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Abstract

Objective: This trial was conducted to determine if the growth performance, apparent nutrient digestibility, caecal microflora and
intestinal histomorphology of broiler chickens could be enhanced via supplementation of their diets with a blend of plant extracts
containing oregano, fenugreek, chamomile and fennel. Methodology: The plantextract blend wasincluded as a natural growth promoter
in six dietary treatments at levels of 0, 100, 200, 500, 1000 and 2000 ppm. A seventh treatment, supplemented with 200 ppm
oxytetracycline (OTC) antibiotic as growth promoter, was included in the study design to compare its effect to those fed on the plant
extract blend (0 and 200 ppm). The trial utilized 245, day-old chicks distributed in 7 dietary treatments (7 birds/pen; 5 replicate
pens/treatment). Results: No significant differences were observed in the measured growth performance parameters (body weight, daily
gain, daily feed intake and feed conversion ratio) due to inclusion of the plant extract blend (p>0.05). Supplementation of the broiler diet
with 200 ppm of OTC resulted in significant improvement in the measured growth performance parameters compared to those fed on
0 (control) or 200 ppm of the plant extract blend. The mortality percentage in the control group was 11.4% and was decreased by an
average of 50-75% in broilers fed on the plant extract blend. No mortality was observed in broilers fed on the 200 ppm OTC. The apparent
total tract digestibility of dry matter, crude protein and ether extract was increased due to inclusion of the plant extract blend or OTC. The
caecal microflora count was positively influenced (p<0.05) by inclusion of the plant extract blend (decreased coliforms and increased
lactobacilli count). Dietary intake of OTC decreased both coliforms and lactobacilli. The intestinal histomorphological parameters (villus
height, crypt depth and villus height-to-crypt depth ratio) were not significantly influenced by inclusion of the plant extract blend or OTC
in the feed. Conclusion: The utilized plant extract blend showed the capacity to significantly improve total tract apparent nutrient
digestibility and caecal microflora count, but without an observed improvement in the growth performance and intestinal
histomorphology.
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INTRODUCTION

Although the use of antibiotics for growth promoting
activities has been well documented’, their utilization in
animal and poultry feed has been prohibited in the European
Union (Regulation 1831/2003/EC) since 2006, due to the
development of bacterial resistance, presence of chemical
residues in meat and increased consumer health
consciousness. However, banning the use of antibiotics has
resulted in an increased spread of bacterial diseases and
worsened feed conversion ratios among poultry flocks.
Therefore, finding alternatives to feed antibiotics is one of the
main challenges for the poultry industry. Phytobiotic feed
additives can be utilized as a natural and safe alternative to
feed antibiotics, due to their antimicrobial and digestion
stimulant properties. Phytobiotics can be defined as
plant-derived products (herbs, botanicals, essential oils and
oleoresins) added to the feed in order to improve livestock
performance?. Among phytobiotics, oregano, fenugreek,
chamomile and fennel have been used by many researchers
for their capacity to enhance chicken performance and feed
digestion.

Oregano (Origanum vulgare L.) is an aromatic plant of
the Lamiaceae family which contains 1-3% essential oil.
Carvacrol and thymol constitute at least 60% of the total oil,
while y-terpinene and p-cymene constitute about 5 and 7% of
the total oil respectively®. Oregano and its active constituents
are characterized by potent antioxidant, antimicrobial®,
anticoccidial®  and  digestion  stimulant’ properties.
Furthermore, they have the capacity to improve chicken
performance®® and gut morphology™.

Fenugreek (7rigonella foenum-graecum L)
well-known medicinal herb of the Fabaceae family. Its active
constituents include steroidal saponins (diosgenin), alkaloids
(trigonelline), coumarin and fenugreekine''. Fenugreek has
several physiological properties including anti-inflammatory'?,
antimicrobial', immunostimulant™and digestion stimulant',
Additionally, fenugreek seeds has the capacity to promote
chicken performance’®',

Chamomile (Matricaria chamomiflal.) is one of the most
widely used annual plants of the Compositeae family'. Its
active constituents include essential oil components
(bisabolols and bisabolol oxides, trans-B-farnesene,
chamazulene') and non-oil components (flavonoids as
apigenin, luteolin, quercetin, coumarins and phenolic
acid?). Chamomile is regarded to possess several biological
activities  including anti-inflammatory,  antibacterial,

is a
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antioxidant, carminative, antiseptic = and digestive
properties?'?2, Furthermore, it has been shown to have
positive effects on the growth performance of broiler
chickens?12,

Fennel (Foeniculum vulgarel..) is an aromatic herbal plant
belonging to the Apiaceae family. Its main active components
are trans-anethol, fenchon and estragole?’. Fennel possess
potentantioxidant?, antibacterial®, digestion stimulant?” and
performance enhancing activities?,

This study hypothesized that dietary supplementation
with a plant extract blend derived from oregano, fenugreek,
chamomile and fennel could improve broiler chicken
performance by increasing nutrient digestibility, balancing gut
microfloraand enhancing the histomorphological structure of
the small intestine.

