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Swine Day 2008

EFFECTS OF COPPER SULFATE, TRI-BASIC COPPER CHLORIDE,
AND ZINC OXIDE ON WEANLING PIG GROWTH AND PLASMA
MINERAL CONCENTRATIONS?

N. W. Shelton, M. D. Tokach, J. L. Nelssen, R. D. Goodband, S. S. Dritz?,
J. M. DeRouchey, and G. M. Hill®

Summary

Two 28-d experiments were conducted to
determine the effects of increasing dietary
zinc and copper levels on weanling pig per-
formance. In each experiment, 180 weanling
pigs (PIC, 21 d of age, 12.5 b in Exp. 1 and
13.2 Ib in Exp. 2) were alotted to 1 of 6
treatments with 5 and 6 replications in Exp. 1
and 2, respectively. Diets were fed in 2 phases
(d 0 to 14 and 14 to 28), and the trace mineral
premix provided 165 ppm zinc and 16.5 ppm
copper to al diets. In Exp. 1, treatments were
arranged as a 2 x 3 factorial with 2 levels of
added copper from tri-basic copper chloride
(TBCC; 0 or 150 ppm) and 3 levels of added
zinc from zinc oxide (0, 1,500, or 3,000 ppm
from d O to 14 and 0, 1,000, or 2,000 ppm
from d 14 to 28). In addition, blood collected
on d 14 was analyzed for plasma zinc, copper,
and phosphorus concentrations. No copper X
zinc interactions were observed (P > 0.25) for
any of the growth data. Addition of TBCC in-
creased (P < 0.03) ADG and ADFI over con-
trol pigs from d O to 14, 14 to 28, and O to 28.
Pigs fed increasing dietary zinc had increased
(linear, P < 0.003) ADFI during both phases
and increased ADG from d 0 to 14 and O to
28. No effects were observed for blood me-
tabolites in plasma copper; however, copper x
zinc interactions were observed (P < 0.03) for

both plasma zinc and phosphorus. The interac-
tions occurred because increasing dietary zinc
oxide increased plasma zinc and phosphorus
when TBCC was not included in the diet but
had relatively little effect when TBCC was
added to the diet.

In Exp. 2, treatments were arranged as a
2 x 3 factorial with 2 levels of added zinc
from zinc oxide (0 or 3,000 ppm from d O to
14 and 0 or 2,000 from d 14 to 28) and 3 cop-
per treatments (control, 125 ppm copper from
TBCC, or 125 ppm copper from copper sul-
fate). In addition, blood collected on d 14 and
28 was analyzed for plasma zinc, copper, and
phosphorus concentrations. Again, no copper
x zinc interactions (P > 0.10) were observed
for any performance data. Adding zinc oxide
to the diet improved (P < 0.03) ADG, ADHI,
and F/G from d O to 14 and ADG and ADFI
from d O to 28. Adding copper to the diet in-
creased (P < 0.05) ADG, ADFI, and F/G from
d O to 14 and 0 to 28 with pigs fed copper sul-
fate having greater (P < 0.02) ADG and ADFI
from d O to 14 than pigs fed TBCC. Similar to
Exp. 1, plasma zinc was increased (P < 0.001)
in pigs fed high levels of dietary zinc at d 14.
Unlike many previous research trials, these
two trials found additive effects to feeding
high levels of dietary copper and zinc in diets
for nursery pigs.

! The authors thank the Kansas Pork Association for partial financial support.
?Food Animal Health and Management Center, College of Veterinary Medicine, Kansas State University.
® Department of Animal Sciences, Michigan State University, East Lansing.
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Introduction

Zinc and copper are two minerals com-
monly added at pharmacological levels in
weanling pig diets to serve as growth promot-
ers. Nursery studies have demonstrated that
increased dietary levels of zinc can promote
growth rates and decrease diarrhea in weanl-
ing pigs. Typicaly, the greatest response to
pharmacologica levels of zinc is seen in the
first 2 to 4 wk postweaning, and the most
commonly used form is zinc oxide (ZnO). Di-
etary copper has also been shown to enhance
growth rates in weanling pigs and growing
pigs. Therefore, copper is typically added to
late nursery and early grower diets; the most
commonly used form is copper sulfate (Cu-
SO,). Research combining ZnO and CuSO;, at
high levels has shown growth rates similar to
those when ZnO is used alone. Thus, early
diets for nursery pigs often contain growth
promoting levels of zinc without growth pro-
moting levels of copper. Therefore, the objec-
tive of these trials was to characterize the ef-
fect of combining ZnO with a different copper
source, tri-basic copper chloride (TBCC), as
well as revaluate the response to utilizing both
ZnO and CuSO4 in weanling diets.

