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Background and Objectives: Dietary supplementation of trace
minerals (zinc, copper and manganese) has positive effects on
various aspects of reproductive performance of farm animals and it
has a strong antioxidant effect on sperm function. Also, feeding with
trace minerals affects the functional structure of sperm cells and
increases the quality of sperm for cryopreservation because it may
lead to cell damage, production of reactive oxygen species and
reducing the antioxidant capacity of seminal plasma. The
objective of this study was to investigate whether dietary
supplementation of zinc, copper and manganese affected on sperm
motion characteristics, percentage of viability, sperm membrane
integrity after thawing, and flow cytometry tests including
apoptosis, hydrogen peroxide and molecular oxygen.

Materials and Methods: Ten mature Afshari rams were all fed a
nutritionally adequate diet for 70 days, from the end of September to
the beginning of December. Half of the rams were randomly
designated to receive dietary supplementation with a sulfate source
of zinc, copper and manganese once daily for 70 days, starting 1
week after the study began. All ejaculates were diluted with a Tris-
based cryoprotective extender. The extended semen was
subsequently loaded into 0. 5 mL plastic straws and then they were
frozen by the bio-freezer machine. One week after freezing, three
straws of each ram were thawed and evaluated for sperm motion
characteristics by  computer-assisted-semen-analysis  system,
hypoosmotic swelling test and live sperm percentage. In addition,
we examined hydrogen peroxide, molecular oxygen and apoptosis in
frozen sperm. Proc Mixed was used for analysis of repeated
measures data.

Results: Motion characteristics, percentage of sperm viability and
sperm membrane integrity after thawing in the Supplemented group
was relatively stable and significantly higher than in the Control
group from day 28 onwards (P<0/05). At the end of this research,
the levels of hydrogen peroxide, molecular oxygen, early apoptosis,
late apoptosis and necrosis in the control group were significantly
higher than the Supplemented group (P<0/05). The average number
of live sperm in the Supplement group increased slightly at the end




of the research period outside the breeding season, but it was not
significant compared to the beginning of the period, but this rate at
the end of the period was significantly higher than that of the
Control group (P<0/05).

Conclusion:  The results showed that the simultaneous
supplementation of zinc, copper and manganese elements, even after
the reproductive season, can have beneficial effects on the quality
and freezing ability of sperm after thawing and prevent the creation
of reactive oxygen species and the occurrence of apoptosis.

Cite this article: Zargari, S., Towhidi, A., Rezayazdi, K. (2023). Dietary co-supplementation of rams
with zinc, manganese and copper on freezing ability of semen. Journal of Ruminant
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1. Lipid Peroxidation
2. Reactive Oxygen Species (ROS)
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1. Track velocity (VCL)

2. Progressive velocity (VSL)

3. Path velocity (VAP)

4. Linearity (LIN)

5. Lateral amplitude (ALH)

6. Hypo osmotic swelling test (HOST)

33 Cxes 5 SIS (glls s BBl (LA
Voo s ke 5 JL YO s S0k L 0
Jols 250 05,8 53 4 ol jsba o S4lS
ol Sl pe S5me) JoSa 5 el oy S
BYIC P g - WPy Lz Ll s (8
b Lolen 55, Ve e 4 ool il oKL
R e N e R IS
' Sl el ol Sl sl
may BT 5T s S5 3 0l g ((YerV)
2o Lol jon (ameo) 555 53 LSy S o )50
(s JoSo oS o ez 51 Olisabsl (6l ) S5 oS
550k aw lag 58 cf gozme 53 () sdr) WS apdss
adns OF g sl s L (il a 53) S,
Slog b 4ds (¢ 550) sl 845 5l day L
Sy olantl i oS Ly oS 05 8
Jol () Jsd) s LT 5K 5 e g5y Jelo
250 Ghre 3lpe 5wl o il pled (el S5
JoSa 058 ilen dali o5 8 slag 5 (sl ealind
05,5 Sl 7K 5 s 55 ol Ll 55

S Bl dals
azin 35 sy Lag 58 ip el sleznil sl g
IMV, ) e s s b ool Jlamid (ol
S bz 8 elad p el A assle (France
3 As sl Gl S S 5 il
ssban kil Ao A (VL plir S e
0355 i Al slessil sl 53, L 48l
5 (MOSM/L) ¥Y+ o ¥ saul) 03 33, ]
35 (Yye ol a5 Zargari) (V/Y :pH
S Bl pba oS 6 e o8 slao sl
Sy edd o3 SIS sl Ol g, lag B 5SS
Sl LA by s 5 b 02 S sl