MATERIALS AND METHODS

Tested products: The plant extract blend used in this study
(Plantextrakt GmbH and Co.KG, Germany) was a spray-dried
powder obtained from an aqueous extract of oregano,
fenugreek, chamomile and fennel. The extract contained
approximately ~ 1.20%  essential  oils.  Terramycin®
(oxytetracycline, 40% purity) was purchased from Delta Vet
Center Company, the sole agent of Phibro Animal Health in

Egypt.

Birds and management: This trial was conducted at the
Animal Research House of the Nutrition and Clinical Nutrition
Dept. Faculty of Veterinary Medicine, Zagazig University, Egypt
and followed the guidelines for animal experimentations of
the Institutional Animal Care and Use Committee of the
Faculty of Veterinary Medicine, Zagazig University. A total of
245 days old unsexed broiler chicks (Cobb 500 strain) were
obtained from a commercial hatchery. On arrival, they were
banded, weighed and randomly distributed into 7 dietary
treatments. Each treatment contained 35 chicks distributed in
5 replicate pens (7 chicks / pen). The pens were bedded with
fresh wood shaving. The environmental temperature was 33°C
at starting and lowered 2°C every week until reached 25°C at
5th week of age and kept constant after that. All chicks were
reared in an open sided house and kept under similar
management. The chicks were vaccinated against the
common endemic diseases (Newcastle, Gumboro, Infectious
Bronchitis and Avian Influenza).

Diets and treatments: Experimental diets were based on
corn-soybean meal-corn gluten meal-sunflower meal and
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Table 1: Diets and chemical composition

Feeding phase
Feed ingredients Starter Grower Finisher
Corn, ground yellow 51.50 56.28 60.55
Soybean meal, 46% CP 32.05 27.00 22.06
Corn gluten meal, 60% CP 3.50 3.50 3.50
Sunflower meal, 36% CP 5.00 5.00 5.00
Calcium carbonate 1.04 0.94 0.91
Dicalcium phosphate 2.04 1.80 1.68
Premix* 0.30 0.30 0.30
Sodium chloride 0.31 0.26 0.26
Sodium bicarbonate 0.20 0.20 0.20
DI. Methionine 0.26 0.22 0.18
L. Lysine 0.32 0.30 0.27
L. Threonine 0.04 0.04 0.03
Vegetable oil 333 4.06 4.95
Chemical composition
Crude protein (%) 23.0 21.0 19.00
AME, kcal kg~" diet** 3000 3100 3200
Calcium (%) 1.00 0.90 0.85
Available phosphorus (%) 0.50 0.45 042
Lysine (%) 1.40 1.25 1.10
Methionine (%) 0.67 0.60 0.54
Methionine+Cystine (%) 1.04 0.95 0.86
Sodium (%) 0.20 0.18 0.18

*Supplied the following kg=' of diet: Vit. A (12000 IU), Vit. D3 (3000 IU), Vit. E
(10mg), Vit.K3 (1 mg), Vit. B1 (1 mg), Vit. B2 (5 mg), Vit. B6 (1.5 mg), Pantothenic
acid (10mg), Vit. B12 (0.01 mg), Niacin (30 mg), Folic acid (1 mg), Biotin
(0.05mg), Zn (60 mg), Mn (60 mg), Fe (30 mg), Cu (4 mg), | (0.3 mg), Co (0.1 mg)
and Se (0.1 mg). **Apparent metabolizable energy

were formulated to meet or exceed the nutrient requirements
set by the National Research Council?, but adjusted for age
and energy. There were 3 feeding phases: Starter phase
(0-21 days of age; containing 23% CP and 3000 kcal kg~ diet),
grower phase (22-35 days of age; containing 21% CP and
3100 kcal kg~ diet) and finisher phase (36-42 days of age;
containing 19% CP and 3200 kcal g' diet). The diets were
isocaloric, isonitrogenous and provided in mash form. Feed
and water were offered ad-libitum. The diets were without
anticoccidial drugs. Feed ingredients and experimental diets
were chemically analyzed for proximate composition
according to the standard procedures cited by AOAC3. The
values of chemical analysis are in agreement with the
calculated values. Experimental diets and their chemical
composition are shown in Table 1.

There were 7 dietary treatments; birds of treatments 1, 2,
3,4, 5 and 6 were fed on basal diets supplemented by 0, 100,
200, 500, 1000 and 2000 ppm of the plant extract blend
respectively. Treatment 1 was kept as a control. A seventh
treatment, basal diet plus 200 ppm of oxytetracycline (OTC),
was added to the study treatments to compare its effect to
broilers fed on the control diet or basal diet plus 200 ppm of
the plant extract blend. The OTC dosage was chosen
according to the manufacturing company recommendation
and Khadem et a/>'.
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Measurements

Growth performance parameters: Bird's body weight and
pen feed residues were measured at the end of each
feeding phase to calculate the growth performance
parameters (average Body Weight (BW), Average Daily
Gain (ADG), Average Daily Feed Intake (ADFI) and Feed
Conversion Ratio (FCR). Dead birds were recorded on a
daily basis to estimate the mortality percentage of each
treatment.

