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ABSTRACT: This study aimed to assess the effects of glutamine as feed additive on performance
and intestinal mucosa morphometry of broiler chickens vaccinated against coccidiosis. A total
of 400 day-old male chicks were randomly assigned to four treatments (NVNG — no vaccination,
no glutamine supplementation; NVG — no vaccination, glutamine supplementation (10 g kg-!);
VNG - vaccination, no glutamine supplementation; VG — vaccination, glutamine supplementa-
tion) replicated four times with 25 birds per replicate. A commercial sprayed-on vaccine against
coccidiosis containing Eimeria acervulina, E. maxima, E. mivati, and E. tenella was administered
at the hatchery. Broiler performance was evaluated from 1-28 days, and morphometric param-
eters were analyzed at 14, 21, and 28 days of age. Body weight gain and feed intake were
negatively affected by vaccination, but not by glutamine. Vaccination increased crypt depth in
the duodenum and jejunum at 21 and 28 days. In conclusion, this study showed that glutamine
was not able to increase weight gain of broiler chickens, irrespective of whether the animals
were vaccinated or not against coccidiosis. Glutamine supplementation was able to improve
feed conversion in vaccinated birds suggesting trophic effect on intestinal epithelium improving.
Keywords: anticoccidial vaccines, intestinal ephitelium, gut morphometry, glutamine supplemen-
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Introduction

Coccidiosis is a parasitic disease responsible for
great economic loss in the poultry industry due to re-
duced broiler performance and higher costs of thera-
peutic and prophylactic intervention (Kawazoe et al.,
2005). Controlling the disease usually involves the
use of prophylactic drugs, especially anticoccidial vac-
cines (Vermeulen et al., 2001). According to Long et al.
(1986), the vaccination principle is based on the abil-
ity to acquire immunity when birds have low parasite
loads after two or three consecutive infections. There-
fore, to achieve a solid specific immunity depends on
the recirculation of strains (Sharman et al., 2010) and
vaccination of broilers is recommended up to ten days
of age (Arczewska-Wtosek and Swiatkiewicz, 2014).

Despite their short lifespan, low loads of para-
sites can still drastically affect broiler chicken perfor-
mance because parasite multiplication causes intestinal
mucosal lesions (Arczewska-Wtosek and Swiatkiewicz,
2014). Therefore, mild coccidial infections generated
by the vaccine could reduce the absorptive surface
area, increase epithelium losses and increase inflam-
mation (Chapman et al., 2002), resulting in reduced
performance (Lee et al., 2011; Lehman et al., 2009).
In some cases, short broiler lifespan is not enough to
compensate for weight-gain losses due to vaccination
(Lehman et al., 2009) and nutritional strategies to ame-
liorate the effects of vaccination in intestinal mucosa
should be investigated.

Feed additives derived from yeast cell walls,
such as mannanoligosaccharide and fructooligosaccha-
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tation, small intestine

ride show beneficial effects on reducing performance
(Nollet et al., 2007) and epithelial cell losses (Luquetti
et al., 2012) in vaccinated birds. Other additives such
as herbal extracts (Allen, 2003), essential oil blends
(Oviedo-Rondon et al., 2006) and probiotics (Stringfel-
low et al., 2011) also seem to protect the intestinal
mucosa against mild coccidial infections generated by
the vaccine. Biological mechanisms underlying the ac-
tivity of these feed additives in maintaining broiler in-
testinal health include microbial community modula-
tion, stimulus of villi growth and host immune system
modulation. On the other hand, increase in protein
levels of diet is another important tool to avoid perfor-
mance decline in birds vaccinated against coccidiosis
(Lee et al., 2011). The inclusion of some amino acids
in diets for vaccinated birds, like arginine (Perez-Car-
bajal et al., 2010), glycine, serine and proline (Lehman
et al., 2009), which act in the immune system and
mucin production, respectively, also results in bet-
ter performance compared to animals vaccinated and
not supplied. Alternatively, because glutamine is an
important energy source for enterocyte development
(Fujita and Sakurai, 1995), it may also be used as a nu-
tritional management tool for intestinal mucosa repair
in vaccinated birds.