Procedures

The protocols used in these experiments
were approved by the Kansas State University
Institutional Animal Care and Use Committee.
Each pen contained a 4-hole dry self-feeder
and a nipple waterer to provide ad libitum ac-
cess to feed and water. Pens had wire-mesh
floor and alowed for approximately 3 ft* per
pig. Weights and feed disappearance were
measured weekly to determine ADG, ADFI,
and F/G.

Blood samples were collected from 2 pigs
per pen (d 14 in Exp. 1 and d 14 and 28 in
Exp. 2) by jugular venipuncture. Blood sam-
ples were chilled for approximately 1 h until
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they were centrifuged at 2,000 rpm for 20
min. Plasma was then collected from each
sample, frozen, and sent to Michigan State
University for minera analysis. Copper and
zinc levels were determined by atomic absorp-
tion spectrophotometry, and phosphorus was
measured by color spectrophotometry. Feed
samples from both experiments were collected
and analyzed for copper and zinc levels.

Pen was used as the experimental unit for
all analyses in both experiments, and data
were analyzed by using the PROC MIXED
procedurein SAS.

Experiment 1. A total of 180 weanling
pigs (initially 12.5 Ib and 21 d of age) were
used in a 28-d growth trial to compare the ef-
fects of supplemental zinc and copper from
ZnO and TBCC, respectively. Pigs were allot-
ted by initial BW in a completely randomized
block design. There were 5 pens per treatment
with 6 pigs per pen. Treatments were arranged
asa2 x 3 factorial with 2 levels of added cop-
per from TBCC (0 or 150 ppm) and 3 levels of
added zinc from ZnO (none, moderate, or
high; 0, 1,500, or 3,000 ppm from d O to 14
and 0, 1,000, or 2,000 ppm from d 14 to 28).
Dietswere fed in 2 phases (d 0 to 14 and 14 to
28; Table 1). Phase 1 (d0to 14) and 2 (d 14 to
28) diets were fed in meal form and were for-
mulated to contain 1.41 and 1.31% standard-
ized ilea digestible (SID) lysine, respectively
(Table 1). Phase 1 diets contained 15% spray-
dried whey and 3.75% fish meal, and phase 2
diets were corn soybean meal based. The trace
mineral premix supplied 165 ppm zinc and
16.5 ppm copper to each of the diets. Zinc ox-
ide and TBCC were then supplemented by re-
placing corn starch to achieve the desired zinc
and copper levels.

Experiment 2. Similar procedures and
diets (Table 2) were utilized in experiment 2.
A total of 180 weanling pigs (initially 13.2 Ib
and 21 d of age) were used in this 28-d growth
trial. Pigs were dlotted in a completely
randomized block design with blocks by



weight and sex. There were 6 pens per treat-
ment with 5 pigs per pen. Treatments were
arranged as a 2 x 3 factorial with 2 levels of
added zinc from ZnO (0 or 3,000 ppm from d
0 to 14 and 0 or 2,000 ppm from d 14 to 28)
and 3 added copper sources (none, 125 ppm
copper from TBCC, or 125 ppm copper from
copper sulfate). All diets were supplemented
with 165 ppm zinc and 16.5 ppm copper from
the trace mineral premix.

Results and Discussion

Laboratory analysis of the diets indicated
that nutrient levels were similar to those ex-
pected from diet formulation for Exp. 1 and 2
(Tables 3 and 4, respectively).

Experiment 1. No copper x zinc interac-
tions (Table 5, P > 0.25) were observed for
any of the performance criteria throughout the
trial. An interaction was expected because
previous research has found no response to
added copper when high levels of ZnO are
added to the diet. Similar to many earlier tri-
als, ADG increased (linear, P < 0.002) as zinc
concentration increased in the diet from d O to
14. The gain response was driven directly by
increases in intake because ADFI increased
(linear, P < 0.003) as dietary zinc was added.
Dietary copper from TBCC also increased (P
< 0.02) ADG and ADFI compared with non-
copper-supplemented  treatments.  Dietary
treatment did not influence F/G, which is in
agreement with several previous trials. The
greatest performance values were seen in
treatments containing both high levels of zinc
from ZnO and copper from TBCC.

