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A feed production trial was conducted to study the effect of synthetic emulsifier and
natural biosurfactant on feed process and quality of pelletized broiler feed. A corn-soy
based broiler diet was formulated with fixed ratio 2:1 of oil-to-water with two types of
emulsifiers, namely glyceryl polyethylene glycol ricinoleate synthetic emulsifier, and
lysophosphatidylcholine natural biosurfactant. T1: Basal diet with no water and no
emulsifier; T2: Basal diet with water and no emulsifier; T3: Basal diet with water and
synthetic emulsifier glyceryl polyethylene glycol ricinoleate, which has been dispersed
into an oil phase before added with water, pre-blended at 60 °C for 3 minutes to form a
water-in-oil (w/o) emulsion; T4: Basal diet with water and a natural biosurfactant
lysophosphatidylcholine as comparative treatment. The treatment diets were
manufactured by a commercial feed mill. The electricity cost and meal temperature were
measured during the process of milling. Composite samples were collected from
different processed points, tested for physical properties, chemical stability and
biostability of pelletized feed. Pellet quality of emulsifier supplemented diets was
significantly (P<0.05) improved in crumble and pellet intact form. Correlation between
emulsifier and pelletize processed cost was not observed in this present study. No
deteriorate effect was observed in hydrolytic rancidity (AV), oxidation rancidity (PV),
mold count, moisture content, water activity and water retention rate. However,
percentage of starch gelatinization on pelletized feed was significantly (P<0.0001)
improved in both types of emulsifier treated diets. These results demonstrated that the
addition of emulsifier to broiler diet improved pellet quality to some extent although no
significant difference between synthetic emulsifier and natural biosurfactant was
observed.

In the second experiment, a randomized complete block design study with 2x3 factorial
arrangements was conducted to evaluate the response of exogenous emulsifier on broiler



performance, relative organ weight and fat digestibility. A corn-soy based broiler diet
was formulated with fixed ratio 2:1 of oil-to-water, supplemented with glyceryl
polyethylene  glycol ricinoleate  (GPGR) synthetic ~ emulsifier  and
lysophosphatidylcholine (LPC) natural biosurfactant. A total of 1,800 one-day-old Cobb
500 male broilers with nine treatments diet were adapted. T1: Basal diet with
metabolizable energy (ME) 3,000 kcal/kg in starter (S) and 3,100 kcal/kg in grower (G);
T2: Basal diet with ME 2,900 kcal/kg (S) and 3,000 kcal/kg (G); T3: Basal diet with ME
2,800 kcal/kg (S) and 2,900 kcal/kg (G); T4, T5 and T6 consisted of T1, T2 and T3
supplemented with GPGR; T7, T8 and T9 consisted of T1, T2 and T3 supplemented with
LPC. The study was conducted 14 days for starter and 35 days for grower phase. The
results of the experiment demonstrated that the effect of emulsifier on broiler
performance was dependent on the ME level used in the diet formulations and ages of
the bird. Emulsifier improved (P<0.05) FCR in starter phase at higher ME level, but was
not significantly (P>0.05) improved at lower ME levels of diets. Correlation between
emulsifier and low ME diet in FCR was not observed in this present study. AME and fat
digestibility at all levels of ME were higher (P<0.05) in birds fed with emulsified diets.
However, compensation effect to recover the energy value to control level was not found.
Significant reduction (P<0.05) in liver fat, abdominal fat and digesta fat was observed in
birds which consumed emulsified grower diets. However, no significant difference
between synthetic emulsifier and natural biosurfactant was observed.
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Satu kajian pengeluaran makanan ayam telah dijalankan untuk menyelidiki kesan
pengemulsian sintetik dan biosurfaktan semula jadi pada pemprosesan makanan dan
kualiti makanan ayam pedaging yang dipeletkan. Diet asas jagung-kacang soya ayam
pedaging telah diformulasi dengan nisbah tetap 2:1, iaitu minyak-kepada-air dengan
penggunaan dua jenis pengemulsi: gliserin polietilena glikol risinoleat pengemulsi
sintetik dan lisofosfatidikolin biosurfaktan semula jadi. T1: Diet asas tanpa air dan tanpa
pengemulsi; T2: Diet asas berair dan tanpa pengemulsi; T3: Diet asas berair dan
pengemulsi sintetik gliserin polietilena glikol risinoleat, yang telah ditukarkan kepada
fasa minyak sebelum ditambah dengan air, pra-campuran pada 60°C selama 3 minit bagi
pembentukan emulsi air-dalam-minyak (w/0); T4: Diet asas berair dan biosurfaktan
semula jadi lisofosfatidikolin digunakan untuk perbandingan rawatan. Kesemua rawatan
diet telah dihasilkan oleh sebuah kilang pengeluaran makanan ternakan komercial. Kos
elektrik dan suhu proses hasilan makanan juga diukur semasa pemprosesan di kilang.
Komposit sampel telah diambil dari titik pemprosesan yang berbeza, untuk ujian sifat-
sifat fizik, kestabilan kimia dan biostabiliti makanan yang dipeletkan. Kualiti pelet
menunjukkan penambahbaikan yang signifikan (P<0.05) pada ‘crumble’ dan pelet yang
ditambah pengemulsi. Korelasi antara pengemulsi dan kos penghasilan pelet tidak dilihat
dalam kajian ini. Tiada kesan kemerosotan diperhatikan dari segi ketengikan hidrolitik
(AV), ketengikan pengoksidaan (PV), kiraan kulapuk, kandungan lembapan, aktiviti air
dan kadar retensi air. Walau bagaimanapun, peratusan penggelatinan kanji pada
makanan yang dipeletkan menunjukkan peningkatan yang signifikan (P<0.0001) pada
makanan yang dirawat dengan kedua-dua jenis pengemulsi tersebut. Keputusan ini
menunjukkan bahawa penambahan pengemulsi kepada makanan ayam pedaging akan
menambahbaik kualiti pelet pada suatu tahap tertentu walaupun tiada perbezaan yang
signifikan didapati di antara pengemulsi sintetik dan biosurfaktan semula jadi.



