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Abstract: A floor pen experiment was carried out to investigate the effects of Moringa oleifera and a commercial herbal
preparation Zighir® on the organ size, ileal digestibility and intestinal microflora of broiler chicken. Total of 308, day-
old, male broiler chicks of Indian River strain were randomly allotted to seven experimental diets namely negative
control, 0.0125% flavomycin as positive control, 0.1% Moringa leaf powder, 0.05% Moringa leaf powder, 0.035%
Zighir® (commercial herbal product), 0.1% Moringa fruit powder and 0.05% Moringa fruit powder, in a complete
randomized design. Each treatment contained 44 birds with four replicates of 11 birds each. The results revealed that the
Moringa feed additives and Zighir® increased the relative gut weight and duodenum length in the chickens on day 21 and
the antibiotics significantly reduced the relative liver weight in the broiler chickens on day 42. During early stage of
growth in floor pens, antibiotic and Zigbir® increase both ileal and caecal lactic acid bacteria counts in broiler chickens
while antibiotics, Zigbir® and Moringa feed additives reduce the ileal and caecal coliform counts. During starter diet
period, the herbal dietary supplements significantly improved the apparent ileal dry matter digestibility in the broiler

chickens.
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INTRODUCTION

Antibiotic growth promoters have been used to
enhance the performance and gut health of poultry more
than last 50 years. However, the use of antibiotics in
therapeutic or sub-therapeutic doses in poultry feed has
been severely limited or eliminated in many countries
due the development of resistant strains of
microorganisms. This reality has led to the search for
antibiotic growth promoter replacements. Ultimately,
the herbal and plant extracts have given attention as
alternatives to antibiotic growth promoters. Plant
extracts have been shown to improve the apparent ileal
dry matter digestibility of nutrients in broiler chickens
[1]. In addition, many herbs and their bioactive
constituents possess a broad antimicrobial activity [2,
3].

Moringa oleifera is the most widely cultivated
plant species in the sub-Himalayan tracts of India,
Pakistan, Bangladesh and Afghanistan and every part of
Moringa tree, from the roots to the leaves has beneficial
properties. M. oleifera is considered as a multipurpose
tree. The uses of Moringa include, alley cropping
(biomass production), animal forage, biogas, domestic
cleaning agent, blue dye, fencing, fertilizer, foliar
nutrient, green manure, gum, honey and sugar cane
juice clarifier, honey, medicine, ornamental plantings,
biopesticide, pulp, rope, tannin for tanning hides and

water purification [4]. M. oleifera tree leaves contain
high amount of vitamins and minerals. In addition, M.
oleifera contains very high antioxidants and anti-
inflammatory compounds [5]. Furthermore, M. oleifera
leaves are potential plant material to enhance immune
responses and improve intestinal health of broilers. A
compound pterygospermin found in Moringa plant, has
been shown to have antibiotic and fungicidal properties
[6]. Moringa seeds are known to have inhibitory effect
on several types of bacteria [7]. A reduced E.coli counts
was reported when feeding dehydrated leaves of
Moringa to the broiler chickens [5]. Moreover, studies
have shown that Moringa leaf juice can be particularly
effective against the Pseudononas aeruginosa
bacterium, which can cause diseases in both animals
and humans. Hence, Moringa could be used as a
nutrient supplement and feed additive in broiler chicken
diet to improve nutrition and strengthen immune
functions.

Zigbir® is a commercially available herbal feed
additive which is a synergistic blend of phytochemical
actives with performance enhancing characteristics. The
four herbal plant parts Andrographis paniculata (King
of Bitters), Solanum nigrum (European Black
Nightshade), Phylanthus niruni (Tonebreaker, Seed-
Under-Leaf) and Boerhavia diffusa (Hog Weed) are
used in the preparation of Zigbir®. It has been shown
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that these herbs have beneficial effect on liver health
and productivity of livestock [8]. In this regard, an
experiment was designed to study the beneficial effect
of Moringa and Zigbir® on the performance of broiler
chicken. It was hypothesized in this study that the
selected herbal feed additives would improve the
growth performance of broiler chicken without any
negative consequence for broiler chicken’s health and
performance.

