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Abstract
The effects of organic selenium (Se) alone or combined with organic chromium (Cr) on semen quality and metabolites and blood
antioxidant status was evaluated during the summer in rams. Fourteen Mehraban rams (2-4 years, BSC 2.5-3.5, initial body weight 70.14  kg)
were divided in to four groups (n=4) and two levels of Se (0 and 0.6 mg/ram/day, inactive dry Se-yeast) were tested at two levels of Cr (0 and
1 mg/ram/day, Cr-methionine) in a completely randomized design with 2×2 factorial layout for 60 days. Body weight changes and scrotal
circumference (SC) were recorded fortnightly. Semen quality and metabolites, rams libido, spermatozoa motion characteristics, blood ferric
reducing ability (FRAP) and thiobarbituric acid reactive substances (TBARS) were measured during the experiment. Body weight, dry mater
intake and SC were not affected by treatments. Chromium alone increased FRAP, libido and sperm linearity and combined with Se increased
spermatozoa viability, membrane integrity and decreased semen glucose and alkaline phosphatase activity (P≤0.05). Main effect of Cr
tended to increase EV (P=0.095). Abnormal spermatozoa and TBARS decreased by Cr, Se or by their combination. Selenium alone had higher
sperm concentration compared to its combination with Cr (P≤0.05). Average path velocity was numerically higher by Se alone and
curvilinear velocity was lower by combined with Cr, but the difference was not signi�cant (P>0.05). In conclusion, Cr and Se supplementation
of rams during the summer improved semen quality and blood antioxidant status. However, co-supplementation of Cr and Se had no more
additional effects on studied parameters. 

Introduction
In the sheep industry, rams are crucial for pro�table lamb production. Many factors in�uence the fertility of rams, including age, breed,
nutrition, management, and environmental temperature (Ghorbankhani et al., 2015). In the non-breeding season, rams are usually fed at
maintenance level therefore, approximately three months before the rams being exposed to the ewes; their nutrition and welfare require more
attention to ensure maximum e�ciency of sperm production. Regarding this issue, basal diet energy and protein content, some trace
elements, especially zinc, selenium and cobalt, impact reproductive performance of rams profoundly (Kendall et al., 2000).

It is well demonstrated that trivalent chromium (Cr) potentiates insulin action by increasing the a�nity of insulin receptors to insulin
(Weksler-Zangen et al., 2012). Although Cr de�ciency has not been demonstrated in farm animals, however, responses to Cr supplementation
have been variable and most consistent in animals exposed to various stressors such as heat, cold, weaning and etc (Spears 2019). Usually,
rams experience summer heat stress especially in tropical zones and extensively raised situations where management measures are not well
implemented or may be less worthy of attention by breeders. In addition to summer heat stress, rams due to high sexual activity experience
doubled stress during joining season. Temperature controlled studies demonstrated that ram fertility is reduced when mating occurs during
the period 14 to 50 days post-heating (Van Wettere, et al., 2021). Besides, heat stress depletes antioxidant capacity and alters post-
absorptive carbohydrate (basal and stimulated) metabolism, characterized primarily by increased basal insulin concentrations and insulin
response to a glucose tolerance test (O’brien et al., 2010). Many scienti�c documents emphasize that selenium (Se) and Cr are a promising
agent for combating the adverse effects of stress in animals and are strong antioxidants that prevents heat stress-induced lipid per-
oxidation, improves nutrient metabolism and promotes insulin action, thereby increasing farm animal productivity (Bin-Jumah, et al., 2020).
It has been reported that dietary supplementation of Se or Cr alone or their co-supplementation improves animal production performance
and relives negative effects of summer heat stress (Bin-Jumah, et al., 2020; Domínguez-Vara, et al., 2009). Recent �ndings suggest that
dietary high Cr-methionine supplementation in summer-exposed lambs improves blood antioxidant status and feed to gain e�ciency without
adverse effects on lambs’ health and metabolism (Seifalinasab et al., 2021). Accompanying these studies, Biswas et al., (2014) reported that
500 or 750 µg/kg Cr-picolinate in diet of adult male turkeys in summer improve sperm concentration, progressive motility and fertility.

Several studies have reported the bene�cial effects of dietary supplementation of organic or inorganic forms of Se on semen characteristics
in farm animals (Shi et al., 2010; Baiomy et al., 2009; Marai et al., 2009). In addition, an increasing amount of evidence shows that, the
negative effects of elevated environmental temperature on semen quality and fertility can be relieved with antioxidants and Se
supplementation (Hosny et al., 2020; Chauhan et al., 2014). Because of the effective role of Cr and Se in reducing the negative effects of heat
stress and enhancement of antioxidant power, we were interested to test Cr and Se alone on their combination on ram semen quality and
biochemical composition and blood antioxidant status during the summer. To the best of our knowledge, there were no reports on the effects
of organic Cr alone or combined with Se on semen characteristics in rams during the summer. Therefore, the aim of this study was to
evaluate the semen quality and its biochemical composition and blood antioxidant status in rams supplemented with organic Se alone or
combined with organic Cr during the summer.

Material And Methods

Acquisition of trace elements
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The organic form of chromium was chromium methionine (Cr-Met) with trade name of Availa®Cr (Zinpro, USA) containing 1% Cr-Met and
0.1% Cr and calcium carbonate as carrier. The used Se source was organic form of Se, an inactive yeast (Saccharomyces cerevisiae)
enriched with organic Se with trade name of Selemax 2000® (Biorigin, Brazil) containing 0.2% Se in the form of inactive dry yeast.

