757

.‘\-\E Asl,hN--AU STRA u&“
> N

N Asian-Aust. J. Anim. Sci.

Vol. 23, No. 6 : 757 - 761
June 2010

www.ajas.info
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Concentrations on Performance and Fecal Characteristics in
Growing Pigs
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ABSTRACT : This study was conducted to assess the effects of organic and inorganic copper on performance in growing pigs. A total
of 100 pigs, average age 63 d and initial body weight 21.46+1.13 kg, were assigned to five treatment groups. Dietary treatments
included i) CON (basal diet, 0 ppm Cu), ii) T1 (basal diet with 67 ppm Cu as cupric sulfate, CuSQ,), iii) T2 (basal diet with 134 ppm Cu
as CuSQ,), iv) T3 (basal diet with 67 ppm Cu as cupric methionate, CuMet) and v) T4 (basal diet with 134 ppm Cu as CuMet).
Throughout the entire experimental period, ADG (average daily gain), ADFI (average daily feed intake) and G/F (gain: feed) ratios
showed no significant differences. The dry matter digestibility was improved in the T1, T2, T3, and T4 treatments (p<0.05), as compared
with CON. Nitrogen digestibility was improved in the T3 treatment group as compared with CON (p<0.05). As compared with the T1
treatment group, fecal pH values were improved in the CON, T3, and T4 treatment groups (p<0.05). Fecal Cu concentrations were
significantly lower in the CON, T3, and T4 treatment groups than in T1 and T2 (p<0.05). The incidence of diarrhea was reduced when
the pigs were fed on the T2, T3, and T4 diets as compared with CON. In conclusion, diets supplemented with 67 or 134 ppm Cu as
CuMet may prove effective in improving nutrient digestibility and fecal pH value in growing pigs, and fecal Cu concentrations may be

reduced by CuMet supplementation. (Key Words : Growing Pigs, Copper, Nutrients Digestibility, pH, Diarrhea)

INTRODUCTION

Copper is added routinely to the diets of growing swine.
The NRC (1998) requirement of copper for pigs is only 5 to
6 ppm. When fed with 100 to 250 ppm, this element was
determined to be effective for growth promotion with
antibacterial activity in pigs (Barber et al., 1955; Braude,
1967, 1975; Cromwell et al., 1981). Cromwell et al. (1989)
and Bowland (1990), however, have suggested that copper
stimulated growth was associated with the solubility of the
copper source; hence, copper must be available for
absorption. The most frequently utilized dietary copper
supplement in the animal diet is inorganic Cu, usually in the
form of copper sulfate (CuSO,-5H,0). Copper, occurs in the
organic forms of chelates, complexes, or proteinates, and
like other organic trace minerals, is often considered as an
alternative to inorganic sources in animal diets. This is
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probably attributable to improved absorption, which
enhances the efficiency of use (Downs et al., 2000; Yu et al.,
2000; Guo et al., 2001). Baker and Ammerman (1995)
reported that the relative bioavailability estimates of organic
Cu sources ranged between 88% and 147% of the response
to cupric sulfate in poultry, swine, sheep, and cattle. It has
also been observed that such high levels of Cu
supplementation result in its high excretion in the feces
(Paik et al., 1999). The presence of high Cu concentrations
in the feces inhibits the normal fermentation process, and
the accumulation of Cu in the soil causes environmental
concerns. If organic Cu in the form of Cu-methionine
(CuMet) chelate is more readily absorbed, this may save
copper resources, decrease Cu excretion, and ameliorate the
environmental concerns attendant to Cu dietary
supplementation.

MATERIALS AND METHODS
Copper- methionate (10.0% Cu, 8.5% H,0) or CuSO,

(33.0% Cu) replaced corn in the diet to create five dietary
treatments. The basal diet contained a trace mineral premix
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that provided 16.5 ppm Cu as CuSO,. The treatments
assessed in this study were as follows: CON; T1, 67 ppm
Cu as CuSOy; T2, 134 ppm Cu as CuSQOy; T3, 67 ppm Cu as
CuMet; T4, 134 ppm Cu as CuMet.

