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Due to issues concerning antimicrobial resistance, the use of antibiotics in poultry and pigs 
has been restricted in many countries. The research focus is now on suitable and readily 
available alternatives to antibiotic growth promoters. Alternatives such as probiotic, 
prebiotic, synbiotic, enzymes and acidifiers are being utilized while Phyto biotics (plant 
extracts) are also considered as viable alternatives. In this study, leaf extracts of Azadirachta 
indica (neem) and Vernonia amygdylina (bitter leaf) were administered through drinking 

®
water, while enzyme (Roxazyme G2 G ) was supplemented in the feed of different groups of 
broiler birds which were randomly allocated to three treatments and a control in triplicates 
of ten birds per replicate. The control group did not receive either plant extract in water or 
enzyme in their diet.  On day 42, the chickens were slaughtered; the digesta was gently 
collected from the ileum and caecum for microbial analysis, while histological analysis was 
carried on the empty ileum for the determination of villus height. Data collected for 
microbial analysis was log transformed before statistical analysis and was stated as Log 
colony forming unit/g of digesta sample (Log cfu/g). The highest villus height was recorded 
for enzyme treatment (0.955mm) followed by bitter leaf (0.717mm), and least for neem leaf 
(0.592 mm) with 0.656 mm for the control. Enzyme supplementation, bitter leaf and neem 
leaf extract administration had no significant effect (p>0.05) on villus height. However, 
villus height recorded for enzyme supplementation and administration of bitter leaf extract 
was numerically higher than the control group. The population of total heterotrophic 
bacteria (THB) in the ileum was significantly higher (p<0.05) in the control group (9.28 Log 
cfu/g) than enzyme supplementation (8.52 Log cfu/g) and administration of leaf extract. The 
least value was recorded was recorded with bitter leaf (7.94 Log cfu/g). A value of 8.14 Log 
cfu/g was recorded with neem extract in drinking water. Total coliform was significantly 
higher (p<0.05) in the control (7.33 Log cfu/g) than in enzyme (6.00 Log cfu/g), neem leaf 
(4.74 Log cfu/g) and bitter leaf (4.84 Log cfu/g) treatments. The population of 
enteropathogenic bacteria (Escherichia coli and Salmonella) was also significantly reduced 
(p< 0.05) by enzyme supplementation and administration of neem leaf and bitter leaf 
extracts in the ileum.  The THB and total coliform counts (Log cfu/g) was significantly 
(p<0.05) reduced by enzyme supplementation, neem leaf and bitter leaf extract in the 
caecum also. In conclusion, the results of the current study showed that the leaf extracts and 
enzyme supplementation significantly decreased the number of enteropathogenic bacteria in 
the ileum and caecum. Although there was no significant impact on villi height, but 
numerical difference in villi height were recorded. 
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Introduction
Poultry is one of the most important 
sources of animal protein globally. Chicken 
is consumed by virtually every tribe, race 
or religion, almost without any forms of 
restriction. Unlike red meat, chicken meat 
is often considered as a healthier form of 
animal protein. Notwithstanding the 
importance of poultry in human nutrition, 
poultry farming is threatened by high cost 
of feeds and microbial infections. Some 
detrimental microbes causing infections in 
poultry include Salmonella, Escherichia 
coli (E. coli), Clostridium and Eimeria, 
while others such as Lactobacillus, 
Saccharomyces and Bifidobacteria are 
considered as beneficial microbes. The use 
of antibiotic growth promoters (AGP) are 
either restricted or out rightly banned in 
many countries (Nabizadeh, 2012; Stanley 
et al., 2014). Hence, poultry farmers are 
faced with the challenge of how to 
effectively control bacterial infections 
while boosting performance. 
Current research is focused on the 
development of alternative feed stocks that 
are cheap, readily available and the use of 
supplements for control of infections. 
Several promising alternative feed stocks 
and infection control strategies have 
emerged including enzymes (Ohimain and 
Ofongo, 2013; Ofongo et al., 2016), 
probiotics (Ohimain and Ofongo, 2012), 
prebiotics (Nabizadeh, 2012), synbiotics 
(Awad et al., 2009; Padihari et al., 2014; 
mushrooms (Ogbe et al., 2009; 2010; 
Willis et al., 2010a, 2010b, 2011) and 
botanicals (Incharoen et al., 2009; Ogbe 
and Affiku, 2012; Ohimain et al., 2015; 
Ofongo and Ohimain, 2015) and 
combination of these and other growth 
promoters (Dizaji et al., 2013; Pelicano et 
al., 2015; Hashemi et al., 2014).
In the recent, the importance of the 
gastrointestinal tract (GIT) health in 
overall performance of broiler chicken is 
increasingly being recognized (Dizaji et 

