Revista Brasileirade Zootecnia
© 2011 Sociedade Brasileira de Zootecnia
ISSN 1806-9290

www.sbz.org.br

Lactose levels in diets for piglets weaned at 21 days of age
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ABSTRACT - With the objective of evaluating levels of lactose in diets for piglets weaned at 21 days of age, it was carried
out an experiment with 72 animals, with average weight of 6.12 kg, distributed in a completely randomized block design with
four diets (0, 4, 8, and 12% lactose), six replicates, and 3 animals per experimental unit. Animals were fed the experimental
diets from 21 to 35 days of age and they were fed a lactose-free basal diet from 36 to 49 days of age. The lactose levels did
not affect daily weight gain, feed intake and feed conversion of piglets from 21 to 35 days of age. The use of lactose levels
in the diets also did not affect performance of the piglets assessed from 21 to 49 days old. Diets also did not influence villous
height, crypt depth and villous:crypt ratio. Lactose resulted in greater diversity and balance of the intestinal microbial
community. The Lactobalillus spp. richness increases with the addition of lactose in diet up to the level of 8% in relation
to the total number of intestinal microorganisms, which may a possible improvement of intestinal health.
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Niveis de lactose em racdes para leitdes desmamados aos 21 dias de idade

RESUMO - Com o objetivo de avaliar niveis de lactose em ragdes para leitdes desmamados aos 21 dias de idade, foi realizado
um experimento com 72 animais com peso inicial médio de 6,10 kg, distribuidos em delineamento de blocos ao acaso com quatro
racdes (0, 4, 8 e 12% de lactose), seis repeti¢des e trés animais por unidade experimental. Os animais foram alimentados com
as ragdes experimentais no periodo de 21 a 35 dias de idade e, no periodo de 36 a 49 dias, receberam uma ragdo basal isenta
de lactose. Os niveis de lactose ndo afetaram o ganho didrio de peso, o consumo didrio de ragdo e a conversdo alimentar dos
leitdes de 21 a 35 dias. O uso de lactose nas ragdes também ndo afetou o desempenho dos leitdes avaliados dos 21 aos 49 dias
de idade. As ragdes também ndo influenciaram a altura das vilosidades, a profundidade de criptas e a relagdo vilosidade:cripta.
A lactose proporcionou maior diversidade e equilibrio da comunidade microbiana intestinal. A riqueza microbiana de
Lactobacillus spp. aumenta com a adigdo de lactose na ragdo até o nivel de 8% em relagdo ao niimero total de microrganismos
intestinais, o que indica possivel melhora da satde intestinal.
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Introduction
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The major problems caused at weaning have been
linked to the decrease in feed intake of piglets. When feed
intake is satisfactory, there is an overall increase in the
secretion of gastrointestinal hormones resulting in
increased cell proliferation in the crypts of the intestinal
epithelium, followed by an augment of the villi length
(Herdt, 1999).

The subtle diet change associated with the weaning
processes implies in the efficiency at with piglets digest and
absorb the nutrients consumed, which in turn will reflect on
the villous height and crypt depth of the small intestinal
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mucosa (Pluske etal., 1996). The lower capacity of nutrients
utilization by the piglets, whose villi are decreased, may be
related to a lower mucosa surface area in contact with feed.

In the weaning process, at 21 days of age, there is an
abrupt change in the feed of piglets from the milk of the sow
to a dry diet mainly composed by corn and soybean meal.
When feed composition is altered, changes can also occur
in the intestinal microbiota composition inasmuch as the
microbial activity is directly affected by the substrate
supplied (Williamsetal.,2001).

Intestinal microbiota of piglet can be analyzed by its
diversity and richness. The diversity index refers to the
variety of microorganisms species found in a determined
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portion in the intestine and it is composed by uniformity
and richness of the species. The richness, in turn, makes
reference to the numeric quantities of groups of species and
itisrepresented by operational taxonomic units (Odum, 1993).

Many ingredients, lactose among them, have been
evaluated focusing in the potential to improving
performance of piglets during the first weeks after weaning.
However, the effects of adding lactose in the diet, especially
concerning to the intestinal microbiota composition, has
not been well studied.

Thus, the objective of this study was to evaluate the
effect of dietary lactose levels on performance, structure of
the small intestinal mucosa, and large intestinal microbiota
composition of piglets weaned at 21 days of age.

