J. Adv. Vet. Anim. Res., 1(4): 156-162.
Available at- http;//bdvets.org/JAVAR

OPEN ACCESS

Journal of Advancet————
Veterinary and Animal Research

MINI REVIEW Volume 1 Issue 4 (December 2014)

DOI: 10.5455/javar.2014.a36

Use of essential oils in poultry nutrition: A new approach

Gopal Krishan® and Asmita Narang

Department of Veterinary Medicine, College of Veterinary and Animal Sciences, GB Pant University of Agriculture

and Technology, Pantnagar-263 145, Uttarakhand, India.

"Corresponding author’s e-mail: krish _vet@yahoo.com

ABSTRACT

Emergence of antibiotic resistant bacteria has created
the necessity of replacement of antibiotic with other
products like prebiotics, probiotics, organic acid
botanicals, and herbal essential oils. Essential oils
(EOs) are important aromatic components of herbs
and spices, and are used as natural alternatives for
replacing antibiotic growth promoters (AGPs) in
poultry feed as these have antimicrobial, antifungal,
antiparasitic, and antiviral properties. Beside, other
beneficial effects of EOs include appetite stimulation,
improvement of enzyme secretion related to food
digestion, and immune response activation. Recently,
use of EOs in broiler chickens has drawn attentions.
EOs are generally used as blend with a carrier oil or
combination with other plant oils in the feed to
enhance the productive performance of birds.
Conclusively, EOs can be used in poultry feed, but
there are still questions concerning their action,
metabolic pathway and optimal dosage in poultry,
which are to be explored in detail. This mini-review
describes the expanding horizons in the research on
EOs in poultry nutrition.
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INTRODUCTION

Feed additives have been widely used to increase the
performance of animals, and are now used in poultry
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feeding practices extensively (Collington et al., 1990;
Khan et al., 2007) not only to stimulate the growth and
feed efficiency but to improve the health and
performance of birds (Scott et al., 1982; Fadlalla et al.,
2010; Abouelfetouh et al., 2012). In past, several
antibiotic growth promoters had been used in poultry
feed aiming to prevent disease, to improve growth
performance, and to increase some useful microorga-
nism in intestinal microflora. However, because of
emergence of Dbioresistance, researchers are now
focusing for alternatives in place of antibiotics; for this,
spices, plant extracts and herbs received increasing
attentions. Essential oils (EOs) are found to have
antibacterial ability, and also exhibit antioxidant, anti-
inflammatory, anticarcinogenic, digestion stimulating,
and hypolipidemic activities (Viuda-Martos et al.,
2010). Thus, EOs can be used as growth promoters in
animal production (Cross et al., 2007; Kirsti et al., 2010).

ESSENTIAL OILS

The EOs are mixture of fragrant and volatile
compounds, which are usually originated from plant,
and are named with the aromatic characteristics
considering the origin of plant (Oyen and Dung, 1999).
The term “essential” was proposed by Paracelsus in his
theory of ‘quinta essentia’”, and described that this
quintessence could be an effective element for medical
use (Oyen and Dung, 1999). But, the term “volatile oil’
had been proposed in medieval pharmacy (Hay and
Waterman, 1993). The use of EOs in enhancing
productivity may give promising effects as growth and
health promoter. The chemical composition and con-
centration of EOs are variable.
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Table 1: Antibacterial activity and minimum inhibitory concentration (MIC, ppm) of essential oils.

MIC values (ppm)

Microorganisms Carvacrol Thymol Cinnamadehyde References

Escherichia coli 450 450 396 Helander et al. (1998)
Escherichia coli 225 225 NT Cosentino et al. (1999)
Staphylococcus aureus 450 225 NT Cosentino et al. (1999)
Candida albicans 150 150 NT Ali-shtayeh et al. (1997)
Candida albicans 113 113 NT Cosentino et al. (1999)
Candida albicans 200 NT 200 Ferhout et al. (1999)
Pseudomonas aeruginosa 500 500 NT Ali-shtayeh et al. (1997)
Pseudomonas aeruginosa >900 >900 NT Cosentino et al. (1999)
Salmonella typhimurium 150 150 396 Helander et al. (1998)
Salmonella typhimurium 225 56 NT Cosentino et al. (1999)
Streptococcus mutans 125 250 250 Didry et al. (1994)
Streptococcus mitis 125 125 125 Didry et al. (1994)

NT = Not tested.

