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Dietary Manipulation of Poultry to Develop Value-Added Functional Foods 

for Humans 

 

GITA CHERIAN 

 

INTRODUCTION 

Production or processing of a food or food product in a manner that enhances its nutritional 

value before it is offered to customers is called value-added food. Poultry foods are excellent 

choices for developing value-added functional foods because consumer preference, 

availability, nutrient profile, versatility in preparation, less religious taboos and low cost 

make chicken eggs and broiler meat a major source of animal food protein worldwide. There 

are several ways of enhancing the nutritional value of poultry foods such as eggs and meat. 

These include genetic, dietary and biotechnological as well as post-harvest processing 

methods. However, dietary methods are easier, holistic and sustainable for enhancing the 

nutritional value of poultry foods. In this regard, feeding trials with several nutrients were 

investigated to enhance the nutritional value of meat and eggs. These include: fats, fatty 

acids, vitamins, minerals, pigments, antioxidants, flavonoids and phytochemicals or other 

phenolic compounds. The research conducted on enrichment of chicken eggs and meat with 

different functional nutrients with emphasis on omega-3 or (n-3) fatty acids is reported.   

  

Poultry-based Functional Foods 

Functional foods have been defined as foods that provide health benefits beyond basic 

nutrition. The concept of functional foods through diet modification strategies in poultry was 

initially focused on eggs, especially cholesterol reduction. This is due to the public image of 

eggs as a cholesterol-rich food, and consumer fear that egg consumption will raise blood 

cholesterol has led to avoiding or limiting egg consumption. Minimal success in the area of 

egg yolk cholesterol reduction has prompted researchers to investigate alternative methods to 

improve the nutritional quality of the egg. 

 _______________________________________________________________ 

Poultry Nutrition, Department of Animal and Rangeland Sciences, Oregon State University, 

Corvallis, Oregon, USA. Email: Gita.Cherian@oregonstate.edu 

http://www.investorwords.com/5877/customer.html
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Consequently, extensive research on (1):  reducing saturated fatty acids, omega- (n-6) fatty 

acids, and (2) increasing n-3 fatty acids, conjugated linoleic acids (CLA), and fat-soluble 

vitamins (e.g. vitamin E) and other minor nutrients in eggs were conducted [1,2]. A list of 

some of the major nutrients investigated for incorporating into eggs through diet and their 

proposed health effects is shown in Table 1. Briefly, these nutrients were associated with: 

central nervous system growth and maturation-related functions, triglyceride reduction, 

cardio-protective, anti-cancer effects, antioxidant protection, immune enhancing roles, and 

improving food product quality and sensory attributes.  

  

Omega-3 or n-3 Essential Fatty Acids as Functional Nutrients 

Among the different nutrients, omega-3 or n-3 fatty acids are the most highly investigated 

into incorporating into food products. Humans cannot synthesize two fatty acids, α-linoleic 

acid (ALA, 18:3 n-3) and linoleic acid (18:2 n-6). These two fatty acids have to be supplied 

in the diet and are also known as n-3 or n-6 fatty acids based on their chemical structure and 

double bond positions (#3, #6) in the carbon skeletons. These two fatty acids also serve as 

precursors for other longer chain (>20-carbon) n-3 (e.g. EPA, DHA) and n-6 fatty acids (e.g. 

arachidonic acid) that are involved in several biophysical, physiological, immunological and 

pathological functions. Human beings were raised on a diet high in n-3 fatty acids, with a ratio 

of n-6:n-3 fatty acids, close to 1-2:1 [3]. However, modern lifestyle and agri-food production 

practices reduced the amount of n-3 fatty acids consumed. A recent global survey on the blood 

levels of n-3 fatty acids reported very low blood levels (≤4%) in North America, Central and 

South America, Europe, the Middle East, Southeast Asia, Oceania and Africa when compared 

to >8% from Scandinavian countries and in indigenous population consuming non-

westernized diets [4]. Low blood levels and dietary intake of long chain n-3 fatty acids (e.g. 

EPA+DHA) can potentially increase the risk of coronary heart disease and other adverse 

outcomes. The optimal level and form of n-3 fatty acids in the human diet have been a focal 

point of intense scientific scrutiny during the past decade. Studies have resulted in 

recommendations to increase the consumption of n-3 fatty acids (ALA, EPA+DHA) and to 

reduce the dietary n-6:n-3 fatty acid ratio in several countries. The recommendations on n-3 

fatty acid intake by different health organizations in some selected countries are shown in 

Table 2.  Several expert groups and international bodies have established recommendations 
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that typically range from 2,290 mg of ALA and 250 mg/day to 500 mg/day EPA+DHA for 

general health and 500 mg/day to ≥1000 mg/day EPA+DHA for heart health [4]. 

  

Enriching Chicken Eggs and Meat with Omega-3 (n-3) Fatty Acids 

Among the several nutrients in eggs and meat, lipids (fats) are the main targets for nutritional 

enrichment. Success in the alteration of poultry food lipid profile is due to the fact that 

chickens are monogastric (single stomach) animals and minimal change happens to dietary 

fat upon consumption leading to an efficient and faster alterations in egg and meat lipid 

composition. In this context, egg industry could be considered as a pioneer in the application 

of diet modification strategies for functional food development. This is evidenced by the 

successful production and marketing of n-3 fatty acid-modified eggs around the globe.  

Enrichment of poultry foods with n-3 fatty acids are produced by incorporating 

different ingredients rich in n-3 fatty acids in the bird’s diet. Both plant-derived (e.g. flax, 

canola, chia) and or marine-derived feed sources (e.g. fish oil) or marine algae are used in 

poultry diets for n-3 fatty acid enrichment. Table 3 lists some of the feed sources of n-3 fatty 

acids for inclusion in poultry diets. The type of n-3 fatty acid in plant sources is 18-carbon 

ALA, while those in marine oil and algae are 20 or 22-carbon n-3 fatty acids (e.g. EPA, 

DHA).  Among the different plant-based sources, flaxseed, owing to its metabolizable energy 

value (>2000 kcal/kg), protein (>22%), fat (>38%) and ALA (>50%) content, and 

availability, is the most common ingredient used for n-3 fatty acid enrichment. Incorporation of 

marine sources results in an increase in the content of long chain n-3 fatty acids while 

addition of plant-based n-3 fatty acids leads to enrichment of predominantly 18- carbon n-3 

fatty acids in eggs and meat. A comparison of n-3 fatty acids in eggs from chickens fed plant 

based n-3 fatty acid source (e.g. flax) vs. fish oil is shown in Table 4.   

Menhaden fish oil is the most commonly used marine oil for n-3 fatty acid 

enrichment. Feeding marine oils lead to direct incorporation of long chain EPA, DPA and 

DHA into eggs and meat. Due to the limited ability of humans to convert ALA into EPA and 

DHA, that are metabolically more active and important than ALA, inclusion of marine feed 

sources may provide more health-promoting long chain n-3 fatty acids. However, issues 

related to marine feed sources such as fishy flavor and food product sensory aspects, 

aquaculture sustainability issues and feed availability limit the use of marine feed sources. 

Feeding plant-based n-3 fatty acid feed sources such as flax are also associated reduction 
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production performances (e.g. body weight gain, feed efficiency, fishy flavor in eggs) in 

broilers and laying hens. To maximize both live performance and
 
the uptake of beneficial 

fatty acids, and enhancing sensory attributes, strategies such as feeding for limited days prior 

to slaughter (broilers) and addition of exogenous enzymes for enhancing digestibility and 

inclusion of vitamin E for improving organoleptic aspects are attempted with promising 

results. 

 

Human Supply of n-3 Fatty Acids through Poultry Foods and Reported Health Effects  

Eggs are probably the first line of n-3 enriched food products launched successfully in the 

marketplace. As shown in Table 4, addition of two eggs from hens fed diets with 10% 

flaxseed to the daily diet could provide over 400 mg ALA and over 95 mg of DHA. 

Similarly, addition of two eggs from hens fed diets with 3.0% fish oil could provide 20 mg 

ALA and 330 mg of EPA+DHA. Thus, including two eggs (flax-fed) will meet over 50% of 

the extra ALA needed while two eggs (fish oil-fed) will meet over 70% of the extra-long 

chain n-3 fatty acid DHA needed in a typical Western diet. Several authors have reported 

beneficial effects of n-3 fatty acid enriched eggs in humans including infants and seniors. 

Most studies report significant increases in serum ALA, and DHA with n-3 fatty acid 

enriched eggs. Similarly, feeding trials with broiler chickens have shown that breast meat 

with 300 mg of n-3 PUFA (per 100g of meat) could be achieved by feeding 10% flaxseed 

meal to broilers [5]. 