Material and Methods

The study was conducted at the Setor de Suinocultura
do Departamento de Zootecnia at Universidade Federal de
Vicosa (UFV), Vigosa, MG — Brazil.

Seventy-two commercial hybrid piglets, weaned at
21+ 1 day, with initial body weight of6.10+0.60 kg were
used, distributed in a completely randomized block design
with four diets, six replicates, and three piglets per
experimental unit. Body weight at weaning and relationship
among piglets were used as the criteria in formation of the
blocks. The diets provided from 21 to 35 days contained
0, 4, 8, and 12% lactose. From 36 to 49 days of age, all
piglets were fed the same diet with no lactose.

The experimental diets from 21 to 35 days ofage (Table 1)
and from 36 to 49 days of age (Table 2) containing the same
levels of ME, lysine, calcium, and phosphorus were
formulated to meet nutritional requirements of piglets at
pre-starter and initial phases (7 to 15 kg), as recommended
by Rostagno et al. (2005).

Pigs were housed in suspended metal cages, with
wired floors and sides, equipped with semi-automatic
feeders and drinkers, located in a concrete building with
concrete floor, and lowed wooden roof covered with
French clay tile.

Table 1 - Proximate composition and nutritional values of experimental diets given to animals from 21 to 35 days of age

Ingredient Lactose level (%)
0 4 8 12

Corn 53.09 50.97 46.17 41.29
Soybean extruded 23.50 18.00 19.00 20.00
Soybean meal (45%) 17.00 17.00 17.00 17.00
Cristalin lactose - - 4.08 8.16
Milk powder - 7.70 7.70 7.70
Blood plasma 2.00 2.00 2.00 2.00
Soybean oil 0.00 0.45 0.19 0.00
Dicalcium phosphate 1.97 1.76 1.76 1.76
Limestone 0.64 0.57 0.57 0.57
Salt 0.41 0.33 0.33 0.33
Vitamin premix! 0.40 0.40 0.40 0.40
Mineral premix? 0.24 0.24 0.24 0.24
Growth promoter? 0.05 0.05 0.05 0.05
BHT (butylhydroxytoluene) 0.00 0.01 0.01 0.00
L-Lysine.HC1 (78.5%) 0.39 0.27 0.25 0.24
DL-Methionine 0.16 0.13 0.14 0.14
L-Threonine (98.5%) 0.08 0.08 0.08 0.08
L-Tryptophan (98.0%) 0.02 0.01 0.01 0.01
Nutritional calculated composition*

ME (kcal/kg) 3400 3400 3400 3400
Crude protein (%) 22.78 22.96 23.93 22.89
Lactose (%) 0.00 4.00 8.00 12.00
Digestible lysine (%) 1.40 1.40 1.40 1.40
Digestible Methionine + Cystine (%) 0.78 0.78 0.78 0.78
Digestible Threonine (%) 0.88 0.88 0.88 0.88
Digestible Tryptophan (%) 0.26 0.26 0.26 0.26
Calcium (%) 0.85 0.85 0.85 0.85
Total phosphorus (%) 0.66 0.66 0.66 0.66
Available phosphorus (%) 0.50 0.50 0.50 0.50

! Provided per kg of the product: A vitamin - 12,000 TU; D3 vitamin - 2,250 TU; E vitamin - 27 mg; K vitamin - 3 mg; thiamin - 2.25 mg; riboflavin - 6 mg; pyridoxine - 2.25 mg; B12
vitamin - 27 mcg; folic acid - 400 mcg; biotin - 150 mcg; pantothenic acid - 22.5 mg; niacin - 45 mg; selenium - 300 mcg.

2 Provided per kg of the product: calcium - 112 g (minimum); phosphorus - 27.0 g (minimum); sodium u 58.5 g; iron - 1,820 mg; zinc - 2,049 mg; copper - 2,126 mg;
manganese - 836 mg; iodine - 29.5 mg; fluor - 485 mg (maximum); selenium - 8 mg; cobalt - 3.6 mg.

