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ABSTRACT 

This study was conducted to investigate the effects of feeding Cyperus rotund us extract 
on the growth performance, blood profiles and lymphoid organs status of heat stressed 
broiler. A total of 24 Cobb broilers at 21-day-old were assigned to four treatment groups. 
Three treatment groups were; Tl (heat stress), T2 (Heat stress plus 1 mil kg body 
weight of ascorbic acid) and T3 (Heat stress plus 1 ml/kg body weight of Cyperus 
rotundus extract) while TO served as the control group. Results showed there was a 
sudden decrease in the body weight gain (BWG) until 2 weeks of heat stress in all 
treatment groups and in control. But there was an increment (p<O.OS) in BWG, feed 
intake (FI) along with efficient feed conversion at 3rd week in the Cyperus rotundus 
extract feeding group. Thus, this study suggested that administration of Iml/ kg body 
weight of Cyperus rotundus extract can exert ramification on heat stressed broiler after 
2 weeks of feeding only. 
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KESAN PEMEBERIAN EKSTRAK Cyperus rotundus TERHADAP 

PENAMBAHBAIKAN KADAR TEKANAN HABA A YAM PEDAGING 

ABSTRAK 

Kajian ini dijalankan untuk mengkaji kesan pemberian ekstraksi rumpur halia hitam 
terhadap penambahbaikan kadar tekanan haba ayam pedaging, profil darah and organ 
limfoid. Dua puluh empat ayam pedaging jenis Cobb pada umur 21 hari dibahagikan 
kepada empat kumpulan rawatan. 7iga kumpulan rawatan diberikan tekanan haba iaitu 
T1 (1 mil kg berat badan dengan minyak soya), T2 (1 mil kg berat badan dengan asid 
askorbik) dan T3 (1 mil kg berat badan dengan ekstrak Cyperus rotundus dan minyak 
soya) serta TO (1 mil kg berat badan dengan minyak sahaja) berperanan sebagak 
kumpulan kawalan. Ayam pedaging (TO) menunjukkan tindakbalas ketara (p<O.05) 
terhadap kenaikkan berat badan (BWG) dan pengambilan makanan (R) serta 
pengurangan ketara (p<O.05) terhadap nisbah penukaran makanan (FCR) pada minggu 
kedua selepas administrasi ekstrak berbanding dengan kumpulan rawatan yang lain. 
Oleh yang demikian, kajian ini menunjukkan bahawa administrasi ekstak Cyperus 
rotundus tidak menunjukkan kesan terhadap tekanan haba singkat Kesan positif hanya 
mampu dilihat terhadap tekanan haba kronik. 
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CHAPTER 1 

INTRODUCTION 

1.1 Introduction 

Hot weather is concerned on poultry in tropical countries with temperature above 30De 
(Moreki, 2008). It promotes heat stress in a sudden and unexpected event. Poultry are 

in fact unused to high ambient temperatures as they do not have sweat glands 

(Marandure, 2007), suggesting that birds are intolerance to heat under hot climatic 

conditions. This is contributed by the absence of sweat glands, numerous feathers and 

the vascularity only on the head and appendages, suppresses both the sensible and 

evaporative heat loss which discovered by Smith (taken by Marandure, 2007). 

Birds are heat intolerant than cold, mortality is more likely expected due to heat 

stress rather than cold stress (Marandure, 2007). The fundamental problem is to permit 

normal functioning of the chemical processes by maintaining their body condition. 

Discovery made by Smith (taken by Marandure, 2007), broilers are food converters 

rather than food producers that produced quite amount of energy lost in the conversion 

process. This is further exaggerated with prolonged exposure to excess heat stress in 

sheds leading to considerable deaths. In fact, numbers of death occurred during hot 

weather due to inadequate ventilation. In a study by Alfataftah (1987), mortality rate 

of market age broilers is over 40% during a heat wave of August, year of 1985 in Jordan 

University Farm reaching the highest environmental temperature at 45.8De that went on 

for 3 days. Mortality rate results in economic loss (St-Pierre et a/., 2003). Therefore, 

ways to cope up this environmental effect should be assessed. 

Heat stress can be neutralized by complex antioxidant systems that organism can 

develops. The antioxidant system can be served by supplementing antioxidants in diet. 



Although synthetic antioxidants have been often used to protect against free radicals 

from heat stress, recent health concerns attracted much attention to the use of natural 

anti-oxidative compounds (Lu and Foo, 2000). Much interest has been drawn to plants 

and herbs for their medicinal and biological activities for the occurring compounds 

(Bhatia et al., 2001). Flavonoids, one of the components of polyphenols are abundance 

in plants and present quite amounts in vegetables, spices, fruits, beverages and 

medicinal herbs. Middleton and Kandaswami (1994) claimed that flavonoids exhibit 

antimicrobial, anti platelet, antitoxic and antiviral activities. Flavonoids also contain 

antigenotoxic as well as antioxidative activities (Bhouri et al., 2010). Oxidative damage 

resultants from heat stress may be minimized by antioxidant defense mechanisms. Since 

the control of high environmental temperature by the cooling of animal buildings is 

impractical and high cost (Konca et a/., 2009), dietary manipulations serves as more 

beneficial and economical ways to alleviate the negative effects of heat stress. 