Apparenttotal tract nutrient digestibility: At 42 days of age,
10 birds per treatment were kept in their pens (2 bird/pen,
having the average weight of the pen) and fed on the
same type of feed they consumed in the finisher period but
with addition of 0.5% titanium dioxide as an indigestible
marker for 10 days. During the last 5 days of feeding on the
indigestible marker, the excreta (free from feather and
feed) voided by the tested birds in each pen were collected
in air tight bags and stored at -18°C till analyzed. The
excreta was collected twice daily on a plastic sheet laid
under the chickens and over the bedding materials. Samples
from the offered feed were collected and stored until
analyzed. The frozen excreta/pen were thawed, pooled,
dried in a forced air oven at 60°C for 48 h and then ground
to pass through a 0.5 mm sieve. The concentration of
titanium dioxide in diets and excreta was measured
according to Short et a/32. The proximate analysis of dry
matter, crude protein and ether extract of diets and excreta
was conducted according to the standard procedures
cited by AOAC®. Uric acid content of the excreta was
determined according to Marquardt33. The apparent nutrients
digestibility of dry matter, crude protein and ether extract
were calculated according to Maynard et a/3* using the
following equation:

Indicator in feed (%)
Indicator in faeces (%)

Nutrient in faeces (%)
Nutrient in feed (%)

Digestibility _ 1
o) _100[

|

Caecal microfloracount: At42 days of age, 5 birds/treatment
(1 bird/pen) were slaughtered, eviscerated and their
remaining caeca were excised, collected in air tight bags
and stored at -18°C. The content of each caeca were thawed
and squeezed into sterile containers for bacteriological
examination and counting of coliforms and lactobacillus spp.
utilizing the conventional microbiological techniques and the
selective agar media. For lactobacillus bacteria enumeration,
the samples were serially diluted in 0.85% sterile saline
solution then cultivated on MRS agar and incubated in an



Int. J. Poult. 5ci, 16 (9): 344-353, 2017

anaerobic chamber at 37°C for 48 h. For coliform bacteria
enumeration, the samples were serially diluted in 0.85% sterile
saline solution, then cultivated on MacConkey agar under
aerobic incubation at 37° C for 24 h. The average number of
live bacteria was calculated and expressed as log CFU g=' of
caecl digesta®.

Intestinal histomorphological examination: At day 42, the
eviscerated small intestines of 5 birds/treatment were
collected. About 2 cm segments from the middle part of the
duodenum (segment from the gizzard outlet to the end of the
pancreatic loop), jejunum (segment from the end of the
pancreatic loop to the Meckel's diverticulum) and ilium
(segment from the Meckel's diverticulum to the cecal junction)
were excised and flushed with physiological saline. The
collected segments were fixed in 10% buffered formalin
solution, dehydrated and embedded in paraffin. A 5 pm
sections of each sample was cut and placed onto a glass slide
and stained with hematoxylin and eosin. The villus height,
crypt depth and villus height-to-crypt depth ratio were
measured in each section using light microscope. The villus
height was measured from the top of the villus to the top of
the lamina propria. The crypt depth was measured from the
base upward to the region of transition between the cryptand
villus3®.

Statistical analysis: The experimental design was a
randomized block design with five replicate pens/treatment.
Pen was served as the experimental unit for performance
parameters and nutrient digestibility coefficient, while bird
was served as the experimental unit for other measurements.
One-way analysis of variance (ANOVA) was conducted to
determine treatments effect. Mean  testing (Least
significant difference) was  utilized to determine if
significant differences exists among treatments at p<0.05.
Linear and quadratic polynomial contrasts were conducted
to test the dose response effect of the plant extract blend.
Other contrasts were used to compare the effect of OTC versus
the plant extract blend at levels of 0 and 200 ppm using
Statistic 9%.

RESULTS

The effect of supplementing broiler diets with the plant
extract blend was not significant (p>0.05) on the average BW,
ADG, ADFland FCR during different feeding phases. However,
linear trends were observed in the ADG (p<0.01) and ADFI
(p<0.05) during 36-42 days of age. Quadratic trends were
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observed in the FCR at 36-42 days of age (p<0.05).
Supplementation of the diets with 200 ppm OTC resulted in
significant increase in the measured growth performance
parameters during the overall feeding period (0-42 days of
age) when compared to broilers fed on 0 or 200-ppm of the
plant extract blend (Table 2 and 3).

The overall mortality percentage was 4.9% and that of the
control group was 11.4%. Compared to control, the percent of
dead birds was decreased by 75% in broilers fed on 100 and
2000 ppm of the plant extract blend and by 50% in broilers fed
on other levels of the plant extract blend. No mortality was
observed in broilers fed on diets supplemented by 200 ppm of
OTC ppm (data not presented).