MATERIALS AND METHODS
Experimental Design and Animals

Three hundred and eight, day-old male broiler
chicks of Indian River strain were purchased from the
Ceylon Grain Elevators PLC (Prima Group) and
assigned into seven dietary treatments in a complete

randomized design. After three weeks of brooding
period in the electrically heated battery brooder, each
group was divided into four equal replicates of eleven
chicks per replicate. The chicks were housed in floor
pens (0.09 m?bird). The average temperature in
experimental house was maintained at 32°C during the
first week by providing artificial illumination and
gradually decreased in the second and third weeks, and
finally fixed at 26°C thereafter. The average relative
humidity during the experimental period was 70%.

Experimental Diet and Dietary Treatments

Corn-soya based broiler starter and finisher
basal diets were formulated according to the ingredient
composition [9] given in Table 1.

Table 1: Ingredient composition and estimated nutrient composition of broiler starter and finisher basal diets

Ingredient Broiler _B_roiler
Starter % | Finisher %

Maize 49.00 40.00

Rice polish 08.00 21.00

Fish meal 04.80 0.00

Soybean meal 27.70 21.00

Coconut poonac 5.00 10.00

Shell grit powder 2.08 2.70

Di Calcium Phosphate 0.50 0.40

L-Lysine 0.10 0.50

DL-Methionine 0.20 0.40

Coconut oil 2.00 3.40

Salt 0.30 0.30

Coccidiostat 0.02 0.00

Vitamin and mineral Premix 0.30 0.30

Calculated nutrient composition

Metabolizable energy (kcal/kg) 3100 3100

Crude protein (%) 22.22 18.30

Calcium (%) 1.50 1.50

Phosphorus (%) 0.78 0.70

Lysine (%) 1.16 0.96

Methionine (%) 0.53 0.52

Methionine + Cystine (%) 0.93 0.89
Estimated composition, % of dry matter

Ether extract 7.13 10.43

Crude fibre 4.85 5.68

Ash 8.87 9.25

Nitrogen free extract 50.25 52.07

Seven dietary treatments namely 0.05% and Organ size

0.1% Moringa fruit powders, 0.05% and 0.1% Moringa
leaf powders, 0.035% commercial herbal preparation
Zigbir®, 0.0125% flavomycin as positive control as well
as the negative control diet without any additives were
prepared. Starter diets and finisher diets were offered ad
libitum from day 1 to 21 and from day 22 to 42,
respectively. Clean water was provided all the time. The
birds were vaccinated twice against Gumboro disease
(Infectious Bursal Disease) on day 12 and 21.

On 21% and 42™ day one bird from each
replicate was sacrificed for the measurement of organ
weights and gut length. Birds were individually
weighed before sacrificing for the organ weights and
gut length measurement. The abdominal cavity of the
bird was opened and the digestive tract was taken out.
Weights of duodenum, jejunum, ileum, proventriculus,
gizzard, pancreas, spleen, and bursa of fabricus, caeca,
heart and liver and the lengths of duodenum, jejunum
and ileum were measured. Relative organ weights and
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gut lengths were ecpressed as g/100 g body weight and
cm/100 g body weight, respectively.

Intestinal microflora

On 14" day and 38" day the digesta samples of
ileum and caeca were collected from one bird per
replicate. Nearly one gram of digesta samples of the
ileum and caecae were collected into pre autoclaved,
labeled and weighed sample bottles containing 10 mL
peptone water. Standard microbial enumeration
methods were used for enumeration of lactic acid
bacteria, total coliforms and total anaerobic bacteria.
All the equipment such as, culture media, glassware and
micro pipette tips were autoclaved at 121 °C for 20
minutes. Screw cap tubes were filled with 9ml peptone
water and autoclaved at 121 °C for 20 minutes.
According to the manufacturer’s recommendations,
MacConkey agar (Oxoid CM0007, UK), MRS agar
(Oxoid CM0361, UK) and Wilkins-Chalgren anaerobe
agar (Oxoid CMO0619, UK) plates were prepared day
before the sample collection and kept in the refrigerator
(5 °C). The digesta samples were brought to the
microbiology laboratory as soon as possible and
weighed. Sample bottles were mixed thoroughly using
vortex mixture. Dilution series of samples were
prepared (1 mL of sample into 9 mL of peptone water)
up to required dilutions. Lactic acid bacteria were
enumerated on MRS agar (Oxoid CM0361, UK) and
total viable anaerobic bacteria were enumerated on
Wilkins-Chalgren anaerobe agar according to the pour
plate method. Coliforms were enumerated on
MacCkonkey agar according to the spread plate
technique. Prepared Wilkins-Chalgren anaerobe agar
culture plates were placed inside the polycarbonate
anaerobic jars along with AnaeroGen sachet (Oxoid
ANO0025A, UK), to maintain the anaerobic conditions
(<1% oxygen and 9-13% carbon dioxide) and incubated
at 37 °C. MacConkey and MRS culture plates were kept
in incubator at 37° C under aerobic conditions.
Presumptive colonies on the MacConkey, MRS and
Wilkins-chalgren anaerobe agar culture plates were
started after 24, 48 and 72 hours of incubation,
respectively. The lactic acid bacteria, coliforms and
total anaerobic colonies were identified by pale colour
colonies in the MRS medium, pink color, non-mucoid
colonies in MacConkey medium and straw colour
colonies in  Wilkins-Chalgren  anaerobe  agar,
respectively. The microbial data were expressed as log
CFU/g.