al., 2013). The intestinal epithelium acts as 
a barrier protecting the animal against 
pathogenic microbes and toxic substances 
ingested (Pelicano et al., 2005). According 
to Awad et al. (2008), probiotics act by 
reinforcing the intestinal mucosal barrier 
against pathogenic microbes and toxic 
substances, while prebiotics selectively 
stimulate the activities of beneficial 
microbes in the mucosal surfaces (Awad et 
al., 2008; Pelicano et al., 2005). Stanley et 
al. (2014) opined that probiotics and 
prebiotics enhance the development of 
villus height of broilers. They reported that 
prebiotics and probiotics increase the 
height of villus in chicken. Dietary 
consumption also affects the villus height 
of broilers. While the study of Laudadia et 
al. (2012) demonstrated that high dietary 
protein levels of 20.5% resulted in higher 
villus height and villus height to crypt depth 
ratio in duodenum and ileum of chicken. 
According to other authors, (Incharoen et 
al., 2010) a decrease in villus height in the 
duodenum and ileum when chickens were 
fed low protein diet containing 9.4% crude 
protein was observed. However, a previous 
study by Incharoen et al. (2009) reported an 
increase in performance and histological 
changes resulting in increased villus height, 
villus area, and cell area following feed 
substitution with natural zeolite containing 
plant extracts. A study by Hashemi et al. 
(2014) reported that broiler villus height 
increases when the feed was supplemented 
with a combination of herbal plant 
(Euphorbia hirta) and a mix of acidifier. 
According to  Nabizadeh (2012) ,  
administration the prebiotic inulin to broiler 
chickens had no effect on Bifidobacteria, 
Lactobacillus and E. coli counts in ileal 
contents, but significantly increased 
Bifidobacteria and decreased the E. coli 
counts in caecal contents. The authors 
reported significantly increased villus 
height at the ileum and increased 
performance with inulin administration. 
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Padihari et al. (2014) showed that a 
c o m b i n a t i o n  o f  t h e  p r o b i o t i c  
Saccharomyces cerevisiae and the prebiotic 
manan oligosaccharide resulted in 
significant increase in villus height at the 
duodenum, jejunum and ileum of broiler 
chickens. A study by Yamauchi et al. (2010) 
indicated that compensatory enlargement of 
villus can be induced in chickens after 50% 
or 80% jejunal resection and also after 50% 
jejunal plus 70% ileal resection. Apart from 
all these positive effects on villus height, 
certain other substances used in poultry 
feeding can be detrimental to the villus such 
as hormones. The work of Hu and Guo 
(2008) revealed that the administration of 
corticosterone resulted in a significant 
decrease in the villus height at the 
duodenum and jejunum of broiler chickens. 
Hence, in this study, we investigated the 
effects of enzyme supplementation and 
plant extract administration on villus height 
and microbial counts in broilers.