Animal’s management and experimental design 
The experiment was carried out from July 1 to September 22 at the university of Bu-Ali Sina research farm (Latitude: 48031/ 36 // N;
Longitude 3500 / 12 // E; Altitude 1694 m), Hamedan, Iran. Fourteen Mehraban rams (2–4 years old, with a body score of 2.5–3.5 and 70.14
kg in initial body weight) were treated orally with Albendazole and Levamisole (5 ml/ 50 kg body weight) before beginning of the experiment.
Rams were transferred to individual holding pens and adapted to the basal diet (Table 1) for one week. Then, the rams were randomly
divided in to four groups (n = 4) and two levels of organic Se (0 and 0.6 mg / ram /day) were tested at two levels of organic Cr (0 and 1 mg /
ram/ day) in a completely randomized design with 2×2 factorial layout. Clean and refreshing water was provided ad libitum for all rams
during the entire period. Availa®Cr (1 g/ram/day) was �lled in to empty pill capsules and fed to rams with morning meal. Aqueous
suspension of Selemax 2000® (0.3 g/ram/day) was prepared by fresh H2O and drenched to rams with morning meal. The basal diet (Table
1) was balanced according to the NRC (2007), and offered to rams twice daily (8:00 am and 5:00 pm). The experiment lasted for 60 days.
Feed intake and residuals were measured daily. Rams body weight and scrotal circumference (SC) were recorded every 2-week. Body weight
changes, dry matter intake (DMI), total gain (TG) and average daily gain (ADG) were recorded. Blood sample was collected by jugular vein
puncture before morning meal at 09:00 on days 30 and 60 of experiment. Sample of seminal plasma was prepared at the same time by
centrifugation of collected semen for 10 min at 2500 g. 

Chemical Analysis
Samples of feed and residual mixtures (which was collected daily) were taken at the time of diet formulation and analyzed for dry matter (65
◦C for 72 h), ash (550 ◦C for 8 h) and crud protein (Kjeldahl Method) according to the procedures of the association of o�cial analytical
chemists (AOAC, 1997). Neutral detergent �ber (NDF) and acid detergent �ber (ADF) were determined by Van Soest �ber analysis method
(Van Soest et al., 1991). Metabolizable energy was estimated by using NRC (2007) equations. The Cr concentration of basal diet was
analyzed using atomic absorption spectrophotometer method and Se concentration of the basal diet was determined using graphite furnace
atomic absorption spectrometry (AOAC, 1997).

Seminal plasma biochemical composition and enzyme activities were measured by Pars-azmoon kits (Tehran, Iran) and spectrophotometer
according to their instructions. Shortly, the enzymatic-colorimetric methods used by the kits for assessment of glucose, cholesterol and
triglyceride. Photometric UV test, bromocresol green, photometric-biuret, cresolphthalein compelexone respectively were methods or reagents
for measurement of phosphorus, albumin, total protein and calcium. International federation of clinical chemistry (IFCC) methods used for
evaluation of alkaline phosphatese (ALP), aspartate aminotransferase (AST), alanin aminotransferase (ALT) enzymes activity.

Ferric reducing ability of plasma (FRAP) and thiobarbituric acid reactive substances (TBARS) were evaluated according to described
methods in our previous study (Farahavar et al. 2020). Brie�y, a ratio of 10: 1: 1 of acetate buffer (300 mM, pH = 3.6), 2, 4, 6-tripyridyl-
striazine (TPTZ: 10 mM in 40 mM HCl) and FeCl3 (20 mM) solutions respectively were mixed and ferric reducing ability of 50 µl of plasma
was measured by evaluation of absorbance of the colored solution at 593 nm. The intra-assay coe�cient of variations was less than 10.5%.
Results were expressed as µmol Fe2+ that reduced by 1 ml plasma sample. For TBARS assay, in the �rst step, the protein content of plasma
sample was precipitated by using trichloroacetylacetate (20% W/V, in 0.6 M HCl) and centrifugation for 15 min at 2000 g. Thiobarbituric acid
(TBA) reaction was performed by mixing 0.3 ml of TBA (0.12 M, in 0.26 M Tris, pH = 7) with prepared supernatant in the previous step and
incubated in boiling water for 15 min. The absorbance of pink colored solution was measured at 532 nm. The concentration of TBARS was
determined using its extinction coe�cient 155 mM− 1 cm−1. The intra-assay coe�cient of variation for TBARS assay was less than 9.5%.
Results were expressed as µmol TBARS per ml plasma sample. All chemical analysis was performed in duplicate.

Semen collection and evaluation
During the experiment, rams were accustomed to semen collection by arti�cial vagina (AV) in which rams were exposed to a ewe was in
estrus. Each ram were subjected to 2 false mounts before ejaculation to arouse the sexual desire. Length of reaction time (RT) was
measured from the time the ram saw the stimulus until was ejaculated into the AV and considered as a measure of the ram libido (Fahey et
al., 2012). After elapsing at least 47 days (time required to complete one cycle of spermatogenesis in ram) of feeding the Cr and Se
supplements, semen was collected, 3 times at 08:00 to 10:00 and averaged as the �nal results. Collected samples immediately were
evaluated for general characteristics (ejaculate volume (EV, ml), concentration (Conc. × 109.ml− 1), semen vigor (SV, 0–5 scale), sperm
viability (Viab, %), membrane integrity (MI, %) and total abnormality (TA, %)) according to a published procedure (Molinia et al., 1994). The
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EV was measured by scald collecting tubes. Sperm concentration was determined in duplicate using a neubauer hemocytometer and
spectrophotometer (at wavelength of 550 nm) after dilution with distilled water (1:200) (Anzar, et al., 2009). TSE was calculated by
multiplying EV by Conc. Percentage of sperm viability and abnormal morphology was determined by using eosin-nigrosin staining and
counting 200 sperm cell under a light microscope and 400 X magni�cation (Molinia et al., 1994). The hypo-osmotic swelling test (HOST)
was performed to evaluate membrane integrity by incubating 5 µl of fresh semen with 500 µl of a 100 mOsm HOS pre-warmed solution
(0.49% sodium citrate dehydrate w/v and fructose 0.9% w/v) in 37°C for 30 min (Molinia et al., 1994). Sperm kinematic features and motion
characteristics were measured by using CASA (computer-assisted sperm analysis system, Video Test-Sperm 3.1, St, Petersburg, Russia)
system, digital color microscope camera (Mshot MD50-T, USB3.0, China), phase-contrast microscope (Labomed LX400 Microscopes, USA)
equipped with warm stage set at 37°C. Pre-warmed microscope slide was loaded with diluted sample (7 µl, diluted in ratio of 1:200 with tris-
fructose-citric acid extender) and covered with cover slip glass (18×18 mm) and ten microscopic �elds were recorded at 200 X
magni�cations. The following variables were analyzed by CASA according to WHO standards for humans: Total motility (TM, %), fast
progressive motility (FPM, %), straight-line velocity (VSL, µm/s), curvilinear velocity (VCL, µm/s), average path velocity (VAP, µm/s), amplitude
of lateral head displacement (ALH, %), STR: straightness (VSL/VAP × 100) as the linearity of the average path, LIN: sperm linearity (VSL/VCL
× 100) as a measure of a curvilinear path, WOB: wobble (VAP/VCL × 100) oscillation measure of the actual path about the average path,
BCF: beat cross frequency, MAD: mean angular displacement (degrees).

