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ABSTRACT 

This experiment was conducted at the Poultry Unit of Faculty of Agriculture, University 

Putra Malaysia for two weeks to determine the effect of giving the Medium Chain 

Triglyceride (MCT) on the growth performance and the number of microflora count in 

the starter broiler chicken. Initial body weight, final weight, average weight gain, feed 

intake ratio and mortality were used to determine growth performance while the 

concentration of enterobacteriacae and lactic acid concentration were used to determine 

the number of microflora count. Results showed that the highest MCT concentration had 

significant influence (p<0.05) the final body weight, diet (T5) had the highest final body 

weight of 488.0 g compared with the control (T1-0%), 466.9 g. In addition, the results 

showed significant different (p<0.05) for average daily gain. T5 diet had the highest 

average daily gain of 31.42 g comparing with T1,30.08 g diet control. As for food intake, 

the feed conversion ratio and mortality rate showed no significant different (p<0.05), T1 

diet had the highest intake of 534.7 g compared with T2,513.7 g. While T1 has the 

highest feed conversion ratio of 1.271 compared with T5,1.199. For the percentage of 
deaths among diets is 0%. For the results of the microflora count parameter show 

significant different (p<0.05), T2 has the highest value of 5.96 ± 0.03 Log CFU/g 

compared to diet T5,4.82 ± 0.10 Log CFU/g for Enterobacteriacae concentration. T4 

has the highest value in lactic acid bacteria concentration of 8.40 ± 0.01 Log CFU/g 

compared to T1,7.83 ± 0.05. In conclusion, supplementing 0.8% MCT in starter 

commercial diet significantly (p<0.05) increase final body weight, average daily gain and 

lactic acid bacteria count and significantly (p<0.05) decrease enterobacteriacae bacteria 

count in starter broiler chicken. However, the MCT (0.2-0.8%) in the diet significantly 

did not significantly (p<0.05) influence the feed intake, feed conversion ratio and 

mortality rate. 
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KESAN PEMBERIAN TRIGUSERIDA RANTAI SEDANG (MCT) KEATAS 

PRESTASI PERTUMBUHAN DAN BILANGAN MIKROFLORA PADA AYAM 

PEDAGING PEMULA 

ABSTRAK 

Eksperimen ini telah dijalankan di Unit Poltri, Fakulti Pertanian, Universiti Putra Malaysia 

selama dua minggu bagi menentukan kesan pemberian Trigliserida Rantai Sedang (MCT) 

sebanyak 0%, 0.2%, 0.4% 0.6% clan 0.8% keatas prestasi pertumbuhan clan bilangan 

mikroflora pada ayam pedaging pemula. Parameter berat badan awal, berat badan akhir, 

purata kenaikan berat badan harian, pengambilan makanan, nisbah pertukaran makanan 

clan kadar kematian digunakan bagi menentukan prestasi pertumbuhan manakala 

kepekatan enterobakteria clan kepekatan asid laktik digunakan untuk menentukan 

bilangan mikroflora. Keputusan menunjukkan (p<0.05) diet T5 yang paling tinggi 

kandungan MCT (0.8%) mempunyai berat badan yang paling tinggi 488.0 g berbanding 

dengan kawalan (Ti-0%), 466.9 g. Selain itu, keputusan menunjukkan (p<0.05) diet T5 

mempunyai purata kenaikan yang paling tinggi, 31.42 g, berbanding dengan kawalan 

diet T1,30.08 g. Bagi keputusan parameter untuk pengambilan makanan, nisbah 

pertukaran makanan clan kadar kematian menunjukkan tidak ketera dengan (p<0.05) 

iaitu diet T1 mempunyai pengambilan makanan yang paling tinggi, 534.7 g berbanding 

dengan T2,513.7 g. Manakala T1 mempunyai bagi nisbah pertukaran makanan paling 

tertinggi iaitu 1.271 berbanding dengan T5,1.199. Bagi peratusan kematian di antara 

diet adalah 0%. Bagi keputusan parameter bilangan mikroflora menunjukkan (p<0.05) 

, T2 mempunyai nilai paling tinggi iaitu 5.96 ± 0.03 Log CFU/g berbanding T5,4.82 ± 

0.10 Log CFU/g dalan kepekatan enterobakteria . T4 mempunyai nilai paling tinggi 

dalam kepekatan asid laktik iaitu 8.40 ± 0.01 Log CFU/g berbanding dengan T1,7.83 

± 0.05 . Kesimpulannya penambahan 0.8% MCT dalam diet komersil peadaging pemula 

meningkatkan berat badan akhir dengan ketara (p<0.05), meningkatkan purata harian 

clan bilangan mikroflora Bakteria Laktik, clan dengan ketara (p<0.05) menurunkan 

bilangan mikroflora bakteria enterobakteria ayam pedaging pemula. Walau 

bagaimanapun, MCT (0.2-0.8%) dalam diet ketaranya (p<0.05) tidak mempengaruhi 

pengambilan makanan, nisbah penukaran makanan dan kadar kematian. 
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CHAPTER1 

INTRODUCTION 

1.1 Background of Study 

Based on the study conducted by Mohd Syauqi et. a/. (2015) show that Malaysian 

preferred meat as source of protein such as broiler chicken meat. On the year 2010, 

broiler production make up to 53.2% of the total livestock production that value about 
RM10.85 billion (Tapsir et at., 2011). Broiler Industry in Malaysia has reaches its self- 

sufficient level of 128.1% in 2011. The concern of broiler industry drastically changes due 

towards presence of common disease within Asian country into such as Newcastle 

disease, infectious bursal disease, infectious bronchitis, Marek's disease and leukosis, 

fowlpox virus, infectious coryza, fowl cholera and aspergillosis. The most common 

zoonotic disease that being reported are Salmonella enteriditis and typh/murium that 

concern the health issue of the consumer (MoA, 2011). 