PHYSICAL PROPERTIES OF ESSENTIAL
OILS

Essential oils could be obtained through various
methods like fermentation, extraction or expression;
however, steam distillation is used as the most
common method for commercial purpose. The EOs
possess characteristic odor, and are soluble in organic
solvents. Most of the oils are lighter than water with a
specific gravity between 0.8-1.17. These oils are
sensitive to heat and light, therefore should be stored in
dark bottles and cool places.

CLASSIFICATION OF ESSENTIAL OILS

Most EOs consist of mixtures of hydrocarbons,
oxygenated compounds, and a small percentage of
non-volatile residues (paraffin, wax, etc.). Chemically,
EOs are basically comprised of two classes of
compounds; these are terpenes and phenylpropenes.
Terpenes are sub-divided based on the 5-carbon
isoprene unit (building block) into mono (CioHs),
sesqui (CisHz4) and diterpenes (CzoHsz2), while the
phenylpropenes consist of 6-carbon aromatic ring
having a 3-carbon side chain (Cs-Cs compounds). More
than 1,000 monoterpenes and 3,000 sesquiterpenes are
identified, as reported so far (Clegg et al., 1980; Cooke
etal., 1998).

PROPERTIES AND ACTIVITIES OF
ESSENTIAL OILS

Antimicrobial activity: The antimicrobial properties of
the diverse chemical compounds present in EOs are not
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the result of one specific mode of action, but a
cumulative effect on many different targets in various
parts of the cell (Burt, 2004). It has been reported that
their effectiveness might depend on pH, chemical
structure, concentration or the individual bioactive
compound, along with the population and types of
affected microorganisms. The antimicrobial
mechanisms include different activities, such as
membrane disruption by terpenoids and phenolics,
metal chelation by phenols and flavonoids, and effect
on genetic material by coumarin and alkaloids that are
thought to inhibit growth of microorganisms (Cowan,
1999). EOs are marginally more effective against Gram-
positive as compared to Gram-negative food pathogens
(Burt, 2004) because they have an outer membrane
surrounding the cell wall which limits the intrusion of
hydrophobic compounds through its lipopolysaccha-
ride structures (Vaara, 1992). Many EOs stimulate
growth of beneficial microbes and limit number of
pathogenic bacteria in poultry (Wenk, 2000). Cerisuelo
et al. (2014) showed a clear effectiveness of low doses of
EOs and sodium butyrate in Salmonella control in
broilers. Table 1 shows the in vitro studies of EOs for its
antimicrobial ~activity and minimum inhibitory
concentration (MIC, ppm). The blend of thymol and
cinnamaldehyde is proven to have selective antibacte-
rial properties inhibiting the growth of yeast and fungi
(Bento et al., 2013).

Antiparasitic activity: Several plants and their EOs
have been reported to have antiparasitic properties. For
example, EOs and seeds of garlic (Allium sativum),
onion (Allium cepa) and mint (Mentha spp.) are found to
be effective against gastrointestinal parasitism. The
birds infected once with coccidia, grow slower than
non-infected ones even after intaking similar feed.
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Carvacrol and thymol, the main ingredients of oregano
oil, have anticoccidial action against E. tenella
(Giannenas et al., 2003) and mixed Eimeria spp. infection
(Oviedo-Rondén, 2003). In several other in vivo and in
vitro studies, it was reported that phenols, in particular,
can be used as ocysticides against E. tenella (Williams,
1997).

