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Abstract
Aim: The study was conducted to evaluate the attribution of antibacterial and antioxidant activity of methanolic extract of 
Cassia tora toward its growth promoting effect in broiler birds.

Materials and Methods: A limit test was conducted for C. tora extract in Wistar albino rats. Phytochemical screening 
of methanolic extract of leaves of C. tora was carried out. In-vitro antibacterial activity was measured by disc diffusion 
method. 1-day-old Ven Cobb broiler birds (n=90) were randomly allocated into three groups consisting of three replicates 
with 10 birds in each group. The birds of group T1 (Control) received basal diet, whereas birds of group T2 (Standard) 
received an antibiotic (Lincomycin at 0.05% in feed). The birds of group T3 (Test) received Cassia tora extract (CSE) at 
0.4 g/L in drinking water in addition to basal diet. The treatment was given to birds of all the groups for 6 weeks. Antioxidant 
activity of C. tora was determined in blood of broiler birds. Cumulative body weight gain, feed intake, feed conversion ratio 
(FCR), dressing percent, and organ weight factor were evaluated to determine growth performance in broiler birds.

Results: Phytochemicals in C. tora were screened. Sensitivity to Escherichia coli and resistant to Staphylococcus aureus 
and Pseudomonas aeruginosa was observed in in-vitro antibacterial activity test. At the end of 6th week, antioxidant activity 
reflected significantly (p≤0.05) lower level of erythrocyte malondialdehyde and higher levels of reduced glutathione (GSH) 
and GSH peroxidase in broiler birds of group T2 and T3 as compared to broiler of group T1. Mean cumulative body weight 
gain of birds of T2 and T3 were significantly (p≤0.05) higher as compared to T1. Mean FCR of birds of group T3 decreased 
significantly than group T1.

Conclusion: Supplementation of C. tora leaves extract at 0.4 g/L in drinking water improved growth performance in broiler 
birds due to its antimicrobial and antioxidant activity. Therefore, it could be used as an alternative to antibiotic growth 
promoter in poultry ration.
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Introduction

During the last four decades, Poultry Industry in 
India has transformed itself from the age-old backyard 
farming into a dynamic agri-based industry. India’s 
population is about 1096.9 million in 2005 and with 
the growth rate of 1.6% per year another 450 million 
people will be added to the existing population by 
2025. The current per-capita consumption (availabil-
ity) of eggs is 49 while chicken meat consumption is 
1.9 kg. It is far below the recommended consumption 
of 180 eggs and 10.8 kg poultry meat per person per 
annum. Thus to meet the nutritional requirement, the 
layer and broiler industry has to grow 5- and 10-folds, 
respectively [1].

Subtherapeutic feeding of antibiotics has 
historically been a practice in various sectors of the 
commercial broiler industry to promote growth per-
formance and protect flock health. However, the over-
use and misuse of antibiotics leads to the development 
of drug-resistant bacteria, and the drug residues in the 
meat also threaten consumer health. Consequently, 
the drugs used become less effective, and some con-
sumers have started to avoid certain meat products. 
In January 2006 the European Union (EC Regulation 
No. 1831/2003) approved a resolution to ban the use 
of antibiotics as growth promoter in animals [2]. 
Many natural compounds used as alternatives to anti-
biotics in animal feed were shown to express positive 
effects on growth performance and health parameters. 
Therefore, there is an urgent need to investigate alter-
native growth promoter which gives similar results in 
improving poultry performance.

Since ancient times Cassia tora (Common name: 
Charota/Chakunda) has been a subject of considerable 
interest as herbal medicine worldwide. C. tora, plant 
of Caesalpiniaceae family, is an important legume 
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crop in Indian subcontinent, Eastern Africa, and 
Central America. The leaves and seeds of C. tora are 
reported to have curative effect in leprosy, flatulence, 
colic, dyspepsia, constipation, cough, bronchitis, car-
diac disorders, skin diseases, and liver disorders [3]. 
C. tora leaves were found positive for phenols, tan-
nins, saponins, glycosides, flavonoids, steroids, and 
alkaloids [4]. In the backdrop of facts, the study was 
conducted to determine the antibacterial and antioxi-
dant activity of methanolic extract of C. tora leaves 
(CSE) in suitable study model thereby investigating 
its role as an alternative to antibiotic growth promoter 
in broiler birds.
Materials and Methods
Ethical approval