Materials and methods
Management of experimental birds
A total of 120 mixed sex one-day old 

(ANAC 2000) broiler chicks were 
purchased for the purpose of the 
experiment. The birds were randomly 
distributed to four treatments having three 
replicates of 10 birds per replicate at the end 
of the brooding period (seven days). The 
birds were given a commercial broiler 
starter diet for four weeks after which they 
were given a broiler finisher diet for two 
weeks. The birds in treatment 1 assigned as 
the control were fed the commercial broiler 
diet but were not given any leaf extract nor 
their diet supplemented with enzyme. 
Treatment two was designated as birds fed 
e n z y m e  ( R o x a z y m e  G 2  G  ® )  
supplemented Feed. In treatment three, 
birds were administered neem leaf 
(Azadirachta indica) extract and in 
treatment four, birds were administered 
bitter leaf (Vernonia amygdylina) extract. 
Source of additives used (Enzyme, neem 
leaves and bitter leaf extracts)
Nutrient Composition of the feed (finisher) 
used is as indicated in Table 1. The feed was 
maize/soy bean meal based.  

Table 1: Nutrient Concentration of feed  used  (all values in g/kg  DM,  except otherwise 
indicated)  
Feed ingredient

  
Concentration

 
Maize 

 
550

 SBM

 
330

 Fish meal

 

40

 Cassava starch

 

42

 Constant ingredients*

 

38

 
Total 

 

1000

 
Calculated nutrient composition

  
M.E (Kcal/kgDM

 

3028.5

 

Crude protein

 

214.94

 

Analyzed composition

  

Crude protein

 

210.85

 

Ash 

 

46.8

 

Ether extract

 

69.8

 

Crude fibre

 

65.70

 

Nitrogen free extract

 

609.2

 

Dry matter

 

947.60

 

*: bone meal (21g); oyster shell (10g); vitamin/mineral premix (2.5g); DL methionine (1.5g); common salt (3g)
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The enzyme was added at an inclusion rate 
of 200ppm to complete feed. It is a non-
starch polysaccharide (NSP) degrading 
enzyme (Roxazyme G2 G®). It is an 
odorless granulate which is soluble in 
water. It contains an enzyme complex 
d e r i v e d  f r o m  T r i c h o d e r m a  
longibrachiatum. It has an effective pH of 
3.5 to 5.5 and temperature range of 30 - 

o
55 C. 
The leaves of Azadirachta indica (neem) 
and Vernonia amygdylina (bitter leaf) were 
obtained from the University Teaching and 
Research farm. The leaves were 
individually weighed (10 g) with a digital 
weighing scale, washed in clean water, 
milled with electric blender. It was then 
sieved using a cheese cloth to remove 
particles from the liquid. The extracted 
liquid (75mL) was then divided into three 
equal proportions and added to the drinking 
water. 
Digesta Collection 
On day 42, a total of twelve birds twelve – 3 
birds per replicate were slaughtered by 
cervical dislocation. Digesta was gently 
collected from the ileum and caecum and 
placed into sterile sampling container then 
placed on ice prior to transfer to the 
laboratory microbial analysis. The ileum 
flushed with 0.9% saline, the empty ileum 
and caecum were stored in 10% 
formaldehyde for determination of villus 
height. 
Determination of Villus height from the 
ileum samples
The intestines of the birds were fixed in 
10% formaldehyde for 72 hours (three 
days). This will slowly penetrate the tissue 
causing chemical and physical changes that 
will harden and preserve the tissue and 
protect it against subsequent processing 
steps. The fixed tissues were sent to the cut-
up room where cross sections of the 
specimen were made (4-5mm) thick and 
each was placed on tissue cassettes. These 