 

Modifying Egg Composition: Other Nutrients  

Due to the success and popularity of n-3 fatty acid-enriched designer eggs, several attempts 

to enrich chicken eggs with other functional nutrients such as conjugated linoleic acids 

(CLA), vitamin E, vitamin D, selenium, folic acid, carotenoids have been attempted. Intake 

of eggs enriched with vitamin E, lutein, selenium, and folic acid significantly increased the 

levels of α-tocopherol and lutein in plasma as compared to regular table eggs [1]. Among 

these nutrients, vitamin E-enriched eggs are common in marketplace. Enrichment with of 

eggs and meat with CLA has well reported. However, alteration in egg lipid composition and 

leads to a “rubbery” egg product after cooking and this has been the major drawback with 

CLA enrichment in eggs. 
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Summary 

Before modern agriculture, human beings were raised on diets low in fat and calories and 

high in antioxidants, n-3 fatty acids, flavanoids and other phytochemicals. However, current 

western lifestyle and feed and food production practices has resulted in drastic alteration in 

the nutrient components of foods, leading to reduction or depletion in the content of n-3 fatty 

acids and other antioxidant nutrients from the food chain.  Alterations in the diet, lifestyle 

changes along with increases in diet-related chronic diseases (e.g. cardiovascular, diabetes, 

obesity) in modern society prompt us to look into modifying the nutrient composition of 

foods to enhance human health and well-being.  Increased consumer awareness that certain 

nutrients may have beneficial effects on health and disease prevention has led to seeking 

these nutrients from food or supplements. In poultry foods such as eggs and meat, these 

health-promoting nutrients include n-3 fatty acids, fat soluble vitamins, carotenoid pigments 

such as lutein and zeaxanthin, B vitamins and minerals. Enhancement of these nutrients in 

eggs and meat through diet has been reported by several researchers.  Among these different 

nutrients, n-3 fatty acids are the most highly researched and well adapted globally.  

Recommendations on n-3 fatty acid consumption issued by different organizations target for 

a reduction in n-6 fatty acids while increasing n-3 fatty acid (ALA, EPA, DHA) intake. To 

achieve an over 3-4-fold increase in consumption of n-3 fatty acids to the consumer has 

limited options. Although fish is considered to be a primary source of n-3 fatty acid, it may 

not be desirable as the primary source of long chain n-3 fatty acid due to seasonal 

availability, cost, sustainability issues, and consumer preference. On the other hand, foods 

that are enriched in n-3 fatty acid can be used to achieve desired health benefits without the 

ingestion of extra supplements or altering food habits. As egg and poultry meat consumption 

is on the rise worldwide, poultry food products offer a good alternate and an excellent source 

for increasing the human daily intake of functional nutrients without altering dietary habits. 

However, feeding strategies to modify egg and meat lipid composition should not increase 

the cost of production or be detrimental to the health of birds and should be sustainable. 

Therefore, feeding strategies to enhance digestibility, improve the efficiency of incorporation, 

as well as using ingredients that are not usually consumed by humans should be investigated. 

Although consumers are willing to pay extra for nutrient-modified food products, the real 

value for humans from nutrient-enriched eggs or meat comes only if those nutrients are in 

short supply in the diet and if consumption of such foods contributes significantly to the daily 
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recommended intake of the nutrient. Therefore, in order to be accepted by consumers, the 

health effects of nutrient-modified foods need to be investigated clinically in different age, 

physiological status, and ethnic groups. Such research will generate new knowledge in using 

functional food strategies to prevent or alleviate the progression of chronic disease and to 

defend human health.  
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Table 1. A list of some of the of the most common nutrients used for enriching poultry foods  

 

Nutrients Potential benefits 

Fatty acids 

      Omega-3 fatty acids  

(ALA, EPA, DPA, 

DHA), CLA 

May contribute to maintenance of heart health and 

maintenance of mental and visual function and immune 

health. Anticancer effects and enhance lean body mass. 

Vitamin E, Selenium 

 

Antioxidants effects, healthy immune functions enhances 

shelf life and sensory attributes. 

 Folic Acid Antioxidant, maintains healthy pregnancy. 

  

      

Carotenes, 

Lycopene, Lutein  

Antioxidant effects, can be synthesised into vitamin A in the 

body, food product quality and aesthetic importance. 



Proceedings of the NZ Poultry Industry Conference, 2016. Vol. 13 

 

 

 

8 

 

 

 

 

 

 

 

 

 

Table 2. International recommendations for n-3 fatty acids  

Organization               Linolenic acid  Long chain n-3 fatty acids  

NATO 3 g 800mg  

WHO FAO 800-1000 mg 300-500 mg  

Eurodiet 2g 200 mg  

International Society for 

the Study of fatty acids and 

Lipids 

2.2g 650 mg 

(EPA+DHA) 

 

Australia &New Zealand 

(Dept. of Health &Ageing; 

Medical Research Council) 

 610 mg 

(EPA+DHA) Men 

430 mg 

(EPA+DHA) 

Women 

 

American Heart 

Association 

 1 g or (fish 

twice/wk) 

 

Health Canada 1.6 g (n-3)   
 

UK  Science Advisory 

Committee Nutrition 

 ~500 mg (or 2 oily fish 

portions) 
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 Table 3. Potential sources of omega-3 (n-3) fatty acids in poultry diets*  

Oils 

 

Oil seeds Others 

Flax Flax Pearl millet 

Fish Canola Perilla 

Canola Chia Marine algae 

              

 

Camelina   

*Adapted from References 1 and 2. 

 

 

 

 

 

 

Table 4. Effect dietary flax seeds or fish oil on n-3 fatty acid incorporation into eggs 

Diet Linolenic 

acid 

(mg/egg) 

Total long 

chain omega-3 

(mg/egg) 

Total 

omega-3 

 (mg/egg)* 

 

      

     

Flax seed 10% 219.3 88.0 307.3  

Flax seed 15% 270.5 92.2 362.7  

Fish oil 3%                                      10.0 168.0 178.0  

Fish oil 4% 22.0 229.0 251.0  

*Based on an average size egg. Adapted from references 1 and 2. 
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Breeder Perspective - How to Best Achieve the Genetic Potential of Modern 

Broilers 

 

ALEX CHANG 

 

INTRODUCTION 

Today’s modern broilers can grow rapidly with very efficient feed conversion and 

exceptional carcass and breast yield.  Broiler performance objectives published by Aviagen 

(2014) show that a 10-day old Ross 308 male bird can reach a target bodyweight of almost 

300g and a feed conversion rate (FCR) of just under 1.00.  The same bird at 42 days will 

potentially grow to over 3kg with a FCR of 1.67 or less.  Such remarkable performance has 

come about largely due to the successful outcome of high-level genetic selection programs 

carried out by poultry breeding companies over the last few decades.  

However this superior bird performance can only be attained with broiler producers 

consciously making improvements in various areas such as housing, farm biosecurity, health 

status, husbandry practices, nutrition, diet formulation and feeding programs. This paper 

looks at some of the progress made in genetic selection in broilers and how the bird’s genetic 

potential can be achieved particularly through nutrition and feeding.  

 

Genetic progress 

Research comparing modern broiler lines to a line which has been unselected since the early 

1950’s (Havenstein et al. 1994; Havenstein et al. 2003; Cheema 2003;; Fancher 2014) 

indicates the advances that have been achieved in developing broiler lines which are 

associated with fast growth rate, excellent FCR and high meat yield (Fig. 1 to 3). Further, it 

has been shown that genetic selection has resulted in better animal welfare due to a long 

standing history of selection against unfavourable traits as part of a balanced breeding 

objective (Kapell et al. 2012a).  

___________________________________________________________________ 

Poultry Nutritionist, Asia Pacific Region, Aviagen Group. Present address: 1, Derby Place, 

Mulgrave, Victoria 3170, Australia. Email: achang@aviagen.com 
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For instance, the incidence of leg issues such as foot pad dermatitis has significantly reduced 

when contrasting selection environments are utilised (Kapell et al. 2012b).  The skeletal 

strength as measured by tibia breaking force of modern lines (Ross 308, Ross 708) has been 

found to have increased considerably compared to an unselected heritage line at somewhat 

similar weight (Mussini 2012). 

Studies by Schmidt et al. (2009), Havenstein et al. (2003) and Mussini (2012) have 

demonstrated that the overall development, structure and function of several organs and 

digestive tract of modern genotypes have been enhanced as compared to non-selected random 

bred genotypes.  These include bigger gizzards and greater length and mass of small intestine.  

This greater total digestive capacity in the modern broiler has allowed it to consume and 

digest more feed, giving rise to faster growth rate and reducing the number of days required 

to achieve a given bodyweight. 

The “robustness” component of genetic potential has also been markedly improved 

with the use of sophisticated selection techniques such as commercial sibling testing (CST) 

(Fancher 2014). CST is an effective method that has been adopted by Aviagen since 2000 

where siblings of selection candidates are reared under non-biosecure commercial conditions 

and assessed for gut health, digestive and immune function along with live performance traits 

(e.g. growth rate, livability, bodyweight uniformity).  

