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Abstract
Objective: This experiment was conducted to assess the beneficial effect(s) of $-mannanase (Lycell® and Hemicell®) supplementation
to low energy diet on productive performance, gross energy digestibility, hematological parameters and carcass traits of broiler chicks.
Materials and Methods: A total of 540, day old Ross 308 broiler chicks, obtained  from  local  hatchery  with  mean  body  weight of
33±0.05 g, were randomly assigned to three dietary treatments, 180 birds each. The treatments were T1 (low energy diet, 80 kcal kgG1,
as control), T2 (low energy diet +250 g tG1 $-mannanase from Lycell® product) and T3 (low energy diet +300 g tG1 $-mannanase from
Hemicell® product). The parameters recorded were growth performance, carcass traits, haematological and blood biochemical parameters,
dropping and litter microbiology, gut histomorphology and digestibility trial. Results: Results demonstrated that $-mannanase improved
growth performance (p<0.05) in terms of body weight, weight gain, feed intake and feed conversion ratio from three to five  weeks  of
age. Carcass traits criteria including dressing weight, dressing percentage, and abdominal fat  were  significantly  (p<0.05)  affected by
$-mannanase while gizzard, heart and spleen weight were not affected by the dietary treatments. Moreover, the dietary treatments did
not affect the dry matter digestibility (DMD) and organic matter digestibility (OMD) of broiler. Conclusion: $-mannanase enzymes, either
Lycell® or Hemicell®, supplementation should be considered when low energy diets are formulated in broiler.
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INTRODUCTION

About 80% of the birds’ diets are made up of ingredients
from plant origin containing non-starch polysaccharides
(NSPs) in the plants cell wall. Among NSP, $-mannans can be
considered as the leading molecules and are the most
prevalent in a wide variety of feed ingredients including
soybean meal, which is the major protein source in feeds
produced around the world1.

The $-mannans have the ability to bind large quantity of
water which subsequently results in an increase in the digesta
viscosity, decrease in the diffusion of digestive enzymes and
stimulates proliferation of bacteria inside the gastrointestinal
tract2. Higher digesta viscosity also results in poor enzyme
substrate interaction and thus reduces nutrient availability to
the birds3. $-mannans is an anti-nutritional fiber and reduces
metabolizable energy and nitrogen retention and increase
fecal output of birds4.

In practice, the poultry diets supplementation with
exogenous enzymes is a universal strategy to improve nutrient
utilization, growth performance and thus reduce feed cost5.
Dietary $-mannanase supplementation is responsible for the
hydrolysis of $-mannans, thus reduce intestinal viscosity,
promote better nutrient digestibility and absorption in  the
gut  and   improve   feed  conversion6,7.  Supplementation  of
$-mannanase to $-mannan-rich diets may boost the
population of beneficial intestinal bacteria, increase the
digestibility of mannans, enhance the immunity, suppresses
the growth of harmful intestinal bacteria, enhance the
digestion and absorption of nutrients in intestinal tracts and
reduce the environmental pollution due to poultry excreta8.

Thus, the objective of this experiment was to determine
the effect of two different commercial $-mannanase products
on growth performance, nutrient digestibility and energy
utilization of broilers fed energy deficient diet.

MATERIALS AND METHODS

The present trial was carried out in the Poultry Research
Unit  belonging  to  Applied Feed Research House (AFRH),
Orabi Community, Egypt, during October and  November
2019.

Experimental design: A total 540 one-day-old broiler chicks
(Ross 308) with initial body weight of 44±1 g were raised in
well ventilated pens with soft wood shaving bedding material.
The broiler chicks were weighed and randomly allocated to
three treatment groups each of 180 chicks,  in  six  replicates,
30   chicks   each.   The  first  group  (T1)  was  fed  the  negative

Control   diet   (Basal   diet   -80   kcal).   Lycell®   consists   of  
1,4 $-mannanase 250000 Unit gG1 were obtained from Bacillus
Lentus Fermentation with wheat bran carrier, whereas
Hemicell® was a dried Bacillus  lentus  fermentation solubles
with 158 000 unit gG1 minimum $-mannanase enzyme activity.

