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Effects of hydrolysed Saccharomyces cerevisiae yeast and yeast cell wall
components on live performance, intestinal histo-morphology and
humoral immune response of broilers

N. MUTHUSAMY, S. HALDAR, T.K. GHOSH AND M.R. BEDFORD1

Department of Animal Nutrition, West Bengal University of Animal & Fishery Sciences, Kolkata 700037,
India, and 1Research Director, AB Vista, Marlborough, Wiltshire, United Kingdom, SN8 4AN

Abstract 1. The effects of enzymatically hydrolysed whole Saccharomyces cerevisiae yeast (HY) and the
pellets of yeast cell wall (YCW) on production traits, the microbiology and histo-morphology of the
small intestine, and humoral immune responses against Newcastle disease virus (NDV), of Ross 308
broilers were investigated.
2. The control group received a maize-soyabean meal based basal diet for 42 days. In the treated groups
the basal diet was supplemented with 1 g/kg of HY and YCW. There were 8 replicate pens per group
(n¼ 12 birds/pen).
3. HY and YCW supplementation improved live weight (P¼ 0�006) and FCR (P¼ 0�003) at 42-d as
compared with the control group.
4. In the small intestine, Salmonella spp and Escherichia coli numbers were higher (P¼ 0�01) in the
mucosa and lower (P¼ 0�01) in the digesta of the HY and the YCW fed groups at 25 d of age.
Lactobacillus in the duodenal and jejunal digesta was higher (P < 0�05) in the HY and the YCW fed groups
as compared with the control.
5. Following oral challenge with Salmonella pullorum, Escherichia coli and Lactobacillus increased
(P < 0�05) in the mucosa and decreased in the digesta (P < 0�05) of the HY and YCW supplemented
groups, relative to the control.
6. Supplementation of HY and YCW increased villus height in the jejunum (P¼ 0�02), width of villus in
the ileum (P¼ 0�034) and number of goblet cells in villi of the jejunum (P¼ 0�006) and ileum (P¼ 0�01).
7. YCW increased antibody level against NDV at 21 and 42 d of age compared with the control and the
HY supplemented diets (P < 0�05).
8. It was concluded that HY and YCW improved growth and feed efficiency in broilers, and considering
the improvements in production traits and humoral immune responses, yeast cell wall may be a better
dietary tool than the hydrolysed whole yeast cell as a performance enhancer for broilers.

INTRODUCTION

Gut health influences broiler performance, and
research has focused on the development of
products that improve the intestinal health of
poultry. Saccharomyces cerevisiae yeast cell wall
(YCW) components reportedly improve animal
productivity (Morales-López et al., 2009).

YCW has positive effects on development of
intestinal mucosa (Santin et al., 2001; Zhang et al.,
2005; Baurhoo et al., 2007). The �-1, 3 and �-1,
6 glucans present in the YCW act as high
affinity ligands, and offer competitive binding
sites for pathogens present in the small intes-
tine of poultry (Spring et al., 2000). Stimulation
of immune responses in poultry by
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supplementation of YCW has also been reported
(Shashidhara and Devegowda, 2003; Gao et al.,
2008). The mannans present in the YCW have a
prebiotic effect and act as a substrate and energy
source for the Lactobacillus spp in the small
intestine (Stanley et al., 2004). The yeast cell, on
the other hand, contains metabolites including
peptides, organic acids, oligosaccharides, amino
acids, and flavour and aroma substances which
may improve performance responses in animals
in many ways (Gao et al., 2008). Extensive
research has been conducted on the effects of
the YCW on performance of poultry, although
there are few experiments comparing the effects
of the YCW and whole yeast cell supplements for
broiler diets.

In this study, the effects of dietary supple-
mentation with enzymatically hydrolysed
Saccharomyces cerevisiae yeast (HY), and the YCW
fraction separated from the hydrolysed yeast
mentioned above, on broiler performance was
investigated. The objective of the study was to
ascertain the effects of the HY and the YCWs on
production traits, histo-morphology and micro-
biology of the small intestine, and humoral
immune responses in broilers.