Apparent ileal dry matter digestibility

Apparent ileal dry matter digestibility was
determined by means of measuring the acid insoluble
ash (AIA) as an internal marker. The ileal digesta
samples were collected during the starter (21% day) and
finisher (42" day) periods for the digestibility test. The
digesta collected by gently squeezing out from the
ileum were freeze dried and ground to pass through a
0.5 mm sieve for the digestibility test.

RESULTS AND DISCUSSION
Organ size

Effects of dietary treatments on relative organ
weights and gut length of broiler chickens on day 21
and 42 are presented in Table 2 and 3, respectively. The
positive control diet did not result any effect on the
organ size of birds on day 21. Furthermore, no gut
thinning and shortening effects of antibiotics were
observed on day 21. Dietary supplementation of 0.05%
Moringa fruit powder significantly increased the
relative weights of duodenum, jejunum and ileum as
compared to the negative control on day 21. The
relative jejunum weight of broiler chicken was
significantly increased by all herbal feed supplements
compared to the negative control on day 21 among
which Zigbir®recorded significantly higher relative
jejunum weight as compared to the positive control.
Furthermore, 0.1% Moringa fruit powder significantly
increased the relative weight of large intestine of broiler
chicken on day 21.

The results related to the gut length on day 21
revealed that all Moringa feed additives significantly
increased the length of duodenum in broiler chickens as
compared to the negative control. On day 42, no
treatment effects (P>0.05) were observed on the relative
organ size of broiler chickens. The positive control diet
significantly reduced the relative liver weight of broiler
chickens as compared to the negative control diet on
day 42.

The relative weights of duodenum, jejunum
and ileum and the relative length of duodenum in
broiler chickens were increased by either one or all
herbal feed additives compared to those fed with the
negative control on day 21. This could be due to
increased (P<0.05) apparent dry matter digestibility
recorded in the broiler chickens fed with all herbal feed
additives compared to those fed with the negative
control diet and positive control diet which intern would
increase the development of the gut. A significant
increase in the relative weight of duodenum in the
chickens fed with the diet containing 0.05% Moringa
fruit powder could be due to the increase (P<0.05) in
relative length of duodenum in the chickens fed with
the same diet. A significant increase in the weight of the
large intestine of broiler chickens fed with the diet
containing 0.1% Moringa fruit powder could be due to
an increase in the feed intake of broiler chicken. A
research indicated that feed intake stimulates the
development of the gastrointestinal tract of broiler
chickens [10]. A significant reduction in the relative
liver weight of broiler chickens as compared to the
negative control diet on day 42 could be due to the
inefficient nutrient absorption and digestibility in the
birds due to the absence of significant gut thinning
effect which could reduce the liver weight in broiler
chickens. Even though the gut thinning and shortening
effects of antibiotics were not reported in broiler
chickens on day 42, a numerical reduction in the
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relative weight and length of duodenum, jejunum and
ileum were observed in the birds fed with the positive
control. A research indicated that dietary inclusion of
antibiotics given as growth promoting agent reduced
intestinal weight by thinning the intestinal wall and
shortening the gut [11]. Absence of treatment effects
observed in the weights of proventriculus, gizzard,

pancreas, spleen, bursa, caeca, heart, crop and in the
length of ileum on day 21 and 42 agreed with the
findings [12-14] which indicated no difference among
the control treatment and those containing antibiotic or
mixtures of plant extracts for organ weight of broiler
chickens.