Experimental diets: Birds were fed on starter (0-14 day),
grower (15-24 day) and finisher (25-35 day) diets which were
formulated according to the nutritional recommendation of
Ross 308 strain catalogue (Table 1). The birds were vaccinated
against common viral diseases i.e. Newcastle Disease virus
(NDV), Infectious Bursal Disease (IBD), Infectious bronchitis (IB)
and  Avian  Influenza (AI). Fresh water and feed were offered
ad  libitum  during the whole experimental period.

Data recorded and measurements
Productive performance traits: Live body weight  (LBW),
body weight gain, feed consumption and feed conversion
ratio were recorded at weekly intervals throughout the
experimental period. Feed consumption was calculated by
measuring the difference between the amount of feed offered
and residue left. Feed conversion ratio (FCR) was calculated as
total feed consumed divided by total weight gain for a given
period of growth.

The feeding economic efficiency was carried out
according to the prices of feed ingredients, tested material
during the experimental period.

C Performance index (PI) was calculated according to
North9 using the following equation:

BW (kg)PI = ×100
FCR

C European  Performance  Efficiency  Index  (EPEI)  was
calculated using the following equation:

LBW×SUEPEI = ×100
FCR×age

where, LBW is live body weight (kg), SU is survival rate (%)
[100-Mortality rate], FCR is feed conversion ratio, and age is
age of slaughter (days).

Carcass traits: At the  end  of  the  trial  (35  day),  four
chickens from each treatment were randomly slaughtered for
measurements of live body weight, dressing weight, dressing
(%) abdominal fat, gizzard, heart and spleen weight.
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Table 1: Feed ingredients and chemical composition of diets presented to birds during starter, grower and finisher phases (0-35 days of age)
Dietary treatment
---------------------------------------------------------------------------------------------------------------------------------------

Ingredient Starter (80 kcal kgG1) Grower (80 kcal kgG1) Finisher (80 kcal kgG1)
Yellow corn 597.416 652.707 705.510
Soybean meal (46%) 311.344 243.277 171.353
Corn gluten meal (60%) 47.638 57.064 70.917
Soybean oil 5.000 10.000 15.000
Mono-calcium phosphate 10.433 9.635 9.288
Calcium carbonate 14.003 12.303 12.981
HCl-lysine 4.817 5.611 5.850
DL-methionine 1.823 1.405 1.256
L-threonine 0.279 0.711 0.521
Salt (NaCl) 3.247 3.287 3.324
Phytase enzyme 1.000 1.000 1.000
Premix 3.000 3.000 3.000
Total 1000.000 1000.000 1000.000
Calculated chemical composition
Crude protein (%) 22.000 20.000 18.000
ME kcal kgG1 (calculated) 2920.000 3020.000 3120.000
Linoleic acid 1.500 1.835 2.156
Calcium (%) 1.000 0.900 0.900
Available phosphorus (%) 0.500 0.470 0.450
Lysine (%) 1.400 1.300 1.150
Methionine (%) 0.560 0.500 0.470
Methionine+cysteine (%) 0.983 0.900 0.850
Price/t ($) and (LE) 340$ 335$ 329$

6300 LE 6207 LE 6095 LE
Vitamin and  Mineral  mixture  provides diet; Vitamin A: 12000000 IU, D3: 4000000 IU, E:50000 mg, K3: 3500, B1: 3500 mg, B2: 60000 mg, B6: 4000 mg, B12: 180 mg,
Niacin: 50000 mg, Pantothenic acid: 14000 mg, Folic acid: 2000 mg, Biotin: 150 mg, Minerals: Iron: 50000,  Copper  9000,  Zinc  66000  mg,  Manganese:  66  mg,
Selenium: 300 mg, Iodine: 1000 mg, Cobalt: 100

Haematobiochemical parameters: Blood samples were
collected from the slaughtered birds (4 chicks/treatment) in
two tubes, one with anticoagulant (EDTA) and the other
without anticoagulant for harvesting serum by centrifugation
at 4000 rpm for 15 min. The resulting serum was kept frozen
at -20EC until the biochemical analyses were done.

Haemogram estimation: Erythrocytic and leukocytic counts
were performed using an improved Neubauer hemocytometer
and Natt and Herrick solution as a special  diluent  for
chicken’s blood according to Harrison and Harrison10. The
packed cell volume was estimated by micro hematocrit
centrifuge according to Coles11.  Hemoglobin estimation  was
performed using    the   cyanomethemoglobin   colorimetric  
method after  centrifugation  according  to  Zijlstra12.  Mean
corpuscular volume (MCV) and mean corpuscular hemoglobin
concentration   (MCHC)   were   then    calculated.   Blood  films
were  made,  fixed  by  methyl  alcohol, stained by Giemsa
stain for differential leukocytic count and detection of
abnormalities in RBCs morphology according to Weiss and
Waldrop13.

