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Animal Science/ Original Article

Intestinal integrity and
performance of turkeys
subjected to inoculation of
Salmonella Enteritidis and a diet
supplemented with lactulose

Abstract — The objective of this work was to evaluate the effects of lactulose
(0.03 mL kg") on the intestinal health and weight gain of turkeys subjected to the
inoculation of Salmonella serovar (sv.) Enteritidis (SE). A total of 280 turkeys,
with one day of age, were distributed in the following treatments: T1, negative
control; T2, group that received only lactulose; T3, group subjected to the
inoculation of approximately 7.0x10° CFU mL" SE; and T4, group subjected
to the inoculation of approximately 7.0x10° CFU mL" SE and treated with
lactulose. Poultry performance was evaluated weekly, and seven turkeys from
each treatment were euthanized to collect duodenum and jejunum fragments
for the histomorphometric analysis. A lower weight gain was observed in
the group that received only the pathogen, and the best performance was
observed in the lactulose-treated group. The histomorphometric analysis
showed a higher villus:crypts ratio in the duodenum and jejunum samples of
the negative control and of the group of turkeys at 7 and 21 days of age treated
with the lactulose-supplemented diet. Lactulose allows of a better intestinal
development of turkeys until 42 days of age, but it does not interfere with
poultry performance.

Index terms: Meleagris gallopavo formadomestica, avian salmonellosis,
histomorphometry, prebiotic, weight gain.

Integridade intestinal e desempenho de perus
submetidos a inoculagao de Salmonella Enteritidis
e a uma dieta suplementada com lactulose

Resumo — O objetivo deste trabalho foi avaliar os efeitos da lactulose
(0.03 mL kg sobre a saude intestinal e o ganho de peso de perus submetidos
a inoculacdo de Salmonella sorovar (vs.) Enteritidis (SE). Um total de 280
perus, com um dia de idade, foram distribuidos nos seguintes tratamentos:
T1, controle negativo; T2, grupo que recebeu apenas lactulose; T3, grupo
submetido a inoculagdo de aproximadamente 7,0x10° UFC mL™" de SE; e T4,
grupo submetido a inoculagdo de aproximadamente 7,0x10° UFC mL" de SE
e tratado com lactulose. O desempenho das aves foi avaliado semanalmente,
e sete perus por tratamento foram submetidos a cutandsia, para a coleta
de fragmentos do duodeno e do jejuno para a analise histomorfométrica.
Observou-se menor ganho de peso no grupo que recebeu apenas o patogeno,
e o melhor desempenho, no grupo tratado com lactulose. A andlise
histomorfométrica mostrou maior relacdo vilos: criptas nas amostras de
duodeno e jejuno do controle negativo, e dos grupos de perus, aos 7 ¢ aos
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21 dias de idade, tratados com dieta suplementada com
lactulose. A lactulose proporciona melhor desenvolvimento
intestinal de perus até os 42 dias de vida, mas ndo interfere
no desempenho dessas aves.

Termos para indexacdo: Meleagris  gallopavo
formadomestica, salmonelose aviaria, histomorfometria,
prebidtico, ganho de peso.

Introduction

Intestinal integrity has a direct impact on the
efficiency of animal production, as the gastrointestinal
tract is the most exposed organ to a variability of
hazardous substances, and it acts as a selective barrier
between the epithelial tissues and the intestinal lumen.
The bird spends about 20% of the gross energy
consumed to maintain the intestinal epithelium
(Franco, 2009). Thus, when lesions occur in this
tissue, in addition to reducing the volume of digested
and absorbed substrate, there is even a greater energy
demand for cell renewal, resulting in lower weight
gain and better feed conversion. It should also be
considered that the gut-associated lymphoid tissue
(GALT) acts as a barrier against pathogenic bacteria,
therefore, disorders in this tissue may alter the
intestinal permeability by modifying the digestion and
absorption, making it susceptible to infections (Yegani
& Korver, 2008).

