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ABSTRACT: This study was carried out to determine the effect of supplementation of Thymus vulgaris L. or
Glycyrrhiza glabra in corn-soybean meal diets and the inclusion of exogenous enzyme of Combo” in barley-soybean
meal diets beside of mentioned medicinal plants on carcass characteristics, some blood parameters, and broiler
chicken performance. A total of 270 unsexed 1-d-old broiler chickens (Ross 308) were randomly allocated to 6
treatments with 3 replications of 15 birds. Dietary experiments were including of control (T1), the inclusion of T.
vulgaris, G. glabra, their mixture (equal amount), and enzyme (Combo®) supplementation (T2, T3, T4, and T5,
respectively) based on corn-soybean meal diets or enzyme supplementation plus equal amount of tested medicinal
plants (T6) based on barley-soybean meal diets. Medicinal plants and enzyme supplementation were included in diets
at level 0.5% and 0.2% of diets, respectively. The highest feed intake was found by TS5 and T6 groups, while the
highest weight gain was related to T2, T5, and T6 (P<0.05). Also, the lowest FCR was achieved by T6 (P<0.05).
Diets contained medicinal plants (T2, T3, and T4) led to significantly decreases in carcass, breast, and liver weights
(P<0.05). All diets led to significant decreases in abdominal fat, pancreas, and bursa weights as well as blood
cholesterol content rather control (P<0.05). The lowest content of glucose was obtained by T4 (P<0.05). Diets
contained G. glabra caused significantly increases in total protein content of blood (P<0.05). These results elucidate
that effect of tested medicinal plants is depended on basal diets. The use of T. vulgaris L. or G. glabra together with
enzyme supplementation in barley-based diets show better mien rather corn-basal diets without enzyme.
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INTRODUCTION

Phytogenic feed additives have attracted increasing interest as alternative feeding strategy to replace antibiotic
growth promoters [1, 2, 3]. The presence of a number of pharmacologically active substances in phytogenic
compounds possesses a potential for growth enhancement of poultry production [4]. Therefore, the potentials of
many medicinal plants were study as antibiotic alternation in poultry production. Two medicinal plants of
Glycyrrhiza glabra and Thymus vulgaris L. have beneficial effects in medicine. G. glabra have been consumed for
the past 6000 years as a medicinal product in Asian countries [5]. It showed anti-microbial [6], anti-helicobacter [7],
anti-atherosclerotic [8], anti-oxidative [9], antifungal [10], anti-viral [11], anti-infective [12], and immunity
stimulator effects [13]. Also, T. vulgaris L. has anti-bacterial [14, 15, 16], anti-fungi [17], anti-virus [18],
spasmolytic [19], anti-oxidant [20], and anti-parasites effects [20]. In previous studies, effect of variety of medicinal
plants has demonstrated in corn-soybean meal diets in poultry [1, 2, 3, 21, 22, 23]. However, little is known about
their effects on other basal diet grains in broiler production. On the other hand, replace of corn with other grains in
diets lead to some problem in poultry [24] which the inclusion of exogenous enzymes could help to cope with such a
problems [25, 26]. Therefore, this study was conducted to investigate the effect of medicinal plants T. vulgaris L. and
G. glabra in corn-soybean meal diets on carcass characteristics, blood parameters, and broiler chicken performance.
In addition, effect of inclusion of an exogenous enzyme, i.e., Combo®”, in diets base on barley-soybean meal diet with
mentioned medicinal plants was evaluated.

MATERIALS AND METHODS

The Animal Ethics Committee of the Agricultural Research Center of Qom-Iran was approved all procedure of the
experiment.
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Experimental Design and Birds

A total of 270 unsexed 1-d-old broiler chickens (Ross 308) were randomly divided to 6 treatments with 3 replications
of 15 birds in each. Diets were formulated as starter (1-21 days of age) and grower (22-42 days of age) to meet their
requirements [27]. Dietary experiments were including of control (T1), the inclusion of T. vulgaris, G. glabra, their
mixture (equal amount), and enzyme (Combo”) supplementation (T2, T3, T4, and T35, respectively) based on corn-
soybean meal, or enzyme supplementation plus equal amount of tested medicinal plants (T6) based on barley-
soybean meal diet (Table 1). Medicinal plants and enzyme supplementation were included in diets at level 0.5% and
0.2%, respectively. Combo” contained 1000 unit phytase and 180 unit multiglucanase activities. Feed and water
were offered ad libitum in all period of experiment. Water was changed daily and weight gain (WG), feed intake
(FI), and feed conversion ratio (FCR) was measured weekly. The lighting schedule was 23 h light / 1 h darkness at
32°C the first day. This was subsequently reduced 3°C each week until third week.