The apparent digestibility coefficient of dry matter was
significantly increased (p<0.01) by an average of 4.5% due to
inclusion of the plant extract blend at levels ranged from
100 to 2000 ppm when compared to the control. Linear
(p<0.01) and quadratic (p<0.05) trends were observed for dry
matter digestibility due to inclusion of the plant extract blend.
The digestibility coefficient of crude protein was significantly
increased (p<0.01) only when the plant extract blend was
included at levels ranged from 500 to 2000 ppm. The best
response was observed in broilers fed on 500 ppm, which was
6% higher than those fed on the control. Although inclusion
of the plant extract blend at levels less than 500 ppm
numerically increased the digestibility coefficient of crude
protein, the effect was not significant. A linear trend (p<0.01)
was observed for crude protein digestibility due to inclusion
of the plant extract blend. The digestibility coefficient of ether
extract was significantly (p<0.05) increased by 3.3 and 5.7%
when the plant extract blend was included in broiler diets at
levels of 500 and 1000 ppm respectively in comparison to the
control. Although inclusion of 200 ppm of OTC significantly
increased the digestibility coefficient of both dry matter
(p<0.01) and crude protein (p<0.05) by approximately 5%
when compared to the control, its inclusion does not reveal
significant difference when compared to broilers fed on
200 ppm of the plant extract blend. The digestibility
coefficient of ether extract was not significantly influenced by
the inclusion of OTC (p>0.05) when compared to the control
or 200 ppm of the plant extract blend (Table 4).

A significant difference was observed in the caecal
microflora count due to dietary intake of the plant extract
blend. The beneficial bacteria count (Lactobacillus spp.) was
linearly increased (p<0.001) and the harmful bacteria count
(Coliforms) was linearly decreased (p<0.001) by increasing the
level of the plant extract blend. Inclusion of 200 ppm OTC
significantly decreased both Lactobacilliand Coliform count
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when compared to the controland only decreased Lactobacilli
when compared to inclusion of 200 ppm of the plant extract
blend (Table 5).

As shown in Table 6, the villus height, crypt depth and
villus height-to-crypt depth ratio of broiler's duodenum,
jejunum and ileum were not significantly affected (p>0.05) by
dietary inclusion of the plant extract blend. Similarly, dietary
intake of 200 ppm OTC did not result in significant difference
(p>0.05) in the measured intestinal histomorphological
parameters when compared to 0 or 200 ppm of the plant
extract blend.

DISCUSSION

The plant extract blend used in the current study,
composed of oregano, fenugreek, chamomile and fennel, did
not result in a significant positive impact on the measured
growth performance parameters. Our findings agree with the
other studies that did not show positive influence on broiler
performance due to dietary inclusion of oregano oil or its
components at levels ranging from 50 to 300 ppm diets*#4°. A
similar conclusion was reported by Jacubcova et a/*' when
chamomile extract was included at levels of 3000, 6000 or
12000 ppm in broiler diets. Nevertheless, a significant
improvementin the feed conversion ratio was observed when
broilers were fed on diet supplemented with oregano
essential oil at levels ranging from 150 and 1200 ppm?®942,
Likewise, studies utilized fenugreek seed at levels ranging
from 3000 to 5000 ppm showed positive improvement in the
growth performance parameters'®4, Additionally, significant
improvements in the growth performance parameters have
been achieved due to the inclusion of chamomile flower?>23,
or fennel seeds at levels ranging from 1000 to 5000 ppm?344,
Dietary inclusion of oxytetracycline in the current study
resulted in significant improvement in the growth
performance. Likewise, Zulkifli et a/* and Kalavathy et a/*
reported similar observations. The growth promoting effect
of oxytetracycline was attributed to its antimicrobial and
anti-inflammatory properties®'.

The current trial showed that incorporation of the plant
extract blend in the feed had a positive effect by enhancing
nutrient digestibility. Other studies have shown that plant
extracts can increase nutrient digestibility by stimulating bile
secretion, increasing pancreatic and intestinal enzymes
secretion and/or by lowering harmful bacteria colonization in
the intestine’**®, Hernandez et a/*° reported a positive effect
on the nutrient digestibility due to dietary inclusion of
oregano extract in the feed diet. Furthermore, fenugreek, the
main component in the tested plant extract blend, has been
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Table 5: Effect of feeding the plant extract blend on the caecal microflora count

Contrast OTC vs. plant
extract blend (ppm)

extract blend
- OTC (ppm)

Responseto plant
L

Plant extract blend (ppm)

Microflora type
(log CFUg™)

200

200 500 1000 2000 p-value 200
4.08£0.26

100

0.001

0.05
0.

0.001

0.05

4.62+0.10¢ 5.78+0.21% 5.58+0.21% 5.92%0.322 6.10%£0.35°

4.98+0.13b¢

Lactobacilli count

1.65+0.32 01

0.001 -

0.01

1.68+0.10¢

1.65+0.10¢

1.78+0.21b¢ 2.1240.292b¢
OTC: Oxytetracycline, L: Linear, Q: Quadratic, = SE (standard error), **“Means within the same row with different superscripts are significantly different at p<0.05, -: Non-significant

2.24+0.07*

2.55%0.11°

Coliform count




Table 6: Effect of feeding the plant extract blend on the intestinal histomorphology of 42-day-old broiler chickens

Contrast OTC vs. plant

Responseto plant

extract blend (ppm)

extract blend

Plant extract blend (ppm)

OTC (ppm)

L

200

200

200 500 1000 2000 p-value

100

Trait (um)