Potentially pathogenic Salmonella enterica include
the serovars Typhimurium and Enteritidis, which are
important in public health and are difficult to control
due to their complex epidemiology involving fecal
excretion, environmental contamination, and the
existence of many sources of infection (Lima et al.,
2016). In early 2006, the European Union decided to
restrict the use of antimicrobial growth promoters
(AGPs) in the animal production. Because of that
restriction, investigations have been conducted with
food additives that have the ability to promote
intestinal microbiota modulation, as a strategy for
controlling enteropathogens, such as Sa/monella and,
consequently, improve the bird performance.

Lactulose, a disaccharide composed of fructose
and lactose, is a product with prebiotic action that
influences the colonization by Salmonella, potentiating
the growth of beneficial bacteria in the host and, by
competition, preventing the pathogen from adhering
to mucous membranes, as reported by Sharma &
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Kanwar (2018) in broilers subjected to the inoculation
of Salmonella enterica serovar Typhimurium.

In vitro experiments have also shown the inhibitory
potential of lactulose against Salmonella enterica
serovar Typhimurium. The prebiotic action of lactulose
has been observed in swine, and its use has been
proposed as a food additive (1%) to prevent Salmonella
in food for humans (Brito et al., 2014).

Another effect of dietary supplementation with
prebiotics is the intestinal development, as they
increase the villus height in different intestinal
segments in the first weeks of life, increasing the
weight gain, and improving the feed conversion ratio
(Lemos et al., 2016).

In view of limited studies on the application of
prebiotics in turkeys, the objective of this work was
to evaluate the influence of lactulose on the intestinal
health and performance of turkeys subjected to the
inoculation of S. enterica subsp. enterica serovar
Enteritidis.

Materials and Methods

The experiment was carried out at the Experimental
Center for Poultry Diseases and at the Histology
Laboratory of the Escola de Veterinaria e Zootecnia
of the Universidade Federal de Goids (UFG). The
experimental protocols used in the present study were
approved by the Research Ethics Committee, under
No. 103/09 of the UFG, and they are in accordance
with the ethical principles for animal experimentation,
adopted by the Sociedade Brasileira de Ciéncia de
Animais em Laboratérios (SBCAL).

A total of 280 turkeys (Meleagris gallopavo
formadomestica) of the British United Turkeys of
America (Buta) from a commercial hatchery were
used. The turkeys were divided into four treatments,
with 70 birds each. The treatments were as follows:
T1, turkeys received neither microbial inoculum nor
lactulose (negative control); T2, turkeys fed a diet
supplemented with lactulose at 0.03 mL kg' body
weight (Viana, 2014), from the first to the 21% day of
housing (lactulose control); T3, turkeys were subjected
to the inoculation of S. enterica subsp. enterica serovar
Entiritidis (SE) directly in the swallow, in the first day
of age, with 1.0 mL 0.85% buffered saline containing
approximately 7.0x10° CFU mL"' SE; T4, turkeys
received the inoculum directly in the crop, in the
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first day of age, with 1.0 mL 0.85% buffered saline,
containing approximately 7.0x10° CFU mL" SE, and
lactulose at 0.03 mL kg body weight, supplied in the
feed, from the first to the 21 day of age (Viana, 2014).

The inoculum was prepared with §. enterica
serovar Enteritidis isolated from broiler samples, at the
concentration of 7x10° CFU mL-', adjusted by using
the MacFarland scale (Fernandez et al., 2001).

The diet provided to turkeys was ground corn
and soybean meal, formulated according to the food
compositionand nutritional requirements recommended
for the lineage (Buta, 2016), and did not contain
animal products, anticoccidial and growth promoting
antibiotics. Turkeys of all treatments received the same
diet, provided ad libitum throughout the experimental
turkey rearing period. Microbiological analyses for
checking the presence of Salmonella were performed
with the raw materials used in the manufacture of the
feed, which showed negative results, according to the
requirements by the Ministry of Agriculture, Livestock
and Supply (Brasil, 2003).

