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Summary
Objectives: To determine the impact of
lowering levels of supplemental trace min-
erals (TM) below those commonly fed to
grower-finisher swine on fecal mineral ex-
cretion, growth performance, carcass char-
acteristics, and economic return.

Methods: Pigs (n = 6024) were randomly
distributed into four blocks of two barns
per block and allotted within block to diets
with either Normal (industry levels) or Re-
duced TM supplementation. Growth per-
formance was measured for each barn, and
individual carcass characteristics were re-
corded at a commercial packing plant. Fe-
cal samples randomly obtained from at

least eight pigs per barn were analyzed for
zinc, copper, iron, and manganese. Plasma
samples from six pigs per barn were ana-
lyzed for zinc, copper, and iron.

Results: In pigs fed Reduced TM diets, fecal
levels were lower for zinc (P < .05), and
tended to be lower for copper, iron, and
manganese (P < .10), than in pigs fed Normal
TM diets. Carcass weight, carcass weight
payment, and total payment were greater
for pigs fed Reduced TM diets (P < .05),
which may have been partly due to greater
weight at placement and uneven gender
distribution. Backfat thickness, loin depth,
percent lean, and lean premium payment
did not differ between treatments (P > .05).

Implications: Fecal excretion of zinc was
significantly lower, and excretion of copper,
iron, and manganese tended to be lower, in
grower-finisher pigs fed diets containing
trace mineral levels lower than common
industry standards. Carcass characteristics
were not negatively affected.
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Diets for grower-finisher pigs in
commercial production are com-
monly supplemented with zinc

and copper at levels greater than those sug-
gested by the National Research Council
(NRC).1 Analysis of 17 finishing feeds sub-
mitted to the North Carolina Feed Testing
Laboratory by swine producers in North
Carolina indicated that dietary zinc con-
centration ranged from 103 to 205 ppm
and dietary copper concentration ranged
from 9 to 281 ppm.2 In comparison to the
NRC1 requirements for grower-finisher
pigs, the analyzed concentrations of zinc

and copper in practical diets averaged 3.0
and 6.7 times greater, respectively. These
differences may be due to high mineral
concentrations in certain feed ingredients,
but they are most likely the result of indi-
vidual preferences of nutritionists to ensure
that the requirements of pigs are met under
different production and management en-
vironments and different health conditions.
High doses of copper and zinc are often
added for growth promotion, primarily in
diets for nursery pigs. Accumulation of
zinc and copper in soils may be of concern
in areas where manure from swine facilities

is applied extensively.3–5 Thus, reducing
supplemental levels of these trace elements
may be of benefit for sustainable swine
production.

Creech et al6 evaluated the effects of lower-
ing trace mineral supplementation from
levels commonly used in the industry to
levels suggested by the NRC.1 In that
study, supplemental levels of zinc and cop-
per in grower-finisher pig diets were re-
duced from 100 to 25 ppm and 15 to 5
ppm, respectively. In addition, the levels of
iron and manganese were reduced from
100 to 25 ppm and 40 to 10 ppm, respec-
tively, to minimize antagonistic effects of
these minerals on absorption of zinc and
copper. Results demonstrated that reducing
trace mineral levels reduced zinc and cop-
per excretion in feces of gilts by at least
40% without affecting growth performance
under university herd conditions.6

Because of a more challenging production
environment, lower feed consumption, and
potential health problems, it may be
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necessary, under commercial conditions, to
increase the dietary levels of supplemental
minerals above NRC recommendations.1

Klasing7 suggested that trace mineral re-
quirements to optimize immune function
and health may be greater than require-
ments for growth performance. Thus, the
objectives of the present study were to
evaluate the effects on pig performance and
carcass characteristics under commercial
conditions when trace minerals were
supplemented at levels lower than those
commonly used in the swine industry, and
to determine the effect of lowering dietary
trace minerals on mineral excretion in
swine feces.

