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ABSTRACT
Aims: Growth performance and gut morphological response of broiler chickens fed moist
fermented diets with the inclusion of probiotics or/and organic acids were evaluated in a 56 day
feeding trial.
Place and Duration of Study: Poultry unit of the Department of Agricultural Education, Federal
College of Education, Abeokuta, Ogun State, Nigeria between February 2018 and April 2018
Methodology: Three hundred one-day old unsexed Abor Acre broilers were used for this study.
They were randomly allotted to 5 dietary treatments with 6 replicates of 10 birds each. The
experimental treatments were: Diet 1: Dry Unfermented Feed (DUF) - Probiotics (Pr) – Organic
acids (Or), Diet 2: Moist Fermented Feed (MFF) – Pr – Or, Diet 3: MFF + Pr, Diet 4: MFF + Or, Diet
5: MFF + Pr + Or. The experiment was carried out using a completely randomized design.
Results: The feed conversion ratio of broiler starters fed diet 5 (1.96) was significantly (P<.0001)
better relative to those of birds fed other diets (2.27, 2.21, 2.14 and 2.13 respectively), while birds
in treatment 1 (2.27) had significantly (P<.0001) poor feed conversion ratio. There were no
significant (P>.05) differences in the feed conversion ratio of broiler finishers fed MFF with or
without feed additives (2.68, 2.64, 2.55 and 2.55). However, the value of feed conversion ratio of
birds fed DUF (3.04) was significantly (P=.05) the highest. The duodenal villus height to crypt depth
_____________________________________________________________________________________________________
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ratio of broiler starters fed MFF+ Pr + Or (7.11) was significantly (P=.05) higher than those of birds
fed other diets (2.70, 3.35, 3.98, 4.73 respectively).
Conclusion: Although, feed fermentation enhanced gut morphological parameters which
correlates improved growth performance of broiler chickens. The inclusion of probiotics (1g/kg) and
organic acids (1g/kg) in the fermentation process further improved the growth indicators of broiler
chickens used in this study.

Keywords: Performance; feed fermentation; probiotics; organic acids; gut morphology.
These features may protect feed from pathogen
contamination
[7],
promote
chicken
gastrointestinal health [8], as well as chicken
growth and development [9,10].

1. INTRODUCTION
The poultry industry is one of the fastest growing
meat and egg producing sector. Therefore, better
feed efficiency and good performance of the
birds are the crucial goals in poultry production,
in order to bridge the gap between demand and
supply of animal protein which exists in Nigeria.
Feed cost accounts for more than 60% of total
poultry production, hence strategies should be
deployed to improve feed efficiency.

Feeding fermented diet to pigs has been a
widespread practice for many years [6], but there
is currently a growing interest in adding
fermented feed into broiler rations to benefit from
its positive effects, particularly on gut health and
production characteristics [11]. It promotes the
growth of microorganisms that break down fiber
and anti-nutrients, alters the bacterial ecology of
the gastrointestinal tract, and lowers the number
of Enterobacteriaceae in various sections of the
gastrointestinal tract, as shown in pigs [12] and
broiler chicks [13].

In the past, using antibiotics to promote the
growth of poultry and manage gut microbiota was
a norm. The general mode of action of antibiotics
as growth promoter are: inhibition of sub-clinical
infections, reduction of growth-depressing
microbial metabolites, reduction of microbial use
of nutrients and enhanced uptake and use of
nutrients through the thinner intestinal wall [1-3].
However, due to concerns over potential fatalistic
impacts on food animals and indirectly to
humans, their use as feed additives are banned
or regulated in several jurisdictions. In this
changed context, several alternative strategies
have been proposed with some success that
mimics the functions of antibiotics as growth
promoters and modulate gut microbiota for their
beneficial roles. These include the use of
probiotics, prebiotics, organic acids etc. Gut
microbiota and their metabolic products improve
nutrient digestion, absorption, metabolism, and
overall health and growth performance of poultry.