Afford to maintain the sufficient usage of antibiotic are highly use as feed 

additives in promoting growth performance of the broiler chicken by gradually regulate 

the presence of disease. The rise concern of using antibiotic in developing antibiotic 

resistance that being reported by Guerra etal. (2007). Alternative use of replacement of 

antibiotic are using Medium chain fatty acids (MCT) that can be describes as organic 

acids that used as alternatives feed supplement in promoting growing performance that 

claimed by European Union (EU) in 2006, that beginning to ban the use of antibiotic 

as feed supplement for the growth of the chicken. In which clearly reported that the 

function of MCT has also strong antibacterial activity that able to improve the growth of 



newly hatch chicks that claim by Hanczakowska (2017) that can be used as feed 

supplements on chicken diet for improvement of growth performances. 

Hence, in order to maintain the 121% self-sufficiency of broiler chicken in 
Malaysia, there is a requirement to understand the effect of Medium Chain Triglycerides 

as feed supplement on poultry production to sustain the poultry industry and the value 

of this enterprise as well as its financial benefits to Malaysian economy. 

1.2 justification 

Salmonella infection cause by several strains of salmonella such as Salmonella gallinarum 
(SG) and Salmonella pullorum (SP) that cause health deterioration such as fowl typhoid 

that lead death of a chicken. Basically the infection are severe on young chicks due to 

readily colonized by the bacteria, and the bacteria can persist in the host for some weeks 

or during rearing period that claimed by Revolledo et. al. (2006). 

If this project is successful, the farmer will taking issues of exposing of chicken 

to high antibiotic usage induces an increase bacteria resistance. Therefore, conducting 

a research on investigating the effect of Medium Chain Triglycerides will gradually 

changes the microbial presence within the gut environment and also growth 

performances will be really meaningful to increase the production of poultry in Sabah 

and Malaysia. 

1.3 Objective 

1) To determine the effect of Medium Chain Triglycerides supplementation in the diet on 

growth performance of starter broiler chicken. 

2) To determine the effect of Medium Chain Triglycerides supplementation in the diet on 

microflora count in starter broiler chicken 

2 



1.4 Hypotheses 

Ho: There is no significant difference in the growth performance of starter broiler chicken 

as given Medium Chain Triglycerides as feed supplement 

HA: There is significant difference in the growth performance of starter broiler chicken 

as given Medium Chain Triglycerides as feed supplement 

Ho: There is no significant difference in the microflora count in the gut of starter broiler 

chicken as given Medium Chain Triglycerides as feed supplement 

HA: There is significant difference in the microflora count in the gut of starter broiler 

chicken as given Medium Chain Triglycerides as feed supplement 

3 



CHAPTER 2 

LITERATURE REVIEW 

2.1 History of Broiler Production in Malaysia. 

Based on the study conducted by Mohd Syauqi et a/. (2015) showed that Malaysian 

preferred meat as source of protein such as broiler chicken meat. On the year 2010, 

broiler production make up to 53.2% of the total livestock production that value about 
RM10.85 billion (Tapsir etal., 2011). Broiler Industry has reaches its self-sufficient level 

of 128.1% in 2011 (MoA, 2011). 

In review conducted by several authors Panda, (1989); Hu, (1990); Ideris, (1993) 

indicated the most common disease presence in Asia Country can be divide into several 

such as Newcastle disease, infectious bursal disease, infectious bronchitis, Marek's 

disease and leukosis, fowlpox virus, infectious coryza, fowl cholera and aspergillosis. The 

most common zoonotic disease that being reported are Salmonella enteriditis and 

typhimurium that concern the health issue of the consumer. 

The most common loss in broiler industry such as intensification of poultry 

industries inevitably increases the prevalence of disease and losses that claimed by Biggs 

(1982). Besides that, report indicate the loss of broiler industry due to intensification 

recorded up to 20% of the value of poultry production, and about 3 times the losses 

from mortality in the USA. Whereas it's also that happen to the country of Asia. Therefore 

to prevent losses in broiler industry afford of controlling disease is highly require. 



2.2 Microbiome Affects Intestinal Morphology and Physiology of Chicken 

On the basis of the development of intestinal region of the newly hatch chicks is depend 

on diet uptake by the young chicken. Importance of early development of intestinal has 

significant affect the growth and health of the starter broiler chickens due to transition 

stages in between nutrient source from the yolk to carbohydrate- and protein-based diet 

that claimed by Gilbert et al. (2010). Therefore, rapid transition stages require rapid 

adaptation by the chicks through changes in both anatomical and physiological of 
digestive organs of the newly hatch chicks that cause early post-hatch period as a critical 

stage in the growth of chicks that reported by Uni et al. (1999). 

Ideal niche for microbial colonization to begin is during rapid transition stages. 
The presence of microbial colonization within the intestinal changes the rate of 
development of anatomical and physiological of digestive organs of the starter broiler 

chickens. In previous study conducted by Furuse and Okumura (1994) using germ-free 

chickens as a comparison of commercial chicken. The result shows that the germ-free 

chickens have intestinal morphological of the small intestine and cecum with reduced 

weight and also thinner Gabriel and Mallet (2006). Besides that, comparison of germ 
free chicken and commercial chicken shows that intestinal villi are shorter and the crypts 

are shallower in germ-free chicken that claimed by Gabriel and Mallet (2006). In other 

study conducted by Chae et al (2012) indicate as the chicken is given with feed with 

probiotic microorganism such as Lactobacillus acidophilus, Bacillus subtilis, 

and , Saccharomyces cerevisiae has improvement of villus height in duodenum and villus 
height: crypt depth ratio in the ileum of broilers. 