Dalam kajian kedua, satu kajian rawak lengkap telah dijalankan dengan susunan
faktorial 2x3 untuk menilai tindakbalas luaran emulsi terhadap prestasi ayam pedaging,
berat organ relatif dan nilai cerna lemak. Diet ayam pedaging berasaskan jagung-soya
telah diformulasi pada nisbah yang tetap, 2:1 iaitu minyak-kepada-air, ditambah dengan
gliserin polietilena glikoli risinoleat (GPGR) emulsi sintetik dan lisofosfatidikolin (LPC)
biosurfaktan semula jadi. Sejumlah 1,800 ekor anak ayam pedaging Cobb 500 jantan
berumur sehari digunakan pada sembilan jenis rawatan diet iaitu T1: Diet basal dengan
tenaga metabolisme (ME) 3,000 kcal/kg di peringkat pemula (S) dan 3,100 kcal/kg di
peringkat pertumbuhan (G); T2: Diet basal dengan 2,900 kcal/kg (S) dan 3,000 kcal/kg
(G); T3: Diet basal dengan ME 2,800 kcal/kg (S) dan 2,900 kcal/kg (G); T4, T5 dan T6
terdiri daripada T1, T2 dan T3 yang ditambah dengan GPGR; T7, T8 dan T9 terdiri
daripada T1, T2 dan T3 yang ditambah dengan LPC. Kajian ini telah dijalankan selama
14 hari semua fasa pemula dan 35 hari semua fasa pertumbuhan. Hasil kajian
menunjukkan kesan emulsi terhadap prestasi ayam pedaging bergantung kepada aras ME
yang diformulasi pada diet dan umur ayam tersebut. Emulsi meningkatkan (P<0.05)
kadat pertukaran makanan (FCR) dengan berkesan pada fasa pemula pada aras ME yang
tinggi, tetapi tidak memberi kesan nyata (P>0.05) pada aras ME yang rendah. Korelasi
antara emulsi dan ME yang rendah di dalam diet pada FCR tidak dilihat dalam kajian
ini. AME dan nilai cerna lemak pada semua aras ME adalah tinggi (P<0.05) pada ayam
yang diberi makanan beremulsi. Walau bagaimanapun, kesan untuk mengimbangi
sejumlah tenaga pada aras kawalan tidak dilihat. Penurunan didapati sangat nyata
(P<0.05) pada lemak di hati, lemak abdomen dan lemak digesta pada ayam yang
mengambil makanan yang mengandungi emulsi pada fasa pertumbuhan. Walau
bagaimanapun, tiada perbezaan yang signifikan di antara emulsi sintetik dan
biosurfaktan semula jadi.
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CHAPTER 1

INTRODUCTION

Poultry diets formulated in Malaysia are mainly corn-soy diet with minor inclusion of
animal-by-products or plant-by-products, with a supplement of oil and fat as dietary
energy. Among the dietary ingredients, a large proportion of cost is devoted to energy
and protein. In order to maximize the profitability in least cost formulation, it is common
to include cheap energy sources while maintaining optimum nutrient availability in the
diet. However, inclusion of high fat or oil in the feed formulation may have a negative
impact in feed processing (Attawong et al., 2014). The effect of formulation on
processing, especially pelleting might be overlooked by most of the nutritionists. They
may focus in preserving feed formulation with a profitable margin, and do not consider
much of the loss in pellet quality in order to have some extent of ingredient cost
reduction. As a pellet becomes reduced in quality, it is prone to break into pieces when
it is passed through handling systems (Fairfield, 1994).

They are many feeding management methods that are utilized to improve the quality of
pellet feed. Besides the art of pelleting, feed formulation may include pellet binders to
aid in keeping the pellet cohesive. Some nutritionists even include wheat grain in the
diet to improve pellet binding ability (Winowiski, 1988; Skoch et al., 1983). Adding
water has been tried by many feed manufacturer as part of the feed formulation program
to improve pellet quality. However, incompatibility between water and oil become a big
challenge in feed manufacturing. The concept of emulsification was introduced as an
innovative solution to overcome the related issue (Anonymous, 2012; Ziggers, 2012).

A series of commercial available emulsifiers have shown positive response in industrial
feeding. It improves feed mill efficiency and focus on product quality through the
emulsion effect at conditioner (Van der Heijden and de Haan, 2010). Depending on the
types of emulsion, some emulsifiers are used to maximize the efficiency in feed process;
some can even extend their functionality up to the gastrointestinal tract, enhance lipid
digestibility and improve animal growth performance (Guerreiro Neto et al., 2011;
Maertens et al., 2011). However, a parallel comparison between different types of
emulsifier, exhibit the activity of a solely product throughout the whole chain of poultry
industries, from feed manufacturing to farm animal performance have not being
conducted. Thus, the general objective of this study was to identify the effectiveness of
emulsifier in feed process, feed quality and growth performance of broiler chickens. The
research project was conducted with specific objectives to determine,

1. the effect of emulsifier on feed process and energy saving in milling process.

the effect of emulsifier on quality of pelletized feed.