Serum biochemical analyses: Serum total proteins and
albumin were calculated using the available commercial kits
(DRI-CHEM NX500i, Japan) according to Weissman et al.14 and
Doumas et al.15 respectively,  while  globulin  was  calculated
by subtracting the value of albumin from the total protein
whereas A/G ratio was calculated according to results of
albumin and globulin. Serum Aspartate aminotransferase
(AST) activity was determined using the method of Reitman
and Frankel16, creatinine and urea were also determined using
method of Bartels et al.17, serum total cholesterol and serum
glucose was determined using the method of Allain et al.18.

Microbiological analysis: Aerobic, anaerobic, and coliform
bacteria populations were counted from each sample  (litter
or dropping). To process the samples, 1 g of litter sample or
dropping was diluted 10-fold using sterile buffered peptone
water. The diluted sample was serially diluted using sterile
buffered  peptone  water  until  a  final   dilution   of   1:10   was
obtained. From each serial, 12 dilutions, 0.1 mL was then
spread plated onto two different media: tryptic soya agar and
MacConkey agar. The dilutions were plated in quadruplicate
on the tryptic soya agar  and  in  duplicate  on  the MacConkey
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agar. Half of the tryptic soya agar plates and all of the
MacConkey plates were incubated under aerobic conditions
at 37EC for 24 h. To obtain anaerobic bacteria counts, the
other tryptic soya plates were incubated anaerobically at 37EC
for 24 h using Gaspack anaerobic jar19.

Isolation and detection of C. Perfringens, were done
according to Shaltout et al.20. The collected samples were
inoculated into tubes of freshly prepared, boiled and cooled
cooked meat medium (Oxoid) and incubated  anaerobically
for 24 h at 37EC. A loopful of inoculated fluid medium was
streaked  on to  neomycin  sulphate  sheep   blood  agar
plate21 and incubated anaerobically at 37EC for 24 h using
Gaspack anaerobic jar22. Suspected C. perfringens colonies
were cultured onto 2 plates of sheep blood agar and egg yolk
agar. One plate  was  incubated  aerobically and the other
plate was incubated anaerobically. The colonies that grew
only in anaerobic condition and lecithinase producer and
showed double zone of hemolysis on blood agar were picked
up and purified for identification tests21,23. Isolated colonies
with a typical appearance were then biochemically tested by
using a commercial biochemical panel kit (API 20A, Bio
Mérieux).

Histopathological   examination:   Tissue   samples   from
duodenum, jejunum, liver and kidney were collected from the
slaughtered chickens at the end of the experimental period.
Samples were fixed in 10% neutral formalin buffer for latter
processing by paraffin embedding technique. Tissue sections
(4 micron thick) were then made by microtome (Leica 2135,
Germany), deparaffinized and stained with hematoxylin and
eosin23. The length of intestinal villi was measured from the tip
of villus to its base. The mean length of 10 randomly selected
villi/ intestinal cross section was measured in 3 cross sections
for each chick24,25. Similarly, the width of villi and crypt depth
were measured. The villus height/crypt depth and the
absorption surface (AS) area were calculated using the formula
reported by Oliveira et al.26, as follow:

AS (um2) = villus height (um)×width at half of the villus height (um)

Digestion trial: A digestibility trial was conducted at the end
of experiment. Four birds from each treatment were housed
in digestion cages, (47×47×47 cm3 dimensions) with nibble
drinkers and separate feeders for 7 days. Feed and water were
offered ad  libitum  during the preliminarily (4 days) followed
by a collection period of 3 days. The feed consumption was
recorded  and  excreta  amounts  were  collected  every  24 h.

The collected samples were dried at 60EC until constant
weight then, excreta were weighed, ground, mixed well and
stored for  analysis  according  to   AOAC27.   The   parameters
recorded were; Feed intake (g birdG1 dayG1), Excreta Weight
(EW) (g birdG1 dayG1), Excreta weight % (EWP), dry matter
digestibility (DMD), organic matter digestibility (OMD); either
as air dried or dried basis; and Excreta moisture content (%).

