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ABSTRACT 

The present study-was conducted to elucidate the effect of inorganic (zinc sulphate) and organic 
(zinc propionate)' zinc supplementation on in vitro semen fertility and semen quality in buffalo bulls. Twelve 
buffalo bulls of about 2 years of age and 302.0± 1.6 kg average body weight were divided into 3 equal 
groups. All the animals were fed on wheat straw and concentrate mixture to meet their nutrient requirement;I 

_ Animals in-group I were treate·d as control, whereas animals in group II and III were experimental and 
were supplemented ·with 70 ppm and 3 5 ppm zinc through zinc sulphate and zinc propionate, respectivel1i1 

· This feeding practice lasted for 6 months. Bulls were trained to donate semen into artificial vagina. After 
3 months of experimental feeding, 6 ejaculates from each bull were collected to study the effect of zinc 
supplementation (?D sperm fertility and semen char_acteristics. Statistical analysis of the data revealed that 
thete was no effect of zinc supplementation on semen pH and semen volume; however, sperm concentration. 
mass motility and individual motility differed significantly (P<9.o 1) among the groups and were higher in 
zinc-supplemented groups as .compared to control. Similarly, reaction time (second), live sperm(%) and 
acrosomal integrity (%) were significantly (P<0.05) different in 3 groups. In vitro fertilizing ability test 
HOSST ·(%) and_ BCMPT (distance in mm) revealed significantly (P<0.05) higher fertilizing ability of 
sperm in zinc-supplemented groups as compared to control group. Results further revealed that live sperm 
(%), actosomal integrity {°lo)_ and in~vitro fertilizing ability of sperm (HOSST, %) and BCMPT (distance in 
mm) were significantly (P<0.05)higher in zinc propionate supplemented group as compared to zinc sulphate 
~uppiemented group. It may be concluded thatsupplementation of zinc as zinc propionate improved semen 

· quality as well as in-vitro sperm· fertilizing ability as compared to zinc sulphate. · 
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INTRODUCTION 

Z inc plays a significant role in male 
. · reproduction as it influences prostate, 

epididymal and testicular functions (Ebisch 
et. al., 2003). Zinc has been reported to enhance 
the process of spennatogenesis (Wong et. al., 

. 2002), controls sperm motility (Wroblewski et. al., 
2003), stabilizes sperm membrane.(Kendall.et. al.; 
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2000), preserves the ability of sperm nuclear 
chromatin to undergo deconden·sation and 
modulates sperm functions (Suruki et. al., 1995). 
Zinc is also essential for the development of 
primary and secondary sexual_ characters (Davie!I 
1985). Low zinc intake by young males of several 
species, including humans hampered their normal 
sexual development (Apgar, 1985). Experimenfi 

· zinc deficiency in humans led to reduce sperm 
_ counts,-combined with reduced serum testosterone 
concentration · (Abbasi et. al., _· 1980). 
Hypozinkemia led to gonad dysfunction, 
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5eminefe1 
spermatoi 
Zinc · is p 
reproduct 
al. , 200 
recomme1 
35-40 pp 
normal 1 
immunit) 
benefici: 
chelated 
bioavail 
inorganic 
et. al., 1' 
al., 2007 
zinc supp 
on semen 
of the pn 
of organi1 
sulphate 
quality ir 

M 

Animals, 
Thi 

bulls (2 
weight), 1 
four anirr 
Animal 11 
Research 
straw and 
to meet 
requiremc 
straw an< 
zinc. Co 
crushed n 
wheat bn 
common 
group II 1 

through 
respecfr 
suppleme 
group. Al 
shed havi 



I.. 

requi 
m11 ntal 
respecdt 
vagina. A 
lfccl of ZIii 
revealed'-
" enlr II 
ere higher 
crm (%) and 
tg J 

ng 
at live 
(dist 

zinc su 
ro1ed 

• rm nucl v 
sation and 
. al., 19\15) 
lopment of 
ers (Davi , 
s of several 
heir normal 
perimental 
uce spnm 

estosteronc 
., 1980). 
sfunction. 