Statistical analyses
The normal distribution of residuals of data sets were examined using Shapiro-Wilk test and were log-transformed (if needed) prior to ANOVA
to satisfy the assumptions of normality and equal variances for residuals of the model. Semen quality parameters and RT as well as CASA
detected sperm motility and kinematic features were analyzed by completely randomized design (CRD) using GLM procedure of SAS
software (version 9.4, SAS Institute Inc, Cary, NC, USA) with the following model:

Yijl = µ + Cri + Sej +CrSeij+ ijl,

Where Y is the dependent variable, µ is the overall mean, Cri is independent effect of Cr levels, Sej is independent effect of Se levels, CrSeij is
interaction of Cr× Se and ijl is experimental error. Results are presented as mean ± S.E.M.

Data sets of body weight changes, DMI, TG, ADG and SC as well as seminal plasma biochemical composition, FRAP and TBARS
concentrations on days 30 and 60 of the experiment were analyzed using multi-factorial analysis of variance (ANOVA) for repeated
measures (PROC GLM) of SAS software with the following model:

Y ijkfx = µ + Cri + Sej + CrSeij +TK+ CrTf+ SeTx+CrSeTfx+ EA ijkfx + EB ijkfx,

Where Y is the dependent variable, µ is the overall mean, Cri is independent effect of Cr levels, Sej is independent effect of Se levels, CrSeij is
interaction of Cr and Se, Tk is �xed effect of time, CrTf is interaction of Cr and time in, SeTx interaction of time and Se, CrSeTfx is interaction
of Cr, Se and time, EAijkfx is main error and EB ijkfx is minor error. Results are presented as Mean ± S.E.M. wherever a signi�cant interaction
between Se and Cr was found, the comparison of the main effects was considered unauthorized due to statistical considerations and no
comparison of the main effects was performed. Differences were considered to be statistically signi�cant when P ≤ 0.05.

Results

Body weight and SC changes and dry mater intake
There were not effects of time on �nal BW, TG, ADG, DMI and SC; in addition, interaction between treatment and time (treat × time) was not
signi�cant. Thus, overall results are presented in Table 2 for the above mentioned parameters. Final BW, TG, DMI, ADG and SC were not
affected by Se or Cr supplementation and their interaction was not signi�cant.

Semen characteristics
Results of dietary supplementation of Cr and Se or their co-supplementation on semen qualitative parameters (EV, SV, Conc., TSE, Viab, MI
and TA) as well as RT are shown in Table 4. A signi�cant interaction was found between Se and Cr for Conc., Viab, MI and TA (P ≤ 0.05).
Concentration of spermatozoa (Conc.) was not signi�cantly different between groups supplemented with Cr and Se alone (treat 2& 3) and
control (treat 1) although its mean value was slightly higher in the Se alone (treat 3). However Cr and Se co-supplementation (treat 4)
reduced Conc compared to Se alone. Chromium supplementation alone or co-supplemented with Se increased signi�cantly Viab and MI
compared to control and morphologically abnormal spermatozoa decreased signi�cantly by Se, Cr or their co-supplementation (P ≤ 0.05).
Interaction between Se and Cr (Se × Cr) was not signi�cant for EV, SV and RT. Main effect of Cr for RT was signi�cant (P ≤ 0.05) and Cr
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supplementation signi�cantly resulted in lower RT (P ≤ 0.05). Ejaculate volume, SV and TSE were not affected by main effects of Cr and Se
(P ≤ 0.05). In addition, there was no signi�cant difference between treatments. However, main effects of Cr tended to increase EV (P = 0.095).

Results of CASA detected sperm kinematic features (TM, FPM, VCL, VSL, VAP, STR, LIN, WOB, BCF and MAD) are shown in Table 5. Some of
CASA detected sperm kinematic features were affected by Cr and Se and a signi�cant interaction between Se and Cr was found for VSL,
VCL, VAP ALH and WOB. Mean value of VCL was slightly higher in the groups supplemented with Se and Cr alone (treat 2 & 3) but the
difference was not signi�cant compared to control (P > 0.05). Numerically lower VCL was observed by co-supplementation of Se and Cr (P ≤ 
0.05) but the difference was not signi�cant compared to control (P > 0.05). Higher VAP was observed by Se supplementation but difference
was not statistically signi�cant (P > 0.05). There was no signi�cant difference between treatments for VSL, ALH and WOB. Interaction
between Se and Cr was not signi�cant for TM, FPM, STR, LIN, BCF and MAD. Level of Cr affect LIN and 1 mg /ram/ day Cr increased LIN
compared to zero level (P ≤ 0.05). However, LIN did not affected by level of Se and difference was not signi�cant between treatments (P > 
0.05). Total motility, FPM, STR, BCF and MAD were not signi�cantly affected by Cr and Se supplementation (P > 0.05) but 1 mg /ram/ day Cr
tended to increase FPM.