Duodenum

966.61+44.1

841.6%16.6
151.6£13.0
5.631+0.48

951.2%+70.5
177.5£10.5
5.36%+0.25

955.0+78.0

875.0%63.7
168.71+11.2

850.0+48.9
162.5£12.3
5.25%+0.12

928.7+50.7
166.3£9.43
5.59%+0.12

Villus height
Crypt depth
VH:CD ratio

Jejunum

190.0£7.63
5.09%+0.18

186.21+15.2
5.13+0.16

5.18%+0.13

925.0+25.0
153.3%333
6.04£0.25

841.6%+30.1
138.3£6.00
6.10+0.34

920.0+36.3
162.5+£7.77
5.68+0.25

908.7+36.4
165.0£9.57
5.54+0.27

837.5+46.6
150.0£15.9
5.67%+0.30

827.5+247
148.7£3.15
5.57%+0.25

862.5+42.7
166.2+5.91
5.21%+033

Villus height
Crypt depth
VH:CD ratio

lleum

Int. J. Poult. 5ci, 16 (9): 344-353, 2017

786.61+9.28

7583%46.4
131.7+14.2
5.81£0.29

7263%+12.5

791.3£591
141.2+6.57
5.63%0.23

781.3%437
151.2+9.65
5.19£0.26

775.0%£32.2
147.5+5.95
5.25%0.14

Villus height 73751125

Crypt depth
VH:CD ratio

143.3+333
549%£0.16

136.3+8.00
5.39%0.33

140.0+6.12

5.30%£0.29
OTC: Oxytetracycline, L: Linear, Q: Quadratic, VH:CD ratio: Villi height to crypt depth ratio, £SE (standard error), -: Non-significant
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reported to be beneficial in improving feed digestion due to
its digestive enzyme stimulatory properties, appetizing effect
(due to its saponin content) and stabilization of the gut
ecosystem'>*°, On the other hand, Reisinger et a/'° did not
observe significant improvement in the energy, nitrogen or
dry matter digestibility of broilers due to inclusion of 125 ppm
of a phytogenic product derived from oregano, anise and
limonene. The use of antibiotic as growth promoter
significantly improved nutrient digestibility (although not
significant for ether extract) in the current study compared to
the unsupplemented control group. This is mainly achieved
via reduction of the microbial load in the intestine and
subsequently decreasing host-bacteria competition for the
feed nutrients®'.

Gut microflora can have either positive or negative impact
on broiler growth. Harmful microflora such as coliforms can
lower nutrient utilization by the host cell via increasing gut
thickness, increasing gut mucosa turnover rate and/or
competing with the host for the feed nutrients®2. On the other
hand, beneficial bacteria such as Lactobacillus species can
improve bird growth and health due to their capacity to
inhibit pathogenic bacteria via different mechanisms
(competitive exclusion, bacteriocin and acid production and
stimulation of the immune system)>3. The caecal microflorain
the current study was improved due to inclusion of the plant
extract blend in the feed as manifested by decreased coliforms
and increased lactobacilli count. Lowered caecal coliform
count could be attributed to the antibacterial properties of the
utilized plant extract componentsin the plant extract blend or
to increased nutrient digestibility and subsequently less
undigested nutrients available for bacterial fermentation in
the caecum. Researchers found that oregano based products
can reduce £ co/>* and increase Lactobacilli* counts in the
gut of broiler chickens. Carvacrol and thymol, the main
components of oregano, have the capacity to disintegrate the
bacterial membrane and release membrane-associated
materials into the external medium. Additionally, oregano
components are capable of penetrating bacteria and
interfering with their multiplication®. However, other studies
haven't shown positive effects for oregano oil on the
Lactobacilli count®°®. The use of antibiotic as growth promoter
(OTCQ) significantly decreased both coliform and Lactobacilli
counts. Likewise, Ferket et a/*' noted that the use of
antibiotics reduce the gut count of both pathogenic and not
pathogenic bacteria.

Increased villus height can be considered as an indicator
for increased surface area available for nutrient absorption®.
Similarly, decreased crypt depth can be considered an
indicator forlowered production ofimmature enterocyte with
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subsequent less tissue turnover rate and less maintenance
requirements for building new enterocytes®. Therefore,
improved villus height or villus height-to-crypt depth ratio are
usually associated with efficient nutrient absorption and
better performance®. The plant extract blend utilized in the
current study did not show significant improvement in the
above mentioned histomorphological parameters of the
intestinal tract of broiler chickens. These findings are in
agreement with Barreto et a/*, who didn’t observe a
beneficial effect for dietary oregano extract on the
gastrointestinal  morphology  of  broilers. Likewise,
Ahmadi et al'? revealed that dietary inclusion of different
levels (0, 2500, 5000 and 7500 ppm) of chamomile powder
didn’t result in significant differences in the small intestinal
villus height and crypt depth of broiler chickens. In contrast,
Reisinger et a/'° and Khattak et a/%° showed significant
improvements in the intestinal morphology of broilers when
oregano based phytogenic additives were included in the
diets. The effect of antibiotic as growth promoter utilized in
the current trial did not show significant influence on the
measured intestinal histo-morphological parameters. Similar
findings were observed by other researchers when included
antibiotics as growth promoters in their diets'62,

CONCLUSION

Although the utilized blend of plant extracts showed
positive effects on the apparent total tract nutrient
digestibility and caecal microflora of broiler chicken, this was
not translated into an improvement in the broiler growth
performance. Larger number of tested chickens or more
stressful rearing conditions could be required to achieve a
more desirable effect in the growth performance of broiler
chickens.