3. the effect of emulsifier on growth performance, relative organ weight and fat
digestibility of broiler chicken.

n



The hypotheses of this project were:

1. Miscible of water and oil is possible in feed production with emulsion process.

2. Better feed palatability with emulsifier can be achieved by improving pelletized
feed quality.

3. Exogenous emulsifier can enhance the utilization of dietary fat in broiler diet.



REFERENCES

Aarseth, K.A. (2004). Attrition of feed pellets during pneumatic conveying, the
influence of velocity and bend radius. Biosystems Engineering. 89:197-213.

Adam C.F. (2012). Evaluation factors affecting pellet durability and energy consumption
in a pilot feed mill and comparing methods for evaluation pellet durability. Kansas
State University.

Ahmadi-Abhari, S., Woortman, A.J.J., Hamer, R.J., Oudhuis, A.A.C.M. and Loos, K.
(2013). Influence of lysophosphatidylcholine on the gelation of diluted wheat starch
suspensions. Carbohydrate Polymers. 93:224-231.

Al-Marzoogi, W. and Leeson, S. (1999). Evaluation of dietary supplements of lipase,
detergent, and crude porcine pancreas on fat utilization by young broiler
chicks. Poultry Science. 78(11):1561-1566.

Ali, T.M. and Hasnain, A. (2013). Effect of emulsifiers on complexation and
retrogradation characteristics of native and chemically modified white sorghum
(sorghum bicolor) starch. Thermochimica Acta. 552:46-53.

Allred, J.B., Fry, R.E., Jensen, L.S. and McGinnis, J. (1957). Studies with chicks on
improvement in nutritive value of feed ingredients by pelleting. Poultry Science.
36:1284-1289.

Amerah, A. M., Ravindran, V., Lentle, R.G. and Thomas, D.G. (2008). Influence of feed
particle size on the performance, energy utilization, digestive tract development, and
digesta parameters of broiler starter fed wheat- and corn-based diets. Poultry
Science. 87:2320-2328.

Anonymous. (2012). Bio emulsification of fat oil improves feed processing proficiency.
Poultry Technology. July 2012.

AOAC Official Method 930.15. (2011). Loss of drying (moisture) for feeds (at 135 °C
for 2 hours). Dry matter on oven drying for feeds (at 135 °C for 2 hours).

AOAC Official Method 2001.11. (2005). Protein (crude) in animal feed, forage (plant
tissue), grain, and oilseeds. Block digestion method using copper catalyst and steam
distillation into boric acid.

AOAC Official Method 2002.11. (2005). Detection and quantification of yeast and
mold-color indicator (Y&M-CI) method.

AOAC Official Method 2003.06. (2006). Crude fat in feeds, cereal grains, and forages.
Randall/Soxtec/Hexanes Extraction-submersion method.

AOCS, Cd 3a-63. (1999). Official Methods and Recommended Practices of the
American Oil Chemists’ Society, 3"Edition.

68



AOCS, Cd 8-53. (1999). Official Methods and Recommended Practices of the American
Oil Chemists' Society, 3" Edition.

AqualLab Water Activity Meter, Decagon Devices, Inc. Forth revised and extended
edition of food chemistry.

ASAE S269.4. (1998). American Society of Agricultural Engineers Standards. Cubes,
Pellets, and Crumbles-Definitions and Methods for Determining Density,
Durability, and Moisture Content.

Attawong, S., Fahrenholz, A.C. and Brake, J. (2014). The effect of dietary corn particle
size and post-pellet liquid fat application on broiler live performance. Poultry
Science, 93 (E-suppl. 1):26. Presented at PSA Annual Meeting, Corpus Christi, TX.

Atteh, J.O. and Leeson, S. (1984). Effects of dietary saturated and unsaturated fatty acids
and calcium levels on performance and mineral metabolism of broiler chicks.
Poultry Science. 63:2250-2260.

Augur, H.S., Rollman, A.S. and Deuel, H.J. (1974). The effect of crude lecithin on the
coefficient of digestibility and the rate of absorption of fat. Journal of Nutrition.
33:177-186.

Azizi, M.H. and Rau, V.G. (2005). Effect of Surfactant in Pasting Characteristics of
Various Starches. Food Hydrocolloids. 19(4):739-743.

Banks, W. and Muir, D.D. (1980). Structure and chemistry of the starch granule. The
biochemistry of plants. Anonymous. Academic Press.3:321-370.

Bayler, H.S. and Lewis, D. (1963). The effect of a non-ionic surface agent on the
digestibility of triglycerides and free fatty acids in the pig. Proceedings of the
Nutrition Society. 22:32-35.

BBC-GCSE Bitesize: Emulsifiers and Mayonnaise. (2011). Retrieved from the BBC-
GCSE Bitesize website:
http://www.bbc.co.uk/schools/gcsebitesize/science/edexcel
pre_2011/designerproducts/foodanddrinkrev4.shtml

Becher, P. (2001). Emulsion: Theory and Practice, 3rd edition. Washington: American
Chemical society.

Behnke, K. C. (2001). Factors influencing pellet quality. Feed Technology. 5:19-22.

Bell, L.N. and Labuza, T.P. (2000). Practical Aspects of Moisture Sorption Isotherm
Measurement and Use. 2nd Edition AACC Eagan Press, Eagan, MN.

Bergenstahl, B. and Claesson, P. M. (1990). In Food Emulsions (eds. K. Larsson, D.
Friberg), Marcel Dekker, New York.