The acidic conditions of the fermented feed result
in a decrease pH of the gastrointestinal tract
which in turns increases the number of
microorganisms responsible for lytic action in the
gastrointestinal tract resulting in lower digesta
passage rate, thus, increasing the amount of
time the feed is exposed to enzymatic action
which leads to enhanced digestibility.
Typically commercial poultry birds are fed dry
compounded feed but the feeding of wet feed
has been reported to significantly beneficial [14].
Through many mechanisms of action, fermented
wet feed improves the health of poultry by
enhancing the environment of the gastrointestinal
tract, resulting in improved chicken performance.

Fermentation has been used to improve the
quality of food for a long time. It is described as
the conversion of organic chemicals into simpler
compounds using active enzymes or complex
organic catalysts produced by microorganisms
such as bacteria, yeasts, or moulds. It has been
utilized to improve the nutritional value of a
variety of feed materials, including soybean [4]
and copra meal [5]. Asides from improved
nutritional
properties,
fermentation
is
characterized by increasing the number of lactic
acid bacteria, reducing pH and increasing the
concentration of organic acids in a product [6].

Moist fermented feed is a microbial product that
was first proposed for improving various feed
components
by
allowing
beneficial
microorganisms (especially cellulolytic bacteria)
to pre-digest them, resulting in digested feed that
increases the availability of some nutrients to the
host.
Probiotics are live microbial feed supplements
that benefits the host animal by enhancing the
microbial balance in its intestine. Lactobacillus,
Saccharomyces,
Streptococcus,
Bacillus,
25

Osinowo et al.; JEAI, 43(9): 24-32, 2021; Article no.JEAI.75620

finisher
diet
containing
3000 KcalME/Kg,
20%CPfor four weeks (28-56days). Feed and
water were supplied ad-libitum.

Lactobacillus, Saccharomyces and Aspergillus
are the most common probiotic strains [15-17].
The ability of Lactobacillus to breakdown
carbohydrate to form lactic acid is crucial in feed
fermentation.

Complete starter and finisher feed were
fermented with and without the addition of
probiotic or organic acid or their combination.
The feed was moistened with water (1 liter water:
1 kg feed), placed in a plastic bucket. Moist
fermented feed with additives were prepared
using either 2g of probiotics per kilogram of feed
or 2g of organic acid per kilogram of feed or a
combination of 1g of probiotics and 1g of organic
acid/ kg of feed. Then, the plastic buckets were
kept and incubated in a small room for 48 h. at
37±2ºC. The probiotic product (LACTOPLUS)
which is a blend of the following selected
probiotic strains Lactobacillus acidophilus,
Lactobacillus bulgaricus, Lactobacillus casei,
Lactobacillus
reuteri,
Lactobacillus
lactis,
Streptococcus faecium, Aspergillus oryzae and
Saccharomyces cerevisiae was used for the
research. While the constituents of the dietary
acidifier (DIGECID) used for this study are
Formic, Fumaric, Citric and Lactic acids.

Organic acids are effective in chicken not only as
a growth promoter, but also as a strategy for
managing all pathogenic and non-pathogenic
intestinal bacteria [18,19]. Furthermore, organic
acids feeding is thought to have a number of
positive impacts, including boosting feed
conversion ratios, growth performance and
mineral absorption [20-23]. Organic acids, unlike
antibiotics, have additional effects like as
decreasing the gastric pH and thereby improving
protein digestion [24]. Acidification is a means of
controlling
the
growth
of
undesirable
microorganisms including pathogens.
Since very few investigations on the
spontaneous fermentation of broiler chickens
feed with or without additives (probiotic and
organic acid) have been done, therefore, this
study evaluated the comparative effects of
spontaneously fermented feed and feed
fermented with additives (probiotic or/and organic
acids) on the gut morphology and broiler
performance.

The dietary treatments are as follows:
T1: Dry Unfermented Feed (DUF) without
probiotics or organic acids
T2: Moist Fermented Feed (MFF) without
probiotics or organic acids
T3: Moist Fermented Feed (MFF) with
probiotics (2 g/kg of feed)
T4: Moist Fermented Feed (MFF) with
organic acids (2 g/kg of feed)
T5: Moist Fermented Feed (MFF) with
probiotics or organic acids (1g/kg of feed
each)

2. MATERIALS AND METHODS
The study was carried out at the Department of
Agricultural Education, Federal College of
Education, Abeokuta, Ogun State, Nigeria. A
total of three hundred one-day old Abor acre
broiler chicks were used for this study. They
were randomly allotted to five dietary treatments
which was replicated six times with ten birds in
each replicate group. The birds were housed in a
deep litter floored poultry pen with twenty hours
access to light.