The presence of enteric pathogens has influenced the morphological 

development of the intestine. The example presence of enteric pathogens such as 
Eimeria. perfringensinduced necrotic enteritis causes major changes of the 

morphological of the digestive organs, the example changes such shorter development 

of the villus structure and crypt depth. In the study conducted by Fasina et al. (2010) 

indicate that chicken with inducing of Salmonella typhimurium shows a poor 
development result of villus height, villus area, crypt depth, and villus height: crypt depth 

(Fasina et al., 2010). The development of digestive organs is highly important in the 
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process of absorption of nutrient uptake. Therefore, a better development of digestive 

organs is highly depend upon the concentration presence of the types of microbe's 
colonization. 

2.3 Importance Mucin Fluid on Growth Performance of Broiler Chicken 

Mucin can be considered as a protective layer that surrounds the inner surface of the 

avian gut that stated by Forder et. al. (2012). Role of mucin layer as protective layer 

through the function of both loose part and the compact part of mucin. The loose part 

of the mucin gradually acts as a site for the colonization of bacteria to take place, while 
the compacted part of the mucin acts as counterpart on repelling most of the bacteria. 

The compacted part of the mucin acts a degree of the 1s* line of defends in the protection 

of the chicken from harmful bacteria that can cause disease that might affect growth 

performance of the chicken (Hansson and Johansson, 2010). The example of the type 

of mucin is Mucin2 (MUC2) that require to replenish and maintain a suitable thickness of 
the mucous layer in the intestine, the mucous layer of the intestine will gradually be 

sloughed off during intestinal movement that claimed by Dharmani et a/. (2008); Horn 

et. at.. (2009). 

The basic of development of better immune system for the growth performance 

of the chicken are highly depend upon the colonization of intestinal microflora. The 

intestinal microflora plays a major role in depend Mucin via stimulation mucin gene 

expression (Smirnov et al., 2005). The maintaining of high replenish of mucin as 

protective layer, give rise to resistance towards the entry of Salmonella and also 

camplyobacteria that allow better intestinal function, growth performance of the chicken, 
feed conversion and weight gain (Dalloul et al., 2003; Vila et al., 2009; ). The example 

taken by a study conducted by Smirnov et. al. (2005) indicate the beneficial 

microorganism by probiotic bacteria has the role of producing more MUC2 gene in the 

chicken jejunum as the major defense system of the chicken. Therefore knowing the 

content of mucous layer mucin presence at the avian gut wall is important as protection 
for the chicken against the entry of harmful bacteria. The content of mucin is regulated 
by the MUC2 genes that highly depend on presence of the types of microbe's presence 

within the gut of the avian. 
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2.4 Importance of Lactic Acid Bacteria on Growth Performance of the chicken 

Antibiotic are highly used as feed additives in promoting growth performance of the 
broiler chicken. The rising concern of using antibiotic in developing antibiotic resistance 
that being reported by Guerra et. al. (2007). Alternative use of replacement of antibiotic 
by the introduction of a probiotic product as feed additives gives good response to the 

researcher. Lactic Acid Bacteria has to played a major role in regulates the microbial 

environment within the gut such as production of beneficial antimicrobial compounds 

mainly organic acids and bacteriocins that gives rises LAB uses as a probiotic product as 

compare towards other microorganisms (Marteau et al., 1993; Salminen et al., 1998). 

The example of two species of LAB such as Lactococcus /actin CECT 539 

or Lactobacillus casei CECT 4043 and their ferment product show great influence on 
improvement of growth performances such as feed conversion efficiency that stated by 

Apata. (2009). Lactic acid bacteria is important as shown to be regulating the 

concentration of the composition of the intestinal microflora that affecting the immunity 

status of the chicken in an enhancement of improving the growth performance of the 

chicken. Guerra etal. (2007) claimed by using two strains of mention Lactic Acid Bacteria 

have the beneficial effect on the growth of chicken. Beneficial effect that gradually 

mentions are nonpathogenic, able to survive during processing and storage, resistant to 

bile and acid environment and producer of inhibitory compounds (organic acids and 

antibacterial activity). 

Mode of action of Lactic Acid Bacteria in regulating gut microflora environment in 

reducing the incidence of disease for poultry. The action are divided into 4 mechanisms 

that claimed by several researchesr such as maintaining normal intestinal microflora by 

competitive exclusion and antagonism that claimed by Nurmi and Rantala (1973); In L2 

etal. (1998), altering metabolism by increasing digestive enzyme activity and decreasing 

bacterial enzyme activity and ammonia production claimed by Cole et, al. (1987); Yoon 

et al. (2004), improving feed intake and digestion reported by Dierck (1989); Awad et 

al. (2006) and stimulating the immune system suggested by Kabir et at. (2004). 

Induction of Lactic Acid Bacteria into the gastrointestinal tract promoted numerous 

attraction of enzymes into substances into the intestines for development of intestinal 
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milieu. The example such as, in a study conducted by Marteau and Rambaud. (1993) 
indicate that supplementation that content the LAB such as L. acidophilus or a mixture 
of Lactobacillus cultures given to the chicken show significant improvement of levels of 
amylase after 40 d of feeding that supported by ]in et al.. (2000). LAB bacteria is 

responsible for secreting the production of enzymes that increase the activity of amylase 
that claimed by Duke (1977); Sissons (1989). The ability alternation of pH flora of 
intestine of host chicken increase activity of intestinal enzymes and digestibility of 
nutrients better (Dierck, 1989). 

