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Abstract 

The efficacy of Cichorium intybus (chicory) leaf extract was determined on day-old chicks (n=150) that 

were distributed in 15 replicates (10 birds/replicate). These replicates were allotted to five treatment groups 

such that each group received three replicates. Group A (positive control) was offered commercial ration 

supplemented with antibiotic growth promoter (Enracin) and coccidiostat (Salinomycine) along with water 

without any supplementation. Group E (negative control) was offered water without supplementation of 

antibiotic and coccidiostat. Whereas, group B, C and D were offered water containing different concentrations 

of chicory leaves extract at 5, 10 and 15 ml/L, respectively, extracted in distilled water at pH 7. 

Supplementation of chicory leaf extract in drinking water of birds exhibited a significantly (P< 0.05) improved 

weight gain and efficiency of feed utilization. Aspartate Aminotransferase concentration, antibody titer against 

Newcastle disease, blood glucose, cholesterol level, total leukocyte count (TLC) and hepatoprotective 

properties were found to be better in treated groups than those of controls. The feed consumption, Alpha 

Glutamyltransferase, hemoglobin concentration (Hb), Packed Cell Volume (PCV), heterophils count, 

lymphocytes count and antibody titer against infectious bursal disease remained unaffected. It was concluded 

that chicory leaf extract can be used an inexpensive, efficient and safe growth promoter in broiler production. 
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Introduction 

The antibiotic resistance is becoming an 

alarming condition throughout the world and the 

consumers are interesting more on organic food. 

Rapid advances in science and technology, increase 

in health care cost, change in food laws, attaining 

wellness through diet are among the factors fueling 

interest in functional foods (FDA, 2007). Scientific 

community are now focusing to finding an 

alternative and/or new substitutes to antibiotic 

growth promoters and equally effective against the 

microbes of gastrointestinal tract by enhancing 

immunity and feed efficiency. During the last 

decade poultry industry showed about 138% 

growth, which revolves around genetic 

improvement, disease control, high tech poultry 

production under environmentally controlled 

housing, processing and value addition (Economic 

Survey of Pakistan, 2012). The supplementation of 

antibiotics in diet has been a common practice in 

poultry feed industry to promote the chicken 

growth, which usually costs 0.029 US dollars/Kg 

feed, equivalent to one billion rupees per year 

(Bhatti, 2011 and Ahmad, 1993). However, there is 

great concern regarding the development of 

antibiotic resistance to pathogenic bacteria in birds, 

hence the European Union has banned the use of 

antibiotics as growth promoters in animal feed since 

2006 (Castanon, 2007).  

The herbal plants as natural feed additives are 

being used in poultry rations to enhance production 

performance (Abaza et al., 2008). Different parts of 

these plants such as moringa (Ansari et al., 2008; 

Ayssiwede et al., 2011), neem (Subripriya and 

Nagini, 2005) and chicory (Sarwar, 2013) have 

been used in poultry as growth promoters but with 

varying results, and these extracts are also used in 

drinking water for the same purpose. Cichorium 

intybus (Chicory) is a herbal medicinal plant having 

mucus and resin as active ingredients. Cichorium 

intybus is known to have antibacterial, anti-

inflammatory, digestive, bitter tonic, diuretic, anti-

hypercholestermic and laxative properties without 

presenting any side effects (Kalantari and 

Rastmanesh, 2009). There is lack of considerable 

literature where the aforementioned herbal plant has 

been used as herbal growth promoter in poultry; 

hence in this study we aimed to use the aqueous 

leaves extract of this herbal plant as growth 

promoter, hepatoprotectant and immune modulent 

in broilers. 

Materials and Methods 

The research project was conducted at the 

Poultry Research Centre, University of Agriculture, 

Faisalabad. Fresh chicory (Cichorium intybus) 

leaves were collected, dried under shade and sliced 

without washing. Thereafter it was mixed in 

distilled water at 2 g/100 ml and then extracted at 

80°C for 3 hours, according to Amer et al., (Amer 

et al., 2010). Day-old chicks (n=220) were 

purchased and reared in groups for seven days as 

the adaptation period. At 8
th

 day of age, these chicks 

were individually weighed and 150 chicks of 

middle weight were selected for experimental 

purpose. The selected chicks were then distributed 

in 15 replicates (10 birds/replicate) and were further 

allotted to five treatment groups (A, B, C, D and E) 

such that each group received three replicates. Two 

commercial rations were fed ad libitum to the birds 

i.e. starter from 0-3 and finisher from 4-5 weeks of 

age, along with watering and feeding plan, table 1. 