2.1 Growth Performance
The body weight and feed consumption were
monitored and recorded for each replicate
weekly in other to determine the average feed
intake, average body weight gain and feed
conversion ratio of the birds. The birds were
weighed on the first day of the experiment, then
weighed weekly throughout the remaining
experimental period. Feed was given daily and
the leftover feed was weighed weekly to
calculate the feed conversion data with equations
as shown below:

The chicks were brooded in groups for a period
of seven days, and the brooding temperature
was maintained close to the standard broiler
guide requirements. The litter bedding was made
up of dry wood shavings and a high level of
hygiene was maintained throughout the
experimental period to ensure an environment
conducive for growth.
Compounded complete broiler starter and
finisher feed were purchased from a reputable
feed company. The chicks were fed starter diet
containing 2800 KcalME/Kg, 22%CP for four
weeks (1-28 days) after which they were fed

Live weight/bird =

Total weight of birds (g)
Number of birds weighed

Body weight gain = final body weight – initial
body weight
26
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Feed Intake (FI) = Feed given – Feed left
over.
Feed conversion ratio (FCR) =

weight gain of the experimental birds at the
starter phase (Table 1). Birds fed diet 5 had the
highest (P=.05) body weight gain (795.72g),
followed by birds fed diets 4, 3, 2 and 1 (748.71g,
747.13g, 746.42g and 721.78g respectively). The
body weight gain of birds fed DUF without feed
additives was significantly the lowest. It was
observed at both weeks 4 and 8 that the
administration MFF to broiler starters significantly
(P=.05) reduced their feed conversion ratio
hence improving the feed efficiency of the birds.
However, birds fed MFF with the inclusion of
either probiotics or organic acids or their
combination significantly utilized feed consumed
more efficiently.

Total feed consumed (g)
Weight gained (g)

2.2 Gut Morphology
At the end of the 4th and 8th week, a bird per
replicate was selected for morphological
analysis. One bird per replicate was sacrificed
using an approved method, to collect the small
intestine. The gastrointestinal tract was removed
and separated into the three intestinal segments
(duodenum, jejunum and ileum). The duodenum
was taken distally from the gizzard to the end of
the pancreatic loop, the jejunum was taken
distally from the pancreatic loop to Meckel's
diverticulum, and the ileum was taken from the
Meckel's diverticulum to the ileo-caecal junction.
A sample portion of 0.5 cm in length was taken
from the middle portion of each of the three
segments (Duodenum, Jejunum and Ileum)
collected and placed into separate sample
bottles containing 10% formalin for histological
measurements. The samples were kept for 24 h
in acetic acid/ethanol (25/75, v/v), after which it
was rehydrated in a bath of ethanol/water (50/50,
v/v) and then in distilled water. Thereafter, the
samples were stained with the Feulgen reaction:
hydrolysed in 1 N HCL at 60 °C for 6 min, it was
rinsed three times with distilled water and stained
with Schiff reagent for 30 min. The samples were
rinsed in distilled water and stored in acetic
acid/water (45/55, v/v) at 4 °C until further
analysis. Intestinal villi with their crypts were
separated individually under a dissecting
microscope as described by [25]. The length and
width of the villi were measured according to the
procedure described by [26] using an optical
microscope and a camera.