Table 2: Effect of dietary treatments on the relative organ weights (g/100 g body weight) and gut length (cm/100 g
body weight) of broiler chickens on day 21 (Mean+SE)

Treatment!
Parameters NC PC MLP 0.05% | MLP 0.1% Zigbir® MFP 0.05% | MFP 0.1%
Organ weight
Duodenum | 1.36+0.25° | 1.57+0.77° | 1.62+0.69° | 1.95+0.43® | 1.76 +0.35® | 2.46 +0.45% | 2.04 +0.74%®
Jejunum 2.26+0.51° | 255+0.52™ | 3.08+0.75% | 3.25+0.43%® | 3.44+0.55* | 3.19+0.57® | 2.99 + 0.75®
llleum 1.81+0.61° | 1.96 +0.37® | 2.40+0.19%" | 2.78 +0.55® | 2.62 £0.57®" | 2.86+0.47% | 2.69 +0.58"
Proventriculus | 0.79 £0.23 0.64 £0.42 0.76 £0.19 0.79+0.43 0.78 £0.19 0.72+0.20 0.74+0.37
Gizzard 2.83+0.24® | 325+0.33" | 427+1.07% | 3.75+0.55" | 2.09+1.34" | 3.62+0.84% | 3.73+0.84%
Pancreas 057+0.32 | 054+046 | 0.75+0.21 | 057+0.36 | 0.66+043 | 0.67+044 | 0.65+0.30
Spleen 0.16+0.23 | 0.11+0.22 | 0.15+0.09 | 0.11+0.08 | 015+0.20 | 0.12+0.24 | 0.16+0.18
Bursa 0194024 | 017+0.30 | 0.17+0.20 | 0.10+0.19 | 0.18+0.30 | 0.13+0.10 | 0.12+0.14
Caeca 0.61+0.63 | 056+046 | 0.67+059 | 0.79+0.42 | 0.87+0.37 | 0.81+046 | 0.69+0.51
Heart 064+043 | 058+047 | 0.88+0.66 | 091+0.39 | 097+0.32 | 1.17+0.74 | 0.91+0.54
Liver 367+064 | 386+1.13 | 475+119 | 482+0.89 | 480+0.97 | 471+0.84 | 546+1.17
Crop 0.49+0.28 | 056+0.73 | 0.69+051 | 0.76+0.43 | 0.63+040 | 0.69+0.45 | 0.69+0.38
Large Intestine | 0.26 +0.30° | 0.36 £0.16® | 0.27+0.19° | 0.33+0.19% | 0.21+0.21° | 0.34+0.34%® | 0.47 +0.36
Gut length

Duodenum 6.36 +1.22° | 9.20+ 1.07%° | 10.12+0.98% | 9.86 +1.10° | 7.90 +0.72" | 11.60 + 1.49% | 10.34+1.80%
Jejunum 16.05+1.72 | 18.15+1.88 | 24.27+0.85 | 23.69+191 | 18.19+1.62 | 2258+3.20 | 21.93+1.40
llleum 15.39+1.83 | 17.82+1.54 | 2333+1.81 | 20.71+1.29 | 1568 +1.89 | 20.68 +3.01 | 19.59 +0.97

a, b, c: Means having different letters within the same row are significantly different (P<0.05).

SE: Standard error of the mean (n=4)

1: Treatments: Negative control (NC), 0.01% of flavomycine as positive control (PC), 0.1% of Moringa leaf
powder (MLP 0.1%), 0.05% of Moringa leaf powder (MLP 0.05%), 0.035% Zigbir®, 0.1% of Moringa fruit
powder (MFP 0.1%) and 0.05% of Moringa fruit powder (MFP 0.05%).
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Table 3: Effect of dietary treatments on the relative organ weights (g/100 g body weight) and gut length (cm/100 g
body weight) of broiler chickens on day 42 (Mean+SE)

Treatment!
Parameters NC PC MLP 0.05% | MLP0.1% | Zighir® MFP 0.05% | MFP 0.1%
Organ weight

Duodenum 1.22+0.46 | 098+037 | 1.14+044 | 1.16+047 | 1.10+051 | 1.07+0.32 | 1.01+0.26
Jejunum 1.96+0.55® | 1.52+0.36° | 1.81+0.48%® | 2.12+0.77% | 1.72+0.64% | 1.82 +0.19® | 1.76 + 0.42®
lleum 1.39+039 | 1.15+0.34 | 1464042 | 1.41+054 | 1.28+047 | 122+0.33 | 1.38+0.41
Proventriculus | 0.55+0.26 | 0.51+0.25 | 0.51+0.24 | 054+0.15 | 053+0.16 | 057+0.31 | 0.57+0.25
Gizzard 222 +0.37% | 222+ 0.51% | 2.08 +0.32%® | 2.13+0.44® | 2.03+0.43® | 2.01+0.58" | 2.36 +0.33"
Pancreas 0.46+0.29 | 0.39+0.16 | 042+0.20 | 0.44+031 | 0.44+0.24 | 0.43+0.25 | 0.39+0.23
Spleen 0.18+0.21 | 0.12+0.17 | 0.12+0.23 | 0.13+0.20 | 0.16+0.23 | 0.12+0.16 | 0.19+0.26
Bursa 0.16+0.29 | 0.17+0.16 | 0.10+0.09 | 0.12+0.24 | 0.15+0.24 | 0.12+0.28 | 0.12+0.25