Biladieris, C.G. (1992). Structure and phase transitions of starch in food systems. Food
Technology. 46:98-108.

69


http://www.bbc.co.uk/schools/gcsebitesize/science/edexcel_%20pre_2011/designerproducts/foodanddrinkrev4.shtml
http://www.bbc.co.uk/schools/gcsebitesize/science/edexcel_%20pre_2011/designerproducts/foodanddrinkrev4.shtml

Brill Feed Formulation™ System. (2005). Feed Management Systems, Inc. Brilliant
Alternatives.

Bryden, W.L., Li, X., Ravindran, G., Hew, L.I. and Ravindran, V. (2009). lleal digestible
amino acid values in feedstuffs for poultry. Rural industries research and
development corporation, Canberra, Australia. pp 76.

Buchanan, N.P., Lilly, K.G.S., Gehring, C.K. and Moritz. J.S. (2010). The effects of
altering diet formulation and manufacturing technique on pellet quality. Journal of
Applied Poultry Research. 19:112-120.

Carew Jr, L.B., Machemer Jr, R.H., Sharp, R.W. and Foss, D.C. (1972). Fat absorption
by very young chick. Poultry Science. 51(3):738-742.

Carrera, J. (1978). Extrusion cooking of wheat starch: Effects of pH and emulsifier.
M.Sc. Thesis. Kansas State University: Manthattan, USA.

Cavalcanti, W.B. and Behnke, K.C. (2005). Effect of Composition of Feed Model
Systems. On Pellet Quality. Cereal Chemistry. 82(4):462-467.

Cerrate, S. and Waldroup, P. (2010). Maximum profit feed formulation. Interaction
between energy content and feed form. International Journal Poultry Science. 9:641-
647.

Chadd, S.A., Davies W.P. and Koivisto, J.M. (2004). Practical production of protein for
food animals. In protein sources for the animal feed industry. Proceedings of the
expert consultation and workshop, Bangkok, 29 April-3 May 2002. pp 77-123.

Chewning, C.G., Stark, C.R. and Brake J. (2012). Effects of particle size and feed form
on broiler performance. Journal of Applied Poultry Research. 21:830-837.

Chiba, L.I. (2014). Animal Nutrition Handbook. Poultry Nutrition and Feeding.12:410-
425,

Cho, J.H., Zhao, P.Y. and Kim, I.H. (2012). Effects of emulsifier and multi-enzyme in
different energy density diet on growth performance, blood profiles and relative
organ weight in broiler chickens. Journal of Agricultural Science. 4(10):1916-9760.

Christie, W. W. (2014). Phosphatidylcholine and related lipids: structure, occurrence,
biochemistry and analysis. James Hutton Institute (and Mylnefield Lipid Analysis),
Invergowrie, Dundee (DD25DA), Scotland. AOCS Lipid Library.

Collison, R. and Chilton, W.G. (1974). Starch gelatinization as a function of water
content. Journal of Food Technology. 9:309-315.

Cooksley, J. (Ed.). (2012). Surfactant boosts mill productivity and efficiency.
AllAboutFeed, Vol 1, August 6, 2012.

70



Coppen, P.P. (1994). The use of antioxidants. Rancidity in Foods. 3rd edition. Chapman
and Hall, London, UK. pp 84-103.

CPM California Pellet Mill, Animal feed pelleting application. The Pelleting Process. pp
1-33.

Crespo, N. and Esteve-Garcia, E. (2001). Dietary fatty acid profile modifies abdominal
fat deposition in broiler chicken. Poultry Science. 80:71-78.

Cutlip, S.E., Hott, J.M., Buchanan, N.P. and Moritz, J.S. (2008). Effect of steam
conditioning practices on pellet quality and growing broiler nutritional value.
Journal of Applied Poultry Research. 17:249-261.

Dersjant-Li, Y.M. and Peisker, M. (2005). Soybean lecithin in animal nutrition: An
unmatched additive. Kraftfutter. 88:28-34.

Donald, A.M. (2001). Review. Plasticization and self-assembly in the starch granule.
Cereal Chemistry. 78:307-314.

Donaldson, W.E. (1985). Lipogenesis and body fat in chicks: Effects of calorie-protein
ratio and dietary fat. Poultry Science. 64(6):1199-1204.

Dozier, W.A. 11l. (2003). How well do you know your fat? The University of Georgia
College of Agriculture and Environmental Sciences. Popular Press Article.
Retrieved from website: http://www.cpes.peachnet.edu/poultry/oxidation.pdf.

Ekstrand, C., Carpenter, T.E., Andersson, I. and Algers, B. (1998). Prevalence and
control of foot-pad dermatitis in broilers in Sweden. British Poultry Science. 39:318-
324,

Eliasson, A.C. and Gudmundsson, M. (2006). Starch: Physicochemical and functional
aspects. Carbohydrates in Food. Elliasson. A. C. Ed. CRC Press. Florida. pp 391-
486.

Eskin, N.A.M. and Robinson, D.S. (2001). Food Shelf Life Stability. Chemical,
biochemical and microbiological changes, CRC Press LLC.

Fairchild, F. and Greer, D.(1999). Pelleting with precise mixer moisture control. Feed
International. pp 32-36.

Fairfield, D. (1994). Pelleting cost center. In: Feed Manufacturing Technology IV, R.
McEllhiney, ed., American Feed Industry Association. Arlington. pp 121-122.

Ferket, P. (2000). Feeding whole grains to poultry improves gut health. Feedstuffs.
72:12-24.