Materials and methods
Experimental design
A total of 6024 pigs (Dekalb genetic back-
ground) were randomly allotted to four
blocks, with two barns per block. All barns
were of the same dimensions, and barns
were curtain-sided and tunnel-ventilated,
with completely slatted floors. Each block
of barns was filled at the same time with
pigs from the same nursery, without sort-
ing for gender. Barns were then assigned,
within block, to either a diet with levels of
supplemental trace minerals commonly
used in the swine industry (Normal) or a
diet with lower levels of copper, zinc, and
iron (Reduced). Four diet phases appropri-
ate for pigs weighing approximately 20 to
45 kg, 46 to 70 kg, 71 to 90 kg, and 91 to
115 kg, respectively, were fed, with 135
ppm, 125 ppm, 105 ppm, and 85 ppm
added zinc; 13.5 ppm, 12.5 ppm, 10.5 ppm,
and 8.5 ppm added copper; and 113 ppm,
104 ppm, 87.5 ppm, and 70 ppm added
iron, respectively, for the Normal trace
mineral diets; and 30 ppm added zinc, 6 ppm
added copper, and 30 ppm added iron for
all Reduced trace mineral diets. Levels of
supplemental manganese did not differ
between dietary treatments. Levels of man-
ganese in the Normal trace mineral diets
were 27 ppm, 25 ppm, 21 ppm, and 17 ppm
for diet Phases One to Four, respectively,
due to a decreasing rate of mineral premix
inclusion, and were kept at a constant level
of 25 ppm for the Reduced trace mineral
diets.

Diets were composed primarily of corn and
soybean meal with high levels of added fat,
vitamins, and synthetic amino acids to
mimic commercial formulations. Diet
Phases One to Four were formulated to

contain 1.14%, 0.99%, 0.83%, and 0.75%
total lysine, 0.72%, 0.64%, 0.57%, and
0.51% calcium, and 0.66%, 0.59%, 0.53%,
and 0.47% phosphorus, respectively. Feed
samples, collected from at least four ran-
domly selected feeders within each barn
every time a new batch of feed was mixed,
were analyzed for zinc, copper, iron, and
manganese. The analyzed mineral composi-
tion of each of the diets (Table 1) exceeded
NRC1 recommendations.

Performance and carcass
measurements
Pigs were placed in the grower-finisher
barns on the basis of nursery of origin,
such that each block of barns received pigs
from the same nurseries in May and June.
Pigs were not sorted by gender in the nurs-
ery. They were shipped to the finishing site
by truck, and were then placed in the
finisher barns in a random manner. Initial
weights for each barn were recorded. At the
time of first marketing, pigs were sorted by
weight, and those that met the weight cri-
teria were shipped to a commercial packing
plant. These marketing shipments were con-
ducted for each block of barns at the same
time to avoid confounding of treatments
with time of marketing. Weights of pigs in
each marketing group were recorded for
each barn. A total of four shipments were
made, and all pigs had been shipped by
October and November.

Total number of days on trial was calcu-
lated from the starting and ending dates for
each marketing group of pigs and the num-
ber of pigs in each group. Average daily

gain was calculated from the total weight at
placement, total weight at marketing, and
the total number of days to marketing.
Feed disappearance was calculated from the
total feed delivered to each barn, corrected
for feed remaining at the end of the trial,
the number of pigs in each barn, and the
total number of days on trial.

Carcass measurements of each individual
pig in each marketing group were collected
at a commercial packing plant. Informa-
tion collected at the packing plant included
gender, hot carcass weight, back fat and
loin depth (using an optical probe), per-
cent lean, payment for the carcass (based
on weight only), payment premium for
leanness (for the carcass), and total pay-
ment (for the entire carcass including pay-
ment for lean).

Sampling and analyses
Fresh fecal samples were obtained ran-
domly upon defecation from at least eight
pigs in each barn during the time when
pigs were consuming Phase Two diets.
Samples were combined within a barn,
dried in an oven at 60˚C, and then ground
through a 1-mm screen prior to mineral
analysis. At the time when fecal samples
were collected, blood samples were also
collected from six randomly selected pigs in
each barn using heparinized tubes appro-
priate for trace mineral analysis
(Vacutainer; Becton Dickinson, Ruther-
ford, New Jersey).

Feed and fecal samples were digested by wet
ashing with nitric acid and hydrogen per-
oxide using a microwave digestion system8

Table 1: Analyzed mineral composition of experimental diets1 fed to grower-
finisher pigs in a commercial production facility

lareniM tnemtaerT 2 esahP
enO

esahP
owT

esahP
eerhT

esahP
ruoF

)mpp(nZ lamroN 181 551 241 531
decudeR 08 57 97 08

)mpp(uC lamroN 71 12 91 81
decudeR 21 8 01 01

)mpp(nM lamroN 96 46 94 25
decudeR 16 55 93 24

)mpp(eF lamroN 605 774 253 992
decudeR 983 863 072 172

1     Four diet phases appropriate for pigs weighing approximately 20 to 45 kg, 46 to 70
kg, 71 to 90 kg and 91 to 115 kg, respectively, were fed throughout the grower-
finisher period.