 

Table 1: Watering/treatment plan for the experimental birds. 

Group Treatment 
Group A 

(Positive control) 

Fresh water+diet supplemented with Enracin at 100 g/ton, as antibiotic 

growth promoter and Salinomycine at 500 g/ton as coccidiostat 

Group B Fresh water+Extract of chicory leaves at 5 ml/ liter of water 

Group C Fresh water+Extract of chicory  leaves at 10 ml/ liter of water 

Group  Fresh water+Extract of chicory   leaves at 15 ml/ liter of water 

Group E  

(Negative control) 

Fresh water+diet without addition of antibiotic growth promoter or any 

coccidiostat 
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Managemental conditions like ventilation, 

relative humidity, floor space and light were also 

kept same during rearing of the birds. Data 

regarding initial body weight, final body weight and 

feed intake was recorded to calculate feed 

utilization efficiency and weight gain, and the water 

consumption of each replicate was also recorded on 

daily basis. All birds were vaccinated against 

infectious bursal and Newcastle disease. Serum 

samples (2 birds/replicate) were collected 10 days 

post vaccination i.e. 28
th

 and 32
nd

 days of age to 

check immune response against the respective 

diseases (MAFF, 1984). At the end of the 

experiment, the blood samples (5ml each) were 

collected using anticoagulant from two 

birds/replicate to determine the packed cell volume 

and hemoglobin by hematology analyzer (Sysmex 

KX- 21). Furthermore, the cholesterol and liver 

enzymes ALT, AST and ALP were also determined 

from the private laboratory by using kit method 

with analyzer (Medonic- CA 620) from two serum 

samples from two birds/replicates, and then 

statistical analysis was performed (Steel et al., 

1997). 

Results and Discussion 

Chicory locally referred as “kasni” belongs to 

family “Asteraceae”, subfamily “Cichorioideae” of 

herbs. All parts of chicory i.e. Leaves, flowers, 

seeds and roots have medicinal properties (David 

and Sears, 2007). In our present study, the leaf 

extracts of this plant showed growth promoter, 

hepatoprotectant and immune modulent properties 

in the broilers, and can be used as an alternative to 

antibiotic growth promoters in poultry industry.  

Effect on Performance  
Analysis of variance of data showed significant 

(P<0.05) effect of chicory leaf extract (0, 5, 10 and 

15ml/L) on weight gain and feed conversion ratio 

(FCR), however, it did not show any significant 

(P>0.05) effect on feed consumption of broilers. 

The group D that was offered water supplemented 

with chicory leaf extract at 15 ml/L, was found to 

be significantly higher. Whereas, the lowest body 

weight gain was observed in the birds of treatment 

group E (negative control). Significant (P<0.05) 

improvement in FCR of the bird was observed in 

treatment group D which were offered water 

supplemented with chicory leaf extract at 15ml/L. 

The poorest FCR was observed in the birds 

treatment group E (negative control), table 2. 

 
Table 2: Effect of supplementing different levels of chicory leaf extract in water on body weight, feed consumption, 

water intake and feed conversion ratio.   

Variables 

Treatment 

S.E A B C D E 

(+ve Control) (5ml/liter) (10ml/liter) (15ml/liter) (-ve Control) 

Initial body weight (g) 169 169 168 168 167 0.4 

Final body weight (g) 1853
b
 1955

b
 1997

ab
 2193

a
 1817

b
 43.0 

Weight gain (g) 1684
b
 1786

b
 1830

ab
 2025

a
 1651

b 
42.8 

Feed consumption (g) 3284 3238 3248 3466 3332 42.8 

Feed conversion ratio 

(feed consume/weight gain) 

1.95
b
 1.81

a
 1.77

a
 1.72

a
 2.02

b
 

0.034 

Water consumption (ml) 8837 8660 8870 9026 9427 1.1 
Values within the same row which have different superscripts are significantly different (P<0.0). 

 

 

These findings are consistent with the results of 

by Liu et al., (2011) and Asia and Gultekin (2012) 

who have reported a non-significant effect of 

chicory extract on feed consumption in broiler. 