Plasma concentrations of TBRAS and FRAP
Results of dietary supplementation of Cr and Se or their co-supplementation on TBARS and FRAP concentrations of plasma on days 30 and
60 are presented in Table 6.There was not signi�cant effect of time on TBARS and FRAP, in addition, interaction between treatment and time
(treat × time) was not signi�cant. Although, TBARS concentration on day 30 were not signi�cantly affected by Cr and Se (P > 0.05) but
tended to decrease in Cr and Se co-supplemented group (P = 0.10). In addition, lower TBARS concentration was observed on day 60 and total
time for Cr and Se supplemented groups compared to control (P ≤ 0.05). Interaction between Se and Cr was not signi�cant for TBARS on
days 30 and 60 and total time. FRAP concentration on day 30 were not signi�cantly affected by Cr and Se (P > 0.05) but higher FRAP value
was detected on day 60 and total time for Cr and Se supplemented groups compared to control (P ≤ 0.05) and a signi�cant interaction
between Se and Cr was found. However no additional effect was detected by Cr and Se co-supplementation.

Seminal plasma biochemical composition
There were not effects of time on seminal plasma biochemical composition (TG, TC, TP, calcium, and phosphorus) and enzymes activity
(ALP, AST and ALT); in addition, interaction between treatment and time (treat × time) was not signi�cant for these parameters. Thus, overall
results are presented in Table 7 for the above mentioned parameters. There was not a signi�cant effect of time on seminal plasma glucose
concentration but, interaction between treatment and time (treat × time) was signi�cant. In addition, effect of time on seminal plasma Alb
concentration was signi�cant but, signi�cant interaction between treatment and time (treat × time) was not detected. Interaction between Se
and Cr was not signi�cant for the above mentioned biochemical parameters. There was no signi�cant difference between treatments for TG,
TC, TP, calcium, and phosphorus and activity of AST and ALT. Activity of ALP was signi�cantly affected by main effect of Cr and 1 mg
Cr/ram/day reduced ALP activity signi�cantly compared to zero level (P ≤ 0.05). In addition, Cr alone (treat 2) or combined with Se (treat 4)
reduced ALP activity compared to control (P ≤ 0.05).

Discussion
Trivalent Cr is considered an essential nutrient for insulin, sugar, and lipid metabolism (Cefalu and Hu, 2004). While trivalent Cr is considered
non-toxic, hexavalent Cr is toxic and carcinogenic and affects reproductive system negatively (Ernst, 1990). Therefore, what is used as a
dietary supplement in human and animal nutrition is trivalent type of Cr with organic or inorganic forms. Organic forms of trace elements
have advantages over inorganic forms; some of those bene�ts are soluble, stable, absorbable and more metabolizable and these
characteristics directly impacts the animal’s health and physiology (Spears, 1996). It has been reported that dietary supplementation of Cr
alone or in combination with some trace elements such as zinc and Se, can be act as metabolic modi�ers and there was a great interest in
studding the interaction between these elements in physiological processes in domestic animals (Domínguez-Vara et al., 2009). Despite
increasing scienti�c reports on the effects of Se on semen quality, but to the best of our knowledge no study until today has reported on the
effect of dietary supplementation of organic Cr alone or combined with organic Se on semen quality, seminal plasma biochemical
composition and antioxidant status in ram. Therefore, when there were no sheep studies, we had to use the results of other animal species or
human studies to match and discuss the results of our study.

The animals used in this study were adults and therefore the purpose of measuring changes in BW and DMI was not to evaluate their growth
performance because their time of growth has passed. The purpose of measuring BW changes and DMI and ADG was only to evaluate the
effect of Se and Cr intake on changes in animal BW during the experiment which was likely to affect other parameters or any effect of Cr and
Se intake on weight loss in adult animals. Human studies has reported that Cr intake can result in weight loss by elevating resting energy
expenditure, decreasing body fat and increasing lean body mass (Diaz, et al., 2008). Some reports suggest that Cr could suppress appetite
and stimulate thermogenesis through sensitization of insulin-sensitive glucoreceptors in the brain (Wang, et al., 2007). Therefore, Cr is a
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nutritional supplement that has garnered interest for use as a weight loss aid in human (Cefalu, et al., 2004). In addition, the results of
various studies on the effects of Se supplementation on metabolic hormones pro�le and body fat composition have shown that Se could
exert bene�cial effects not only in reducing peripheral and central leptin resistance (through its antioxidant activity, by increasing
selenoproteins activity, and by interacting with in�ammatory biomarkers), but also may act via a direct effect on adipose tissue (Cavedon, et
al., 2020). It is reported that Se-yeast combined with Cr-yeast had positive effects on performance and carcass composition of �nishing
lambs and modi�ed blood hormones and metabolites which could improve lamb meat quality (Domínguez-Vara, et al., 2009). However, in
this study BW, TG, DMI and ADG were not affected by Se or Cr intake. Therefore, it is possible that metabolic hormones or carcass
composition have been affected by Cr and Se intake. Although, these parameters may be affected by breeds, age, animal physiological state,
duration of experimental period and Cr and Se content of basal diet.

Semen is developed and produced in the lumen of tubuli seminiferi in the testis; therefore, there is correlation between body weight, age, and
the volume of testis as well as the SC with EV. Scrotal circumference is an essential part of the breeding soundness evaluation and sperm
parameters (Perumal, 2014). Whereas, in our study SC was not affected by Cr or Se intake (Table 3), therefore, a signi�cant impact of Cr and
Se on EV was not expected. In line with the results of this experiment, no signi�cant change in SC of Ossimi rams was observed by dietary
supplementation with organic Se at 0.2 and 0.5 ppm (Baiomy et al. 2009). It was reported that different levels of inorganic Se
supplementation of Brazil’s ram did not in�uence EV (Piagentini et al., 2017). In contrast, short-term dietary supplementation of Se-enriched
yeast increased signi�cantly goat EV during the breeding season (Shi et al., 2010). No evidence was found on the effect of Cr on EV or SC in
ruminants, but it was showed that organic Cr or Se alone or their co-supplementation in cocks from Dokki-4 strain increased EV (Attia et al
2015). According to the results obtained from this study, co-supplementation of Cr and Se increased slightly EV but it was not statistically
signi�cant (Table 4). Since there was no change in BW, it was not expected to observe signi�cant increase in EV. However, we believe that EV
is more in�uenced by, animal species, BW and breeds.