Since anticoccidial vaccine causes intestinal epi-
thelial lesions (Scheurer et al., 2013) and glutamine
acts as an important epithelial growth, repairing energy
source (Pohlenz et al., 2012; Soltan, 2009), this study
aimed to assess the effects of glutamine as feed additive
on performance and intestinal mucosa development of
broiler chickens vaccinated against coccidiosis.
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Materials and Methods

This experiment was conducted according the
rules of the National Council for Animal Experiments
Control (CONCEA) and was approved by the Animal
Ethics Committee (CEUA).

Four hundred day-old male Cobb 500™ broiler
chicks were raised in floor pens with wood shavings as
litter and reared in an environmentally controlled room
where ambient temperatures were kept at thermoneu-
trality according to bird age and air relative humidity
(RH) between 45 and 65 %, within the standards of the
line (COBB, 2003). At day one, the birds were assigned
to four groups and submitted to the following treat-
ments: NVNG - no vaccination and no glutamine sup-
plementation; NVG - no vaccination, with glutamine
supplementation; VNG - vaccination and no glutamine
supplementation; and VG - vaccination and glutamine
supplementation. Each treatment was replicated four
times with 25 birds per replicate.

The experimental diets were formulated based
on corn and soybean meal with 220 g kg=! crude pro-
tein (CP) and 12.13 MJ metabolizable energy (ME) kg~!
(NRC, 1994). Glutamine (10 g kg~!) was added to NVG
and VG diets in replacement of kaolin, and birds were
fed ad libitum throughout the experimental period (Table
1). Vaccine against coccidiosis contained live and attenu-
ate oocysts of Eimeria acervulina, E. maxima, E. mivati,
and E. tenella. The vaccine was administered at day one
and the dosage followed the manufacturer's recommen-
dation for application via spray (chicks were inside a
vaccine box). Body weight gain (BWG, g), feed intake (FI,
g), and feed conversion ratio (FCR, g g~!) were measured
at seven, 14, 21, and 28 days.

At 14, 21, and 28 days of age, five birds from each
replicate were fasted for 12 h (according to Torres et al.,
2013) and euthanized by CO, asphyxiation. Then, sam-
ples approximately 2 cm long were collected from the
middle part of each small intestine segment (duodenum:
from pylorus to distal duodenal loop; jejunum: from dis-
tal duodenal loop to Meckel's diverticulum; and ileum:
between Meckel's diverticulum and the caeca opening)
for morphometric analysis of the mucosa. Samples were
fixed in Bouin solution for 24 h, dehydrated with a stan-
dard alcohol-toluene sequence and embedded in plastic
paraffin for the morphometric analysis. Then, 5-pm tis-
sue sections were prepared and stained with hematoxy-
lin-eosin according to Behmer (1976). Each histological
slide was composed of five sections from the same seg-
ment and animal, and between one section and another,
the minimum distance of 200 um was necessary. Villus
height (VH, pym) and crypt depth (CD, pm) from each
segment were measured in 70 microscopic fields (14 for
each slide) using an image analysis system. Villus:crypt
ratio (V/C) was also calculated for each intestinal seg-
ment.

Data were analyzed in a completely randomized
design in a two (with/without coccidiosis vaccination)

x two (with/without glutamine supplementation) facto-
rial arrangement using the general linear model proce-
dure of SAS software (SAS Institute, 2011). Differences
between treatment means were checked for signifi-
cance using the Tukey test at 5 % significance.

Results

Broiler performance up to 28 days of age is
shown in Table 2. There were no differences (p > 0.05)
in broiler performance among the treatments up to sev-
en days of age. However, after that period, BWG (1-14,
1-21, and 1-28 days) and FI (1-21 and 1-28 days) were
significantly decreased, while FCR (1-21 days) was sig-
nificantly increased in vaccinated treatments. The vac-
cine x glutamine interaction was significant for FCR
from 1-14 days (p = 0.03) (Table 3). Vaccine did not
affect feed conversion in glutamine-fed birds, while in
birds not fed with glutamine, higher feed conversion
was found in vaccinated ones. Glutamine did not affect
feed conversion in non-vaccinated birds, while higher
FCR was found in vaccinated birds not fed with gluta-
mine.