The study was conducted in the Department of 
Veterinary Pharmacology and Toxicology, College of 
Veterinary Science and Animal Husbandry, Anjora, 
Durg, Chhattisgarh, India. All the animals and pro-
cedure employed were approved by the Institutional 
Animals Ethics Committee as well as Committee for 
the Purpose of Control and Supervision of Experiments 
on Animals.
Plant extract

The leaves of C. tora used in the study were col-
lected locally, identified, shed dried, and powdered 
using an electric grinder. The methanolic extract 
from the powder was prepared by using Soxhlet’s 
apparatus by hot extraction technique. The obtained 
extract was evaporated on water bath to give dried 
residues. The dried extract was labeled and stored 
in airtight screw cap box in refrigerator at 4°C until 
use.
Limit test

Acute oral toxicity study (Limit test) was per-
formed as per OECD guidelines [5] for testing of 
CSE in Wistar albino rats with upper limit dose of 
2000 mg/kg b.wt. The mortality, behavioral abnor-
mality, signs and symptoms of toxicity, if any, were 
recorded for 14 days post administration.
Phyotochemical screening

The freshly prepared methanolic extracts of 
C. tora were subjected to preliminary phytochemi-
cal screening for the presence or absence of various 
active metabolites using standard chemical tests as per 
method described by Raaman [6].
Antibacterial activity test

The antibacterial activity was investigated against 
pure cultures of pathogenic strains of Escherichia 
coli, Staphylococcus aureus, Streptococcus pyogenes, 
Salmonella gallinarum, and Pseudomonas aeruginosa 
by disc diffusion technique [7]. Bacteria were subcul-
tured on nutrient broth at 37°C overnight. 1 ml of the 
broth culture of each bacterium was spread over the 
nutrient agar taken in Petri dishes aseptically. The filter 
paper discs (6 mm diameter) saturated with a solution 
of CSE (concentrations 100 and 200 mg/ml in distilled 

water) and a reference antibiotic disc (ciprofloxacin 
5 µg/disc) were placed over it and incubated at 37°C 
for 24 h. The Petri-dishes were observed for the pres-
ence of zone of inhibition around the discs and were 
measured by zone reader scale in millimeter. The tests 
were repeated thrice to confirm the findings, and the 
average of the readings was taken into consideration.
Experimental design for study on antioxidant and 
growth parameters

1-day-old birds (n=90) were randomly allo-
cated into three groups consisting of three replicates 
with 10 birds in each replicate. All the groups were 
maintained as per the following treatment sched-
ule for 6 weeks: Group T1 (Control): Basal diet, 
Group T2 (Standard): Basal diet supplemented with 
Lincomycin at 0.05% w/w in feed and Group T3 
(Test): CSE at 0.4 g/L w/v in drinking water in addi-
tion to basal diet. Composition of broiler starter, 
grower, and finisher diet has been presented in 
Table-1. All the birds were provided with feed and 
water ad libitum throughout the experiment period 
(6 weeks).
Antioxidant activity test

At the end of 6 weeks of the experiment, anti-
oxidant status of birds was measured in blood. Lipid 
peroxidation (LPO) in red blood cell (RBC) hemo-
lysate [8], reduced glutathione (GSH) concentration 
in RBC suspension [9], and GSH peroxidase (GPx) 
activity in RBC hemolysate [10] were determined as 
per standard method.
Growth performance study

The body weight of bird and feed intake were 
recorded every week up to 6th week of age. The 
weekly weight gain and feed conversion ratio (FCR) 
were calculated. At the end of the 6th week study 
period, 6 birds of each group were slaughtered and 
examined to determine dressing percent and organ 
weight of empty gizzard, liver, and heart of each 
group to calculate the organ weight factor as per the 
following formula:

Table-1: Composition of broiler starter, grower and 
finisher diet (on % DM basis).