Antioxidant measures to alleviate heat stress could be expressed via utilization 

of Cyperus rotundus as the natural anti-oxidative compound. According to Kilani-Jaziri et 

a/. (2011), C rotundus extracts potentially possess antimicrobial, antioxidant and 

antigenotoxic activities which could be derived from phenols and flavonoids. This make 

C rotundus as a potential dietary supplement to cope up heat stress in broiler. C 

rotund us is a sedge of the family of Cyperaceae, order of Cyperales. Some common 

names are nut grass and purple nutsedge. C rotundus is colonial, herbaceous and 

perennial with fibrous roots that typically grows from 7 to 40 cm tall as well as reproduces 

extensively by rhizomes and tubers. It is known as the "world's worst" weed, a species 

known from more countries (at least 92) than any other weed that infest at least 52 

kinds of crops worldwide (Holm et aI., 1997). It is able to grow in any kind of soils and 

survive under the highest temperatures known in agriculture. In China, C rotundus has 

been used in traditional medicine. Extraction and isolation of compounds from it serves 

as medicinal properties such as reduction of fever, pain and inflammation (Urbasch, 

2006). There is still no study made on broiler supplemented with C rotundus as extract. 

Therefore, there is a scope to investigate the effect of feeding C rotundus extract on 

the recovery problems pose by heat stress in broiler. 
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1.2 Justification 

Heat stress on broiler leads to loss or reduce of value in terms of economic factor. 

Maintaining an optimum environment for broiler production involved great production 

cost (Marandure, 2007). As there will be higher used of electrical energy to control the 

ambient temperature which is impractical and costly (Konca et aI., 2009). Therefore, one 

of the practical way is via herb extracts supplementation. This is a process of 

supplementing plant with anti-heat stress properties to broiler. With no cost to obtain 

and grows actively in favorable condition, Cyperus rotundus could be one of the solution 

to suppressed the deleterious effects of heat stress. While exploring the potentiality of 

C rotundus as a novel anti oxidative compound, this study will also serves as economic 

aspect to cut short cost on combating heat stress. This study will also be a leading ahead 

to anticipate the expected rise of global surface average of 2 to 3°C during the next 50 

years stated by Barry and Chorley (2003). 

1.3 Objective 

1. To study the effect of feeding Cyperus rotundus extract on feed intake and growth 

performance of heat stressed broiler 

2. To study the effect of feeding Cyperus rotundusextract on common blood profile and 

lymphoid organs status of heat stressed broiler 

1.4 Hypothesis 

Ho: There is no effect of feeding Cyperus rotund us on any of the growth performance, 

blood profile and lymphoid organs parameters of heat stressed broiler 

H,,: There is difference in at least one parameters of the growth performance, blood 

profile and lymphoid organ of Cyperus rotundus fed brOiler and that of the control 

group. 

3 



CHAPTER 2 

UTERATURE REVIEW 

2.1 Introduction 

Cyperus rotundus is commonly known as nut grass or purple nutsedge grass. It belongs 

to the Cyperacea family and grows in tropical, subtropical and temperate regions. It is 

known as one of the earliest and important edible herbs as well as having wide spectrum 

activity in biological systems (Kilani-Jaziri et al., 2009). Yang (1997) added that C 

rotund us is still used as a traditional medicine to improve blood circulation especially in 

gynecological diseases due to blood stagnation. 

2.1.1 Botanical Characteristics of Cyperus rotundus 

The description of plant below is referred from the United States of Department 

Agriculture, Natural Resources Conservation Service, USDA NRCS, (n.d.). Cyperus 

rotundus is a perennial, colonial and herbaceous with fibrous roots. It can grow up to 7 

to 40 cm tall and reproduces by tubers and rhizomes. Rhizomes in the soil grow in any 

direction be it upward or downward. Those growing upward, reaching the soil surface 

will enlarge forming a 2 to 25 mm of basal bulb diameter, producing roots, shoots and 

other rhizomes. While those growing downward or horizontally become chains of tubers 

or individual tubers, about 12 mm thick and range from 10 to 35 mm long at maturity. 

Other characteristics are stems of 10 to 50 cm tall and of triangular cross section as well 

as having bisexual flowers, each with three stamens and three stigmas on a pistil. It is 

a C. plant that could assimilate CO2 at higher light intensities and temperature compare 

to C3 pathway plant. C. plant grow best at temperatures of tropical and subtropical 

regions. 



Pictures 2.1 Whole plant of Cyperus rotund us 
Source: http://dpipwe.tas.gov.au/Documents/Cyperus-rotundus-assessment.pdf 

2.1.2 Weed Characteristics of Cyperus rotundus 

Cyperus rotundus is known as the "world's worst" weed. This entitled is due to the 

difficulty to control it once established and also the ineffectiveness of herbicides. 

Following establishment, agriculture and natural ecosystems are greatly affected by the 

displacing native plants or by the changes on food or shelters for native animals. 