Antioxidant activity: The antioxidant mechanisms of
EOs are based on both their ability to donate a
hydrogen or an electron to free radicals, and their
ability to delocalize the unpaired electron within the
aromatic structure (Fernandez-Panchon et al.,, 2008),
thus protecting other biological molecules against
oxidation. Phenolics are found to be more potent
antioxidants as compare to vitamins E and C, and
carotenoids (Rice-Evans et al., 1997). Karadas et al.
(2014) found that dietary combination of EOs including
carvacrol, cinnamaldehyde and capsicum oleoresin
show antioxidant potential by improving the hepatic
concentration of carotenoids and coenzyme Qi when
fed to broiler chickens.

Anti-inflammatory activity: Essential oils contain
phenolic compounds that are known to possess strong
anti-inflammatory  properties. The major EOs
substances having anti-inflammatory abilities are the
terpenoids and flavonoids. These substances suppress
the metabolism of inflammatory prostaglandins (Craig,
2001). Some examples of plants having anti-
inflammatory potential are chamomile, marigold,
liquorice and anise (Srinivasan, 2005).

Immunomodulatory activity: The immunomoduling
potential of various EOs, for example, those from garlic
and oregano has been examined by several researchers.
Szigeti et al. (1998) stated that the incorportation of a
modified product containing garlic in chicken diets
increased antibody production against Salmonella
enteritidis, Pasteurella multocida and Leptospira pomona.
Hanieh et al. (2010) suggested that the
immunomodulatory effect of garlic could be the result
of its ability to enhance the production of interleukins,
tumor necrosis factor (TNF-a), interferon (INF-y). Also,
garlic can increase phagocytosis of peritoneal
macrophages, secretary metabolism of macrophages,
antioxidant function, and antigen presenting cells
(APC). Rahimi et al. (2011) stated the inclusion of garlic
in broiler diets at 0.1% improved antibody response
against Newcastle disease virus, increased weight of
spleen and bursa of Fabricious, and augmented
hypersensitivity cutaneous basophilic response.
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Stimulation of digestion: Essential oils favourably
affect gut functions by stimulating digestive secretions
e.g. bile and mucus, and enhanced enzyme activity
(Platel, 2004; Manzanilla et al., 2004). In broilers, EOs
enhance the secretion of trypsin, amylase and jejunal
chyme (Jang et al., 2007), and reduce the adherence of
pathogens (for example, E. coli and Cl. perfringens) with
intestinal wall (Jamroz et al, 2006). Craig (1999)
reported that the herbs and its EOs have a role in
cholesterol lowering activity and by doing so they
provide protection against cancer. The hypocholestero-
lemic effect of lemongrass oil is due to the inhibition of
3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA)
reductase activity which acts as a key regulatory
enzyme in the cholesterol synthesis process (Elson et
al., 1989; Cooke et al., 1998; Crowell, 1999).

FACTORS AFFECTING EFFECTIVENESS
OF ESSENTIAL OILS

Factors that may affect the quality of EOs in plants
include soil type, climate, use of chemical (fertilizers),
genetics, harvesting, age of the plant, chemotype, and
method of extraction. In many cases, the antimicrobial
activity results through a complex interaction between
different classes of compounds such as aldehydes,
ketones, phenols, esters, alcohols, hydrocarbons or
ethers found in the EOs. It was reported that EOs
having phenols or aldehydes, for example,
cinnamaldehyde, carvacrol, citral, thymol or eugenol as
major components could show considerable
antibacterial activity (Dormans and Deans, 2000). The
efficacy of EO mixture also depends upon the
compatibility with the other ingredient(s) of the
mixture in the feed (Wang et al., 1998).

USE IN POULTRY NUTRITION

The replacement of antibiotic growth promoters with
other safe and natural alternatives can be an important
objective for the poultry industry. There are some
promising results on the use of EOs and other natural
products as performance enhancers. Typical perfor-
mance parameters for poultry rearing are body weight,
growth, feed intake, feed conversion ratio and egg
production.