The results of this study suggests that the
improvement of body weight gain might be
associated with the ability of beneficial
microorganisms to secrete enzymes such as
amylase, protease and lipase which might
improve the digestion rate of feed nutrients. This
connotes that feed fermentation promotes the
growth of rich microorganism that can assist the
digestion of feed as reported by [12].
The values obtained in this research can be
explained by the ability of organic acids to reduce
pH, accelerates the conversion of pepsinogen to
pepsin, which improves the absorption rate of
proteins, amino acids, and trace minerals [28].
Additionally, organic acids improves energy
digestibility by reducing the microbial competition
for nutrients in the host. These are similar to
previous reports that the addition of organic acids
to broiler diets improved weight gain [29,30] and
improved feed conversion ratio [31].
This result can also be strongly supported when
high feed conversion ratio value was reported for
the control group compared to the groups of
birds fed probiotics based on Lactobaccillus sp.
and Saccharomyces cerevisiae in their diets [3234]. Probiotics prevent such harmful bacteria
(enteric pathogens) from growing in the gut and
thus minimize the disturbances caused by them,
and also maintain host favorable bacteria.

2.3 Statistical Analysis
All data obtained from the study were subjected
to Analysis of Variance using GLM procedures
within SAS software [27]. Statistically different
means were separated using Duncan's Multiple
Range Test (P<.05).

3.2 Gut Morphology

3. RESULTS AND DISCUSSION

The gut morphological indices of the
experimental birds at starter and finisher phases
are presented in Tables 3 and 4. The trend
observed in gut morphology at 4 and 8 weeks of
age of broiler chickens showed that duodenal,
jejunal and ileal villus height increased
significantly (P=.05) with moist fermented feed
across the experimental treatments.

3.1 Growth Performance
Growth performance of broiler chickens fed with
experimental diets at the starter and finisher
phases are shown in Tables 1 and 2
respectively. Feed fermentation significantly
(P=.05) had positive influence on the body
27
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These results in Tables 3 and 4 are similar to
those reported by [35] and [36]. It also
corroborated the trend observed for growth
performance in this study, this might help to
explain the improvements in body weight gain
and feed efficiency. This is in agreement with
[23] who reported that feed acidification positively
influences the gut morphological parameters of
broiler chickens.

The intestine, especially the crypts and villi
surface area of the absorptive epithelium, play
significant roles in the final stages of nutrient
digestion and assimilation [37]. The crypt is the
production site where divisions of stem cells
occur to allow villus renewal. Hence, a deeper
crypt suggests a fast cellular turnover to permit
villus renewal which is needed in response to
inflammation resulting from the effects of
pathogens [38].

Table 1. Growth performance of broiler starters fed experimental diets
Treatment
IW
FW
BWG
FI
FCR

1
40.22
762.00b
721.78c
1637.07a
2.27a

2
40.24
786.67b
746.42b
1646.67a
2.21ab

3
40.20
787.33b
747.13b
1595.67ab
2.14b

4
40.29
789.00b
748.71b
1596.00ab
2.13b

5
40.28
836.00a
795.72a
1558.33b
1.96c

P-value
0.8009
<0.0001
0.0057
<0.0001
<0.0001

SEM
0.05
3.15
3.15
11.71
0.02

IW-Initial Weight; FW-Final Weight; BWG- Body Weight Gain; FI- Feed Intake and FCR-Feed Conversion Ratio.
Means on the same row with different superscripts are significantly (P<0.05) different

Table 2. Growth performance of broiler finishers fed experimental diets
Treatment
IW
FW
BWG
FI
FCR

1
762.00c
1701.00b
939.00
2846.67a
3.04a

2
786.67b
1756.00ab
969.33
2592.67bc
2.68b

3
787.33b
1796.33ab
1009.00
2666.33b
2.64b

4
789.00b
1804.67ab
1015.67
2592.00bc
2.55b

5
836.00a
1846.67a
1010.67
2572.67c
2.55b

P-value
<0.0001
0.0174
0.1549
<0.0001
0.0017

SEM
3.15
19.02
16.99
15.28
0.05

IW-Initial Weight; FW-Final Weight; BWG- Body Weight Gain; FI- Feed Intake and FCR-Feed Conversion Ratio.
Means on the same row with different superscripts are significantly (P<0.05) different

Table 3, Gastrointestinal morphology of broiler starters fed experimental diets (Week 4)
Treatment
Duodenum
VH
AW
BW
CD
VH:CD
Jejunum
VH
AW
BW
CD
VH:CD
Ileum
VH
AW
BW
CD
VH:CD