Therefore, with the presence of the lactic acid bacteria in the microbial population 

are able to enhance the growth performance of the chicken by increase the immune 

system of the chicken and also aid digestion process. The lactic acid bacteria had the 

properties such as antibacterial substances and inhibitory primary metabolites such as 

acetic acid, lactic acid, propionic acid, ethanol, hydrogen peroxide, bacteriocins and 

antibiotic-like substances that able to combat with the enterobacteria that might cause 
the death of the chicken that claimed by Eamshaw (1992). 

2.5 Effect of Enterobacteriacae Bacteria on Growth Performance of Broiler 

Chicken 

The Enterobacteriacae can be describes as that live prominently in the intestine example 

group such as Salmonella and E. coli 0157 

Salmonella infection cause by several strains of salmonella such as Salmonella 

galiinarum (SG) and Salmonella puliorum (SP) that cause health disease such as Fowl 

Typhoid that lead death of a chicken. Basically the infection are severe on young chicks 

due to readily colonized by the bacteria, and the bacteria can persist in the host for some 

weeks or during all of the rearing period that claimed by Revolledo etal. (2006). Usually 

the colonization of the bacteria are located at few parts of the body of the chicks at 

upper part of the small intestine and in the gizzard and proventriculus (Fanelli et at., 

1971). Fowl typhoid causes heavy death losses in chicks and reduces the productivity of 

adult birds. Infected chicks will usually death within 3 weeks after hatching that show 

several clinical sign such as depression, loss of appetite, somnolence, droopy wings, 

huddling, dehydration, thirst, ruffled feathers, and weakness that claimed by Institute 
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for International Cooperation in Animal Biologic. (2005). The loss appetite cause 
reduction of feed intake as the result leads towards poor growth performance. 

Transmission route of the disease is through Oral route but might consider the 
transmission route through nasal and cloacal route in newly hatch chicken. The 
transmission route can be vertical transmission that can be 2 possibility such as cloaca 
faeces from infected or carrier hens or trough infected ovary of the hens. The disease 

can be highly infected by adult chickens but might infect very young chickens, mostly 
2-3 weeks of age. Whereas the disease might be very severe towards old chicken but 

can be lethal towards young chicken high morbidity and mortality in young chickens that 

reported by Hall (1949). 

E. coil 0157can be classify in the group of Enterobacteriacae that can cause high 

mortality, loss of weight and reduction of egg production that claimed by 

Bandyopadhay and Dhawedkar (1984). The infected chicken show characteristic such 

as follow depression, loss of appetite, tendency to huddle respiratory distress, 

reduction of weight gain, dropped wing, closed eyes, cyanosis and labored 

breathing (Barnes, 1994). Therefore to increase the production level of the chicken 

gradually decrease the amount population of Enterobacteriacae that can be bring 

detrimental effect to the chicken. The most severe contact disease via E. coli is Avian 

colibacillosis disease appear to give high morbidity and mortality on to chicken that 

increase the lost profit to occur. Its cause severe disesase infection unto the production 

of chicken such case are yolk sac infection, omphalitis, respiratory tract infection, 

swollen head syndrome, septicemia, polyserositis, coligranuloma, enteritis, cellulitis and 

salpingitis. Colibacillosis of poultry is characterized into two forms such as acute form 

and sub-acute form. The example of acute form is septicemia and sub-acute form is peri- 

carditis, airsacculitis and peri-hepatitis that cause high morbidity and mortality of the 

chicken (Calnek et al., 1997). Avian colibacillosis infected the chicken throughout the 

birds of all ages, the transmission of E. coli through the faecal contamination of egg. The 

mode of transmission is as follow penetration of E. co/ithrough the shell and may spread 

to the chickens during hatching and is often associated with high mortality rates, or it 

may give rise to yolk sac infection. 
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Therefore as the result harmful Enterobacteriacae presence in the gut of chicken 
might cause severe problem towards the raising of the chicken. The bacteria presence 
will lead to exposure of disease that might cause morbidity and mortality of the chicken 
in which affecting the growth performance of the chicken as classify as loss of economic 
profit value. 

2.6 Review of Benefits of Using Organic Acid 

Antibiotic in the past have given a sufficient result of an improvement of growth of the 

chicken and also feed conversion efficiency that being recorded in the pass by Smith, 

1968; Levy et al., 1976; Armstrong, 1984; Neu, 1992) but the use of antibiotic rise the 

concern of resistance antibiotic bacteria that make the clinical disease to be more difficult 

to be treat. The concern making the European Union ban the use of antibiotic on the 
farm basis on chicken production (Glynn et al., 1998; Monnet, 1999; Koutsolioutsou et 

al., 2001). The benefits raise the awareness of using the source of alternative organic 

acids as the source of feed additives in the aspect of regulating the harmful bacteria has 

highly influenced research activity on the discovery of non-antibiotic chemical 

compounds. 

Organic acid is generally used as feed preservative by extending the shelf life of 
the food and also food additives as the effort in the improvement of growth performance 

of the chicken. The general characteristic of the organic acid that includes the presence 

group of saturated straight-chain monocarboxylic acids and their respective derivatives 

(unsaturated, hydroxylic, phenolic, and multi carboxylic versions) and are often 

generically referred to as fatty acids, volatile fatty acids or carboxylic acids that reported 
by Cherrington et, a/. (1991). 