3 Tylosin.

4 Values estimated based on the digestibility coefficients of amino acids of ingredients, according to Rostagno et al. (2005).
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Table 2 - Proximate composition and nutritional values of
experimental diets offered to piglets from 21 to 49 of

age
Ingredient composition Quantity
Corn 57.78
Soybean extruded 18.00
Soybean meal (45%) 17.00
Blood plasma 2.00
Soybean oil 0.95
Dicalcium phosphate 1.99
Limestone 0.66
Salt 0.30
Vitamin premix! 0.40
Mineral premix? 0.24
Growth promoter3 0.05
BHT (butylhydroxytoluene) 0.01
L-lysine.HCI (78.5%) 0.32
DL-methionine 0.16
L-threonine (98.5%) 0.10
L-tryptophan (98.0%) 0.02
Nutritional calculated composition*

ME (kcal/kg) 3400
Crude protein (%) 21.34
Digestible lysine (%) 1.25
Digestible methionine + Cystine (%) 0.75
Digestible threonine (%) 0.81
Digestible tryptophan (%) 0.24
Calcium (%) 0.85
Total phosphorus (%) 0.69
Available phosphorus (%) 0.50

I Provided per kg of the product: A vitamin - 12,000 IU; D3 vitamin - 2,250 IU;
E vitamin - 27 mg; K vitamin - 3 mg; thiamin - 2.25 mg; riboflavin - 6 mg;
pyridoxine - 2.25 mg; B12 vitamin - 27 mcg; folic acid - 400 mcg; biotin - 150
mcg; pantothenic acid - 22.5 mg; niacin - 45 mg; selenium - 300 mcg.

2 Provided per kg of the product: calcium - 112 g (minimum); phosphorus - 27.0 g
(minimum); sodium — 58.5 g; iron - 1,820 mg; zinc - 2,049 mg; copper - 2,126 mg;
manganese - 836 mg; iodine - 29.5 mg; fluor - 485 mg (maximum); selenium -
8 mg; cobalt - 3.6 mg.

3 Tylosin.

4 Values estimated based on the digestibility coefficients of amino acids of
ingredients, according to Rostagno et al. (2005).

The thermal environment inside the rooms was
controlled and the temperatures were registered throughout
the experimental period, three times per day (8:00a.m., 12:00
p.m.,and 5:00 p.m.) by using a set of thermometers (dry and
wet bulb, and black globe). The maximum and minimum
temperatures were registered daily (8:00 a.m.). Temperature
data (dry and wet bulb, and black globe) were later converted
to the black globe humidity index (BGHI), as proposed by
Buffingtonetal. (1981).

For performance evaluation, piglets were weighed at
the beginning of the experiment, at 35 days of age, and at
the end of the experimental period (49 days of age). Feed
waste was collected daily and weighed at the end of each
period, when piglets were 35 and 49 days of age, to determine
daily feed intake, daily weight gain, and feed conversion.
Performance of piglets was analyzed at the periods from 21
to 35 and from 21 to 40 days of age.

At 49 days of age, one piglet from each experimental
unit with body weight closest to the average weight of its
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respective crate was slaughtered to collect histological
samples from the small intestine and samples of the large
intestine content.

Fragments of 2 cm long were taken from the portions
corresponding to4, 50, and 96% of the small intestine which
were equivalentto duodenum, jejunum, and ileum, respectively.
These fragments were then sent to the Laboratério de
Histologia in Departamento de Medicina Veterinaria at
Universidade Federal de Vigosa to prepare the histological
cuts and assembling the slides. Histological cuts were
washed in physiologic solution, fixed in bouin for a 24-h
period, dehydrated in ethyl alcohol, diaphanized in xylol,
and included in paraffin. Each slide contained two 5-um
thickness cuts. The slides were put back in xylol solution
to remove paraffin excess and then rehydrated.

Slides were stained with hematoxylin and eosin dies
and then dehydrated again. For the mucosa structure
readings, it was used an Olympus BX50 microscope with
10X enlargement coupled to the computer program for
image analysis Image-Pro Plus 4 (Media Cybernetics, Inc.,
Silver Spring, USA).

The height of 30 villi and their respective 30 crypts well
targeted and longitudinally sectioned were measured in
micrometre. From these data, the villous height:crypt depth
ratios were calculated.