2     Treatments consisted of diets with mineral supplementation levels commonly used
in commercial swine production (Normal) or reduced levels of minerals (Reduced).
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(Model MDS-81D; CEM Corp, Matthews,
North Carolina). Ashed samples were sub-
sequently analyzed for zinc, copper, iron,
and manganese using an atomic absorption
spectrophotometer (model AA-6701F;
Shimadzu, Kyoto, Japan). Plasma samples
were diluted in nitric acid, then analyzed
by atomic absorption spectrophotometer.8

Statistical analyses
Data were analyzed by analysis of variance
as a randomized complete block design using
the General Linear Models procedure of
SAS (SAS Institute Inc, Cary, North Caro-
lina). The model for growth performance,
mineral excretion data, and plasma mineral
concentrations included block (barns) and
trace mineral inclusion level (Normal and
Reduced), using barn as the experimental
unit. The model for carcass data included
block, trace mineral supplementation level,
gender, the interaction of trace mineral
supplementation and gender, and the inter-
action of block and trace mineral supple-
mentation level. The latter was used as an
error term to test the effect of trace mineral
supplementation on carcass characteristics.
The experimental unit for this analysis was
the individual pig. In addition, carcass data
were analyzed using carcass weight as a
covariate to evaluate carcass characteristics
at a common carcass weight.

Results
Growth and carcass characteristics
Pigs fed diets containing the Reduced levels
of trace minerals were heavier at the time
of marketing (P < .05) and were less
efficient than pigs fed the Normal levels of
minerals (Table 2). However, although pigs
were randomly assigned within each block
of barns, it was noted at the packing plant
that in the group receiving the Reduced
mineral supplementation, 1148 of 2790
pigs (41%) were gilts, while in the group
fed the Normal mineral supplementation,
1755 of 2805 pigs (63%) were gilts. This
difference in gender distribution between
treatments was not statistically significant
(P > .05). In addition, the difference in
final weight between treatment groups was
2.0 kg, which was similar to the difference
of 2.1 kg in initial weight, resulting in no
effect of treatment on daily weight gain.

Carcass weight and back fat depth were
greater, and percent lean and payment for
lean were lower, for barrows than gilts
(Table 3). Carcass weight, loin depth, pay-
ment for weight, and total payment were
greater for pigs fed diets with Reduced levels

Table 2: Growth performance of grower-finisher pigs housed in a commercial
production facility and fed conventional or reduced levels of trace minerals1

1    A total of 6024 pigs in eight barns were included at the start of the trial, with the
performance means for four barns representing each of the two treatments.
Probability values were calculated by analysis of variance. Treatments consisted of
diets with mineral supplementation levels commonly used in commercial swine
production (Normal) or reduced levels of minerals (Reduced).

2    Number of animals at the end of the trial.
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Table 3: Carcass characteristics at marketing for pigs housed in a commercial
production facility and fed conventional or reduced levels of trace minerals1

1    A total of 6024 pigs in eight barns were included at the start of the trial, with the
means for four barns representing each of the two treatments. Probability values
were calculated by analysis of variance. Treatments consisted of diets with mineral
supplementation levels commonly used in commercial swine production (Normal)
or reduced levels of minerals (Reduced).

a    Gender effect (P < .01)
b    Treatment effect (P < .05)
c    Treatment effect (P < .01)
d    Gender effect (P < .05)
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of minerals (Table 3). Additional analysis
of the data, using carcass weight as a covariate
(data not shown), indicated that final pay-
ment for the carcass was greater (P < .01)
in pigs fed the Reduced mineral diets, but
no other differences between treatments
were evident (P = .13).