Caeca 0.58+0.34 | 050+0.29 | 055+0.15 | 0.61+0.31 | 0.57+0.33 | 055+0.30 | 0.61+0.27
Heart 0.62+0.30 | 058+0.24 | 0.45+056 | 0.63+0.31 | 057+0.31 | 059+022 | 0.61+0.26
Liver 3.46+0.46° | 2.76 £0.42° | 3.19+0.47% | 355+0.43" | 3.34+0.70° | 3.23+0.62° | 3.14 + 0.48®
Crop 0.33+0.24 | 034+0.22 | 041+0.36 | 0.34+027 | 0.32+0.21 | 0.39+0.17 | 0.34+0.23
Large Intestine | 0.21+0.32 | 0.20+0.24 | 0.17+0.28 | 0.20+0.17 | 0.20+0.32 | 0.19+0.21 | 0.21+0.29

Gut length

Duodenum 2.85+044 | 257+050 | 2.77+052 | 3.16+065 | 2.88+054 | 2.66+0.77 | 3.00+0.59
Jejunum 7.18+0.82® | 5.96+0.82° | 6.36 +1.03® | 7.03+1.20® | 7.21 +1.15® | 6.64 +0.71® | 7.66 +0.85°
lleum 6.79+0.77 | 595+0.31 | 6.14+1.32 | 7.08+1.03 | 6.85+1.00 | 6.56+0.86 | 7.17+0.81

a, b: Means having different letters within the same row are significantly different (P<0.05).

SE: Standard error of the mean (n=4)

1: Treatments: Negative control (NC), 0.01% of flavomycine as positive control (PC), 0.1% of Moringa leaf
powder (MLP 0.1%), 0.05% of Moringa leaf powder (MLP 0.05%), 0.035% Zigbir®, 0.1% of Moringa fruit
powder (MFP 0.1%) and 0.05% of Moringa fruit powder (MFP 0.05%).

Intestinal microflora

Effects of dietary treatments on ileal and
caecal microflora of broiler chickens on day 14 and 38
are presented in Table 4. The positive control diet
significantly increased both ileal and caecal lactic acid
bacteria in broiler chickens on day 14 as compared to
the negative control. The treatment effects on lactic acid
bacteria revealed that the herbal dietary treatments
Zigbir® and 0.05% Moringa fruit powder significantly
increased the ileal lactic acid bacteria counts as
compared to the negative control on day 14. The dietary
treatments Zigbir®, 0.05% Moringa fruit powder and
the positive control resulted significantly similar ileal
lactic acid bacteria counts on day 14. However, no
treatment effects were reported for the lactic acid
bacteria on day 38.

The ileal coliform count was significantly
reduced in broiler chickens fed with the Moringa leaf
powder (0.05% and 0.1%) and 0.1% Moringa fruit
powder as compared to those fed with the negative
control on day 14. The dietary treatments Moringa leaf
powder, 0.1% Moringa fruit powder and the positive

control resulted significantly similar coliform counts. In
addition, the caecal coliform count of broiler chickens
was significantly reduced by the dietary supplement
Moringa fruit powder (0.05% and 0.1%) as compared to
the negative control on day 14. Furthermore, 0.1%
Moringa fruit powder treated birds had significantly
lower caecal coliform counts than those fed on the
positive control. In contrast, none of the dietary
treatments had significant effects on the coliform counts
of broiler chickens on day 38. However, the positive
control and all herbal dietary treatments numerically
reduced the caecal coliform counts compared to the
negative control on day 14 and 38.