cassettes were labeled according to the 
labels on the specimen containers. The 
tissues were manually processed (animals' 
samples are easily fragmented).
The tissue specimens were dehydrated to 
remove all the water molecules in it before 
embedding in paraffin wax. The 
dehydration methods were carried out with 
graded alcohol ranging from 70% to 100% 
in a sequential order. The tissue went 
through six stages in this step to achieve an 
almost water-free state within 2 hours, 15 
minutes.
Since ethanol is an organic solvent miscible 
with water, it is also immiscible with wax 
and this step is to displace ethanol from the 
tissues. This procedure is called clearing 
and is done using xylene which is miscible 
with wax and also helps to dissolve fat 
molecules that may prevent wax infiltration 
of the tissue. These tissues are placed in 
xylene in three stages; this depended on 
about a cumulative time of 1 hour, 
25minutes in this stage 20, 20 and 45 
minutes respectively.
The specimens were now infiltrated with 
molten histological wax at temperature of 
60ºC. These displaced all the clearing 
agents and make the tissues firm and ready 
for embedding. Embedding requires filing 
a mold with wax and placing the specimen 
on the molten wax which hardens and form 
tissue block that can be clamped on 
microtomes for tissue sectioning. The most 
important consideration here was that 
specimen must be well oriented on the 
block to pre-determine the plane section. 
For an intestinal tissue the circumference of 
the intestine is targeted so that the villi 
radiate perpendicularly into lumen from 
where the villus length can be determined.
Sectioning of the tissues was done with 
tissue microtome (Leica). These were cut 
into thin sections measuring 2 – 3µm each. 
Several sections were made and placed in a 
water bath set at a predetermined 
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temperature usually between the ambient 
temperature and the melting point of 
paraffin wax. In this procedure, the water 
bath temperature was 55ºC. This helps to 
evenly spread the tissue section and prevent 
folding artifact formation.
The tissue section was picked up with a 
glass slide and placed on a drier. This 
facilitates the adherence of the tissue to the 
glass slide and melting away of the residual 
wax. The slides containing paraffin sections 
were placed in a slide holder (glass or 
metal), the tissue specimen was de-
paraffinized and rehydrated with reverse 
concentration of ethanol (100% to 70%). 
The slides were stained with hematoxylin 
and Eosin which impacts a red and navy-
blue colour to the tissues. The tissues were 
then mounted with a mountant (DPX) and 
covered with a thin glass cover-slip and 
allowed to dry.
Using Leica DM 750M, the villus length 
was measured at X10 objective lens. 
Minimum of fifteen (15) villi were 
measured per sample and the average 
length were calculated. The microscopic 
measurements were re-converted to expect 
actual length by dividing with a factor of the 
objective lens magnification. Villus height 
was carried out on per replicate basis with 
regards to each treatment. Values recorded 
were then used for statistical analysis. 
Population of gut microorganisms 
The populations of microorganisms in the 
different samples were enumerated using 
serial dilution pour plate method of Pepper 
and Gerba (2005). One-gram (1g) of digesta 
sample was serially diluted in sterile 
distilled/deionized water and aliquots of the 
dilutions were aseptically plated into 
growth media; MRS (de Man Rogosa and 
Sharp)  Agar  supp lemented  wi th  
cycloheximide to enumerate total 
lactobacillus species. The media were 
anaerobically incubated at 30ºC for seven 
days. For the isolation of E. coli, EMB 

(Eosin Methylene Blue) Agar was 
employed and it was incubated aerobically 
at 30ºC for 24 hours. Salmonella-Shigella 
Agar was used to enumerate total 
Salmonella population. The medium was 
incubated aerobically at 30ºC for 24 hours; 
however, presence of black colonies 
indicated Salmonella species, Wile pink 
colonies indicate Shigella. On EMB agar, 
the presence of greenish metallic sheen with 
small nucleated colonies indicate the 
presence of E. coli (Pepper and Gerba, 
2005; Benson 2002). After incubation, the 
colonies that grew on the medium were 
counted and expressed as colony forming 
units (cfu)/g of the samples. Also, the 
frequency of E. coli from the EMB agar 
plate was computed and Salmonella from 
S a l m o n e l l a - S h i g e l l a  c o u n t s  w a s  
determined.  
Statistical analysis 
The bacteria count was log transformed 
before carrying out statistical analysis. 
SPSS software version 20 (IBM SPSS Inc, 
Chicago) was used to carry out the statistical 
analysis on the microbial counts. A one-way 

analysis of variance was carried out at P ≤ 
0.05, and Duncan multiple range tests was 
used for multiple comparisons.