Broilers: The EOs as single or mixture may be used as a
growth promoter in broiler production. Many studies
have shown positive effects of dietary EO on body
weight gain. Supplementing the dietary EOs would
stimulate the growth performance of broilers (Cross et
al., 2002; Bampidis et al., 2005). Broilers supplemented
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with a mixture of laurel, oregano, sage, citrus and anis
EOs, or a mixture of EOs significantly improved feed
conversion (Cabuk et al., 2006a). Also, in a broiler trial
that examined mixtures of oregano, cinnamon, cayenne
pepper, thyme, and combination of organic acids and
plant extracts in comparison to nutritive antibiotic
avilamycin in broiler chickens, the birds supplemented
with the plant extracts showed higher body weight
gain and increased feed consumption as compared to
the other groups. Rezaei-Moghadam et al. (2012) has
also reported that supplementation of turmeric
increases serum antioxidant levels and immune status
of the birds (Madpouly et al., 2011). Elagib et al. (2013)
reported that addition of 3% garlic as feed additive
could significantly enhance growth and performance of
broiler chicks. Addition of a blend of EO from basil,
caraway, laurel, lemon, oregano, sage, tea and thyme in
a diet meeting the nutrient requirements of broilers
would improve the body weight gain with positive
effects on feed to gain ratio (Khattak et al., 2014).

Layers: In order to maintain or improve egg production
and quality, optimum nutrition, environmental
practices, and management are considered as the
prerequisites. There are many reports examining the
possible beneficial effects of garlic on egg production
and quality. Plant extracts and spices as single
compound or as mixed preparations can play a role in
supporting both performance and health status of
animals (Alcicek et al., 2004; Cabuk et al., 2006a).
Feeding of garlic powder to the laying hen in the diet
leads to increased egg production (Khan et al., 2007;
Canogullari et al., 2010), and increased egg weight
(Yalcin et al., 2006). The inclusion of EO mixture dosed
at 24 mg/kg diet significantly improved egg
production, feed efficiency, and reduced the percentage
of cracked/broken eggs (Cabuk et al., 2006b). In a
study conducted on laying quails, Cabuk et al. (2014)
found that essential oil mixtures (EOM) had beneficial
effects on egg production and feed conversion rate
(FCR) when it was used as a dietary supple-
ment. Summer stress leads to drop in egg production,
more egg breakage and mortality. Essential oil mixture
and organic acid supplementation in commercial layer
diets under heat stress is beneficial to egg weight and
immune function (Ozek, 2011).

CONCLUSION AND FUTURE ASPECTS

Many researchers have conducted their works to
explore the nature and use of EOs in the poultry
nutrition with variations among the results. The EOs
and their compounds have proved their in vitro efficacy
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as antimicrobial, hypolipidemic, immunomodulating
and anti-inflammatory agents, whereas the toxicologi-
cal effects are observed only at higher inclusion levels.
The antioxidant property of these oils reduces the loss
in the meat processing plants. The chemical properties
and biological activities of these compounds and their
combinations should be extensively examined. The
efficacy of EOs applications in animals depends on
many factors. In general, EOs have positive effects, but
the knowledge of their use in poultry nutrition is still
insufficient and demands for further researches to
clarify its mode of action, as well as the exact
supplementation level and their interaction with feed
ingredients for desired effects.

REFERENCES

Abouelfetouh AY, Moussa NK (2012). Enhancement of
Antimicrobial ~Activity of Four Classes of
Antibiotics Combined with Garlic. Asian Journal of
Plant Sciences, 11: 148-152.

Alcicek A, Bozkurt M, Cabuk, M (2004). The effect of a
mixture of herbal essential oils, an organic acid or a
probiotic on broiler performance. South African
Journal of Animal Science, 34: 217-222.

Ali-Shtayeh MS, Yaghmour RMR, Faidi YR, Salem K,
Al-Nuri MA (1998). Antimicrobial activity of 20
plants used in folkloric medicine in the Palestinian
area. Journal of Ethnopharmacology, 60: 265-271.

Bampidis VA, Christodoulou V, Florou-Paneri P,
Christaki E, Chatzopoulou PS, Tsiligianni T, Spais
AB (2005). Effect of dietary dried oregano leaves on
growth performance, carcase characteristics and
serum cholesterol of female early maturing
turkeys. British Journal of Poultry Science, 46: 595~
601.