In our study sperm concentration decreased by Cr adding to Se contained diet, in other words, sperm concentration decreased by co-
supplementation of Cr and Se (2.72 vs. 3.07×109 ml, Table 7) but this reduction did not happen with Cr or Se alone and difference was not
signi�cant with control. It may be due to slightly the greater effect of Se on sperm concentration. Therefore, it can be concluded that the
combined Cr and Se had no negative effect on sperm concentration; in particular, the total TSE did not differ between groups. Con�icting
results on reproductive effects of Cr compounds have been reported. No negative effects of organic Cr (chromium picolinate or chromium
nicotinate) have been observed on male reproductive tract in previous reports (World Health Organization, 2020). Chromium picolinate in the
diet of male rats for 3 months did not produce adverse effects on reproductive tissues, as assessed by organ weights, gross and
histopathological examinations, sperm count and sperm motility (Rhodes, et al., 2005). All the negative effects reported in the previous
documents are related to the inorganic forms (Cr-sulfate or Cr-chloride in drinking water). For example, decreased spermatogenesis was
observed in Balb/c mice treated with 9.1 mg as Cr-sulfate /kg/day in drinking water for 7 weeks. In addition, signi�cantly lower absolute
weight of testes, seminal vesicles, and preputial glands was observed in male Sprague-Dawley rats with intake of 40 mg Cr-sulfate /kg/day.
It is unclear if differences in results are related to experimental methods, including exposure media (drinking water versus feed), or to
differences in toxicity of the speci�c trivalent chromium compounds evaluated (World Health Organization, 2020). Considering that in our
study we used the organic form of Cr (CrMet) with very lower dose compared to previous studies, it is unlikely can link the reduced sperm
count to toxicity effect of CrMet however, it may need more detailed toxicological study in ram.

The positive effects of Cr or Se alone or their combination on semen quality were appeared in higher sperm viability, membrane integrity and
lower abnormal spermatozoa (Table 4). Similar to results of Cr treated group, Horký et al. (2011) reported that Cr supplementation of boars
diet ( 181.81 µg per kg of diet), after 95 days, sperm concentration and motility were absolutely the same in boars of control group and the
bene�cial effect of Cr was seen in the reduced count of pathological sperm in boars. In Se treated group, results of sperm survival and
abnormality were in agreement and sperm motility and concentration were disagreement with previous human and animal studies (Kendall
et al., 2000, Hawkes and Turek, 2001 and Shi et al., 2010). It is reported that hot weather, such as long periods of temperatures over 32 0C, or
short spells of very high temperatures (38 0C or higher), affects the production of viable sperm in ram. As the climatologically data of this
experiment shows (Table 2), animals of this study were more likely to experience temperatures above 32 0C in the summer. Therefore, the
presence of heat stress in animals of this study is likely. It is reported that heat stress alters post-absorptive carbohydrate (basal and
stimulated) metabolism, characterized primarily by increased basal insulin concentrations and insulin response to a glucose tolerance test
(O’brien et al., 2010). The positive effects observed in this study for sperm cells viability, membrane integrity and reduced abnormality may
be linked to antioxidant properties of Cr and Se. It is reported that, dietary antioxidant supplementation of stallions (Deichsel et al., 2008),
rats (Wu et al., 1979) and goats (Shi et al., 2010) could lead to a signi�cant reduction of morphologically abnormal spermatozoa. There are
growing evidences show that Se or Cr supplementation could improve antioxidant status and can be used as effective treatment strategy for
minimize adverse effects of free radicals in rats (Sundaram et al., 2013), diabetic patients (Cheng et al., 2004) and infertile men (Alahmar et
al., 2021). Scienti�c documents emphasize that Se and Cr are a promising agent for combating the adverse effects of stress in animals and
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is a strong antioxidant that prevents heat stress-induced lipid per-oxidation, improves nutrient metabolism and cortisol hormone activity,
promotes insulin action in responsive tissues, thereby increasing farm animal productivity (Bin-Jumah, et al., 2020). Recent �ndings suggest
that dietary high chromium-methionine supplementation in summer-exposed animals improves blood antioxidant status and feed to gain
e�ciency without adverse effects on lambs’ health and metabolism (Seifalinasab et al., 2021). Accompanying these studies, Biswas et al.
(2014) reported that 500 or 750 µg/kg Cr-picolinate in diet of adult male turkeys in summer improve sperm concentration, progressive
motility and fertility. In our study the higher FRAP and lower TBARS concentrations with Cr and Se or their co-supplementation (Table 6)
indicate the positive effects of Cr and Se on blood antioxidant status in rams, which in turn may be responsible for these positive effects on
viability, membrane integrity and reduced abnormally. Oxidative stress is common cause of low sperm quality. In high levels, reactive oxygen
species (ROS) can affect sperm motility, increase sperm abnormality as well as impair sperm capacitation, acrosome reaction, and the
fertilizing ability (Agarwal et al., 1994). In contrast to our results, it was reported that supplementation of chromium picolinate (3.5 mg of
Cr/cow daily) under hot conditions did not have an effect on antioxidant activities such as serum total antioxidant capacity, superoxide
dismutase (SOD) activity, or MDA levels of lactating cows (Qi et al., 2018). In calves receiving Cr-methionine at levels of 0.05 mg Cr/kg of
body weight at weaning, Cr pplementations do not in�uence malondialdehyde (MDA) or glutathione peroxidase (GPx) serum levels, but the
concentration of superoxide dismutase (SOD) tended to increase (Jin et al., 2017). In line with our study, it was found that Cr
supplementation reduced serum concentration of MDA, in stressed hens (Sahin et al,m 2002). In addition, Anderson et al. (2001) reported
that 6 months of Cr supplementation (400 µg of chromium pidolate) in people with type 2 Diabetic patient could signi�cantly reduce plasma
TBARS and not signi�cantly change antioxidant enzymes such as SOD and GPX. The mechanism by which Cr acted as an antioxidant is still
not totally understood. Contradictory results in different studies are signi�cantly related to the amount of Cr used, duration of Cr intake,
severity of stress, Cr concentration in basal diet, forms of Cr and physiologic condition could affect results.

