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ABSTRACT

A 2 x 3 factorial experiment was conducted to investigate the effect of enzyme Endofeed W (EEW) at 0
and 0.05%, thyme essential oil (TEO), probiotic Primalac® (PP) and non-feed additive, on intestinal histo-
morphology of broilers fed wheat-based diet. Each of the 6 dietary treatments was replicated 4 times with
12 chicks each from 0 to 42 days of age. There was no interaction between enzyme and growth promoters
on any measured parameters. Data showed that supplementation of wheat-based diet with EEW enhanced
(P<0.05) intestinal histomorphology including jejunal villus height (VH), villus width (VW), villus surface
area (VS), crypt depth (CD), mucosa layer thickness (MCL), muscular layer thickness (MSL) and number
of goblet cells (GC) and ileal VH, MCL and GC at 21 and 42 days of age, as compared to broilers fed con-
trol diet. The TEO in diet did ameliorate (P<0.05) some jejunal and ileal morphological parameters, but it
was less effective as compared to EEW or PP supplementation. The PP improved (P<0.05) the intestinal
histomorphology in the present study in all measured parameters except the jejunal and ileal VH:CD. It was
concluded that dietary EEW and growth promoters (TEO or PP) supplementation improved (P<0.05) gut
health in broilers fed wheat-based diet, but the effect of probiotic Primalac® was more pronounced as com-
pared to natural thyme essential oil.

LA 010K essential oil, exogenous enzyme, intestinal histomorphology, probiotic, wheat.

Exogenous enzymes have been used extensively to re-

INTRODUCTION genous enzy Ve
move anti-nutritional factors from feeds, to increase the
Compared to maize, wheat contains considerably higher digestibility of existing nutrients, and to supplement the

levels of anti-nutritional factors consisting mainly of water activity of the endogenous enzymes of poultry (Wang et al.
soluble nonstarch polysaccharides (NSP). The NSP fraction 2005).

increases digesta viscosity and protects lipids, starch, and The routine use of antibiotics in poultry feed is now less
protein, thereby decreasing nutrient digestibility, modifying common, as new antibiotic-resistant strains of pathogens
intestinal microflora in the digestive system and reducing emerge. Thus, other growth promoters that have no side
physiological and morphological changes (Basmacioglu et effects in poultry meat or human health are used as alterna-
al. 2010). The use of enzymes or antibiotic growth promot- tives to antibiotics in poultry feed. Thyme essential oil

ers as dietary supplements, may positively affect poultry could be used as a growth promoter due to its mode of ac-
health and productivity fed diets containing grains such as tion, including: improving feed flavor and intake, stimulat-
wheat, rye, barley and oats (Basmacioglu et al. 2010). ing the secretion of digestive enzymes, increasing gastric
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and intestinal motility, gut development and antimicrobial
activity (Jamroz et al. 2006; Tipu et al. 2006). Carvacrol,
an active component of thyme essential oil, has been noted
to have a positive effect on intestinal morphology and se-
cretion of mucin in the intestine (Jamroz et al. 2006). Pro-
biotics are sources of live (viable) naturally occurring mi-
croorganisms that improve microbial balance in the animal
gastrointestinal tract and, therefore, are beneficial (Isolauri
et al. 2001). Mode of action of probiotics include inhibition
of pathogen growth in the gastrointestinal tract, increase in
digestive enzyme activity (Rolf, 2000) and gut develop-
ment. With regard to this last action, Gunal et al. (2006)
reported that the increments of villus height (VH), crypt
depth (CD) and VH:CD in jejunum and ileum of probiotic-
fed broilers, were greater compared to the control groups.

Therefore, the aim of this study was to determine the ef-
fect of enzyme Endofeed W, thyme essential oil and probi-
otic Primalac® on intestinal histomorphology of broilers fed
wheat-based diet.