Statistical analyses: Data were  analyzed  with  the  help of
the general linear model procedure using SAS28 and the
corresponding means were compared using Duncan multiple
test29. For all statistical analyses, differences were considered
significant at p<0.05.

RESULTS

Table 2 shows non-significant differences in LBW of chicks
during the first two weeks of age. At the 3rd week, chicks from
treatment groups T2 and T3 had significantly heavier LBW
than the control (T1) group. This trend was also observed at
the 4th and 5th weeks of age, with chicks from T3 treatment
having the best values. Moreover, BWG was significantly better
for both T2 and T3 group than that of the control group. On
the other hand, feed consumption ratio was significantly
increased in response to feed additives (T2 and T3) compared
to the control chicks at the 3rd week of age, whereas at the
4th week, chicks from all treatments consumed nearly similar
amounts of feed. At the 5th week of age and for the whole
experimental period, chicks from T2 and T3 treatments
consumed significantly less amount of feed compared to the
control chicks. This reduction in FC was 5.68 and 6.02% for
chicks in T2 and T3, respectively. It is well-known that FCR is a
function of BWG and FC, since our results revealed significant
improvement in FCR of chicks from T2 and T3 for the whole
period. This improvement was 11.11 and 12.78% for T2 and T3,
respectively.
Supplementation of $-mannanase (Lycell® or Hemicell®)

enzyme in the diets of broilers significantly (p<0.05) improved
PI and EPEI. Minimum and significantly (p<0.05) lower EPEI
(286) was observed in chicks fed negative control (T1) diet,
however it was improved significantly (p<0.05) in T2 and T3
group (356, 371) respectively.

Carcass traits: Table 3 shows that dressing weight and
dressing percentage were significantly increased in chicks
from T2 and T3 compared to the control group. However,
abdominal fat was decreased significantly.
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Table 2: Effect of different treatments on productive performance of broiler chicks at different growth periods
Age T1 T2 T3 SEM Sig.
Live body weight (LBW, kg)
1st week 0.152 0.171 0.162 0.0095 0.09860
2nd week 0.480 0.481 0.525 0.0257 0.04610
3rd week 0.784b 0.980a 0.967a 0.0521 0.00060
4th week 1.288b 1.532a 1.551a 0.0537 0.00300
5th week 1.982b 2.096ab 2.125a 0.0756 0.00340
Body weight gain (BWG, kg)
1st week 0.109 0.128 0.120 0.0095 0.11570
2nd week 0.329 0.311 0.363 0.0264 0.07090
3rd week 0.304b 0.499a 0.442a 0.0478 0.04150
4th week 0.504 0.552 0.584 0.0403 0.06540
5th week 0.694a 0.564b 0.574b 0.0153 0.12470
Overall 1.939b 2.054a 2.083a 0.0427 0.01280
Feed consumption (FC, kg)
1st week 0.131 0.156 0.153 0.0137 0.09094
2nd week 0.445 0.383 0.461 0.0412 0.15192
3rd week 0.403b 0.740a 0.636a 0.0715 0.01023
4th week 0.879b 0.948a 0.947a 0.0396 0.03440
5th week 1.627a 1.061b 1.078b 0.0913 0.00673
Overall 3.486a 3.288b 3.276b 0.1179 0.02676
Feed conversion ratio (FCR, kg)
1st week 1.20 1.220 1.28 0.0346 0.81416
2nd week 1.35b 1.230c 1.27a 0.0200 0.01097
3rd week 1.33b 1.480a 1.44a 0.0265 0.04062
4th week 1.75a 1.720a 1.62b 0.0681 0.00676
5th week 2.35a 1.880b 1.88b 0.0318 0.00084
Overall 1.80a 1.600b 1.57b 0.0569 0.00259
PI 110.00b 131.000a 135.00a 15.3800 0.00100
EPEI 286.00b 356.000a 371.00a 28.5500 0.00400
T1:  Negative  control  (80  kcal kgG1),  T2:  T1+250 g  of  $-mannanase  (Lycell®), T3: T1+300 g of $-mannanase (Hemicell®), *Significant differences between rows at
p#0.05, NS: Non-significant difference, PI: Performance index, EPEI: European performance efficiency index, SEM: Standard error of mean, Sig.: Significance