The weighing of the turkeys the rations prepared for
them were performed at 7, 21, 42, and 60 days of age, to
calculate feed intake, weight gain, and feed conversion
ratio. Dead birds were identified and weighed to adjust
feed intake and feed conversion ratio.

At the same ages, 7 turkeys per treatment were
subjected to euthanasia, and fragments of duodenum
and jejunum were collected, placed in 10% buffered
neutral formalin, and stained with hematoxylin-eosin
(HE). From each slide, the scanned images were
read in a bright field optical microscope (Carl Zeiss,
Jenaval, Germany) in the computer, using the digital
video camera and the capture card Image J software
(Rasband, 2004) was used for the morphometric
measurements of villus length and crypt depth.

The micrometer quantified histomorphometry was
performed, adopting the criteria proposed by Uni
et al. (1998). The height of the villus was measured
from the villus apex to the base of the villus’ junction
with the crypt. The crypt depth was defined as the
crypt invagination depth with the adjacent willi.
The ratio between villus height and crypt depth was
also determined. For each slide, the readings were
performed for 5 villus heights and 5 crypt depths,
totaling readings of 25 villus heights and 25 crypt
depths per slide, always from the right to the left of
the cut.

Histomorphometry and performance results were
subjected to the analysis of variance, and the means
were compared, when necessary, by the Tukey’s test, at
5% probability, using the Statistical Analysis System
(SAS 9.2) (Sampaio, 2011).

Results and Discussion

The initial bird weights were very homogeneous,
ranging from 63.62 to 64.77 g per bird (Table 1). At
seven days of age, a difference was observed only
for feed conversion ratio. The best and the worst
feed conversions were observed, respectively, for
the negative control and groups subjected to the
inoculation of SE. It should be noted that, at birth,
birds do not have an established intestinal microbiota,
which is established through ingestion or contact with
microorganisms in the first days of life (Paixdo &
Castro, 2016). The presence of Salmonella, without
lactulose in the turkeys, probably caused intestinal
changes that reduced the absorption of nutrients,
resulting in a worse conversion.

At 60, 21, and 42 days, the mean weight and weight
gain were higher for the lactulose control group than
for the group inoculated with SE, but no treatment
differed from the control. Unlike the present study,
Micciche et al. (2018) have found improvement in the
performance of birds that received lactose, which is
one of the components of lactulose.

At 7 days of age, mean villus height values of
duodenum were influenced by the inoculation of
SE (Table 2), and turkey duodena inoculated with
the bacteria showed the lowest villus height values
and greater crypt depths. The lower development of
the intestinal mucosa in the first week of age were
negatively affected by the use of nutrients in the diet
and showed a worse feed conversion (Rodriguez et al.,
2015) .

However, the highest villus to crypt ratio was
observed in the lactulose control and in the negative
control. At 21 days of age, there were lower values of
villus heights and greater crypt depths in the group
that undergone inoculation of SE; and the highest ratio
of villi to crypts was also observed in the duodenum of
turkeys that received only lactulose.

Lactulose releases acids in the intestinal mucosa that
reduce the pH and promote the intestinal development,
with greater development of villus crypt relationships
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(Névoa et al., 2013). This could have a desirable
effect on the animal performance because the growth
potential and feed efficiency in turkeys are directly
correlated with the intestinal development (Bohdérquez
et al., 2011).

In the histomorphometric analyses of the jejunum
(Table 3), at 7 days of age, there were higher villus
heights in the negative control. Lower villus heights
occurred in the groups subjected to inoculation of,
with, or without lactulose. The highest crypt depths
were observed in the SE group.

At 21 days, higher villus heights were also observed
for the control and lactulose groups, while the highest

crypt depths were found in the SE group, which resulted
in higher mean villus to crypt ratios in the negative
control and lactulose control groups. Villi reduce
their size due to increased cell loss, which results in
an increase of crypt cell production and crypt depth
(Andrade et al., 2012).