Carcass Characteristics

On 42 days of age, final body weights of broiler chickens were measured, 2 birds from each replicate were randomly
selected, tagged, and were fasted for 8h (no limitation of water access). Birds were weighted and slaughtered by
serving both of the right and left carotid artery and jugular vein in a single cut and bled for 180s. Carcass weights
were measured after removal of feather, head, legs and abdominal contents. The breast, thighs, backside, neck,
wings, and abdominal fat weights were recorded and calculated as the percentage of carcass weight. In addition,
liver, heart, spleen, pancreas, and bursa weights as well as, intestine length were recorded.

Blood Parameters

On 42 days of ages, 2 chickens from each replicate were randomly selected and blood samples were taken from wing
vein. Blood samples were transferred to vial tubes containing sodium heparin. The tubes were centrifuged at 5,000 x
g for 20 min, and the supernatant was discarded. Glucose (GLU), cholesterol (CHO), triglyceride (TG), total protein
(TP), albumin (Al), and globulin (GL) were determined by use of specific kits (Biosystem Company, Spain).
Statistical Analyses

A completely randomized design was employed. Pen was used as the experimental unit and data were analyzed by
GLM procedure of SAS [28]. Duncan’s multiple range test were used for comparison of means (P<0.05).

RESULTS
The effects of diets on broiler chicken performance are presented at Table 2. The results showed that TS and T6 had
the highest FI, and T2, TS5, and T6 had the highest WG rather other diets (P<0.05).

Table 1: Diets formulation and composition (%) at starter (1 to 21 days) and grower (22 to 42 days)."?

Item Starter Grower

T1-T5 T6 T1-TS T6
Corn grain 53.8 45 60.7 42.58
Soybean meal 38.7 34.05 32.2 29.3
Barley - 15 - 20
Soybean oil 3 2 3 347
Calcium carbonate 1.63 1 2.03 1
Dicalcium phosphate 1.72 2 1.13 2.5
Mineral and vitamin premix’ 0.5 0.5 0.5 0.5
Common salt 0.44 0.3 0.23 0.3
Methionine 0.14 0.15 0.06 0.25
Lysine 0.07 - 0.05 0.1
Total 100 100 100 100
Metabolizable energy (Kcal/kg) 3000 2974.5 3055 3000
Crude protein 21.54 21.16 19.09 19.0
Calcium 0.93 0.92 0.85 1.02
Available phosphorus 0.45 0.40 0.33 0.49
Calcium: phosphorus 2.07 2.3 2.57 2.08
Energy: protein 139.27 140.57 160.03 157.89
Na+K-Cl (meg/kg) 230.50 230.70 231.75 230.44

'T1, T2, T3, T4, and T5 are control and diets contained 0.5% Thymus vulgaris, Glycyrrhiza glabra, their mixture (equal
amount), or Combo® enzyme (at level 0.2%), and T6 is diet contained enzyme plus equal amount of tested medicinal plants.
2Enzyme supplement contained 1000 unit phytase 180 unit multiglucanase.