MATERIALS AND METHODS

Birds, diets and management

A total of two hundred eighty, eight day-old Ross-308 male
broiler chicks with a similar weight and wing-banded, were
randomly distributed to 24 pens. The six dietary treatments
were arranged factorially with two levels of enzyme End-
ofeed W (0.0 and 0.05%) and two types of growth promot-
ers (unsupplemented or supplemented with thyme essential
oil or probiotic Primalac®). Each diet was fed to four repli-
cates of twelve birds each. All starter, grower and finisher
diets were formulated (Table 1) to meet the nutrient re-
quirements according to Ross-308 rearing guideline
(Aviagen, 2007).

Enzyme Endofeed W produced from Aspergillus niger
fermentation product, contains the arabinoxylanase and -
glucanase activity of 2250 and 700 units per gram, respec-
tively as reported by the manufacturer with barley malt
sprouts dehydrated as carrier and standardizer (Endofeed
W, GNC Bioferm Inc., Saskatoon, Saskatchewan, Canada).
Stability tests under dry warehouse conditions show no
changes in enzyme activity during a 36 month period. En-
zyme activity is guaranteed for a storage period of 24
months. Zataria, an important genus of the family La-
miaceae (previously called Labiatae), is widely available in
Iran, Afghanistan and Pakistan, and from Zataria multiflora
(thyme), an aromatic member of genus Zataria, an essential
oil is extracted and used in this study. The thyme essential
oil was first dissolved in the vegetable oil component of the
ration and homogenized by mixer and then the mixture was
blended with wheat bran. Wheat bran with essential oil was
added to pre-mixture, and finally, the pre-mixture was gen-
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tly mixed with the basal diet. This experimental diet was
prepared weekly and stored in airtight containers. Thyme
essential oil was added at the rate of 0.1% of diet.

Els) N Composition of starter, grower, and finisher wheat-based diets

) Starter Grower Finisher
Ingredients, % (1-10d)  (11-24d)  (25-42d)
Wheat 57.49 59.94 61.47
Soybean meal, 44% CP 34.05 30.70 29.00
Wheat bran 0.15 0.15 0.15
Vegetable oil 4.00 5.60 6.14
Limestone 1.45 1.25 1.20
Dicalcium phosphate 1.35 1.10 1.00
Salt (NaCl) 0.37 0.36 0.34
DL-methionine 0.19 0.15 0.11
L-lysine 0.33 0.20 0.08
Threonine 0.12 0.05 0.01
Vitamin mix' 0.25 0.25 0.25
Mineral mix> 0.25 0.25 0.25
Calculated nutrient contents
ME, kcal/kg 2850 2970 3020
Crude Protein, % 22.14 20.74 19.82
Calcium, % 1.00 0.85 0.80
Available Phosphorus, % 0.47 0.42 0.40
Lysine, % 1.35 1.17 1.03
Methionine, % 0.48 0.42 0.39
Threonine, % 0.89 0.78 0.70

' Vitamin mix provided the following per kilogram of diet: vitamin A (trans-retinyl
acetate): 10000 IU; vitamin Dj; (cholecalciferol): 3500 IU; vitamin E (DL-0-
tocopheryl acetate): 60 mg; vitamin K (menadione): 3 mg; Thiamine: 3 mg; Ribofla-
vin: 6 mg; Pyridoxine: 5 mg; vitamin B, (cyanocobalamin): 0.01 mg; Niacin: 45 mg;
Pantothenic acid (D-calcium pantothenate): 11 mg; Folic acid: 1 mg; Biotin: 0.15 mg;
Choline chloride: 500 mg and Ethoxyquin (antioxidant): 150 mg.

% Mineral mix provided the following per kilogram of diet: Fe: 60 mg; Mn: 100 mg;
Zn: 60 mg; Cu: 10 mg; I: 1 mg; Co: 0.2 mg and Se: 0.15 mg.