SIGNIFICANCE STATEMENTS

This study discovers a plant extract blend derived from
oregano, chamomile, fennel and fenugreek to increase
nutrient digestibility and proliferation of beneficial gut
microflora. This natural alternative to antibiotic can be utilized
by feed producers as feed additives to optimize nutrient
utilization and gut health of broiler chicken.

ACKNOWLEDGMENTS

The authors wish to thank Plantextrakt GmbH and
Co. KG, Germany, for providing funds and technical support
for this research.

351

REFERENCES

Cromwell, G.L., 2002. Why and how antibiotics are used in
swine production. Anim. Biotechnol., 13: 7-27.

Yang, Y., P.A.lji and M. Choct, 2009. Dietary modulation of
gut microflora in broiler chickens: A review of the role of
six kinds of alternatives to in-feed antibiotics. World's Poult.
Sci. ), 65:97-114.

Adam, K, A. Sivropoulou, S. Kokkini, T. Lanaras and
M. Arsenakis, 1998. Antifungal activities of Origanum vulgare
subsp. hirtum, Mentha spicata, Lavandula angustifolia and
Salvia fruticosa essential oils against human pathogenic
fungi. J. Agric. Food Chem., 46: 1739-1745.

Yoshino, K., N. Higashi and K. Koga, 2006. Antioxidant and
antiinflammatory activities of oregano extract. J. Health Sci,,
52:169-173.

Preuss, H.G., B. Echard, M. Enig, I. Brook and T.B. Elliott, 2005.
Minimum inhibitory concentrations of herbal essential oils
and monolaurin for Gram-Positive and Gram-Negative
bacteria. Mol. Cell. Biochem., 272: 29-34.

Giannenas, |, P. Florou-Paneri, M. Papazahariadou,
E. Christaki, N.A. Botsoglou and A.B. Spais, 2003. Effect of
dietary supplementation with oregano essential oil on
performance of broilers after experimental infection with
Eimeria tenella. Arch. Anim. Nutr., 57: 99-106.

Platel, K.and K. Srinivasan, 2004. Digestive stimulant action of
spices: A myth or reality? Indian J. Med. Res., 119: 167-179.
Roofchaee, A., M. Irani, M.A. Ebrahimzadeh and M.R. Akbari,
2011. Effect of dietary oregano (Origanum vulgare L.)
essential oil on growth performance, cecal microflora and
serum antioxidant activity of broiler chickens. Afr. J.
Biotechnol., 10: 6177-6183.

Alp, M., M. Midilli, N. Kocabagli, H. Yilmaz, N. Turan, A. Gargili
and N. Acar, 2012. The effects of dietary oregano essential
oilonlive performance, carcass yield, serum immunoglobulin
G level and oocyst countin broilers. J. Applied Poult. Res.,
21:630-636.

Reisinger, N.T. Steiner, S. Nitsch, G. Schatzmayr and
T.J. Applegate, 2011. Effects of a blend of essential oils on
broiler performance and intestinal morphology during
coccidial vaccine exposure. J. Applied Poult.Res., 20: 272-283.

. Mullaicharam, AR, G. Deori and R.U. Maheswari, 2013.

Medicinal values of fenugreek-a review. Res. J. Pharma. Biol.
Chem. Sci., 4: 1304-1313.

Ahmadi, F., M.B.V. Sara, E.S. Naghani and B. Shokrollahi, 2012.
The effect of different levels of chamomile powder on growth
performance, blood parameters and gut morphological of
broiler chickens. Proceedings of the Symposium on Gut
Health in Production of Food Animals, December 3-5, 2012,
College Station, TX., USA., pp: 15.

Alkofahi, A., R. Batshoun, W. Owais and N. Najib, 1996.
Biological activity of some Jordanian medicinal plant extracts.
Fitoterapia, 67: 435-442.



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Int. J. Poult. 5ci, 16 (9): 344-353, 2017

Safaei, A, S.M. Rahanjam and M. Gharajanlu, 2013. Effect
of Trigonella foenum-graecum on immune response and
some blood parameters of broilers. Scholarly J. Agric. Sci.,
3:117-120.

Sauvaire, Y., P. Petit, Y. Baissac and G. Ribes, 2000. Chemistry
and Pharmacology of Fenugreek. In: Herbs, Botanicals and
Teas. Mazza, G. and B.D. Oomah (Eds.). CRC Press, New York,
ISBN: 9781566768511, pp: 107-109.

Alloui,N., B.S. Aksa, M.N. Alloui and F. Ibrir, 2012. Utilization of
fenugreek (7rigonella foenum-graecum) as growth promoter
for broiler chickens. J. World's Poult. Res., 2: 25-27.
Weerasingha, AS. and N.S.B.M. Atapattu, 2013. Effects of
Fenugreek (Trigonella foenum-graecum L.) seed powder on
growth performance, visceral organ weight, serum
cholesterol levels and the nitrogen retention of broiler or
chicken. Trop. Agric. Res., 24: 289-295.

Salamon, I., 1992. Chamomile: A medicinal plant. Herb Spice
Med. Plant Dig., 10: 1-4.

Carle, R, |.  Fleischhauer and D. Fehr, 1987.
Qualitative evaluation of chamomile oil. Dtsch. Apoth.
7tg., 127: 2451-2457.