Table 3: Effect of different treatments on carcass traits of broiler chicks at the marketing age
Parameters T1 T2 T3 SEM p-value
Live body weight (kg) 1.920b 2.000a 2.050a 0.0781 0.0011
Dressing weight (kg) 1.251b 1.424a 1.455a 0.1099 0.0003
Dressing (%) 65.16% 71.20% 70.980% 0.0297 0.0254
Abdominal fat (%) 2.45%a 1.88%b 1.760%b 0.0099 0.0457
Liver (%) 4.00% 3.37% 3.230% 0.0041 0.0773
Gizzard (%) 4.09% 4.07% 3.990% 0.0005 0.0899
Heart (%) 0.912% 0.904% 0.966% 0.0003 0.0156
Spleen (%) 0.125% 0.144% 0.140% 0.0001 0.0558
T1:  Negative  control  (80  kcal  kgG1), T2:  T1+250 g of $-mannanase (Lycell ®), T3: T1+300 g of $-mannanase (Hemicell®), *Significant differences between rows at
p#0.05, NS: Non-significant difference, SEM: Standard error of mean

Hematological parameters: Data  presented  in  Table 4
shows  significant  increases   in   PCV%,  of  chicks  from  T2
and T3 compared to control chicks, however, hemoglobin
concentration was significantly reduced in both T1 and T3
groups. Moreover, RBCs and total leucocytes (TLC) counts
were significantly higher in T1 than those of the other
treatments which may affect blood indices.

Total colony count and total anaerobic count in droppings:
Data presented in Table 5 shows significant increase in total
colony count, total anaerobic count and in droppings of chicks

from T2 and T3 compared to control chicks, whereas, total
coliform count was significantly reduced in both T2 and T3,
compared to control chicks. Clostridium perfringens  isolated
only from  dropping  of  T1.  Moreover,  significant  increases
in total colony count  was  observed  in  litter  of  chicks from
T2 and T3 compared to control chicks, however, no difference
was observed in total anaerobic  count  of  litter  from the
three different groups. Also, total coliform count was
significantly reduced in both T2 and T3, compared to control
chicks. Clostridium  Perfringens  isolated  only  from  litter of
T1.
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Table 4:  Effect of different treatments on haemogram and Serum biochemical analyses
Parameters T1 T2 T3 p-value
Hematological parameters
PCV (%) 23.70±0.70b 36.67±0.33a 36.330±0.88a 0.0004
HB concentration (g dLG1) 6.07±0.30b 7.70±0.19a 8.130±0.58a 0.0424
RBCs count (×106 cell µLG1) 1.38±0.08a 1.17±0.02b 1.107±0.035b 0.0435
TLC (×103 cell µLG1) 64.00±300a 30.33±1.20b 30.000±1.73b 0.0007
Heterophils (×103 cell µLG1) 35.19±5.33a 19.74±0.90b 16.560±1.11b 0.0325
Lymphocytes (×103 cell µLG1) 27.92±3.03a 9.66±0.61b 12.240±2.77b 0.0381
Monocytes (×103 cell µLG1) 0.89±0.45 0.52±0.05 0.600±0.03 0.5974
Eosinophils (×103 cell µLG1) 0.00±0.00 0.74±0.38 0.600±0.035 0.1308
Biochemical parameters
Total protein (g dLG1) 3.42±0.06b 4.10±0.009a 3.500±0.07b 0.0008
Albumin (g dLG1) 1.88±0.01 c 2.21±0.008 b 1.820±0.01a 0.0002
Globulin (g dLG1) 1.54±0.05 a 1.89±0.02 b 1.680±0.07c 0.0005
A/G ratio 1.22±0.01c 1.17±0.003b 1.080±0.01a 0.0001
Cholesterol (mg dLG1) 129.70±2.95a 104.77±5.4b 110.880±4.08b 0.0003
T1: Negative control (80 kcal kgG1), T2: T1+250 g of $-mannanase (Lycell®), T3: T1+300 g of $-mannanase (Hemicell®), Data are presented as mean values±SE Significant
difference at p#0.05

Table 5: Effect of beta-mannanase addition on droppings and litter microbiology
Parameters T1 T2 T3
Droppings
Total colony count 4×108 7×108 6×108

Total anaerobic count 14×103 18×103 17×103

Total coliform count 40×105 17×105 10×105

Clostridium perfringens +ve -ve -ve
Litter
Total colony count 5×109 18×109 15×109