Ferket, P. (2001). Growth rate continues to climb. Poultry USA. Watt Publishing Co.
Mt. Morris, IL. pp 40-50.

Fontell, K. (1978). Progress in the Chemistry of Fats and Other Lipids. 16:145-162.

71


http://www.cpes.peachnet.edu/poultry/oxidation.pdf

Froetschner, J.R. (2007). Micro-ingredient application and equipment: issues and
advances. Animal Feed Manufacturers’ Association. 16(2): 12-19.

Gibbs, P. and Gekas, V. (1999). Water activity and microbiological aspect of foods - a
knowledge base. Retrieved from website: http://www.nelfood.com.

Greenwood, M.W., Clark, P.M. and Beyer, R.S. (2004). Effect of feed fines level on
broilers fed two concentrations of dietary lysine from 14 to 30 days of age.
International Journal of Poultry Science. 3:446-449.

Griffin, W.C. (1978). In Kirk-Othmer Encyclopedia of Chemical technology. Vol 8
Wiley, New York.

Guerreiro Neto, A.C., Pezzato, A.C., Sartori, J.R., Mori, C., Cruz, V.C., Fascina, V.B.,
Pinheiro, D.F., Madeira, L.A. and Goncalvez, J.C. (2011). Emulsifier in broiler diets
containing different fat sources. Revista Brasileira de Ciéncia Avicola. 13(2):119-
125.

Gurr, M.I. and James, A.T. (1971). Naturally occurring lipoproteins-'soluble types'. In:
Lipid biochemistry. pp 182-185. Cornell University Press, Ithaca, New York.

Gutteridge, J. M. C. and Halliwell, B. (2010). Antioxidants: Molecules, medicines, and
myths. Biochemical and Biophysical Research Communications. 393(4):561-564.

Han, X.Z. and Hamaker, B.R. (2001). Amylopectin fine structure and rice starch paste
breakdown. Journal of Cereal Science. 34:279-284.

Hasenhuettl, G.L. and Hartel R.W. (2008). Physicochemical aspects of an emulsifier
functionality. 2" ed.; Food emulsifiers and their applications. Springer: New York.
pp 173-193.

Hermansson, A. and Kidman, S. (1995). Starch - a phase-separated biopolymer system.
In: Harding, S.E., Hill, S.E., Mitchell, J.R. (Eds.), Biopolymer Mixtures. Nottingham
University Press, UD\K. pp 225-245.

Hermier, D. (1997). Lipoprotein metabolism and fattening in poultry. Journal of
Nutrition. 127:805-808.

Hoover, R. (1995). Starch retrogradation. Food Reviews International. 11:331-346.

Hoover, R. (1998). Starch lipid interactions. In: Walter, R.H. (Ed.). Polysaccharide
association structures in food, Marcel Dekker, New York. pp 227-256.

Hott, J.M., Buchanan, N.P., Cutlip, S.E. and Moritz, J.S.(2008). The effect of moisture
addition with a mold inhibitor on pellet quality, feed manufacture, and broiler
performance. Journal of Applied Poultry Research. 17:262-271.

Howling, D. (1980). The influence of the structure of starch on its rheological properties.

Food Chemistry. 6:51-61.

72


http://www.nelfood.com/

ISI, 28-1e (2002). Determination of Reducing Sugar, DE by Luff-Schoorl's method, LT
1/9 1970, Rev LT 22.01.2002.

ISO 9831:1998. (1998). Animal feeding stuffs, animal products, and faeces or urine-
Determination of gross calorific value- Bomb calorimeter method.

Jane, J. (2006). Current understanding on starch granule structures. Journal of Applied
Glycoscience. 53:205-213.

Jeason, S.E. and Kellog, T.F. (1992). Ontogeny of taurocholate accumulation in terminal
ileal mucosal cells of young chicks. Poultry Science.71:367-372.

Jiang, H., Horner, H. T., Pepper, T.M., Blanco, M., Campbell, M. and Jane, J. (2010).
Formation of elongated starch granules in high-amylose maize carbohydrate
polymers. 80:533-538.

Kassim, H. and Suwanpradit, S. (1996). The effect of energy levels on the carcass
composition of the broilers. Asian Journal of Animal Sciences. 9:331-335.

Kersten, J., Rohde, H.R. and Nef, E. (2005). Principles of mixed feed production:
components, processes, technology. Bergen/Dumme, Germany, Agrimedia.

Kidd, M.T., Corzo, A., Hill, S.M., Zumwalt, C.D., Robinson, E.H. and Dozier, W.A.
(2005). Growth and meat yield responses of broilers provided feed subjected to
extrusion cooking. Journal of Applied Poultry Research. 14:536-541.

Kotara, D. and Fuchs, B. (2001). The effect of gelatinization degree and source of starch
on the ileal and faecal digestibility of nutrients and growth performance of early-
weaned pigs. Journal of Animal Feed Science. 10(2):163-170.

Krogdhal A. (1985). Digestion and absorption of lipids in poultry. Journal of Nutrition.
115(5):675-685.

Krogdahl, A. and Sell, J. L. (1989). Influence of age on lipase, amylase, and protease
activities in pancreatic tissue and intestinal contents of young turkeys. Poultry
Science. 68:1561-1568.

Kussaibati, R., Guillaume, J. and Leclercq, B. (1982). The effects of age, dietary at the
bile salts and feeding ration apparent and true metabolized energy values in chickens.
British Poultry Science. 23:393-403.

Lagendiik, J. and Pennings, H. (1970). Relation between complex formation of starch
with monoglycerides and the firmness of bread. Cereal Science. 15:354-65.