Newall, C.A., LA. Anderson and J.D. Phillipson, 1996. Herbal
Medicines: A Guide for Health-Care Professionals. 2nd Edn.,
Pharmaceutical Press, London, ISBN: 9780853692898,
Pages: 296.

Singh, O., Z. Khanam, N. Misra and M.K. Srivastava, 2011.
Chamomile (Matricaria chamomifla L.): An overview.
Pharmacogn. Rev., 5: 82-95.

Al-Kaisse, G.AM. and EK. Khalel, 2011. The potency
of chamomile flowers (Matericaria chamomilla L.) as
feed supplements (Growth promoters) on productive
performance and hematological parameters constituents of
broiler. Int. J. Poult. Sci., 10: 726-729.

Abaza, .M., M.A. Asar, G.E. Elshaarrawi and M.F. Hassan, 2003.
Effect of using Nigella seeds, Chamomile flowers, Thyme
flowers and Harmala seeds as feed additives on performance
of broiler. Egypt. J. Agric. Res., 81: 735-750.

ESCOP.,2003. ESCOP Monographs: The Scientific Foundation
for Herbal Medicinal Products. European Scientific
Cooperative on Phytotherapy, USA., ISBN: 9781588902337,
Pages: 556.

Satyanarayana, S. K. Sushruta, G.S. Sarma, N. Srinivas and
G.V. Subbva Raju, 2004. Antioxidant activity of the aqueous
extracts of spicy food additives-evaluation and comparison
with ascorbic acid in in-vitrosystems. J. Herb Pharmacother.,
4:1-10.

Kwon, Y.S., W.G. Choi, W.J. Kim, W.K. Kim, M.J. Kim, W.H. Kang
and C.M.Kim, 2002. Antimicrobial constituents of Foeniculum
vulgare. Arch. Pharm. Res., 25: 154-157.

El-Deek, A.A., Y.A. Attiaand M.M. Hannfy, 2002. Effect of anise
(Pimpinella anisum), ginger (Zingiber officinale roscoe) and
fennel (Foeniculum vulgare) and their mixture on
performance of broilers. Arch. Geflugelkd, 67: 92-96.

352

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Mohammed, A.A. and R.J. Abbas, 2009. The effect of using
fennel seeds (Foeniculum wvulgare L) on productive
performance of broiler chickens. Int. J. Poult. Sci., 8: 642-644.
NRC., 1994. Nutrient Requirements of Poultry. 9th Edn.,
National Academy Press, Washington, DC, USA,
ISBN-13: 9780309048927, Pages: 155.

AOAC., 1990. Official Methods of Analysis. 15th Edn.,
Association of official Analytical Chemists, Washington.
Khadem, A., L. Soler, N. Everaert and T.A. Niewold, 2014.
Growth promotion in broilers by both oxytetracycline
and Macleaya cordata extract is based on their
anti-inflammatory properties. Br. J. Nutr., 112: 1110-1118.
Short, F.J., J. Wiseman and K.N. Boorman, 1999. Application of
a method to determine ileal digestibility in broilers of amino
acids in wheat. Anim. Feed Sci. Technol., 79: 195-209.
Marquardt, R.R., 1983. A simple spectrophotometric method
for the direct determination of uric acid in avian excreta.
Poult. Sci., 62: 2106-2108.

Maynard, LA, JK. Loosli, H.F. Hintz and R.G. Waener,
1979. Animal Nutrition. 7th Edn., McGraw-Hill, New York,
Pages: 620.

Murugesan, G.R., B. Syed, S. Haldar and C. Pender, 2015.
Phytogenic feed additives as an alternative to antibiotic
growth promoters in broiler chickens. Front. Vet. Sci.,
Vol. 2.

Aptekmann, K.P., S.M.B. Arton, M.A. Stefanini and M.A. Orsi,
2001. Morphometric analysis of the intestine of domestic
quails (Coturnix coturnix japonica) treated with different
levels of dietary calcium. Anatomia Histologia Embryologia,
30: 277-280.

Analytical Software, 2008. Statistix® 9.0. Analytical Software,
Tallahassee, USA.

Basmacioglu, H., O. Tokusoglu and M. Ergul, 2004. The
effect of oregano and rosemary essential oils or
alpha-tocopherol acetate on performance and lipid
oxidation of meat enriched with n-3 PUFA's in broilers.
South Afr. J. Anim. Sci., 34: 197-210.

Fukayama, E.H., A.G. Bertechini, A. Geraldo, RK. Kato and
L.D.S. Murgas, 2005. Oregan extract as an additive in the
broiler diet. Rev. Brasil. Zoot., 34: 2316-2326.

Barreto, M.S.R., J.F.M.Menten, A.M.C. Racanicci,P.W.Z. Pereira
and P.V.Rizzo, 2008. Plant extracts used as growth promoters
in broilers. Rev. Bras. Cienc. Avic., 10: 109-115.

Jacubcova, Z, L. Zeman, P. Horky, E. Mrkvicova, P. Mares,
E. Mrazkova and O. Stastnik, 2014. The influence of the
addition of chamomile extract to the diet of chickens. Mendel
Net, 2014: 147-150.