Imam etal. 4S 

d testicular weight, atrophy of 
ase us tubules, and complete cessation of ro · 

e enesis in lambs (Martin et. al., 1994). 
• 

0 ~ esent in high concentration in male 
15 pt ·ve tract as well as in semen (Chia et. 
UC I 

o O; Massonyi et. al., 2004). The 
20 oded level of zinc in the diet of cattle is 

11111e rn (NRC, 1989), and is sufficient for 
-40ar pb 0 dy functions, ~ut for en~anced 

rm ·ty higher level of Zinc has been fo~nd 
munt O . 1 

f
. •al (Manda) et. al., 2006). rgantc 

ne 1c1 
11 .. d form of zinc has been found more 

la- · 
•
1
1a ble to animals as compared to 

10ava It anic sources (Spears et. al., 1991; Engle 
~ 1995; Droke et. al., 1998; Manda) et. 

~ ~ ·•o1). Literature is scarce on the effect of 
'.· upplementation, especially the organic Zn 

111
.:men quality of buffalo bulls. The objective 

;the present study was to elucidate the effect 
:f,.-ganic (z~nc propionate) and _inorganic (zinc 
sulphate) zinc supplementation on semen 

al ity in buffalo bulls. . 

MATERIALS AND METHODS 

.imaJs, their feeding and management . 
Th is study was conducted on twelve buffalo 

bulls (2 years old, 302.0±1.6 kg mean body 
leight), divided into 3 groups (I, II and III) of 
four animals in each. Bulls were maintained in 
Animal Nutrition Division of Indian Veterinary 
•search Institute, Izatnagar and fed on wheat 
ltraw and concentrate mixture in the ratio of I: I 
to meet their dry matter and crude protein 
requirement (Kearl, 1982). The basal diet (wheat 
Btraw and concentrate mixture) had 32.54ppm . 
zinc. Concentrate mixture was comprised of 
crushed maize grain (30%), soybean meal (25 %), 
wheat bran ( 42 % ), mineral mixture (2 % ) and 
common salt (I %). In addition, the animals in
group II and III were given 70 and 3 5ppm zinc 
through zinc sulfate and zinc propionate, 
respectively; whereas group I was not 
gupplemented any additional Zn and _was control 
group. All the bulls were kept in a well-ventilated 
shed having cemented flo_or and arrangements for 

individual feeding with sufficient drinking water. 
Body weights of all the animals were recorded at 
an interval of 15 days for the formulation of diet 
and calculation of zinc to be supplemented in the_ 
diet of each animal. This feeding practice lasted 
for 6 months. · 

CoJJection of semen 
Before starting the experimental feeding, 

three ejaculates of semen from all buffalo bulls 
were collected in artificia·I vagina over a dummy 
to assess semen characteristics of bulls at the start 
of experiment. In last 3 months of experimental 
feeding 6 ejaculates from each buli were collected 
to study the effect of Zn supplementation on semen 
quality and in vitro sperm fertilizing ability. 

Evaluation of semen · 
Ejaculate volume (inl) ohemen was directly 

recorded in a graduated glass t~be. Semen pH was 
noted immediately after collecting the_ semen using 
digital pH meter (Century, India). Mass motility 
of semen was graded from 0-5 scale, based on 
appearance of waves and swirls created by sperm 
movement when ·visualized by keeping one drop · 
of semen on a glass slide, without cover slip, under 
low power magnification (I Ox) of microscope 
(Salisbury et. al.; 1985). The individual motility 
of freshly diluted semen was assessed after 
covering a semen drop on a glass slide with a thin 
cover slip ·at 37°(;, under high power magnification 
(40 x). The individual motility was recorded as 
percentage of progressive motile sperms. The 
concentration of sperm (millfons/ ml) in the fresh 
semen was determined using a haemocytometer 
(Salisbury et. al., 1985). Sperm livability . 
(percentage) was calculated by using Eosin
Nigrosin stain. Percent intact acrosome was 
assessed by staining the semen smears with 
Giemsa stain (Watson, 1975). Bovine cervical 
mucus penetration test (BCMPT) was carried out 
by following. the procedure described earlier 
(Matousek et. al., 1989), in which distance (mm) 
traveled by progressive sperm was measured under 
high power magnification ( 40x) of microscope, by 
allowing sperm to travel in a capillary tube, filled 
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with cervicaf mucus of a cyclic buffalo, at 37°C 
for 60 minutes. Percentage of hypo-osmotic 