3Supplied the following per kilogram of diet: Vitamin A (retinyl acetate), 8,400 IU; vitamin D; (cholecalciferol), 3,000 IU ;
vitamin E (DL-alpha-tocopheryl acetate), 25 IU ; K3, 24 mg; vitamin By, (cyanocobalamin), 0.02 mg; biotin, 0.1 mg; folacin
(folic acid), 1 mg; niacin (nicotinic acid), 50 mg; pantothenic acid, 15 mg; pyridoxine (pyridoxine HCI), 4 mg; riboflavin, 10
mg; and thiamin, 3 mg (thiamin mononitrate). Supplied the following per kilogram of diet: 60 mg of copper (CuSOy,); 1.0 mg of
iodine Ca (I03); 300 mg of iron (FeSO,_H20); 600 mg of manganese (MnSO,_H,0); 0.15 mg of selenium (NaSeO;); 480 mg of
zinc (ZnSO,_H,0); and 1.5 mg of cobalt (CoSOy).
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In addition, T6 led to the lowest FCR (P<0.05). The effects of dietary treatments on the carcass and organ
characteristics of broiler chickens are illustrated at Tables 3 and 4, respectively. Diets contained medicinal plants
(T2, T3, and T4) led to significantly decreases in carcass and breast weights (P<0.05). All diets led to significantly
decreases in abdominal fat rather control (P<0.05). Diets contained medicinal plants (T2, T3, and T4) led to
significantly decreases in liver weights (P<0.05). All diets led to significantly reduction in pancreas and bursa
weights rather control (P<0.05). Adversely, all diets increased spleen weights rather control (P<0.05). Table 5
showed that the lowest content of GLU was obtained by T4 (P<0.05). All diets led to significantly drop in CHO
content rather control (P<0.05). Control, TS5, and T6 were significantly increased TG content rather other diets
(P<0.05). Diets contained G. glabra caused significantly increases in TP content (P<0.05). The lowest content of Al
was obtained by T5 and T6 (P<0.05). Also, the highest content of GL was related to T3 (P<0.05).
Table 2: Effect of treatments on broiler chicken performance at 1-42 days of age.

FI' () WG’ (g) FCR’
Tl 4969 .4° 2911.0° 1.71%
T2 4948.0° 3012.3° 1.64°
T3 4864.0° 2879.8° 1.69®
T4 4902.9° 2964.7° 1.75°
T5 5179.4 2998.5° 1.63°
T6 5181.4° 3018.7° 1.52°
SEM 13.58 6.13 0.05
P-value 0.046 0.035 0.011

Means with common letters in the same columns are not significantly different (P<0.05). SEM: Standard error of the
means. 'Feed intake, “Weight gain, and *Feed conversion ratio.
T1, T2, T3, T4, and T5 are control and diets contained 0.5% Thymus vulgaris, Glycyrrhiza glabra, their mixture
(equal amount), or Combo® enzyme (at level 0.2%) based on corn-soybean meal, and T6 is diet contained enzyme
plus equal amount of tested medicinal plants based on barley-basal diets.

Table 3: Dietary experiment effects on carcass characteristics at 42 days of age (% of x carcass weight).

Carcass Breast Thighs | Backs+Neck Wings Abdominal Fat
T1 70.7° 43.6" 30.3 21.4 9.3 2.7
T2 78.7° 41.6° 30.4 19.7 8.9 2.4°
T3 68.2° 41.7° 30.1 19.9 9.4 2.6®
T4 67.6° 40.9° 30.4 18.9 9.6 1.9
T5 70.5" 44.1° 30.9 20.6 9.5 2.0°
T6 70.02° 43.5° 29.6 20.5 8.8 2.2%
SEM 1.45 1.16 0.95 0.62 0.34 0.04
P-value 0.031 0.019 0.043 0.066 0.064 0.012

Means with common letters in the same columns are not significantly different (P<0.05). SEM: Standard error of the
means.
T1, T2, T3, T4, and T5 are control and diets contained 0.5% Thymus vulgaris, Glycyrrhiza glabra, their mixture
(equal amount), or Combo” enzyme (at level 0.2%) based on corn-soybean meal, and T6 is diet contained enzyme
plus equal amount of tested medicinal plants based on barley-basal diets.

Table 4: The effect of dietary treatments on the organ weights (% of x live weight) and intestine length at 42

days of age.
Liver Pancreas Spleen Bursa Intestine (cm)
T1 4.07° 0.17° 0.15° 0.15° 115.16
T2 3.46" 0.16° 0.17° 0.13° 118.81
T3 3.60° 0.16° 0.18° 0.12° 117.37
T4 3.24° 0.16° 0.19° 0.13° 114.98
T5 3.99* 0.16° 0.19° 0.14° 110.62
T6 3.87° 0.16° 0.18% 0.14° 117.72
SEM 0.151 0.008 0.011 0.007 2.391
P-value 0.008 0.036 0.001 0.033 0.188

Means with common letters in the same columns are not significantly different (P<0.05). SEM: Standard error of the
means.