However, results of the present study, the findings 

of Safamehr et al., (2013) and Behboud et al., 

(2011) exhibited increased feed consumption in 

broilers fed diets supplemented with chicory leaf 

extract. Analysis of variance of the data exhibited 

significant (P<0.05) effect on FCR of the birds. 
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Significant (P<0.05) improvement in FCR of the 

bird was observed in treatment group D which were 

offered water supplemented with chicory leaf 

extract, @ 15ml/L. The poorest FCR was observed 

in the birds treatment group E (negative control). 

Probably improvement in weight may attributed due 

to better mucosal growth, villus height and width, 

crypt depth and ratio of villus height to crypt depth, 

which might have resulted in increased absorption 

of nutrients, ultimately causing increase in body 

weight (Awad et al., 2011; Zyl et al., 2010). These 

findings are compatible with those observed by 

Safamehr et al., (2013) and Silva et al., (2011) who 

reported increased body weight gain in broilers 

offered water containing chicory leaf extract.  

Better FCR in birds given water supplemented 

with chicory leaf extract may probably be due to its 

complex carbohydrates as oligofructones and 

oligosaccharides which might have resulted in 

efficient meat production (Sangoh and Park, 2012). 

The improvement in digestibility of nutrients and 

reduction in microbial load in the GIT (Anderson et 

al., 2000) are other possibilities that might resulted 

in better growth of birds ultimately leading to better 

FCR. These findings are in agreement with the 

results of Silva et al., (2011), however, the findings 

of Asia and Gultekin (2012) and Liu et al., (2011) 

were contrary in which they showed that FCR of 

broilers treated with chicory was not improved. 

Difference in the results of these studies may be due 

to the difference in the forms of chicory (water 

extract vs pulp powder) used in these experiments. 

Effect on liver function 
Liver enzymes are most sensitive biochemical 

markers employed in diagnosis of hepatic 

dysfunction in broiler production (Johnkennedy et 

al., 2010). Analysis of variance of data did not 

reveal any significant (P<0.05) effect on Alanine 

aminotransferase (ALT) and Aspartate 

Aminotransferase (AST) concentrations, however, 

Alpha Glutamyltransferase (ALP) concentration 

was significantly affected by chicory extract, table 

3. 

 

Table 3: Effect of supplementing different levels of chicory leaf extract in drinking water of broilers on liver 

enzymes (ALT, AST and ALP). 

Variables 

 

Treatment 
S.E A B C D E 

(+ve Control) (5ml/L) (10ml/L) (15ml/L) (-ve Control) 

ALT (U/ml) 38.3 30.7 27.7 27.3 31.0 1.57 
AST (U/ml) 226.0

  204.3
  221.3

  198.7
  202.3

  6.41 

ALP (U/ml) 2387
a 2349

ab 2197
bc 2129

 c 2455
 a 44.71 

Values within the same row which have different superscripts are significantly different (P<0.05). 

 

 

Marzouk et al., (2011) reported that ALT was 

not significantly affected in broilers treated with 

chicory leaf extract; however, Noreen (2009) 

reported a significant effect of supplementing 

chicory leaf extract on ALT and AST concentration 

in broilers. On the other hand, findings of Abd El-

Mageed (2011); Hassan and Yousef (2010); Mishra 

and Kamal, (2009) have showed reduction in 

concentration of AST in rats when fed chicory root 

powder. Sultan et al., (2009) also reported reduction 

in the concentration of ALP in rats. It is quite 

possible that chicory extract might have induced 

similar effect on liver health of the birds causing 

enhancement of endogenous antioxidant defense 

status, ultimately resulting in reduced ALP 

concentration.  

Effect on Blood Profile 

Analysis of variance of data revealed that 

addition of different levels of chicory leaf extract 

exhibited a significant (P<0.05) effect on blood 

glucose, total cholesterol level and total leukocyte 

count (TLC) of birds, table 4, whilst, hemoglobin 

concentration (Hb), Packed Cell Volume (PCV), 

heterophils count and lymphocytes count were not 

affected significantly (P>0.05), table 5. 
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Table 4: Effect of supplementing different levels of chicory leaf extract in water on blood hematological 

mean values of glucose and cholesterol of broilers. 