This rapid growing plant form colonies really fast through their ability to produce 

an extensive systems of tubers and rhizomes. In fact, documented studies showed the 

reduction yields of cotton, rice, corn, sugar cane, vegetables and other crops. In extreme 

cases, both sugarcane and sugar yields were reduced by 75% and 65%. Similarly, 

cornfields yield in Colombian was reduced by 10% if C rotundus was allowed to grow 

for 10 days, reduction to 30% is noted if allowed for 30 days. Effects were as well 

demonstrated by Holm et al., (1977) in other crops. This resource competition was even 

noted in humid regions discovered by Rochecouste used by USDA NRCS (n.d), in which 

the production of C rotundus shoots and tubers restrict water availability to sugarcane. 

It is estimated by Holm et al. (1977) that 815 kilograms of ammonium sulfate, 320 

kilograms of potash and 200 kilograms of phosphate per hectare are possibly stored in 

C rotundus. 
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2.1.3 Benefits of Cyperus rotundus 

There are several uses of Cyperus rotundus. In China, it is used as traditional medicine 

and in landscaping as well as soil binder in India. However, it does not suite to be used 

as fodder since it becomes fibrous with age quickly, but it can serve that purpose if 

desirable plants are deficit (Holm et aI., 1997). Wills (1987) showed that tuber extracts 

of C. rotundus may act as a muscle relaxant and reduce nausea. To add more, the 

extractions and isolation of compounds pose some medicinal properties such as the 

reduction of pain, fever and inflammation. Study made by Kilani-Jaziri et al. (2011), c. 
rotundus extract contained antimicrobial, antioxidant and antigenotoxic activities against 

superoxide radical. These potent phytochemicals were derived from compounds such as 

flavonoids and phenols. 

2.1.4 Extraction of Cyperus rotundus 

Extraction methods use to investigate phenolic contents of Cyperus rotundus (Kilani

Jaziri et al., 2011) are aqueous, ethyl acetate, methanol and total oligomer flavonoids 

(TOF) extract. Aqueous extract utilizes partially or whole plant. It is reduces to coarse 

powder after it is dried at room temperature. Follow by extraction of powdered plants 

by boiling water for 15 to 20 min. The resultant crude extract is then filtered and 

lyophilize (aqueous extract). While ethyl acetate extract and methanol extract are 

obtained by soxhlet extraction for 6 hours. These types of extract use different polarities 

which are concentrated to dryness. Resultant residue is kept at 4°C. Both extracts are 

again suspended in DMSO. In TOF extraction, powder is macerated in water/acetone 

mixture (lv/2v) for a day with continuous stirring. This is to obtain enriched TOF extract. 

The extract is then filtered and under low pressure, the acetone is evaporated as to get 

aqueous phase. The aqueous phase contained some tannins which are precipitated with 

an excess of NaCI at 5°C for 24 hours, filtered and recovered. It is concentrated and 

precipitated with an excess chloroform after it has been extracted with ethyl acetate. 

The precipitated is then separated yielding TOF extract that dissolves in water using 

Kilani-Jaziri et at. (2011) protocols. 
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2.2 Phytochemical Study and Metabolite Content 

Study by Kilani-Jaziri et al., (2011) found out that Cyperus rotundus gave various 

amounts of f1avonoids, coumarins and tannins in the aqueous, methanol and Total 

Oligomer Flavonoids (TOF) enriched extracts. On a side note, his study showed that 

ethyl acetate extract gave out sterols and flavonoids. The metabolite contents of these 

extracts tested are presented in Table 2.1. 

Table 2.1 Quantitative phytochemical Screening (%) of extracts from Cyperus rotund us. 
Metabolites Extracts 

Aqueous TOF extract Ethyl acetate Methanol 

extract extract extract 

Polyphenols (Gallic 260 ± 11 670 ± 20 440 ± 12 330 ± 11 

acid equivalent) 

Flavonoids (quercetin 200 ± 14.5 340 ± 23 320 ± 15 290 ± 13 

equivalent) 

Tannins (mg/100g) 59.61 ± 8.5 229 ± 13.25 117.1 ± 8 68.7 ± 6.25 

Sterols (%) 2.75 ± 0.25 

- Undetectable 
Source: Kilani-Jaziri et at. (2011) 

TOF enriched extract have a considerable amount of flavonoids and total phenolic 

compounds compare to the other three extracts. In details, TOF enriched extract of 1 

mg was similar to Gallic acid of 670 I-Ig and quercetin of 340 I-Ig. While 1 mg of aqueous, 

ethyl acetate and methanol extracts were equivalent to 260, 330 and 440 I-Ig of Gallic 

acid and 200, 290 and 320 of quercetin ~g. However, Kilani-Jaziri et al., (2011) used a 

past study and stated that TOF enriched extract came with the highest tannins content 

of 229 mg/100g and followed by ethyl acetate extract with 117.1 mg/100g. The other 

two extracts recorded less tannin contents with 68.7 and 59. 61 mg/100 9 in methanol 

and aqueous extracts respectively. Sterols content was noted only in ethyl acetate 

extract. 
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2.2.1 Antimicrobial Activity of Cyperus rotundus 

Cyperus rotundus poses some levels of antibacterial effect against bacterial strains. 