 

  

Fig.1. Number of days to reach 2.3kg liveweight of as-hatched broilers 1995-2016. 

  (Source: Aviagen).  *From 1995 to 2015. 

 

 

15.8 days reduction in 20 years*    

(or ~ 0.79 days/year) 
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Fig.2. FCR for different genotypes vs bodyweight of broilers. 

 

 

 

Fig.3. Ross 308 broiler – 49-day carcass profile developed in different generations. 

 

The aforementioned progress has been achieved without genetic modification, 

transgenic technique or cloning; and it can be claimed that genetic improvement via natural 

selection has not been exhausted.  Aviagen is currently utilising an even more balanced and 

advanced breeding program than previously practised, so that the modern broiler is well 

equipped to express its genetic potential. This approach will enable future genetic progress to 

be correctly projected and realistically achieved.  Table 1 shows the annual genetic progress 

for the broiler for the next 10 years predicted by Aviagen. 
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Table 1. Predicted Aviagen‘s annual genetic progress of broiler production traits for the next 

10 years.  

Traits Limit 

Bodyweight (g) 45 to 50 

FCR -0.02 to -0.03 

Mortality (%) -0.05 to -0.10 

Eviscerated yield (%) 0.20 to 0.25 

Breast yield (%) 0.25 to 0.30 

Leg defects (%) -0.20 to -0.30 

Continuous improvement of: 

    Skeletal and cardiovascular systems Robustness 

 

 

Achieving the genetic potential 

The question now arises as to how we can best achieve the genetic potential of the modern 

commercial broilers. To this, we first need to understand factors that influence the genetic 

outcome in the field in terms of bird performance.  There are five important factors to 

consider: 

1. Hatchery/incubation factors and chick quality 

2. Shed environment – includes house design, temperature and ventilation 

3. Health status of flocks – disease challenge, vaccination programs and 

biosecurity  

4. Management or husbandry practices (e.g. brooding, stocking density, water 

quality, feeding)   

5. Nutrition  

 

In this paper we will focus on the area of chick quality and nutrition.  
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Chick quality and breeder nutrition 

Achieving superior performance in commercial broilers starts with acceptable chick quality.  

Apart from factors such as hatchery management, transportation and brooding efficiency that 

can affect chick quality, breeder nutrition is a key contributor to better chick viability.  

Optimal nutrition and proper feeding management of the breeders during both rearing and 

laying should result in production of high numbers of quality fertile eggs and maximum 

hatchability.   

Chicks that are consequently hatched however must be healthy and viable, of 

acceptable quality so that they have the ability to tolerate initial challenges of field in order to 

achieve performance targets.  It is well established that the developing embryos and the post-

hatched chicks are completely reliant on nutrients transferred and stored in the egg for 

sustaining normal growth and development. Consequently the physiological status of the 

chick at hatching is greatly affected by the nutrition of the breeder hen.  Several breeder 

nutritional factors are known to be involved: diet fatty acid profile, hen diet protein levels and 

energy concentrations, role of minerals and vitamins (Kidd 2003; Hocking 2007; Chang et al. 

2016). 

 

Importance of giving the chicks a good start 

During the first week of life a newly hatched chick can increase its bodyweight by 4 to 5 

times, from about 40 to 200g.  During this time only around 20% energy are used for 

maintenance and 80% for growth. Hence it is important that the chicks be stimulated to 

achieve maximum feed intake. So, early nutrition is crucial.  From both research (Dibner 

2010, Ferket and Uni 2010) and experience in the field, early optimal dietary nutrient 

specifications and feeding have been shown to promote: 

• advanced gut development 

• advanced muscle growth and development 

• better immune response 

• improved chick quality 

• improved growth and FCR. 

Response of modern broilers to amino acids and energy 

Internal studies by Aviagen have consistently demonstrated that modern broilers have higher 

requirements for and are more responsive to amino acids than dietary energy. In a study to 
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investigate the performance of Ross 308 broilers to diets containing different levels of 

balanced protein (BP) and metabolisable energy (ME), Chang et al. (2015) showed that birds 

were more responsive to increasing levels of BP than ME in terms of live bird performance 

(Table 2). It was suggested that dietary ME can be reduced while increasing the dietary 

amino acids without compromising bird performance. In the 2014 Aviagen broiler nutrition 

specifications, ME in the Starter, Grower and Finisher 2 diets were reduced (by 25-50 

kcal/kg) and levels of digestible lysine increased in all diets compared to the 2007 

specifications.  The ratios of digestible methionine, threonine and arginine to lysine were also 

increased in diets for all ages (Table 3).  

 

Table 2. Effects of ME and BP on bodyweight and corrected FCR of broilers at 42 days (after 

Chang et al. 2015). 

Energy Balanced Protein 

42d BW (g) 42d FCR % of 2007 Aviagen 

Recommendation 

% of 2007 Aviagen 

Recommendation 

85 

80 2838
e
 2.285

a
 

100 3260
d
 2.006

b
 

120 3369
c
 1.866

c
 

92.5 

80 2423
f
 2.246

a
 

100  3411
ab

 1.802
d
 

120 3511
a
 1.696

e
 

100 80 2488
f
 2.230

a
 

  100   3316
bc

  1.755
d 
 

  120 3450
a
 1.654

e
 

a, b, c, d, etc.  = Values within column with no common superscript differ significantly (P < 

0.05). 

 

 

Aviagen strongly recommends that their customers apply the BP or ideal amino acid 

profile concept in diet formulation to enable modern broilers to maximise protein 

digestibility. Under this concept, the emphasis is no longer on minimum crude protein but 

rather on having all the essential (digestible) amino acids correctly balanced in appropriate 
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ratios relative to lysine. The use of synthetic amino acids will be beneficial and can help to 

prevent excess crude protein. Too much indigestible protein in the hind gut can predispose to 

a number of intestinal challenges (e.g. wet litter). 

 

 

Table 3. Ideal amino acid profile (balanced protein ratio in %) for broilers as recommended 

by Aviagen (2014). 

Digestible Amino Acid Starter 

Feed 

Grower 

Feed 

Finisher   

Feed 

Lysine* 1.28 1.15 0.98 

Methionine & Cystine 74 76 78 

Methionine 40 41 42 

Threonine 67 67 67 

Valine 75 76 77 

Isoleucine 67 68 69 

Arginine 107 107 107 

Tryptophan 16 16 16 

*Lysine values are actual recommended levels in diets, used as the reference base to 

other    amino acids. 

 

Maximise nutrient utilisation 

One of the key goals in diet formulation and designing feeding programs is to match nutrient 

contents of feed with the nutrient requirements of the birds at different ages. Often birds are 

fed with the wrong nutrient specifications or improperly balanced nutrients. This is not only a 

waste of money but also compromises the efficiency of birds to optimise nutrient utilisation.  

Consequently birds fail to grow to their full genetic potential. Nutrients that are not fully 

absorbed and utilised by the birds will end up in the litter, causing environmental pollution. 

Nitrogen and phosphorus are two main nutrients involved.  Suitable nutrition strategies to 
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support maximum nutrient absorption should be introduced. Some of these strategies include 

the following. 

 

Use of appropriate feed enzymes - different cereal grains (wheat, corn, sorghum) have 

different starch characteristics and properties. Wheat which is being used commonly in 

Australia and New Zealand is known to contain high levels of non-starch polysaccharides 

(NSP). NSP are considered as anti-nutritional factors and can increase the gut viscosity and 

heat treatment like pelleting can exacerbate this condition. The application of appropriate 

NSP enzymes is necessary to break down these anti-nutritional factors and enhance digestion 

of starch. Pelleting temperature should not be too high for wheat-based diets (Ravindran et al. 

2014).  Phytate-containing ingredients should also have a good phytase enzyme added in the 

feed.  Depending on the substrates in the diets, use of other feed enzymes such as protease, 

mannase, glucanase and cellulase can be considered as well. 

 

Improve fat digestion - only good quality fat appropriate for bird age should be used. 

Saturated fat should be excluded in the broiler starter diet as fat digestion in young birds is 

not fully developed. The process of fat or lipid digestion involves several main steps - lipid 

emulsification, lipid hydrolysis (breaking down to mono-glyceride and fatty acids), and 

micelle formation prior to passive absorption (Ravindran et al. 2016).  Inclusion of fat 

digestive additives (e.g. emulsifiers, lecithins and lysolecithins) in the diets should therefore 

be able to significantly improve all the three steps. A recent global meta-analysis of different 

fat absorption enhancers has indicated that a natural form of bio-surfactant works best in 

improving crude fat digestion and absorption (Jansen 2016). Research by Ravindran et al 

(2010) also found that the degree of improvement of emulsifiers may depend on several 

factors (age of birds, type of fat, dietary calcium level). High calcium levels may increase the 

formation of metallic soaps as well as lower the digestion and ME of lipids, especially 

saturated fatty acids.  The blending of animal fats with vegetable oils can produce a 

synergistic effect which can improve the utilisation of saturated fats (Ravindran et al. 2016).  