MATERIALS AND METHODS

Bird husbandry and performance traits

A 42-d experiment was conducted with day-old
Ross 308 straight-run broilers according to insti-
tutional ethical norms. The chicks were weighed
individually and assigned to three dietary treat-
ments. Each treatment consisted of 8 replicate
pens (n¼ 12 per pen, 96 chicks in each treat-
ment). The chicks had ad libitum access to a
starter mash diet from 1 to 21 d, and a grower
mash diet from 22 to 42 d of age. Drinking water
was offered ad libitum. The temperature inside
the experimental room was maintained between
30 and 32�C from 1—14 d, and at 26—28�C from
15—42 d of age. The birds were vaccinated against
Marek’s disease (0 d), Newcastle disease (ND) (5 d
and 22 d) and infectious bursal disease (14 d).
The chicks were weighed individually at 21 and
42 d, and the live weight (LW) and live weight
gain (LWG) were determined for each pen. Pen
average feed intake (FI) was measured at 21 and
42 d of age, and the feed conversion ratio (FCR)
was calculated. Mortality, if any, was recorded as
it occurred, and the data was used to adjust
subsequent measurements.

Diets and experimental design

Control birds were fed a corn-soyabean meal diet
without any added growth promoter, coccidiostat
or enzymes (Table 1). The two treatments

consisted of supplementation of the control
diet with 1 g/kg of either HY, or YCW. The
diets were chemically analysed (AOAC, 1984)
and the chemical composition is presented in
Table 2. The HY and the YCW were obtained
from AB Vista (Marlborough, Wiltshire, United
Kingdom). The yeast concentrate, from a wheat
bio-ethanol plant (collected at approx 30% DM),
was treated overnight with a �-glucanase enzyme
(1 g/kg of yeast dry matter) at 15�C. The process
aimed to achieve hydrolysis of the glucans
present in the YCW, and the hydrolysed yeast
cell mass was dried to obtain the HY. The YCW
pellet was produced by a similar process, but in
this case the drying step was omitted, the
hydrolysed cell mass was centrifuged and the
supernatant discarded. The precipitate obtained
contained the concentrated YCW. Unlike the
HY, the YCW did not contain the cell contents
such as the nucleotides and yeast cell metabolites.

Histo-morphology of the small intestine

Histo-morphology of the small intestine was
studied to evaluate the effects of the HY and
YCW on gut mucosa development. The small
intestine was removed at 42 d of age from a single
chicken selected randomly from each pen
(8 chickens per dietary group) and killed by
cervical dislocation. The contents of the small
intestine (duodenum, jejunum and ileum) were
carefully hand-stripped. Segments measuring
2 cm in length from the mid-points of the
duodenum, jejunum and ileum were excised,
washed in physiological saline solution, and fixed
in 10% buffered formalin. The tissue samples
were later embedded in paraffin, and a 2 mm

Table 1. Ingredient composition of basal diet

Ingredient (g/kg) Starter
diet

(1—21 d)

Grower
diet

(22—42 d)

Ground maize 539�5 680�4
Fishmeal (Crude protein 720 g/kg) 10�0 0�0
Soybean meal (Crude protein 470 g/kg) 381�4 259
Soya oil 31�5 22�1
Salt 4�4 3�3
DL Methionine 2�2 2�4
Lysine hydrochloride 0�2 2�7
L-Threonine 0�0 0�8
Limestone powder 9�6 9�9
Di-calcium Phosphate 16�2 14�4
Vitamin — mineral premix1 5�0 5�0

1Contained (per kg) retinyl acetate 3�75 mg, 1,25-hydroxy-cholecalciferol

4 mg, DL-�-tochopheryl acetate 30 mg, menadione 4 mg, thiamine propyl

disulfide 3 mg, riboflavin tetrabutyrate 8 mg, riboflavin tetrabutyrate

8 mg, methylcobalamin 0�025 mg, sodium pantothenate 15 mg, pyridoxine

5 mg, niacin 60 mg, biotin 0�2 mg, folic acid 2 mg, manganese 40 mg, iron

30 mg, zinc 25 mg, copper 3�5 mg, iodine 0�3 mg, selenium 0�15 mg,

choline chloride 200 mg.
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section of each sample was placed on a glass
slide and stained with haematoxylin and eosin.
Histological sections were examined with a phase
contrast microscope coupled with an integrated
digital imaging analysis system (Biowizard 4�2,
Dewinter Optical Inc., Delhi, India). The vari-
ables measured were villus height and width,
crypt depth, goblet cell numbers along the villi
membrane, villus area and thickness of the
muscularis mucosae. Villus height was measured
from the top of the villus to the top of the lamina
propria, and the crypt depth was measured from
the base up to the region of transition between
the crypt and villus. The number of goblet cells
was enumerated from the base to tip of the villus.
Altogether 10 measurements were taken per bird
for each variable; for purposes of statistical
analysis, the average of these values was used
(Baurhoo et al., 2007). Villus area was calculated
from the villus height and the average villus width
(area mm2

¼height mm�width mm).

