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ABSTRACT

This study aimed to verify the effect of diets wlifferent doses (0, 100, 200 and 300 ppm) of mtabion daily
fecal production (DFP) and level of macro and micninerals in feces of nursing{&and 2 initial phases) and
growing pigs and during total period. The DFP, asrgentage of body weight, was different (P<0.05oag
treatments only at *1initial phase. Fecal levels of macro and micro emals were similar (P>0.05) among
treatments, with exception of calcium and sodiuoretion at £ initial phaseand calcium, zinc and nickel during
total period. The addition of a poliprobiotic toeds do not affect fecal production of nursing amdwgng pigs.
However, the presence of microorganisms, adde@lfenf 200 and 300 ppm) in diets for nursing anoMgng pigs
reduced fecal excretion of calcium, zinc and nickel
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INTRODUCTION feces and urine (Kornegay and Harper, 1997). The
presence of these minerals in feces increases the
Pig industry is considered one of the mosproblem of environmental pollution.
important economical activities within feed The level of some minerals, as nitrogen and
production chain. In this sense, Brazil has th@hosphorous in pig feces is very important because
fourth largest world-wide herd and is the fourthof the risk of soil and water contamination
largest pork exporter (Roppa, 2003). But, pig(Rebollar and Mateos, 1999). In many countries,
performance is prejudiced because of the pathogénstitutions have established the areas for animal
dissemination caused by increase of animdeces utilization as fertilizer, which has limited the
density in confinement system. number of sows on a pig farm (Hacker and Du,
Beside this, feces accumulation in pig productiord993). Consequently, the size of the production
increases the risk of environment contaminatiownit is dependent of the available area for
and compromises sustainability of this activity. Itfertilizing with effluents of pig production.
is estimated that from the total diet ingredientAccording to Food and Drugs Administration
consumed by pigs, around 45 to 60% of nitroger(FDA) of United States, probiotics are a source of
50 to 80% of calcium and phosphorous and 70 tgiable microorganisms which occurs naturally and
90% of potassium, sodium, magnesium, cuppemight be used directly in total ration for animals
zinc, manganese and iron are excreted throudf®FM: Direct-Fed Microbial), being classified as
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GRAS (Generally Regarding As Safe) substances.
Bertechini and Hossain (1993) referred thelTreatments and experimental diets
preference for the generic term “direct-fed Treatments were:
microbial products”, which includes other T, - Basal Diet (control);
components, aBacillus sp and some yeast (non- Tio90 - Basal Diet + 100 ppm of probiotic;
common gastrointestinal organisms), enzymes anfhgy - Basal Diet + 200 ppm of probiotic;
sub-products of fermentation industry. T30 - Basal Diet + 300 ppm of probiotic.
The utilization of micro ingredients as probiotics,
prebiotics, organic acids and chelating mineralsExperimental diets (Table 1) were formulated
was reviewed by Menten (2002) where theaccording to animal requirements of NRC (1998).
metabolic effect of micro ingredients wasDiet composition was calculated based on
emphasized for reducing pollution effects andRostagno et al. (2000). Iso-protein and iso-
improving pig performance. In this sense, pools oénergetic basal diets (control) with different levels
health living bacterias and yeasts (poliprobioticspf probiotic were formulated for each phase. The
have been incorporated in diets for improvingmineral and vitamin supplement was included to
digestibility and nutrient utilization, especially the diets according the industry recommendation.
minerals.
The aim of this work was to evaluate differentFecal quantification and macro and micro
levels (0, 100, 200 and 300 ppm) of probioticminerals levels
inclusion in diets for nursing Minitial + 2" initial  Pen floor was cleaned and scraped daily. Twice a
periods) and growing pigs in relation to amount ofveek, animal feces produced during 24h were
feces production and fecal content of macro anthdividual collected and weighed. After collecting,
micro minerals. feces of each animal were homogenized and
sampled (15% of total), stored in plastic bag and
frozen for further analysis. During thé' and 2°
MATERIAL AND METHODS initial and growing phases three, eight and ten
feces collections were made, respectively, totaling
Forty crossbreed (Duroc x Landrace - Large240 samples for pig. However, some animals from
White) barrow piglets were weaned at 22 day-oldhe treatment without probiotic and the treatment
and 6.17+ 0.68 kg body weight. Animals were supplemented with 100 ppm of probiotic had
housed in 2.55 M(1.55 x 1.70 m) individual pens diarrhea at 1 initial phase so, their feces were
with concrete floor, separated by iron bars angollected only after their recovering.
wood partition walls for avoiding animal contact. Feces samples of each pig during each phase were
Drinkers were kind communicating vessels andlefrosted, homogenized and one sub-sample (200
feeders were semi-automatic. The tested produéd was taken and dried in air oven at@@or 72 h.
was the poliprobiotic Bacsolﬂ/’t Composed D”ed Sub—SampleS were ground in knife and ball
mainly by the following bacteria and yeast speciesgrinder. Dry matter content of feces (DMF) was
Bacillus subtilis, Bacillus natto, Bacillus determined and the daily fecal production as
megaterium, Lactobacillus acidophilus, percentage of pig body weight, on dry matter
Lactobacillus plantarum, Lactobacillusrevis, ~Pasis, was calculated. _
Lactobacillus ~ casei, Streptococcus lactis, The sub-samples were homogenized and 0.5 g of
Streptococcus faecalis, Streptococcus termophil@ach one of the total of 120 sub-samples were
and Saccharomyces cereviseae digested in nitroperchloric solution. After
digestion, contents of calcium, potassium,