At 42 days of age, there were significant differences
only for villi height, with the highest means recorded
in the lactulose group; however, this difference
was not sufficient to alter crypt depths and villus
to crypts relations in none of the treatments. At this
age, Salmonella was not able to interfere with the
development of the intestinal mucosa, as observed

Table 1. Initial weight (IW), average weight (AW), weight gain (WQG), feed intake (FI), and feed conversion (FC) of turkeys
(Meleagris gallopavo formadomestica) subjected to the inoculation of Salmonella enterica serovar Enteritidis (SE) fed a diet
supplemented with lactulose, in the period of 1, 7, 21, 42, and 60 days of age™.

Treatment Initial weight (g) Average weight (g) Weight gain (g) Feed intake (g) Feed conversion
1-7 days of age
Negative control 64.77 129.96 65.19 79.98 1.17b
Lactulose 64.27 138.74 74.46 92.65 1.26ab
SE 64.00 133.00 68.99 88.86 1.31a
SE + lactulose 63.62 134.78 71.15 89.05 1.29ab
P-value 0.1334 0.4829 0.4796 0.1906 0.0325
Coefficient of variation (%) 0.82 4.99 10.11 7.51 3.90
1-21 days of age
Negative control 64.77 604.95ab 540.18ab 34091 1.37
Lactulose 64.27 635.54a 581.04a 356.41 1.37
SE 64.00 525.15b 461.14b 328.50 1.45
SE + lactulose 63.62 519.42b 455.80b 323.74 1.39
P-value 0.1334 <0.0001 <0.0001 0.2597 0.5696
Coefficient of variation (%) 0.82 2.60 2.95 5.89 5.27
1-42 days of age
Negative control 64.77 1,860.87ab 1,796.13ab 2,454.13 1.78
Lactulose 64.27 1,923.27a 1,859.40a 2,416.30 1.77
SE 64.00 1,778.73b 1,714.13b 2,440.67 1.82
SE + lactulose 63.62 1,920.33a 1,856.80a 2,383.40 1.74
P-value 0.1334 0.0034 0.0033 0.2386 0.1673
Coefficient of variation (%) 0.82 1.91 1.98 1.69 2.38
1-60 days of age
Negative control 64.77 2,670.23ab 2,605.47ab 4,121.27 2.04
Lactulose 64.27 2,824.83a 2,761.27a 3,924.47 1.97
SE 64.00 2,585.10b 2,520.50b 3,976.97 1.98
SE + lactulose 63.62 2,717.77ab 2,653.13ab 4,078.43 2.04
P-value 0.1334 0.0129 0.0129 0.1774 0.1183
Coefficient of variation (%) 0.82 2.43 2.51 2.68 1.93

(MMeans followed by different letters, in the same column, differ by Tukey’s test, at 5% probability.
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earlier, since this development stabilizes with the
growth of the bird.

Prebiotic products may stimulate the intestinal
development by acceleration of the mitotic process
in the crypt-villus region and, as a consequence, they
stimulate the increases of cell number and villus size

Table 2. Villus heights (VH) and crypt depths (CD),
and villus: crypt ratio of turkey (Meleagris gallopavo
formadomestica) duodena subjected to the inoculation of
Salmonella enterica serovar Enteritidis (SE) and treated
with lactulose at 7, 21, 42, and 60 days of age®.

(Sousa et al., 2015); still, according to these authors,
changes in intestinal mucosal structures may be a
result of stimulation of beneficial gut microbiota,
which allows of the development of larger villi, with
up to twice as active cell proliferation and increased
rate of migration of crypts to villi in 1.7 times.

Table 3. Villus heights (VH) and crypt depths (CD), and
villus: jejunum crypt ratio of turkeys (Meleagris gallopavo
formadomestica) subjected to the inoculation of Salmonella
enterica serovar Enteritidis (SE) and treated with lactulose
at 7, 21, 42, and 60 days of age™®.