After slaughter, samples from the intestinal content
were collected in the colon proximal, stored in sterile
containers, and immediately frozen. Later, samples were
sent to the Laboratério de Microbiologia Industrial in
Departamento de Microbiologia at Universidade Federal de
Vigosa. The total DNA extraction of the digesta was done
by following the protocol described by Lu et al. (2003) with
some modifications. To amplify the rDNA 16S gene,
corresponding to total Eubacteria, it was used universal
primers of Eubacterias with the following sequences of
nucleotides: primer2: 5>’ ATTACCGCGGCTGCTGG3’ and
primer:5’CGCCCGCCGCGCGCGGCGGG
CGGGGCGGGGGCACGGGGGGCCTACGGGAGGCAGCAGY
(Muyzer et al., 1993). To amplify the rDNA 16S region
corresponding to Lactobacillus spp. it was used
specific primers with the sequences as follow:
CGCCCGCCGLGLreeeaeareearTeeeaeeaeeceae
CCCTTTAYGCGAACAYYTRGGKGT
CCAAACATCACVCCRACTT. The intestinal microbiota
genetic profile was assessed by the electrophoresis
technique in gel with gradient denaturant— DGGE (Muyzer
et al., 1993).The data obtained by using the program
Bionumerics, version 5.10, were used to calculate the
richness, measured in operational taxonomic units (OUT),
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the Shannon-Weaver diversity (H’) and equitably (E’)
indexes, and the similarity corresponding to the diets
containing different lactose levels.

The richness was obtained based on a binary matrix in
which the absence of the DNA band corresponding to each
OUT was codified as zero and the presence as 1. For each
lactose level the frequency of occurrence of each OUT was
obtained by counting the number of presences. The H” and
E’ were calculated through the equations used by Dilly et
al. (2004). The H’ index was calculated based on the
abundance expressed as the band optical density in the gel
lane, by the equation:

H‘zz—;(NlogN—Znilogni) 5

where: N = optical density in the lane, obtained by the sum
of'the bands optical densities in the lane, ni = optical density
of each band in the lane.
E’ was calculated as:
o
- logR
The performance and intestinal mucosa structure data

were subjected to the variance analysis and F test at 5% of
probability, and regression by using the program SAEG
(Sistemas para Andlises Estatisticas e Genéticas), developed
at Universidade Federal de Vigosa— MG (UFV,2001).

Results and Discussion

The temperature in the nursery room during the
experimental period were keptat26.3 +1.49°C (minimum)
and 30.0 + 1.12°C (maximum). Dry bulb temperatures
registered at 8:00 a.m., 12:00 p.m., and 5:00 p.m. were
26.1 £2.6;27.6+ 1.2 and 27.4 + 2.8 °C, and the relative
humidity values were 68 + 8.1; 61 £ 10.5, and 61 = 9.3%,
respectively. The Black Globe Humidity Index (BGHI)
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calculatedat 8:00a.m., 12:00 p.m., and 5:00 p.m. were
77.7 £ 1.6, 78.3 = 1.3, and 78.4 £ 1.6, respectively.
Considering that according to Campos etal. (2008) BGHI
indexes up to 80 characterize ambient of thermal comfort
for piglets at the initial phase of growth, it can be inferred
that the temperature registered in the present study were
in the range of thermoneutrality.

The lactose levels did not influence (P>0.05)
performance of piglets from 21 to 35 days of age (Table 3).
This result is in accordance with those found by Pollmann
etal. (1980), who working with piglets weighing in average
6.0 kg at weaning also did not found significant effect in
daily weight gain (DWG) and feed conversion (FC), assessed
weekly until 28 days after weaning, by adding 10% lactose
in the diets.

Carrying out three studies to evaluate carbohydrates
sources, including lactose, in diets for weaned piglets,
Naranjo et al. (2010) obtained inconsistent results and
noticed that lactose levels had positive effects on
performance of piglets at the first week after weaning only
in one of the studies.

On the other hand, Mahan et al. (2004) in a work with
piglets weaned at 19 days of age and fed diets containing
10to 35% oflactose at the first two weeks post weaning and
with 17% (fixed level) in the next weeks (15 to 30 days after
weaning), verified linear increase in AWG of piglets from
0to7and 7to 14 days, and improved FC only in the first week
of weaning.