The results of total viable anaerobic bacteria
counts revealed that there were no significant treatment
effects on both ileal and caecal total viable anaerobic
bacterial counts on day 14 and 38. However, the herbal
dietary treatments numerically reduced the caecal total
viable anaerobic bacterial counts as compared to the
negative control on both day 14 and 38.
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The results on gut microflora of the current
study revealed that the treatment effect on both lactic
acid bacteria and coliform were apparent on the early
stage (day 14) of the chickens than the later stage (day
38). Lactic acid bacteria in the intestine of poultry
showed beneficial effects on resistance to infectious
agents such as E. coli [15], Salmonella [16],
Campylobacter [17] and Eimeria acervulina [18].
Scientific evidences revealed that herbs and plant
extracts stimulate the growth of beneficial bacteria and
minimize pathogenic bacterial activity in the
gastrointestinal tract of poultry [19, 20]. In the current
experiment, an increase (P<0.05) of lactic acid bacteria
in the ileum and caecum of broiler chickens fed with the
positive control, Zigbir®, 0.05% Moringa fruit powder
on day 14 was observed as indicated by another
research [21] which indicated a significant increase in
lactic acid bacteria in the ileum and caecum of broiler
chicken fed with herbal additives and antibiotic
compared to the negative control. The results related to
the coliform counts revealed that the coliform counts in

the gut of broiler chickens were significantly reduced
by the dietary treatment containing Moringa feed
additives compared to others. Moringa leaves are
potential plant material to improve intestinal health of
broilers [5]. Studies have shown that Moringa leaf juice
can be particularly effective against the Pseudononas
aeruginosa bacterium, which can cause diseases in both
animals and humans. A compound called
pterygospermin  from Moringa plant has the
antibacterial effect against a variety of microbes [6].
Pterygospermin, once consumed, breakdown into two
separate benzyl isothiocyanate, a substance with known
antimicrobial properties. However, a clear effect of
flavomycine on the coliform counts was not reported in
the current study. The Moringa feed additives used in
the current study were the crude products rather than
the purified compounds and this might be the reason for
the absence of significant effect on the gut microflora.
Therefore, further research is warranted with purified
compounds of these feed additives.

Table 4: Effect of dietary treatments on ileal and caecal microflora of broiler chickens on days 14 and 38

(MeantSE)
] Treatment!
Microflora NC PC | MLP005% | MLP01% | Zigbir® | MFP005% | MFP0.1%
Lactic acid bacteria (log cfu/g)
lleum
Day 14 5.49+0.34° | 5.96+056® | 5.72+0.43% | 549+0.40° | 6.11+0.51% | 5.93+0.37%® | 5.67 +0.23"
Day 38 6.56+0.57 | 6.48+068 | 6.41+0.64 | 6284091 | 658+0.22 | 654+0.39 | 6.44+0.77
Caeca
Day14 | 7.28+0.45° | 834+0.74% | 7.63+0.62° | 6.77+0.72% | 7.45+0.43" | 6.91+0.12¢ | 7.19+0.19°
Day 38 7044085 | 656+029 | 7.04+063 | 7.00+1.08 | 6.63+0.72 | 6.46+0.73 | 6.83+0.49
Coliform (log cfu/g)
lleum
Day 14 6.76 £ 0.65° | 5.78+0.64% | 556 +0.79™ | 4.83+0.09° | 6.10+0.80%® | 6.16 +0.81® | 5.53 + 0.87™
Day 38 5.82+0.31% | 597+050° | 4.93+0.64° | 555+0.77% | 559+ 0.97® | 6.04+0.33% | 5.73+0.91®
Caeca
Day 14 6.73+0.14% | 6.50+0.76® | 6.17+0.88% | 6.31 +0.22*° | 6.47 +0.09%® | 5.73 +0.53™ | 5.51 +0.85°
Day 38 6.26+0.80 | 585+0.39 | 580+043 | 6.08+0.20 | 5.83+0.63 | 502+1.87 | 5.89+0.51
Anaerobic bacteria (log cfu/g)
lleum
Day 14 5.92+0.18% | 6.82+0.67% | 6.25+0.56® | 5.83+0.09° | 6.15+0.54®° | 6.75+1.00° | 6.20 +0.65®
Day 38 6.37+0.73 | 652+035 | 597+095 | 627+0.64 | 6.60+0.33 | 6.16+0.46 | 6.53+0.84
Caeca
Day 14 6.59+0.72% | 6.75+0.66° | 6.13+0.19% | 6.24+0.69% | 591+0.10° | 6.28 £0.37%® | 6.27 +0.72®
Day 38 7284067 | 6.90+038 | 7.13+0.86 | 6.93+0.88 | 657+0.99 | 6.18+1.00 | 6.67+0.64

a, b, ¢, d: Means having different letters within the same column are significantly different (P<0.05).