Variables Treatment 

S.E  A B C D E 

 (+ve Control) (5ml/L) (10ml/L) (15ml/L) (-ve Control) 

Blood Glucose (mg/dl) 160.67
 a 146.33

ab
 139.00

 b
 115.00

 c 150.67
ab 4.48 

Total Cholesterol (mg/dl) 153.50
 a 135.67

b  130.83
ab 

117.17
 c 142.33

ab
 3.67 

Values within the same row which have different superscripts are significantly different (P<0.05). 

 

 

 

Table 5: Effect of supplementing different levels of chicory leaf extracts in water on blood hematological mean 

values of Haemogram (Hb and PCV) and Leukogram (TLC and DLC) of broilers. 

Variables Treatment 

S.E  A B C D E 

 (+ve Control) (5ml/L) (10ml/L) (15ml/L) (-ve Control) 

Hb (g/dl) 9.07 9.33 9.78 10.58 8.63 0.248 

PCV (%) 30.90 30.93 32.00 33.58 27.83 1.77 

TLC (per cu. mm) 2510.0
 b
 2911.7

ab
 3716.7

ab
 6783.3

 a
 4533.3

ab
 5.94 

Heterophils (%) 42.50 45.17 45.00 61.50 48.17 3.886 

Lymphocytes (%) 115.00 109.67 110.00 77.00 103.67 7.773 
Values within the same row which have different superscripts are significantly different (P<0.05). 

 

 

The results showed a significant (P<0.05) 

decrease in the blood glucose and total cholesterol 

level in birds of treatment group D which were 

offered water supplemented with chicory leaf 

extract at 15 ml/L. The decreased level of blood 

glucose in birds may be probably due to the 

presence of inulin in extract that acts as anti-

diabetic agent (Sangoh and Park, 2012; Kapoor and 

Huang, 2006) in broilers. Whereas the decrease in 

blood cholesterol level might be due to the 

properties of chicory leaf extract to stimulate lactic 

acid producing bacteria (Avci et al., 2006) secreting 

the hydrolase enzyme (Hinton et al., 2000) that in-

turn converts bile salts into deconjugated bile acids 

and ultimately resulted in the reduced serum 

cholesterol level (Safamehr et al., 2013). These 

findings are consistent with Velasco et al., (2012), 

Behboud et al., (2011) and Rezaei et al., (2010), 

and also in the agreement with the findings of 

Sarwar (2013) where supplementation of chicory 

leaf extract extracted at different pH levels did not 

show any significant effect on PCV and Hb, values 

of lymphocytes and heterophils count however had 

the significant effect on TLC count in broilers.  

Immune Response   
Analysis of variance of data revealed that 

addition of different levels of chicory leaf extract in 

drinking water exhibited significant effect (P<0.05) 

on ND titer. Birds of treatment group D, showed 

higher antibody titer. However, immune response 

against infectious bursal disease (IBD) was not 

affected by different levels of chicory leaf extract 

(P>0.05), table 6. 

 
Table 6: Effect of supplementing different levels of chicory leaf extract in drinking water on geometric 

mean values of the antibody titers against Newcastle disease and Infectious Bursal disease of broilers. 

Variables Treatment 

S.E  A B C D E 

 (+ve Control) (5ml/L) (10ml/L) (15ml/L) (-ve Control) 
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Titers against ND 66.33
 b 139.00

ab 187.33
 a  199.33

 a 114.33
ab 16.912 

Titers against IBD  80.33 106.67 112.00 135.67
  67.00 11.046 

Values within the same row which have different superscripts are significantly different (P<0.05). 

The higher level of antibody titer against ND in 

birds using chicory leaf extract may be due to its 

antimicrobial effect. Another possible reason might 

be the increased activity of neutrophils in blood 

after vaccination, which could play a major role to 

boost up the immunity (Guo et al., 2003). Similar 

results have been observed by Huff et al., (2003) 

and Sarwar (2013) as they reported increased 

immune-modulatory effect against ND and IBD in 

broiler. However, contrasted results may be due to 

the difference in way of supplementation of chicory 

(comparative vs. alone) in these trials. 

Conclusions 

Supplementation of different levels of chicory 

leaf extract as growth promoter revealed better 

performance in broilers in terms of body weight 

gain, efficiency of feed utilization, stabilization of 

serum metabolites with better immune response and 

hepatoprotective properties, which ultimately 

increased profit margin.  