Mode of action of an organic acid in regulating the population of bacteria are not 
fully understood but the assumption has been made such as organic acids exhibiting 

bacteriostatic and bactericidal properties. The properties highly depend on both 

physiological status of the animal and the physiochemical characteristics of the external 

environment. The ability of organic acid to form undissociated acid due to organic acid 

can be considered as weak acid in nature that claimed by Davidson (2001). The 

formation of undissociated acid has the function of penetration into the lipid membrane 
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of bacteria cell and internalized towards the neutral pH of the cytoplasm of the bacteria 

the undissociated acid gradually dissociate into anions and protons (Eklund, 1983,1985; 

Salmond et al., 1984; Cherrington et al., 1990,1991; Davidson, 2001). Therefore 

changes the content of anion and protons cause the export of excess protons to take 

place in order to balance neutral cytoplasm. The exportation of the excess protons 

require a high amount of energy that comes from cellular adenosine triphosphate (ATP) 

of the bacteria and depletion may result of depletion of ATP will cause the bacteria to 
be eliminated. In other study stated by Russell (1992) indicate the toxicity of effect of 
organic acids by the accumulation of anion as the mode of action for eliminating the 

bacteria but the theory is not highly significant apply to some bacteria that has ability to 

decline their internal pH for survival. The other suggestion of mode of action of organic 

acid as follow interference with nutrient transport, cytoplasmic membrane damage 

resulting in leakage, disruption of outer membrane permeability, and influencing 

macromolecular synthesis (Cherrington etas, 1991; Denyer and Stewart, 1998; Alakomi 

et al., 2000; Davidson, 2001). 

2.7 Review of Benefits of Using Essential Oil. 

The study conducted to replace antibiotic as the feed supplement for growth by using 

natural feed supplements derived from plants known as essential oil (EO) that claimed 
by Simitzis et. a/. (2011). the use of essential oil as antimicrobial effects has been carry 

out due to public concern on the uses of synthetic agents for animal growth. The concern 
is such as potential on carcinogenicity, acute toxicity, teratogenicity and slow 
degradation periods. The development on the study on essential oil has greatly impacted 

the world of research on antibacterial effect improve the quality characteristics and shelf 
life of animal products that claimed by Faleiro (2011). 

The mode of action is such as based on the hydrophobic characteristic that 

enables them to partition lipids in the bacterial cell wall and mitochondria. Therefore 

increase the lipid layer and lead towards disruption membrane integrity and ion transport 

processes that cause the disturbance on cell osmatic pressure. Disturbance on the cell 

osmatic pressure generally cause the growth bacteria to decrease by the trans- 

membrane electric potential in a bacterial cell is reduced and the proton permeability of 

the membrane that claimed by Burt (2004). 

11 



REFERENCES 

Agro-food Statistics Book 2011. Ministry of Agriculture and Agro-based Industry(MoA). 

Purtajaya. Malaysia. Retrieved from 

http: //ap. fftc. agnet. org/ap_db. php? id=532&print=l Access on: 2017, November 

3 

Alakomi, H. L., Skytta, E., Saarela. M., and Mattila, T. 2000. Lactic acid permeabilizes 

Gram-negative bacteria by disrupting the outer membrane. Applied and 

Environmental Microbiology., 66: 2001-2005. 

Apata DF. 2009. Antibiotic resistance in poultry. 2009. International Journal of Poultry 

Science., 8(4): 40408. 

Armstrong, D. G. 1984. Antibiotics as feed additives for ruminant livestock. Antimicrobials 

and Agriculture Proceedings of the 4th InteNational Symposium in Agriculture: 

Benefits and Malefits. M. Woodbine, ed. Buttersworths, Lond, 331-347. 

Awad, W. A., Böhm, ]., Razzazi-Fazeli, E., Ghareeb, K. and Zentek J. 2006. . Effect of 

addition of a probiotic microorganism to broiler diets contaminated with 

deoxynivalenol on performance and histological alterations of intestinal villi of 

broiler chickens. Poulty Science. 

Bandyopadhay, P. K., and Dhawedkar, R. G. 1984. E. coli salpingoperitonitis in poultry. 

Indian Veterinary Journal. 61: 348-349. 

Barnes, J. H. 1994. Colibacillosis in poultry,. Veterinary Practicum, Continuing Education 

for the Veterinary profession, published as Educational Grant from Pfizer Animal 

Health. 

Biggs, P. M. 1982. The world of poultry disease. Avian Pathology, 11,281-300. 

Bolla, G. (2017, November 4). Small-scale poultry keeping. Retrieved from brooding and 

rearing chickens: 

/www. dpi. nsw. gov. au/-data/assets/pdf file/0013/203521/small-scale- 

brooding-rearing-chickens. pdf 

Booth, D. A. 1972. Postabsorptively induced suppression of appetite and the energostatic 

control of feeding. Physiology andBehavior, 9: 199-202. 

31 



Burt, S. 2004. Essential oils: Their antibacterial properties and potential applications in 
foods. A review. International Journal of Food Microbiology, 94,223-253. 

Calnek, B. W., Barnes, H. J., Beard, C. W., McDougald, L. R., and Saif, Y. M. 1997. Disease 

of Poultry. 10th edition, Iowa State University Press, Ames, IA, USA. 

Chae, B., Ingale, S., Kim, J., Kim, K., Sen, S., Lee, S., Khong, C., Kim, E. K. and Kwon, I. K. 
2012. Effect of dietary supplementation of probiotics on performance, caecal 

microbiology and small intestinal morphology of broiler chickens. Anima/Nutrition 

and Feed Technology. 

Cherrington, C. A., M. Hinton, and I, Chopra. 1990. Effect of short-chain organic acids 

on macromolecular synthesis in Escherichia coil. Journal of Bacteriology, 68: 69- 

74. 

Cherrington, C. A., M. Hinton, G. C. Mead, and Chopra, I. 1991. Organic acids: Chemistry, 

antibacterial activity and practical applications. Advances in Mlcrob/a/Physiology. 

32: 87-108. 

Chiang, S. H., Huang, K. H. and Lee H. F. 1990. Effects of medium chain triglyceride on 

energy metabolism, growth and body fat in broilers. Journal of the Chinese 

Society of Animal Science., 19,11-18. 