Positive effect of lactose in performance of piglets was
also observed by Bertol et al. (2000) who studying lactose
levelsupto21% in diets for piglets weaned at 21 days of age
found feed intake (FI) and AWG linearly increased (P<0.05),
and that FC improved (P<0.08) also in a linear way on the
first 14 days post weaning. Similarly, other authors observed

Table 3 - Performance of piglets from 21 to 35 days of age fed diets with lactose

Lactose level* CV %

0 4 8 12

From 21 to 35 days

Initial weight 6.11 6.09 6.07 6.16 1.04
Weight at 35 days of age 8.84 9.50 9.14 9.63 5.87
Daily weight gain 195 244 220 248 17.22
Daily feed intake 250 308 280 306 13.34
Feed conversion 1.29 1.28 1.28 1.25 9.45
From 21 to 49 days CV %

0-0 4-0 8-0 12-0
Initial weight 6.11 6.09 6.11 6.16 1.04
Weight at 49 days of age 15.96 16.12 14.86 16.11 11.34
Daily weight gain 352 358 312 356 17.55
Daily feed intake 481 412 450 493 15.20
Feed conversion 1.36 1.43 1.45 1.4 6.25

*Not significant (P>0.05); CV = coefficient of variation.
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linear increase (P<0.14) in AWG throughout the
experimental period and in the average body weight of
pigs at 28 days of age.

Working with piglets weaned at 24 days of age and
average weight of 7.1 kg, Pierce et al. (2005) also found
significant increase in the growing rate of pigs as a result
of increasing the level of lactose in the diet.

By taking into account the benefits attributed to lactose
reported by Pierce et al. (2006) such as improvement of
the intestinal health through intestinal pH reduction,
increase in Lactobacillus spp., and decrease in populations
of Coliformes spp., it can be inferred that the presence of
antimicrobial and blood plasma in the diets may have
contributed for the lack of effect in performance of piglets
by increasing dietary lactose.

According to Yen et al. (1987), the positive effect of
antibiotic in the performance of pigs isrelated to the inhibition
of development of gastrointestinal microorganisms such
as pathogenic Escherichia coli. Thus, it is possible to
deduce that in the presence of antibiotics as growth
promoters in diets for pigs, the functionality of ingredients
with potential to improve the intestinal health and,
consequently, performance, like lactose, may be reduced.
Confirming the possible interaction between lactose and
antibiotic in the diet, Pierce et al. (2005) evaluated two
dietary lactose levels (17.5 and 29.5%) with or without
antibiotic for piglets during the post weaning period and
found that the increase in the lactose level only improved
performance of piglets when diets were antibiotic free.

In spite of blood plasma effects influencing responses
of pigs to dietary lactose levels, Touchette et al. (1995)
found that by adding plasma spray dried in the diet decreased
the need of lactose from about 30 to 40% to 0 to 15% to
maximize’ performance of weaned piglets.

The dissonance observed among some performance
results occasioned by the inclusion of lactose in diets for
weaned piglets (Naranjoetal.,2010; Pollmannetal., 1980;
Mabhan et al., 2004; Bertol et al., 2000; Pierce et al., 2005;
Pierceetal.,2006; Yenetal., 1987; Touchette et al., 1995)
may be related to differences in the level of immune challenge
which the pigs were exposed to and to the composition of
the diets.

The statement that the level of immune challenge can
interfere in the performance of piglet response to the lactose
in the diet is consistent with the results of Cromwell et al.
(2008) who evaluated lactose levels up to 10% for post
weaned piglets in three different experimental units and
found significant effect of the experimental unit in the
average daily gain and feed conversion. The authors noticed
the best performance of piglets observed in one of the units

1237

was related to its better sanitary condition. Consistent with
this result, Vente-Spreecuwenberg et al. (2003) assessed the
inclusion of lactose compared to glucose or starch in diets
of weaned piglets and reported that the response of the
piglets to the diets was dependent of their sanitary level.

In the present study, diarrhea was not observed in
piglets fed diets containing lactose what would be an indicative
that piglets were exposed to alow level of sanitary challenge.

By studying the interaction between crude protein (16
and 20%) and lactose (5 and 23%) in diets for piglets at first
weeks post weaning, Lynch et al. (2009) found positive
effect of the highest lactose level (23%) in performance of
the piglets only when the diet with the highest protein level
was given to the piglets. Similarly, Pierce etal. (2007) also
found that the performance of the piglets in response to
lactose levels was positively related to the crude protein
level in the diet. In the same way, O’Connell et al. (2005)
verified the level of lactose that resulted in the greatest
performance of the pigs varied with the cereal (wheat or
barley) used in the diets.

There was no effect (P>0.05) of dictary lactose in the
intestinal mucosa structure (Table 4). Similar results were
obtained by Spreeuwenbergetal. (2001), who evaluated the
performance and the intestinal mucosa structure of early
weaned piglets and did not found effect in the villous height
by adding lactose to the diets.