The use of exogenous lipase enzymes may be beneficial in enhancing lipid utilisation but 

more research is still required in this area. 
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Focus on gut health – this area is becoming increasingly more pertinent with the withdrawal 

of antibiotics from feeds.  The gut intestinal tract (GIT) is a complex network involving gut 

microstructure, immunology, microbiology and digestion (Bailey 2013). A healthy gut comes 

from homeostasis or a fine balance of the diverse microbial communities. For a gut to be 

healthy, it must have the capacity to break down feed into their constituent parts, the ability to 

absorb all the digested nutrients as well the ability to defend against enteric pathogens. If gut 

development and the establishment of a healthy gut flora is disrupted the gut will not function 

correctly as the birds grow. If gut flora is compromised it is essential to support its re-

establishment.  

One of the most effective ways to enhance gut health is through skilled farm 

management.  On the farm, gut health can be managed from day 1. The early introduction of 

feed and water to the chick provides a good means to feed the gut. By doing this, gut 

development is most favourable. This will ensure that the birds are better equipped to cope 

with gut challenges.  Nutritional strategies that are worthy of consideration and application to 

improve gut health are: 

1) Coarse particle size – grains such as corn and wheat for broilers should be ground coarser 

to stimulate a more ‘normal’ gizzard development and function. Small grain particles give 

a larger surface area and this may give rise to rapid feed passage in the gut. Many studies 

(Engberg et al. 2002, Parsons 2004, Amerah et al. 2007a, 2007b, Penz and Bruno 2012, 

Ravindran et al, 2014) have demonstrated that larger particle size results in longer feed 

retention time in the gut and this helps release the starch entrapped in cereal grain cells 

and encourage more beneficial bacterial fermentation in the caeca. Target for particle size 

should be 800-1000 microns. The use of a hammer mill to grind grains is still acceptable 

for the production of broiler feeds but it may be best to use with a 6mm sieve size and a 

rotation speed of 750 rpm (van der Klis 2010).  A roller mill will give a more even 

distribution of particle size and hence a better overall uniformity. In addition, a roller mill 

tends to produce a sharp edged particle with less dust whilst a hammer mill produces a 

more rounded particle, which results in considerably more dust and more durable pellets. 

The sharper edged particles produced by roller mills may provide more physical 

stimulation of the gut lining and therefore lead to better gut health (Bruerton 2014). 

2) Good pellet quality – pellets should be of superior quality (high PDI) with minimal 

amount of fines. This will decrease the rate of gut passage and improve feed efficiency. 
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3) Avoid sudden changes or swings of ingredients in diets and frequent change of diets to 

prevent microflora system in the gut from becoming imbalanced or compromised. 

4) Whole wheat feeding in broilers – a number of publications has invariably supported the 

inclusion of un-ground whole wheat in broiler diets to enhance gut health (Taylor and 

Jones 2001, Hetland et al. 2002, 2003, Amerah et al. 2008, Ravindran et al. 2014). Whole 

wheat feeding supports better gut microflora, enhances digestive efficiency, increases 

gizzard size and gives drier litter and in some cases results in improved FCR as well. 

Whole wheat up to 15-25% can be added either in the mixer or post-pelleting in Grower-

Finisher diets. However, care should be taken to adjust the composition of the feed to 

prevent dilution of the overall diet without adversely affecting the pellet quality. 

Attention should be paid especially during feed delivery and on-farm feed transfer (from 

silo to hoppers or pans) to prevent excessive grain separation and nutrient segregation 

(Ramirez 2016). 

5) Electrolyte balance - Excessive sodium (Na) level in diet is well known to cause wet litter 

and hence an upper limit must be set.  However litter moisture is not the function of 

dietary Na alone but other ions such as chloride and potassium are also involved. In fact it 

is a cumulative as well as an interactive effect of all 3 ions   Achieving a balance of the 

Na+K-Cl acid-base equation in the diet is essential in preventing a number of metabolic 

disorders including blood alkalosis and antagonistic metabolism of lysine and arginine 

(Summers et al. 2013). 

6) Gut health products – an increasingly large number of feed additives are available in the 

market today which promotes modulation of gut microflora by either direct interaction, or 

competitive exclusion (Fig. 4). Products that improve gut integrity, stimulate or provide a 

beneficial flora and inhibit pathogens should result in improving gut function and health, 

reducing or removing the need for antibiotics. Probiotics, organic acids and essential oils 

can be used successfully, especially in combination, as they are known to buffer the gut 

over stressful periods, stimulate gut tissues and protect against pathogens. However gut 

health additives must be given strategically as there is not one product to fit all systems 

and they would not compensate for poor management factors. 
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Conclusions 

Clearly, poultry primary broiler breeding companies have been successfully improving meat 

chicken biological performance potential over the last few decades through natural selection 

programs. Genetic progress benefits are expected to continue. The relationship between the 

chicken genome and broiler and breeder performance traits will be further unraveled. 

Aviagen has now adopted genomics information in the routine selection of its elite lines. 

Genomics information will complement existing selection methods, and has been in use 

within Aviagen since 2012.  Achieving current and future genetic potential at the intensive 

commercial broiler level requires skilled and creative management in various areas.  Optimal 

nutrition strategies and appropriate feeding programs are essential, together with a better 

understanding of digestive efficiency and gut microbiota function. Computer simulation 

modelling to predict birds’ responses to nutrients, for optimisation of diets and designing 

feeding programs based on genotype, environment, management, market prices of feed 

ingredients and chicken meat will become indispensable.   

 

 

Fig. 4.  Examples of different classes of gut health products*. 

 

*Under ‘Prebiotics’, MOS=mannan-oligosaccharides, FOS=Fructo-oligosaccharides, 

GOS=galacto-   oligosaccharides 
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The Role of Amino Acid Nutrition in Sustainable Poultry Production 
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ABSTRACT 

The mounting demand of animal protein for a growing, metropolitan and wealthy population 

could only be met through improved efficiency of global livestock production. With the 

rising concern of end consumers on the environmental footprint of animal production, 

sustainability performance will play a key role in future animal farming both under large 

industrialized confined animal farming operations (CAFO) as well as for small and family 

owned animal holding operations. Global warming potential (GWP), acidification potential 

(AP) and eutrophication potential (EP) define the three most critical environmental impact 

categories of sustainable animal production. Blending the right recipe of nutrients with duly 

designed waste management in an integrated low emission farm (LEF) concept significantly 

reduces the environmental footprint in the ecological dimension of sustainability. From an 

economic dimension, this also allows to generate renewable energy (heat, electricity, gas or 

fuel) with animal manure as major resource. Sustainability model simulations using novel 

tool shows low protein animal diets with supplemental amino acids can reduce the 

environmental impact of livestock production. The LEF concept offers additional ecological 

and economic sustainability improvement potential by integrating a closed nutrient cycle 

model within the scheme of elements. Planning and implementation of sustainability models 

under livestock production asks for a continued public-private partnership covering the social 

aspect of sustainability. 
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Megatrends in animal production 

Poultry production ceased to be a science of meagre feeding and growing birds. Today, 

poultry production looks at the whole value chain extending from crop production and its 

inputs, production of feed additives and their inputs, feed and livestock production 

themselves, manure handling, meat processing, retailing, and eventually the high quality 

affordable protein made available to the end consumer. Additionally, important structural 

changes are taking place in poultry production, including intensification, the vertical 

integration and scaling-up of production. There are also geographic shifts, with production 

moving away from local natural resources. All of these inputs ultimately have an impact on 

the relatively simple task of producing chickens or eggs. To that end, four high-impacting 

megatrends on animal agriculture have been identified: demographic transition (Figure 1), 

economic growth (Figure 2 and 3), the nutritional transition (Figure 4) and technological 

change (Table 1). 

  

Figure 1. Percentage of urbanization by region, 1950 to 2050 

 

 

Source: UN DESA/Population Division, 2011 
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Figure 2. Relationship between per capita income (USD) and meat consumption (kg) 

  

 

 

 

 

 

 

 

 

 

 

Note: National per capita based on purchasing power parity (PPP) – Source: World 

Bank/FAO (2006) 

  

 

Figure 3. Projected meat production in developed and developing countries (MMT of 

Meat)  

 

 

 

 

 

 

 

 

                                                                                                                                                                                             

Source: FA0, 2006 
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Figure 4. Changes in food supply in selected regions (kg/capita/year) 

 

 Source: FA0, 2010 

 

Technological advance has been a key driver of global livestock production. 

