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Abstract
Yearling Angus bulls (n = 325) were

allotted by BW into six pens of equal
size.  One of three dietary treatments
consisting of 1) dietary Zn at 40 ppm, all
supplied by zinc sulfate (ZnS); 2) dietary
Zn at 40 ppm with 33.3% supplied by
zinc proteinate and 66.6% supplied by
ZnS (ZnPS); or 3) dietary Zn at 60 ppm,
all supplied by ZnS (ZnHi) was deliv-
ered to two pen replicates.   Initial and
final liver biopsies were collected and
analyzed for Zn concentration.  Scrotal
circumference and BW measures were
collected at the start and conclusion of the
trial.  Semen from bulls intended for
public sale (n = 167) was collected and
evaluated for motility and morphological
abnormalities.  Bulls with percent
normal sperm cell counts <70% or with
motility scores less than fair (motility
scores = poor, fair, good, and very good)
were considered classification deferred
(CD).  Following 126 d of treatment,
bulls on the ZnHi treatment had a
greater (P=0.06) increase in liver Zn
concentration than bulls on the ZnS
treatment, but not bulls on the ZnPS
treatment (P=0.18) (–9.8, 1.2, and 20.6

between Zn and the functionality of
spermatozoa (2, 3, 22).  Zinc is an
essential component of many en-
zymes; especially important to male
fertility are the Zn-dependent DNA-
and RNA-polymerases (9).  Therefore,
it is not surprising that deficiencies in
dietary Zn often manifest themselves
by retarding the rate and functional-
ity of physiological systems, which
are controlled by Zn-dependent
enzyme systems.

The use of organic minerals in
livestock nutrition has gained consid-
erable interest over the past decade.
The term “organic mineral” is com-
monly used to describe generically
any of several forms of trace minerals
available in the feed industry; some
of these include chelates, proteinates,
and complexes.  Some studies have
suggested that organic Zn in rumi-
nant diets may be metabolized
differently upon absorption com-
pared with inorganic Zn (20).  Con-
sidering the potential link between
improved bull reproductive develop-
ment and Zn, the following study
investigates the effect of Zn concen-
tration and source in growing bull
diets on subsequent measures of
fertility.  Measures of growth, sexual
maturation, and fertility were com-
pared when bulls were supplemented
with either inorganic Zn (zinc
sulfate) at 40 and 60 ppm of the total

ppm for ZnS, ZnPS, and Zn Hi, respec-
tively).  No differences in scrotal circum-
ference or ADG were detected.  Bulls
receiving ZnPS had higher (P<0.05)
percent normal sperm cells than did bulls
receiving ZnS, but not bulls receiving
ZnHi (55.5, 68.9, and 62.5% for ZnS,
ZnPS, and ZnHi, respectively).  The
frequency of CD was less (P<0.05) for
bulls on ZnPS and ZnHi treatments than
for bulls on the ZnS treatment.  In all
fertility measures observed in this trial,
bulls receiving the ZnPS rated greatest,
followed by bulls on ZnHi, and lastly by
bulls on ZnS.
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Introduction
The important role of Zn in male

fertility has been recognized for
many years (9).  Research in young
rams has shown that Zn deficiency
results in a lowered capacity to
produce testosterone, resulting in
impaired testicular development (12).
The influence of Zn deficiency on
reproductive failure in man has also
been reported (1).  In some cases,
human males diagnosed with fertility
complications have responded
favorably to Zn supplementation (6,
21).  One of the most commonly
reported links between dietary Zn
and male fertility is the association
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diet or a combination of organic
(proteinated) Zn and zinc sulfate at
40 ppm.

Materials and Methods
The animals utilized in these

experiments were cared for by accept-
able practices as outlined in the Guide
for the Care and Use of Agricultural
Animals in Agricultural Research and
Teaching (8).

Yearling Angus bulls (n = 325) were
stratified by BW and randomly
allotted into six pens of similar size.
All bulls on test originated from a
common ranch and were of a similar
genetic background.  One of three
treatments (two pens per treatment)
were formulated to provide targeted
concentrations of dietary Zn: 1)
dietary Zn concentration of 40 ppm,
all supplied by zinc sulfate (ZnS); 2)
dietary Zn concentration of 40 ppm
with 33.3% supplied by zinc protein-
ate and 66.6% supplied by ZnS
(ZnPS), or 3) dietary Zn at a level of
60 ppm, all supplied by zinc sulfate
(ZnHi).  The ingredient and nutrient
composition of the basal diet is
presented in Tables 1 and 2.

Initial and final liver biopsies (n =
10 per pen) were collected using a
standard technique (4) and analyzed
for Zn concentration via inductively
coupled plasma analysis (Jobin Yvon
24 Sequential Computer; Peterson
Laboratories, Hutchinson, KS).
Briefly, liver samples were dried at
1000C for 30 min.  Samples were then
digested in 1 mL 70% (vol/vol) nitric

acid for 5 min at 1000C.  Cooled
samples were then diluted with 7 mL
deionized water and analyzed for Zn
concentration.  Individual bull BW
and scrotal measures were also taken
at the start and conclusion of the
trial.  To control between-person
variation, the same person collected
scrotal measures at each time period.

A breeding soundness examina-
tion was conducted on all bulls
intended for public sale (n = 167).
Semen was collected by electro-
ejaculation and evaluated for motil-
ity and morphological abnormalities
as described by the Society of
Theriogenology (10).  Bulls with
percent normal sperm cell counts of
<70% or with motility scored less
than fair (motility scores = poor, fair,
good, and very good) were considered
classification deferred (CD) and were
tested at a later date following the
conclusion of the trial and prior to
sale.