Total anaerobic count 10×104 9×104 6×104

Total coliform count 9×106 7×106 3×106

Clostridium perfringens + ve - ve - ve
T1: Negative control (80 kcal kgG1), T2: T1+250 g of $-mannanase (Lycell®), T3: T1+300 g of $-mannanase (Hemicell®)

Table 6: Effect of beta-mannanase addition on digestion trial of broilers
Parameters T1 T2 T3 Sig.
Feed intake g chickG1 215.8a 199.6b 191.3b *
Excreta output g chickG1 39.6a 32.7b 31.0b *
DMD, AD (%) 80.0 81.9 82.3 NS
OMD, AD (%) 82.8 83.9 84.4 NS
DMD, DD (%) 81.9 83.7 83.8 NS
OMD, DD (%) 84.4 85.5 85.7 NS
Primary moisture (%) 72.4 78.9 73.8 NS
Excreta percentage of feed intake 18.1 16.3 16.2 NS
T1: Negative control (80 kcal kgG1), T2: T1+250 g of $-mannanase (Lycell®), T3: T1+300 g of $-mannanase (Hemicell®), DMD: Dry matter digestibility, OMD: Organic matter
digestibility, AD: Air dried basis, DD: Dry matter basis, *Significant differences between rows at p#0.05, NS: Non-significant difference, Sig.: Significance

Digestion  trial: Data presented in Table 6 shows significant
(p<0.05) increase in feed intake (g chickG1) and excreta output
(g chickG1). However, there were non-significant differences
between other digestion parameters.

Histopathology: Microscopy of the duodenum of chicken
revealed partial necrosis of  the  lining  epithelium at the tips
of intestinal villi in T1 (Fig. 1a and b) and a normal long
intestinal villus in T2 and T3 (Fig.  1c  and  d).  The  histology  of

Jejunum   showed   widening   of   the   intestinal  villi in T1
(Fig.   2a)   and  normal  long  intestinal  villi  in   T2  and  T3
(Fig. 2b and c).  Microscopy  of  liver  revealed mononuclear
and heterophilic cells infiltration in T1 (Fig. 3a), congestion
with  mononuclear  and   heterophilic    cells    infiltration    in
T3  (Fig.  3b)  and   normal   histological    structure    in    T2.
The length   of   villi   of   the  duodenum  and  jejunum  was
the highest in T3 compared to the other groups  (Fig.  3c)
(Table 7).
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Fig. 1(a-d): Duodenum of chicken (a, b) partial necrosis of the lining epithelium at the tips of intestinal villi in T1. (c, d) normal long
intestinal villi in T2 and T3 (H and E stain×40)

Fig. 2(a-c): Jejunum of chicken (a) widening of the intestinal villi in T1. (b, c) normal long intestinal villi  in  T2  and  T3 (H and E
stain ×40)

DISCUSSION

The  obtained  results  revealed  that  broiler  diets
supplemented  with different types  of  β-mannanase  (Lycell®

or Hemicell®) significantly (p<0.05) increase final live body
weight, decrease feed consumption and improve feed
conversion ratio. The positive effect of β-mannanase began to
be clear from the third week of age, and it may be attributed
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Fig. 3(a-c): Liver of chicken (a) mononuclear and heterophilic cells infiltration in T1, (b) Congestion with mononuclear and
heterophilic cells infiltration in T3, (c) Apparently normal histological structure of the liver in T2 (H and E stain ×200)

Table 7: Intestinal villi length, width, crypt depth, length to crypt depth and absorbance surface of intestinal villi in the duodenum and Jejunum
Parameters T1 T2 T3 Sig.
Duodenum
Length 306.33±14.09b 328.35±10.74a 443.38±23.61a **
width 32.64±1.81 35.71±2.37 33.03±3.41 NS
crypt depth 78.57±8.92c 98.00±4.32a 87.31±5.13b **
L/C 3.90±0.48b 3.38±0.13b 5.27±0.53a *
AS (mm2) 9.40±0.86b 9.20±0.91b 13.24±1.34a *
Jejunum
Length 280.60±12.27b 290.22±6.29b 313.00±23.63a *
width 40.13±1.93a 41.75±1.71a 29.24±3.08b *
crypt depth 88.51±7.29a 63.57±4.6b 59.68±8.27b *
L/C 3.17±0.28c 4.57±0.38b 5.24±1.13a **
AS (mm2) 6.99±0.65b 7.08±0.47b 10.70±0.80a *
T1: Negative control (80 kcal kgG1), T2: T1+250 g of $-mannanase (Lycell®), T3: T1+300 g of $-mannanase (Hemicell®), L/C: Length to crypt depth, AS: Absorbance surface,
*Significant differences between rows at p#0.05, Sig.: Significance

