as the ratio of dry
matter intake (DMI) to BW gain. Samples of forage and
concentrate were collected weekly throughout the trial
period and stored at -20°C until nutrient analysis.

Blood sampling

On the final day of the experiment, blood samples
were collected from lambs before the morning feeding,
by jugular venipuncture, in sterile vacutainers with clot
activator. The samples were allowed to clot at 4°C for 30
min and then centrifuged at 1300 x g for 10 min. The
serum was divided into two 1.5 ml Eppendorf tubes: one
stored at -20°C for Se analysis, and the other stored at -
80°C for the determination of GSH-Px activity.

Slaughter performance

At the end of the trial, the lambs were fasted for 12 h
before slaughter. All animals were processed following
standard slaughterhouse procedures. Body weight and
hot carcass weight were recorded immediately after
slaughter, and carcasses were chilled at 4°C. After 24 h,
they were reweighed to obtain cold carcass weight and
calculate dressing percentage. Each carcass was divided
along the backbone into two equal halves. A cut was
made between the 12th and 13th ribs to expose the LD
muscle. The muscle area and back-fat thickness were
measured at this point. The LD cross-section was traced
on paper and its area determined with a digital
planimeter. Subcutaneous fat thickness was measured
using a digital caliper.

Meat quality assessment

Muscle pH was determined using a calibrated digital
pH meter (Testo 205, Testo AG, Germany) equipped
with a penetration electrode. Measurements were carried
out 24 h postmortem following storage at 4°C. For each
sample, pH readings were taken from three different
locations on the muscle surface, and the mean value was
used for further analysis. Surface color was evaluated
using a Minolta Chroma Meter CR-400 (Konica Minolta
Inc., Japan). After a 24-hour blooming period at 4°C,
color coordinates including lightness (L*), redness (a*),
and yellowness (b*) were measured at three separate
points on the sample surface. The average of these
measurements was calculated for statistical assessment
(Otto et al., 2007). All measurements were conducted
under ambient room temperature conditions. The left LD
muscle was removed from each carcass and stored at -
20°C until meat-quality and Se analyses. Drip loss was
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determined as described by Rasmussen and Andersson
(1996). About 70 g of muscle, cut to 3 cm thickness, was
used to measure cooking loss (Honikel, 1998). Warner-
Bratzler shear force (WBSF) was assessed with a texture
analyzer (Instron 3343). After cooking, samples were
cooled overnight at 4°C (Sazili et al., 2005). Six to eight
cores (1 cm? cross-section) were cut parallel to the
muscle fibers and sheared, and WBSF was expressed as
kg/cm? (Papinaho et al., 1996).

Selenium analyses and glutathione peroxidase
activity

Selenium content in feed, blood serum, and LD
muscle was determined by ICP-MS (Agilent 7800,
Agilent Technologies Inc., USA) at the Atatiirk
University Eastern Anatolia High Technology Research
Center (DAYTAM), Erzurum. Serum GSH-Px activity
was determined using a commercial colorimetric assay
kit (SunLong Biotech Ltd., China). Absorbance was
measured with a microplate reader (Epoch, BioTek
Instruments, USA) according to the manufacturer’s
instructions. Results are presented in ng/ml.

Feed analyses

The samples of concentrate and forage were ground
to pass through a 1-mm screen using a Wiley mill, and
weekly samples were analyzed in duplicate. Dry matter
(DM), ash, ether extract (EE), and crude protein (CP)
were analyzed according to AOAC (2005). Neutral
detergent fiber (NDF) and acid detergent fiber (ADF)
were determined by the Van Soest et al. (1991) method
using an ANKOM200 Fiber Analyzer (ANKOM
Technology Corp., Fairport, NY).