Bento MHL, Ouwehand AC, Tiihonen K, Lahtinen S,
Nurminen P, Saarinen MT, Schulze H, Mygind T,
Fischer ] (2013). Essential oils and their use in
animal feeds for monogastric animals-Effects on
feed quality, gut microbiota, growth performance
and food safety: a review. Veterinarni Medicina, 58:
449-458.

Burt S (2004). Essential oils: their antibacterial
properties and potential applications in foods - a
review. International journal of food microbiology,
94: 223-253.

Cabuk M, Bozkurt M, Alcicek A, Akbap Y,
Kucukyllmaz K (2006a). Effect of a herbal essential
oil mixture on growth and internal organ weight of

broilers from young and old breeder flocks. South
African Journal of Animal Science, 36: 135-141.

159



Cabuk M, Bozkurt M, Alcicek A, Catli AU, Baser KHC
(2006b). Effect of a dietary essential oil mixture on
performance of laying hens in the summer season.
South African Journal of Animal Science, 36: 215.

Cabuk M, Eratak S, Algicek A, Bozkurt M (2014).
Effects of herbal essential oil mixture as dietary
supplement on egg production in quail. The
Scientific World Journal, 2014. Article ID 573470,
DOI: 10.1155/2014/573470

Canogullari S, Baylan M, Erdogan Z, Duzguner V,
Kucukgul A (2010). Effect of garlic powder on egg
yolk and serum cholesterol and performance of
laying quails. Czech Journal of Animal Sciences, 55:
286-293.

Cerisuelo A, Marin C, Sanchez-Vizcaino F, Gémez EA,
de la Fuente JM, Duran R, Fernandez C (2014). The
impact of a specific blend of essential oil
components and sodium butyrate in feed on
growth performance and Salmonella counts in
experimentally challenged broilers. Poultry
Science, 93: 599-606.

Clegg RJ, Middleton B, Bell GD, White DA (1980).
Inhibition of hepatic cholesterol synthesis and S5-3-
hydroxy-3-methylglutaryl-CoA  reductase by
mono and bicyclic monoterpenes administered in
vivo. Biochemical Pharmacology, 29: 2125-27.

Collington GK, Parker DS, Armstrong DG (1990). The
influence of inclusion of either an antibiotic or a
probiotic in the diet on the development of
digestive enzyme activity in the pig. British Journal
of Nutrition, 64: 59-70.

Cooke CJ, Nanjee MN, Dewey P, Cooper JA, Miller GJ,
Miller NE (1998). Plant monoterpenes donot raise
plasma high-density-lipoproteinconcentrations in
humans. The American Journal of Clinical
Nutrition, 68: 1042-1045.

Cosentino S, Tuberoso CIG, Pisano B, Satta M, Mascia
V, Arzedi E, Palmas F (1999). In-vitro antimicrobial
activity and chemical composition of Sardinian
thymus  essential oils. Letters in  applied
microbiology, 29: 130-135.

Cowan MM (1999). Plant products as antimicrobial
agents. Clinical Microbiology Review, 12: 564-582.

Craig W] (1999). Health-promoting properties of
common herbs. The American Journal of Clinical
Nutrition, 70: 491-499.

Craig WJ (2001). Herbal remedies that promote health
and prevent disease. In: Watson RR (Ed.).
Vegetables, fruits, and herbs in health promotion.
CRC Press, Boca Raton, Florina, USA, pp. 179-204.

Cross DE, Acamovic T, Deans SG, Cdevitt RM (2002).
The effects of dietary inclusion of herbs and their

Krishan and Narang J. Adv. Vet. Anim. Res., 1(4): 156-162, December 2014

volatile oils on the performance of growing
chickens. British Journal of Poultry Science, 43: 33-
35.

Cross DE, McDevitt RM, Hillman K, Acamovic T
(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. British Journal of Poultry Science, 48: 496-506.