Pierce etal. (2000) studied the effect of dietary lactose
on the intestinal morphology of post weaned piglets and
found no variation in the villi height and cryptas depth in
segments of the small intestine.

The mucosa structure observed in this study did not
confirm those data of Pluske etal. (1996), Bertol etal. (2000),
Mahan etal. (2004), and Pierce et al. (2005).

Table 4 - Small intestinal mucosa structure of piglets at 49 days
of age corresponding to the portioins of duodenum,
jejunum e ileum

Lactose* CV (%)
0 4 8 12

Duodenum
Villous heigth 502 457 488 519  10.01
Crypt depth 216 213 216 233 15.80
Villous:cripta 2.36 2.23 2.30 2.25 11.94
Jejunum
Villous heigth 467 435 424 444  11.90
Crypt depth 204 209 195 202 13.55
Villous:cripta 2.42 2.17 2.37 2.35 10.40
Ileum
Villous heigth 389 402 387 394 6.66
Crypt depth 185 171 158 170 13.72
Villous:cripta 2.15 2.36 2.42 2.38 12.56

*Not significant (P>0.05); CV= coefficient of variation.
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For the intestinal microbiota evaluation the results of
microbial richness (Figure 1), measured in operational
taxonomic units (OUT) showed an increase in the
Lactobacillus spp. up to 8% of lactose in the diet compared
to the total eubacteria richness which was not influenced by
the lactose levels. Microbial richness (R) can be understood
as an indicator of microorganism quantity present in a
certain environment and an increase inthe R of Lactobacillus
spp. of digesta of piglets can be associated to their intestinal
health. Asreported by Williams etal. (2001) the improvement
in the enteric health occurs due to the fermentation of
carbohydrates such as lactose in the large intestine. These
results are in agreement with those found by Pollmann et al.
(1980), Pierceetal. (2005), Pierce etal. (20006), Pierce et al.
(2007), Cromwell et al. (2008), and Liu et al. (2008), who
confirmed lactose is the preferred substrate for bacteria
producing lactic acid as Lactobacillus spp. and
Bifdobacteria spp. Yet, according to Stewart et al. (1993)
the capacity of these bacteria to reduce digesta pH through
lactic acid production constitutes a barrier against the
colonization by pathogenic bacteria like Coliformes spp.

a) Richness (R)

40
30
OTU's 20
10
0
0 4 8 12
b) Shannon-Weaver diversity index
(H)
3,5
3 M

2,5

2

1,5

0 4 8 12
c¢) Equitability index (E')

2,4
2,2
2
1,8
1,6

0 4 8 12
W Total [JLactobacillus

Figure 1 - a) Richness (R); b) Shannon-Weaver diversity index
(H’), and c) Equitability index (E) of bacterial
communities in the intestinal content of piglets fed
diets with 0,4, 8, and 12 % lactose, for total Eubacteria
and Lactobacillus spp.

In addition to favoring the Lactobacillus spp. microbial
richness regarding to the total bacterial community, the
diversity of Lactobacillus spp. strains, as well as the
equilibrium among theses strains were also affected by
increasing lactose level up to 8%, what can be verified by the
Shannon-Weaver and equitability indexes found (Figure 1),
respectively.

Results found by Delcenserie etal. (2008) with humans
confirmed that diversity of different Lactobacillus spp.
strains in the intestine has a beneficial effect to the enteric
health of the host as the diversity gives greater capacity for
modulation of various inflammatory responses, increasing
the defense capacity against intestinal microorganisms
with pathogenic potential.

Although the effect of increasing lactose levels on the
microbiota has been fairly consistent, it was found that
richness, Shannon-Weaver and equitability of Lactobacullus
spp. indexes reduced when lactose level increased from 8 to
12%, and this suggests that 12% of lactose in the diet may
have inhibited the growth of some group.

The observation of the DGGE gels of digesta content of
the proximal colon of piglets fed diets containing 0, 4, 8, 12%
of lactose for Eubacteria and specific for Lactobacillus
spp. (Figure 2) showed the occurrence of similar banding
patterns among animals fed diets containing lactose, in the
same gel, with the presence of bands with the alignment and
well colored among all gel lanes. The bacterial communities
there represented are probably stable populations of
microorganisms based in the conditions of collection site
despite the differences between sampled areas. The
electrophoretic DGGE profiles confirmed the existence of
differences among bands of different diets.