Langmuir, L.T. (2002). Lecithin. In: Arthur, T. Hubbard (Ed.), Encyclopedia of Surface
and Colloid Science, Marcel Dekker Inc., New York, USA. 3:2997-3006.

Latshaw, J. D. (2008). Daily energy intake of broiler chickens is altered by proximate
nutrient content and form of the diet. Poultry Science. 87:89-95.

73



Le Bail, P., Bizot, H., Ollivon, M., Keller, G., Bourgaux, C. and Bule'on, A. (1999).
Monitoring the crystallization of amylose-lipid complexes during maize starch
melting by synchrotron X-ray diffraction. Biopolymers. 50:99-110.

Leeson, S. and Atteh, J.O. (1995). Utilization of fats and fatty acids by turkey poults.
Poultry Science. 74:2003-2010.

Leloup, V. M., Colonna, P., Ring, S. G., Roberts, K. and Wells, B. (1992).
Microstructure of amylose gels. Carbohydrate polymers. 18(3):189-197.

Lund, D. (1984). Influence of time, temperature, moisture, ingredients, and processing
conditions on starch gelatinization. CFRC Critical Review in Food Sciences and
Nutrition, 20: 249-273.

Maertens, L., Segers, L., Rovers, M., van der Aa, A. and Leleu. S. (2011). The effect of
different emulsifiers on fat and energy digestibility in broilers. Institute for
Agricultural and Fisheries Research, Animal Sciences Unit.

McKinney, L.J. and Teeter, R.G. (2004). Predicting effective caloric value of non-
nutritive factors. Poultry Science.83:1165-1174.

Melegy, T., Khaled, N.F., EI-Bana, R. and Abdellatif, H. (2010). Dietary fortification of
a natural biosurfactant, lysolecithin in broiler. African Journal of Agricultural
Research. 5:2886-2892.

Moran Jr., E.T. (1982). Starch digestion in fowl. Poultry Science. 61:1257-1267.

Moritz, J.S., Beyer, R.S., Wilson, K.J., Cramer, K.R., McKinney, L.J. and Fairchild, F.J.
(2001). Effect of moisture addition at the mixer to a corn-soybean based diet on
broiler performance. Journal of Applied Poultry Research. 10:347-353.

Moritz, J.S., Cramer, K.R., Wilson, K.J. and Beyer, R.S. (2003). Effect of feed rations
with graded levels of added moisture formulated to different energy densities on
feed manufacturing, pellet quality, performance and energy metabolism of broilers
during the growing period. Journal of Applied Poultry Research. 12:371-381.

Moritz, J.S., Wilson, K.J., Cramer, K.R., Beyer, R.S., McKinney, L.J., Cavalcanti, W.B.
and Mo, X. (2002). Effect of formulation density, moisture and surfactant on feed
manufacturing, pellet quality and broiler performance. Journal of Applied Poultry
Research. 11:155-163.

Newman, R. E., Bryden, W.L., Fleck, E., Ashes, J.R., Buttemer, W.A., Storlien, L.H.
and Downing, J.A. (2002). Dietary n-3 and n-6 fatty acids alter avian metabolism:
molecular-species composition of breast-muscle phospholipids. British Journal of
Nutrition. 88:19-28.

Noy, Y. and Sklan, D. (1995).Digestion and absorption in young chick. Poultry Science.
74:366-373.

74



Nuessli, J., Handschin, S., Conde-Petit, B. and Escher, F. (2000). Rheology and structure
of amylopectin potato starch dispersions without and with emulsifier addition.
Starke. 52(1):22-27.

OlKkku, T. and Rha, C. (1978). Gelatinization of Starch and Wheat Flour a Review. Food
Chemistry. 3:293-317

Pan, D.D. and Jane, J.L. (2000). Internal structure of normal maize starch granules
revealed by chemical surface gelatinization. Bio-macromolecules. 1:126-132.

Payne, J., Rattink, W., Smith, T., Winowiski, T., Dearsledy, G. and Strem, L. (2001).
The Pelleting Handbook. Norway: Borregaard Lignotech.

Pearce, J. (1983). Fatty acid synthesis in liver and adipose tissue. Proceedings of the
Nutrition Society 2:263-271. doi:10.1079/PNS19830031.

Perry, F.G. (1995). Biotechnology in animal feeds and animal feeding: an overview.
Edited by R.J. Wallace and A. Chesson. Rowett Research Services.

Pesti, G.M. and Smith, C.F. (1984). The response of growing broiler chickens to dietary
protein, energy and added fat contents. British Poultry Science. 25:127-128.

Pettigrew, J.E. and Moser, R.L. (1991). Fat in swine nutrition. In Miller, E.R., Ullrey,
D.E. and Lewis, AJ. (Ed.). Swine nutrition. Butterworth-Heinemann, Reed
Publishing (USA) Inc. pp 133-146.

Pfost, H.B. (1964). The Effect of Lignin Binder, Die Thickness, and Temperature on the
Pelleting Process. Feedstuffs. 36(22):20.

Polin, D., Wing, T.L., Ki, P. and Pell, K.E. (1980). The effect of bile acids and lipase on
absorption of tallow in young chick. Poultry Science. 59:2738-2743.

Poorghasemi, M., Seidavi, A., Qotbi, A.A.A., Laudadio, V. and Tufarelli, V. (2013).
Influence of dietary fat source on growth performance response and carcass traits of
broiler chicks. Journal of Animal Science. 26(5):705-710.

Raastad, N. and Skrede, A. (2003). 14th European Symposium on Poultry Nutrition,
August 10-14, Lillehammer, Norway.