(Aragene, Iran) ;5 5 L oSaws |13 53 p o

1. National Research Council (NRC)



Oy 9 (5,5 )5 Ugeo [ w330 9 o (59, polis lojad (g jlwoSe 5T

))HHurﬂ\J—.ﬁ)Jwé\ﬂ(rﬂlr" -J‘L*“f)fbd)}’%)}‘@}_)gﬁ’)‘ AALQ"MA‘L)}M

.(044Y Jeyendran) . S 513 ) L&M) 35w Soe s oo S bl xFe

g aas sl aly o i sy 5 Sh Gzl =) Jsdr
Table 1- Ingredients and nutrient composition of the basal diet fed to all rams
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12.00 (Ao)3) ol 55 5
Crude protein (%)
2.97 (¢SS 168 K)ol silie LG (5551
Metabolizable Energy (Mcal/kg)
49.30 (Ao y3) st oy 3 55 J sl LI
Neutral detergent fiber (%)
18.00 Gy /e s
Calcium (g/day)
9.00 (j})/()f)jémé
Phosphorus (g/day)
19.50 (SPRWISERUINNN) NY-23)
Zinc (ppm)
48.90 (Oseher 53 Coand) 5500
Manganese (ppm)
5.00 ((CPRWIST RGN o)
Copper (ppm)
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& Content/kg: vit. A, 110000 1U; vit. D3, 11000 1U; vit E, 750 mg; Cu, 500 mg; Zn, 1650 mg; Mn, 1000 mg; Fe, 2000

mg; Se, 15 mg; Co, 5 mg; I, 25 mg.

Each group received daily 49 grams of supplements (In the vitamin and mineral premix used in the control group,

zinc, copper and manganese elements were removed), which were balanced with mineral elements and vitamins

according to the NRC (2007) tables.

Dietary supplements: control group: supplement without Cu, Zn, and Mn; supplemented group: supplement with Cu,
Zn, and Mn sulfate.
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Figure 1- Mean (+SEM) total and progressive motility end points after thawing during the study for Control (Con)
and Supplemented (Supp) rams.
#bwithin an end point and a day, means without a common superscript differ (P< 0/05).
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Figure 2- Mean (£SEM) track velocity (VCL), progressive velocity (VSL), path velocity (VAP), linearity (LIN), and
lateral amplitude (ALH) end points after thawing during the study for Control (Con) and Supplemented (Supp) rams.
“PWithin an end point and a day, means without a common superscript differ (P<0/05).
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Figure 3- Mean (zSEM) viability and Host end points after thawing during the study for Control (Con) and
Supplemented (Supp) rams.
“PWithin an end point and a day, means without a common superscript differ (P<0/05).
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Table 2- LSM (+SEM) of apoptosis and Flow Cytometry in Control and Supplemented rams sperm after
cryopreservation

AAISEY) HSEY)
P-value

Day 70 Day 0

Sles X0 oles Sles JeSs Jals JeSe Jals

Trfattirrggnt Time  Treatment Supplemented Control Supplemented Control
S5 50055
<0.05 <0.05 <0.05 94.44+0.98°  99.60+0.20°  96.76+0.89 96.60+0.61 (e)2)
Molecular
oxygen (%)
RETPRW RN IpY
<0.05 <005  <0.05 66.80£1.34°  74.39+2.02°  68.18+1.17  68.02+1.94 ()
Hydrogen

peroxide (%)
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*P\Within each row, means without a common superscript differed (P<0.05).
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Table 3- LSM (xSEM) of apoptosis in Control and Supplemented rams sperm after cryopreservation

.

P-value o o
Day 70 Day 0
e
Xle s Ol Sl = dals JeSe Jals
Treatment Time  Treatment  Supplemented Control Supplemented Control
x time
ol 5y
b (Asy3)
<0.05 <0.05 <0.05 10.61+0.93 12.22+0.50 10.81+0.74 10.29+0.49 Early
apoptosis
(%)
456 551
b (4o )
<0.05 <0.05 <0.05 18.15+0.46 20.13+0.38% 17.72+0.50 18.25+0.40 Late
apoptosis
(%)
BERN
<005 <005  <0.05 53.890.93"  57.24+1.05° 54174100  54.72:1.04 =)
Necrosis
(%)
poel Sl
<0.05 <0.05 <0.05 17.45+0.46% 10.46+1.04° 17.30+0.46 16.74+1.01  (4e0¥) ek
Live (%)
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