1

2

3

4

5

P-value

SEM

943.31c
31.43d
83.75b
349.65a
2.70d

956.20bc
34.34cd
155.39a
285.09b
3.35cd

976.63bc
39.08bc
162.26a
246.44c
3.98bc

981.25b
42.06ab
162.86a
208.93d
4.73b

1182.51a
44.97a
164.00a
166.42e
7.11a

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

6.60
0.96
3.43
6.58
0.13

752.16ab
39.49c
90.53b
190.67a
3.95b

728.41b
44.53c
98.33ab
178.33ab
4.09b

812.27ab
44.41c
93.76ab
160.67bc
5.06a

803.44ab
53.72b
107.63ab
155.33c
5.18a

850.53a
61.60a
110.04a
150.00c
5.69a

0.0199
<0.0001
0.0196
0.0006
<0.0001

19.01
1.08
3.52
4.45
0.14

623.71b
48.60c
95.63
257.67a
2.42c

639.78b
56.83bc
102.74
247.15a
2.59c

652.63b
59.33b
102.64
206.14b
3.18b

656.65b
56.66bc
98.57
194.29bc
3.38b

796.27a
69.14a
97.30
182.20c
4.37a

0.0002
0.0003
0.7190
<0.0001
<0.0001

12.83
1.64
3.81
3.80
0.10

VH-Villus Height; AW-Apical Width; BW- Basal Width; CD-Crypt Depth and VH:CD-Villus Height to Crypt Depth
Ratio. Means on the same row with different superscripts are significantly (P<0.05) different
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Table 4. Gastrointestinal morphology of broiler finishers fed experimental diets (Week 8)
Treatment
Duodenum
VH
AW
BW
CD
VH:CD
Jejunum
VH
AW
BW
CD
VH:CD
Ileum
VH
AW
BW
CD
VH:CD

1

2

3

4

5

P-value

SEM

977.67c
42.87c
78.60c
157.44a
6.21c

994.00c
45.62bc
82.96bc
152.29a
6.53c

1068.67bc
47.83b
85.13bc
141.73b
7.54b

1163.00ab
48.13b
90.26b
127.11c
9.16a

1217.67a
54.47a
101.84a
124.24c
9.80a

<0.0001
<0.0001
0.0003
<0.0001
<0.0001

18.44
0.58
1.80
1.77
0.19

472.25c
64.86c
114.80c
244.42a
1.94d

484.31c
75.20b
134.82b
225.72b
2.15d

677.73b
86.92a
141.44ab
214.14bc
3.17c

745.59b
89.03a
154.13a
204.50c
3.64b

920.94a
87.96a
154.36a
143.41d
6.42a

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

11.83
0.67
2.31
3.41
0.07

579.69c
48.84c
99.37b
218.62a
2.65d

589.74c
60.74b
106.20b
213.25a
2.77d

616.13b
63.92b
136.33a
178.17b
3.46c

631.84ab
61.59b
138.73a
156.58c
4.04b

647.56a
72.76a
148.68a
110.51d
5.87a

<0.0001
<0.0001
0.0003
<0.0001
<0.0001

3.95
0.82
4.42
1.77
0.06

VH-Villus Height; AW-Apical Width; BW- Basal Width; CD-Crypt Depth and VH:CD-Villus Height to Crypt Depth
Ratio. Means on the same row with different superscripts are significantly (P<0.05) different

The significantly (P=.05) higher duodenal, jejunal
and ileal villi height obtained in this study with
MFF fed birds suggested increased surface area
capable of greater absorption of available
nutrients [39]. Significantly (P=.05) deeper crypt
observed in birds fed DUF without probiotics or
organic acids as opposed to the values of crypt
depth observed in birds fed MFF with or without
feed additives suggests higher pathogenic
activities in the birds.

this study, the villus height to crypt depth ratio at
the different segments of the gastrointestinal
tract followed a particular pattern at the starter
and finisher phases, where the birds fed MFF
with the inclusion of probiotics and organic acids
showed a significantly (P=.05) higher value than
birds fed other experimental diets. This might be
associated with the increased number of
beneficial bacteria such as Lactobacilli,
Bifidobacterium,
Bacillus
subtilis
and
Saccharomyces cerevisiae (Naji and Al-Mosawi,
2004). The addition of probiotics or/and organic
acids could have led to higher production of
secondary metabolites during fermentation.
Some of the metabolites that are produced
during fermentation include lactic acid from
Lactobacilli, enzymes like amylase and protease
and antimicrobials like iturin and surfactin
produced by Bacillus subtilis bacteria [41].