Fecal mineral excretion
Feces of pigs fed diets with Reduced levels
of trace minerals contained significantly
less zinc, and tended to contain less copper,
iron, and manganese, compared to pigs fed
industry levels of trace minerals (Table 4).
These data are based on observations of
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three barns per treatment. For the fourth
set of barns, not used in the statistical
analysis of excretion data, diets were depos-
ited in the wrong feed bins, as verified by
mineral analysis of the feed for that period.
Diets were erroneously switched approxi-
mately 1 week before fecal samples were
obtained, and the wrong diets were still
being fed at the time fecal samples were
obtained. The error in feed delivery was
confined to this instance, as verified by
mineral analysis of feed samples obtained
for each batch and each barn. When results
from the two barns for which diets had
been erroneously switched were evaluated
separately, mineral excretion levels were
1154 ppm for zinc, 217 ppm for copper,
2718 ppm for iron, and 453 ppm for man-
ganese in pigs that were actually consum-
ing the Normal mineral diets. Mineral ex-
cretion was much lower in pigs actually
consuming the Reduced mineral diets: 463
ppm for zinc, 97 ppm for copper, 2230
ppm for iron, and 270 ppm for manganese.

Plasma mineral concentrations
Plasma mineral concentrations were not
affected by dietary treatment. Mean plasma
mineral concentrations were 0.70 mg per L
zinc, 2.17 mg per L copper, and 1.32 mg
per L iron for pigs fed the Reduced mineral
diet, and 0.67 mg per L zinc, 2.08 mg per
L copper, and 1.34 mg per L iron for pigs
fed the Normal mineral diet. These results
are based on three observations per treat-
ment. In pigs from the two barns for which
diets had been erroneously switched, plasma
concentrations were 0.64 mg per L zinc,
2.41 mg per L copper, and 1.34 mg per L
iron for pigs consuming the Reduced min-
eral diet, and 0.54 mg per L zinc, 2.24 mg
per L copper, and 1.07 mg per L iron for
pigs consuming the Normal mineral diet.

Discussion
In spite of the fact that pigs were randomly
distributed in barns with regard to gender
and body weight, there were numerically
fewer gilts in the treatment group receiving
the Reduced mineral diet than in the treat-
ment group receiving the Normal mineral
diet. Although the difference in gender
distribution between treatments was not
statistically significant, it may have con-
founded the results. Slower growth rates
and superior feed efficiency of gilts com-
pared to barrows have been clearly demon-
strated in several genetic lines of swine.9

Therefore, the differences in growth perfor-

mance between treatments observed in the
present study may have been due, in part,
to differences in gender distribution.

We observed more desirable carcass charac-
teristics in gilts compared to barrows,
which is in agreement with the reported
literature. Goodwin and Burroughs9 evalu-
ated carcass characteristics of six terminal
lines and reported higher back fat thickness
and lower loin eye area and percent fat-free
lean in barrows than in gilts.

Consistent with the present study, Creech
et al6 reported that in gilts fed diets with
levels of trace minerals equivalent to NRC1

recommendations, growth performance
and feed efficiency during the nursery and
grower-finisher phases were similar to those
of gilts fed levels of trace minerals often
used in the industry. However, carcass
characteristics were not evaluated in that
study. Paboeuf et al10 reported no differ-
ences in growth performance and carcass
characteristics for barrows and gilts fed di-
ets with reduced levels of copper, zinc, or
both in either the finisher period or the
entire grower-finisher period. The greater
carcass weight for pigs fed diets with Re-
duced mineral supplementation in the
present study is consistent with the higher
final live weight reported in Table 2 and
may have been largely due to the greater
weight at placement. Thus, the greater loin
depth, payment for weight, and total pay-
ment for pigs fed reduced trace mineral
levels appeared to be a result of heavier car-
cass weights. Results of the current study
and those reported by others6,10 suggest
that levels of trace minerals fed under com-
mercial conditions may be reduced to levels

closer to those recommended by the NRC1

without a negative impact on pig perfor-
mance, carcass characteristics, or economic
value of the carcass.

Copper is excreted via the bile in the feces,
with only minute amounts being excreted
in the urine.11 Similarly, the main excre-
tory route of zinc is through the feces.12

Absorption and excretion of copper and
zinc are strictly regulated through homeo-
static control mechanisms, and when these
minerals are consumed in quantities ex-
ceeding the requirement, the excess will be
excreted.13 Therefore, analysis of fecal
samples in the present experiment provides
an accurate estimate of the potential reduc-
tion in mineral excretion that can be ob-
tained by reducing dietary concentration of
trace minerals.