Cole, C. B., Fuller, R. and Newport MJ. 1987. The effect of diluted yoghurt on the gut 

microbiology and growth of piglets. Food Microbiol, 4: 83-85. 

Dalloul, R. A., Lillehoj, H. S., Shellem, T. A. and Doerr JA. 2003. Enhanced mucosal 
immunity against Eimeria acervulina in broilers fed a Lactobacillus-based 

probiotic. The Journal of Poultry Science, 82(l): 62-6. 

Davidson, P. M. 2001. Chap. 29. Chemical preservatives and natural antimicrobial 

compounds. In Food Microbiology-Fundamentals and Frontiers. 2nd ed (pp. 

593-627 ). American Society for Microbiology. 

Dawson, R. M. C., Elliot D. C., William H. E. and Jones K. M. 1989. Data for Biochemical 

Research. 3rd edn. Oxford: Clarendon Press. 

Denyer, S. P., and G. S. A. B. Stewart. 1998. Mechanisms of action of disinfectants. 

International Biodeterioration and Biodegradation. 41: 261-268. 

Dickson, 3. S. 1992. Acetic acid action on beef tissue surfaces contaminated with 

Salmonella typhimurium. Journal of Food Science, 57: 297. 

32 



Dharmani, P., Srivastava V, Kissoon-Singh V, and Chadee K. 2008. Role of Intestinal 

mucins in Innate host defense mechanisms against pathogens. Journal of Innate 

Immunity, 8: 123-135. 

Dierick, N. A. 1989. Biotechnology aids to improve feed and feed digestion: enzymes and 
fermentation. Archiv Fur Tierernahrung, 39(3): 241-61. 

Duke, G. E. 1977. In Physiology of Domestic Animals. 9th ed (pp. 313-320). Press Cornell 

University; Ithaca, NY, USA. 

Earnshaw, R. G. 1992. The antimicrobial action of lactic acid bacteria: natural food 

preservation systems. In: Wood B. J. B. (ed. ): The Lactic Acid Bacteria in Health 

and Disease. Chapman and Hall, London, UK,, 211-232. 

Eklund, T. 1983. The antimicrobial effect of dissociated and undissociated sorbic acid at 
different pH levels. Journal of Applied Bacteriology, 54: 383-389. 

Faleiro, M. L. 2011. The mode of antibacterial action of essential oils. In Science Against 

Microbial Pathogens: Communicating Current Research and Technological 

Advances 2; Mendez-Vilas, A., Ed.; Formatex. " Badajoz, Spain, 1143-1156. 

Fanelli, M. J., Sadler, W. W., Franti, C. E. and Bronwell 1971. Localization of Salmonellae 

within the intestinal tract of chickens. Avian Diseases, 15: 366-375. 

Fasina, Y. O., Hoerr, F. J., McKee, S. R. and Conner, D. E. 2010. Influence of Salmonella 

enterica serovar typhimurium infection on intestinal goblet cells and villous 

morphology in broiler chicks. Avian Disease, 54: 841-7. 

Forder, R. E., Nattrass, G. S., Geier, M. S., Hughes, R. J. and Hynd P. I. 2012. Quantitative 

analyses of genes associated with mucin synthesis of broiler chickens with 

induced necrotic enteritis.. The Journal of Poultry Science, 91: 1335-41. 

Furuse, M. and Okumura, ). 1994. Nutritional and physiological characteristics in germ- 

free chickens. Comp Biochem PhysiolA Physiol, 109: 547-56. 

Gabriel, I. L. M. and Mallet S. G, J. F. 2006. Microflora of the digestive tract: Critical factors 

and consequences for poultry. Worlds Poulty Science Journal, 62: 499-512. 

Gilbert, E. R., Williams, P. M., Ray, W. K., Li, H., Emmerson, D. A., Wong, E. A. and Webb 

KE. 2010. Proteomic evaluation of chicken brush-border membrane during the 

early posthatch period. Journal of Proteome Research, 9(9): 4628-39. 

33 



Gilbert, E. R., Williams, P. M., Ray, W. K., Li, H., Emmerson, D. A., Wong, E. A. and Webb 

KE. 2009. Proteomic evaluation of chicken brush-border membrane during the 

early posthatch period. Journal of Proteome Research. 

Glynn, M. K., Bopp, C., Dewitt, W. P., Dabney, Mokhtar, M. and F. J. Angulo. 1998. 

Emergence of multidrug-resistant Salmonella enterica serotype Typhimurium 

DT104 infections in the United States. The New England Journal of Medicine, 

338: 1333-1338. 

Guerra, N. P., Bernärdez, P. F., Mendez, J., Cachaldora, P. and Pastrana Castro L. 2007. 

Production of four potentially probiotic lactic acid bacteria and their evaluation as 
feed additives for weaned piglets. Animal Feed Science and Technology, 134(1- 

2): 89-107. 

Nitana H, S., A., Kurosawa, T., and Oikawa, S. 2004. Anticoccidial efficacy of medium- 

chain triglycerides (MCT) in calves. The Journal of Veterinary Medical Science 6, 

1583-1585. 

Hall, W. J., Legenhausen, D. H. and Macdonald, A. D 1949. Studies on fowl typhoid. Nature 

and dissemination. Poultry Science, 28,344-362. 

Hanczakowska E. 2017. The use of medium chain fatty acids in piglet feeding-a review 
Annals of Animal Sciencei, DOI: 10.1515/aoas-2016-0099. Accessed on 19 

December 2017 

Hansson, G. C., and Johansson, M. E. 2010. The inner of the two Muc2 mudn-dependent 

mucus layers in colon is devoid of bacteria. Gut Microbes, 1: 51-4. 