T1, T2, T3, T4, and T5 are control and diets contained 0.5% Thymus vulgaris, Glycyrrhiza glabra, their mixture
(equal amount), or Combo” enzyme (at level 0.2%) based on corn-soybean meal, and T6 is diet contained enzyme
plus equal amount of tested medicinal plants based on barley-basal diets.
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Table 5: Effect of treatments on blood parameters (g/dl) at 42 days of age.

GLU! CHO? TG® TP* Al GL®
Tl 264.21° 148.16" 100.33* 40.75" 19.83° 20.93¢
T2 261.32° 140.67° 69.54° 43.58" 20.78° 22.80°
T3 257.17° 142.83° 69.17° 46.18" 19.98* 26.20°
T4 249.15° 125.85° 63.67° 38.97° 18.27" 20.70°
T5 267.33" 143.43° 99.67* 40.25" 17.73° 21.52"
T6 262.74 133.71% 103.48" 43.14° 17.38° 27.63%
SEM 3.13 1.13 6.66 1.13 0.85 0.64
P-value 0.012 0.002 0.001 0.038 0.061 0.018

ISSN 2231-4490

Means with common letters in the same columns are not significantly different (P<0.05). SEM: Standard error of the
means.

'Glucose, “Cholesterol, 3Triglyceride, “Total protein, 3 Albumin, and °Globulin.

T1, T2, T3, T4, and T5 are control and diets contained 0.5% Thymus vulgaris, Glycyrrhiza glabra, their mixture
(equal amount), or Combo® enzyme (at level 0.2%) based on corn-soybean meal, and T6 is diet contained enzyme
plus equal amount of tested medicinal plants based on barley-basal diets.

DISCUSSION

Effect of medicinal plants was investigated mostly on corn-soybean meal diets (1, 2, 3) and focuses on their effects
on other basal diets grain is scarce. Inclusion of exogenous enzyme in barley-soybean meal diet to investigate effect
of medicinal plants is new issue in current study. Therefore, comprehensive comparison and explanation for obtained
results may not be possible. Dietary supplementation of medicinal plants mixture with enzyme exhibited a
significantly positive effect on FI, WG, and FCR. Results are similar to the finding of other study which the
inclusion of licorice extracts in drinking water [3] led to the greatest FI and WG. They attributed to increased FI to
changes in feed palatability and stimulated appetite. It is demonstrated that medicinal plants have appetite and
digestion stimulating factors [29, 30]. On the other hand, cereal B-glucans have been shown to have prebiotic
properties as they have the ability to pass undigested through the gastrointestinal tract, where they act as a substrate
for microbial fermentation and selectively stimulate the growth and activity of a small number of beneficial bacteria
[31]. In addition, exogenous enzyme supplementation can effectively degrade such B-glucans leading to a subsequent
improvement in digestibility and nutrient utilization [32]. They might be main reasons for observed better FCR by
treatments T5 and T6. Therefore, it seems that exogenous enzyme supplementation in barley-based diets (T5) and
exogenous enzyme supplementation plus medicinal plants mixture (T6) brought about a beneficial effect on the gut
health as these diets supported higher performance.

The use of exogenous enzyme supplementation degrade grain viscous component of diets [33] and reduce or
eliminate the encapsulation effect of the cell wall polysaccharide leading consequently to an increase in nutrient
digestion [34], thereby increase availability of nutrients. These reactions can improve nutrients absorption and
increase carcass and its part weights. It is confirm by obtained results regarding carcass cuts in present study. No
significant difference was observed in thighs, backs plus neck, and wings weights between diets. It is showed that the
effect of diets on mentioned cuts are less pronounces. All diets caused decreases in abdominal fat weighs rather
control. Feed additives may interact with fat digestion and absorption which can affect abdominal fat [1]. Pelicano et
al. [35] and Demir et al. [36] reported that the inclusion of medicinal plants in diet had no effect on abdominal fat
which was disagreement with observations of the present study. The effect of T5 and T6 on reduced abdominal fat
deposition might be due to presence of viscose material in diets [37]. In presence of medicinal plants and fibrous
grain, the bill acid secretions reduce, their digesta concentrations severely decrease, hepatic-intestinal circulation
impress, and lipids emulsification strike. It results in the decrease of lipids absorption and lead to lower form of
abdominal fat as showed in the present study. It is similar to other research [3]. Diets contained medicinal plants (T2,
T3, and T4) caused a significant decrease in liver weights rather control. Decreases in lipid metabolism on liver by
reduction of lipids uptake might result in lower liver weight. Diets based on barley caused a significant increase in
liver weights. Liver increase its weight when is exposed to fiber sources in diets to improve bile secretion [36]. On
the other hand, Debersac et al. [37] indicated that an herbal extract enhanced hepatic metabolism and increased liver
weight in rats. All diets resulted in reduction in pancreas weight rather control. It is possible that none of treatments
can change pancreas activity as well as pancreas weights. Observed reduction in bursa weights are in agreements
with other study [3]. They had no clear explanation for this event.