Rabie, M.H. and Szilagyi, M. (1998). Effects of L-carnitine supplementation of diets
differing in energy levels on performance, abdominal fat content, and yield and
composition of edible meat of broilers. British Journal of Nutrition. 80:391-400.

Ravindran, V. and Son, J.H. (2011). Feed enzyme technology: Present status and future
developments. Rec. Patents Food Nutrition and Agriculture. 3:102-109.

Richardson, G., Langton, M., Bark, A. and Hermansson, A.M. (2003). Wheat starch

gelatinization-the effect of sucrose, emulsifier and the physical state of emulsifier.
Starke. 55:150-161.

75



Richardson, G., Kidman, S., Langton, M. and Hermansson, A.M. (2004). Differences in
amylose aggregation and starch gel formation with emulsifiers. Carbohydrate
Polymers.58:7-13.

Rossell, J.B. (1994). Measurement of rancidity. Rancidity in Foods. 3rd edition.
Chapman and Hall, London, UK. pp 22-53.

Roy, A., Haldar, S., Mondal, S. and Ghosh, T.K. (2010).Effect of supplemental
exogenous emulsifier on performance, nutrient metabolism, and serum lipid profile
in broiler chickens. Veterinary Medicine International. Article ID 262604. doi:
10.4061/2010/262604.

Ryu, G. H. and Walker, C. E. (1994). Cell structure of wheat flour extrudates produced
with various emulsifiers. Lebensmitte-Wissenchaft und-Technologie. 27:432-441.

Sanz, M., Flores, A., Perez, D.E., Ayala, P. and Lopez-Bote, C.J. (1999). Higher lipid
accumulation in broilers fed on saturated fats than in those fed on unsaturated fats.
British Poultry Science. 40:95-101.

SAS, (2000). User guide statistics, SAS Institute Inc., Cary, NC.

Scheidler, S.E. (1991). Pelleting is important for broilers. In: Proc. of the Carolina
Poultry Nutrition Conference, Carolina Feed Industry Association, Sanford, NC.

Shahryar, H. A., Salamatdoustnobar, R., Lak, A. and Lotfi, A.R. (2011). Effect of dietary
supplemented canola oil and poultry fat on the performance and carcass
characterizes of broiler chickens. Journal of Biological Sciences. 3:388-392.

Short, F.J., Gorton, P., Wiseman, J. and Boorman, K.N. (1995). Determination of
titanium dioxide added as an inert marker in chicken digestibility studies. Animal
Feed Science and Technology. 59:215-221.

Shinoda, K. and Friberg, S. (1986). Emulsions and solubilization, Wiley, New York.

Skoch, E.R., Behnke, K.C., Deyoe, C.W. and Binder, F. (1981). The effect of steam
conditioning rate on the pelleting process. Animal Feed Science and Technology.
6:83.

Skoch, E.R., Binder, S.F., Deyoe, C.W., Allee, G.L. and Behnke, K.C. (1983). Effects
of steam pelleting conditions and extrusion cooking on a swine diet containing wheat
middling. Journal of Animal Science. 57:929-935.

Smith, A.M. (2001). The biosynthesis of starch granules. Biomacromolecules. 2:335-
341

Smulders, D. (2008). Nutritional emulsifiers make most of feed energy. Feed
International. May 2008.

76



Soares, M., and Lopez-Bote, C.J. (2002). Effects of dietary lecithin and fat unsaturation
on nutrient utilization in weaned piglets. Animal Feed Science and Technology.
95:169-177.

Stauffer, C.E. (1999). Emulsifiers, 1st edition. Eagan Press, St. Paul, MN.

Studipto, H. and Ghosh, T.K. (2010). Nutritional emulsifiers sustains performance of
broiler fed a low-energy diet - a new approach to alleviate tropical heat stress.
Retrieved from website: http://en.engormix.com/MA-poultry-
industry/health/articles/nutritional-emulsifiers-sustains-performance-t1505/p0.htm.

Sun, Z., Yang, W.l., Siebenmorgen, T., Stelwagen, A. and Cnossen, A. (2002).
Thermomechanical transitions of rice kernels. Cereal Chemistry. 79:349-353.

Svitius, B., Juvik, E., Hetland, H. and Krogdahl, A. (2004). Causes for improvement in
nutritive value of broiler chicken diets with whole wheat instead of ground wheat.
British Poultry Science. 45(1):55-60.

Tancharoenrat, P., Zefarian, F., Ravindran, G. and Ravindran, V. (2010). Energy
utilization of fats as influenced by the age of broilers. Journal of Agricultural and
Food Industrial. 3(2):244-248.

Tester, R.F., Karkalas, J. and Qi, X. (2004a). Starch structure and digestibility enzyme-
substrate relationship. World's Poultry Science. 60:186-195.

Tester, R.F., Karkalas, J. and Qi. X. (2004b). Starch-composition, fine structure and
architecture. Journal of Cereal Science. 39:151-165.

Thomas, D.J. and Atwell, W.A. (1999). Starches, St. Paul, Minnesota: Eagen Press.

Thomas, M. and van der Poel, A.F.B. (1996). Physical quality of pellet animal feed.
Criteria for pellet quality. Animal Feed and Science and Technology. 61:89-112.

Thomas, M., van Vliet, T. and van der Poel, A.F.B.(1998). Physical quality of pelleted
animal feed 3. Contribution of feedstuff components. Animal Feed Science and
Technology. 70:59-78.