Evaluations were done during these followingmagnesium, sodium, cupper, iron, manganese,

phases: zinc and nickel were determined by atomic
absorption  spectrophotometer according to
. 1Initial  -22to44 day-old  Bataglia (1983).
Nursing Phase _—
2% Initial - 45 to 68 day-old
Growing Phase { - 69 to 105 day-old
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Table 1 -Percentual composition and nutritional levels gierkmental diets.

Ingredients . Pha;gs .
1% Initial 2" Initial Growing
Corn 66.21 67.53 77.64
Soybean meal 17.57 21.26 19.34
Defatted dried milk 5.16 6.00 -
Isolated soybean protein 5.00 - -
Soybean oil - - 0.93
Dicalcium phosphate 1.35 1.07 0.72
Limestone 0.77 0.68 0.86
Sugar cane 3.00 2.74 -
Sodium Chloridécommon salt) 0.33 0.25 0.15
Mineral and vitamin supplement* 0.10 0.10 0.10
L-Lysine HCI (78.4%) 0.37 0.32 0.25
DL-Methionine (99.0%) 0.09 0.04 -
L-Threonine (98.0%) 0.05 0.01 -
Antioxidant - - 0.01
Total (kg) 100.00 100.00 100.00
Calculated Values**
Metabolizable Energy (kcal.Ky 3,265 3,265 3,265
Crude Protein (%) 19.93 17.23 15.74
Lysine (%) 1.35 1.15 0.95
Methionine + Cysteine (%) 0.74 0.63 0.55
Threonine (%) 0.81 0,69 0.60
Triptophan (%) 0.24 0.21 0.18
Calcium (%) 0.80 0.70 0.60
Available phosphorous (%) 0.40 0.32 0.23
Sodium (%) 0.20 0.15 0.10

*The commercial mineral and vitamin supplement used did not have any kgndwath promoter or antibiotic. Garantee levels
per kg of ration: Vit. A - 4,000 U.l.; Vit. P- 220 U.l; Vit. E - 22 mg; Vit. K - 0.5 mg; Vit. B- 3.75 mg; Vit. B, - 20 ug;
Calcium pantotenate - 12 mg; Niacina - 20 mg; Colina - 60 mg; lodid8 1g; Selenium - 30@ig; Manganese - 10mg; Zinc -
100 mg; Copper - 10 mg; Iron - 99 mg.

* NRC (1998).

Phosphorous values were estimated bwnd the mineral excretion to the feed intake in
colorimetric method and nitrogen content byorder to reduce the variation (Crocker and Robson,
Kjeldahl method (Silva, 1998). Daily mineral 2002).

excretion was calculated by multiplying fecal

mineral content by daily fecal production (dry Experimental design

matter). The mineral excretion per kilogram offor controlling differences among initial body

feed intake was calculated using the formula: ~ Weights, a completely randomized block design
with four treatments and ten replicates was used

ME/FI (g or mg) = DME / DFI and each animal was considered as experimental
where: unit. Variance analysis was performed using GLM
ME/FI: mineral excretion (g or mg) per kilogram of proceedings of SAS (Sasinstitute, 1998) and
feed intake. means were compared by Tukey test with 5% of
DME: daily mineral excretion (g or mg). significance level. The mathematical model used
DFI: daily feed intake (kg). was the following:

At the start and at the end of each phase, pigs and

the production of feces over 24h were weightegynere:
and the daily fecal production was calculated as
percentage of the pig body weight (DFP/BW).vjj - opserved value
These calculations were done with the objective of - general mean
to adjust the fecal production to the body weight

Yij=u + Ti + Bj + €ijj
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Ti - effect of the levels of probiotic inclusiorfi+1,
vy 4)

Bj - block effect j (j=1,...,10)

eij - experimental error

RESULTS AND DISCUSSION

Fecal production

3.1%, similar to those of 2.5% found in piglets
from five to 25 kg of body weight by Oliveira et
al. (1993). Who observed that in animals from 25
to 100 kg of body weight (3.68%) was higher than
that of 2.01% found in animals growing phase.
Crocker and Robison (2002) observed values
around 0.6% of daily fecal production in relation
to body weight. These differences might be related
to the methods used for collecting feces, period of

Table 2 presents the daily feces productionhe year, utilization of micro ingredients and that
estimated in percentage of body weight (DFP/BW)igs from these studies showed differences in feed
and the dry matter content of feces (DMF) at firSihtake and conversion.

and second initial phases, growing phase and totghple 3 presents daily feces production in wet
period. At f'initial phase, the production of feces matter, dry matter content of feces and daily feces
in relation to the pig body weight was Stat'5t'03||Yproduction in dry matter, atland 24 initial
different (P<0.05) between animals treated witthhases and growing phase. There were statistical
100 ppm of probiotic and those of control groupgitferences (P<0.05) among animals at different

probably because these had smaller feed inta

lEﬁhases. Heavier animals had higher (P<0.05) fecal

than the others. The mean value of this variable igyoduction inwet matter.

control treatment, at™and 2° initial phases, was

Table 2 -Means and mean standard errors for daily fecalymash in percentage of body weight (DFP/BW) and
dry matter content of feces (DMF) of pigs fed dieith different levels of probiotic at nursing plea@™ Initial +

2" initial) and growing phase and total period.

Phases Treatments

TO TlOO T200 TSOO
1* initial
DFP/BW (%) 3.32+0.36 2.14+0.09 2.74+0.28" 2.54+0.19"
DMF (%) 28.35+0.58 30.01+0.97 30.41+0.54 29.46+0.89
2" initial
DFP/BW (%) 2.89+0.23 2.36+0.17 2.49+0.16 2.41+0.15
DMF (%) 30.42+0.58 30.82+0.50 31.75+£0.39 31.18+0.43
Growing
DFP/BW (%) 2.01+0.21 2.22+0.21 2.23+0.10 1.93+0.16
DMF (%) 31.15+0.60 29.82+0.41 31.51+0.34 31.58+0.39
Total period
DFP/BW (%) 2.74+0.16 2.24+0.12 2.49+0.09 2.29+0.10
DMF (%) 29.97+0.48 30.21+0.36 31.2240.34 30.74+0.35

a,b Means followed by the same letter within row are similaFukey test (P>0.05).

Table 3 - Means and mean standard errors for daily femadyction (DFP) in wet and dry matter and dry nratte
content of feces of pigs at nursing phasélttial + 2" initial) and growing phase.
DFP wet matter Dry matter content

DFP dry matter

Phases @) (%) @)
1initial 200 + 32.24 29.6 + 8.08 59 + 34.40
2" initial 373 +29.57 31.0+4.78 116 + 29.3%
Growing 757 +26.10 31.2 +4.57 236 *24.05

a,b Means followed by the same letter within column are sitjlarukey test (P>0.05).
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Table 4 - Means and mean standard errors for macro mineral (@g) excreted in feces per kilogram of feed
intake (as fed) of pigs fed diets with differenveés of probiotic at nursing {1initial + 2" initial) and growing

phases and total period.