SE: Standard error of the mean (n=4)

1: Treatments: Negative control (NC), 0.01% of flavomycine as positive control (PC), 0.1% of Moringa leaf
powder (MLP 0.1%), 0.05% of Moringa leaf powder (MLP 0.05%), 0.035% Zigbir®, 0.1% of Moringa fruit
powder (MFP 0.1%) and 0.05% of Moringa fruit powder (MFP 0.05%).

Apparent ileal dry matter digestibility

Effects of dietary treatments on the apparent
ileal dry matter digestibility of broiler chickens on day
21 and 42 are presented in Table 5. On day 21, all

herbal dietary supplements significantly increased the
dry matter digestibility of broiler
chickens as compared to the negative control and the
positive control

apparent

ileal

diets.

Both positive control
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negative control diets resulted significantly similar ileal
dry matter digestibility on day 21. Among the herbal
feed additives, 0.1% Moringa leaf powder exerted the
highest apparent ileal dry matter digestibility followed
by 0.1% Moringa fruit powder on day 21. None of the
dietary treatments significantly improved the apparent
ileal dry matter digestibility on day 42. The results
related to the apparent ileal dry matter digestibility of
broiler chickens on day 21 agreed with another finding
[12] that indicated an improvement in the apparent ileal

dry matter digestibility of broiler chickens fed with
antibiotic and plant extracts. Significant increase in the
apparent ileal dry matter digestibility in the chickens
fed with herbal dietary treatments on day 21 could be
due to an increase in the gut length on day 21 which
would have facilitated an efficient nutrient absorption in
birds. Another study reported that, 200 ppm of plant
extract based on a blend of oregano, cinnamon, and
pepper essential oils have significantly improved the
apparent ileal dry matter digestibility of nutrients [1].

Table 5: Effect of dietary treatments on apparent ileal dry matter digestibility of broiler chickens on days 21 and
42 (Mean £ SE)

Treatment' | Apparent ileal dry matter digestibility
Day 21 Day 42

NC 48.80 + 1.86° 88.02 + 1.55%
PC 54.28 +0.10° 90.26 + 1.48°
MLP 0.05% 65.16 + 0.95° 90.07 + 2.01°
MLP 0.1% 75.61+1.97° 85.39 + 0.89"
Zigbir® 66.78 +0.10° 86.48 + 1.24%
MFP 0.05% 63.99 + 0.10° 88.92 + 1.24%
MFP 0.1% 70.48 + 0.10° 88.46 + 1.26™

a, b, ¢, d: Means having different letters within the same column are significantly different (P<0.05).

SE: Standard error of the mean (n=4).

1: Treatments: Negative control (NC), 0.01% of flavomycine as positive control (PC), 0.1% of Moringa leaf
powder (MLP 0.1%), 0.05% of Moringa leaf powder (MLP 0.05%), 0.035% Zigbir®, 0.1% of Moringa fruit
powder (MFP 0.1%) and 0.05% of Moringa fruit powder (MFP 0.05%).

CONCLUSION

The study concludes that the Moringa feed
additives and Zigbir® increase the relative gut weight
and duodenum length in the chickens in floor pens on
day 21 and the antibiotics significantly reduces the
relative liver weight in the broiler chickens in floor pens
on day 42.

During early stage of growth in floor pens,
antibiotic and Zigbir® increase both ileal and caecal
lactic acid bacteria counts in broiler chickens while
antibiotics, Zighir® and Moringa feed additives reduce
the ileal and caecal coliform counts. Thus, it could be
concluded that the herbal feed additives, especially
Moringa based feed additives have the potential to
improve gut health of broiler chickens by increasing the
beneficial microflora and by reducing the pathogenic
bacteria.

During starter diet period, the herbal dietary
supplements significantly improve the apparent ileal dry
matter digestibility in the chickens reared in floor pens.

REFERENCES

1. Garcia V, Catala-Gregori P, Hernandez M, Megias
MD, Madrid J; Effect of Formic acid and plant
extracts on growth, nutrient digestibility, intestine
mucosa morphology and meat yield of broilers.
Journal of applied poultry research, 2007; 16:555-
562.

2. Dorman HJD, Deans SG; Antimicrobial agents
from plants: Antibacterial activity of plant volatile
oils. Journal of Applied Microbiology, 2000;
88:308-316.