Ingredient Starter Grower Finisher

Yellow maize 54.80 55.00 55.32
Deoiled soybean meal 37.00 33.40 28.47
Rice polish 2.60 7.00 10.00
Soybean oil 2.00 2.00 2.50
DCP 1.60 1.60 1.60
LSP 0.70 0.70 0.70
L-methionine 0.28 0.26 0.24
Lysine 0.04 0.02 0.17
Sodium bi carbonate 0.14 0.15 0.16
Common salt 0.28 0.29 0.26
Mineral mixture 0.56 0.58 0.58
Total 100.00 100.00 100.00
CP (%) 23.05 21.50 20.00
ME (kcal/kg) 2975.6 3017.0 3084.0

DCP=Dicalcium phosphate, LSP=Limestone powder, 
CP=Crude protein, ME=Metabolizable energy
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Then, sensory parameters (color, flavor, juic-
iness, tenderness, texture, and overall liking) by a 
panel of 6 semi-trained judges were recorded. Breast 
meat was used for sensory quality test according to the 
9-point Hedonic scale [11].
Statistical analysis

Data obtained were expressed as mean±standard 
error. The data were analyzed for statistical signifi-
cance by one-way analysis of variance test using the 
Statistical Package of the Social Science (SPSS) ver-
sion 16.0 (SPSS Inc., Chicago, IL, USA). Duncan’s 
multiple range test was applied to determine a signif-
icant difference (p≤0.05) if any, among the treatment 
groups.
Results
Limit test

Neither mortality nor the behavioral abnormal-
ity in the form of signs and symptoms of toxicity was 
recorded in limit test of CSE in rats. Therefore, oral 
lethal dose 50% of the CSE in rats was recorded above 
2000 mg/kg b.wt.
Phyotochemical screening

Soxhlet’s extraction of powder of C. tora yielded 
4% of methanolic extract. Preliminary phytochemical 
screening of methanolic extract of C. tora revealed the 
presence of alkaloids, glycosides, flavonoids, phenols, 
phytosterols, saponins, tannins, and reducing sugar.
Antibacterial activity test

Methanolic extract of C. tora (8.792 mg) showed 
antibacterial activity (Table-2) against all tested bac-
teria, but maximum activity was recorded against 
E. coli (25.20±0.49 mm) followed by S. gallinarum 
(18.60±0.24 mm), S. aureus (11.2±0.49 mm) whereas 

least activity against P. aeruginosa (7.20±0.37 mm) 
and S. pyogenes (7.20±0.37 mm).
Antioxidant activity test

The effect of supplementing C. tora leaves 
extract at 0.4 g/L in antioxidant status of broiler birds 
has been presented in Table-3. The birds of CSE 
treated group T3 (8.76±1.24 nmole/ml) showed sig-
nificantly (p≤0.05) lowered malondialdehyde (MDA) 
level (lipid peroxidation) as compared to control 
group T1 (11.42±1.31). The mean reduced GSH level 
of Cassia treated group T3 (0.24±0.02 mole/g Hb) was 
recorded significantly (p≤0.05) higher than lincomycin 
treated group T2 (0.19±0.01 mole/g Hb) and control 
group T1 (0.14±0.02 mole/g Hb). Birds of CSE treated 
group T3 (219.80±26.6 units/ml) had a higher level of 
GPx than control group T1 (146.32±19.65 units/ml).
Growth performance study

The effect of supplementing C. tora leaves extract 
at 0.4 g/l in growth performance of broiler birds has 
been presented in Table-4. The broiler birds of Cassia 
treated group T3 (1718.67±43.01 g) and lincomycin 
treated group T2 (1698.60±48.57 g) had significantly 
(p≤0.05) improved cumulative body weight gain 
at 6th week by 9.14% and 7.87% above the birds of 
control group T1 (1574.67±23.97 g). At the 6th week, 
the cumulative feed consumption of control, standard 
and test group were recorded 3250.70±41.11 g/bird, 
3277.67±59.91 g/bird and 3347.23±59.46 g/bird, 
respectively (Table-4). The inclusion of 0.4 g/L CSE in 
drinking water significantly (p≤0.05) lowered cumu-
lative FCR in birds of CSE treated group (1.95±0.01) 
than birds of control group (2.06±0.02) at the end of 
6th week of study.