This is in accordance with report by [13] that the
utilization of fermented feed in broiler nutrition
alters the bacterial ecology of the gastrointestinal
tract,
and
lowers
the
number
of
Enterobacteriaceae in various sections of the
gastrointestinal tract.
Greater villus height is an indication of activation
in the function of the intestine leading to higher
potential capacity for absorption of nutrients [40].
This study has indicated the existence of a direct
relationship between the feeding of diets rich in
beneficial microorganisms on villus height, which
enhances the intestinal absorptive surface thus
leading to a greater potential nutrient absorption
[34].

4. CONCLUSION
In conclusion, the utilization of feed fermentation
as a strategy in broiler nutrition improved the
feed efficiency and gastrointestinal morphology
of broiler chickens. However, the inclusion of
probiotics and organic acids in the fermentation
process of feed increased the benefits of feeding
moist fermented feed to broiler chickens.

The villus height to crypt depth ratio is a very
useful assessment to estimate the absorption
capacity of the small intestine. Maximum
digestion and absorption are associated to
increased villus height to crypt depth ratio [35]. In

DISCLAIMER
The products used for this research are
commonly and predominantly use products in our
29

Osinowo et al.; JEAI, 43(9): 24-32, 2021; Article no.JEAI.75620

area of research and country. There is absolutely
no conflict of interest between the authors and
producers of the products because we do not
intend to use these products as an avenue for
any litigation but for the advancement of
knowledge. Also, the research was not funded by
the producing company rather it was funded by
Tertiary Education Trust Fund (TETFund),
Nigeria.

6.

7.

ETHICAL APPROVAL
The practices adopted in the method of this study
were carried out according to the guidelines as
approved by the project review committee of the
Department of Agricultural Education, Federal
College of Education, Abeokuta, Ogun state,
Nigeria.

8.

9.

ACKNOWLEDGEMENTS
This study was financially sponsored by Tertiary
Education Trust Fund (TETFund) Federal
Republic of Nigeria through the Institution Based
Research (IBR) grant. The authors would like to
express their deepest gratitude to TETFund and
the Federal Government of Nigeria.

10.

COMPETING INTERESTS
Authors have
interests exist.

declared

that

11.
no competing

REFERENCES
1.

2.

3.

4.

5.

12.

Francois AC. Mode of Action of Antibiotics
on Growth. Econ Med Anim. 1962;3:77103.
Visek WJ. The Mode of Growth Promotion
by Antibiotics. J. Anim. Sci. 1978;46:14471469.
Anderson DB, McCracken VJ, Aminov RI,
Simpson JM, Mackie RI, Verstegen MWA,
Gaskins HR. Gut Microbiology and
Growth-Promoting Antibiotics in Swine.
Nutrition Abstracts and Reviews. Series B:
Livestock Feeds and Feeding. 1999;70:
101-188.
Mathivanan R Selvaraj P and Nanjappan
K. Feeding of fermented soybean meal on
broiler performance .International journal of
poultry Science. 2006;5(9):866-872.
Hatta UH and Sundu BB. Effect of copra
meal fermented by Aspergillus niger and
Trichodermaspp on performance of
broilers. International Seminar and Animal
Industry Bogor. 2009;23-42.

13.

14.

15.

16.