Table 1 — Diet composition percentage and calculated nutrient values
of experimental broiler diets.

Ingredients (g kg~1) Treatments
NVNG and VNG! NVG and VG

Corn 524.2 524.2

Soybean meal 397.2 397.2

Soybean oil 25.6 25.6

Dicalcium phosphate 16.1 16.1

CaCo, 14.0 14.0

NaCl 4.1 4.1

Supplement? 6.5 6.5

DL-methionine 2.3 2.3

L-glutamine? 0.0 10.0

Kaolin 10.0 0.0

Nutritional composition (g kg-!) unless noted*

Metabolizable energy (MJ kg~1) 12.13

Crude protein 220.0

Calcium 10.0

Available phosphorus 5.0

Sodium 2.0

Methionine 5.0

Methionine+cysteine 8.8

Lysine 11.3

INVNG: no vaccination and no glutamine supplementation; NVG: no
vaccination, with glutamine supplementation; VNG: vaccination and no
glutamine supplementation; VG: vaccination and glutamine supplementation.
?Mineral and vitamin supplement as the quantity added for each kg of feed.
Vitamin. A: 7000 IU; vitamin D3: 1400 IU; vitamin E: 19.5 IU; vitamin K: 1.5
mg; vitamin B1: 0.6 mg; vitamin B2: 2.36 mg; vitamin B6: 0.6 mg; vitamin
B12: 1.32 mcg; Biotin: 0.15 mg; Choline: 1.54 g; Pantothenic acid: 9.32 mg;
Niacin: 30.12 mg; Folic acid: 1.42 mg; Selenium: 0.65 mg; lodine: 0.35 mg;
Iron: 57.72 mg; Copper: 12.3 mg; Zinc: 141.48 mg; Manganese: 173 mg;
Potassium: 7.88 g; Sodium: 1.80 g; Sulphur: 0.72 g; Magnesium: 0.90 g.
3Supplemental Glutamine was added to the test diets at the expense of the
inert filler (kaolin) to derive dietary treatments. “Calculated composition using
data from the Brazilian Tables for Poultry and Swine (Rostagno et al., 2011).
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Table 2 — Growth performance of broilers from 1 to 28 days.

1-7 days 1-14 days 1-21 days 1-28 days

BWG! Fl FCR BWG Fl FCR BWG Fl FCR BWG Fl FCR
Vaccine?
Y 122 +23 127 +12 1.04 £ 0.04 407 +23b 525+25 1.26 +0.06 735+35b 1029 +37b 1.39+0.07a 1213+36b 1796 +65b 1.48 +0.07
NV 124 +21 133+21 1.06 +0.03 430+ 14a 529 +21 1.23+0.06 850 +24a 1106 +56a 1.30+0.05b 1346+45a 1938+ 79a 1.44+0.04
Glutamine
G 123+11 129+9 1.04+£0.03 424 £34 534+10 1.23+0.04 833+21 1122+23 1.34+0.06 1331 +45 1930+56 1.45+0.06
NG 122 +12 131 +10 1.07£0.03 423+21 533+15 1.26+0.03 822 =+12 113333 1.36=+0.04 1338 +34 1966 £55 1.47 +0.04

p values

vV 0.33 0.20 0.26 <0.01 0.09 0.05 <0.01 0.04 <0.01 <0.01 <0.01 0.17
G 0.71 0.54 0.18 0.11 0.91 0.16 0.70 0.62 0.35 0.99 0.48 0.40
VxG 0.51 0.71 0.23 0.96 0.16 0.03 0.51 0.14 0.39 0.42 0.18 0.39
CV3 (%) 4.31 7.25 4.58 3.02 3.49 2.35 3.69 3.39 3.38 3.43 4.27 3.64

Data are expressed as means + standard deviations. Means within a column with different superscripts are significantly different (p < 0.05). 'BWG = Body weight
gain (g); FI = feed intake (g); FCR = feed conversion ratio (g g-!). 2Broiler chickens fed (G)/not fed (NG) L-glutamine (10 g kg-!) and vaccinated (V) or not (NV) against

coccidiosis. 3CV: Coefficient of variation.