The dressing percent was higher in test group 
(75.25 ± 6.08%) as compared to control group (71.48 
± 4.21%). As shown in Table-5, the organ weight fac-
tor of empty gizzard of control group (22.42±5.65) 
and CSE treated group (22.44±1.46) increased sig-
nificantly (p≤0.05) when compared to standard group 
(20.77±5.65). The organ weight factor for liver varied 

Table-2: Antibacterial activity test of CSE taking ciprofloxacin as standard drug.

Component Weight of CSE/drug in each disc Zone of inhibition (mm±SE) against bacterial culture

S. aureus S. pyogenes S. gallinarum P. aeruginosa E. coli

CSE 8.792 mg 11.2±0.49 7.20±0.37 18.60±0.24 7.20±0.37 25.20±0.49
Ciprofloxacin 5 µg 18.20±0.37 15.2±0.58 25.6±0.40 15.2±0.37 34.2±0.58

S. aureus=Staphylococcus aureus, S. pyogenes=Streptococcus pyogenes, S. gallinarum=Salmonella gallinarum, 
P. aeruginosa=Pseudomonas aeruginosa, E. coli=Escherichia coli, SE=Standard error, CSE=Extract of leaves of Cassia tora

Table-3: Effect of supplementation of CSE on antioxidant activity in broiler birds.

Parameter (unit) Group

Control (T1) Standard (T2) Test (T3)

LPO (nmole/ml) 11.42±1.31a 10.20±1.30b 8.76±1.24c

GSH (mole/g Hb) 0.14±0.02c 0.19±0.01b 0.24±0.02a

GPX (units/ml) 146.32±19.65b 159.93±27.13b 219.80±26.6a

Mean values with dissimilar superscripts within row vary significantly (p≤0.05). LPO=Lipid peroxidation, 
GSH=Glutathione, GPX=Glutathione peroxidase, Hb=Hemoglobin, CSE=Extract of leaves of Cassia tora
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non-significantly (p≤0.05) among the birds of control, 
standard and test groups (T1, T2 and T3). The organ 
weight factor for heart was recorded higher non-sig-
nificantly (p≤0.05) in broiler birds of Cassia treated 
group (5.19±0.24) than standard (4.50±0.56) and con-
trol group (4.88±0.24).
Discussion

Many experimental studies have suggested that 
plant extracts have increased gut microflora, which 
positively affects host nutrition, health and growth by 
better utilization of nutrients. There is evidence that 
plant contents have digestion stimulating properties 
that have intrinsic bioactivities on animal physiology 
and metabolism [12]. Studies have shown that the 
active agents in the herbs have a strong capability for 
scavenging superoxide radicals, hydrogen peroxide 
and nitric oxide from activated macrophages, reduc-
ing iron complex and inhibiting lipid peroxidation. 
Apart from the digestive and antioxidant prosperities, 
the herbs and plant additives may exert the beneficial 
influence through anti-microbial, immuno-modulat-
ing and antiparasitic effects [13].

The present outcome corroborated with the find-
ings of Shaikh and Syed (2015) who reported that 
the C. tora leaves were positive for phenols, tannins, 
saponins, glycosides, flavonoids, steroids and alka-
loids in addition to magnesium, calcium, sulfur, iron, 
sodium and chlorine [4]. The flavonoids (phytochem-
ical) exhibit the beneficial effect due to the antioxi-
dants and chelating properties of these molecules by 
preventing the free radicals to damage the biological 
molecules such as lipid, protein, sugar, DNA, and 
RNA. The free radicals are having at least one free 
electron in their outer orbit and produced from ion-
ization of oxygen such as reactive oxygen species 

superoxide anion, hydroxyl, and peroxyl radicals. 
These radicals cause cell death by attacking on deoxy-
ribose and nitrogen bases, breaking the DNA strands 
and accumulation of mutations. This damage the pro-
teins and disulfide bonds or by nitration of aromatic 
amino acids. Utilization of the plant extracts as an 
alternative to chemical or synthetic antimicrobials and 
antioxidants to control the foodborne diseases, inhib-
iting lipid oxidation and thus extending the shelf life 
and quality of food products is an increasing trend in 
the food industry [14]. The mechanisms of flavonoids 
that are known for its antimicrobial activity involved 
inhibition of nucleic acid synthesis, cytoplasmic mem-
brane function, and energy metabolism [15].