From d 14 to 28, the addition of copper
from TBCC continued to enhance (P < 0.03)
both ADG and ADFI. Also, ADFI continued
to increase (linear, P < 0.002) as dietary zinc
increased. However, there was only a ten-
dency (P < 0.10) for a change in ADG as die-
tary zinc increased. This agrees with other tri-
als that showed the greatest responseto zinc is
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typically found in the early phases postwean-
ing.

Because of the responses during each
phase, overall ADG and ADFI were improved
(P < 0.007) for pigs supplemented with added
copper from TBCC. Pigs fed TBCC weighed
approximately 2.2 |b more on d 28 postwean-
ing than pigs not supplemented with TBCC.
Also, ADG and ADFI increased (linear, P <
0.003) as dietary zinc was added from ZnO.
Again, pigs that received both added copper
and a high level of zinc had the greatest gain
and feed intake; no differences were observed
inoveral F/G.

From d O to 14, dietary treatments had no
effect on feed cost per pound of gain, but in-
come over feed cost (IOFC) increased as ZnO
(linear, P < 0.01) and TBCC (P < 0.02) were
added to the diet. Adding zinc to the diet in-
creased (P < 0.03) feed cost per pound of gain
from d 14 to 28 but also resulted in a linear
increase (P < 0.02) in IFOC because of the
increased growth rate of pigs fed high levels
of ZnO. Adding TBCC to the diet tended (P <
0.07) to increase |OFC without changing feed
cost per pound of gain. Overall, adding ZnO
to the diet linearly increased (P < 0.02) feed
cost per pound of gain. Despite the increase in
feed cost per pound of gain, IOFC increased
(linear, P < 0.02) as supplemental zinc was
added. The response was due to the growth
improvements from ZnO. Adding TBCC to
the diet also increased (P < 0.02) |IOFC by ap-
proximately $0.75/pig over pigs not supple-
mented with any added copper.

There were no treatment differences for
plasma copper levels (Table 6). However,
copper x zinc interactions were detected (P <
0.03) for both plasma zinc and phosphorus.
The plasma zinc interaction occurred because
a more dramatic increase in plasma zinc was
seen in diets containing no supplemental cop-
per when zinc level increased in the diet. The
phosphorus interaction was due to plasma
phosphorus increasing as dietary zinc



increased in diets without supplemental cop-
per and plasma phosphorus decreasing as zinc
was increased in diets receiving supplemental
copper.

Experiment 2. No copper x zinc interac-
tions were observed (Table 7, P > 0.10) for
any of the growth criteria in this trial. From d
0 to 14, ADG, ADFI, and F/G were increased
(P < 0.03) with zinc supplementation. Some
studies have shown improvements in F/G with
added zinc; however, most have shown gain
responses related to increased ADFI. Pharma
cological levels of copper also improved (P <
0.02) ADG, ADFI, and F/G, with copper sul-
fate improving (P < 0.02) ADG and ADFI
more than TBCC.

From d 14 to 28, no differences were ob-
served (P > 0.10) for ADG; however, numeri-
cal increases were observed for pigs fed either
copper source. Daily feed intake increased (P
< 0.02) in pigs supplemented with zinc. Add-
ed copper aso improved (P < 0.05) F/G; cop-
per sulfate improved (P < 0.03) and TBCC
treatments tended to improve (P < 0.06) F/G
compared with control treatments.

Over the entire 28-d trial, added zinc re-
sulted in increases (P < 0.02) in ADG and
ADFI. Copper supplementation also improved
(P < 0.05) ADG, ADFI, and F/G. Copper sul-
fate increased (P < 0.02) ADG, ADFI, and
F/G compared with the controls, and TBCC
produced intermediate results that were nu-
mericaly higher (P < 0.07) than controls in
ADG and F/G.