Primalac® is a commercial microbial culture including a
minimum presence of 1.0 x 10° CFU of friendly bacteria
Lactobacillus acidophilus, Lactobacillus casei, Bifidobacte-
rium thermophilus and Enterococcus faecium per gram
(Primalac®, Star Labs, St. Joseph, Clarksdale, MO). Pri-
malac® has been shown to withstand extreme temperature
and humidity and remains stable up to a year after its con-
tainer is opened. Its unique formulation ensures that a large
portion of what is ingested actually gets into the bowel or
gastrointestinal tract and is not destroyed in the crop or
stomach. Therefore, its desired effect is achieved. The pro-
biotic Primalac® was added to the starter (0-10 d), grower
(11-24 d) and finisher (25-42 d) diets at the rate of 0.09%,
0.045% and 0.0225%, respectively. Continuous lighting
was provided during the first wk of age and afterwards
lighting schedule of 23 h L:1 h D was used. The initial tem-
perature of 33 °C was gradually reduced according to the
age of birds until reached 21 °C at day 28 and kept constant
thereafter. Feed and water were offered ad libitum.

Extraction of thyme essential oil and GC/MS analysis
Fresh plants were collected at the flowering stage and proc-
essed immediately after harvest. Essential oil was distilled
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from the ground plant material using Clevenger distillation
apparatus (Herbal Exir Co., Mashhad, Iran). The samples
were distilled for two hours and the oils obtained, dried
with anhydrous sodium sulphate, and stored in dark sealed
glass vials at +4 °C until required. The main active com-
pounds of the thyme essential oil were determined by
GC/MS and contained thymol and its isomer, carvacrol at
the rate of 21.9 and 31.9% of oil, respectively. The concen-
trations of two predominant components of thyme essential
oil, thymol and carvacrol have been reported to range from
as low as 3% to as high as 60% of total essential oil
(Lawrence and Reynolds, 1984).

Data collection

At 21 and 42 days of age, two birds per replicate were ran-
domly selected, euthanized by cervical dislocation, and then
the mid part of jejunum and ileum were excised for histo-
morphometric analysis. Briefly, the small intestine was
divided into three segments: the duodenum (from gizzard to
pancreo-biliary ducts), the jejunum (from pancreo-biliary
ducts to Meckel’s diverticulum) and the ileum (from
Meckel’s diverticulum to ileo-caecal junction). Samples of
jejunum and ileum (0.5 cmx0.5 cm segments) were ob-
tained at its midpoint and immersed in a 10% buffered for-
malin solution for 72 h. Then they were excised and washed
by physiological saline. The samples were treated in tissue
processor apparatus and embedded in paraffin wax
(Bancroft and Gamble, 2002). Transverse sections were cut
(6 pm) using a rotary microtome (LEICA RM 2145),
placed on a glass slide and stained with hematoxylin and
eosin, and analyzed under a light microscope to determine
morphometric indices. Morphological parameters were
measured using the Image Pro Plus v 4.5 software package.
The measured morphometric variables (Sakamoto et al.
2000; Aptekmann et al. 2001) included: villus height (VH)
measured from the villus-crypt junction; villus width (VW)
measured at midvillus height; villus surface area (VS)
measured using the formula: (2m) x (VW/2) x (VH); crypt
depth (CD) measured from the villus-crypt junction until
the end of gland; VH:CD ratio; mucosa layer thickness
(MCL); muscular layer thickness (MSL) and number of
goblet cells (GC). The mean from 10 villus per sample was
used as the average value for further analysis. Experimental
procedures followed the principles of the Animal Care
Committee of the Ferdowsi University of Mashhad.

Statistical analysis
All data were checked for normality before analysis. The
data were subjected to ANOVA using SAS (SAS, 2000).
Differences between treatment means were evaluated by
Tukey’s multiple range tests. A value of P<0.05 was con-
sidered significant.
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RESULTS AND DISCUSSION

The effects of feeding wheat-based diet containing enzyme
Endofeed W (EEW) or growth promoters (thyme essential
oil (TEO) or probiotic Primalac® (PP) on jejunal and ileal
histomorphology of broilers at 21 and 42 days of age are
shown in Tables 2-5. There was no interaction between
enzyme and growth promoters on any measured parame-
ters. Supplementation of wheat-based diet with EEW en-
hanced (P<0.05) intestinal histomorphology including je-
junal villus height (VH), villus width (VW), villus surface
area (VS), crypt depth (CD), mucosa layer thickness
(MCL), muscular layer thickness (MSL) and number of
goblet cells (GC) and ileal VH, MCL and GC at 21 and 42
days of age, as compared to those in broilers fed control
diet. TEO ameliorated (P<0.05) some jejunal and ileal mor-
phological parameters, but it did not perform as compre-
hensive as EEW or PP.