Lihua, C, Y.Ying, L. Yifuand C. Lei, 2007. Effects of oregano oil
on growth performance and carcass quality of broilers.
China Poult.,, 5:9-11.

Elbushra, M.E., 2012. Effect of dietary fenugreek seeds
(7rigonella foenum) as natural feed addition on broiler chicks
performance. J. Sci. Technol., 13: 27-31.



44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

Int. J. Poult. 5ci, 16 (9): 344-353, 2017

Mahmud, H.A., 2014. Response of growing japanese quail to
different levels of fennel seeds meal. Egypt. Poult. Sci. J.,
34:795-807.

Zulkifli, 1, N. Abdullah, N.M. Azrin and Y.W. Ho, 2000.
Growth performance and immune response of two
commercial broiler strains fed diets containing Lactobacillus
cultures and oxytetracycline under heat stress conditions.
Br. Poult. Sci., 41: 593-597.

Kalavathy, R., N. Abdullah, S. Jalaludin, CM.V.L. Wong and
YW. Ho, 2008. Effect of Lactobacillus cultures and
oxytetracycline on the growth performance and serum lipids
of chickens. Int. J. Poult. Sci., 7: 385-389.

Lee, KW., H. Everts, HJ. Kappert, M. Frehner, R. Losa
and A.C. Beynen, 2003. Effects of dietary essential oil
components on growth performance, digestive enzymes
and lipid metabolismin female broiler chickens. Br. Poult. Sci.,
44: 450-457.

Windisch, W., K. Schedle, C. Plitzner and A. Kroismayr, 2008.
Use of phytogenic products as feed additives for swine and
poultry. J. Anim. Sci., 86: E140-E148.

Hernandez, F.,J. Madrid, V. Garcia, J. Orengo and M.D. Megias,
2004. Influence of two plantextracts on broilers performance,
digestibility and digestive organ size. Poult. Sci., 83: 169-174.
Bin-Hafeez, B., R.Haque, S. Parvez, S.Pandey, |. Sayeed and
S. Raisuddin, 2003. Immunomodulatory effects of
fenugreek (7rigonella foenum graecum L.) extr actin mice.
Int. Immunopharmacol., 3: 257-265.

Ferket, P.R, C.W. Parks and J.L. Grimes, 2002. Benefits of
dietary  antibiotics and mannan oligosaccharide
supplementation for poultry. Proceedings of the Multi-State
Poultry Meeting, May 14-16, 2002, Atlanta, GA., USA.
Apajalahti, J, A. Kettunen and H. Graham, 2004.
Characteristics of the gastrointestinal microbial communities,
with special reference to the chicken. World's Poult. Sci. J.,
60:223-232.

Rolfe, R.D., 2000. The role of probiotic cultures in the control
of gastrointestinal health. J. Nutr., 130: 3965-402S.

353

54,

55.

56.

57.

58.

59.

60.

61.

62.

Penalver, P., B. Huerta, C. Borge, R. Astorga, R. Romero and
A. Perea, 2005. Antimicrobial activity of five essential oils
against origin strains of the Enterobacteriaceae family.
Acta Pathol. Microbiol. Immunol. Scand., 113: 1-6.

Helander, |IM,, H.L. Alakomi, K. Latva-Kala,
T. Mattila-Sandholm and |. Pol et a/, 1998. Characterization
of the action of selected essential oil components on
gram-negative bacteria. J. Agric. Food Chem., 46: 3590-3595.
Cross, D.E, RM. M cDevitt, K. Hillman and T. Acamovic,
2007. The effect of herbs and their associated essential
oils on performance, dietary digestibility and gut
microflora in chickens from 7 to 28 days of age. Br. Poult.
Sci., 48: 496-506.

Amat, C, JM. Planas and M. Moreto, 1996. Kinetics of
hexose uptake by the small and large intestine of the
chicken. Am. J. Physiol.-Regul. Integr. Comp. Physiol.,
271:R1085-R1089.

Savage, T.F., E.l. Zakrzewska and J.R. Andreasen, 1997. The
effects of feeding mannan oligosaccharide supplemented
diets to poults on performance and the morphology of the
small intestine. Poult. Sci., 76: 139-139.

Geyra, A, Z. Uniand D. Sklan, 2001. Enterocyte dynamics
and mucosal development in the posthatch chick. Poult. Sci.,
80:776-782.

Khattak, F., A. Ronchi, P. Castelliand N. Sparks, 2014. Effects of
natural blend of essential oil on growth performance, blood
biochemistry, cecal morphology and carcass quality of broiler
chickens. Poult. Sci., 93: 132-137.

Mairoka, A., A.M.E. Santin, S.A. Borges, M. Opalinski and
A.V.F. Silva, 2004. Evaluation of a mix of fumaric, lactic, citric
and ascorbic acids on starter diets of broiler. Arch. Vet. Sci.,
9:31-37.

Gunal, M., G. Yayli, 0.Kaya, N.Karahan and O. Sulak, 2006. The
effects of antibiotic growth promoter, probiotic or organic
acid supplementation on performance, intestinal microflora
and tissue of broiler. Int. J. Poult. Sci., 5: 149-155.



	IJPS.pdf
	Page 1