· swollen sperms was observed by incubating semen 
with hypo-osmotic solution of fructose and sodium 
citrate (l00mg/ml) at 37°C for 60 minutes and 
examined swelling of sperm tail under high power 
magnification ( 40x) of microscope ·for h,ypo
osmotic sperm swelling test (Jeyendran et. al., 
1984). 

Statistical analysis 
. Data collected during period of study were 

analyzed (Snedecor and Cochran, 1989), using 
one-way analysis of variance. Significant means 
were compared using Duncan's multiple range test 

. (Steel and Torrie, 1980) 

RESULTS AND DISCUSSION 

Semen characteristics of buffalo bulls at the 
.start of experiment: 

The mean values of semen characteristics 
viz., ejaculate volume (ml), pH, mass motility (0- · 
5 scale), individual motility(%), concentration c,f 
spermatozoa (million /ml), · livability (%'.i, 
acrosomal integrity(%), BCMPT (distance in mm) 
and HOSST (%) of buffalo bulls at the start of 
experiment in three groups were, 1.67±0.16, 
7.25±0.08, 1.43±0.25, 30.33±4.58, 480.83±89.20, 
64:42±3 .13, 70.50±2.82, 14.083± 1.66 and 
46.66±4.39, respectively. Results revealed no 
significant difference in any of these parameters, 
· in three groups at the start of experiment. . 

Semen char~cteristics of bulls after 6 months· 
of zinc supplementation: 

Mean ·values. of semen characteristics of 
different groups of ~uffalo bulls after completion 

· of six months of zinc supplementation have been 
presented in Table L The mean ejaculate volume 
(m.J}-in different groups was l .4, I.Sand 1.6 in 
Imam et. al. . . 
group I, II and III, respectively, which· indicated a 
nonsignificantly (P.>0.05) higher ejaculate voiume 
in-group II as compared to other groups. The mean 
sperm· concentration (million/ml) in buffalo bulls 
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ejaculates was 736.36, 977.82 and 1040.9-in three 
groups, respectively, which was significaniJI 
(P<0.0001) higher in Zn_supplemerited groups as 
compared to unsuppleemnted control. It has been 
reported that zinc supplementation had a beneficial 
effect on spermatogenesis (Saleh et. al., 1992; 
Tharwat, 1998; Kendal et. al., 2000; Wong et. al., 
2002), as zinc acts as a cofactor in mitotic and 
meiotic cell division ·and also helps in encoding a 
transcript factor involved in spermatogenesja 
(Nagamine et. al., 1990). Most important enzyrflOill••III 
involved in process of spermatogenesis a,.__ ... 
sorbitol dehydrogenase (SoDH) and lactate 
dehydrogenase (LDH), · which .are zinc 
metalloprotease enzymes (Bedwall and Bahuguna, 
19g4), 

The mean pH· values· of the semen 
ejaculates were 7.30, 7.27 and 7.20 in group I, 
II and III, respectively. No significant 
difference in semen pH was noted between the 
Zn supplemented and control group. These 
results are contradictory to the findings of Saleh 
et. al. (1992) and Kumar et. al. (2006), who 
reported increased and decreased semen pH 
values in Zn supplemented bucks and crossbred 
cattle bulls, respectively, which may be due to 
difference in animal species and duration of Zn 
supplementation in the diet. 