The intestinal histomorphology in broilers has been asso-
ciated with intestinal functions and birds growth. However,
little information is available on how enzymes or phyto-
genic compounds may affect gastrointestinal histomorphol-
ogy and functionality. Similar observations were reported
by Jamroz et al. (2006), who observed qualitative increase
in the number of GC and in mucin secretion at the surface
of the jejunum villi when feeding broilers a mixture of 5, 3,
and 2 mg/kg of carvacrol, cinnamaldehyde, and capsicum
oleoresin, respectively.

Birds fed a blend of essential oils from oregano, anise,
and citrus peel had longer ileal VH (P<0.05) and more GC,
than birds fed unsupplemented (Reisinger et al. 2011). The
number of GC per villus increases as the villi grows
(Tucker and Taylor-Pickard, 2004), and GC secretes
throughout the GI tract that forms an adherent gel on the
mucosal surface and may play an important role in epithe-
lial cell repair (Ikeda et al. 2002; Sklan, 2004). However,
hydroalchoholic plant extracts from sage, thyme, and rose-
mary leaves did not exert any influence on intestinal VH,
VS and CD (Garcia et al. 2007).

It has been observed that probiotics affect gastrointestinal
tract histology (Awad et al. 2006) and the regulation of
mucus synthesis and secretion (Deplancke and Gaskins,
2001).

Probiotics may also enhance the integrity of the tight
junctions between the intestinal epithelial cells during in-
fections or inflammatory conditions (Montalto et al. 2004).
As expected, PP improved (P<0.05) the intestinal histo-
morphology in the present study in all measured parameters
except the jejunal and ileal VH:CD.

The villi play a crucial role in the digestion and absorp-
tion processes of the small intestine, as is the first to make
contact with nutrients in the lumen (Gartner and Hiatt,
2001).
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LELIE Effect of feeding wheat-based diet containing enzyme or growth promoters’ on jejunal® histomorphology of broilers at 21 day of age

Morphological parameters

Main effects

VH’ (um) VW? (um) VS® (um?) CD’ (um) VH:CD? MCL? (um)  MSL? (um) GC?

Enzyme Endofeed W (EEW), %

0 953° 128° 383,029° 11° 8.59 1064° 311° 230°
0.05 1201° 172° 648,636 149° 8.06 1350° 428° 269"
SEM 46.50 6.41 24,717 5.22 0.16 51.20 21.17 1531
Growth promoters (GP)

Unsupplemented 944° 132° 391,269° 110° 8.58%® 1054° 320° 222°
TEO! 1117* 141° 494,540 118° 9.47° 1235% 379 271°
PP! 1276 184° 737,221° 161° 7.92° 1437° 452° 282°
SEM 51.50 7.11 24,312 5.29 0.18 61.20 22.22 15.30

P-value

EEW 0.019 0.009 0.021 0.022 0.390 0.022 0.008 0.041
GP 0.009 0.012 0.034 0.008 0.041 0.001 0.037 0.010
EEW x GP 0.876 0.350 0.422 0.521 0.390 0.442 0.121 0.311

The means within the same column with at least one common letter, do not have significant difference (P>0.05).

' TEO: thyme essential oil and PP: probiotic PrimaLac®.

% The small intestine was divided into three segments: the duodenum (from gizzard to pancreo-biliary ducts); the jejunum (from pancreo-biliary ducts to Meckel’s diver-
ticulum) and the ileum (from Meckel’s diverticulum to ileo-caecal junction).

3 VH: villus height; VW: villus width; VS: villus surface area; CD: crypt depth; VH:CD: villus height to crypt depth ratio; MCL: mucosa layer; MSL: muscular layer
and GC: number of goblet cells.

SEM: standard error of the means.