Improvement in productivity has been achieved through progressive animal breeding and 

feeding technology, and adopting advanced crop science and technology leading to higher 

yields per hectare. 

Ehrlich and Holdren (1971) introduced a simple equation to describe the relationship 

between environmental impact, population size, consumption level and technology. Their 

equation:  

I = P x A x T  where:  

I  = Environmental Impact; P = Population; A = Affluence (consumption); T = Technology 

basically stated asks: “what is the environmental impact, given the relationship between 

population size, consumption level (affluence) and technology?”  

 A theoretical calculation highlighting the importance of technology is provided in 

Table 1. For example, a doubling of technological efficiency, or equivalently a reduction of 

the T-factor by 50% can have a major influence on the environmental impact, given the 

population and affluence are kept constant. However, the factors may not be free from 

interdependence, the impact could be a combination of these variables, and technology is a 

critical factor. Even with higher consumption, the impact on the environment could be 

minimized by improving the technology. 
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Table 1. Influence of technology on relative environmental impact is demonstrated in 

this theoretical calculation 

 

P Population 100 100 100 100 100 100 100 

A Affluence 5 5 5 10 10 10 10 

T Technology 1 0.5 0.1 1 0.5 0.1 0.05 

I Impact 500 250 50 1000 500 100 50 

 

                  In addition to these high impacting megatrends, sustainability has emerged as a 

novel megatrend and even a business model (Lubin and Esty, 2010) while making its mark as 

a key driver for innovation (Nidumolu et al. 2009). Considering that a diet containing animal 

protein is healthy and balanced and that growing affluence increases the demand for such a 

diet, it follows that demand for protein sources will rise as surely as the world population 

grows and prosperity spreads. Since animal protein has been a traditional source of protein, 

the question is: what cost a healthy protein-containing diet? In the context of the actual 

burden on the environment in terms of the unrecoverable resources, the conventional 

approach to producing animal protein becomes an unsustainable proposition, which asks for 

rethinking the protein production process in order to improve upon the efficiency of animal 

production operation. Human activity leaves traces on this planet, and the rising global 

population along with increasing affluence is making these traces more and more difficult to 

absorb in terms of preserving resources and the quality of our environment. We now live in a 

situation of ecological overshoot with more usage than the ability to regenerate. This 

imbalance is not felt as strongly as it should be as we use up more of the capital resource 

rather than limiting our consumption of natural resources to the interest, thereby reducing 

ecological footprint. The sheer volume of food to be produced also means that the slightest 

breakdown in food safety will have drastic consequences in terms of the number of people 

affected. Consumers, understandably, have developed a higher awareness of the risks and are 

demanding more transparency in terms of where and how the food is produced? The demand 

of higher food quality and lower prices adds responsibility to find sustainable solutions to 

meet the end consumer needs. The direct competition of food and feed for the shared resource 

would seek heavy attention in the future as it impacts the social aspect of sustainability model 
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(Nijdam et al. 2012; Garnett, 2014).  Concisely, three dimensions of Innovation (Figure 5), 

Efficiency, Ecology and Food Quality and Safety would drive the future of Sustainable 

Nutrition. 

 

Figure 5. The Three Dimensions of Innovation 

 

  

Sustainability key to future animal production 

The global population is projected to grow to a whopping 9 billion by 2050. The world is 

witnessing progress in human life expectancy with more and more people preferring to live in 

urban areas, which in turn is accelerating migration. In the context of limited natural 

resources, these population trends will have far-reaching implications for the future 

generations.  

Food and Agriculture Organization of the United Nations (FAO) has estimated a 60% 

increase in demand for high quality protein such as milk, meat, and eggs as at least 3 billion 

people are expected to join the middle class by 2050. The existing usage trend of available 

natural resources is highly unjustified, which also presents us with a huge challenge of 

meeting the current demand and forecasting the future requirement in a sustainable way. A 

major portion of the global natural resource is being utilized by livestock sector, which in 

turn is a key contributor to the global environmental issues (Steinfeld et al. 2006; FAO 2009). 

With the world getting warmer, climate change also could impose a serious threat on the food 

security in the future. The future sustainability of animal production will thus be defined by 
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the ability to produce larger quantities of high quality affordable meat, milk, and eggs in view 

of an escalating global demand, within the production systems that are environmental 

friendly, socially responsible, and economically viable.  

In FAO (1987) report, The United Nations Brundtland commission defined 

sustainability as “meeting the needs of the present without compromising the ability of future 

generations to meet their own needs”. Translating this definition to the livestock production 

system, sustainable animal production is “the efficient production of safe, high quality animal 

products” in a way that safe guards the natural environment while improving the social and 

economic conditions of agricultural and other local communities.  

 

Figure 6. 3-Dimensions of sustainability  

 

Figure 6. Illustrates the three principles of P’s wherein the three overlapping circles 

represents the social (people), environmental (planet) and the economic (profit) dimensions. 

Overlapping of only two dimensions might be viable, bearable or equitable, but only the 

intersection of all three can be regarded as sustainable.  

The impact of livestock on the environmental footprint has been critically challenged 

by the media, end consumers, and regulatory authorities. The contribution of livestock sector 

to Greenhouse gas (GHG) emission was estimated at 14.5 % of the total human induced GHG 

emissions (Gerber et al. 2013). Breaking it down further, poultry production contributed close 

to 9 % of the total 7.1 Gt CO2e (MacLeod et al. 2013). With a shared contribution of 87 %, 

the likely candidates offering the leverage for improvement in an attempt to minimize the 

environmental footprint of poultry production are feed production (60%) and manure 
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management (27%). One of the recent FAO report (Steinfeld et al. 2006), highlighted the 

contribution of animal production on the global warming and asked for major policy reforms 

in an attempt to curb the then estimated 18% of the global warming potential (GWP, 

expressed in CO2-equivalents) and other ecological footprints from the livestock sector. 

However, in developing countries, the contribution of the livestock sector to ensure food 

security and poverty alleviation was reflected as a positive social aspect (FAO, 2009).  

Gerber et al. (2013) point out specific mitigation opportunities to minimize the impact 

of animal production on climate change through improved production efficiency, improved 

breeding and animal health, adopting manure management practices to recycle and recover 

nutrients and energy, sourcing low emission inputs such as feed and use of feed additives like 

aminoacids, enzymes and gut modulating products such as pre-and probiotics, organic acids 

and phytobiotics. This would allow us with efficient energy use and recycling and be able to 

achieve closed nutrient loops as much as possible, defining the concept of “sustainable 

intensification”. 

 

LCA as a measure of ccological footprints 

Life cycle assessment (LCA) is the most widely used tool to measure the impact of animal 

production on ecological footprints. LCA describe the complete fate of a product by 

compiling and evaluating all ecological input and the consequences for the environment 

during each phase in the life cycle of the product. When the functional unit (FU) selected for 

LCA studies is a kg of product (live weight, milk, egg and meat), the relationship between 

production intensity and emission intensity is inversely related. The influence on critical 

global environmental impact categories like global warming potential, eutrophication 

potential, acidification potential, energy use and land use was shown to be lower in more 

intensive animal production systems (de Vries and de Boer, 2010; MacLeod 2013). However, 

it is unlikely that the outcome might be the same, if we consider per hectare of land as a FU. 

The impact of animal production on environmental footprint is estimated to be around 9 % 

carbon dioxide, 35–40 % of methane, 65 % of nitrous oxide and around 64 % of ammonia in 

addition to its massive bearing on the water use as shown in Figure 7. Due to its substantial 

environmental impact, the global animal production is going to be under the radar of strict 

legal framework in the future in an effort to reduce this impact. As in the case of the 

European Union,  there are significant reduction targets to be achieved by 2030 compared to 
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the 2005 level. For the EU 28, these targets are 27% for ammonia (NH3) and 33% for 

methane (CH4) (Agrarzeitung 2014).  

 

Figure 7. Liters of water required to produce 1 kg of protein out of different 

commodities 

 

*This does not reflect quality of the protein                 

Source: Evonik calculations from Mekonnen and Hoekstra (2010) 

 

Amino acids in sustainable poultry production 

With the growing population and evolving dietary habits, meeting the world’s growing 

demand for high quality animal protein is becoming a global societal challenge. The 

conventional solution to compensate for  protein deficiencies in poultry diet is the ‘more of 

the same’ approach, to add more plant based protein to the feed-when the real issue is the 

amino acid balance. As conventional feed ingredients for animal production are deficient in 

one of the essential amino acids, targeted supplementation of amino acid ensures healthy, 

balanced nutrition for optimum growth. Lowering the plant based protein requirements not 

only reduces the animal producers total feed cost but also helps conserve crop resources. The 

reduction in plant based protein intake also reduces the amount of manure as well as effluents 

that leads to eutrophication. Amino acids supplemented poultry diets thus contribute to more 

efficient animal production, reduce burden on the environment and a deliver healthier high 

quality protein for human consumption.  