Analysis of variance was per-
formed using the GLM procedures of
SAS (19) in a completely randomized
model.  Treatments were delivered to
pens; therefore, pen was used as the
experimental unit.  Comparison of
treatment means was performed
using least significant differences.
Effect of treatment on the frequency
of bulls categorized as CD was com-
pared using the FREQ procedures of
SAS (19).  Differences in percent CD
were compared using Fisher’s Exact
Test.

Results and Discussion
Initial and final liver Zn concen-

trations did not differ (P>0.06)
among treatments (146.4, 113.7, and
111.9 and 120.7, 115.0, and 131.9
ppm liver Zn for ZnS, ZnPS, and
ZnHi at the start and conclusion of
the study, respectively).  Following
126 d of treatment, bulls on the ZnHi
treatment had a greater (P=0.06)
increase in liver Zn concentration
when compared with bulls on the
ZnS treatment but not when com-
pared with bulls on the ZnPS treat-
ment (P=0.18; Table 3).  Rojas et al.
(16) reported similar Zn

bioavailability in yearling cattle
supplemented with organic (zinc
methionine) and inorganic (zinc
oxide and zinc sulfate) Zn at the
same level.  In this study, the authors
suggested that bioavailability of Zn
source may be most important when
dietary concentrations are limited.

No differences (P=0.89) in bull
ADG were detected (1.3, 1.5, and 1.5
kg/d for ZnS, ZnPS, or ZnHi, respec-
tively).  Maryland et al. (13) reported
an improvement in BW gain of Zn-
supplemented calves, but not cows,
grazing pasture forages that con-
tained a low level of Zn (<20 ppm).
In another study, Beeson et al. (5)
reported on a series of seven experi-
ments investigating the effect of
supplemental Zn on growth rate of
growing beef cattle; a significant
effect of supplemental Zn on BW
gain was observed in only one of
seven experiments.

TABLE 1. Ingredient composition
of bull diet.

Item

(%, as fed)

Cane silage 15.00
Wet milo 33.42
Oat/pea silage 9.38
Corn screenings 16.72
Mixed grass hay 6.98
Alfalfa haylage 15.00
Protein/mineral supplement 3.50

TABLE 2. Nutrient composition
of bull ration.

Item

(dietary %)a

DM, % 61.7
Protein, % 12.9
NPN, % 1.1
UIP, % 3.8
NEg, Mcal/lb 0.49
NEm, Mcal/lb 0.77
TDN, % 69.2
Ca, % 0.76
P, % 0.32
NaCl, % 0.28
K, % 1.3
S, % 0.20
Zn, ppm 17.2b

Ionophore, b/ton 22.5

aValues were calculated based on the
laboratory analysis of individual
ingredients. Energy values were
obtained from published values.
bAdditional Zn was supplemented to
provide the following treatments: ZnS
= zinc sulfate, dietary level of 40 ppm;
ZnPS = zinc sulfate (66%) and zinc
proteinate (33%), dietary level of 40
ppm; and ZnHi = zinc sulfate, dietary
level of 60 ppm.
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Change in scrotal circumference
did not differ (Table 3).  Bulls receiv-
ing diets supplemented with the ZnPS
had a greater (P<0.05) percentage of
normal sperm cells in the ejaculate
compared with bulls receiving diets
supplemented with ZnS, but not
when compared with bulls receiving
diets supplemented with ZnHi
(P=0.23; Table 3).  Percent sperm
abnormalities is one of the most
significant indicators of subsequent
fertility in a bull (17).  In AI studies,
a 1% increase in sperm abnormalities
may result in a 1.33% reduction in
the bull’s influence on AI fertility (7).
In sub-fertile men, Zn supplementa-
tion has been shown to improve
sperm motility significantly (11).  In
contrast, excess Zn supplementation
has been linked to poor sperm
motility in rats (10).  Although the
link between dietary Zn and fertility
has been thoroughly reviewed (9),
specific mechanisms of action are still
poorly understood.

When determining bulls appropri-
ate for public sale, ZnPS and ZnHi
treatments resulted in fewer (P<0.05)
CD bulls when compared with the
ZnS treatment.  This response has
significant practical application to
cattlemen, as the identification and
removal of sub-fertile bulls, prior to
the breeding season, can have a
significant impact on subsequent
pregnancy rates and overall profit-

ability of the system (23).  The effect
of Zn deficiency on reduced male
fertility has been shown to be revers-
ible (15).  In that study, young
Holstein bull calves were reared on a
severely Zn-deficient diet.  Upon
access to a Zn-adequate ration, bull
fertility was not impaired.  Therefore,
it is likely that the CD bulls in the
current study would develop nor-
mally as they continued to mature.
Nevertheless, in all fertility measures
observed in this trial, young Angus
bulls receiving the ZnPS treatment
rated highest numerically, followed
by bulls on the ZnHi treatment, and
lastly by bulls on the ZnS treatment.

Implications
These data support the importance

of dietary Zn on male fertility.
Additionally, it appears that the use
of organic Zn in growing bull diets
may improve subsequent fertility
measures.  However, when compared
with inorganic Zn at an increased
level, the magnitude of improved
fertility is lessened.  In terms of
growing bulls, it would appear
probable that the recommended level
of 30 ppm Zn in the diet (14) is too
low.  Further studies that investigate
higher levels of Zn both in the
organic and inorganic forms are
merited.
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