Crowell PL (1999). Prevention and therapy of cancer by
dietary monoterpenes. The Journal of Nutrition,
129: 775-778.

Didry N, Dubreuil L, Pinkas M (1994). Activity of
thymol, carvacrol, cinnamaldehyde and eugenol on

oral bacteria. Pharmaceutica Acta Helvetiae, 69: 25-
28.

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

Elagib HAA, ElAmin WIA, Elamin KM, Malik HEE
(2013). Effect of dietary garlic (Allium sativum)
supplementation as feed additive on broiler
performance and blood profile. Journal of Animal
science Advances, 3: 58-64.

Elson CE, Underbakke GL, Hanson P, Shrago E,
Wainberg RH, Qureshi AA (1989). Impact of
lemongrass oil, an essential o0il, on serum
cholesterol. Lipids, 24: 677-679.

Fadlalla IMT, Mohammed BH, Bakhiet AO (2010).
Effect of feeding garlic on the performance and
immunity of broilers. Asian Journal of Poultry
Science, 4: 182-189.

Ferhout H, Bohatier J, Guillot J, Chalchat JC (1999).
Antifungal activity of selected essential oils,
cinnamaldehyde and carvacrol against Malassezia
furfur and Candida albicans. Journal of Essential
Oil Research, 11: 119-129.

Fernandez-Panchon MS, Villano D, Troncoso AM,
Garcia-Parrilla MC (2008). Antioxidant activity of
phenolic compounds: From in vitro results to in
vivo evidence. Critical Reviews in Food Science
and Nutrition, 48: 649-671.

Giannenas [, Florou-Paneri P, Papazahariadou M,
Christaki E, Botsoglou NA (2003). Effect of dietary
supplementation with oregano essential oil on
performance of broilers after experimental
infection with Eimeria tenella. Arch Tierernahr, 57:
99-106.

Hanieh H, Narabara K, Piao M, Gerile C, Abe A (2010).
Modulatory effects of two levels of dietary Alliums
on immune response and certain immunological
variables, following immunization, in White

160



Leghorn chickens. Animal Science Journal, 81: 673-
680.

Hay RK, Waterman PG (1993). Volatile oil crops: their
biology, biochemistry and production, Longman
Scientific & Technical.

Helander IM, Alakomi HIL, Latva-Kala K, Mattila-
Sandholm T, Pol I, Smid EJ, Gorris IGM, Von
Wright A (1998). Characterization of the action of
selected essential o0il components on Gram-
negative bacteria. Journal of agricultural & food

chemistry, 46: 3590-3595.

Jamroz D, Wertelecki T, Houszka M, Kamel C (2006).
Influence of diet type on the inclusion of plant
origin active substances on morphological and
histochemical characteristics of the stomach and
jejunum walls in chicken. Journal of Animal
Physiology and Animal Nutrition, 90: 255-268.

Jang IS, Ko YH, Kang SY, Lee CY (2007). Effect of a
commercial essential oil on growth performance,
digestive enzyme activity and intestinal microflora
population in broiler chickens. Animal Feed
Science and Technology, 134: 304-315.

Karadas F, Pirgozliev V, Rose SP, Dimitrov D,
Oduguwa O, Bravo D (2014). Dietary essential oils
improve the hepatic antioxidative status of broiler
chickens. British poultry science, 55: 1-6.

Khan SH, Sardar R, Anjum MA (2007). Effects of
dietary garlic on performance and serum and egg
yolk cholesterol concentration in laying hens. Asian
Journal of Poultry Science, 1: 22-27.

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

Kirsti T, Kettunen H, Bento MHL, Saarinen M,
Lahtinen S, Ouwehand AC, Schulze H, Rautonen N
(2010). The effect of feeding essential oils on broiler
performance and gut microbiota. British Poultry
Science, 51: 381-392.

Madpouly HM, Saif MA, Hussein AS (2011). Curcuma
longa for protecting chicks against Newcastle
disease virus infection and immunosuppressive
effect of Marek's disease viral vaccine. International
Journal of Virology, 7: 176-83.