Table 3 — Vaccine x glutamine interaction on feed conversion ratio
(FCR, g g!) from 1-14 days of age.

Vaccine!
NV %
Glutamine! NG 1.23Ba 1.29 Aa
G 1.23 Aa 1.23 Ab

Means followed by the same capital letters in the same row and small letters
in the same column are not different according the Tukey test at 5 % of
probability level. Broiler chickens fed (G)/not fed (NG) L-glutamine (10 g kg?)
and vaccinated (V) or not (NV) against coccidiosis.

The effects of vaccination and glutamine supple-
mentation on villus height, crypt depth and villus:crypt
ratio are shown in Table 4. There were no differences
in intestinal villus height among treatments (p > 0.05) in
any intestinal segment at 14 days of age, except for ileum
villus height in which an interaction was observed (p
= 0.04). The non-vaccinated birds showed higher villus
height in the ileum than the vaccinated ones, for both
groups, fed or not fed with glutamine (Table 5). Gluta-
mine did not affect the villus height in vaccinated birds,
while higher villus height was found in non-vaccinat-
ed birds fed with glutamine. At jejunum (Table 4), the
crypts were deeper and, consequently, the villus:crypt
ratio was lower in vaccinated birds compared to control
(non-vaccinated) birds (p < 0.05).

The effect of vaccination on mucosa parameters
in the small intestine persisted at 21 days of age, affect-
ing crypt depth (duodenum and ileum) (p < 0.01) and
villus:crypt ratio (duodenum and jejunum) (p < 0.01),
with greater crypt depth values and lower villus:crypt
ratio in vaccinated birds in comparison to non-vaccinat-
ed birds (Table 4). The vaccine x glutamine interaction
was significant for crypt depth in the jejunum (p = 0.03).
In birds not fed with glutamine, jejunum crypt depth
was higher in vaccinated than in non-vaccinated birds,
while in birds fed with glutamine, the vaccination did
not affect the crypt depth (Table 5). Glutamine did not
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affect the crypt depth in non-vaccinated birds, while
higher crypt depth was found in vaccinated birds not
fed with glutamine. The vaccine x glutamine interac-
tion was also significant for villus height in the ileum (p
= 0.04). In birds fed with glutamine, ileum villus height
was higher in non-vaccinated than in vaccinated birds,
while in birds not fed with glutamine, the vaccination
did not affect the villus height. Glutamine did not affect
the villus height in vaccinated birds, while a higher vil-
lus height was found in non-vaccinated birds fed with
glutamine (Table 5).

The effect of vaccination against coccidiosis was
still detectable at 28 days of age (Table 4), with greater
crypt depth and lower villus:crypt ratio values in the
duodenum of vaccinated broilers than in non-vaccinated
ones (p < 0.01). In the jejunum, villus height was lower
(p = 0.03) in vaccinated birds than in non-vaccinated. A
main effect of glutamine on jejunum villus height was
also observed (p = 0.03), with higher villus in glutamine-
fed birds. There was a significant interaction between
glutamine and vaccine with respect to jejunum crypt
depth (p = 0.03). In birds not fed with glutamine, je-
junum crypt depth was higher in vaccinated than in
non-vaccinated birds, while in glutamine-fed birds, vac-
cination did not affect the crypt depth. Glutamine did
not affect the crypt depth in non-vaccinated birds, while
higher crypt depth was found in vaccinated birds not fed
with glutamine (Table 5).

Discussion

Due to chemotherapeutic costs and the impend-
ing threat of antibiotic bans, researchers are continu-
ously evaluating alternative methods of coccidiosis
control. Thus, the use of coccidia oocyst vaccines is
a common management procedure to avoid losses in
poultry farms, since they provide immunity to sec-
ondary exposure of the same Eimeria spp. (Williams,
2002; Yi et al., 2005). However, coccidiosis vaccina-
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Table 4 — Morphometric analysis of the mucosa of broilers at 14, 21 and 28 days.