Treatment VH (um) CD (um) Villus: crypt Treatment VH (pm) CD (um) Villus: crypt
7 days of age 7 days of age
Negative control 624.57a 125.81b 4.96ab Negative control 413.06b 81.66d 5.06a
Lactulose 671.80a 88.45¢ 7.60a Lactulose 452.89a 94.50c 4.79ab
SE 477.90b 175.83a 2.72b SE 356.66d 145.00a 2.46b
SE + lactulose 531.76b 141.83ab 3.75b SE + lactulose 383.26¢ 115.167b 3.33b
P-value <0.0001 <0.0001 <0.0001 P-value <0.0001 <0.0001 <0.0001
CV (%) 5.90 7.52 6.47 CV (%) 3.03 3.93 4.82
SEM 13.8810 4.0849 0.1186 SEM 4.9607 1.7503 0.0745
21 days of age 21 days of age
Negative control 1153.20b 229.17b 5.03b Negative control 663.77a 221.00c 3.00a
Lactulose 1250.00a 144.83¢ 8.63a Lactulose 693.55a 197.83d 3.51a
SE 870.79d 277.67a 3.14c SE 549.65b 289.00a 1.90b
SE + lactulose 950.72¢ 217.96b 4.36bc SE + lactulose 565.09b 259.83b 2.17b
P-value <0.0001 <0.0001 <0.0001 P-value <0.0001 <0.0001 0.0268
CV (%) 3.22 8.46 11.89 CV (%) 5.21 2.41 7.78
SEM 13.9038 7.5114 0.2442 SEM 13.1482 2.3763 0.0818
42 days of age 42 days of age
Negative control 1831.0 287.41ab 6.37 Negative control 916.76b 335.48 2.73
Lactulose 1933.8 229.10c 8.44 Lactulose 1,046.93a 303.15 3.45
SE 1742.3 328.55a 5.30 SE 900.62b 354.09 2.54
SE + lactulose 1864.3 249.25bc 7.48 SE + lactulose 922.29b 326.34 2.83
P-value 0.6079 <0.0001 0.1789 P-value <0.0001 0.4372 0.6390
CV (%) 13.39 10.79 26.87 CV (%) 4.60 16.17 29.28
SEM 100.7296 12.0532 0.7670 SEM 17.7872 21.7661 0.3575
60 days of age 60 days of age
Negative control 2189.3 329.15ab 6.65 Negative control 1,366.15 428.98 3.18
Lactulose 22352 312.67b 7.15 Lactulose 1,408.66 427.50 3.30
SE 2058.2 360.91a 5.70 SE 1,295.98 441.13 2.94
SE + lactulose 2126.7 324.65ab 6.55 SE + lactulose 1,373.50 432.24 3.18
P-value 0.6032 0.0489 0.8513 P-value 0.6349 0.9718 0.8471
CV (%) 11.02 8.60 14.32 CV (%) 11.15 12.49 22.22
SEM 100.2666 11.6524 0.3787 SEM 61.9668 22.0509 0.2910

(OMeans followed by different letters, in the same column, differ by
Tukey’s test, at 5% probability. CV, coefficient of variation. SEM,
standard error of the mean.

(MMeans followed by different letters, in the same column, differ by
Tukey’s test, at 5% probability. CV, coefficient of variation. SEM,
standard error of the mean.
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At 60 days of age, there was no effect for villus
heights and crypt depths, which reflects the relationship
between them, showing that the treatments did not
interfere with intestinal development at this age.
The intestine of turkeys completes its development
during the first 20 to 30 days of age; during this time,
it undergoes a period of maturation that involves
physiological and morphological adaptations and, after
that period, the intestine does not change anymore,
except for the physiological process of cell renewal,
which occurs every two to five days (Sousa et al.,
2015).

Conclusions

1. Lactulose as a supplement in the diet for turkeys
(Meleagris gallopavo formadomestica) allows of a
better intestinal development from 7 days until 42 days
of age and shows no effect by 60 days of the bird age.

2. Lactulose does not interfere with the performance
of turkeys until 60 days of age.
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