These tested strains are Salmonella typhimurium, Staphylococcus aureus, Salmonella 

enteritidis, Enterococcus faecalis and Escherichia coli. The antibacterial activity of C. 

rotundus on Gram-positive and Gram-negative were tested by Kilani-Jaziri et al. (2011) 

giving value of minimum inhibitory concentration (MIC) 0.25 mg/ml to over 5 mg/ml and 

value of minimal bacterial concentration (MBC) from 0.5 mg/ml to over 5 mg/ml. From 

his study, C. rotund us showed different activity on each extracts used. Interestingly, only 

two extracts, TOF enriched extract and ethyl acetate, showed antibacterial effect while 

aqueous and methanol extracts showed no Inhibitory effect. This was due to the high 

amounts of f1avonoids and other phenolic compounds in TOF and ethyl acetate extract. 

These phenols and f1avonoids gave rise to antimicrobials activity (Rodriguez Vaquero et 

al., 2007). The antimicrobial activity of C. rotundus is presented in Table 2.2. 

Table 2.2 Antimicrobial activity of Cyperus rotundus extractsf eXQressed as MIca. 
Extracts Staphylococcu Escherichia Salmonella 

saureus coli typhimuriu 

m 

TOF extract 0.5 >5 0.5 

Aqueous >5 >5 >5 

extract 

Ethyl acetate 2.5 5 2.5 

extract 

Methanol 5 >5 >5 

extract 

Ampicillinb 0.0015 0.006 0.0039 

a Values in mg/ml, means of three requirements. 
b Positive control 
Source: Kilani-Jaziri et at. (2011) 

Salmonella Enterococcu 

anteritidis s faecalis 

1 0.25 

>5 >5 

2.5 2.5 

>5 >5 

0.0019 0.0025 

Cyperus rotundus also exhibits active compounds like tannin. Haslam (1996) 

demonstrated that tannins are active compound of several medicinal plants having 

antibacterial activity. In fact, Hagerman and Butler (1981) showed that tannins can form 

irreversible complexes with proline-rich proteins, inhibiting cell wall protein synthesis. 

The ability of forming complexes with macromolecules and interfering biological systems 
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could explained its combination with a polyphenolic nature. Thus, this explain the high 

tannin content in TOF extract which is high in phenolic compounds. This property alone 

could explained the antibacterial mechanisms of plant extracts. Similarly, De-Bruyne et 

al. (1999) reported that several in vitro assays showed potent interactions of tannins 

with biological systems such as bacteria, molluscs, viruses as well as enzyme inhibiting, 

antioxidant and radical scavenging properties. 

2.2.2 Superoxide Radical-Scavenging Activity 

The antioxidant properties of Cyperus rotundus are at different levels for different extract 

used. Indeed, it posed considerable antioxidant activities, but not significantly in all 

extracts. Although aqueous extract has quite similar amount of flavonoids as the 

methanol extract, they showed inferior effect on antioxidant characteristics (Kilani-Jaziri 

et al., 2011). Thus, suggesting that TOF extracts and ethyl acetate extracts gave better 

effect on the antioxidant activity. The antioxidant order for TOF and ethyl acetate tested 

extracts followed their respective polyphenol and flavonoid content. Bors et at. (2001), 

claimed that polyphenols are the most active antioxidant derivatives in plants, although 

other studies by Meda et al. (2005) had stated that the phenolic content of several plant 

extracts did not correlate with the antioxidant activity. 
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Table 2.3 Superoxide anion (02) radical-scavenging activity of extracts from aerial parts 
of Cyperus rotundusa. 

Extracts Dose ~g/assay % Inhibition 

Ethyl acetate 1000 74.34 ± 4.6 

300 66.7 ± 3 

100 56.7 ± 2.8 

30 47 ± 0.3 

10 0.7 ± 1.05 

TOF extract 1000 72.1 ± 2 

300 64.2 ± 6 

100 47 ± 2.4 

30 42.8 ± 9 

10 35.8 ± 2.4 

methanol extract 1000 66.5 ± 3.2 

300 50.8 ± 2.2 

100 50.52 ± 2.1 

30 38.5 ± 1.5 

10 12.1 ± 7.5 

Aqueous extract 1000 53 ± 7.2 

300 47 ± 0.9 

100 29.9 ± 7.2 

30 25.7 ± 1.5 

10 5±3 

Quercetinb 1000 64.96 ± 2 

300 34.5 ± 3 

100 20.1 ± 1.6 

30 9.17 ± 1.3 

10 1.38 ± 2.2 

a Values in mg/ml, means of three requirements. 
b Positive control 
Source: Kilani-Jaziri et al. (2011) 

eIso (~g/ml) 

50 

60 

90 

370 

360 

2.2.3 Proliferation of L1210 Leukemia Cells from Tuber Extract 

The relationship between extracts concentration and their cytotoxic effect was 

investigate by MMT assay on L1210 cells (Kilani et at, 2008). MMT is a yellow water-
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soluble tetrazolium salt which acts as indicator. MMT is converted to dark blue formazan 

by metabolic active cells through the reduction of tetrazolium ring's cleavage. The study 

gives a profound cytotoxic effect. TOF enriched extract at 50-800 \-Ig/ml reduces 

proliferation of L1210 cells by 0.61 (61%). 