Bacteria count in digesta and intestinal
mucosa, before and after Salmonella
challenge

The effects of the HY and YCW on major
bacterial species (Escherichia coli, Salmonella spp
and Lactobacillus spp) in the small intestine of the
normal birds, and the changes in the colonisation
pattern upon infection with Salmonella pullorum,
were investigated at 25 d and 52 d of age respec-
tively. At 25 d of age one bird was selected
randomly from each pen. The birds were killed
by cervical dislocation and the small intestine was
removed aseptically. Segments (approximately
10 cm) of duodenum, jejunum and ileum with
digesta were preserved in sterile plastic vials
at 4�C for a period not exceeding 24 h.
Subsequently, the digesta were removed from
the luminal segments into sterile tubes by apply-
ing gentle pressure with a spatula. The mucosal
layer of the empty segments were scraped and
washed with sterile phosphate buffer saline (PBS)
and the scraped mucosal tissues were collected in

sterile centrifuge tubes. The washed contents
were centrifuged at 2500� g for 10 min, and the
supernatant was discarded to obtain the tissue
samples representing the mucosa. Approximately
1 g tissues and digesta samples were homoge-
nised in a tissue grinder (Remi Motors, Mumbai,
India) with double the volume of PBS in ice. The
homogenised samples were diluted up to tenfold
with sterile PBS. The diluted sample (1 ml) was
plated onto prepared media specific for E. coli,
Salmonella spp and Lactobacillus spp (Hi Touch
Flexi Plates, Hi Media Laboratories, Mumbai,
India) at 37�C. The E. coli and Salmonella plates
were incubated for 24 h, and those of
Lactobacillus were incubated for 36—48 h. The
visible colonies were enumerated in a colony
counter and the numbers were expressed as
Log10 colony forming units (cfu)/g.

At the end of the feeding trial, 10 birds were
selected randomly from each of the control and
the treated groups for Salmonella pullorum oral
challenge. The selected birds were isolated indi-
vidually in pens (1 m� 1�5 m). At 45 d of age,
0�5 ml of Salmonella pullorum culture containing
2� 108 cfu/ml was inoculated into the birds by
oral gavage. The birds were observed for the next
7 days for signs of diarrhoea. At 7 d post-
challenge (52 d of age) all the birds were
necropsied and the digesta and the mucosa of
the duodenum, jejunum and ileum were pro-
cessed for bacteria count as indicated above.

Measurement of humoral immune response

The effect of HY and YCW on humoral immune
response was examined by measuring antibody
production after vaccination against ND. Ocular
(eye drop 0�3 ml active virus, live B1 strain) and
subcutaneous (0�25 ml inactivated virus) vaccines
(Hester Pharmaceuticals, Mehsana, Gujarat,
India) were administered at 5 d and 22 d of age
respectively. Blood samples were collected at 5 d
(before the first vaccination), 21 d (15 days after
the first vaccination) and 42 d (20 days after the

Table 2. Chemical composition (g/kg unless stated otherwise) of the basal and the experimental diets1

Attributes Control2 HY3 YCW4

Starter Grower Starter Grower Starter Grower

Dry matter 941 901 946 911 949 914
Organic matter 939�1 936�1 941�2 939�1 940�1 936�2
Crude protein 231�2 181�9 231�9 182�2 232�3 182�5
ME MJ/kg 12�91 13�23 12�97 13�24 12�94 13�26

1Represents mean values of 5 samples from the entire lot of the starter and the finisher diets.
2Basal diet was without any growth promoter.
3Basal dietþ 1 g/kg enzymatically hydrolysed Saccharomyces cerevisiae yeast cell (HY).
4Basal dietþ yeast cell wall fractionated from the enzymatically hydrolysed whole yeast pellet (YCW).
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booster vaccination) from the wing veins of the
same two birds selected randomly from each
replicate (16 birds per treatment). The serum was
separated from cells by centrifugation at 2500� g
for 10 min, frozen at �20�C and specific antibody
titres against NDV were determined by an
enzyme linked immunosorbent assay (NDV
Detection Kit, GeNei, Bangalore, India). The
optical density (OD) for each of the samples was
determined in duplicate, and the mean OD
values thus obtained were used to interpret the
humoral immune response.