to improvement in starch digestion and elimination of the
negative effects of non-starch polysaccharides including
galactomannans. These results are in agreement with those
reported by Anderson et al.30 and Hsiao et al.31 and Zou et al.32

who did not observe any improvement in broiler growth until
three weeks of age. The best feed conversion ratio was
obtained in $-mannanase groups (1.6 and 1.57) in T2 and T3
compared with T1 (control) birds. These results showed that
$-mannanase enzyme hydrolyzes NSP class that ultimately
reduces viscosity of the intestinal environment, lower water

retention in smaller molecules of carbohydrate and increases
the availability of carbohydrates. It is thus, making it absorbed
and utilized by the birds4,33 resulting in higher improvement in
the feed/grain performance. These results disagree with
Opalinski et al.34  who  found  higher  feed  intake  in broilers
fed with a diet including  an  enzymatic  complex containing
$-mannanase.
In this study, significantly higher (p<0.05)  PI  and  EPEI

was observed in broilers of T2 and T3 group; however,
minimum    and    significantly   lower  (p<0.05)  feed  efficiency
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and performance index was observed in T1 group fed
negative control diet. This result is supported by Saeed et al.8

and Rehman et al.35 who  reported  that  supplementation of
$-mannanase enzyme increased PI and EPEI.

$-mannanase enzyme supplementation improved the
carcass traits, there was significant difference (p<0.05) in
dressing  weight,  dressing  percentage  and  abdominal fat; as
the higher  dressing  weight  was  obtained in T2 (1.424 kg)
and T3 (1.455 kg) followed by T1 (1.251 kg) in low energy diet
group. In the same time, high dressing percentage was
obtained in both $-mannanase supplemented groups (71%)
followed by low energy diet group (65%). There was no
significance difference between groups  in  liver,  gizzard,
heart and spleen weight; these results confirmed by  previous
results obtained by Hajati36 who reported that enzyme
supplementation increased carcass weight, dressing
percentage and decrease abdominal fat but had no effect on
heart, liver, proventriculus and  gizzard  percentages of broiler.

$-mannanase  supplementation  in   both  groups showed
decrease  in  leukogram and globulins concentration
compared    with  broiler  fed   on     energy    deficient    diet
(80 kcal kgG1), which showed increase in total leukocyte count,
heterophils, lymphocytes count and globulin concentration.
These results agree with the findings of Mehri et al.37,
Incharoen et al 25 and Saeed et al.8,25,37 who proved that $
mannan present in poultry diet stimulate the innate immunity
through improvement  in  the  proliferation  of  monocytes
and macrophages as well as resultant cytokine production. As
$-mannans resemble carbohydrate structures found on the
surface of pathogenic bacteria, it might induce an innate
immune response (feed  induced  immune  response)
resulting  in  a  nonproductive,  energy-draining  and
inflammatory  immune  response29,33,38  which  also   leads to
an  increase  in   acute   phase   proteins   as   globulins.   Thus
$-mannanase supplementation reduces $-mannan levels in
the gut, which may lead to a depression in the stimulation of
innate immunity7. This is not so bad as Li et al.39 indicated that
the decrease in immunoglobulin levels due to $-mannanase
supplementation is suggestive of a down-regulated immune
system that might have allowed nutrients to be redirected
towards optimum performance which is also recorded in our
result showing an increase in final live body weight. Regarding
erythrogram results, there's significant increase in PCV% and
hemoglobin concentration in both $-mannanase groups,
which may be related to the improved general health status
of broilers as mannanase improved morphological status in
the gut37,40 and minimized the viscosity of the intestine,
allowing better absorption of nutrient8, this also proved by our
Histopathological results which revealed increased villus 
length,  villus   width,   crypt   depth   and   absorbance  surface