On the other hand, ethyl acetate extract showed the strongest cytotoxic effect 

on the cells with 78.92% proliferation. Again, the strong cytotoxic effect of both extracts 

from Cyperus rotundus tubers were addressed to the components of coumarins, 

flavonoids and total polyphenols of those extracts. In fact, Musonda and Chipman (1998) 

showed that flavonoids are capable of modulating cell signal in cell functions. Thus, 

altering cytotoxic and proliferation in cancer cell lines (Kuntz et at., 1999). This was 

further supported by Hirano et at. (1994). His studies showed that flavonoids posed 

cytotoxic effects on human cell lines- leukemia cells and also (Benavente-Garcia et at., 
1997) on ovarian cancer cells. 

Previous studies by Harbone (1980) reported that Cyperus rotundus extracts 

poses luteolin. Leuteolin is a polyphenolic compounds found in foods of plant origin and 

subclass of flavonoiods. Lee et at. (2002) further elaborated that luteolin showed 

antioxidant and antimutagenic effects and in actively on various tumours such as 

pancreatic tumour cells and leukemia cell line. Minor components of these extracts are 

actually able to give cytotoxic effect (Yu et at., 2004). 

2.3 Heat Stress in Poultry 

The expression of heat stress in poultry production can be narrowed down into chronic 

and acute. According to discovery by Emery (taken by AI-Fataftah and Abu-Dieyeh, 

2007), acute stress is short and sudden periods of really high temperature, whereas 

chronic heat stress is the period extending of elevated temperature. Reduction of feed 

intake, growth rate, feed efficiency and carcass quality as well as health are the effects 

brought by chronic heat stress on broiler reared in open-sided poultry houses. Howlider 

and Rose (1989) further added that extend periods of elevated temperature lengthen 

the time to reach market weight and promote mortality. 

11 



REFERENCES 

Abu-Dieyeh, Z. H. M. 2006. Effect of Chronic Heat Stress and Long Term Feed Restriction 
on Broiler Performance. International Journal of Poultry Science 5: 185-190 

Adenkola, A. Y., Kaankuka, F. G., Ikyume, T. T., Ichaver, I. F. and Yaakugh, I. D. I. 
2010. Ascorbic Acid Effect on Erythrocyte Osmotic Fragility, Hematological 
Parameters and Performance of Weaned Rabbits at the End of Rainy Season in 
Makurdi Nigeria. Journal of Animal Plant Science 9(1): 1077-1085 

Alba, M., Esmaeilipour, O. and Mirmahmoudi, R. 2015. Effects of Withania coafulants 
Fruit Powder and Vitamin C on Growth Performance and Some Blood Components 
in Heat Stressed Broiler Chickens. Livestock Science 173: 64-68 

Alfataftah, A. A. 1987. Effects of High Environmental Temperature on Broiler 
Performance (Review). JournalofDirasat14: 177-191 

Alfataftah, A. A. and Abu-Dieyeh, Z. H. M. 2007. Effect of Chronic Heat Stress on Broiler 
Performance in Jordan. International Journal of Poultry Science 6(1): 64-70 

Altan, 0., Altan, A., Cabuk, M. and Bayraktar, H. 1999. Effects of Heat Stress on Some 
Blood Parameters in Broilers. Turkey Journal of Veterinary and Animal Science 
24: 145-148 

Attia, Y. A., Hassan, R. A. and Qota, E. M. A. 2009. Recovery from Adverse Effects of 
Heat Stress on Slow-growing Chicks in the Tropics 1. Effect of Ascorbic Acid and 
Different Levels of Betaine. Tropical Animal Health Prod.iction 41: 807-818 

Barry, R. G. and Chorley, R. J. 2003. Atmosphere Weather and Climate, 8th Edition, 
Routledge, Taylor and Francis Group, London, UK, pp 377 

Bartlett, J.R. and Smith, M.a. 2003. Effect of Different Levels of Zinc on the Performance 
and Immunocompetence of Broilers under Heat Stress. Poultry Science 82: 
1580-1588 

Benavente-Garcia, 0., Casillo, 0., Marin, F., Ortuno, A. and Del-Rio, J. 1997. Uses and 
Properties of Citrus Flavonoids. Journal of Agricultural Food Chemistry 45: 4505-
4515 

Bhatia, N., Agarwal, C. and Agarwal, R. 2001. Differential Responses of Skin Cancer 
Chemopreventive Agents Silibinin, Quercetin and Epigallocatechin 3-gallate on 
Mitogenic Signaling and Cell Cycle Regulation in Human Epidermoid Carcinoma A 
Cells. Nutrition and Cancer 39: 292-299 

Bhouri, W., Derbel, S., Skandrani, I., Boubaker, J., Bouhlel, I. B., Sghaier, M., Kilani, S. 
M., Mariotte, A., Dijoux-Franca, M. G., Ghedira, K. and Checkir-Ghedira, I. 2010. 
Study of Genotoxic, Antigenotoxic and Antioxidant Activities of the Gallic Acid 
Isolated from Pistacia lentiscuus Fruits. Toxiology in Vitro 24: 509-515 

Bolek, K. 2013 Mitigation Strategies to Ameliorate Acute and Chronic Heat Stress Utilizing 
Supplemental Methionine or Embryonic Thermal Conditioning in Chickens. 
Graduate Theses and Dissertation, Paper 13354 