Treatment
Phases To T100 Taoo T300
Ptinitial
Ca () 6.19 +0.29 4.84 +0.3%7 5.29 +0.2% 4.39 +0.4%
P (g) 5.23 +0.42 4.24 +0.35 4.76 +0.30 4.08 +0.31
Mg (g) 2.32+0.16 2.00 +0.18 2.17 £0.08 2.02 £0.19
K (g) 4.73+0.32 3.70 £0.22 3.93+0.27 3.67 £0.37
Na (mg) 441.00 + 1673 340.00 + 37.23 649.00 + 82.61 633.00 +112.07
N (g) 6.57 +0.45 5.13 +0.28 6.16 + 0.43 5.61 + 0.46
2"% initial
Ca (g) 1.96 +0.11 2.10+0.18 1.95+0.14 1.87 +0.08
P (g) 1.93+0.10 1.98 +0.13 1.91 +0.08 1.90 + 0.07
Mg (g) 0.97 £ 0.07 1.03+0.07 0.94 +0.05 0.97 +0.04
K (g) 2.27 £0.15 2.22+0.14 2.14 £0.10 2.38+0.11
Na (mg) 282.0 + 25.48 272.0 £ 25.50 244.0 + 13.47 274.0 £ 28.34
N (g) 2.80 £0.20 2.55+0.17 2.62 £0.12 2.49 £0.12
Growing
Ca (g) 3.14 £0.29 3.47 £0.28 2.99 +0.22 2.82 £0.20
P (g) 2.60 +0.23 2.95 +0.22 2.55+0.16 2.51+0.18
Mg (g) 1.60 +0.15 1.77+0.17 1.48+0.14 1.56 +0.19
K (g) 3.53+0.36 3.89 + 0.30 3.39+£0.23 3.13+0.25
Na (mg) 284.0 + 27.68 320.0 + 35.04 297.0 + 25.41 255.0 +21.00
N (9) 3.24+0.34 3.60 +0.27 3.38+0.11 2.95+0.17
Total period
Ca (9) 3.76 +0.18 3.47 +0.2% 3.41 +0.1& 3.03 +0.20
P (g) 3.26 +0.17 3.06 +0.19 3.07+0.11 2.83+0.14
Mg (g) 1.63+0.10 1.60 +0.11 1.53 +0.06 1.52+0.11
K (g) 3.51+0.22 3.27 £0.19 3.15+0.16 2.93+0.19
Na (mg) 336.0 + 46.07 313.0 + 14.76 393.0 +29.61 381.0 £ 35.72
N (g) 4.20 £0.21 3.76 £ 0.20 4.06 +0.13 3.68 £ 0.16

a,b Means followed by the same minuscule letter within row ariéesiby Tukey test (P>0.05).

Percentage of fecal dry matter &t ihitial phase phase and total period and sodium &tiditial
was smaller (P<0.05) when compared thiglitial phase. At Tinitial phase, animals fed diets with
phase and growing phase. This fact might bEO0O and 300 ppm of probiotic excreted lower
related to higher water content in feces of anima{®<0.05) amounts of Ca in relation to control
when the digestive system was in developmegtoup. Pigs fed 100 ppm of probiotic had the
(after the weaning) and this situation could resulbwest feed intake during the' Initial phase and
in high incidence of gastrointestinal disorders.  this reflected in better retention of mineral, as
However, at 2 initial phase and growing phaseoccurred numerically with all of them. However,
the digestive system was completely developdtie feed intake of pigs fed 300 ppm was similar
and the incidence of gastrointestinal disordemsith others and the reduction in Ca excretion could
reduced, consequently, feces had lower watbe related to a better microbial equilibrium in pig
content. intestine.

With exception of sodium, all of other minerals
Fecal content of macro and micro minerals (including micro minerals - Table 5) were
Table 4 presents fecal macro mineral content pgumerically excreted in lower amounts by pigs fed
kilogram of feed intake. Fecal macro mineraB0OO ppm of probiotic.
contents were similar (P>0.05) among treatments relation to Na, animals fed diets with 100 ppm
during F'and 2 initial phases, growing phase andf probiotic at I initial phase eliminated less
total period, with exception of calcium &t ihitial
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(P<0.05) amounts than those treated with 200 aetkctrolytes responsible by maintenance of osmotic
300 ppm. pressure and water cellular level. Thus, Na
This result might be directly related to higheexcretion is higher than others in gastrointestinal
diarrhea incidence in the group of animals treatetisorders (Mc Dowell, 1992).

with 100 ppm of probiotic since Na is one of

Table 5- Means and means standard errors for micro nigémag) excreted in feces per kilogram of feedkata
(as fed) of pigs fed diets with different levelsgrbbiotic at nursing phase*{1nitial + 2" initial), growing phase
and total period.