Himms-Hagen, J. 1984. Thermogenesis in brown adipose tissue as an energy buffer. 

Implications for obesity. New England Journal of Medicine., 311: 1549-1558. 

Horn, C. C., Ji, H. and Friedman M. I. 2004. Etomoxir, a fatty acid oxidation inhibitor, 

increases food intake and reduces hepatic energy status in rats. Physiology and 

Behavior., 81: 157-162. 

Horn, N. L., Donkin, S. S., Applegate, T. J. and Adeola 0.2009. Intestinal mucin dynamics: 

response of broiler chicks and white pekin ducklings to dietary threonine. Pou/ty 

Science, 88: 1906-1914. 

Hu, H-P. 1990. Aspects of poultry health in China. Worlds Pou/try Science Journal, 46, 

58-69. 

34 



Ideris, A. 1993. Poultry diseases in the Asia Pacific region. Proceedings Xth International 

Congress of World Veterinary Poultry Association, Sydney, 41-46. 

Isaacs, P. E. T., Ladas, S., Forgacs, I. C., Dowling, R. H., Ellam, S. V, Adrian, T. E., and 
Bloom, S. R. 1987. Comparison of effects of ingested mediumand long-chain 

triglyceride on gallbladder volume and release of cholecystokinin and other gut 

peptide. 

Jin, L. Z., Ho, Y. W., Abdullah, N. and Jalaludin, S. 2000. Digestive and bacterial enzyme 

activities in broilers fed diets supplemented with Lactobacillus cultures. Pou/ty 

Science., 79(6): 886-9. 

Kabir, S. M. L., Rahman, M. M., Rahman, M. B., Rahman, M. M. and Ahmed, S. U. 2004. The 

dynamics of probiotics on growth performance and immune response in broilers. 

International Journal of Poultry Science, 3: 361-364. 

Kau[, K. L., Kaul, L. P. and Shah, N. M. 1992. An outbreak of colibacillosis in chicks at an 

organized poultry farm under semi-arid zone of north Gujarat. Indian Veterinary 

Journal, 69: 373-374. 

Koutsolioutsou, A., E. A. Martins, D. G. White, S. B. Levy, and B. Demple. 2001. A soxRS- 

constitutive mutation contributing to antibiotic resistance in clinical isolate of 
Salmonella enterica (Serovar Typhimurium). Antimicrob. Agents Chemother., 

45: 38-43. 

Lensing, M., Van der Klis, J. D., Fabri, T., Cazemier, A. and Else, A. J. 2010. Efficacy of 

a lactylate on production performance and intestinal health of broilers during a 

subclinical Clostridium perfringens infection PouityScience. 89 11: 2401-2409. 

Levy, S. B., Fitzgerald, G. B. and Macone, A. B. 1976. Spread of antibiotic-resistant 

plasmids from chicken to chicken and from chicken to man. Nature, 260: 40-42. 

Leyton, ]., Drury, P. J. and Crawford, M. A. 1987. Differential oxidation of saturated and 

unsaturated fatty acids in vivo in the rat. British Journal of Nutrition., 57: 383- 

393. 

Lim ket kai, B, N., and Zucker, S. D. 2008. Hyperammonemic encephalopathy caused by 

carnitine deficiency. Journal of General Internal Medicine, 23(2), 210-213. 

35 



Jin, L. Z, Ho, Y. W., Abdullah, N., Jalaludin, S. 1998. Growth performance, intestinal 

microbial populations, and serum cholesterol of broilers fed diets containing 
Lactobacillus cultures. PouityScience, 77(9): 1259-65. 

Magni, P., Dozio, E., Ruscica, M., Celotti, and F., Masin Magni, P., Dozio, E., Ruscica, M., 

Celotti, F., Masini, M. A., Prato, P., Broccoli, M., Mambro, A., More, M. and Strollo, 

F. 2009. Feeding behavior in mammals including humans. Annals of The New 

York Academy of Sciences., 1163: 221-232. 

Marteau, P., Pochart, P., Bouhnik, Y. and Rambaud, I. C. 1993. The fate and effects of 

transiting, nonpathogenic microorganisms in the human intestine. World Review 

of Nutrition and Dietetics, 74: 1-21. 

Marteau, P., Rambaud, I. C. 1993. Potential of using lactic acid bacteria for therapy and 

immunomodulation in man. FEMS Microbiology Reviews, 12(1-3): 207-20. 

Mohd Syauqi N., Mohd Zaffrie M. A., and Hasnul, H. I. 2015. Retrieved from Economic 

and Social Science Research Centre. 

http: //ap. fftc. agnet. org/ap_db. php? id=532&print=l Accessed on (2017., 

November 3) 

Monnet, D. L. 1999. European recommendations to respond to the threat of 

antimicrobial-resistant microorganisms. American Society for Microbiology. News, 

65: 390-391. 

M Muir, W. I.; Bryden, W. L. and Husband, A. J. 2000. Immunity, vaccination and the avian 

intestinal tract. Developmental and Comparative Immunology., 24,325-342. 

Neu, H. C. 1992. The crisis in antibiotic resistance. Science, 257: 1064-1073. 

Nurmi, E. and Rantala, M. 1973. New aspects of Salmonella infection in broiler 

production. Nature. 241(5386): 210-1. 

O'Dea E. E., Fasenko G. M., Allison G. E., Korver D. R., Tannock G. W. and Guan, L. L. 2009. 