Borges,S., Da Silva, A. F., Ariki, J., Hooge, D. and Cummings, K. 2003. Dietary Electrolyte 
Balance for Broiler Chickens Exposed to Thermoneutral or Heat Stress 
Environments. Poultry Science 82: 428-435 

Bors, W., Michael, C. and Stettmaier, K. 2001. Structure-activity Relationships Governing 
Antioxidant Capacities of Plant Polyphenols. Methods in Enzymology 335: 166-
180 

Cahaner, A. and Leestra 1992. Effects of High Temperature on Growth and Efficiency of 
Male and Female Broilers from Genes Selected for High Weight Gain, Favorable 
Food Conversion Ratio and High or Low Fat Content. Poultry Scknce 71: 1237-
1250 

29 



Daghir, N. J. 2008. Poultry Production in Hot Climates. CABI, Cambridge. P. 235. 
De-Bruyne, T., Pieters, L., Deelstra, H., and Vlietinek, A. 1999. Condensed Vegetable 

Tannis: Biodiversity in Structure and biological Activities. Biochemical Systematics 
and Ecology 27: 445-459 

Deyoe, C. W., Davies, R. E., Krishnan, R., Khaund, R. and Couch, J. R. 1962. Studies on 
the Taste Preference of the Chick. Poultry Science 41: 781-784 

Emery, J. 2004. Heat Stress in Poultry-Solving the Problem. Defra publications (ADAS). 
Food and Agriculture Organization (FAO). 2002. A Basic Laboratory Manual for the Sma/!

Scale Production and Testing of 1-2 Newcastle Disease Vaccine. Collection of 
Blood from Chickens. http://www.fao.org/docrep/005/ac802e/ac802eOa.htm. 
Access on 3 March 2015. Verified on 30 April 2015 

Hagerman, A. E. and Butler, L. G. 1981. The Specificity of Proanthocyanidin-Protein 
Interactions. The Journal of Biological Chemistry 256: 4494-4497 

Harbone, J. B. 1980. The Flavonoids: Advances in Research since 1980, pp. 284-524. 
Harper, H. A., Rodwell, Mayer, V. W. and Peter, A. 1979. Review of Physiological 

chemistry. 17th edition, London. pp. 159-160 
Haslam, E. 1996. Natural Polyphenols (Vegetable Tannins) as Drugs: Possible Modes of 

Action. Journal of Natural Products 59: 205-215 
Hirano, T., Gotoh, M. and Oka, K. 1994. Natural Flavonoids and Lignans are Potent 

Cytostatic Agents against Human Leukemic HL-60 cells. Life Sc.ence 55: 1061-
1069 

Holm, L. G., Plucknett, D. L., Pancho, J. V. and Herberger, J. P. 1997. The World's WOlSt 
Weeds, Distribution and Biology. East-West Center, University Press of Hawaii, 
Honolulu, pp. 609 

Hosseini-Vashan, S. J., Jafari-Sayadi, A. R., Golian, A., Motaginia, G., Namvari, M. and 
Hamedi, M. 2010. Comparison of Growth Performance and Carcass 
Characteristics of Broiler Chickens Fed Diets with Various Energy and Constant 
Energy to Protein Ratio. Joumal of Animal and Veterinary Advances 9: 2565-2570 

Howlider, M. A. R. and Rose, S. P. 1989. Rearing Temperature and the Meat Yield of 
Broilers. Broiler Poultry Science 30: 61-67 

Kilani, S., Mohamed Ben Sghaier, Umem, 1., Bouhlel, 1., Boubaker, J., Bhouri, W., 
Skandrani, 1., Neffatti, A., Ben-Ammar, R., Dijoux-Franca, M. G., Ghedira, K. and 
Chekir-Ghedira, L. 2008. In Vitro Evaluation of Antimicrobial, Antioxidant, 
Cytotoxic and Apoptotic Activities of the Tubers Infusion and Extracts of Cyperus 
rotundus. Bioresource Technology99: 9004-9008 

Kilani-]aziri, S., Bhouri, W., Skandrani, I., Umem, I., Chekir-Ghedira, L. and Ghedira, K. 
2011. Phytochemical, Antimicrobial, Antioxidant and Antigenotoxic Potentials of 
Cyperus rotund us Extracts. South African Journal of Botany 77: 767-776 

Kilani-Jaziri, S., Neffati, A., Umem, 1., Boubaker, J., Skandrani, 1., Sghair, M. B., Bouhlet, 
1., Bhouri, W., Mariotte, A. M. Ghedira, K., Dijoux-Franca, M. G. and Chekir
Ghedira, I. 2009. Relationship Correlation of Antioxidant and Antiproliferative 
Capacity of Cyperus rotund us Products towards K562 Erythroleukemia cells. 
Chemico-Biological Interactions 181: 85-94 

Klasing, K. 1997. Does Ingredient Quality Affect Disease Resistance in Chickens? 
http://ajas.info/upload/pdf/20-34.pdf. Accessed on 27 November 2015. Verified 
on 30 December 2015 

Koh, K. and Macleod, M. G. 1999. Effects of Ambient Temperature on Heat Increment of 
Feeding and Energy Retention in Growing Broilers Maintained at Different Food 
Intakes. British Poultry Science 40: 511-516 