The inclusion of G. glabra in diets (as single or mixed with T. vulgaris L.) could reduce blood glucose concentration.
It can refer to strong anti-oxidant action and potential anti stress action of G. glabra. Some bacteria such as
Lactobacillus and Bifidobacteria can reduce blood cholesterol.
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The use of medicinal plants in broiler diets and fiber sources can induce Lactobacillus and Bifidobacteria growth in
intestine [39] which they can interference with cholesterol metabolism and decrease blood cholesterol. This
observation is the opposite of other research [3] who no significant difference was observed by supplementation of
licorice extracts in drinking water. Differences in type and amount of used feed additives as well as differences in
basal diets can explain observed inconsistency. The use of medicinal plant (T2, T3, and T4) in this study was
associated with reduction in blood TG levels which agree with results of other [40]. They showed that the use of
medicinal plant can reduce TG levels of blood. It is proposed that medicinal plants cause a reduction in liver 3-
hydroxy-3-methylglutaryl-coenzyme A (HMG-COA) (key enzyme in cholesterol synthesis regulation) [41].
Spectrophotometric analysis of blood samples indicated that, during the whole experimental period, the inclusion of
G. glabra in diets increased GL concentration which thereby led to increases in TP levels. Higher TP level suggested
better ability of the hepatocytes of treated group to synthesize protein. Significantly higher serum GL level suggested
that birds of treated group had potential for better humoral immune status, substantiated by the fact that higher liver
weight was obtained in treated group. Lowered AL level, on the other hand, had no adverse effect on the colloidal
state of blood as well as capillary permeability.

CONCLUSIONS

The findings of present study demonstrated that basal diets play important role to efficiency of inclusion of medicinal
plants in broiler diets. The use of T. vulgaris L. or G. glabra together with enzyme supplementation in barley-based
diets show better feature rather corn-basal diets without enzyme. However, tested medicinal plants have
hypolipidemic activity and better potential to liver health.

REFERENCES

[1] Yakhkeshi, S., Rahimi, S. and Hemati Matin, H. R. 2012. Effects of yarrow (Achillea millefolium L.), antibiotic
and probiotic on performance, immune response, serum lipids and microbial population of broilers, J. Agr.
Sci. Tech, 14, 799-810.

[2] Kalantar, M., Salary, J., Nouri Sanami, M., Khojastekey, M. and Hemati Matin, H. R. 2014. Dietary
supplementation of Silybum marianum or Curcuma spp on health characteristics and broiler chicken
performance. Glob. J. Anim. Sci. Res, 2(1), 58-63.

[3] Salary, J., Kalantar, M., Sahebi ala, M., Ranjbar, K. and Hemati Matin, H. R. 2014. Drinking water
supplementation of licorice and aloe vera extracts in broiler chickens. Sci. J. Anim. Sci, 3(2), 41-48.

[4] Lee, K.W., Everts, H. and Beyen, A. C. 2003. Dietary carvacrol lowers body gain but improves feed conversion
in female broiler chickens. J. Appl. Poult. Res, 12, 394-399.

[5] Zhou, S., Koh, H-L., Gao, Y., Gong, Z. and Lee, E. J. D. 2004. Herbal bioactivation: the good, the bad and the
ugly. Life. Sci., 74, 935-968.

[6] Fukai, T., Marumo, A., Kaitou, K., Kanda, T., Terada, S. and Nomura, T. 2002a. Antimicrobial activity of
licorice flavonoids against methicillin-resistant staphylococcus aureus. Fitoterapia, 73 (6), 536-539.

[7] Fukai, T., Marumo, A., Kaitou, K., Kanda, T., Terada, S. and Namura, T. 2002b. Anti-helicobacter pylori
flavonoids from licorice extract. Life. Sci, 71, 1449-1463.