In-vitro studies on antimicrobial activity of 
methanolic extract of C. tora illustrated its sensitivity 
to E. coli, Gram-negative bacteria, which is a major 
culprit in broiler production. Lesser antimicrobial 
activity was shown by CSE against S. gallinarum 
and almost resistant to S. aureus, S. pyogenes, and 
P. aeuroginosa. The flavonoids and steroids present 
in C. tora extracts have been reported to possess anti-
microbial property [4]. Many mechanisms of anti-
microbial actions of phytochemicals have been sug-
gested by different researchers. Phytochemicals may 
exhibit different modes of action against enterotoxi-
genic bacterial strains which range from interference 
with the phospholipoidal cell membranes, which has 
as a consequence of increasing the permeability pro-
file and loss of cellular constituents, damage of the 
enzymes involved in the production of cellular energy 
and synthesis of structural components, and destruc-
tion or inactivation of genetic material [16]. The anti-
microbial activities of emodin isolated from C. tora 
and its derivatives (anthraquinone, alizarin, and 
alizarin-3-methyliminodiacetic acid) against food-
borne bacteria (Bacillus cereus, Listeria monocyto-
genes, Staphylococcus intermedius, Salmonella typh-
imurium, and Shigella sonnei) were described [17].

The antioxidant activity was studied in RBC of 
broiler bird supplemented with methanolic extract of 
C. tora at 0.4 g/L in drinking water. The significant 
decrease in LPO and increase in GSH and GPx in 
blood of CSE treated broiler birds than control broiler 
birds might be due to the presence of phenolic com-
pounds, flavonoids and tannis [4,16]. Non-significant 
decrease in MDA and catalase levels of broiler on 

Table-4: The effect of supplementing CSE at 0.4 g/L in growth performance in broiler birds.

Parameter (unit) Group

Control (T1) Standard (T2) Test (T3)

Initial body weight (g) 36.93±2.32 36.87±1.56 36.47±3.67
Final body weight (g) 1611.60±44.20b 1735.47±38.40a 1755.13±42.52a

Cumulative body weight gain (g) 1574.67±23.97b 1698.60±48.57a 1718.67±43.01a

Total feed intake (g/bird) 3250.70±41.11 3277.67±59.91 3347.23±59.46
FCR 2.06±0.02a 1.93±0.03b 1.95±0.01b

Dressing % 71.48±4.21 74.63±3.21 75.25±6.08

Mean values with dissimilar superscripts within row vary significantly (p≤0.05). FCR=Feed conversion ratio, CSE=Extract 
of leaves of Cassia tora

Table-5: Effect of supplementing CSE on organ weight 
factor in broiler birds (n=6).

Organ 
weight 
factor

Group

Control (T1) Standard (T2) Test (T3)

Empty 
gizzard

22.42±5.65a 20.77±5.65b 22.44±1.46a

Liver 22.90±1.28 23.07±0.55 23.32±0.49
Heart 4.88±0.24 4.50±0.56 5.19±0.24

Mean values with dissimilar superscripts within row vary 
significantly (p≤0.05). CSE=Extract of leaves of Cassia tora
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feeding 5-10% protein of Azolla with enzyme have 
been recorded which might be due to the presence of 
vitamins, iron, and copper, respectively [18]. These 
compounds are contributing in antioxidant activity 
of CSE. The antioxidant activity and the inhibition of 
free radical generation are important in terms of pro-
tecting the liver from damage. GPx is an important 
marker in protecting the liver from damage of lipid 
peroxidation. GPx is GSH related enzymes, which 
can catalyze the synthesis of GSH-S-transferase to 
ease the burden of lipid peroxidation [19,20]. Plant 
contains a wide variety of free radicals scavenging 
molecules including phenols, flavonoids, vitamins, 
terpenoids that are rich in antioxidant activity. Many 
dietary polyphenolic constituents derived from plants 
are more effective antioxidants in vitro than vitamins 
E or C, and thus might contribute significantly to pro-
tective effects in vivo [16]. The potent in-vitro anti-
oxidant activity in methanolic extract of the leaves of 
C. tora was determined was attributed to the phenolics 
present in C. tora [19].