Because of improvements in feed effi-
ciency, zinc supplementation decreased (P <
0.001) feed cost per pound of gain from d O to
14. Copper sulfate also decreased (P < 0.003)
feed cost per pound of gain compared with
control pigs. Zinc and copper supplementation
also increased (P < 0.0001) IOFC. From d 14
to 28, ZnO increased (P < 0.02) feed cost per
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pound of gain, which ultimately negated the
lower cost during the first phase, resulting in
no difference (P > 0.67) for the overall trial.
However, both copper sources decreased (P <
0.05) feed cost per pound of gain. Copper sul-
fate increased (P < 0.003) IOFC for the entire
28-d trial. On average, copper sulfate and
TBCC increased IOFC by $1.43 and
$0.73/pig, respectively, compared with control
pigs. Zinc supplementation also increased (P
< 0.06) IOFC by approximately $0.69/pig,
with the entire benefit occurring during the
first 14 d after weaning.

No dietary effects were observed (Table 8,
P > 0.41) for plasma phosphorus at either
bleeding time. Plasma zinc was increased (P <
0.001) on d 14 and tended (P < 0.09) to be
higher at d 28 for pigs supplemented with
ZnO. There was no effect seen for plasma
copper on d 14, but a copper x zinc interaction
was observed (P < 0.02) on d 28. In diets con-
taining no added zinc, plasma copper in-
creased when TBCC was added to the diet but
decreased when copper sulfate was added to
the diet. The opposite occurred in diets con-
taining supplemental zinc; plasma copper de-
creased as TBCC was added to the diet and
increased when copper sulfate was added.

Both trials showed additive responses to
feeding pharmacological levels of copper and
zinc to weanling pigs; in the second experi-
ment, pigs had a greater response to copper
sulfate than to TBCC. These findings are in
contrast to previous research that did not find
additive responses to added dietary copper and
zinc. The reason we found additive responses
is not clear. However, the mgjority of the early
research used 250 ppm added dietary copper
when testing for additive responses, whereas
we used 125 and 150 ppm. More research is
needed to determine the reasons for these ad-
ditive effects and explain factors that influ-
ence the level of response to growth promot-
ing levels of copper and zinc.



Table 1. Composition of diets in Exp. 1*

ltem, % Phase 1° Phase 2°
Corn 48.75 60.75
Soybean meal (46.5% CP) 29.01 35.00
Spray-dried whey 15.00
Select menhaden fish meal 3.75
Monocalcium P (21% P) 1.05 1.60
Limestone 0.70 1.10
Salt 0.33 0.33
Vitamin premix 0.25 0.25
Trace mineral premix 0.15 0.15
Lysine HCI 0.30 0.30
DL-methionine 0.175 0.125
L-threonine 0.125 0.110
Corn starch* 0.410 0.283
Total 100.00 100.00
Caculated Analysis
SID® amino acids, %
Lysine 141 131
Isoleucinelysine 60 63
Leucinellysine 120 129
Methionine:lysine 36 33
Met & Cyslysine 58 58
Threoninelysine 62 62
Tryptophan:lysine 17 18
Valinelysine 65 69
ME, kcal/lb 1,495 1,495
SID LysineME, g/Mca 4.28 3.97
CP, % 22.3 21.9
Ca, % 0.88 0.85
P, % 0.78 0.75
Available P, % 0.50 0.42

L A total of 180 weanling pigs (PIC, initially 12.5 Ib and 21 d of age) were used in a 28-d
experiment.

?Pigs were fed phase 1 fromd 0 to 14.

3 Pigs were fed phase 2 from d 14 to 28.

% Corn starch was replaced with zinc oxide and tri-basic copper chloride to create treatment
diets.

®SID = Standard ileal digestible (SID).
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Table 2. Composition of diets in Exp. 2*

ltem, % Phase 1° Phase 2°
Corn 48.72 60.74
Soybean meal (46.5% CP) 29.01 35.00
Spray-dried whey 15.00
Select menhaden fish meal 3.75
Monocalcium P (21% P) 1.05 1.60
Limestone 0.70 1.10
Salt 0.33 0.33
Vitamin premix 0.25 0.25
Trace mineral premix 0.15 0.15
Lysine HCI 0.30 0.30
DL-methionine 0.175 0.125
L-threonine 0.125 0.110
Corn starch’ 0.435 0.307
Tota 100.00 100.00
Calculated Analysis
SID® amino acids, %
Lysine 1.41 1.31
Isoleucine:lysine 60 63
Leucinellysine 120 129
Methionine:lysine 36 33
Met & Cyslysine 58 58
Threonine:lysine 62 62
Tryptophan:lysine 17 18
Vainelysine 65 69
ME, kcal/lb 1,495 1,495
SID Lysine:ME ratio, g/mcal 4.28 3.97
CP, % 22.3 21.9
Ca % 0.88 0.85
P, % 0.78 0.75
Available P, % 0.50 0.42
L A tota of 180 weanling pigs (PIC, initially 13.2 Ib and 21 d of age) were used in a 28-d
experiment.