Experimental design, animals and diets

Total 100 pigs (LandracexYorkshire)x(Duroc) with an
average of 63 d of age and initial weight of 21.46+2.13 kg
were utilized. There were five replicate pens per treatment
group with four pigs per pen. The growing phase lasted for
a total of 35 d. During the experimental period, all diets
were provided in meal form. Table 1 shows the ingredient
composition of the basal diets. The diets were formulated to
meet or exceed the requirements for all nutrients (NRC,
1998) for growing pigs. The pigs were provided with ad
libitum access to feed and water throughout the entirety of
the growing phase.

Sampling and measurements
At the outset and the end of experiment, body weight

Table 1. Formula and chemical compositions of diets (as-fed
basis)

Ingredients (g/kg) CON
Ground corn 599.3
Soybean meal 2375
Rice bran 50.0
Molasses 40.0
Animal fat 26.1
Rapeseed meal 20.0
Defl. phosphate 11.6
Calcium carbonate 44
L-lysine (78%) 3.4
Salt 15
Vitamin premix* 1.0
Mineral premix®3 2.5
DL-methionine (980 g/kg) 1.0
Choline chloride (600 g/kg) 0.8
L-threonine (980 g/kg) 0.9
Chemical composition*
Digestible energy (MJ/kg) 144.2
Crude protein (g/kg) 177.2
Lysine (g/kg) 10.2
Calcium (g/kg) 7.0
Phosphorus (g/kg) 5.9

! Provided per kg of complete diet: 4,000 1U of vitamin A; 800 IU of
vitamin D3; 17 IU of vitamin E; 2 mg of vitamin K; 4 mg of vitamin By;
1 mg of vitamin Bg; 16 pg of vitamin By,; 11 mg of pantothenic acid; 20
mg of niacin and 0.02 mg of biotin.

2 Provided per kg of complete diet: 175 mg of Fe; 89 mg of Mn; 0.3 mg of
I; 0.5 mg of Co and 0.4 mg of Se.

® T1 and T2 provided 67 and 134 ppm of Cu as CuSO,; T3 and T4
provided 67 and 134 ppm of Cu as CuMet.

* Calculated values.
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and feed intake were measured in order to determine the
ADG, ADFI, and G/F ratio. The feed and fecal grab samples
were randomly obtained from at least two pigs in each pen
on days 21 and 35 in an effort to determine the
digestibilities of DM (dry matter) and N (nitrogen).
Chromic oxide (0.2%) was utilized as an indigestible
marker in the diet in order to calculate the digestibility
coefficients. After collection, the fresh samples were frozen
in a refrigerator at -20°C until they were analyzed. Prior to
chemical analysis, the fecal samples were dried at 70°C for
72 h and subsequently ground to pass through a 1-mm
screen. All of the fecal samples, along with the feed samples,
were analyzed for DM and N in accordance with the AOAC
procedures (AOAC, 1995). Chromium levels were assessed
via UV (Ultraviolet) absorption spectrophotometry
(Shimadzu, UV-1201, Japan). Nitrogen levels were assessed
using a Kjectec 2300 Nitrogen Analyzer (Itecator, Tecator
AB, Hoganas, Sweden).

The blood samples were collected from the cervical vein
into both K;EDTA vacuum tubes and clot activator vacuum
tubes (Becton Dickinson Vacutainer Systems, Franklin
Lakes, NJ, USA) from 2 pigs in each pen at the beginning,
and the same pigs were sampled at the end of the
experiment. The concentrations of red blood cell (RBC)
count, white blood cell (WBC) count and lymphocyte
counts in the whole blood and 1gG, albumin, and total
protein concentrations in the serum were determined. All of
the blood cell parameters (RBC, WBC and lymphocytes)
and serum parameters (IgG) were assessed using an
automatic blood analyzer (ADVIA 120, Bayer, USA).

To evaluate the incidence of diarrhea, the numbers of
diarrheaic pigs per pen were collected at daily intervals
during the experiment. Diarrhea ratio = total number of pigs
with diarrhea/(whole number of experimental pigsxtrial
days) (Wang et al., 2007).

Statistical analyses

In this experiment, all data were analyzed as a
completely randomized design using the GLM procedure of
SAS (1996). The model included the effects of the blocks
(replication) and treatment groups. The pen was established
as the experimental unit. Variability in the data was
expressed as the standard error (SE) of the mean, and the
level of significance was set at 5%.