Statistical analysis

The replicate pens were the experimental units,
and all data obtained were pooled by replicate.
The results were expressed as mean and standard
error of the mean. The data were statistically
analysed by analysis of variance in the Statistical
Package for Social Sciences (SPSS, 1999).
Whenever significant differences were found
between treatments (P� 0�05), values were com-
pared by Tukey’s test. Probability values with
P� 0�1 were considered as a trend. For statistical
analysis of humoral immune responses, repeated
measure analysis of the general linear model
was performed. Mortality was not analysed
statistically.

RESULTS

Chemical composition of diets

Chemical composition of the control and the
experimental starter and grower diets indicated
little variation due to addition of the HY and
YCW to the diet (Table 2).

Production performance

Data on production performance of the broilers
is presented in Table 3. Supplementation of HY
and YCW to the diet improved LW at 21 d
(P¼ 0�001) and 42 d of age (P¼ 0�006) compared
with the control group. Compared with the
control, LWG was not affected by diet up to
21 d of age, but improved due to HY and YCW
supplementation from 22—42 d of age (P¼ 0�005).
Average daily feed intake (ADFI), which was not
affected by diets until 21 d of age, decreased
(P¼ 0�001) due to dietary supplementation of
HY and YCW during 22—42 d of age and FCR was
also improved (P¼ 0�002) from 22—42 d of age
in the supplemented groups. Overall (1—42 d),
HY and YCW supplementation to the diet
improved total LWG (P¼ 0�006) and FCR
(P¼ 0�003) compared with the control group of
birds. The statistical non-significance notwith-
standing, the YCW fed group had better LWG
(approximately 2%) and cumulative FCR
(approximately 1�7%) compared with the HY
supplemented group.

Bacterial counts on mucosal surface and
in digesta

Variable effects of dietary supplementation with
HY and YCW were observed on the numbers of
E. coli, Salmonella spp and Lactobacillus spp in the
mucosa and in the digesta of the duodenum,
jejunum and ileum at 25 d of age (Table 4). The
Lactobacillus count in the mucosa was not
affected. However, of the digesta of the duode-
num (P¼ 0�046) and jejunum (P¼ 0�033),
Lactobacillus count was higher in the HY and
the YCW fed groups than the control group,

Table 3. Production performance of experimental broilers from 1—42 d of age1

Attribute Age Dietary treatments2 Pooled SEM P-value

Control HY YCW

Live weight, g 0—d 45�2 45�2 45�4 0�19 0�285
21—d 825a 848�3b 829�7ab 3�87 0�001
42—d 2229�6a 2364�5b 2409�8b 12�86 0�006

Live weight gain, g 1—21 d 779�9 802�2 784�3 5�74 0�268
22—42 d 1404�6a 1516�2b 1580�1b 19�69 0�005
1—42 d 2184�5a 2318�4b 2364�4b 12�85 0�006

ADFI, g 1—21 d 52�2 52�1 52�3 0�158 0�857
22—42 d 168�2b 167�1a 167�3a 0�098 0�001

Feed conversion ratio 1—21 d 1�408 1�365 1�402 0�01 0�208
22—42 d 2�519b 2�321a 2�236a 0�029 0�002
1—42 d 2�212b 1�989a 1�955a 0�04 0�003

Liveability (%)3 1—42 d 94 98 93

1Data represents means of 8 replicates (n¼ 12 chickens per replicate from 1 to 21 d of age, and n¼ 11 chickens per replicate from 22 to 42 d of age).
2Diets were supplemented with 1 g/kg of enzymatically hydrolysed Saccharomyces cerevisiae yeast cell (HY), and the yeast cell wall fractionated from the

enzymatically hydrolysed whole yeast (YCW). The control group received an unsupplemented basal diet.
3No statistical analysis was performed for liveability data.

Means bearing dissimilar superscripts vary significantly.
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although the differences between the HY and
the YCW groups were not significant. In the ileal
digesta, Lactobacillus numbers tended to decrease
in the YCW treated groups relative to the
control, and the HY supplemented groups
(P¼ 0�069). Greater numbers of E. coli and
Salmonella spp were enumerated in the intestinal
mucosa of the birds fed HY and YCW supple-
mented diets, compared with those fed the
control diet (P¼ 0�001). The reverse results
were observed in the digesta, where both E. coli
and Salmonella spp decreased (P¼ 0�001) in the
HY and YCW supplemented diets compared with
the control group and the difference between
HY and YCW was not significant.