Significant improvement in the growth perfor-
mance in broiler birds of CSE treated group may be 
due to the performance enhancing and antistress activ-
ity of C. tora. The cumulative body weight gain has 
increased and FCR decreased significantly in CSE-
treated birds than birds of the control group. Similarly, 
Kirubakaran et al. [21] observed significantly higher 
cumulative weight gain, feed consumption and 
lower FCR in broilers fed with fenugreek, garlic and 
black pepper combinations than control broilers at 
6 weeks of age. The body weight gain of birds could 
be attributed to flavonoids compounds. Flavonoids 
have been reported to possess many useful properties, 
containing anti-inflammatory activity, antimicrobial 
activity, estrogenic activity, anti-allergic activity, anti-
oxidant activity [4]. The dressing percent and sensory 
evaluation improved in C. tora treated broiler birds 
than nontreated birds. Similarly, 5% C. tora leaves 
meal inclusion in chicken has significantly improved 
the body weight and the mean carcass weight when 
compared to the control group [22]. Empty gizzard, 
liver and heart are the edible portion of broiler meat. 
The organ weight factor of this portion was compared 
among control, standard and Cassia treated groups. 
Similarly, the weights of empty gizzard, liver, and 
heart were evaluated to study the effect of feeding 
probiotic and prebiotic on carcass characteristics and 
economics of commercial broilers [23]. Among all the 
groups, the broiler birds of CSE treated group scored 
significantly (p≤0.05) higher scores for juiciness, ten-
derness and overall acceptance as compared to control 
and standard group.
Conclusion

Antimicrobial and antioxidant activity of C. tora, 
in association with many other medicinal properties 
such as hepatoprotective, antigenotoxic, purgative, 
hypolipidemic, and anthelmintic activities might be 

attributing toward growth promoting effect of C. tora 
in broiler birds. Thus, the supplementation of C. tora 
extract at 0.4 g/L in drinking water could be employed 
as an alternative to antibiotic growth promoter in 
broiler birds.
Authors’ Contributions

KMK designed the experiment. JS carried out 
the research and recorded the data. BDS analyzed the 
data. JS, KMK, and BDS drafted and revised the man-
uscript. All authors have read and approved the final 
manuscript.
Acknowledgments

This research work is a part of ICAR funded proj-
ect “Outreach program on ethnoveterinary medicine” 
and the financial assistance (Project no.- ICAR- EVM 
2/2012-17) received from ICAR, New Delhi is duly 
acknowledged.
Competing Interests

The authors declare that they have no competing 
interests.
References
1. Vision 2030, Project Directorate on Poultry. (2011) Available 

from: http://www.pdonpoultry.org/pdpnew/images/extfiles/
reports/PDP_Vision_2030.pdf. Accessed on 27-02-2016.

2. McNamee, S.E., Cunningham, R. and Elliott, C.T. (2013) 
Simultaneous immunochemical detection of four banned 
antibiotic growth promoters in raw and cooked poultry tis-
sue. Food Addit. Contam. A., 30: 1270-1278.

3. Shakywar, Y., Jain, A., Verma, M., Panwar, A.S. and 
Agarwal, A. (2011) Pharmacognostical properties and their 
traditional uses of Cassia tora. Int. J. Pharm. Biol. Arch., 
2(5): 1311-1318.

4. Shaikh, R. and Syed, I.Z. (2015) Proximate and phyto-
chemical analysis of Cassia tora leaves. J. Res. Pharm. 
Sci., 2(8): 1-3.

5. OECD. (2001) Acute oral toxicity - Up and down procedure. 
OECD Guidelines for Testing of Chemicals. Guideline 425. 
OECD, Paris. p1-26.

6. Raaman, N. (2006) Phytochemical Techniques. New India 
Publishing Agency, Pitam Pura, New Delhi. p9-24.

7. Andrews, J.M. (2001) BSAC working party on susceptibil-
ity testing ft. BSAC standardized disc susceptibility testing 
method. J. Antimicrob. Chemother., 4: 43-57.

8. Placer, Z.A., Cushman, L. and Johnon, B. (1966) Estimation 
of products of lipid peroxidation (malonldialdehyde) in bio-
chemical system. Anal. Biochem., 16: 359-364.