RESULTS AND DISCUSSION

Table 2 shows the effects of dietary cupric sulfate and
cupric methionate on growth performance in growing pigs.
Over the entirety of the 35-d nursery period, ADG, ADFI,
and G/F ratios were not affected significantly by the
experimental diet (p>0.05).
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Table 2. Effects of organic and inorganic copper on growth perform
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ance over the entire 5-week period in grower pigs

Item CON! T1? T2 T3 T4 SE?
ADG (kg) 0.725 0.747 0.762 0.740 0.727 0.019
ADFI (kg) 1.818 1.896 1.910 1.906 1.794 0.054
GIF 0.399 0.394 0.399 0.388 0.405 0.008

! Abbreviated CON, basal diet; T1, basal diet+67 ppm inorganic copper; T2,
T4, basal diet+134 ppm organic copper.
% Pooled standard error.

The effects of Cu supplements on DM and N
digestibilities are shown in Table 3. The DM and N
digestibilities were not influenced by the addition of Cu at
the end of day 21. However, at the end of day 35, DM
digestibility was improved in the T1, T2, T3 and T4
treatment groups (p<0.05) as compared with the CON
treatment groups, which indicates that both CuSO, and
CuMet exert significant effects on DM digestibility. N
digestibility was increased only in the T3 treatment groups
as compared with the CON treatment group (p<0.05).

Hawbaker et al. (1961) and Bunch et al. (1965)
suggested that copper functions in an antibiotic-like manner,
by influencing microbial growth in the intestine. This
indicates that high Cu levels exert an “antibiotic-like effect”
on the microflora within the intestinal tract (Braude, 1967;
Cromwell, 2001). However, the mechanism inherent to the
limited antibacterial properties of the pharmacological
concentrations of Cu in swine diets remains to be elucidated
(Apgar et al., 1995; Hill et al., 2000). This may explain why
the growth response to high Cu as CuSOy,, which is similar
to the feeding of antibiotics for growth promotion, does not
occur in 100% of cases. As far as we know, antibiotics work
only in cases in which the pigs are in generally poor
physical condition. However, in our study, the pigs
evidenced excellent growth characteristics, making this
“antibiotic-like effect” less obvious. Similar results have
been chronicled in the published research of Stansbury et al.
(1990), who conducted three experiments in order to
evaluate the growth promotional levels of CuSO, for
weanling swine, and detected no increases in ADFI or ADG

basal diet+134 ppm inorganic copper; T3, basal diet+67 ppm organic copper;

in pigs fed with 125 or 250 ppm Cu as CuSQy in any of the
experiments. The only response in feed efficiency was an
increase in the gain:feed ratio in one experiment for pigs fed
on 250 ppm Cu as compared with 62.5 or 125 ppm Cu in
the form of CuSO,. Dove et al. (1990) reported that no
effects of Cu supplementation on ADG, ADFI, and G/F
ratios in their experiments with growing pigs. In one
experiment, Smith et al. (1997) also determined that the 28-
d growth performance of weanling swine fed on 250 ppm
Cu in the form of CuSO,4 on a commercial farm did not
differ from that observed in the control group.

At the end of the experiment, the fecal pH value in pigs
fed on 67 ppm Cu in the form of cupric sulfate significantly
decreased, as compared with what was observed in the
CON and CuMet treatments (p<0.05), which meant that the
fecal acidity level had been attenuated (Table 4).

The blood cell counts of IgG, WBC, RBC, and
lymphocytes were not affected (p>0.05) by CuSO, or
CuMet (Table 5). Smith et al. (1996) reported that the
inclusion of Cu in the diet did not influence lymphocyte
proliferation. Some previous researches (Robscheit-Robbins
and Whipple, 1942; Bunch et al., 1965) demonstrated that
high dietary level of copper resulted depression of
hemoglobin which leaded to the anemia.