Manzanilla EG, Perez JF, Martin M, Kamel C, Baucells
F, Gasa ] (2004). Effect of plant extracts and formic
acid on the intestinal equilibrium of early-weaned
pigs. Journal of Animal Science, 82: 3210-3218.

Oviedo-Rondon EO, Hume ME, Hernandez C,
Clemente-Hernandez S (2006). Intestinal microbial
ecology of broilers vaccinated and challenged with

Krishan and Narang J. Adv. Vet. Anim. Res., 1(4): 156-162, December 2014

mixed Eimeria species, and supplemented with
essential oil blends. Poultry Science, 85: 854-860.

Oyen LPA, Dung NX (1999). Plant resources of South-
East Asia No. 19. Essential-oil plants. Backhuys
Publishers.

Ozek K, Wellmann KT, Ertekin B, Tarim B (2011).
Effects of dietary herbal essential oil mixture and
organic acid preparation on laying traits,
gastrointestinal ~ tract  characteristics,  blood
parameters and immune response of laying hens in
a hot summer season. Journal of Animal and Feed
Sciences, 20: 575-586.

Platel K, Srinivasan K (2001). Studies on the influence
of dietary spices on food transit time in
experimental rats. Nutritional Research, 21: 1309-
1314.

Rahimi S, Zadeh T, Karimi MA, Omidbaigi R, Rokni H
(2011). Effect of the three herbal extracts on growth
performance, immune system, blood factors and
intestinal selected bacterial population in broiler
chickens. Journal of Agriculture Science and
Technology, 13: 527-539.

Rezaei-Moghadam A, Mohajeri D, Rafiei B, Dizaji R,
Azhdari A, Yeganehzad M, Shahidi M, Mazani M
(2012). Effect of turmeric and carrot seed extracts
on serum liver biomarkers and hepatic lipid
peroxidation, antioxidant enzymes and total
antioxidant status in rats. Biolmpacts, 2: 151-57.

Rice-Evans CA, Miller NJ, Papaganga G (1997).
Antioxidant properties of phenolic compounds.
Trends in Plant Science, 4: 152-159.

Scott ML, Nesheim MC, Young RJ (1982). Nutrition of
Chicken. W.F. Humphrey Press, Inc., Ithacia, NY,
USA.

Srinivasan K (2005). Spices as influencers of body
metabolism: An overview of three decades of
research. Food Research International, 38: 77-86.

Szigeti G, Palfi V, Nagy B, Ine E, Nagy G (1998). New
type of immune stimulant to increase antibody
production generated by viral and bacterial
vaccines. Magyar Allatorvosok Lapja, 120: 719-721.

Vaara M (1992). Agents that increase the permeability
of the outer membrane. Microbiology Review, 56:
395-411.

Viuda-Martos M, Ruiz-Navajas Y, Ferndndez-Lépez ],
Pérez-Alvarez JA (2010). Spices as functional foods.
Critical Reviews in Food Science and Nutrition, 51:
13-28.

Wang R, Li D, Bourne S (1998). Can 2000 years of
herbal medicine history help us solve problems in
the year 2000? Biotechnology in the feed industry.

161



Proceedings of Alltech's 14th Annual Symposium.
Kentucky, USA; pp 273-291.

Wenk C (2000). Recent advances in animal feed
additives such as metabolic modifiers,
antimicrobial agents, probiotics, enzymes and
highly available minerals. Asian Australasian
Journal of Animal Sciences, 13: 86-95.

Krishan and Narang J. Adv. Vet. Anim. Res., 1(4): 156-162, December 2014

Williams RB (1997). Laboratory tests of phenolic
disinfectants as oocysticides against the chicken
coccidium Eimeria tenella. Veterinary Record, 141:
447-448.

Yalcin S, Onbasilar EE, Reisli Z, Yalcin S (2006). Effect
of garlic powder on the performance, egg traits and
blood parameters of laying hens. Journal of the
Science of Food and Agriculture, 86: 1336-1339.

162