[8] Fuhrman, B., Volkova, N., Kaplan, M., Presser, D., Atttias, J., Hayek, T. and Aviram, M. 2002.
Antiatherosclerotic effects of licorice extract supplementation on patients: Increased resistance of LDL to
atherogenic modifications, reduced plasma lipid levels, and decreased systolic blood pressure. Nutr, 18 (3),
268-273.

[9] Vaya, J., Belinky, P. A. and Aviram, M. 1997. Antioxidant constituents from licorice roots isolation, structure
elucidation and antioxidative capacity toward LDL oxidation. Free Radical Bio. Med, 23, 302-313.

[10] Sato, J., Goto, K., Nanjo, F., Kawai, S. and Murata, K. 2000. Antifungal activity of plant extracts against
arthrinium sacchari and chaetomium funicola. J. Biosci. Bioeng, 90, 442-446.

[11] Fiore, C., Eisenhut, M., Krausse, R., Ragazzi, E., Pellati, D., Armanini, D. and Bielenberg, J. 2007. Antiviral
effects of glycyrrhiza species. Phytother. Res, 22, 141-148.

[12] Nowakowska, Z. 2006. A review of anti-infective and anti-inflammatory chalcones. Eur. J. Med. Chem, 42,
125-137.

[13] Fujioka, T., Kondou, R. and Fukuhara, A. 2003. Efficacy of glycyrrhizin suppository for treatment of chronic
hepatitis C: a pilot study. Hepatol Res, 26 (1), 103-117.

[14] Juliano, C., Mattana, A. and Usai, M. 2000. Composition and in vitro antimicrobial activity of the essential oil
of Thymus herba-barona Loisel growing wild in Sardinia. J. Essent. Oil. Res, 12, 516-522.

[15] Karaman, S., Digrak, M., Ravid, U. and Ilcim, A. 2001. Antibacterial and antifungal activity of the essential oils
of Thymus revolutus Celak from Turkey. J. ethnopharmacol, 76, 183-186.

[16] Rasooli, I. and Abyaneh, M. R. 2004. Inhibitory effects of Thyme oils on growth and aflatoxin production by
Aspergillus parasiticus. Food Control, 15, 479-483.

International Journal of Plant, Animal and Environmental Sciences Page: 422
Available online at www.ijpaes.com




Majid Kalantar et al Copyrights@2014  I1JPAES ISSN 2231-4490

[17] Zambonelli, A., Zechini D'Aulerio, A., Bianchi, A. and Albasinim A. 1996. Effects of essential oils on
phytopathogenic fungi in vitro. J. Phytopathol, 144, 491-494.

[18] Min, B. S., Hattori, M., Lee, H. K. and Kim, Y. H. 1999. Inhibitory constituents against HIV-1 protease from
Agastache rugosa. Arch. Pharmacal Res, 22, 75-77.

[19] Galvez, J., de la Cruz, J. P., Zarzuelo, A., Sanchez de Medina, F. Jr., Jimenez, J. and Sanchez de la Cuesta, F.
1994. Oral administration of quercitrin modifies intestinal oxidative status in rats. Gen. Pharmacol-Vasc. S,
25, 1237-1243.

[20] Stahl-Biskup, E. and Séez, F. 2002. Thyme: the genus Thymus. CRC Press.

[21] Cross, D. E., Mcdevitt, R. M., Hillman, K. and 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.
Br. Poult. Sci, 48, 496-506.

[22] Ocak, N., Erenter, G., Burak, A.K.F., Sungue, M., Altop, A. and Ozmen, A. 2008. Performance of broilers fed
diets supplemented with dry peppermint (Mentha piperita L.) or thyme (Thymus vulgaris L.) leaves as
growth promoter source. Czech. J. Anim. Sci, 53, 169-175.

[23] Peric, L., Milosvic, N., Pukic-Stojcic, M. and Bledov, S. 2008. Effect of phytogenic products on performance of
broiler chicken, World Nutrition Forum, Mayrhofen, Austria: Nottingham University Press., 18-20, 325.

[24] Hetland, H., Choct, M. and Svihus, B. 2004. Role of insoluble non-starch polysaccharides in poultry nutrition.
World's Poult. Sci. J, 60, 415-422.