Results and discussion
Villus height
Histopathological pictures of ileum sections 
are presented in Figures 1 – 4, while the villi 
height measurements are presented in Table 
2. The highest villus height was recorded for 
enzyme treatment (0.955mm) followed by 
bitter leaf (0.717mm), and least for neem 
leaf (0.592mm) but these apparent 
differences were not significant (p>0.05) 
among all the treatments including the 
control (0.656mm). Dizaji et al. (2013), 
reported significantly different villi 
(p<0.01) when different growth promoters 
were administered to chickens including 
prebiotic (1.693mm), probiotic (1.610mm), 
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synbiotic (1.732mm) and acidifier 
(1.760mm). Award et al (2008), reported 
significantly different villi heights at the 
i leum (0 .774mm) and duodenum 
(1.647mm) when synbiotic containing 
Enteroccocus faecium and oligosaccharides 
were incorporated in broiler feeds. From 
these studies, it therefore appears that 
alternative feed additives could affect 
intestinal structure and functions. But in our 
study the apparent differences observed 
were not significant. Probable reasons for 
this remain unclear. Earlier reports by 
Hashimi et al. (2014) concluded that the 
combination of herbal plant and acidifier 
results in enhanced maintenance and 
function of the small intestine and hence 
broiler performance. According to Mounia 
et al. (2018) gut morpho-histological 
structure of broiler chickens given 50 ml of 

 

phytogenic products / 50 chicks in water for 
42 days resulted in decreased villi height of 
the duodenum, jejunum and ileum (1230 
ìm ± 270, 1127 ìm ±290, 920 ìm ± 220) 
respectively. In essence, gut morpho-
histological response to administration of 
plant extract may differ as indicated in the 
results obtained from the study. Earlier 
published performance data by Nodu et al. 
(2016) reported that, administering 3g of 
neem leaf per litre of water to broiler birds 
encouraged healthy growth in the birds and 
thus could serve as alternative for 
antibiotics in areas with limited access to 
veterinary services. Administration of 5g of 
Vernonia amygdylina (bitter leaf) per litre 
of drinking water to 8 weeks old broilers 
resulted in improved weight gain and feed 
conversion ratio over birds in the control 
group without (unpublished data).

Table 2: Villus heights (mm) of birds in various treatments  
Treatment   Mean (mm)  standard deviation  
control  0.65600ns

 0.088  
Enzyme  0.95500ns

 0.447  
Neem leaf  0.59267ns

 0.122  
Bitter leaf  0.71767ns

 0.114  
NS: Not

 
Significantly

 
different

 
(p>0.05)

 

Gut bacteria population
The population of total heterotrophic 
bacteria (THB) was significantly higher 
(p<0.05) in birds under the control 
t r e a t m e n t  c o m p a r e d  t o  e n z y m e  
supplementation and administration of leaf 
extracts respectively (Table 3). In the ileum, 
the highest population of THB was 
recorded at the control (9.23±0.38) 

followed by enzymes (8.52±0.33), while 
the least value of 7.94±0.38 was recorded 
when bitter leaf extract was administered. 
This same pattern was not observed for the 
total coliform where the highest population 
was recorded in the control (7.33 Log cfu/g) 
followed by enzyme supplementation (6.00 
Log cfu/g) and lowest in neem (4.74 Log 
cfu/g) and bitter leaf (4.84 Log cfu/g) 
extracts (p<0.05). 