 Comparative life cycle assessment of DL-Methionine as a substitute for soybean 

meal and rapeseedmeal was calculated to save 26 tons of ammonia, 23 tons of carbon dioxide 
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and 7 tons of nitrate (Evonik 2010) in the application phase feeding animals by emitting 1 ton 

of each emission during production of the amino acid.  Also, energy consumption is reduced 

by 80 % as the energy expenditure in agricultural production and transport is reduced. 

Leaving conventional animal feeding methods and shifting to modern amino-acid 

supplemented feed types will play a substantial role in securing a smaller ecological footprint 

in the future.   

                    The increasing need for food, feed and fuel is creating even greater demand for 

cropland. Supplementing animal diets with amino acids reduces the quantity of feed required, 

thus freeing up cropland and reducing the pressure on environmentally detrimental land use 

change. Efficient land usage leaves sufficient arable land and lesser need of crop land for feed 

production thereby lowering agricultural costs and more land available for production of 

foods for human.  

 The demand for water is rising exponentially to meet not only the potable water 

requirements for a growing global population, but also the water needs for producing enough 

food to feed the growing population. It follows that a growing world population with an 

increasing appetite for animal protein represents a staggering demand for water, if animal 

production continues to rely on traditional approaches to feed supply. With less than 1 

percent of global water accessible for direct human use, we shall be more prudent in the 

management of our finite water resources. The fact that agriculture in general and animal 

protein production in particular consumes so much water shows us where the real opportunity 

for shrinking the water footprint is. All the exteremly water intensive components of the 

animal feed value chain from the pastures for grazing and the land for feed crops to the 

livestock production itself can be brought down to more manageable levels by substituting 

amino acids for plant based protein feed ingredients. Besides reducing the quantity of water 

consumed, amino acids helps to preserve water quality. Feed balanced with amino acids 

eliminates the animal’s need to metabolize and excrete excess protein leading to lowering 

quantities of run off and thus a smaller grey water footprint. Besides environmental benefits, 

low protein-amino acid supplemented diets also positively influence bird health by reducing 

the incidence of gastrointestinal disorders and thereby improving the health status.  

              To illustrate how improving feed efficiency and reducing the nutrient excretion can 

help mitigate the overall impact of poultry production, a LCA for a typical broiler production 

scenario has been completed. The methods in LCA followed clearly defined internationally 
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harmonized norms (DIN EN ISO 14040/44:2006). As mentioned above, compound feed 

usually shows an unbalanced amino acid profile corresponding to the quality and composition 

of the feed ingredients used. The imbalance in the essential amino acids can be compensated 

either by increased feed consumption, higher feed protein levels or by specific 

supplementation with the respective amino acid. In the LCA, feed mixes based on local 

cereals such as wheat and barley and with oilseed meals such as soybean meal (SBM) or 

rapeseed meal (RSM) were typically supplemented with the necessary quantities of DL-

methionine, L-lysine, L-threonine, and L-tryptophan in order to meet the nutritional 

requirements. The LCA considers the entire production process of the feed ingredients of 

agricultural origins, the production of the amino acids, the production of the compound feed 

as well as the conventional animal production in Germany or Europe “from the cradle to the 

grave” (Figure 8). 

 

Figure 8. Holistic view of all phases of the pathways for poultry feed options to fortify 

amino acid imbalanced diets (Source: Evonik 2010) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The LCA evaluated the impact of the fortification of an amino acid deficient broiler 

feed by one kg of digestible amino acids in a pre-mixture per ton of feed. This is the FU used 

as a reference. The FU in the other options provided the same amount of amino acids from 
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natural protein (SBM/RSM) without supplemental amino acid so that all options provided an 

identical nutrient supply. The categories of impact primarily covered those areas of 

ecological relevance according to the state of the science or as far as they can be described in 

a scientifically reliable manner (Table 2). 

 

 

Table 2. Selected impact categories as per the international scientific state of the art, 

also applied by the German environmental administration (UBA 2000) 

 

Impact Category Life Cycle Inventory Parameter 

Resources consumption 
Cumulated energy demand 

CEDfossil CEDnuclear CEDregenerative. 

Global warming potential 

Greenhouse gas effect 
CO2, N2O, CH4 

Acidification NOx, NH3 , SO2, HCl, HF 

Eutrophication 
NH3, NO3

- 
, CSB, 

N-compounds, P-compounds 

 

 

The results of this LCA indicated that feeding a diet containing supplemental amino 

acids significantly reduced the GWP, AP and EP (Figure 9), Primary Energy Demand (PED) 

and Resource Consumption (Figure 10) relative to a diet containing either soybean meal or 

rapeseed meal. 
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Figure 9. GWP/AP/EP as per CML 2001 for the 3 broiler compound feed options 

expressed as CO2-equivalents per functional unit [kg CO2e/FU], SO2-equivalents per 

functional unit [kg SO2e/FU] and PO4-equivalents per functional unit [kg PO4e/FU] 

respectively 

 

 

 

Figure 10. PED (MJ/FU) and resources consumption expressed as crude oil equivalents 

per FU as per CML 2001 for the 3 broiler compound feed options 

 

 

                  

Extrapolating the Ehrlich and Holdren concept, a Brazilian case study was done by 

Kaufmann (2016) wherein the impact on nitrogen load when fed reduced protein under 
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baseline and growth scenario was established for poultry and pigs. With an estimated 

population of 200 million and a per capita meat consumption of 53 kg, reduction of crude 

protein (CP) in the animal diets by 3 % points significantly reduced the nitrogen load by a 

quarter. This would allow a further 5 kg per capita meat consumption with the nitrogen 

output still lower by 9 % compared to the standard dietary regime.  

Ecological dimension in feed formulation 

Optimizing the nutritional and economic aspects of diet formulation and feeding concepts is 

well established in majority of the countries globally. The ecological aspect had little 

attention so far due to missing tools and low legal and public pressure, however is gaining 

popularity day by day. Software tools are made available for free from consulting services 

(Holos 2015), Universities (FeedPrint 2015) or Feed additive suppliers (Evonik 2015). It is 

generally accepted that reducing the protein level in a diet reduces the nitrogen content in the 

manure by 10%, the ammonia emission into the ambient air by 10%, the water consumption 

of the animals by 3% and the manure volume by 5% (Peisker et al. 2009). As up to 4% of the 

N in fertilizer or manure can be omitted as N2O (Woitowitz, 2007), reducing N-content in 

manure through low protein diets results in reduced N2O emissions. 

Kaufmann (2016) demonstrated the potential of a low protein diet in lowering the 

most critical environmental impact categories GWP, AP and EP compared to a Standard 

Brazilian diet formulation using AMINOFootprint 2.0, a web-based application to evaluate 

the environmental impact of nutritional strategies. This would offer a new dimension to the 

daily business of optimizing diets, allowing optimization not only to be least cost but also 

finding solutions that are least impact. 

Broiler diets and layer diets were compared using standard diet and diet with reduced 

CP levels at 1 to 1.5 and 2.5 % respectively. All the diets were formulated to meet the 

standardized ileal digestibile (SID) AA as per the Evonik recommendation. This study also 

looked into the impact of sourcing ingredients (soybean meal and soy oil) from soybean 

grown in areas that has undergone land usage change (LUC) and without LUC while 

considering different logistics scenario for ingredients sourced to the site of feed production. 

There was a significant reduction in the GWP, AP and EP with low protein diets under LUC 

of about 20 %, 16.6 % and 8 % respectively compared  to standard Brazilian diet. However, 

under non-LUC scenario the impact was relatively lower for GWP (0.7 %) with considerable 

savings for AP (10.5 %) and EP (5.3 %). From the above results, one could conclude that 
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lowering the CP in the diet had significant impact on AP and EP, whereas GWP was majorly 

influenced by LUC. This is in accordance with the previous studies by Prudenciao da Silva et 

al. (2010), de Alvarenga et al. (2011) and Speciality Feed Ingredient Study (SFIS, 2015). The 

above references further endorse the fact that formulating diets using the Ideal Protein ratio 

with supplemental amino acids could not only optimize the nutritional and economic aspects 

but also can significantly influence the ecological dimension of animal production.  