In our study daily Cr intake (1 mg/ram/ day for 60 days) increases sperm linearity (VSL/VCL) as a measure of a curvilinear path, in addition
VSL and VAP had numerically higher mean value but intake of combined Cr and Se reduced VCL compared to Se or Cr alone. This reduction
did not happen with each of Cr or Se alone and difference was not signi�cant with control. It may be due to slightly the greater effect of Cr
and Se alone on VCL. Therefore, it can be concluded that the combined Cr and Se had no negative effect on VCL. Total motility and FPM did
not changed signi�cantly but FPM tended to increase by Cr intake. In agreement with our results, Shanmugam et al (2020) reported that
organic Cr supplementation did not improve sperm total motility, fertility and hatchability in layer breeders. Beyond, 2.5% Cr-yeast
supplementation of rabbit diet improved sperm progressive motility (Shabaan et al., 2014). It was reported that during stress conditions the
requirement of Cr increases and supplementation of Cr may have some positive effects (spears, 2019). In the present study ram experienced
summer heat stress but stress intensity may not to be so severe to affect parameters signi�cantly.

Rams in Cr or combined Cr and Se supplemented groups were expressed more sexual behaviors and readily court and ejaculate when expose
to stimulus as showed with lower reaction time (Table 4). It is reported that, most adult rams readily court, mount, and ejaculate when
exposed for a brief periods to females in estrus. Minimal threshold concentrations of testosterone are required for reaction of ram to
stimulus (D'Occhio and Brooks, 1982). Testosterone and its androgenic components and estrogenic signaling pathways in the nervous
system are critical for the expression of sexual behaviors (Sachs and Meisel, 1994). It is reported that testosterone levels were signi�cantly
increased with Cr supplementation in streptozotocin treated rats (Abu-zaiton et al 2021). In addition study with goats showed that Se
supplementation, after 60 days, increased serum testosterone concentration (Kumar et al. 2013). Testosterone measurement conditions were
not met in our experiment but, the lower reaction time with Cr was signi�cant (P ≤ 0.05). The insigni�cant difference in the Cr group with
control may be related to the animal’s health and the adequacy of the basic dietary Cr concentration for maintains normal testosterone
biosynthesis and libido. In general, the more positive effects of Cr supplementation on libido are likely to be seen in patient or animals with
impaired glucose metabolism (Abu-zaiton et al 2021).

In this study, seminal plasma ALP reduced signi�cantly by Cr or combined Cr and Se intake but no effect on the level of ALT and AST was
detected. In addition, activities of these enzymes did not affected by Se alone. In contrast to results of our study, Cr as Cr-picolinate, at 500
and 750 µg/kg levels in diet of male turkeys, did not affect seminal plasma ALP (Biswas et al., 2014). Alkaline phosphatase, ALT and AST
are enzymes that are associated with the activities of cell division, metabolism and energy transfer. The measures of the alteration of these
enzymes are markers that indicate the degree of damage to the testicular tissue (Long et al., 2017). The decline in ALP activity in Cr or their
combination groups may relate to protective action of Cr and Se on parenchyma of testis or sperm cell membrane which leads to a decline in
the release of ALP in seminal plasma (Ebrahimzadeh et al., 2013). The rate of generation of free radicals in testis or spermatozoa appears to
be temperature-dependent. Spontaneous lipid peroxidation and generation of TBARS, has been reported to increase with temperature
elevation (Alvarez and Storey, 1985). Antioxidant treatment, which enhances the endogenous antioxidant defense, can inhibit germ cells
apoptosis and semen quality and decrease enzyme release in to seminal plasma (Verhaegen et al., 1995). It was reported that rabbit seminal
plasma ALP activity is negatively correlated with sperm concentration but there was no signi�cant correlation with CASA detected
parameters (Viudes-De-Castro et al., 2015).
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Selenium or Cr supplementation in our study had no signi�cant effect on seminal plasma TG, TC, TP Alb, calcium and phosphorus
concentrations but glucose concentration reduced by Cr intake. In line to results of our study, Cr as Cr-picolinate, at 500 and 750 µg/kg levels
in diet of male turkeys reduced glucose concentration, in contrast increase TP and TC concentrations (Biswas et al., 2014). Glucose in
seminal plasma is important for ATP production, sperm capacitation and acrosome reaction and low content of seminal proteins is
associated with poor semen quality (Baas et al., 1983). Chromium is glucose tolerance factor (GTF) and potentiates insulin action and
increases the uptake of glucose by cells (Weksler-Zangen et al., 2012). Therefore lower seminal plasma glucose concentration in Cr treated
rams in the current study may support this suggestion.

Conclusion
The results of the present study allow to conclude that the positive effects of organic chromium supplementation alone or combined with
organic selenium was appeared in improved sperm, viability, membrane integrity, some motility parameters, libido, blood antioxidant status
and morphologically abnormal spermatozoa. Therefore, it can be suggested to the sheep breeders to supplement the ram’s diet with organic
selenium or chromium two months before mating, but using combination of selenium and chromium in severe stress situations requires
more research.
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Table 1
Chemical composition of feed ingredient and basal diet*

Feed Ingredients

(as % of Dry Matter)

Alfalfa

hay

Barely

Straw

Barely

grain

Soybean

meal

Wheat

bran

Basal

diet

Dry Matter (%) 93.1 95.23 91.00 91.00 89.1 93.20

Crude Protein (%) 14.5 4.41 11.3 44.00 16.5 13.30

ME (Mcal/Kg)2 2.1 1.5 3.00 3.1 2.50 2.18

NDF (%) 43.86 7.75 20.86 9.00 46.00 32.20

ADF (%) 32.56 53.00 7.00 6.00 13.00 20.31

Calcium (%) 1.8 0.06 0.063 0.28 0.05 2.03

Phosphorus (%) 0.19 0.07 0.38 0.70 0.24 0.24

Iron (ppm) 492.48 78.26 471.92 74.42 471.89 324.3

Zinc (ppm) 20.13 7.15 18.82 16.74 18.70 2.65

Copper (ppm) 15.55 5.20 2.8 2.87 2.90 7.09

Selenium (ppm)           0.06

Chromium (ppm)           1.61

*Basal diet contains: Alfalfa hay (42%), Barely straw (28%), Barely grain (19.20%), Soybean meal (3%), Wheat Bran (7.5%), NaCl (0.3%);
ME: Metabolizable energy as Mcal/Kg was estimated by using NRC (2007). NDF: Neutral detergent �ber (% of Dry Matter), ADF: Acid
detergent �ber (% of Dry Matter).