Acknowledgements  

The work was funded by authors, and authors 

acknowledge Dr Abdul Wahid Baloch for revising 

the manuscript. 

References  

Abaza IM, Sheheta MA, Shoeb MS and Hassan II (2008). 

Evaluation of some natural feed additives in growing 

chicks’ diets. Int. J. Poult. Sci., 7: 872-879. 

Abd El-Mageed MN (2011). Hepatoprotective effect of 

feeding celery leaves mixed with chicory leaves and 

barley grains to hypercholesterolemic rats. Mag. Phcog., 

7: 151-156. 

Ayssiwede SB, Zanmenou JC, Issa, Hane MB, Dieng A, 

Chrysostome CAAM, Houinato MR, Hornick JL and 

Missohou A (2011). Nutrient composition of some 

unconventional and local feed resources available in 

Senegal and recoverable in indigenous chickens or 

animal feeding. Pakistan J. Nutr., 10: 707-717. 

Amer H, Helmy WA and Taie HAA (2010). In vitro antitumor 

and antiviral activities of herbal plant seeds and leaves 

extracts. Int. J. Acad. Res., 2: 47-51. 

Anderson DB, Mccracken VJ, Aminov RI, Simpson JM, 

Mackie RI, Verstegen MWA and Gaskins HR (2000). 

Gut microbiology and growth-promoting antibiotics in 

swine. Nutr. Abstr. Rev., Series B. 70: 101-108. 

Asia SE, Gultekin Y (2012). Effects of inulin and β-glucan 

supplementation in broiler diets on growth performance, 

serum cholesterol, intestinal length and immune system. 

J. Vet. Anim. Sci., 36: 388-394. 

Awad WA, Ghareeb K and Bohm J (2011). Evaluation of the 

chicory innulin efficacy on ameliorating the intestinal 

morphology and modulating the intestinal 

electrophysiological properties in broiler chickens. J. 

Anim. Nutr., 95: 65-72. 
Behboud J, Ali R and Elmira H (2011). Comparative effect of 

Chicory (Cichorium intybus L.) and Nigella sativa 

extract with an antibiotic on different parameters of 

broiler chickens. J. Appl. Environ. Biol. Sci., 1: 525-528. 

Bhatti MY (2011). Emerging prospects of poultry production 

in Pakistan at the dawn of 21
st
 century. Veterinary News 

and Views (Special Edition). Vol. 06. Sep. 24-30. 

David DC and Sears B (2007). Chicory: An Alternative 

Livestock Forage. J. Agri. Sci. Nat. Sci., 4: 190-191. 

Guo Y, Ali RA and Qureshi MA (2003). The influence of β-

glucan on immune responses in broiler chicks. J. 

Immunopharmacol., 25: 461-472. 

Hassan HA and Yousef MI (2010). Ameliorating effect of 

chicory (Cichorium intybus L.) supplemented diet 

against nitrosamine precursors-induced liver injury and 

oxidative stress in male rats. Food Chem. Toxicol., 48: 

21-63. 

Hinton AJR, Buhr RJ and Ingram KD (2000). Reduction of 

Salmonella in the crop of broiler chickens subjected to 

feed withdrawal. J. Poult. Sci., 79: 1566-1570. 

Huff GR, Huff WE, Rath NC, Balog JM and Tellez G (2003). 

Immunomodulation with β-1, 3/1, 6-glucan (Immustim-

R) affects growth performance and resistance to 

Escherichia coli respiratory infection of broiler chickens. 

J. Poult. Sci., 82: 57. 

Johnkennedy N, Adamma E, Austin A and Chukwunyere 

NNE (2010). Alterations in biochemical parameters of 

wister rats administered with sulfadoxine and 

pyrimethamine (Fansidar-R). Al Ameen J. Med. Sci., 3: 

317-321. 

Kapoor R and Huang YS (2006). Gamma linolenic acid: an 

anti-inflammatory Omega-6 fatty acid. Curr. Pharmacol. 

Biotechnol., 7: 531-534. 

Liu HY, Iverson E, Jonsson L, Holm L, Lundh L and Lindberg 

JE (2011). Growth performance, digestibility and gut 

development of broiler chickens on diets with inclusion 

of Chicory (Cichorium intybus L.). Poult. Sci., 90: 815-

823. 

MAFF ADAS (1984). Manual of Veterinary Investigation. 