Integrating and optimizing all the above concepts of husbandry management for 

maximum performance and health, nutrient management to reduce the usage of feed 

resources and nutrient excretion, waste management to reduce waste volumes and finally 

emission management to reduce environmental impacts could create novel business 

opportunities with better profitability under the Low Emission Farm concept (Figure 11)  

LEF concept allows the use of animal manure as a substrate for generating biogas 

using an anaerobic digestor (AD). However, the adoption of AD as an alternative to reduce 

the environmental footprint of animal production seems to be economically feasible only 

under housed livestock operations (Masse et al. 2011). The technical feasibility of upgrading 

the biogas plant (60 % methane) to produce pure methane gas (renewable energy) is also well 

established. Depending on the infrastructure and regulatory policies pertaining to individual 

country one could explore the additional business opportunity so as to develop the current 

infrastructure to be more eco-friendly with additional payback. Haasken et al. (2015) did a 

LCA evaluation on the LEF concept under Latin American broiler feeding scenario wherein 

the authors showed a significant reduction of GWP from 1,600 to 934 kg CO2e/kg live weight 

of broiler, a reduction of 42 % when diets were supplemented with amino acids. Biogas and 

biogas methane production further reduced the GWP by 16 % and 8 % respectively. This 

pilot study on LEF concept has shown the reduction potential of GWP by 55 % which is very 

encouraging to further expand on LCA calculations with wider scope to integrate the best 

practices for operations downstream of manure storage.  
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Figure 11. Schematic representation of Low Emission Farm (LEF) concept 

 

With the rising protein demand in an exploding global population, it is high time to 

look for alternatives outside of the traditional protein sources and insect protein has emerged 

as one of the leading candidate to ensure protein security. LCA studies done by Oonincx et al. 

(2010), Oonincx and de Boer (2012) and Muys and Roffeis (2014) have also shown 

significant reduction of insect protein production on environmental footprint. In addition, the 

protein quality of insect meals for animal feeding is shown to be very high (Rumpold and 

Schlueter, 2013; Sanchez-Muros et al. 2014; Makkar et al. 2014), however the production 

process demands high energy which could be a limitation in addition to the regulatory 

concerns. Under the LEF concept, if the combined heat and power plant (CHP) could deliver 

the much needed energy to feasibly run the insect meal plant, this could further be integrated 

into the scheme of things to potentially reduce the environmental footprint of animal 

production. In a recent study by Verbeke et al. (2015), the social acceptance of insects in 

animal feeding among livestock producers, stakeholders of the agriculture sector and end 

consumers revealed an encouraging response and the future of insect meal as a protein source 

is bright in the context of depleting natural resource.   
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To summarize, animal production shall adopt best practices and innovative tools for 

improving resource efficiency and reducing environmental impacts. It is imperative that 

future of animal production depends on maintaining and increasing the public-private 

partnerships for research and development (R&D) and investment in livestock sector which 

must be translated into better agricultural practices thereby supporting the role of animal 

production towards sustainable future. More efforts are needed to work with stakeholders and 

end consumers to co-develop and validate scientifically reliable and easy to understand 

information on sustainability and innovation in animal production. There is a need to set up 

structured and continuous dialogue between policy makers, stakeholders and end consumers 

on identifying ways for improving the sustainability of animal production. This would allow 

end consumers to make sustainable choices and livestock sector to deliver healthy, safe, 

affordable, and convenient food to 9 billion people by 2050.  
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Exotic Diseases in New Zealand - An Historic Perspective 

 

NEIL CHRISTENSEN 

 

INTRODUCTION 

Each month MPI publishes a list of specified animal diseases considered absent from New 

Zealand. Currently, this list specifies Newcastle disease, Highly pathogenic avian influenza, 

Infectious bursal disease, Fowl typhoid/Pullorum disease, Turkey rhinotracheitis, Duck virus 

hepatitis, Duck virus enteritis and arboviruses that affect birds: West Nile and 

Eastern/Western equine encephalitis. 

This paper will examine, from a personal perspective, investigations in which I have 

been involved into suspect outbreaks of some these diseases, and other diseases that used to 

be considered absent from this country that have appeared or re-appeared in our poultry 

flocks: Egg Drop Syndrome 76 (EDS76), Ornithobacterum rhinotracheale (OR), Infectious 

coryza.  The aim is to examine the diagnostic circumstances that initiated our responses, and 

how these reflect on the passive surveillance interaction between the poultry industry/fancy 

and MPI Surveillance and Response directorates. 

 

Infectious bursal disease 

The first indication that NZ might have a problem with IBD came on the 7
th

 November 1993, 

when a sharp-eyed QC person noticed that bursas on a broiler processing line were smaller 

than normal and informed the company veterinarian (Brian Jones). He sent bursas to me for 

histopathological examination, and to NCDI Wallaceville for virus isolation.  

 Investigations into the origins of the outbreak concluded that the IBD virus was of 

vaccinal origin and originated from a contaminated Rispens Mareks vaccine administered to 

broilers (Ryan et al, 2000); at this time to grow large broilers to 3kg required some 8 weeks, 

an age at which Mareks vaccination was advisable. 

 ___________________________________________________________________ 

Avivet Ltd, RD3, Pukekohe 2678. www.avivet.co.nz 
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Usually, freeze-dried HVT vaccine was used for these broilers but as the hatchery had SB1-

HVT vaccine left over from vaccinating layers, this was used on the broilers and the IBD 

virus ended up in broilers; it also raised the probability that layers would also be infected, and 

serological investigation proved this to be the case. 

 

 Most Waikato broiler farms in the early 90s were single or two shed sites on, and 

managed as an adjunct to dairy farm operations, and were easily emptied and disinfected 

following a protocol developed by PIANZ. The virus, surprisingly was not as contagious as 

most IBD viruses (Christensen, 1995), and was largely eradicated by the end of 1995 

(Mulqueen 2014), the notable exception being a large 22-shed company broiler farm.  

Eradication from layer farms, apart from one rearer proved relatively easy as shown by 

serological checking of layer farms. 

However in May 1997, I visited a single-shed farm in the Manawatu and noticed that the 

bursas were enlarged for the age of the birds and somewhat oedematous – a sign of early IBD 

infection with mild classical IBD virus; serological examination of the flock for IBD proved 

negative – this was unsurprising given the acuteness of infection (Christensen, 1999).  

Examination of other broiler farms in the group showed that bursas at slaughter were of 

variable size, from small (bursameter 3) through to 7 or 8, indicating that the index farm was 

unlikely to have been the first infected. This was confirmed by the fact that other farms were 

serologically positive. It also emerged that farms supplying other processors had returned 

suspect sero-positives in April, but they had been dismissed as “false-positives. It transpired 

that one of the growers was an electrician, who did electrical work for most of the other 

broiler growers across both processor groups, and there was quite a bit of sharing of 

equipment. 

 

 Where the IBD virus had remained hidden for 3 years is not known, but testing of 

layers on related farms had been patchy over this period. 

 

 Eradication was achieved relatively easily on most of farms by hygiene measures, but 

problems on a four-shed site remained for some months.  Eradication was facilitated by the 

use of killed IBD vaccine in the parent flocks in 1998 and 1999 to slow transmission of 

infection.  Killed vaccines had been used in 1994/95 as well; some of these parents had been 
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naturally infected by live virus, and in such flocks the killed vaccine provided high antibody 

titres to the progeny, and bursal histopathology showed protection of bursas in progeny.  So 

with a combination of strict biosecurity, destocking,  a well-designed disinfection programme 

supported by PIANZ, and some assistance from maternal antibodies IBD was eradicated. The 

last positives were detected in early late 1999, the registration of the killed IBD was 

withdrawn, and by the end of 2000 year no killed-antigen vaccinated parents were on the 

ground.   A follow-up programme of serological testing has shown that freedom from 

infection with IBD virus has been maintained ever since (Mulqueen, 2014). This is shown by 

a serological monitoring programme for broilers, breeders and table egg layers that involves 

testing of some 12,000 samples per annum; positive results to the ELISA test occur with 

regularity, and these are eliminated by retesting using a virus neutralisation test (VNT), 

carried out at NCDI Wallaceville. 

 

 There have been a few investigations that have gone beyond that, notably two free 

range layer farms in Northland in 2006, which showed persistent VNT positives, and were 

investigated by the use of sentinel broilers. Serological examination and PCR probing of 

bursal tissues were used in this investigation. The serological aspect of the investigation 

yielded some positives both ELISA and VNT in sentinels, but PCR and virological 

examination failed to give any evidence of IBD virus being present (Bingham et al, 2006).   

In addition to this active surveillance there is passive surveillance of suspect lesions; some of 

these will be shown in the talk. 

 

Newcastle disease 

New Zealand poultry have been shown to be infected from time to time by APMV1 disease 

viruses.  Most of the work on these was carried out in the 1970’s when a few isolates were 

recovered (Durham et al, 1980). These were shown at the time to have an Intra-cerebral 

pathogenicity index (ICPI) of less than 0.2, when the mildest vaccines in common use in 

Europe (Hitchner B1) has an ICPI of 0.3.  Nevertheless seropositive flocks have occurred, 

and continue to occur, many in broiler breeders, (Pharo et al 2000), but less so in recent 

years.  