9. Prins, H.K. and Loos, J.A. (1969) Biochemical Methods in 
Red Cell Genetics. Academic Press, London. p127-129.

10. Paglia, D.E. and Valentine, W.N. (1967) Studies on the 
quantitative and qualitative characterization of erythrocyte 
glutathione peroxidase. J. Lab. Clin. Med., 70: 158-159.

11. Sang-Oh, P., Chae-Min, R., Buyng-Sung, P. and Jong, H. 
(2013) The meet quality and growth performance in broiler 
chickens fed diet with Cinnamon powder. J. Environ. Biol., 
34: 127-133.

12. Hashemi, S.R. and Davoodi, H. (2011) Herbal plants and 
their derivatives as growth and health promoters in animal 
nutrition. Vet. Res. Commun., 35: 169-180.

13. Dhama, K., Tiwari, R., Khan, R.U., Chakraborty, S., 
Gopi, M., Karthik, K., Saminathan, M., Desingu, P.A. and 
Sunkara, L.T. (2014) Growth promoters and novel feed 
additives improving poultry production and health, bioac-
tive principles and beneficial applications: The trends and 



Veterinary World, EISSN: 2231-0916 226

Available at www.veterinaryworld.org/Vol.10/February-2017/13.pdf

advances - A review. Int. J. Pharmacol., 10: 129-159.
14. Kumar, P., Kumar, S., Tripathi, M.K., Mehta, N., Ranjan, R., 

Bhat, Z.F. and Singh, P.K. (2013) Flavonoids in the devel-
opment of functional meat products: A review. Vet. World, 
6(8): 573-578.

15. Hendra, R., Ahmad, S., Sukari, A., Shukor, M.Y. and 
Oskoueian, E. (2001) Flavonoid analyses and antimicrobial 
activity of various parts of Phaleria macrocarpa (Scheff.) 
Boerl fruit. Int. J. Mol. Sci.,12: 3422-3431.

16. Saxena, M., Saxena, J., Nema, R., Singh, D. and Gupta, A. 
(2013) Phytochemistry of medicinal plants. J. Pharmacogn. 
Phytochem., 1(6): 168-182.

17. Lee, N.H., Lee, S.M., Song, D.H., Yang, J.Y. and Lee, H.S. 
(2013) Antimicrobial effect of emodin isolated from Cassia 
tora seeds against food-borne bacteria. J. Appl. Biol. Chem. 
56(3): 187-189.

18. Chichilichi, B., Mohanty, G.P., Mishra, S.K., Pradhan, C.R., 
Behura, N.C., Das, A. and Behera, K. (2015) Effect of par-
tial supplementation of sun-dried Azolla as a protein source 
on the immunity and antioxidant status of commercial broil-
ers. Vet. World, 8(9): 1126-1130.

19. Sirappuselvi, S. and Chitra, M. (2012) In-vitro antioxidant 
activity of Cassia tora. Int. Res. J. Biol. Sci. 1(6): 57-61.

20. Sugiyama, T., Nagata, J., Yamagishi, A., Endoh, K., 
Saito, M., Yamada, K., Yamada, S. and Umegaki, K. (2006) 
Selective protection of curcumin against CCl4-induced 
inactivation of hepatic cytochrome P450 isozymes in rats. 
Life Sci., 78: 2188-2193.

21. Kirubakaran, A., Moorthy, M., Chitra, R. and Prabakar, G. 
(2016) Influence of combinations of fenugreek, garlic, and 
black pepper powder on production traits of the broilers. 
Vet. World, 9(5): 470-474.

22. Ayssiwede, S.B., Chrysostome, C., Ossebil, W., Dieng, A., 
Hornick, J.L. and Missohou, A. (2010) Digestibility and met-
abolic utilisation and nutritional value of Cassia tora (Linn.) 
Leaves meal incorporated in the diets of indigenous Senegal 
chickens. Rev. Med. Vet. Toulouse, 161(12): 549-558.

23. Saiyed, M.A., Joshi, R.S., Savaliya, F.P., Patel, A.B., 
Mishra, R.K. and Bhagora, N.J. (2015) Study on inclusion 
of probiotic, prebiotic and its combination in broiler diet 
and their effect on carcass characteristics and economics of 
commercial broilers. Vet. World, 8(2): 225-231.

********