Statistical analysis

Data were analyzed using SPSS computer software
(ver. 16; SPSS 1Inc., Chicago, IL, USA). The
Kolmogorov-Smirnov test was used to test whether
growth performance data were normally distributed; the
Shapiro-Wilk test was used for carcass characteristics,
meat quality, serum and muscle Se content, and serum
GSH-Px activity. Homogeneity of variances was
evaluated using Levene’s test to verify the assumption of
homoscedasticity. Treatment effects were evaluated
using a one-way analysis of variance (ANOVA) with
block included in the model:

Yij = p + Ti + Bj + &ij

Where,
Yij: The observed response
u: The overall mean
Ti: The fixed effect of dietary treatment (i = 1, 2, 3)
Bj: The random effect of block defined by initial body weight (j
=1,...,b)
&ij: The residual error term, assumed to be independently and
normally distributed with mean 0 and variance o2

The block effect (initial body weight) was not
significant for the analyzed variables (P>0.05). When
significant treatment effects were detected, mean values
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were separated using Tukey’s HSD test (P<0.05).

Results

The growth performance parameters are shown in
Table 2. Initial BW did not differ among treatments
(P=0.987), confirming that groups were homogeneous at
the beginning of the experiment. Throughout the feeding
trial, BW measured at days 14, 28, 42, and 56 showed no
significant differences among the SS-0.2, OH-SeMet-0.2,
and OH-SeMet-0.4 groups (P>0.90 for all time points).
Average daily gain was also unaffected by dietary
treatments during any of the experimental periods
(P>0.35). Similarly, overall ADG across the 56-day trial
was comparable among groups, averaging 0.25-0.26
kg/day (P=0.889). Dry matter intake followed a similar
trend, with no significant effects of Se source or level
observed during any interval or for the overall feeding
period (P>0.42). Feed conversion ratio values did not
differ significantly among groups in any period (P>0.31).
The overall FCR ranged from 4.97 to 5.19 and was
unaffected by Se supplementation source or dose
(P=0.732). Daily Se intake was comparable between SS-
0.2 (0.40 mg/d) and OH-SeMet-0.2 (0.43 mg/d), whereas
OH-SeMet-0.4 resulted in a markedly higher intake (0.65
mg/d) (P<0.001).

The effects of dietary Se source and level on
slaughter performance and meat quality traits of lambs
are summarized in Table 3. Neither hot carcass weight
nor cold carcass weight differed significantly among the
SS-0.2, OH-SeMet-0.2, and OH-SeMet-0.4 groups
(P=0.993 and P=0.997, respectively). Similarly, cold
dressing percentage, LD area, and fat thickness over the
LD muscle were not affected by Se supplementation
(P>0.65). Post-mortem pH values of the LD muscle were
comparable across treatments (P=0.968). Meat color
characteristics, including lightness (L*), redness (a*),
and yellowness (b*), also showed no significant
differences among groups (P>0.19 for all parameters).
Furthermore, drip loss, cooking loss, and shear force
values were not influenced by Se source or level
(P>0.85).

Selenium concentrations in both LD muscle and
serum were markedly affected by dietary treatments
(Table 4). Lambs supplemented with OH-SeMet had
significantly higher Se concentrations compared with
those receiving SS (P<0.001). In the LD muscle, Se
levels increased from 183.28 pg/kg in the SS-0.2 group
to 295.40 pg/kg in the OH-SeMet-0.2 group and 421.39
pg/kg in the OH-SeMet-0.4 group, indicating a clear
dose-dependent  response.  Similarly, serum Se
concentrations  were elevated with OH-SeMet
supplementation, reaching 180.59 pg/L and 258.52 pug/L
in the OH-SeMet-0.2 and OH-SeMet-0.4 groups,
respectively, compared with 109.87 ng/L in the SS-0.2
group (P<0.001).