Mean mass motility of_ spermatozoa in 
different groups (0-5 scale) was 3), 3.9 and 
4.1 in-group I, II and III, respectively, which 
was significantly (P<0.000 l) higher in Zn 
supplemented groups as compared to control. 
These · observations are similar to previous 
reports in men (Wong et. al., 2002), sheep 
(Kendal et. al., 2000), rabbit (Tharwat, 1998) 
and cattle (Kumar et. al., 2006) supplemented 
with Zn. The mean individual sperm motility 
(%) was 65.4,; 73.5and 78.9 in-group I, II and 
Ill, ·respectively: which indicated significantly 
(P<0.0001) higher individual sperm motility in
group II and III as compared to control group . . 
It is . documented that for the movement of 
sperm flagella energy is needed and zinc 
controls the motility of spermatozoa by 
controlling energy utilization through ATP 
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-r..ble I. Semen chara cteristics of buffalo bulls after zinc supplementation 

Attribute 

~eaction time (Sec)• 
Semen volume (ml) 
pH 
Mass• motility .... 
Individual motility(%)•••• . . 
Sperm concentr~tio!l (million/mt)••~• 
Live sperm (%)* : · 
Acrosomal integrity (%) • 
HOSST (%)* 
BCMPT (distance in mm)• 

72.38b 
1.4 
7.30 
,:~· 
65.40· 

•736.36· 
. 70.27· 
. 73.63· 

56.22· 
23.81" 

Group 

II 

70.8 J ■b 

1.8 
7.27 
3.9■b 

7J.54•b 
977.82•b 
79.63b 
84.72b 
64.63b 
3).40b 

III 

69.27· 
1.3 
7.20 
4. Jb 
78.95b 
)040.9b 
85. )3< 
89.40< 
70. )3< 
35.68< 

SEM 

0.47 
0.11 
0.032 
0.07 
1.29 
29.29 
1.20 
1.23 
1.17 
0.88 

Significance levels: *(p<0.05), ••(p<0.0 I), •••(p<0.00 I),•••• (p<0.000 I) 

system (EI-Masry et. al., 1994; Mohan et. al., 
1997). It is postulated that zinc supplemented 
group had an increased concentration of zinc 
containing enzymes viz. sorbitol dehydrogenase 
(SoDH) and lactate dehydrogenase (LOH), 
which play significant role in sperm motility 

.(Bedwal and Bahuguna, 1994 ). Zinc also acts 
as an antioxidant, as it destroys the free oxygen 
radical and protects sperm from oxidative 
damage and lipid peroxidation by inhibiting 
phosphatase (Eggert Kruss et. al., 2002). It is 
postulated that antioxidant action of zinc may 
also be responsible for improved motility of 
spermatozoa in zinc-supplemented groups. 

The mean sperm livability(%) was 70.2, 
79.6 and 85.1 in gr~up I, II and III, respectively 
and was significantly (P<0.05) higher in Zn 
supplemented groups as compared t{) control 
group. Increased livability percentage · due to 
zinc supplementation is in accordance with EI
Masry. el. al. ( 1994) and Omu et. al. ( 1998), 
who observed improved live sperm percentage 
by zinc supplementation in rabbit and men, 
respectively. Improved livability of sperms may 
be due to the membrane stabilizing action of 
zinc by virtue of which it prevent leakage of 
enzymes and other vital component of the 
spermatozoa and thus extends the sperm 
livabilitS,.' Zinc also stabilizes the ribosome, 

lysosomes, DNA and RNA, which increase the 
livability and normal function of spermatozoa. 
It also protects the spermatozoa from free 
radicals by its antioxidant properties and thus 
improves the sperm livability. Bires el. al. 
( 1997) reported that· as a constituent of large 
number of metalloenzymes, zinc is involved in 
carbohydrate, protein, lipid and nucleic acid 
metabolism, which may improve the sperm 
livability. It also has been reported that zinc is 
a primary cofactor responsible for production 
of an antibacterial substance from prostrate 
gland in semen, which might have increased the 
livability of spermatozoa in zinc-supplemented 
groups. 