The grouping by similarity observed in the Eubacteria
gel clearly demonstrated 80% similarity between piglets fed
diets with 0 and 4% lactose and 69.1% similarity between
those fed diets with 8 and 12% lactose

Bacteria, in general, are not randomly distributed along
the gastrointestinal tract but the species and population
levels are distributed according to specific characteristics
of regions of the tract. This specificity results in pH
differences, presence of digestive enzymes and bile salts
which can modify the intestinal microenvironments where
the bacterial community can also be different (Pedrosoetal.,
2005). Thus, it is accepted that diet is the main factor that
determines the composition of the bacterial population in
the intestinal lumen of animals (Pluske etal., 1997), which
would explain the 64.4% of similarity found in the microbiota
among piglets whose diets contained 4 and 8% lactose
concerned to the Lactobacillus spp. population.
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Figure 2 - Dendrogram, DGGE electrophoretic profiles, and similarity (%) of rDNA16S gene sequences of digesta content from the
proximal colon of piglets fed diets with 0, 4, 8, and 12% lactose for Eubacteria and Lactobacillus spp.

However, corroborating the results of richness,
diversity, and equitability obtained (Figure 1) that suggest
the occurrence of inhibition of some Lactobacillus spp.
groups when the level of lactose in the diets increased from
8 to 12%, the similarity observed among the groups of
piglets fed diets with 12% lactose and those fed diets
containing 4 and 8% lactose was of 41.9 and 37.5
respectively, which is considered low.

The lowest similarity observed for Lactobacillus spp.
(29.4%) was observed in the microbiota of piglets fed diets
containing 0 and 12% lactose.

Theseresults indicate that even ifthe microbial analysis
for Lactobacillus spp. of digesta of piglets which were fed
diets with 0 and 12% lactose has shown the lowest indexes
of richness, diversity, and equitability (Figure 1), the
intestinal microbial populations of these two groups of pigs
were not similar.

Other research works have contributed to confirm that
the type of ingredient used in the diet has an effect on the
intestinal microbiota of piglets and it may reflect in their
performance (Willians et al., 2001; Krause et al., 1995).
Some oligosaccharides, such as fructo-oligosaccharides,
mannan oligosaccharide and galactoligosaccharides are
called prebiotics because they increase, selectively, health
bacteria as Lactobacillus spp. and Bifidobacteria spp.
which are known to inhibit the growth of other pathogenic
microorganisms (Liuetal., 2008).

Results reported by Krause et al. (1995) in a study
evaluating the effect of the diet on the microbiota of piglet
pointed out the need to deepen the knowledge in microbial

ecology and microorganism diversity along the
gastrointestinal tract and how they interact with the diet
and the body.

In the study of these authors, although there was no
difference in the diversity index of Shannon-Weaver of the
intestinal microbiota among the groups fed diets mainly
composed of corn and soybean meal with 0 or 40% lactose,
the agar culture of the intestinal content of piglets for 12
species of Lactobacillus proved to be quite varied as
observed in this work.

Particularly in the nutrition of piglets, the studies of
Delcenserie etal. (2008) and Bandeiraetal. (2007) pointed
to the need to consider the effects of the ingredients used
in the diets on the microbiota of piglet and its relationship
with the immune system activation inasmuch as the
inflammatory response may negatively influence the
partition of nutrients in the body (Machado & Fontes, 2005).

The species of microorganisms composing the bacterial
community reproduce in accordance to the diet composition,
especially in fermentable carbohydrates (Wangetal., 2007;
Janczyk etal., 2007; Konstantinov et al., 2004).

As most ecosystems of microorganisms existing are
not cultivable (Handelsman, 2004), metagenomic studies
have been an important tool to elucidate which groups of
microorganisms in the digestive tract of pigs can bring
benefits reflected on performance of animals.

Although it was not possible to verify differences
(P>0.05) in performance or intestinal morphology when
dietary lactose increased from 0 to 12% in this study, it can
be suggested, based on the data from the gut microbial
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composition, that the animals fed diets containing up to 8%
lactose may be better prepared to face higher health
challenge, as it commonly occurs in commercial pig farms.

Conclusions

Lactose levels do not influence performance of piglests
and intestinal morphology. The best intestinal microbiota
composition of piglests is obtained at 8% of lactose.
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