Table 3: Microbial count (log cfu/g) from the ileum   
Variable  Control  Enzyme  Neem leaf  Bitter leaf  
THB  
(total heterotrophic bacteria)  

 
9.23±0.38a

 

 
8.52±0.33b

 

 
8.14±0.69b

 

 
7.94±0.38c

 
Total coliform 

 
7.33±0.19a

 
6.00±0.46b

 
4.74±0.33c

 
4.84±0.52c

 
Escherichia coli

 
5.65±0.11a

 
3.68±0.13b

 
3.44±0.16c

 
3.90±0.72b

 
Salmonella 

 
3.24±0.31a

 
2.31±0.13c

 
2.51±0.12b

 
2.50±0.38b

 Lactobacillus 
 

6.27±0.44a

 
4.44±0.30c

 
4.47±0.39c

 
4.83±0.12b

 Data is expressed as mean ±SE; means with different superscript along the same row are significantly different (p<0.05)  
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The population of E. coli was significantly 
(p<0.05) highest in the control but similar 
(p>0.05) among the other three treatments 
(enzyme, neem and bitter leaf). Salmonella 
population was similarly highest in the 
control treatment (p<0.05) than the other 
treatments. However, values recorded for 
the plant extracts was comparable among 
(p>0.05) among each other but also 
significantly (p<0.05) higher than that 
recorded for enzyme supplementation (2.31 
Log cfu/g). Similarly, Lactobacillus 
population was highest (p<0.05) in the 
control group and not significantly 
(p>0.05) different among the other three 
treatments (enzyme, neem and bitter leaf 

extracts).
A similar pattern was generally observed in 
the caecum (Table 4) where significantly 
(p<0.05) higher population of THB (total 
heterotrophic bacteria) was observed in the 
control group. The highest THB population 
recorded in the control was (10.68 Log 
cfu/g) followed by enzyme treatment (9.42 
Log cfu/g) and least in the neem leaf extract 
(8.56 Log cfu/g) and bitter leaf extract (8.27 
Log cfu/g). Total coliform followed the 
same pattern, being highest (p<0.05) in the 
control (8.48 Log cfu/g) and least in neem 
(5.89 Log cfu/g) and bitter leaf (5.79 – 6.00 
Log cfu/g) extracts. 

Table 4: Microbial count (log cfu/g) from the Caecum  
Variable  Control  Enzyme  Neem leaf  Bitter leaf  
THB  
(total heterotrophic bacteria)  

 
10.68±0.08a

 

 
9.42±0.16b

 

 
8.56±0.25c

 

 
8.27±0.48c

 
Total coliform  8.48±0.42a

 7.31±0.41b

 6.23±0.50c

 5.89±0.09c

 
Escherichia coli

 
5.55±0.39a

 
3.71±0.15b

 
3.91±0.72b

 
3.46±0.18b

 
Salmonella 

 
4.10±0.49a

 
3.34±0.14a

 
3.55±0.12a

 
3.40±0.29a

 
Lactobacillus 

 
6.57±0.31a

 
4.98±0.53b

 
4.62±0.43b

 
4.81±0.12b

 
Data is expressed as mean ±SE; means with different superscript along the same row are significantly different (p<0.05)  

 THB: total heterotrophic bacteria
 

Escherichia coli was highest (p<0.05) in 
the control but was not significantly 
different (p>0.05) among the other three 
treatments (enzyme, neem leaf and bitter 
leaf extracts). The population of Salmonella 
in the caecum was not significantly 
different (p>0.05) among all the different 
treatments but was numerically higher in 
the control. Lactobacillus population 
exhibited the same pattern as E. coli, being 
highest in the control (p<0.05) and similar 
among the other three treatments (p>0.05).  
The pattern of results obtained from the 
current study showed that the leaf extracts 
of neem and bitter leaves modulated the 
population of microbes studied both in the 
ileum and caecum.  These plant extracts 
resulted in a significant (p<0.05) decrease 
in the population of both enteropathogenic 