The mean acrosomal integrity (%) was 
73.6, 84.7 and 89.4 in-group I, II and III, 
respectively. It was significantly (P<0.05) 
higher in Zn supplemented groups as compared · 
to control. Resu Its further r.evealed that 
acrosomal integrity (%) was significantly 
(P<0.05) higher in zinc propionate 
supplemented group as compared to zinc 
sulphate supplemented group. Similar higher 
acrosomal integrity(%) was reported in cattle 
bulls given different dietary levels of zinc 
(Kumar et. al., 2006). Increased acrosomal 
integrity(%) in zinc-supplemented groups may 
be due to antioxidant property and f!1embrane 
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stabilizing action of zinc. Zinc has also been 
found to stabilize various acrosomal enzymes 
like acrosin, acid phosphatase, phospholipase 
etc, which may improve the acrosomal integrity 
(%). Acrosomal part of spermatozoa is derived 
from lysosomes during spermiogenesis, and 
zinc has been reported to stabilize the 
lysosomes (Gavella _and Lipovac, 1998). 

BCMPT (Distance in mm): 
The mean BCMPT (mm) was 23.818, 

31.409 and 3 5 .682 in group I, II and Ill, 
respectively, indicating significantly (P<0.05) 
higher values in zinc supplemented groups as 
compared to control; results further revealed 
that sperm penetration distance (mm) was 
significantly (P<0.05) higher in zinc propionate 
supplemented· group as compared to zinc 
sulphate supplemented group. Similarly, Kumar 
et. al. (2006) also observed significantly 
(P<0.01) higher BCMPT values in the semen 
of Zn supplemented crossbred cattle bulls. 
Intrinsic sperm motility plays a crucial role in 
the penetration of mucus (David et. al., 1979). 
Improved values of BCMPT in Zn 
supplemented groups may be due to improved 
sperm motility and livability, as sperm 
penetration distance depends on number of 
motile and viable sperms (Dev et. al., 1996). 
Our findings also support the above report that 
BCMPT was correlated with sperm motility 
(%). The significant positive correlati~n of 
BCMPT with sperm motility in present study 
was in agreement with Okuda et. al. (1988). 
One of the most important factors influencing 
the sperm penetration through cervical mucus 
is presence of anti-sperm antibody in seminal 
plasma, which reduces normal progression of 
sperm through cervical mucus. Kremer and 
Jager (1980) observed that zinc reduces the 
level of anti-sperm antibody in semen, which 
caused increased penetration distance in zinc
supplerriented groups. 

,.h 
_,; 

HOSST (%): 
The mean HOSST (%)_ was 56.22, 64.63 and 
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70.13 in group I, II and III, respectively, which 
was significantly (P<0.05) higher in groups 
supplemented with zinc. This observation is in 
consonance with the findings of previous 
researchers who observed a significant (P<0.OSJ 
increase in HOSST (%) after zinc supplementatiQII 
in men (Omu et. al., 1998), sheep (Kendal et. al., 
2000) and cattle (Kumar et. al., 2006). HOSST 
(%) is directly correlated with the sperm 
membrane integrity, and zinc supplementation has 
been reported to elicit the membrane stability ,y 
inner coating with some functional group of 
intrinsic component of sperm membrane. Zinc also 
helps in formation of stable mercapeptides by 
reacting with -SH group of membrane protein, 
which changes the fluidity and stabilizes the 
membrane (Eggert Kruss et. al., 2002). Thereforo. 
it is postulated that increase in HOSST (%) in the 
present study is attributed to increase in motility 
and viability of sperms in zinc supplemented 
groups. 

Conclusion: 
It may be concluded that dietary zinc 

supplementation improved the semen quality of 
buffalo bulls and zinc propionate had shown better 
results in comparison to double dose of zinc 
sulphate supplementation. · 
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