Duodenum

Jejunum lleum
VH! CcD V/C VH CcD V/C VH CcD V/C
14 days
Vaccine?
\ 1211 £ 21 250 + 12 4.8 +0.9 961 + 23 236 +12a 4.0+05b 701 £26 243+£22a 28=+03
NV 1308 + 43 217 £ 13 6.0 + 0.8 1024 + 43 192+11b 53+03a 893+33 205+4lb 43+04
Glutamine
G 1292 + 33 217 + 18 59+1.0 1104 + 37 234 £ 20 4.7+0.5 85012 231+25 4.2 +0.6
NG 1227 £ 29 250 + 33 49=+0.7 881 + 29 194 + 14 45+0.3 744 £22 21135 3.8+05
p values
V 0.19 0.78 0.38 0.09 <0.01 0.02 0.53 0.05 0.17
G 0.80 0.24 0.49 0.05 0.66 0.11 0.97 0.30 0.83
VxG 0.71 0.25 0.50 0.21 0.23 0.79 0.04 0.50 0.15
CV3 (%) 24.28 25.28 30.37 24.07 15.78 24.69 35.17 17.39 37.91
21 days
Vaccine
\ 1419 + 33 379+22a 3.7+05b 1039 £ 29 27221 38=x04b 838+25 231+x22a 36x0.7
NV 1451 + 41 234 +£12b 6.2+06a 1096 = 33 187+13 58=+06a 926 £34 170+12b 54+09
Glutamine
G 1500 + 87 297 + 32 50+0.9 1055 £ 91 198 +56 5.3=+0.7 93267 195+23 4.7 £0.9
NG 1420 + 65 316 £ 23 4.4 +0.7 1080 = 76 261 £+45 4105 842 +76 199 =21 4.2 +04
p values
Vv 0.21 <0.01 <0.01 0.54 0.18 <0.01 0.06 <0.01 0.05
G 0.22 0.43 0.27 0.75 0.05 0.24 0.22 0.71 0.52
VxG 0.62 0.56 0.39 0.53 0.03 0.21 0.04 0.30 0.47
CV3 (%) 9.46 16.14 22.31 19.57 23.65 20.99 9.61 17.39 17.74
28 days
Vaccine
\ 1444 £ 88 325+12a 44+0.7b 1099 £ 76 b 269+36 4.0+04 1038 £ 102 196 + 34 52+08
NV 1583 + 76 256 +23b 6.1+04a 1240 £ 55 a 203+12 6.0+08 1050 £ 99 194 + 23 54 +0.7
Glutamine
G 1545 + 67 288 + 34 53+0.6 1238 £ 89 a 218+22 5607 1060 £ 78 203 £ 23 52+0.8
NG 1481 £ 88 293 +21 50+0.5 1101 £ 80b 251 +21 43+06 1028 £ 65 187 £ 18 54 +0.7
p values
v 0.57 <0.01 <0.01 0.03 <0.01 0.15 0.88 0.96 0.99
G 0.35 0.79 0.74 0.03 0.11 0.78 0.76 0.41 0.57
VxG 0.06 0.86 0.30 0.66 0.03 0.05 0.13 0.17 0.17
CV3 (%) 9.98 13.39 17.64 10.64 17.42 19.41 22.49 19.76 16.59

Data are expressed as means + standard deviations. Means within a column with different superscripts are significantly different (p < 0.05). VH = Villus height (um);
CD = Crypt depth (um); V/C = villus:crypt ratio. ?Broiler chickens fed (G)/not fed (NG) L-glutamine (10 g kg-!) and vaccinated (V) or not (NV) against coccidiosis. 3CV:

Coefficient of variation.

Table 5 - Vaccine x glutamine interaction for morphometric analysis
of the mucosa of broilers.

Vaccine!
\% NV \%
21 days 28 days
Jejunum crypt depth (pm) NG 189Ba 322 Aa 198 Ba 304 Aa
G 184 Aa 210Ab 209 Aa 226 Ab
14 days 21 days
lleum villus height (um) NG 807 Ab 680Ba 860 Ab 824 Aa

G 979 Aa 721 Ba 992 Aa 852 Ba

Means followed by the same capital letters in the same row and small letters
in the same column are not different according the Tukey test at 5 % of
probability level. 'Broiler chickens fed (G)/not fed (NG) L-glutamine (10 g kg™!)
and vaccinated (V) or not (NV) against coccidiosis.