2 Pigs were fed phase 1 from d 0 to 14.

®Pigs were fed phase 2 from d 14 to 28.

* Corn starch was replaced with zinc oxide, copper sulfate, and/or tri-basic copper chloride
to create treatment diets.

®>SID = Standard ileal digestible (SID).
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Table 3. Analyzed chemical composition of diets (Exp. 1)*

Added copper?
No Yes
Addedzinc® None  Medium  High None  Medium High

Phase 1

CP, % 22.4 22.3 22.7 22.0 22.6 22.0

Zinc, ppm 212 1,472 2,519 190 1,431 2,831

Copper, ppm 23.2 22.4 236 1961 1698 191.0

Calcium, % 0.98 0.82 0.82 1.04 0.78 0.86

Phosphorus, % 0.75 0.83 0.84 0.82 0.83 0.87
Phase 2°

CP, % 235 21.8 22.0 21.6 20.9 21.6

Zinc, ppm 217 1,201 1,993 427 840 1,713

Copper, ppm 26.0 19.3 62.7 124.2 1371 169.1

Calcium, % 0.83 0.91 0.99 0.81 0.69 1.09

Phosphorus, % 0.76 0.77 0.89 0.77 0.71 0.82

L A total of 180 weanling pigs (PIC, initidly 12.5 Ib and 21 d of age) were used in a 28-d ex-

periment.

2 Added copper from tri-basic copper chloride was supplied at no (0 ppm) or yes (150 ppm) lev-

elsto the basal diet (16.5 ppm Cu).

3 Added zinc from zinc oxide was supplied at none (0 ppm), medium (1,500 ppm in phase 1 and
1,000 in phase 2), or high (3,000 ppm in phase 1 and 2,000 in phase 2) levels to the basal diet

(165 ppm Zn).

“ Pigs were fed phase 1 from d 0 to 14.

> Pigs were fed phase 2 from d 14 to 28.
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Table 4. Analyzed chemical composition of diets (Exp. 2)*

Added zinc?
No Yes
Copper source®  None TBCC SO, None TBCC SO,

Phase 1*

CP, % 21.7 22.5 22.8 22.6 22.3 22.7

Zinc, ppm 286 183 197 2,798 2,721 2,599

Copper, ppm 28.4 152.3 149.4 27.3 156.4 140.9

Calcium, % 1.01 0.93 0.88 0.88 0.95 0.81

Phosphorus, % 0.85 0.82 0.85 0.82 0.83 0.80
Phase 2°

CP, % 22.3 21.0 22.0 19.6 20.6 22.6

Zinc, ppm 183 229 176 2,360 1,897 1,930

Copper, ppm 24.6 177.9 188.1 47.6 140.1 144.2

Calcium, % 1.15 0.90 0.95 0.93 0.88 0.92

Phosphorus, % 0.81 0.78 0.88 0.77 0.78 0.81

L A total of 180 weanling pigs (PIC, initially 13.2 Ib and 21 d of age) were used in a 28-d experi-
ment.

2 Added zinc from zinc oxide was supplied at no (0 ppm) or yes (3,000 ppm in phase 1 and 2,000
ppm in phase 2) levelsto the basal diet (165 ppm Zn).

3 Copper sources included none, tri-basic copper chloride (TBCC, 125 ppm) and copper sulfate
(SOy4, 125ppm) and were supplemented to the basal diet (16.5 ppm Cu).

“Pigs were fed phase 1 from d 0 to 14.

> Pigs were fed phase 2 from d 14 to 28.