LELIEE Effect of feeding wheat-based diet containing enzyme or growth promoters' on jejunal® histomorphology of broilers at 42 day of age

Morphological parameters

Main effects

VH’ (um) VW’ (um)  VS*(um?) CD*(um)  VH:CD’ MCL? (um)  MSL® (um) GC?
Enzyme endofeed W (EEW), %
0 1144° 193° 693,286.9° 157° 7.29 1301° 382° 310°
0.05 1359° 222° 947331.7° 191° 7.12 1550° 507° 358"
SEM 67.41 6.53 24,800 5.60 0.21 62.94 20.01 17.82
Growth promoters (GP)
Unsupplemented 1187 201° 749,163.2° 131° 9.06 1318° 359° 298°
TEO' 1399° 212° 931,286.3" 142° 9.85° 1541° 433 351°
ppP! 1418 244° 1,086,415 177° 8.01° 1595 491° 370°
SEM 67.20 6.97 24,899 5.99 0.24 64.50 21.08 16.99

P-value

EEW 0.023 0.011 0.019 0.014 0.721 0.017 0.024 0.030
GP 0.044 0.039 0.015 0.022 0.030 0.020 0.022 0.041
EEW x GP 0.365 0.311 0.289 0318 0.450 0.711 0.392 0.279

The means within the same column with at least one common letter, do not have significant difference (P>0.05).

' TEO: thyme essential oil and PP: probiotic PrimaLac”.

2 The small intestine was divided into three segments: the duodenum (from gizzard to pancreo-biliary ducts); the jejunum (from pancreo-biliary ducts to Meckel’s diver-
ticulum) and the ileum (from Meckel’s diverticulum to ileo-caecal junction).

3 VH: villus height; VW: villus width; VS: villus surface area; CD: crypt depth; VH:CD: villus height to crypt depth ratio; MCL: mucosa layer; MSL: muscular layer and
GC: number of goblet cells.

SEM: standard error of the means.

Longer villi increase the absorptive surface of intestine, As it happened in the present investigation, the increased

while smaller crypt indicates a decrease of enterocyte re-
placement and tissue turnover, and lower demand for tissue
development as well. It can be stated that, increments in
VH and CD are directly correlated with enhanced epithelial
cell turnover (Fan et al. 1997).

Possibly, in the present study the increments reported
with Primalac® treatment are associated with increased in-
testinal nutrient absorption and accelerated enterocyte turn-
over rates. The crypts of the villus contain several special-
ized cells such as absorptive cells, GC, and regenerative
cells that are responsible for the production of mucus and
the replacement of old cells.
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crypt depth may also be due to a higher number of GC par-
ticularly concentrated in the crypt, which can result in in-
creased mucus secretion (Langhout et al. 1999).

In line with this study, several researches provided data
suggesting that Primalac® increases metabolic efficiency
via changes in intestinal physiology and metabolism.
Feeding Primalac® increased (P<0.05) intestinal VH, CD,
MSL and number of GC compared to birds fed control diet
(Chichlowski et al. 2007).

Rahimi et al. (2009) reported that there was a significant
increase in GC count, area, mean size and villi density due
to feeding of Primalac®.
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LELIEY Effect of feeding wheat-based diet containing enzyme or growth promoters' on ileal® histomorphology of broilers at 21 day of age

Morphological parameters

Main effects

VH (um) VW (um)  VS*(um?)  CD’(um) VH:CD? MCL?(um)  MSL?(um) GC?
Enzyme Endofeed W (EEW), %
0 704° 101 223,266.6 94 7.49° 798° 347 181°
0.05 911° 111 317,519.9 107 8.51° 1018° 380 210°
SEM 48.32 5.45 23,393 4.13 0.17 44.13 22.60 16.11
Growth promoters (GP)
Unsupplemented 712° 107 239,217.8° 100 7.12° 812° 341° 205°
TEO! 951° 115° 343,406.1* 103° 9.23" 1054 402 249°
PP! 947° 147° 437,116.3* 134 7.07° 1081° 457 258°
SEM 53.52 6.74 24,402 5.07 021 53.71 21.38 17.12

P-value

EEW 0.034 0.482 0.466 0.343 0.017 0.039 0.421 0.019
GP 0.012 0.020 0.027 0.013 0.024 0.011 0.031 0.021
EEW x GP 0.217 0.419 0.617 0.712 0.387 0.528 0.444 0.421

The means within the same column with at least one common letter, do not have significant difference (P>0.05).