Effects of Salmonella pullorum oral challenge

Following Salmonella pullorum oral challenge, no
sign of Salmonella infection was evident in the
control and the HY and YCW supplemented
birds during the first three days past challenge.
After 4 days past challenge, two of the 10 birds in
the control group started to show signs of chalky
diarrhoea and by 7 days post challenge, 30% of
the control birds exhibited chalky diarrhoea.
Rectal temperature, measured every day follow-
ing inoculation, was not affected by the diets, and
varied within a range of 40�8 to 41�7�C. There
was no mortality.

Necropsy did not reveal any gross lesion
in the small intestine of any bird. However,
changes in the bacterial colonisation pattern

were noticed (Table 5). As compared with 25 d
of age, total numbers of E. coli., Salmonella spp
and Lactobacillus spp increased (P¼ 0�05) at 52 d
of age. E. coli numbers in the duodenum,
jejunum and ileum were higher in the mucosa
(P¼ 0�001) and lower in the digesta (P < 0�001) of
the HY and YCW supplemented groups than
in the control group. Moreover, in the duodenal
mucosa, E. coli numbers were greater in the YCW
fed group compared with the HY fed group
(P < 0�05).

The Salmonella count in the ileal digesta was
higher in the HY and YCW supplemented groups
(P¼ 0�01) relative to that in the control group.
Otherwise, Salmonella count either in the mucosa
or in the digesta was not affected by the diets
following oral challenge. Overall, Salmonella
numbers in the digesta increased, following the
oral challenge, throughout the small intestine
relative to that enumerated in the unchallenged
birds at 25 d of age. Lactobacillus numbers in the
duodenal (P¼ 0�001), jejunal (P¼ 0�001) and ileal
(P¼ 0�029) mucosa were higher in the HY and
the YCW supplemented groups compared with
the control group of birds. In the digesta of the
duodenum and jejunum, Lactobacilli were found
in greater number in the control group com-
pared with the supplemented groups (P¼ 0�001).

Histo-morphology of small intestine

Dietary supplementation of HY and YCW had
beneficial effects on the histo-morphology of the

Table 4. Bacteria counts in the mucosa and the digesta of the small intestine (log10 colony forming units/g) at 25 d of age1

Dietary treatments2 Pooled SEM P-value

Control HY YCW

Mucosa
Escherichia coli Duodenum 0�1204a 3�368b 2�555b 0�154 0�001

Jejunum 0�309a 3�206b 3�183b 0�018 0�001
Ileum 0�427a 2�851b 2�847b 0�177 0�001

Salmonella spp Duodenum 0�06a 1�379b 2�239b 0�130 0�001
Jejunum 0�73a 2�128b 2�789c 0�201 0�001
Ileum 0�69b 2�629b 2�545b 0�161 0�001

Lactobacillus spp Duodenum 1�222 0�957 0�422 0�142 0�57
Jejunum 1�669 1�132 1�359 0�182 0�88
Ileum 1�556 1�637 1�099 0�198 0�732

Digesta
Escherichia coli Duodenum 4�466b 0�4a 0�11a 0�210 0�001

Jejunum 5�003b 2�382a 0�61a 0�236 0�001
Ileum 6�078b 0�2589a 0�601a 0�224 0�001

Salmonella spp Duodenum 7�095b 1�123a 1�31a 0�211 0�001
Jejunum 6�669b 0�826a 0�82a 0�210 0�001
Ileum 6�847b 1�12a 1�51a 0�199 0�001

Lactobacillus spp Duodenum 1�157a 1�541b 1�761b 0�207 0�046
Jejunum 1�689a 2�417b 2�113b 0�219 0�033
Ileum 1�514 1�406 1�166 0�227 0�063

1Data represents means of 8 birds selected randomly from each dietary treatment.
2Diets were supplemented with 1 g/kg of enzymatically hydrolyzed Saccharomyces cerevisiae yeast cell (HY) and the yeast cell wall fractionated from the

enzymatically hydrolyzed whole yeast (YCW). The control group received an unsupplemented basal diet.

Means bearing dissimilar superscripts vary significantly.
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small intestine and increased the goblet cell
numbers in the villi (Table 6). Supplementation
of HY and YCW increased villus height in the
jejunum (P¼ 0�02), width of villus in the ileum
(P¼ 0�034), and number of goblet cells in villi of
the duodenum (P¼ 0�038), jejunum (P¼ 0�006)
and ileum (P¼ 0�01). Crypt depth was not
affected by diet. Villus area in the duodenum
was similar across the diets and increased due to
supplementation of HY and YCW in the ileum
(P¼ 0�001) as compared with the control group.
Crypt depth in the duodenum tended to be
higher in the HY and YCW fed groups of birds,
compared with that in the control group
(P¼ 0�085). The thickness of the muscularis
mucosae layer was not affected by diet.