30

Canibe N and Jensen BB. Fermented
liquid
feed-Microbial
microbial
and
nutritional aspects and impact on enteric
diseases in pigs. Anim Feed Sci Technol.
2012;173:17-40.
Niba A, Beal J, Kudi A and Brooks P.
Bacterial
fermentation
in
the
gastrointestinal tract of non-ruminants:
influence of fermented feeds and
fermentable
carbohydrates.
Tropical
Animal Health and Production. 2009;13931407.
DOI: 10, 10071511250- 009 – 9327 – 6
Missotten JA, Michiels J, Dierick NI, Ovyn
A, Akbarian A and De Smet S. Effect of
fermented moist feed on performance, gut
bacteria and gut histo-morphology in
broilers. Br Poult Sci. 2013;54:627-634.
Sun H, Tang JW, Fang CL, Yao XH, Wu
YF, Wang X, et al. Molecular analysis of
intestinal bacterial microbiota of broiler
chickens fed diets containing fermented
cottonseed meal. Poult Sci. 2013;92:392401.
Xie PJ, Huang LX Zhang CH and Zhang
YL. Nutrient assessment of olive leaf
residues
processed
by
solid-state
fermentation as an innovative feedstuff
additive. J ApplMicrobiol. 2016; 121:28-40.
Zhang J, Zhu J, Sun J, Li Y. Wang P. Jiang
R, et al. Effect of fermented feed on
intestinal morphology, immune status,
carcass and growth performance of Emei
Black
chickens
FASEB
J.
2016;30(Suppl):lb240.
Winsen L, Urlings A, Lipmand LJ and Van
Kripen F. Effect of fermented feed on the
microbial population of the gastrointestinal
tracts of pigs. Appl. Environ. Microbiol.
2001;67:3071-3076.
Heres L, Wagenaar JA, Van Knapen F,
and Urlings B. Passage of salmonella
through the group and gizzard of broiler
chickens fed with fermented liquid feed.
Avian Pathology. 2003;32:173-181.
Yalda AY, Forbes JM. Food Intake and
Growth in chickens given food in the wet
form with and without access to drinking
water. Br. Poult. Sci. 1995;357-369.
Tannock, G, Fuller WR, Sullivan O,
Svensson DJ, Kullen MJ, Klaenhammer
TR, McCracken VJ, Gaskins HR,
Mercenier A, Reid G and Crittenden RG.
Probiotic: a critical review. 3rd ed. Horizon
Scientific press USA; 2001.
Zhang, AW, Lee BD, Lee KW, Song GH
and
Lee
CH.
Effects
of
yeast

Osinowo et al.; JEAI, 43(9): 24-32, 2021; Article no.JEAI.75620

17.

18.
19.

20.

21.

22.

23.

24.

25.

26.

27.
28.

(Saccharomysescervisae) cell components
on growth performance, meat quality and
ileal mucosa development of broiler chicks.
Poult. Sci. 2005;84:1015-1021.
Chen KL, Kho WT, Yeu SH, Yeh RH, Tang
SW and Hsieh CW. Effect of Bacillus
subtilisvar.
atto.
And
Sacchromycescervisae mixed fermented
feed on the enhanced growth performance
of broiler. Poultry Sci. 2009;88(2):309-315.
Naidu AS. Natural food antimicrobial
systems. CRC Press USA. 2000;431-462.
Wolfenden AD, Vicente JL, Bielke LR,
Pixley CM, Higgins SE, Donoghue DJ, et
al. Effect of defined competitive exclusion
culture for prophylaxis and reduction of
horizontal transmission of Salmonella
enteritidis in broiler chickens. International
Journal of Poultry Science. 2007;6:489492.
Fushimi T, Tayama K, Fukaya M, Kitakoshi
K, Nakai N, Tsukamoto Y, Sato Y. Acetic
acid feeding enhances glycogen repletion
in liver and skeletal muscle of rats. Journal
of Nutrition. 2001;131:1973-1977.
Gornowicz E and Dziadek K. The effects of
acidifying preparation added to compound
feeds on management condition of broiler
chickens. Ann. Anim. Sci. 2002;Suppl
1:93-96.
Abdo, M.A. zeinb. Efficacy of acetic acid in
improving the utilization of low protein-low
energy broiler diets. Egypt. Poultry
Science. 2004;24:123-141.
Adeniji AO, Ologhobo AD, Adebiyi OA,
Adejumo IO. Effect of methionine and
organic acid on apparent nutrient utilization
and gut morphology of broiler chicken.
Advances in Research. 2015;87-93.
Gauthier R. Intestinal health, the key to
productivity (The case of organic acids).
XXVLL Convention ANECAWPDSA Puerto
Vallarta, Jal. Mexico; 2002.
Goodlad RA, Levi S, Lee CY, Mandir N,
Hodgson H and Wright NA. Morphometry
and cell proliferation in endoscopic
biopsies Gastroenterol.
Res.
Pract.
1991;101:1235-1241.
Hampson DJ. Alteration in piglet small
intestine structure at weaning. Resour. Vet.
Sci. 1986;40:32-40.
SAS. Users guide. Statistics version 6.12 .
SAS institute , Inc , Cary , NC; 2001.
Omogbenigun
FO,
Nyachoti,
CM,
Slominski
BA.
The
effects
of
supplementing microbial phytase and
organic acids to a corn-soybean based diet