Serum GSH-Px activity was not significantly affected
by Se source or supplementation level, with values
ranging from 18.15 to 19.13 ng/ml (Table 4, P=0.886).
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Table 2: Growth performance of lambs receiving diets containing supplementary selenium

Parameter Period SS-0.2 (n=7) OH-SeMet-0.2 (n=7) OH-SeMet-0.4 (n=7) SEM P-value
Initial BW, kg 27.30 26.80 26.80 1.247 0.987
d14 31.64 30.38 31.26 1.298 0.928
d 28 34.29 33.47 33.74 1.305 0.969
BW (kg) d42 37.25 37.00 36.89 1.243 0.993
d 56 41.50 41.12 41.25 1.275 0.993
dl1-14 0.312 0.258 0.320 0.020 0.452
d 15-28 0.190 0.222 0.178 0.012 0.359
ADG (kg/d) d29-42 0.212 0.250 0.226 0.014 0.581
d 43-56 0.302 0.296 0.312 0.015 0.921
Overall 0.252 0.258 0.258 0.005 0.889
d1-14 929.48 926.92 928.07 22.971 0.999
d 15-28 1206.63 1216.23 1237.32 18.497 0.811
DMI (g/d) d29-42 1447.83 1377.58 1449.11 24.526 0.426
d 43-56 1648.08 1550.20 1552.12 46.928 0.657
Overall 1308.00 1267.73 1289.13 25.064 0.827
dl1-14 324 3.73 3.04 0.211 0.415
d 15-28 6.76 5.62 7.66 0.530 0.311
FCR d29-42 6.90 5.95 6.64 0.357 0.566
d 43-56 5.64 5.51 5.07 0.330 0.789
Overall 5.19 4.97 5.01 0.115 0.732
Se intake (mg/d) Overall 0.40° 0.43° 0.65% 0.032 P<0.001

SS-0.2: Sodium selenite-0.2 mg Se/kg concentrate DM, OH-SeMet-0.2: Hydroxy-selenomethionine 0.2 mg Se/kg concentrate DM,
OH-SeMet-0.4: Hydroxy-selenomethionine 0.4 mg Se/kg concentrate DM, SEM: Standard error of the mean, DMI: Dry matter
intake, BW: Body weight, ADG: Average daily gain, and FCR: Feed conversion ratio. > Mean values with different superscripts in
the same row show significant difference at the (P<0.05) level

Table 3: Slaughter performance and meat quality in LD muscle of lambs receiving diets supplemented with selenium sources

Parameter SS-0.2 OH-SeMet-0.2  OH-SeMet-0.4 SEM P-value
Hot carcass weight (kg) 18.90 18.74 18.78 0.580 0.993
Cold carcass weight (kg) 18.49 18.37 18.42 0.579 0.997
Cold dressing percentage (%) 45.00 45.10 45.07 0.048 0.672
LD area (cm?) 15.64 15.96 15.66 0.148 0.650
Fat thickness over LD (cm) 0.57 0.58 0.56 0.011 0.865
pH 5.51 5.52 5.52 0.017 0.968
Color characteristics for LD24n

L* (lightness) 44.20 45.74 43.76 0.466 0.199
a* (redness) 15.92 14.79 15.57 0.291 0.284
b* (yellowness) 10.21 9.74 9.56 0.228 0.529
Drip loss (%) 3.27 3.25 3.34 0.065 0.854
Cooking loss (%) 23.70 23.61 23.58 0.104 0.904
Shear force (kg/cm?) 2.93 2.98 3.02 0.070 0.890

SS-0.2: Sodium selenite-0.2 mg Se/kg concentrate DM, OH-SeMet-0.2: Hydroxy-selenomethionine 0.2 mg Se/kg concentrate DM,
OH-SeMet-0.4: Hydroxy-selenomethionine 0.4 mg Se/kg concentrate DM, SEM: Standard error of the mean, and LD: Longissimus
dorsi

Table 4: Selenium content of serum and LD muscle and serum GSH-Px activity of lambs receiving diets supplemented with
selenium sources

Parameter SS-0.2 OH-SeMet-0.2 OH-SeMet-0.4 SEM P-value
LD Se (ug/kg) 183.28¢ 295.400 421.392 27.207 P<0.001
Serum Se (pg/L) 109.87¢ 180.59° 258.522 17.099 P<0.001
Serum GSH-Px (ng/ml) 18.15 19.13 18.30 0.811 0.886