Table 2
Climatological parameters for the experimental period

  Ambient temperature (°c) Relative humidity (%) Day length (h)

  Mean Min Max mean min max Month mean

22 June − 22 July 24.87 16.58 33.16 24.48 10.19 38.77 14:21

23 July − 22 August 27.35 21.48 33.22 17.16 9.32 25 13:48

23 August – 22 September 24.74 18.67 30.80 15.98 8.58 23.38 12:50
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Table 3
Effect of organic selenium alone or combined with organic chromium on body weight changes and scrotal circumference of Mehraban

rams1.
Treatments Cr

mg/d

Se

mg/d

Initial WB,

kg

Final BW,

kg

TG

kg

DMI

kg

ADG,

g/d

SC,

cm

1 (control) 0 0 68.67 72.75 4.07 1.60 72.77 32.33

2 1 0 68.90 74.37 5.48 1.55 97.99 33.75

3 0 0.6 70.10 71.25 6.12 1.57 109.38 33.00

4 1 0.6 72.38 77.32 4.94 1.59 88.21 31.80

SEM     4.97 3.66 1.10 0.03 19.77 1.56

Cr Main effect              

0     69.46 72.00 5.10 1.58 91.07 32.66

1     70.82 76.01 5.18 1.56 92.56 32.78

SEM     3.50 2.58 0.78 0.02 13.94 1.04

Se main effect              

0     68.78 73.56 4.78 1.57 85.38 33.04

0.6     71.24 74.62 5.46 1.58 97.62 32.40

SEM     3.50 2.58 0.78 0.02 13.94 1.04

Statistical signi�cance            

Cr effect   NS NS NS NS NS NS

Se effect   NS NS NS NS NS NS

Cr × Se interaction NS NS NS NS NS NS

1. BW: body weight, TG: total gain, DMI: dry mater intake, ADG: average daily gain, SC: scrotal circumference, SEM: standard error of
means. Data analyzed as 2×2 factorial design. Different superscripts in each column show the difference among means in each group
(P ≤ 0.05). *** P ≤ 0.001; ** P ≤ 0.01; * P ≤ 0.05; NS not signi�cant.
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Table 4
Effect of organic selenium alone or combined with organic chromium on semenquantitative parameters and

libido in Mehrban rams1
Treats Cr

mg/d

Se

mg/d

EV,

ml

MM,

(0–5)

Conc,

×109.ml− 1

TSE,

×109

Viab,

%

MI,

%

TA,

%

RT,

s

1 (Control) 0 0 1.26 4.33 2.80ab 3.48 89.76b 81.42b 6.12a 15.08

2 1 0 1.27 4.54 2.81ab 3.53 91.92a 87.00a 4.52b 14.41

3 0 0.6 1.19 4.53 3.07a 3.64 90.69ab 85.87a 4.66b 16.00

4 1 0.6 1.48 4.83 2.72b 3.91 91.40a 87.22a 4.40b 13.58

SEM     0.09 0.24 0.09 0.34 0.54 1.18 0.35 0.75

Cr main effect                

0     1.22 4.45 2.94 3.56 90.22 83.64 5.39 15.54a

1     1.38 4.68 2.76 3.72 91.66 87.11 4.46 14.00b

SEM     0.10 0.01 0.13 0.08 0.55 1.60 0.51 0.62

Se main effect                

0     1.26 4.43 2.80 3.50 90.84 84.21 5.32 14.75

0.6     1.33 4.70 2.90 3.78 90.05 86.55 4.53 14.79

SEM     0.10 0.01 0.13 0.08 0.55 1.60 0.51 0.62

Statistical signi�cance              

Cr Effect   NS NS * NS ** * ** *

Se Effect   NS NS NS NS * * ** NS

Cr × Se interaction   NS NS * NS * * * NS

1. EV: ejaculate volume, MM: mass motility by 0–5 score, Conc: sperm concentration, TES:

total sperm per ejaculate, Viab: viability, MI: membrane integrity, TA: total abnormality, RT:

ram reaction time to stimulus as measure of libido. SEM: Standard error of means. Data analyzed

as 2×2 factorial design. Different superscripts within the columns shows the difference among means in

each group (P ≤ 0.05).*** P ≤ 0.001; ** P ≤ 0.01; * P ≤ 0.05; NS not signi�cant.
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Table 5
Effect of organic selenium alone or combined with organic chromium on CASA detected sperm kinematicFeatures and motion

characteristics in Mehraban ram 1.
Treats Cr

mg/d

Se

mg/d

TM,

%

FPM,

%

VSL,

µm/s

VCL,

µm/s

VAP,

µm/s

ALH,

%

STR,

%

LIN,

%

WOB,

%

BCF,

Hz

MAD,

°

1 (Control) 0 0 88.03 42.43 52.30 165.80ab 76.37 2.76 67.13 31.03 43.38 19.28 52.68