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

31

fed to early weaned pigs. J. Anim. Sci.
2003;81:1806-1813.
Nourmohammadi R and Afzali N. Effect of
citric acid and microbial phytase on small
intestinal morphology in broiler chicken.
Ital. J. Anim. Sci. 2013;12:44-47.
Fazayeli-Rad AR, Nazarizadeh H, Vakili M,
Afzali N and Nourmohammadi R. Effect of
citric acid on performance, nutrient
retention and tissue biogenic amine
contents in breast and thigh meat from
broiler
chickens.
Eur.
Poult.
Sci.
2014;78:1-9.
Abdel-Fattah SA, EI-Sanhoury MH,
EIMednay NM, Abdel-Azeem F. Thyroid
activity, some blood constituents, organs
morphology and performance of broiler
chicks fed supplemental organic acids. Int.
J. Poult. Sci. 2008;7:215-222.
Ayanwale BA, Kpe M and Ayanwale VA.
The
effect
of
supplementing
Saccharomyces cerevisiae in the diets on
egg laying and egg quality characteristics
of pullets. International Journal of Poultry
Science. 2006;5(8):759-763.
Lokman IH, Jawad SH, Zuki ABZ, and
Kassim AB. Effect of Dry Probiotic
Supplemented Fermented Feed on
Production Performance of Akar Putra
Chicken. International Journal of Poultry
Science. 2015;14(7):420-426.
Naji SA, Al-Zamili IFB, Hasan SA and
AlGharawi JKM. The Effects of Fermented
Feed on Broiler Production and Intestinal
Morphology. Pertanika J. Tropic. Agric.
Sci. 2016;39(4):597-607.
Chiang G, Lu WQ, Piao XS, Hu JK, Gong
LM and Thacker PA. Effects of feeding
solid-state fermented rapeseed meal on
performance,
nutrient
digestibility,
intestinal
ecology
and
intestinal
morphology of broiler chickens. Asian
Australas J Anim Sci. 2010;23:263-271.
Xu FZ, Zeng XG and Ding XL. Effects of
replacing soybean meal with fermented
rapeseed meal on performance, serum
biochemical variables and intestinal
morphology of broilers. Asian Australas J
Anim Sci. 2012;25:1734-1741.
Liu BY, Wang ZY, Yang HM, Wang XB,
Hu P and Lu J. Developmental morphology
of the small intestine in Yangzhou
goslings. J. Biotechnol. 2010;9 (43):73927400.
Yason CV, Summers BA and Schat KA.
Pathogenesis of rotovirus infection in
various age groups of chickens and

Osinowo et al.; JEAI, 43(9): 24-32, 2021; Article no.JEAI.75620

turkeys: Pathology. Am. J. Vet. Resour.
soaked in water. Br. Poult. Sci. 1999;
1987;48:927-938.
40:65-76.
39. Caspary
WF.
Physiology
and 41. Feng J, Liu X, Xu ZR, Wang YZ, Liu JX.
pathophysiology of intestinal absorption.
Effects of fermented soybean meal on
Am. J. Clin. Nutr. 1992;55:299-308.
digestive enzyme activities and intestinal
40. Yasar S and Forbes JM. Performance and
morphology in broilers. Poult Sci. 2007;
gastro-intestinal response of broiler
86:1149-1154.
chickens fed on cereal grain-based feeds
_________________________________________________________________________________
© 2021 Osinowo et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
https://www.sdiarticle4.com/review-history/75620

32