SS-0.2: Sodium selenite-0.2 mg Se/kg concentrate DM, OH-SeMet-0.2: Hydroxy-selenomethionine 0.2 mg Se/kg concentrate DM,
OH-SeMet-0.4: Hydroxy-selenomethionine 0.4 mg Se/kg concentrate DM, SEM: Standard error of the mean, LD: Longissimus dorsi,
Se: Selenium, and GSH-Px: Glutathione peroxidase. ® ™ ¢ Mean values with different superscripts in the same row show significant
difference at the (P<0.05) level
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Discussion

All Se doses used in the study were within the range
recommended by NRC (2007), indicating that dietary Se
supply was nutritionally adequate. In this context, the
absence of differences in growth performance among
animals in different groups likely reflects that
physiological requirements for normal growth had
already been met. Similar findings have been reported in
beef cattle (Grossi et al., 2021) and broilers (Tang et al.,
2021), where improved Se bioavailability increased
tissue Se concentrations without affecting growth under
standard rearing conditions. In contrast, positive effects
of organic Se on growth and feed efficiency are more
frequently observed under conditions associated with
elevated oxidative or metabolic stress, as demonstrated
in broilers (Sun et al., 2021) and dairy cows (Sun et al.,
2019). The absence of such stressors in the present study
likely limited the functional impact of Se source on
growth performance.

The absence of growth differences was also reflected
in carcass results. This outcome mainly follows from the
close link between carcass and final body weights
(Issakowicz et al., 2013). Similar observations have been
reported in lambs supplemented with SS or Se-yeast
(Vignola et al., 2009), suggesting that Se source alone is
insufficient to modify carcass composition under
adequate nutritional conditions. Evidence indicating
positive effects of Se on carcass traits generally derives
from Se-deficient or metabolically challenged animals
(Juszczuk-Kubiak et al., 2016; Tian et al., 2022). Here,
dietary Se was already adequate, which likely prevented
such effects.

Selenium’s antioxidant role can continue after
slaughter by maintaining GSH-Px activity and slowing
oxidation (DeVore et al., 1983). Some studies have
shown better meat quality with Se supplementation
(Tang et al., 2021; Tian et al., 2022). In this study, both
Se sources produced similar quality meat. The 0.2 mg
Se/kg DM in the diets was likely enough to maximize
GSH-Px activity in all groups. Although OH-SeMet
increased Se retention, this did not translate into higher
enzyme activity or better meat quality. Similar findings
have been reported in lambs (Vignola et al., 2009;
Mariezcurrena-Berasain et al., 2022), beef cattle (Huang
et al., 2023) and turkeys (Juniper et al., 2011). Once
tissue enzyme capacity is reached, extra Se does not
further improve quality.

The differences observed in serum and muscle Se
concentrations among treatments appear to reflect
fundamental metabolic distinctions between organic and
inorganic Se sources rather than merely differences in
dietary supply. Serum Se is widely regarded as a
sensitive biomarker of dietary Se source and supply (Hall
et al., 2013; Pecoraro et al., 2022). Although the
experimental period was limited to eight weeks, the
consistent differences observed between treatments
suggest that circulating Se concentrations reflected
sustained alterations in systemic Se status during the
supplementation period. Importantly, despite comparable
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Se intake between the SS-0.2 and OH-SeMet-0.2 groups,
lambs receiving OH-SeMet exhibited greater Se
deposition in muscle tissue. This divergence suggests
that the observed variation in tissue Se concentration
cannot be attributed solely to intake level, but instead
reflects source-dependent metabolic utilization. The
mechanistic basis for this difference lies in the distinct
metabolic fate of organic and inorganic Se forms. OH-
SeMet provides Se in a form structurally analogous to
SeMet, allowing its incorporation into the methionine
pool and subsequent non-specific integration into
structural body proteins. This process enables Se to
accumulate in muscle tissue as a reversible storage
reserve, thereby supporting a  dose-responsive
enrichment pattern. In contrast, inorganic Se sources
such as SS undergo ruminal reduction to selenide and are
primarily directed toward immediate selenoprotein
synthesis or methylation for excretion once metabolic
requirements are satisfied. Because inorganic Se cannot
be incorporated into general body proteins, its capacity
for long-term tissue retention is inherently limited.
Furthermore, ruminal microbial transformations may
reduce the proportion of inorganic Se that becomes
systemically available (Galbraith er al., 2016),
contributing to the comparatively lower muscle Se
deposition observed with sodium selenite
supplementation. The enhanced tissue deposition
associated with OH-SeMet supplementation in the
present lamb study is consistent with findings reported in
other species. Greater tissue Se accumulation with
hydroxy-analogues of SeMet compared with inorganic
sources has been demonstrated in pigs (J1ali et al., 2014),
poultry (De Marco et al., 2021; Sun et al., 2021; Tang et
al., 2021), beef cattle (Grossi et al., 2021), and dairy
cows (Sun et al., 2017). These differences in muscle Se
concentration are not only biologically relevant but also
nutritionally meaningful. From a human health
perspective, particularly for adults, the estimated amount
of meat required to provide 55 pg of Se (IOM, 2000)
ranged from 130 to 300 g across treatments. Because
meat provides Se largely in organic forms (Ferreira et al.,
2021), the increased Se deposition achieved through OH-
SeMet supplementation enhanced the Se density of lamb
meat, thereby allowing the recommended daily intake to
be met with smaller portion sizes.