In agreement with these results, Creech et
al,6 in a similar study, suggested that zinc
and copper excretion could be reduced by
at least 40% by reducing trace mineral
supplementation to levels recommended by
NRC.1 Paboeuf et al10 reported that excre-
tion of copper was lowered by 76%, and
that of zinc by 14%, when pigs were fed
diets containing reduced levels of copper
and zinc. In that study, total concentration
of copper in the feed for control pigs was
92 ppm, and this was reduced to 15 to 18
ppm in the reduced mineral diet. Because
of the much higher concentration of cop-
per in the positive control diet used in the
experiment reported by Paboeuf et al,10 it
would be expected that the relative excre-
tion of copper would be much greater in
that trial than in our experiment. On the
other hand, zinc was reduced from ap-

Table 4: Mean fecal mineral concentration (dry matter basis) in 6024 grower-
finisher pigs housed in a commercial production facility and fed conventional
or reduced levels of trace minerals1

1     Each mean represents average values for three barns, with fecal samples collected
from at least eight pigs per barn. Probability values were calculated by analysis of
variance. Treatments consisted of diets with mineral supplementation levels
commonly used in commercial swine production (Normal) or reduced levels of
minerals (Reduced). Pigs weighed 46 to 70 kg and were fed a Phase Two diet during
the period when fecal samples were collected for analysis.

elbairaV lamroN decudeR noitcudeR
)%(

MES P

)mpp(nZ 6411 363 86 601 30.
)mpp(uC 741 49 63 21 90.
)mpp(nM 374 062 54 44 80.

)mpp(eF 4352 3861 43 561 70.
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proximately 125 ppm to 90 ppm total zinc
in that study,10 while total zinc was reduced
from an average of 153 to 79 ppm in the
current experiment, which would be likely
to result in a greater reduction in zinc ex-
cretion in our experiment. Although dietary
manganese was similar between treatments
in the current study, there was a tendency
for fecal manganese to be reduced. The
reduction in dietary levels of zinc, copper,
and iron might have increased the availabil-
ity of manganese, resulting in reduced
excretion.

Considering that performance and feed
intake of pigs did not appear to be affected
by lower levels of trace minerals in the diets,
mineral excretion could be substantially
reduced during the entire grower-finisher
phase by reducing trace mineral concentra-
tion in the diet. Jongbloed and Lenis4 cal-
culated that the total excretion of copper
could be reduced from 14.4 g to 4.6 g per
pig in pigs weighing 25 to 106 kg by elimi-
nating growth-promoting levels of copper
in the starter phase and reducing dietary
copper from 35 ppm to 20 ppm in the
grower-finisher phase. Total excretion of
zinc could be reduced from 21.6 g to 10.9
g per pig when dietary zinc was reduced by
approximately 50%. Copper and zinc may
accumulate in soil and cause leaching and
runoff when excessive amounts of swine
waste or lagoon effluent are applied.3–5 As
demonstrated in the current study and re-
sults reported by others,6,10 a significant
reduction in excretion of these trace miner-
als is possible through nutritional manipu-
lation, thereby minimizing the potential
impact on the environment.

Creech et al6 reported that plasma zinc was
significantly lower in gilts fed diets with
reduced levels of trace minerals during the
nursery and grower phase, but was affected
only during the finisher phase in one of the
three trials conducted. Plasma copper levels
were not affected by trace mineral supple-
mentation level in that study.6 Puls14 re-
ported that serum concentrations of 0.70
mg per L to 1.50 mg per L zinc, 1.30 mg
per L to 3.00 mg per L copper, and 1.00
mg per L to 1.50 mg per L iron were within
normal physiological levels. Plasma con-
centrations of these minerals were within
these ranges in the present experiment, al-
though plasma zinc concentration may
have been marginally low. However, we did
not observe differences in plasma mineral
levels between treatments, suggesting that
mineral status was not compromised due to
feeding reduced levels of trace minerals.

Implications
• Fecal mineral excretion of zinc was

lower and excretion of copper, iron,
and manganese tended to be lower in
grower-finisher pigs fed diets contain-
ing reduced levels of trace minerals
compared to levels commonly used in
the swine industry.

• Grower-finisher pig performance,
carcass characteristics, and carcass
value were not negatively affected by
levels of trace minerals lower than
those commonly used in the swine
industry.

• Feeding reduced levels of trace
minerals may have a positive impact
on the environment.
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