69



Table 5. Effects of dietary zinc oxide and tri-basic copper chloride on weanling pig performance and economics (Exp. 1)*

Added copper? P<
No Yes 7n x Zinc
Added zinc® None Medium High None Medium High SE Cu Cu Zn linear quadratic

Initial wt (d 0), Ib 124 125 125 125 125 12.5 0.76 045 029 040 026 0.45
dOto 14

ADG, |b 035 040 050 047 045 0.53 0.04 030 002 0004 0002 0.18

ADFI, Ib 044 048 061 056 057 0.62 0.04 026 002 0006 0.003 0.29

FIG 128 127 122 121 127 1.18 0.06 074 030 038 037 0.28

Feed cost/lb gain, $* 0.286 0.286 0.278 0.270 0.286 0269 0013 075 036 051 0.69 0.28

IOMFC, $/pig*° 155 181 226 217 200 2.44 0233 032 002 002 001 0.17
d14to28

ADG, Ib 1.05 110 116 115 116 1.22 0.06 078 003 010 004 0.68

ADFI, Ib 148 154 166 161 164 1.75 0.08 087 001 0005 0002 0.32

FIG 142 139 144 140 141 1.44 0.02 072 094 024 019 0.29

Feed cost/Ib gain, $ 0.181 0.180 0.187 0180 0.183 0189 0003 073 060 003 016 0.84

IOMFC, $/pig 6.15 6.47 6.69 6.79 6.75 7.00 0336 075 007 036 0.02 0.29
d0to28

ADG, Ib 070 0.75 083 081 0.80 0.87 0.05 0.38 0.007 0.008 0003 034

ADFI, Ib 096 101 114 109 110 1.18 0.06 043 0.005 0002 0001 0.26

FIG 138 135 137 134 137 1.36 0.02 029 049 094 0.76 0.86

Feed cost/Ib gain, $ 0.206 0.205 0.214 0205 0.212 0213 0003 041 049 004 0.02 0.41

IOMFC, $/pig 769 828 895 89 875 9.45 0511 043 002 005 0.02 0.60
Final wt (d 28), Ib 319 334 357 3Bl 350 375 1.87 061 0.006 0006 0.003 0.29

! A total of 180 weanling pigs (PIC, initially 12.5 Ib and 21 d of age) were used in a 28-d experiment.

2 Added copper from tri-basic copper chloride was supplied at no (0 ppm) or yes (150 ppm) levels to the basal diet (16.5 ppm Cu).

3 Added zinc from zinc oxide was supplied at none (0 ppm), medium (1,500 ppm from d O to 14 and 1,000 from d 14 to 28), or high (3,000
ppm from d 0 to 14 and 2,000 from d 14 to 28) levelsto the basal diet (165 ppm Zn).

* Feed costs were based on corn at $5.00/bu, soybean meal at $350/ton, TBCC at $300/cwt and ZnO at $121.87/cwt.

®|OFC = Income over marginal feed costs (weight gain x $0.60/1b - feed cost).
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Table 6. Effects of dietary zinc oxide and tri-basic copper chloride on plasma mineral levels in weanling pigs (Exp. 1)*

Added copper? P<

No Yes 71 x Zinc

Added zinc® None Medium High None Medium High SE Cu Cu Zn linear quadratic

Plasma concentrations®

Copper, pg/mL 188 188 181 181 198 189 010 058 063 057 097  0.30
Zinc, pg/mL 064 077 108 081 081 093 006 003 068 0001 0001 0.14
Phosphorus, mg/mL 0070 0083 0085 0081 0080 0077 0002 0003 095 005 003 021

! A total of 180 weanling pigs (PIC, initially 12.5 b and 21 d of age) were used in a 28-d experiment.

2 Added copper from tri-basic copper chloride was supplied at no (0 ppm) or yes (150 ppm) levels to the basal diet (16.5 ppm Cu).

3 Added zinc from zinc oxide was supplied at none (0 ppm), medium (1,500 ppm from d O to 14 and 1,000 from d 14 to 28), or high (3,000
ppm from d 0 to 14 and 2,000 from d 14 to 28) levelsto the basal diet (165ppm Zn).