Udomprasert, P. and Rukkwamsuk, T. (2006). Effect of an exogenous emulsifier on
growth performance in weanling pigs. Kasetsart Journal of Natural Science. 41:652-
656.

Van der Heijden, M. and de Haan, D. (2010). Optimising moisture while maintaining
feed quality. AllAboutFeed. 1(2):5124, October 29, 2010.

Vasanthakumari, B.L., Chandrasekar, K.V. and Ravindran, V. (2011). How
lysophosphoslipids improve the apparent metabolisable energy (AME) in broiler
diets. Retrieved September  15th, 2011. Retrieved from website:
http://mww.efeedlink.com/contents/04-07-2011/3d1d6cd9-cf44-466¢-8ec9-
défldfab6ecc.html.

77


http://en.engormix.com/MA-poultry-industry/health/articles/nutritional-emulsifiers-sustains-performance-t1505/p0.htm
http://en.engormix.com/MA-poultry-industry/health/articles/nutritional-emulsifiers-sustains-performance-t1505/p0.htm

Vieira, S.L., Kindlein, L., Stefanello, C., Simoes, C.T., Santiago, G.O. and Machado,
L.P. (2015). Energy utilization from various fat sources by broiler chickens at
different ages. International Journal of Poultry Science. 14(5):257-261.

Walker, T. (2011). What you need to know about using oils and fats in broiler feeds.
Poultry Feed Quality Conference, Bangkok, Thailand.

Wallace, R. J., Oleszek, W., Franz, C., Hahn, I., Baser, K.H.C., Mathe, A. and
Teichmann, K. (2010). Dietary plant bioactives for poultry health and productivity.
British Poultry Science. 51:446-487.

Walstra, P. (1983). In Encyclopedia of Emulsion Technology. (Ed. Becher, P.), Marcel
Dekker, New York. 1:57.

Waterman, R.A., Romsos, D.R., Tsai, A.C., Miller, E.R. and Leveille, G.A. (1975).
Influence of dietary safflower oil and tallow on growth, plasma lipids and
lipogenesis in rats, pigs and chicks. Proceedings of the Society for Experimental
Biology and Medicine. 150:347-351.

WHO/M/13.R4. (1999). World Health Organization Emulsion Stability Test
Specification. Revised 10, December 1999.

Windisch, W., Schedle, K., Plitzner, C. and Kroismayr, A. (2008). Use of phytogenic
products as feed additives for swine and poultry. Journal of Animal Science. 86:140-
148.

Winowiski, T. (1988). Wheat and pellet quality. Feed Management. 39:58-64.

Wiseman, J. (1984). Assessment of the digestible and metabolizable energy of fats for
non-ruminants. Fats in animal nutrition. Butterworths, London. pp 277-297.

Wiseman, J. (1990). Variability in the nutritive value of fats for non-ruminants. In:
Wiseman, J. (Ed.) Feedstuff Evaluation. Butterworths, London. pp 215-234.

Wiseman, J. (2006). High energy diets for poultry — effects of diet composition on
performance and carcass quality. In J. Wiseman & P.C. Garnsworthy, (Ed.). Recent
developments in non-ruminant nutrition. Nottingham, UK. Nottingham University
Press. pp 193-212.

Wiseman, J. and Blanch, A. (1994). The effect of free fatty acid content on the apparent
metabolizable energy content of coconut/palm kernel oil for broiler chickens aged 12
and 52 days. Animal Feed Science and Technology. 47:225-236.

Wiseman, J., Powles, J. and Salvador, F. (1998). Comparison between pigs and poultry
in the prediction of dietary energy value of fats. Animal Feed Science and
Technology. 71:1-9.

Wiseman, J. and Salvador, F. (1991). Influence of free fatty acid content and degree of

saturation on the apparent metabolizable energy value of fats fed to broilers. Poultry
Science. 70:573-582.

78



Wood, J.F. (1987). The functional properties of feed raw materials and their effect on
the production and quality of feed pellets. Animal Feed Science and Technology.
18:1-17.

Xu. Y., Stark, C.R., Ferket, P.R., Williams, C.M., Pacheco, W.J. and Brake. J. (2015).
Effect of dietary coarsely ground corn on broiler live performance, gastrointestinal
tract development, apparent ileal digestibility of energy and nitrogen, and digesta
particle size distribution and retention time. Poultry Science. 94:53-60.

Yalda, A.Y. and Forbes, J.M. (1996). Effects of food intake, soaking time, enzyme and
corn flour addition on the digestibility of the diet and performance of broilers given
wet food. British Poultry Science. 37:797-807.

Yamanaka, T., Ogihara, N., Ohhori, T., Hayashi, H. and Muramatsu, T. (1997). Surface
chemical properties of homologs and analogs of lysophosphatidylcholine and
lysophosphatidylethanolamine in water. Chemistry and Physics of Lipids. 90:97-
107.

Zhang, B., Li, H., Zhao, D., Guo, Y. and Barri, A. (2011). Effect of fat type and
lysophosphatidylcholine addition to broiler diets on performance, apparent
digestibility of fatty acids, and apparent metabolizable energy content. Animal Feed
Science and Technology. 163:177-184.

Ziggers, D. (2012). The better the pellet, the better the performance. AllAboutFeed.net,
February 1, 2012.

79



	EFFECTS OF EMULSIFIER ON FEED PROCESS, FEED QUALITY,GROWTH PERFORMANCE, RELATIVE ORGAN WEIGHT AND FATDIGESTIBILITY IN BROILER CHICKEN
	ABSTRACT
	TABLE OF CONTENTS
	CHAPTERS
	REFERENCES