! TEO: thyme essential oil and PP: probiotic PrimaLac®.

% The small intestine was divided into three segments: the duodenum (from gizzard to pancreo-biliary ducts); the jejunum (from pancreo-biliary ducts to Meckel’s

diverticulum) and the ileum (from Meckel’s diverticulum to ileo-caecal junction).

* VH: villus height; VW: villus width; VS: villus surface area; CD: crypt depth; VH:CD: villus height to crypt depth ratio; MCL: mucosa layer; MSL: muscular layer

and GC: number of goblet cells.
SEM: standard error of the means.

Effect of feeding wheat-based diet containing enzyme or growth promoters' on ileal® histomorphology of broilers at 42 day of age

Morphological parameters

Main effects

VH’ (um) VW’ (um)  VS*(um®)  CD®(um) VH:CD’ MCL®(um)  MSL® (um) GC®

Enzyme Endofeed W (EEW), %

0 963" 144 435,430.1 128 7.52 1091° 400 207"
0.05 1185° 159 591,623.1 143 8.29 1328° 441 250°
SEM 54.63 6.46 24,259 4.87 0.17 50.91 23.00 15.14
Growth promoters (GP)

Unsupplemented 971° 138° 420,753.7° 130° 7.47° 1101° 382° 247°
TEO' 1164* 140° 511,694.4" 135° 8.62° 1299° 417° 302°
PP' 1182° 170° 630,951.6" 172 6.87° 1354* 510° 313°
SEM 55.28 7.17 24,603 5.52 0.22 59.44 22.50 16.55

P-value

EEW 0.031 0.612 0.317 0.427 0.622 0.009 0.790 0.033
GP 0.030 0.017 0.033 0.040 0.040 0.032 0.011 0.008
EEW x GP 0.411 0.521 0.512 0.616 0.518 0.567 0.620 0.619

The means within the same column with at least one common letter, do not have significant difference (P>0.05).

' TEO: thyme essential oil and PP: probiotic PrimaLac”.

% The small intestine was divided into three segments: the duodenum (from gizzard to pancreo-biliary ducts); the jejunum (from pancreo-biliary ducts to Meckel’s

diverticulum) and the ileum (from Meckel’s diverticulum to ileo-caecal junction).

3 VH: villus height; VW: villus width; VS: villus surface area; CD: crypt depth; VH:CD: villus height to crypt depth ratio; MCL: mucosa layer; MSL: muscular layer

and GC: number of goblet cells.
SEM: standard error of the means.

The supplementation with Primalac® led to (P<0.05) an
increase in VH and VW, but a decrease in CD in all parts of
the intestine (Markovicv et al. 2009).

Gunal et al. (2006) reported that increments of VH, CD,
and VH:CD in jejunum and ileum of probiotic-fed broilers
were greater compared to birds control group.

Awad et al. (2008) showed that the addition of symbiotic
(prebiotic and probiotic) increased the VH and VH:CD in
ileum compared to control. However, the ileal CD was de-
creased by synbiotic supplementation compared to control
birds.
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CONCLUSION

In conclusion, the present data suggest that one mechanism
for the improvement of growth of broilers fed wheat-based
diet supplemented with EEW and growth promoters (TEO
or PP), can be seen jn the increase in health and functional-
ity of the intestine. In this aspect, Primalac® is more effi-
cient as a growth promoter than natural thyme essential oil.
Supplementation of wheat-based diet with enzyme End-
ofeed W enhances (P<0.05) intestinal histomorphology
including jejunal VH, VW, VS, CD, MCL, MSL and GC
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and ileal VH, MCL and GC, at 21 and 42 days. Natural
thyme essential oil enhanced (P<0.05) some jejunal and
ileal morphological parameters, but it did not perform as
comprehensive as EEW or PP.
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