[25] Ravindran, V., Selle, P. H. and Bryden, W. L. 1999. Effects of phytase supplementation, individually and in
combination, with glycanase, on the nutritive value of wheat and barley. Poult. Sci, 78, 1588-1595.

[26] Selle, P. H., Huang, K. H. and Muir, W. 1. 2003. Effects of nutreient specifications and xylanase plus phytase
supplementation of wheat based diets on growth performance and carcass traits of broilerchicks. Asian-Aust.
J. Anim. Sci, 16, 1501-1509.

[27] National Research Council, 1994. Nutrient requirements for poultry. 9" Ed. National Academy Press:
Washington, DC.

[28] SAS Institute., 2008. SAS users Guide. Statistics. 2008 Ed. Version 9.2. SAS Institute Inc., Cary, NC.

[29] Cabuk, M., Alcicek, A., Bozkurt, M. and Imre, N. 2003. Antimicrobial properties of essential oils isolated from
aromatic plants and using possibility as alternative feed additives. 11. Nat. Anim. Nutr. Congr., pp: 184-187.

[30] Windisch, W., Schedle, K., Plitzner, C. and Krois-mayr, A. 2008. Use of phytogenic products as feed additives
for swine and poultry. J. Anim. Sci, 86, 140-148.

[31] Gibson, G. R. 2004. Fibre and effects on probiotics (the prebiotic concept). Clin. Nutr, Suppl. 1, 25-31.

[32] Reilly, P., Sweeney, T., O’She, C., Pierce, K. M., Figat, S., Smith, A. G., Gahan, D. A. and O’Doherty, J. V.
2010. The effect of cereal-derived beta-glucans and exogenous enzyme supplementation on intestinal
microflora, nutrient digestibility, mineral metabolism and volatile fatty acid concentrations in finisher pigs.
Anim. Feed Sci. Technol, 158, 165-176.

[33] Dierick, N. and Decuypere, J. 1996. Mode of action of exogenous enzymes in growing pig nutrition. Pig News
Inf. 17, 41N-48N.

[34] Graham, H. and Pettersson, D. 1992. A note on the effect of a beta-glucanase and amulti-nzyme on production
in broiler chicks fed a barley-based diet. Swed. J. Agr. Res. 22, 39-42.

[35] Pelicano, E. R. L., de Souza, P. A., de Souza, H. B. A., Leonel, F. R., Zeola, N. M. B. L. and Boiago, M. M.
2004. Productive traits of broiler chickens fed diets containing different growth promoters. Rev. Bras. Cienc.
Avic., 6, 177-182.

[36] Demir, E., Sarica, S., Ozcan, M. A. and Suicmez, M. 2003. The use of natural feed additives as alternatives for
antibiotic growth promoter in broiler diets. Br. Poult. Sci, 44, 44-45.

[36] Saki, A. A., Hemati Matin, H. R., Zamani, P. and Mirzaaghatabar, F. 2011. Non starch polysaccharides and
broiler responses. World Appl. Sci. J, 15 (2), 192-198.

[37] Debersac, P., Vernevaut, M. F., Amiot, M. J., Suschetet, M. and Siess M. H. 2001. Effects of a water-soluble
extract of rosemary and its purified component rosmarinic acid on xenobioticmetabolizing enzymes in rat
liver. Food. Chem. Toxicol, 39, 109-117.

[38] Erhan, M. K., Bolukbasi, S. C. and Urusan, H. 2012. Biological activities of pennyroyal (Mentha pulegium L.)
in broilers. Liv Sci, 146, 189-192.

[39] Saki, A. A., Hemati Matin, H. R., Tabatabai, M. M., Zamani P. and Naseri Harsini R. 2010. Microflora
population, intestinal condition and performance of broilers in response to various rates of pectin and
cellulose in the diet. Europ. Poult. Sci, 74 (3), S.183-188.

[40] Sakine, Y., Ebru, E., Reisli, Z. and Suzan Y. 2006. Effect of garlic powder on the performance, egg traits and
blood parameters of laying hens. J. Food. Sci, 86, 1336-1339.

[41] Yu, S. G., Hsu, J. C. and Chiou, P. W. S. 1998. Effects of B-glucanase supplementation of barley diets on
growth performance of broilers. Anim. Feed Sci. Technol, 70, 353-361.

International Journal of Plant, Animal and Environmental Sciences Page: 423
Available online at www.ijpaes.com