Konca, Y., Kirkpinar, F., Mert, S. and Yurtseven, S. 2009. Effects of Dietary Ascorbic Acid 
Supplementation on Growth Performance, Carcass, Bone Quality and Blood 

30 



Parameters in Broilers during Natural Summer Temperature. Asian Journal of 
Animal and Veterinary Advances 4: 139-147 

Kubena, L. F., May, J. D., Reece, F. N. and Deaton, J. D. 1972. Hematocrit and 
Haemaglobin Levels of Broilers as Influenced by Environmental Temperature and 
Dietary Iron Levels. Poultry Science 51: 759-763 

Kuntz, S., Wenzel, U. and Daniel, H. 1999. Comparative Analysis of Effects of Flavonoids 
on Proliferation, Cytotoxicity and Apoptosis in Human Colon Cancer Cell Lines. 
European Journal Nutrition 38: 133-142 

Kutlu, H.R. and Forbes, J.M. 1993. Changes in Growth and Blood Parameters in Heat
Stressed Broiler Chicks in Response to Dietary Ascorbic Acid. Livestock Production 
Science 36: 335-350 

Lara, I. J and Rostagno, M. H. 2013. Impact of Heat Stress on Poultry Production. 
Animals 3: 356-369 

Lee, L. T., Huang, Y. T., Hwang, J. J., Lee, P. P., Ke, F. C., Nair, M. P., Kanadaswam, C. 
and Lee, M. T. 2002. Blockade of the Epidermal Growth Factor Receptor Tyrosine 
Kinase Activity by Quercetin and Luteolin Leads to Growth Inhibition and 
Apoptosis of Pancreatic Tumour Cells. Anticancer Resources 22(3): 1615-1627 

Lu, Y. and Foo, Y. 2000. Antioxidant Radical Scavenging Activities of Polyphenols from 
Apple Pomace. Food Chemistry 68: 81-85 

Marandure, T. 2007. Effect of Duration of Early-Age Thermal Conditioning of Broiler 
Chickens on Production and Heat Tolerance. Degree of Master Science in 
Agricultural Meteorology 

Meda, A., Lamien, C. E., Romito, M., Milogo, J. and Nacoulma, O. G. 2005. Determination 
of the Total PhenoliC, Aavonoid and Praline Contents in Burkina Fasan Honey, as 
well as Their Radical Scavenging Activity. Food Chemistry 21: 571-577 

Meister, A. and Anderson, M. E. 1983. Glutathione. Annual Review of Biochemistry 52: 
711-760 

Middleton, E. and Kandaswami, C. 1994. The Impact of Plant Ravonoids on Mammalian 
Biology. Implications for Immunity, Inflammation and Cancer. In: Harborne, J. B. 
(Ed.). The Flavonoids: Advances in Research since 1986. Chapman and Hall, 
London, pp.619-652 

Moreki, J. C., 2008. Feeding Strategies in Poultry in Hot Climate. Poultry Today. 
http://www.gov.bw/GlobaI!MOA/Feeding%20Strategies%20in%20PouItry%20in 
%20Hot%20Climate.pdf. Access on 4 March 2015. Verified on 30 April 2015 

Musonda, C. A. and Chipman, J. K. 1988. Quercetin Inhibits Hydrogen Peroxide (H202)
Induced NF-KB DNA Binding Activity and DNA Damage in HepG2 Cells. 
CarcinogeneSiS 19: 1582-1589 

Niu, Z., Liu, F., Van, Q. and Li, L. 2009. Effects of Different Levels of Selenium on Growth 
Performance and Immunocompetence of Broilers under Heat Stress. 
Archintermned Animal Nutrition 63: 56-65 

Nyachoti, C. M., Atkinson, J. L. and Lesson, S. 1996. Response of Broiler Chicks Fed a 
High-Tannin Sorghum Diet. Department of Animal and Poultry Science 

Ozkan, S., Akbas, Y., Altan, 0., Altan, A., Ayhan, V. and Ozkan, K. 2003. The Effect of 
Short-term Fasting on Performance Traits and Rectal Temperature of Broilers 
during the Summer Season. British Poultry Science 44: 88-95 

Park, S. 0., Hwangbo, J., Ryu, C. M., Park, B. S., Chae, H. S., Choi, H. C., Kang, H. K., 
Seo, O.S. and Choi, Y. H. 2013 Effects of Extreme Heat Stress on Growth 
Performance, Organ, igG and Cecum Microflora of Broiler Chickens. International 
Journal of Agnculture and Biology 15( 6) 

Patrick, H. and Schaible, P. J. 1980. Poultry Feed and Nutrition 2nd edition. AVI 
Publishing Ie., Westport, Connecticut, USA ' 

31 



Petek, M., Cibik, R., Yildiz, H., Sonat, F. A., Gezen, S. S., Orman, A. and Aydin, C. 2010. 
The Influence of Different Ughtning Programs, Stocking Densities and Utter 
Amounts on the Welfare and Productivity Traits of a Commercial Broiler Une. 
Veterinarian Ir Zootechnica, 51: 26-43 

Piljac-Zegarac, Stipcevic, T. and Belscak, A. 2009. Antioxidant Properties and Phenolic 
Content of Different Floral Origin Honeys. Journal of ApiProudct and ApiMedical 
Science 1(2): 43-50 