* Plasma was collected on d 14 from 2 pigs per pen.
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Table 7. Effects of zinc oxide, tri-basic copper chloride, and copper sulfate on weanling pig performance and economics (Exp. 2)*

P<
Added zinc? Copper source effects
No Yes Zn x Nonevs. SO, vs.
Copper source® None TBCC SO, None TBCC SO, SE Cu Zn Cu SO, TBCC TBCC

Initial wt (d 0), Ib 132 132 132 132 132 132 0.7 089 094 09 078 078 0.99
dOto 14

ADG, Ib 033 0.37 046 045 0.46 057 004 087 0.001 0.002 0001 049 0.004

ADFI, Ib 047 048 055 052 054 062 004 09 003 002 0008 0.78 0.02

FIG 146 130 122 116 118 110 005 010 0001 0.01 0.003 0.12 0.10

Feed cost/Ib gain, $* 0325 0290 0272 0236 0267 0249 0010 010 0.001 0.01 0.003 0.13 0.09

IOMFC, $/pig*® 129 161 214 213 214 284 0223 073 0001 0.01 0.001 041 0.001
d14to 28

ADG, Ib 098 1.04 103 097 107 109 005 075 040 0211 0.06 0.08 0.88

ADFI, Ib 157 162 154 161 169 174 006 022 002 047 0.37 0.25 0.79

FIG 163 156 149 169 157 160 005 062 013 005 0.03 0.06 0.65

Feed cost/lb gain, $ 0.208 0.200 0191 0220 0.206 0209 0006 063 002 0.08 0.03 0.08 0.65

IOMFC, $/pig 539 581 5900 520 592 599 0329 088 099 010 0.05 0.09 0.80
d0to28

ADG, Ib 0.64 0.70 075 071 077 083 004 093 002 001 0002 o007 0.11

ADFI, Ib 099 1.05 104 106 111 118 005 047 0004 005 0.02 0.13 0.33

FIG 158 149 141 151 145 142 004 056 038 001 0.003 0.07 0.16

Feed cost/lb gain, $ 0236 0223 0215 0233 0224 0223 0005 061 068 0.02 0.005 0.05 0.37

IOMFC, $/pig 6.68 742 805 733 806 882 0484 099 006 001 0.003 0.10 0.12
Final wt (d 28), Ib 31.8 329 340 333 346 36.5 1.5 08 002 003 0.01 0.22 0.11

LA total of 180 weanling pigs (PIC, initially 13.2 Ib and 21 d of age) were used in a 28-d experiment.

2 Added zinc from zinc oxide was supplied at no (0 ppm) or yes (3,000 ppm from d 0 to 14 and 2,000 from d 14 to 28) levels to the basal diet
(165 ppm Zn).

% Copper sources included none, tri-basic copper chloride (TBCC, 125 ppm Cu), and copper sulfate (SOs, 125 ppm Cu).

* Feed costs were based on corn at $5.00/bu, 46.5% soybean meal at $350/ton, TBCC at $3.00/Ib, copper sulfate at $1.19/Ib, and zinc oxide at
$1.22/1b.

®|OFC = Income over marginal feed costs (weight gain x $0.60/Ib - feed cost).
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Table 8. Effects of dietary zinc oxide, tri-basic copper chloride, and copper sulfate on weanling pig plasma mineral levels (Exp. 2)*

P<
Added zinc? Copper source effects

No Yes 71 x Nonevs. SO,vs.

Copper source® None TBCC SO, None TBCC SO, SE Cu Zn Cu SO, TBCC TBCC
Plasma concentrations®

d14
Copper, pug/mL 173 168 147 166 160 161 0072 026 099 012 005 049 018
Zinc, pg/mL 068 063 060 111 112 121 0059 031 0001 083 084 077 062

Phosphorus, mg/mL 0.064 0.063 0.063 0.061 0.063 0.065 0002 0.67 082 069 042 0.87 0.52
d28
Copper, pg/mL 178 18 15 175 161 18 008 002 08 071 042 0.83 0.56
Zinc, pg/mL 087 089 087 09 09 09 0040 0.72 0.09 069 050 042 0.90
Phosphorus, mg/mL 0.074 0073 0.073 0072 0075 0070 0002 048 042 052 048 0.68 0.26
LA total of 180 weanling pigs (PIC, initially 13.2 Ib and 21 d of age) were used in a 28-d experiment.
2 Added zinc from zinc oxide was supplied at no (0 ppm) or yes (3,000 ppm from d 0 to 14 and 2,000 from d 14 to 28) levels to the basal diet
165 ppm Zn).
gCopI[;:))r(;r sour)c&s included none, tri-basic copper chloride (TBCC, 125 ppm copper), and copper sulfate (SO4, 125 ppm copper).
* Plasma was collected on d 14 and 28 from the same two pigsin each pen.
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