Humoral immune response against NDV

Humoral immune response at 5 d of age (before
vaccination) was similar across the diets. At 21
and 42 d of age the humoral immune response
was greater in the YCW-supplemented group
than the control group (P < 0�05). HY elicited
a response intermediate between the control
and the YCW supplemented groups at 21 d of
age, and at 42 d of age the immune response
elicited in the HY supplemented group was
similar to that in the control group of birds
(Figure 1).

DISCUSSION

The study revealed beneficial effects of HY and
YCW supplementation on broiler performance.
The statistical insignificance notwithstanding, the
YCW had a numerical edge over the HY treat-
ment. The improved growth performance due to
HY and YCW supplementation, however, was
not attributed to increased feed consumption.
This was in agreement with earlier experiments
with pigs (Shin et al., 2005) and broilers
(Gao et al., 2008). The effects of HY and YCW
supplementation were more apparent during the
grower period, which suggested that a period
of adaptation was needed before the HY and
YCW could elicit a beneficial effect. This was in
agreement with the findings of Gao et al. (2008)
who suggested that supplemental yeast culture
elicits maximum benefit during the grower
period in broilers through higher nutrient digest-
ibility. The improved production performance
in the HY and YCW groups might be related to
an improvement in AME intake (Yang et al.,
2008). However, the effects of yeast and yeast cell
wall on ME utilisation in broilers is uncertain
(Yang et al., 2007a, b) and the effects of dietary
supplementation of mannanoligosaccharides
may not affect the apparent digestibility of free
sugars and non starch polysaccharides (Yang
et al., 2008). However, a large improvement
(61�5 to 147�7% increase) in the total tract

Table 5. Bacteria count in the mucosa and the digesta of the small intestine (log10 colony forming units/g) at 52 d of age (7 days past
oral inoculation with Salmonella pullorum)1

Dietary treatments2 Pooled SEM P-value

Control HY YCW

Mucosa
Escherichia coli Duodenum 2�434a 3�395b 4�798c 0�161 0�0001

Jejunum 2�257a 3�565b 4�524b 0�137 0�0001
Ileum 1�855a 3�634b 4�784b 0�160 0�0001

Salmonella spp Duodenum 5�055 5�207 5�032 0�166 0�12
Jejunum 4�917 5�116 5�251 0�182 0�23
Ileum 4�651 4�757 5�179 0�180 0�215

Lactobacillus spp Duodenum 0�075a 4�754b 4�219b 0�082 0�0001
Jejunum 0�090a 0�489b 0�500b 0�069 0�001
Ileum 0�010a 0�125b 0�121b 0�004 0�029

Digesta
Escherichia coli Duodenum 5�683b 1�882a 1�777a 0�179 0�001

Jejunum 5�853b 1�699a 1�888a 0�183 0�001
Ileum 5�162b 1�866a 1�151a 0�104 0�001

Salmonella spp Duodenum 6�956 6�981 7�157 0�107 0�17
Jejunum 6�825 7�206 7�116 0�121 0�08
Ileum 6�599a 9�368c 7�123b 0�141 0�01

Lactobacillus spp Duodenum 1�243b 0�370a 0�426a 0�085 0�001
Jejunum 0�604b 0�189a 0�226a 0�047 0�001
Ileum 0�075 0�065 0�048 0�013 0�425

1Data represents means of 10 birds selected randomly from each dietary treatment for oral inoculation of 0�5 ml of Salmonella pullorum culture containing

2� 108 colony forming units/ml at 45 d of age.
2Diets were supplemented with 1 g/kg of enzymatically hydrolyzed Saccharomyces cerevisiae yeast cell (HY) and the yeast cell wall fractionated from the

enzymatically hydrolyzed whole yeast (YCW). The control group received an unsupplemented basal diet.

Means bearing dissimilar superscripts vary significantly.
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digestibility of fibre was noticed in birds supple-
mented with varying levels of mannanoligosac-
charides (Kumprecht and Zobac, 1997). The
increased fibre digestibility may be one of the
important factors that improved the feed

conversion of the supplemented birds (Yang
et al., 2008).