Treatment
Phases TO TlOO TZOO T300
1% Initial
Zn 280.00 + 21.00 270.00 + 19.08 245.00 + 12.22 225.00 + 19.86
Mg 63.99 + 6.20 52.93+5.39 61.25+4.91 52.83 +4.13
Cu 29.00 + 3.15 23.63+1.80 29.04 + 2.33 24.18 +1.89
Fe 805,00 + 35,00 615,00 + 29,07 795,00 + 31,95 658,00 + 28,16
Ni 1.92 +0.15 1.88 +0.12 1.67 +0.67 1.47 +0.44
2" |nitial
Zn 116.0 + 6.93 117.0 £ 7.27 113.0 £ 4.92 113.0 + 4.42
Mg 26.55 + 2.02 30.38 +2.58 28.60 + 2.28 28.13+1.54
Cu 13.46 + 0.87 13.24 +0.82 13.09 + 0.55 13.11 + 0.55
Fe 323.00 £ 22.12 338.00 + 25.54 322.00 + 18.70 309.00 + 12.12
Ni 0.86 +0.08 0.94 +0.08 0.84 +0.07 0.81 +0.06
Growing
Zn 166.00 + 13.00 185.00 + 13.24 163.00 + 10.40 160.00 + 11.56
Mg 38.28 + 3.57 42.49 + 3.66 34.72+2.81 36.21 +3.77
Cu 16.16 +1.61 17.44 +1.47 14.70 + 1.00 14.47 + 0.96
Fe 280.00 + 20.90 312.00 + 27.94 285.00 + 24.25 281.00 + 33.51
Ni 0.97 +0.08 1.09 +0.11 0.84 +0.07 0.92 +0.09
Total period
Zn 254.00 + 32.70 194.00 + 14.7% 174.00 + 6.53 166.00 + 9.32
Mg 42.94 +3.20 41.93+2.74 41.56 +2.06 39.06 +2.38
Cu 19.54 +1.23 18.11 + 1.05 18.94 + 0.76 17.25 + 0.86
Fe 470.00 + 25.09 422 .00 + 27.66 467.00 + 25.43 406 .00 + 28.50
Ni 1.25 +0.09° 1.30 +0.07 1.12 +0.08 1.07+0.18

a,b Means followed by the same letter within row are sirbyarukey test (P>0.05).

Considering that during™initial phase, feces were diets,

probably because
collected only after diarrhea interruption, animalsubstantially intestinal pH and

probiotic  reduced
improved Ca

from control group and from treatment with 10@bsorption (Jonsson and Conway, 1992). The
ppm of probiotic lost a lot of Na during diarrheahighest level of probiotic inclusion caused smaller
and when this intestinal disorder stopped, theyitrogen excretion (Table 3) during the total period
excreted less Na in order to increase absorpti¢®2 to 105 day-old). Scheuermann (1993) using a
and to replace the plasma level of this ion. Fabigtobiotic of Lactobacillus (0, 1¢, 1C¢, 10°

et al. (2004) showed that after a period of lowFC.kg') in diets for growing pig, observed
availability of an element (nitrogen), pigshigher nitrogen retention with the highest level of
improved its retention. probiotic inclusion. Table 5 presents fecal micro
In the total period, animals treated with 300 ppm ohineral excretion per kilogram of feed intake
probiotic eliminated less (P<0.05) amounts of Ceeasured in animals from all treatments.

in feces than animals from control groupAt 1% and 2¢ initial phases and growing phase,
Considering ¥ initial phase, growing phase andthere were no differences (P>0.05) among
total period, there was a gradual reduction in Gaeatments in relation to all micro mineral
excretion with increase of probiotic inclusion inexcretion. Considering the total period, animals
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treated with 200 and 300 ppm of probiotic excretegpresentaram diferenca (P>0,05) entre tratamentos,

less (P<0.05) amounts of zinc than those of contral exce¢cdo de calcio e sbédio na fase iniciad 1

group; while animals treated with 300 ppntalcio, zinco e niquel no periodo total. A adicdo de

excreted less (P<0.05) amounts of nickel iam poliprobiético as dietas, ndo afetou a producdo

relation to those of control group. The lowest Zunle fezes dos suinos nas fases de creche e de

excretion by animals treated with 200 and 300 pporescimento.  Entretanto, a presenca de

might be related to the action of microorganismsiicrorganismos, adicionados (niveis de 200 e 300

present in probiotic, which used Zn in theippm) as dietas reduziu a excrecéo fecal de calcio,

physiological functions (Mc Dowell, 1992). zinco e niquel.

When levels of macro and micro minerals in feces

of growing pigs fed diet without probiotic

determined in this trial (Ca = 2.01%, P = 2.6%, Zn ACKNOWLEDGEMENTS
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