area at duodenum and jejunum in both T2 (Lycell® group) and
T3 (Hemicell® group), which reflect increase in albumin
concentration in both beta mannanase groups. The increase
in A/G ratio in both $-mannanase groups may be due to
increased albumin concentration. While increased cholesterol
level in group one is agreed by Lee et al.41 and   Mohayayee
and Karimi42   who   found  that  $-mannan  increase  feed:gain
and produce higher plasma lipids for day 1-42 broilers fed
guar meal. While Sundu  et  al.43  found  that  diet enriched
with $-mannanase statistically enhanced  lipid  utilization. As
$- mannanase might have increased digesta flow rate leading
to improved nutrient utilization44, this agree with our result
which showed significant decrease in cholesterol level in both
$-mannanase groups.

The microbiological examination of droppings and litter
material: T2 (Lycell® group) and T3 (Hemicell® group) revealed
higher total colony count, lower coliform  and  anaerobic
count and negative clostridium  perfringens  in both
droppings and litter. These results may be due to the
hydrolysis of $-mannan into $-galacto-mannan and
production of mannooligosaccharides that improve chicken
health, by interfering with pathogenic bacterial attachment to
the epithelial cell as described by Spring et al.45. While in the
energy deficient diet (80 kcal kgG1 group), due to the adverse
effects $-mannans and their highly viscous nature, gastric
emptying rate became slower and ingesta became a suitable
media for growth and multiplication of pathogenic bacteria
either coliform, anaerobes or Clostridium  perferingens46.

Effect of $-mannanase supplementation on the digestion
trial of broiler: It was observed that the only differences
between, energy deficient diet (80 kcal kgG1  group),  T2
(Lycell® group) and T3 (Hemicell® group)  were  the  feed
intake   chickG1  dayG1  and   excreta   output   chickG1  dayG1;
the  lower feed intake and  excreta  output  was  recorded in
$-mannanase supplemented groups. While no significant
differences (p>0.05) were recorded in dry matter digestibility,
and organic matter digestibility; these results  agree with
some previous studies conducted by Hosseindoust47 Tarachai
and Yamauchi48 and Rehman et al.35 who stated that beta
mannanase supplementation had no effect on digestibility
and reported non-significant effect of beta mannanase on the
dry matter and gross energy digestibility of the broilers.
Histopathological results in Table 7,  Fig.  1-3,  revealed

that $-mannanase supplementation,  increase the villus
length, villus width, crypt  depth  and  absorbance  surface
area of duodenum and jejunum in both  T2  (Lycell®  group)
and  T3   (Hemicell®   group),   while   the   energy  deficient
diet   (80   kcal   kgG1)   showed   negative  impact  on  intestinal
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histomorphology. These results are similar to those reported
by Spring et al.45 who observed a greater crypt depth in
duodenum, jejunum, and ileum of broiler chickens fed a
barley-based diet supplemented with $-mannanase. In
contrast, Saeed et al.8,47 and Hosseindoust47 stated that crypt
depth and villus height to crypt depth ratio were unaffected
by supplementation of $-mannanase in diets.
The morphology of intestinal villi and crypt can be related

to the function of intestine48. The increase in villus height
indicates an increase in the absorptive surface area49. The
addition of exogenous enzyme to the diet results in the
decrease of digesta viscosity which is thought to be the reason
behind the improvement of intestinal morphology50 Lowering
the stressors imposed on the intestinal mucosa could
significantly enhance the morphology of intestine51. On the
other hand, it was reported that  crypt  depth  and villus
height   to   crypt   depth    ratio   were   unaffected   by
supplementation of $-mannanase in diets47. However, large
crypt depth can lead to poor nutrients absorption and lower
performance of boiler51. Results of Chichlowski et al.52, Yang53

and Olnood et al.54 agree with the present study; they
observed significant  increment in  villus  height  and  villus 
height:crypt  depth  ratio  and non-significant effect on crypt
depth as affected by probiotics administration.

CONCLUSION

This    study     demonstrated    that    the    reduction    of
-80 kcal kgG1 in the energy level negatively affected broiler
performance and $-mannanase either Lycell® or Hemicell®
supplementation to low energy diet improved the final
weight, weight gain, FCR, carcass traits, chicken health and
intestinal histomorphology. However, there was no significant
effect of $-mannanase on the DMD and OMD digestibility in
broilers. Therefore, $-mannanase supplementation should be
considered when low energy diets are formulated.
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