2 1 0 88.71 55.45 64.72 176.12a 86.66 3.15 70.96 36.14 47.28 17.84 51.92

3 0 0.6 89.07 50.11 61.52 187.20a 89.42 3.13 70.26 33.53 45.33 20.63 51.95

4 1 0.6 87.59 51.19 54.33 151.24b 75.04 2.55 68.71 34.29 44.57 19.65 52.80

SEM     1.37 4.27 4.77 8.02 6.20 0.22 2.42 2.13 1.75 0.96 0.65

Cr main effect                      

0     88.55 46.27 56.91 176.50 82.90 2.95 67.92 32.28 44.35 19.95 52.32

1     88.15 53.32 59.53 163.68 80.86 2.85 70.61 35.22 45.92 18.69 52.36

SEM     0.76 4.22 6.93 16.36 2.13 0.34 1.90 2.07 1.11 0.13 0.56

Se main effect                      

0     88.37 48.94 58.51 170.96 81.52 2.95 69.77 34.39 45.23 18.56 52.30

0.6     88.33 50.65 57.93 169.22 82.24 2.84 68.76 33.10 44.98 20.09 52.37

SEM     0.76 4.22 6.93 16.36 2.13 0.34 1.90 2.07 1.11 0.13 0.56

P value                        

Cr Effect   NS NS NS NS NS NS NS NS NS NS NS

Se Effect   NS NS NS NS NS NS NS NS NS NS NS

Cr × Se interaction NS NS * ** NS * NS NS NS NS NS

1. TM: total motility, FPM: fast progressive motility, VSL: straight-line velocity, VCL: curvilinear velocity,

VAP: average path velocity, ALH: amplitude of lateral head displacement, STR: straightness (VSL/VAP × 100)

as the linearity of the average path, LIN: sperm linearity (VSL/VCL × 100) as a measure of a curvilinear path. WOB: wobble

(VAP/VCL × 100) oscillation measure of the actual path about the average path. BCF: beat cross frequency, MAD:

mean angular displacement (degrees). Data analyzed as 2×2 factorial design. Different superscripts within the rows shows

the difference among means in each group (P ≤ 0.05).*** P ≤ 0.001;

** P ≤ 0.01; * P ≤ 0.05; NS not signi�cant.
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Table 6
Effect of organic selenium alone or combined with organic chromium on plasma antioxidant status in Mehraban rams1

Treatments Cr

mg/d

Se

mg/d

TBARS

(µmol/ml plasma)

Total FRAP

(µmol/ml plasma)

Total

      30 60 time 30 60 time

1 (Control) 0 0 2.74a 2.48a 2.61a 482.31 501.28b 491.79b

2 1 0 2.22ab 1.68b 1.67b 544.31 607.09a 575.70a

3 0 0.6 1.91ab 1.44b 1.95b 561.82 561.25ab 561.54a

4 1 0.6 1.44b 1.51b 1.48b 518.40 516.54b 517.47ab

SEM     0.28 0.23 0.19 27.78 21.57 19.61

Cr main effect              

0     2.48a 2.08a 2.28a 513.31 554.19 533.76

1     1.68b 1.48b 1.57b 540.11 538.90 539.51

SEM     0.20 0.17 0.13 19.64 15.25 45.24

Se main effect            

0     2.32 1.96 2.14 522.06 531.28 526.67

0.6     1.83 1.60 1.71 531.35 561.82 546.59

SEM     0.19 0.17 0.13 19.64 15.25 45.24

Cr effect     ** ** *** NS NS NS

Se effect     NS NS * NS NS NS

Cr × Se interaction NS NS NS * *** ***

Treat     NS * *** NS *** *

Time         NS     NS

Treat × Time       NS     NS

1.TBARS: Thiobarbituric acid reactive substances, FRAP: Ferric reducing ability of plasma, SEM: Standard error of means. Data analyzed
as 2×2 factorial design. Different superscripts within the rows shows the difference among means in each group (P ≤ 0.05).*** P ≤ 0.001;

** P ≤ 0.01; * P ≤ 0.05; NS not signi�cant.

Table 7. Effect of organic selenium alone or combined with organic chromium on semen biochemical parameters in Mehrban rams on days
30 and 60 of experiment1
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Treats Cr

mg/d

Se

mg/d

Glucose,

mg/dl

TG,

mg/dl

TC,

mg/dl

TP,

mg/dl

Alb,

mg/dl

ALP,

U/ L

AST,

U/ L

ALT,

U/ L

Calcium,

mg/dl

Phosphorus,

mg/dl

1
(Control)

0 0 10.63a 125.81 126.02 6.09 1.69 54.21a 13.61 167.69 7.10 11.03

2 1 0 8.97a 125.32 126.81 5.99 1.92 48.38c 13.36 168.30 7.12 10..89

3 0 0.6 9.09b 123.95 126.04 5.80 1.89 53.05ab 13.39 168.86 6.78 11.21

4 1 0.6 7.48c 122.82 127.72 6.08 1.74 49.33bc 12.72 164.97 6.92 11.51

SEM     0.42 1.38 1.10 0.25 0.08 1.44 0.65 2.87 0.17 0.32

Cr main effect                    

0     9.86a 124.88 126.02 6.04 1.79 53.63a 13.50 168.27 7.10 10.96

1     8.22b 124.07 127.27 5.74 1.83 48.84b 13.04 166.63 6.84 11.36

SEM     0.46 0.92 0.28 0.17 0.06 0.76 0.45 1.93 0.06 0.15

Se main effect                    

0     9.80a 125.57 126.42 6.04 1.80 51.28 13.48 167.99 6.93 11.12

0.6     8.28b 123.39 126.87 5.94 1.80 51.19 13.05 166.91 7.02 11.20

SEM     0.46 0.92 0. 28 0.17 0.06 0.76 0.45 1.93 0.06 0.15

P value                      

Cr Effect   ** NS NS NS NS *** NS NS NS NS

Se Effect   * NS NS NS NS NS NS NS NS NS

Cr × Se interaction NS NS NS NS * NS NS NS NS NS

Treat ** NS NS NS NS * NS NS NS NS

Time NS NS NS NS ** NS NS NS NS NS

Treat × Treat ** NS NS NS NS NS NS NS NS NS

TG: triglycerides, TC: total cholesterol, TP: total protein, Alb: Albumin, ALP: alkaline phosphatase,

AST: aspartate aminotransferase, ALT: alanine aminotransferase, SEM: Standard error of means.

Different superscripts within the columns shows the difference among

means in each group (P ≤ 0.05).

   