3. Kamel C; Tracing methods of action and roles of
plant extracts in non-ruminants. In Recent
Advances in  Animal Nutrition Edition,
Garnsworthy PC, Wiseman J editors, Nottingham
University, UK, 2001: 135-150.

4. Fuglie LJ; The Miracle Tree: The Multiple
Attributes of Moringa. Dakar: Senegal, 2001:172

5. Yang R, Chang LC, Hsu JC, Weng BBC, Palada
MC, Chadha ML, Levasseur V; Nutritional and
functional properties of moringa leaves -from
germplasm, to plant, to food, to health. Moringa
and other highly nutritious plant resources:
Strategies, standards and markets for a better
impact on nutrition in Africa. Accra, Ghana.
www.treesforlifejournal.org. Accessed 25" May,
2012.

6. Fahey JW; Moringa oleifera: A Review of the
medical evidence for its nutritional, therapeutic,
and prophylactic properties. Part 1. Trees for life
journal, 2005; 1:5.

7. Price ML; The Moringa Tree: ECHO Technical
Note. http://chenetwork.org/ files_pdf/Moringa.pdf.
Accessed 01-07-2011, 2007.

8. Kapil A, Koul IB, Banerjee S, Gupta BD;
Antihepatotoxic effects of major diterpenoids

Available Online: https://saspublishers.com/journal/sjavs/home

225


http://chenetwork.org/%20files_pdf/Moringa.pdf.%20Accessed%2001
http://chenetwork.org/%20files_pdf/Moringa.pdf.%20Accessed%2001

10.

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

constituents  of  Andrographis  paniculata.
Bichemical Pharmacology, 1993; 46:182-185.
NRC; Nutrient Requirements of Poultry. 9"
Revised Edition. National Academy Press,
Washington, D. C., 2007:

Gracia MI, Aranibar MJ, Lazaro R, Medel P,
Mateos GG; Amylase supplementation of broiler
diets based on corn. Poultry Science, 2003;
82(3):436-442.

Visek WJ; The mode of growth promotion by
antibiotics. Journal of Animal Science, 1978;
46:1447-1469.

Hernandez F, Madrid J, Garcia V, Orengo J,
Megisa MD; Influence of two plant extracts on
broilers performance, digestibility and digestive
organ size. Poultry Science, 2004; 84: 634-643.
Cabuk M, Bozkurt M, Alcicek A, Akbas Y,
Kiigiikyilmaz K; Effect of a herbal essential oil
mixture on growth and internal organ weight of
broilers from young and old breeder flocks. South
African Journal of Animal Science, 2006; 36(2):
135-141.

Yakhkeshi S, Rahimi S, Hemati Matin HR; Effects
of Yarrow (Achillea millefolium L.), Antibiotic and
Probiotic on Performance, Immune Response,
Serum Lipids and Microbial Population of Broilers.
Journal of Agricultural Science and Technology,
2012; 14:799-810.

Jin LZ, Ho YW, Abdullah N, Jalaludin S; Growth
performance, intestinal microbial populations and
serum cholesterol of broilers fed diets containing
Lactobacillus cultures. Poultry Science, 1998; 77:
1259-1265.

Pascual M, Hugas M, Badiola JI, Monfort JM,
Garriga M; Lactobacillus salivarius CTC2197
prevents Salmonella enteritidis colonization in
chickens. Applied and Environmental
Microbiology, 1999; 65: 4981-4986.

Stern NJ, Cox NA, Bailey JS, Berrang ME,
Musgrove ~ MT; Comparison of  mucosal
competitive exclusion and competitive exclusion
treatment to reduce Salmonella and Campylobacter
spp. colonization in broiler chickens. Poultry
Science, 2001; 80: 156-160.

Dalloul RA, Lillehoj HS, Shellem TA, Doerr JA;
Enhanced mucosal immunity against Eimeria
acervulina in broilers fed a Lactobacillus based
probiotic. Poultry Science, 2003; 82: 62-66.

Gill C; Herbs and plant extracts as growth
enhancers. Feed International, 1999; 20: 20-23.
Langhout P; New additives for broiler chickens.
Feed Mix, 2000; 18(6):24-27.

Saki AA, Harcini RN, Rahmatnejad E, Salary J;
Herbal additives and organic acids as antibiotic
alternatives in broiler chickens diet for organic
production. African Journal of Biotechnology,
2012; 11(8):2139-2145.

Available Online: https://saspublishers.com/journal/sjavs/home

226