Investigating the effects of commercial probiotics on broiler chick quality and 

production efficiency. Pou/try Science. 2006; 85: 1855-1863 

Oliveira, A. N., R. M. Prado, C. A. Fugita, P. P. Rotta and N. E. de Souza. 2009. Chemical 

composition, fatty acid profile and CLA levels in the Longissimus muscle of Caracu 

and Caracu vs Charolais cattle. SEMINA: CIENCIAS AGRARIAS RG Impact and 

Description, 30: 727-236. 

36 



Ooyama, K., Kojima, K., Aoyama, T. and Takeuchi, H. 2009. Decrease of food intake in 

rats afer ingestion of mediumchain triacylglycerol. Journal of Nutritional Science 

and Vitaminology, 55: 423-427. 

Panda, B. 1989. Structure and problems of the poultry industry in Southern Asia. World's 
Poultry Science Journal. 45,66-71. 

Price, K. L., Lin, X., Van Heugten, E., Odle, R., Willis, G. and Odle, 12013. Diet physical 
form, fatty acid chain length, and emulsification alter fat utilization and growth 
of newly weaned pigs. Journal of Animal Science, 99: 783-792. 

Revolledo, L., Ferreira, AJ. P and Mead, G. 2006. Prospects in Salmonella control: 

competitive exclusion, probiotics, and enhancement of avian intestinal immunity. 

Journal of Applied Poultry Research, 15: 341-351. 

Russell, 1. B. 1992. Another explanation for the toxicity of fermentation acids at low pH: 
Anion accumulation versus uncoupling. JournaiofAppliedMicrobioiogy, 73: 363- 

370. 

Salminen S, D. M. 1998. The Lactic Acid Bacteria. Microbiology abd Functional Aspects., 

211-253. 

Salminen, S., Deighton M. A., Benno, Y., and Gorbach, S. L. 1998. Lactic acid bacteria in 

health and diseas.. In The Lactic Acid Bacteria: Microbiology and Functional 

Aspects. 2nd edition. New York, NY, USA: Marcel Dekke. 

Salmond, C. V., R. G. Kroll, and I. R. Booth. 1984.1984. The effect of food preservatives 

on pH homeostasis in Escherichia coli. Journal of General Microbiology, 

130: 2845-2850. 

Santos, S. d., Donoghue, A. M., Venkitanarayanan, K., and Dirain, M. L., Reye. 2008. 

Caprylic acid supplemented in feed reduces enteric Campylobacter jejuni 

colonization in ten-day-old broiler chickens. PouityScience. 

Sato, H., Nitana A., Kurosawa, T. and Oikawa, S. 2004. Anticoccidial efficacy of medium- 

chain triglycerides (MCI) in calves. Journal of Veterinary Medical Science 

66(12), 1583-1585. 

Shah, N. D., and Lim ket kai, B. N. 2017. The Use of Medium-Chain Triglycerides in 

Gastrointestinal Disorders. Practical Gastroenterology, 21. 

37 



Simitzis, P. E. and Deligeorgis, S. G. 2011. he effects of natural antioxidants dietary 

supplementation on the properties of farm animal products. In Animal Feed: 
Types, Nutrition, Safety;. Nova Science Publishers, Inc.: New York, NY, USA,, 

155-168 218: 728. 

Sissons, J. W. 1989. Potential of probiotic organisms to prevent diarrhea and promote 
digestion in farm animals:. A review. Journal of the Science of Food and 
Agriculture, 49: 1-13. 

Smirnov, A., Perez, R., Amit-Romach E., Sklan, D., and Uni, Z. 2005. Mucin dynamics 

and microbial populations in chicken small intestine are changed by dietary 

probiotic and antibiotic growth promoter supplementation. Journal of Nutrition, 

135(2): 187-92. 

Smith, H. W. 1968. Anti-microbial drugs in animal feeds. Nature. 

Solis de Los Santos, S., Donoghue AM, , Venkitanarayanan K, , Dirain ML, and Reyes. 

2008. Caprylic acid supplemented in feed reduces enteric Campylobacter jejuni 

colonization in ten-day-old broiler chickens. PouityScience, 87(4): 800-4. 

Symersky, T., Vu, M. K., Frölich, M., Biemond, I., and Masclee, A. A. M. 2002. The effect 

of equicaloric medium-chain and long-chain triglycerides on pancreas enzyme 

secretion. Clinical Physiology and Functional Imaging, 22(5), 307-311. 

Tapsir, S., Mokhdzir, L., Nor Rahim, S., and 3. N. 2011. Retrieved from Issues and impact 

of broiler contract farming production in Peninsular Malaysia. Economic and 
Technology Management Review, 6. MARDI.: 

http: //ap. fftc. agnet. org/ap_db. php? id=532&print=l Acessed on : November 3 

2017) 

Thanh, N. T., Loh, T. C., Foo, H. L., Hair-bejo M., and Azhar, B. K. 2009. Effects of feeding 

metabolite combinations produced by Lactobacillus plantarum on growth 

performance, faecal microbial population, small intestine villus height and faecal 

volatile fatty acids in broilers. British Poultry Science., 50(3): 298-306. 

Uni, Z., Noy, Y., and Sklan, D. 1999. Posthatch development of small intestinal function 

in the poult. PouityScience., 78(2): 215-22. 

38 



Vila, B., Fontgibell, A., Badiola, I., Esteve-Garcia, E., and Jimenez. 2010. Reduction of 

Salmonella enterica var. Enteritidis colonization and invasion by Bacillus cereus 

var. toyoi inclusion in poultry feeds. PoultyScience, 89(1): 58-67. 

Yoon, C., Na, C. S., Park, J. H., Han, S. K, Nam, Y. M., and Kwon, J. T. 2004. Effect of 

feeding multiple probiotics on performance and fecal noxious gas emission in 

broiler chicks. Korean Journal of Poultry Science., 3: 229-235. 

39 