The above hypothesis is plausible because
the effects of HY and YCW in this study may be
explained by their influence on the histo-mor-
phology and the bacterial ecology of the small
intestine. An augmented humoral immune
response might be the other reason. HY and
YCW increased the height and width of the villi
in the jejunum, where maximum absorption of
nutrients takes place. Longer villi indicate more
mature epithelia and enhanced absorptive func-
tion due to increased surface area of the villus.
Greater villus height increases the activities of
the digestive enzymes secreted from the tips of
the villi, resulting in improved digestibility
(Gao et al., 2008). However, the process obviously
took some time to develop and that is why the
differences in production traits were visible only
during the later half of life.

The greater crypt depth in the HY and the
YCW groups is intriguing since the crypt may be
regarded as the villus factory (Gao et al., 2008).
New cells are produced from the crypt and
migrate along the villus towards the tip and a
deeper crypt indicates faster tissue turnover rate
in the villus. Thus, a comparatively greater crypt
depth in the duodenum of the HY and the YCW

Table 6. Histomorphology of the small intestine in experimental birds at 42 d of age1

Parameter Dietary treatments2 Pooled SEM P-value

Control HY YCW

Villus height, mm
Duodenum 2963�2 3036�3 2978�5 89�9 0�239
Jejunum 1858�4a 2411�6b 2535�1b 55�4 0�02
Ileum 1696�5 1793�5 2225�3 63�6 0�17

Villus width, mm
Duodenum 355�1 274�8 273�1 12�3 0�13
Jejunum 318�9 290�9 320�7 11�5 0�75
Ileum 201�5a 288�3b 335�8b 13�5 0�034

Crypt depth, mm
Duodenum 19�51 29�35 44�22 2�24 0�09
Jejunum 26�35 30�34 29�55 2�03 0�9
Ileum 34�59 29�58 33�30 1�15 0�15

Muscularis layer thickness, mm
Duodenum 344�8 402�3 469�6 19�3 0�365
Jejunum 391�8 351�9 475�7 17�9 0�415
Ileum 445�1 380�3 471�4 16�4 0�321

Villus area, mm2

Duodenum 1�06 0�827 0�824 0�047 0�406
Jejunum 0�578 0�693 0�812 0�024 0�085
Ileum 0�332a 0�499b 0�728c 0�025 0�001

Goblet cell numbers per villus
Duodenum 119�5a 162�8b 185�5b 3�56 0�038
Jejunum 175�2a 241�7b 249�5b 2�19 0�006
Ileum 163�7a 219�5b 232�8b 5�65 0�01

1Data represents means of 8 birds selected randomly from each dietary treatment.
2Diets were supplemented with 1 g/kg of enzymatically hydrolysed Saccharomyces cerevisiae yeast cell (HY) and the yeast cell

wall fractionated from the enzymatically hydrolysed whole yeast (YCW). The control group received an unsupplemented

basal diet.

Means bearing dissimilar superscripts vary significantly.
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Figure 1. Antibody responses of experimental birds against
Newcastle disease (ND), expressed as the optical density
measured upon vaccination for ND at 21 d and 42 d of age
(mean� se). Blood samples were collected from two chickens
selected randomly from each pen (16 chickens per dietary
treatment). The same birds were used on both the occasions.
*Indicates significant difference between the control and the HY
and YCW groups (P¼ 0�04 at 21 days and P¼ 0�036 at 42
days of age)
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supplemented groups might increase goblet cell
numbers in the same dietary groups. The man-
nans present in the YCW reportedly increased
the number of goblet cells in the villi of broiler
chickens (Baurhoo et al., 2007; Baurhoo et al.,
2009) and the present study corroborated these
earlier reports. Goblet cells are the specialised
cells residing in the villi membrane of the small
intestine and are responsible for synthesis and
secretion of mucin, a high molecular weight
glycoprotein. Apart from its lubricating action,
mucin represents the first line of defence against
the pathogens invading from the luminal com-
partment of the small intestine through the
mucus membrane. The quantity of mucin
secreted is directly proportional to the number
of the goblet cells present in villi, and possibly
the HY and the YCW stimulated mucin secretion
by increasing the number of goblet cells in
the villi.