bacteria (E. coli and Salmonella). 
Udochukwu et al., (2015) reported the 
effectiveness of aqueous extract of bitter 
leaf against clinical isolates of resistant E. 
coli isolated. Adetunji et al. (2013) and 
Ghamba et al. (2014) also showed the 
effectiveness of different extracts of bitter 
leaf against clinical isolate of E. coli. This 
further corroborates the results obtained 
when bitter leaf extract was administered. 
Although not ascertained to be resistant, 
however, E. coli being a zoonotic 
enteropathogenic bacteria in broiler gut can 
be effectively managed using bitter leaf 
extract reducing contamination of 
carcasses during processing. The 
effectiveness of bitter leaf extract against E. 
coli has also been established by several 
authors (Oboh and Masodje 2009; Opara et 
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al., 2014). Maragathavalli et al (2012); 
Mamman et al (2013), Raut et al (2014); 
Mohammed and Omer (2015); in their 
respective in vitro studies showed that 
neem leaf extract was effective against 
Salmonella, E. coli and other pathogenic 
microbes. With the knowledge that E. coli 
are a common inhabitants of poultry 
microbiota, the gastrointestinal tract is seen 
as a possible reservoir for infections 
according to Ewers et al. 2009. Thus, any 
suitable alternative to antibiotics that can 
keep the intestinal E. coli population low is 
of benefit to farmers in the light of 
collibacillosis infection which in rare cases 
can present as enteritis. Wallace et al. 
(2010); reported various studies indicating 
the effects of plants and their extracts 
against Avian pathogenic E. coli (APEC)
The pattern of result obtained for beneficial 
(Lactobacillus) bacteria in the ileum and 
caecum of broilers administered the plant 
extract was not expected in the current 
study. This may suggest that neem leaf and 
bitter leaf also elicit antimicrobial effect on 
Lactobacillus like fresh ginger root and 

Ocimum gratissimum leaf extract as 
reported in previous studies by Ofongo-
Abule and Ohimain (2015); Ohimain et al. 
(2015). The report of Hasshimi et al. (2014) 
can be best understood in the light of 
acidifier enhancing the growth and 
proliferation of certain beneficial bacteria 
such as lactobacillus when used in 
combination with plant extracts. This fact 
was further buttressed by Muhammed et al. 
(2018). It also appears that certain plant 
extract does have different influence on 
Lactobacillus population in the gut. This is 
evident in the report of Vidanarachchi et al. 
(2013). The authors reported an increase in 
Lactobacilli in ileum when Acacia extract 
and renga renga lily was administered to 
broiler chicken. According to Wallace et al. 
(2010); several factors are attributed to 
different results obtained from independent 
poultry nutritional experiments using plant 
extracts. Such factors as stated by the author 
include; poor characterization of plant 
materials, standardization, concentration 
and identity of active principle being 
generally unknown.

 

 
 
 
 
 
 
 
 

d

  

b  
 

a 
 

c

  

Fig 1:  Cross section of intestinal from the control birds 
 

a: Intestinal lumen

 

b: Goblet cells

 

c: Villus  
d: Striated border  
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0.766mm 

 
Fig 2a: Intestinal segment from broilers 
administered bitter leaf (Vernonia amygdylina) extract
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Fig 3b: Intestinal section from broilers fed enzyme supplemented diet

 
 
 

 
 Fig 3a: Intestinal section from broilers fed enzyme supplemented diet

 

 
 
 

  
 

A

 

 
 

Fig 2b: Intestinal segment of birds administered bitter leaf extract. A: Blood 

vessels  
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Fig 4a: Intestinal section from birds administered Neem (Azadarichta indica) leaf 
extracts 

 

 
 
 

Fig 4b: Intestinal section from broilers administered neem leaf extract. A: micro villi

0.733mm

 

A

 

Conclusion
Conclusively, the enzyme and plant extract 
used in the current study was highly 
effective in lowering the population of 
enteropathogenic bactria (E. coli and 
Salmonella in the gut section examined 
respectively. The plant extract didn't elicit 
any detrimental effect on villus height.
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