The effects of organic and inorganic copper on diarrhea
in growing pigs was studied and presented in Figure 1.
Supplemental 134 ppm CuSO, and 67 and 134 ppm CuMet
significantly reduced the diarrhea ratio, by 57.1% (p<0.05),
56.0% (p<0.05) and 56.0% (p<0.05), respectively, as
compared with the control treatment. No significant

Table 3. Effects of organic and inorganic copper on nutrients digestibility in grower pigs

Item CON! T1! T2! T3t T4t SE?
Dry matter
3 weeks 0.790 0.792 0.806 0.802 0.804 0.651
5 weeks 0.789"° 0.808° 0.814° 0.816° 0.817° 0.793
Nitrogen
3 weeks 0.804 0.807 0.803 0.804 0.802 0.492
5 weeks 0.806° 0.816%® 0.812%® 0.828° 0.816% 0.564

! Abbreviated CON, basal diet; T1, basal diet+67 ppm inorganic copper; T2,
T4, basal diet+134 ppm organic copper.

2 pooled standard error.

&b Means in the same row with different superscripts differ (p<0.05).

basal diet+134 ppm inorganic copper; T3, basal diet+67 ppm organic copper;
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Table 4. Effects of organic and inorganic copper on fecal pH value and fecal Cu concentrations (DM basis) over the entire 5-week period

in grower pigs

Item CON1 Ti1 T21 T31 T4l SE2
pH
0 weeks 6.13 6.09 6.13 6.02 6.05 0.09
3 weeks 5.97 5.97 5.97 5.95 5.99 0.05
5 weeks 5.89% 5.79° 5.85% 5.91% 5.89% 0.10
Fecal Cu (mg/kg) 48.5° 285.5° 327.4° 96.7° 150.2° 28.21

! Abbreviated CON, basal diet; T1, basal diet+67 ppm inorganic copper; T2, basal diet+134 ppm inorganic copper; T3, basal diet+67 ppm organic copper;

T4, basal diet+134 ppm organic copper.
2 Pooled standard error.
b Means in the same row with different superscripts differ (p<0.05).

Table 5. Effects of organic and inorganic copper on blood characteristic in grower pigs

Item CON! T1! T2! T3! T4t SE?
19G
0 weeks 616.00 520.00 513.80 498.80 472.60 44.17
5 weeks 598.00 611.60 679.00 623.60 711.00 64.31
WBC
0 weeks 16.22 16.15 16.73 12.50 14.92 1.37
5 weeks 17.50 16.39 16.57 15.49 16.93 0.97
RBC
0 weeks 6.70 6.71 6.48 6.44 6.58 0.24
5 weeks 7.38 7.05 7.49 7.21 7.62 0.23
Lymphocyte
0 weeks 50.20 51.80 52.00 53.80 49.40 4.79
5 weeks 70.60 62.40 70.20 72.00 60.80 457

! Abbreviated CON, basal diet; T1, basal diet+67 ppm inorganic copper; T2, basal diet+134 ppm inorganic copper; T3, basal diet+67 ppm organic copper;

T4, basal diet+134 ppm organic copper.
2 Pooled standard error.

differences were observed between the Cu- sulfate and Cu-
methionine treatment groups.

Fecal Cu concentration was significantly lower (p<0.05)
in the CON, T3, and T4 treatment groups than in the T1 and
T2 treatment groups (Table 4). This indicates that the
CuMet treatments reduced the fecal Cu concentration as
compared with the CuSO, treatments. Some studies in
which organically bound Cu has been supplemented into
swine diets showed that more Cu can be absorbed and
retained, and less can be excreted, than the pigs fed on Cu
in the form of CuSO, (Fouad, 1976; Apgar et al., 1995;
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Figure 1. Effect of organic and inorganic copper on diarrhea
appearance (diarrhea ratio) in grower pigs. Different letters mean
differ significantly (p<0.05).

Veum et al., 2004). Fouad (1976) demonstrated that metals
in a complexed form are more efficiently absorbed, and
their retention in the body is higher than that of similar
minerals in their inorganic forms. On the basis of these
results, fecal Cu concentration for pigs receiving the
complexed Cu should have been higher than that of pigs
receiving CuSO;.

CONCLUSIONS

Both cupric sulfate and cupric methionate both improve
DM digestibility in growing pigs. Therefore, considering
that CuMet supplementation can attenuate fecal acidity,
diarrhea incidence, and fecal Cu concentration, this form of
copper additive may be more environmentally friendly than
CuSQ, supplements.
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