The unchanged serum GSH-Px activity despite
marked increases in serum and muscle Se indicates that
selenoprotein synthesis had likely reached a functional
plateau under the basal Se supply (Li and Sunde, 2016).
Glutathione peroxidase activity reflects Se adequacy
rather than total tissue Se content, and once physiological
requirements are met, additional Se does not
proportionally enhance enzyme activity due to
hierarchical regulation of selenoprotein expression
(Weiss, 2003; Li and Sunde, 2016). The elevated muscle
Se  concentrations  observed  with  OH-SeMet
supplementation therefore most likely represent
expanded Se reserves within structural body proteins
rather than increased allocation to active selenoenzymes.
Comparable patterns have been reported in dairy cows,
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where greater Se retention did not result in higher
antioxidant enzyme activity when baseline Se status was
already sufficient (Hachemi er al., 2023b). Under
conditions associated with increased oxidative stress,
however, Se supplementation—particularly in organic
forms—may exert a more pronounced effect on
antioxidant systems (Gong and Xiao, 2018; Sun et al.,
2021). The lack of change in GSH-Px activity in the
present study therefore likely reflects the attainment of
Se sufficiency and the absence of oxidative challenge
under the experimental conditions. Future research
should assess OH-SeMet supplementation in lambs
exposed to defined stress conditions and incorporate a
broader range of oxidative biomarkers to better
characterize functional antioxidant responses.

The present trial used individual animals as
experimental units and uniform management to minimize
confounding effects. Yet, the small sample size (n=21)
and single-farm setting may have limited statistical
power and external validity. In addition, meat oxidative
stability during post-mortem storage was not evaluated,
which restricts the interpretation of the practical
implications of increased Se deposition for product shelf
life and quality preservation. Furthermore, the duration
of the study did not allow the assessment of potential
long-term effects of sustained OH-SeMet
supplementation on metabolic regulation or tissue Se
dynamics. Despite these limitations, the results align
with existing literature and provide clear evidence that
OH-SeMet increases Se deposition in a dose-dependent
way.

Overall, supplementing OH-SeMet at 0.2 mg Se/kg
DM increased muscle Se by about 61% compared with
SS, indicating greater Se deposition from the organic
source. Increasing the supplementation level to 0.4 mg
Se/kg DM further increased muscle Se by approximately
43%, indicating a dose-dependent response. These
reserves could help animals cope with stress or poor Se
availability in the environment. Practically, OH-SeMet
appears to be a more efficient Se source for sheep diets.
It may improve both animal health and the nutritional
value of meat. Further work should evaluate its long-
term impact under field conditions and in herds exposed
to nutritional or oxidative stress.
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