Vol. 2. 3
rd

 Ed. Her Majesty Stationary Office, London. 

http://onlinelibrary.wiley.com/doi/10.1111/j.1439-0396.2010.00999.x/abstract;jsessionid=9D4C26A509E40401D7CD33F5843EBECC.d02t01
http://onlinelibrary.wiley.com/doi/10.1111/j.1439-0396.2010.00999.x/abstract;jsessionid=9D4C26A509E40401D7CD33F5843EBECC.d02t01
http://onlinelibrary.wiley.com/doi/10.1111/j.1439-0396.2010.00999.x/abstract;jsessionid=9D4C26A509E40401D7CD33F5843EBECC.d02t01
http://onlinelibrary.wiley.com/doi/10.1111/j.1439-0396.2010.00999.x/abstract;jsessionid=9D4C26A509E40401D7CD33F5843EBECC.d02t01
http://www.ncbi.nlm.nih.gov/pubmed?term=Holm%20L%5BAuthor%5D&cauthor=true&cauthor_uid=21406367


BALOCH ET AL. 

 

 

591 

 

J. Anim. Pro. Adv., 2015, 5(1): 585-591 

 

 

Marzouk M, Sayed AA and Soliman AM (2011). 

Hepatoprotective and antioxidant effects of Cichorium 

endivia L. leaves extract against acetaminophen toxicity 

on rats. J. Med. Sci., 2: 1273-1279. 

Mishra KS and Kishore K (2009). Protective effects of 

Cichoricum intybus Linn (Kasni) against dietary 

aflatoxicosis in white albino rats. J. Toxicol. Sci., 1: 26-

31. 

Noreen S (2009). Antihepatotoxic effects of Cichorium 

intybus (Kasni) seeds against liver damage induced by 

carbon tetrachloride and paracetmol in broiler chicks 

MSc. Thesis. Depart. Vet. Med. Univ. Agr., Faisalabad. 

Rezaei M, Attar A, Ghodratnama A and Kermanshahi H 

(2010). Study the effects of different levels of fat and 

chicory innulin on performance, carcass characteristics 

and serum composition of broiler chicks. Int. J. Poult. 

Sci., 2: 178-182. 

Sarwar MS (2013). Effect of Chicory leaves extract, extracted 

in water at different pH levels (3, 7 and 12) on growth, 

nutrient digestibility, hematology, immune response and 

economics of broilers, M.Sc. Hons. Thesis, Depart. 

Poult. Sci. Univ. Agr., Faisalabad. 

Safamehr A, Fallah F and Nobakht A (2013). Growth 

performance and biochemical parameters of broiler 

chickens on diets consist of chicory (Cichorium intybus) 

and nettle (Urtica dioica) with or without multi-enzyme. 

Iranian J. Appl. Anim. Sci., 3: 131-1. 

Sangoh P and Park BS (2012). Effect of feeding inulin 

oligosaccharides on cecum bacteria, egg quality and egg 

production in laying hens. Afr. J. Biotechnol., 11: 9516-

9521.  
Silava WTM, Nunes RV and Pozza PC (2011). Evaluation of 

inulin and probiotic for broiler chickens. J. Anim. Sci., 

33: 19-24. 

Steel RGD, Torrie JH and Dickey DA (1997). Principles and 

Procedures of Statistics. A Biometric Approach (2
rd

 Ed.). 

McGraw Hill Book CO. Inc. New York, USA. 

Sultan MT, Butt MS and Anjum FM (2009). Influence of 

black cumin fixed and essential oil supplementation on 

markers of myocardial necrosis in normal and diabetic 

rats. Pakistan J. Nutr., 8: 1450-1455. 

Velasco S, Ortiz LT, Alzueta C, Rebole A, Trevino J and 

Rodriguez ML (2010a). Study the effects of different 

levels of fat and chicory innulin on performance, carcass 

characteristics and serum composition of broiler chicks. 

Int. J. Poult. Sci., 89: 1651-1662. 

Zyl ZV (2010). Adding inulin to feed, obtained from chicory, 

improves villi properties in the intestines of broilers W. 

Poult. Mag., 28: 35-37.  

Castanon JIR (2007). History of the Use of Antibiotic as 

Growth Promoters in European Poultry Feeds. Poult. 

Sci., 86: 2466-2471. 