Glutamine!

tion affects broiler performance during the transient
infection period (Lehman et al., 2009; Orengo et al.,
2012; Walk et al., 2011). In this study, BWG, FI and
FCR were significantly affected by vaccine from day
one until 21, and these results can be attributed to the
effects of Eimeria in intestinal mucosa integrity and,
consequently, the digestion and absorption of nutri-
ents (Chapman et al., 2002; Nollet et al., 2007). From
one to 28 days, there was no difference in FCR, but
the BWG continued lower in vaccinated birds. Lehm-
an et al. (2009) found similar results from zero to eight
weeks, showing that, due the high growth rate and
short rearing period, full recovery of the weight gain
losses during the period of transient infection was not
accomplished.
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Due to its effect on epithelial cells, glutamine has
been used to protect or repair the intestinal mucosa (Hulst
et al., 1993; Wilmore et al., 1988). Our data show that glu-
tamine did not affect performance parameters. Other stud-
ies also reported no effect of L-glutamine (10 g kg~!) on
broiler BWG and FCR up to market age (42 days) (Maiorka
et al., 2000; Murakami et al., 2007). The findings of Yi et
al. (2005) were similar to those described by Maiorka et al.
(2000), as feeding 1 % L-glutamine from the first day of life
affected BWG only during the initial growth phase. This ef-
fect might be related to the increase in villus height of the
intestinal mucosa, which can occur due to increased diges-
tion and nutrient absorption (Pluske et al., 1996) during
this period of high nutrient demand. However, after that
period and without mucosal challenge, no effects of glu-
tamine on performance are expected (Newsholme, 2001).

Glutamine is also the most important energy sub-
strate for rapidly dividing cells (Blachier et al., 2009;
Newsholme, 2001) and several studies have reported
that L-glutamine supplementation (10 g kg=!) in broiler
chicken diets enlarges the villus of the small intestine
epithelium (Maiorka et al., 2000; Murakami et al., 2007;
Sakamoto et al., 2006; Soltan, 2009). Our findings support
the effects of glutamine on villus and crypt development
in the small intestine: increased villus height and reduced
crypt depth, suggesting that glutamine has, indeed, a tro-
phic effect on intestinal epithelium reducing the eventual
damage caused by vaccination against coccidiosis. Gluta-
mine supplementation may have increased cell division
at crypts and, thus, accelerated the damage repair in the
intestinal mucosa caused by the parasite replication in the
enterocytes. Indeed, an increased enterocyte migration
rate in previous, mid and posterior intestinal sections was
verified in juvenile channel catfish supplemented with
glutamine (Pohlenz et al., 2012).

Several mechanisms have been proposed for glu-
tamine activity such as higher production of polyamines
that act on intestinal mucosa repair (Wang et al., 1998)
and lower enterocyte apoptosis in rat and fish (Chow and
Zhang, 1998; Jiang et al., 2009). Rhoads et al. (1997) also
suggested that glutamine stimulates cell proliferation in
the intestinal mucosa by increasing Na*/H* exchange in
the plasma membrane and ornithine decarboxylase activ-
ity, which is responsible for mitochondrial membrane in-
tegrity and enterocyte development. Other authors have
also suggested that glutamine plays an important role
in cell structure and mucosa integrity, keeping the tight
junction and permeability of the mucosa (Panigrahi et
al., 1997) and increasing villus size (Maiorka et al., 2000,
consequently, expanding the surface area for absorption
(Pluske et al., 1996).

In conclusion, this study showed that glutamine
alone was not able to increase performance of broiler
chickens, irrespective of whether the animals were vac-
cinated or not against coccidiosis. On the other hand, glu-
tamine supplementation was able to improve feed conver-
sion in vaccinated birds suggesting the trophic effect on
intestinal epithelium.
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