Quinteiro-Rlho, W M., Rodrigues, W. M, Ferraz-de-Paula, V., Pin-heiro, M. L. Sakai, M., 
Sa, L. R. M., Ferreira, A. J. P. and Palermo-Neto, J. 2010. Heat Stress Impairs 
Performance Parameters, Induces Intestinal Injury and Decreases Macrophage 
Activity in Broiler Chickens. Poultry Science 89:1905-1914 

Rodriguez-Vaquero, M. J., Alberto, M. R. and Manca-de-Nadra, M. C. 2007. Antibacterial 
Effect of Phenolic Compounds from Different Wines. Food Control 18: 93-101 

Sahito, H. A., Soomro, R. N., Memon, A., Abro, N. A., Ujjan and Rahman, A. 2012. Effect 
of Fat Supplementation on the Growth, Body Temperature and Blood Cholesterol 
Level of Broiler. Global Advanced Research Journal of Chemmistry. Master 
Sciecnce 1:23-34 

Sanz, M., Lopez-Bote, C. J. Menoyo, D. and Bautista, J. M. 2000. Abdominal Fat 
Deposition and Fatty Acid Synthesis Are Lower and ~-oxidation Is Higher in Broiler 
Chickens fed Diets Containing Unsaturated rather Than Saturated Fat. Journal 
of Nutrition 130: 3034-3037 

Seigal, H. S. 1980. Physiological Stress in Birds. Bioscience 30: 529 
Spurlock, M. E. and Savage, J. E. 1993. Effects of dietary protein and selected 

antioxidants on fatty haemorrhagic syndrome induced in Japanese quails. Poultry 
Science 72: 2095-2105 

St-Pierre, N.R., Cobanov, B., and Schnitkey, G. 2003. Economic Losses from Heat stress 
by US Uvestock Industries. Journal of Dairy Science 86: E52-E77 

Sunil-Kumar, B. V., Ajeet, K. and Meena, K. 2011. Effect of Heat Stress in Tropical 
Uvestock and Different Strategies for Its Amelioration. Journal of Stress 
Physiological and Biochemistry 7(1): 45-54 

Talebi, A., Asri-Rezaei, S., Rozeh-Chai, R. and Sahraei, R. 2005. Comparative Studies on 
Haematological Values of Broiler Strains (Ross, Cobb, Arbor-acres and Arian). 
International Journal of Poultry Science 4(8): 573-579 

Taniguchi, M., Ohtsuka, A. and Hayashi, K. 1992. Effects of Dietary Corticosterone and 
Vitamin E on Growth and Oxidative Stress in Broiler Chicks. Animal SCience 
Journa/70(4): 195-200 

Thomas, C. E. and Reed, D. J. 1989. Current Status of Calcium in Hepatocellular Injury. 
Hepatologyl0: 375-384 

Thornton, P. A. and Deeb, S. S. 1961. The Influence of Thyroid Regulators on Blood 
Ascorbic Acid Levels in the Chicken. Poultry Science 40: 1063-1067 

lizard, B. 2002. The Avian Antibody Response. Seminars in A vian and Exotic Pet Medicine 
11: 2-14 

United States Department of Agriculture Natural Resources Conservation Service (USDA 
NRCS). n. d. Purple nutsedge: Cyperus rotundus L. http://www.plants.usda.gov/ 
plantguide/pdf/pg_cyro.pdf. Access on 4 March 2015. Verified on 30 April 2015 

Urbatsch, L. 2006. Purple Nutsedge: Cyperus rotundus. United States Department of 
Agriculture (USDA) and Natural Resources Conservation Service (NRCS) 

Uzum, M. H. and Oral-Toplu, H. D. 2013. Effects of Stocking Density and Feed Restriction 
on Performance, Carcass, Meat Quality Characteristics and Some Stress 
Parameters in Broilers under Heat Stress. Revue de Medicine Veterinaire 
164(12): 546-554 

Yang, S. 1997. The Heart Transmission of Medicine. Blue Poppy Press, Boulder, CO. 

32 



Young, J. F., Stagsted, J., Jensen, S. K., Karlsson, A. H. and Henckel, O. 2003. Ascorbic 
Acid, Alpha-Tocopherol, and Oregano Supplements Reduce Stress-induced 
Deterioration of Chicken Meat Quality. Poultry Science 82: 1343-1351 

Yu, J. Q., Lei, J. Q., Yu, H. D., Cai, X. and Zou, G. L. 2004. Chemical Composition 
Antimicrobial Activity of Essential Oil of Scutellaria barbate. Phytochemistry 65: 
881-884 

Zhang, Z. F., Zhou, T. X. and Kim,!. H. 2013. Effects of Dietary Olive Oil on Growth 
Performance, Carcass Parameters, Serum Characteristics, and Fatty Acid 
Composition of Breast and Drumstick Meat in Broilers. Asian-Australia Journal 
Animal Science 26(3): 416-422 

Zulkifli, I., Htin, N. N., Alimon, A. R., Loh, T. C. and Hair-Bejo, M. 2007. Dietary Selection 
of Fat by Heat-Stressed Broiler Chickens. Asian-Australian Journal of Animal 
Science 20(2): 245-251 

33 