The above discussion is important because
Salmonella spp and E. coli were found in greater
numbers on the mucosa of the small intestine
of the HY and YCW supplemented groups
compared with the control group. Mucin main-
tains a blanket between the digesta and the
mucus membrane lining the lumen of the small
intestine. The mannosyl receptors in the oligo-
saccharide units of mucin competitively attach
to Type-I fimbriae or gram negative bacteria
(Chadee et al., 1987; Sajjan and Forstner, 1990).
The mannan oligosaccharides present in the cell
wall fraction of yeast also act in a similar way, and
attach the gram negative bacteria present in the
lumen of the small intestine (Baurhoo et al.,
2009). Possibly, the increased mucin secretion
from the goblet cells under the influence of the
HY and the YCW supplementation, coupled
with the intrinsic properties of the yeast cell
wall mannans to bind with bacteria, decreased
the number of free bacteria in the lumen and
increased their counts on the mucosa. The
insignificant difference between the HY and the
YCW treated groups notwithstanding, it becomes
apparent that these yeast derivatives favourably
altered the microbial ecology of the small intes-
tine and improved the performance levels of the
birds. This is plausible because gut microflora
increase energy costs, by modifying the rate of
energy-consuming reactions like protein turn-
over within the small intestine of chickens
(Choct, 1999). By binding the pathogenic and
the opportunistic pathogenic bacteria possessing
type 1 fimbriae, the mannanoligosaccharides
present in the yeast cell wall fractions can prevent
them from attaching to the gut lining, improving
the integrity of the gut mucosal layer (Loddi
et al., 2002). This may save energy for body
growth that would otherwise be used for

combating the growth of pathogenic bacteria
(Yang et al., 2008).

The oral challenge with Salmonella pullorum
did not alter the colonisation pattern of E. coli in
the small intestine, nor did it suggest any treat-
ment differences. However, increased numbers
of Salmonella in the digesta of the HY and the
YCW treated groups is intriguing. Probably, the
surge in Salmonella numbers following inocula-
tion saturated the receptor sites on the mucosa
and increased the number of free Salmonella
in the digesta. This ‘saturation phenomenon’
might be more intense in the HY and the
YCW supplemented groups, which resulted in
increased numbers of free bacteria in the lumen
of the small intestine.

Unlike many earlier studies (Fernandez et al.,
2002; Baurhoo et al., 2007, 2009) HY and YCW
supplementation did not increase intestinal
lactobacilli numbers. This was in agreement
with experiments reporting little or no effects
from YCW mannan oligosaccharides on benefi-
cial intestinal bacteria including lactobacilli
(Spring et al., 2000; Fairchild et al., 2001) despite
significant reduction in concentrations of patho-
genic bacteria. It is generally hypothesised that a
greater binding of the gram negative organisms
to the intestinal mucosa would make more room
available to the lactobacilli and other beneficial
organisms in the luminal compartment.
However, preferential colonisation by beneficial
bacteria to glycoprotein receptors on the mucus
blanket of the intestine ahead of Type-I patho-
gens like E. coli has previously been demon-
strated (Mack et al., 1999). This may also explain
the current findings.

Reports describing positive effects of YCW
on humoral immune responses are available in
many animal models including cows (Franklin
et al., 2005), pigs (Davis et al., 2004) and chickens
(Shashidhara and Devegowda, 2003; Gomez-
Verduzco et al., 2009; Silva et al., 2009). The
present study is in agreement with the earlier
ones and indicated that compared to the HY
group, YCW augmented humoral immune
response of the chickens against ND more
efficiently. ND is a contagious, lethal infection
that affects all birds and is one of the important
factors that causes huge economic loss to the
poultry industry world wide. The maternal
antibodies protect the chick only during the
first week and hence vaccination is warranted
towards the end of the first week of a broiler’s
life. The pre-vaccination antibody level is related
to the level of the maternal antibody, and in the
present experiment it was similar across the diets.
Between 21 and 42 d, antibody level increased to
a greater extent in the YCW group compared
with the control and the HY supplemented
groups. The findings, therefore, suggested that
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YCW may contribute towards enhancing flock-
immunity in broilers, particularly at times when
the vaccine induced immunity was on a declining
trend.

It was concluded that enzymatically hydro-
lysed whole yeast, and the cell wall fraction
obtained thereof, may substantially improve
growth and feed efficiency in broilers. The
responses were mediated mostly through benefi-
cial effects on intestinal villi structure, humoral
immune responses and possibly by altering the
gut microbial ecology. Therefore, HY and YCW
may be explored as dietary tools for augmenting
broiler production and flock immunity. The
differences between the HY and YCW supple-
ments were insignificant for most of the param-
eters. However, considering the production traits
and the humoral immune response against ND,
yeast cell wall may be considered as a better
dietary tool than hydrolysed whole yeast cell as a
performance enhancer of broilers.
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