 

 



Proceedings of the NZ Poultry Industry Conference, 2016. Vol. 13 

 

 

 

49 

 

 

 

 

 

 

NZ sera tested for APMV1 (NDHI) and no./% positive – selected years 

Year No. sera tested No. sera positive % positive 

1997 8372 202 2.4% 

1998 8113 12 0.1% 

1999 9882 281 2.8% 

2011 1442 0 0.0% 

2013 2013 2 0.1% 

 

 I investigated one such outbreak in 1987 at Waitakere farm. 4 sheds were infected 

over a period of 2 years, and then the infection disappeared. The first flock showed clinical 

evidence of disease, but it transpired that it was also infected with ILT accounting for the 

respiratory signs seen; there were quite marked areas of proliferation of intestinal and caecal 

tonsil mucosa, not quite erosions but very close. 

In Northland, in 2008, APMV1 sero-positivity was detected in a free range layer flock 

as part of an investigation into decline in egg production.  It was found that a flock was 

positive on arrival, and serological investigation of the premises of origin found that infection 

was widespread.  Samples were collected in virus transport media for PCR and classical virus 

isolation, but no PCR products or virus was found.  Examination of subsequent young flocks 

seronegative on placement on the Northland layer farm failed to show any evidence of 

infection in 2009, although serological examination of 3 birds showing neurological signs 

(due to sinusitis aro Davainea tapeworm) in 2012 showed 2/3 seropositive by NDHI.   

The source of the virus in this case has remained a mystery; it is of interest that the 

pigeons (Kings – a specialised meat pigeon) were imported from Victoria to a Northland 

duck farm in 1995 – the last import before the rigors of the Biosecurity Act came into play; 

given subsequent events in the Victorian and NSW pigeon world – Pigeon paramyxovirus is 

common -  one wonders?  Without isolates, or a PCR product we will never know the origin 

of the APMV1 virus that gave rise to these seropositives.   

The other Newcastle disease issue that has shaped my view of disease reporting was 

the events of July 1999 in Belfast, Christchurch, where deaths of 1000 birds in a 5 week old 

floor-reared layer flock were investigated by a poultry veterinarian (Davies, 1999).  He 

thought that the condition was not contagious (there were 45,000 layers in four cage sheds 
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producing very happily less than 40 metres from the affected rearing shed). Samples were 

delivered to Lincoln AHL for confirmation and a suggestion made that ND be excluded as a 

formality. I was in the North Island, and phoned by the owner on Friday afternoon as I was 

boarding an aeroplane – I thought that the noise I could hear was from the airport where I was 

but the farmer said that the noise was that of a helicopter bring in MAF investigators from 

Wellington, and men in “ET suits” were wandering over the farm, and an RP notice had been 

served.  By the time I arrived, there was 3 MAF/AQ persons, the farmers, their lawyer, a 

representative from the feed company and the drug company supplying the feed company 

with coccidiostat.  No one had actually looked at the birds and the death rate had subsided;  I 

looked at the birds, which showed signs of neuro-muscluar collapse rather than neurological 

signs associated with ND, and carried out a few basic post mortem examinations (by 

torchlight), which showed no signs of ND intestinal lesions. The feed company admitted 

putting more than double the dose of ionophore in the grower feed, and together with the 

drug company, had moved very quickly to have this confirmed by examination of the feed.  

Despite the overwhelming evidence that an exotic (or any other infectious disease) was not 

involved in the episode, the RP could not be lifted, until the  MAF-collected samples had 

been tested – a process taking 4 days. 

This episode has influenced my approach to potential exotic disease reporting – I 

would need strong evidence before reporting a potential exotic disease to the 0800 number.  

Potential cases of Newcastle disease, which will be mostly respiratory, do have to be 

followed up, especially given the Australian experience in 1996/97 when in the area to the 

west of Sydney progressively more virulent ND viruses were largely ignored until the 

virulent ND outbreaks of 1998 (Westbury, 2001).  This progression is illustrated in the 

following table, illustrating the progression of NDV virulence (by both definitions) in 

Australian isolates: 

 Note the definition of Newcastle Disease - Newcastle disease is defined as an 

infection of birds caused by a virus of avian paramyxovirus serotype1 (APMV1) that meets 

one of the following criteria for virulence: 

a) The virus has an intracerebral pathogenicity index (ICPI) in day old chicks (Gallus 

gallus) of 0.7 or greater 
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b) Multiple basic amino acids have been demonstrated in the virus at the C-terminus of the 

F2 protein and Phenylalanine at position 117. The term multiple basic amino acids refers 

to arginine or lysine residues between positions 113 and 116. 

 

Australian isolates  (Westbury 2001) 

V4 1966 0 GKQGRL 

various 1967-1984 <0.2 GKQGRL 

lentogenic strains 1984-1990s 0.3   

summer resp disease 1990s 0.4 RKQGRL 

Peats ridge 1998 0.41 RKQGRL 

Dean Park 1998 1.65 RRQRRF 

PR32 1999 NA RRQGRL 

 

 

There has been some investigations of New Zealand isolates 

NZ isolates  (Pharo et al 2000) 

Species Year ICPI 
AA sequence at 

cleavage site 112-117 

ducks 1976 0.02-0.14 GKQGRL 

parrot 1976-8 0.04 GKQGRL 

chicken 1976/1995 0 GKQGRL 

ducks 1997 0 ERQGRL 

ducks 1997 0 GKQGRL 

ducks 1997 0.16 GKQGRL 

A duck isolate had 2 basic amino acids at the cleavage site. 

 

 

EDS 76 

This disease has a fascinating history; the first Mareks vaccination was used in 1969, and in 

the early 1970s these vaccines were made in conventional (as opposed to SPF) eggs.  There 

were periodic infections of poultry flocks with Reticulo-endotheliosis virus from the eggs 
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used to make Mareks vaccines. Then in 1974 someone in the Netherlands had the bright idea 

of making Mareks vaccines in duck eggs – ducks do not suffer from REV.  Most ducks were 

carriers of a hitherto unrecognised, vertically transmitted, Group 2 adenovirus that 

contaminated the vaccine eggs, and caused a disease in chickens that became known as Egg 

Drop Syndrome 1976.  These vaccines were used extensively in European breeding 

pyramids, but not in USA or Canada. At this time Ross UK had an egg layer breeding 

programme and these birds were imported into New Zealand (Ross Brown, Ross Ranger), 

and EDS76, which is egg transmitted came with them.  The cause of the disease was quickly 

worked out at Stormont laboratories in Belfast (NI), the vaccines withdrawn and the breeding 

pyramids quickly cleaned up and EDS was regarded as an exotic disease when I arrived in 

NZ in 1984. 

 

 EDS testing requirements in import certificates for hatching eggs to New Zealand was 

a cause of some acrimony in the late 80s, as the Canadian exporters of Shaver birds (Shaver 

broilers were used as well as layers) argued (successfully) that they did not have to test for 

EDS, as the disease was absent from Canada; testing was required of the imports of Ross 

birds from the UK. 

 

 However in February 1992, I investigated an outbreak of soft shells and a 15% drop in 

production in a 1000-bird layer flock in Patumahoe supplying a local egg packing group.  The 

water supplied to this flock was pumped untreated from a 15m diameter duck pond.  The 

farmers proved very observant in that they described the mucoid discharge (originating from 

the sloughing of the lining of the shell gland) characteristic of the acute stages of EDS.  The 

flock proved serologically positive to EDS (average HI titre log28.2); we even got low titres 

from the ducks.   
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 The early 90s was the time that free range egg farms were being established across 

Europe, and there were similar reports of de-novo (i.e. derived directly ducks, usually via 

faecal contamination of drinking water) EDS infections.  The infection was spread through 

the marketing group on cardboard egg trays – I suggested that each supply farm use their own 

colour so that egg trays were sent back to the farm from which they came. This put in place 

and used for many years.  The hot-spot of EDS then moved to South Canterbury.  In 1996 

special trial imports of Schering-Plough (MSD) were sanctioned by the ARB for trials under 

my control carried out on a badly-affected farm at Dairy Flat. They were so successful that 

further imports (about 16,000 doses in total – a substantial amount given the size of the free 

range egg industry at the time) were brought in to keep this farm in business, and some were 

used on other farms, until the vaccine was registered in 1997, luckily prior to the increased 

bureaucratic requirements of the ACVM Act came into force – otherwise we may not have 

been able to develop a free range egg industry. 
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Infectious coryza 

Up to 5 years ago Infectious coryza had not been diagnosed in New Zealand. In 2011 the 

disease was diagnosed in a breeder flock in South Auckland. Affected poultry showed an egg 

production drop, respiratory signs, and sinusitis with purulent exudate in sinuses and nasal 

turbinates on post mortem examination. Swabs from affected chickens prior to antibiotic 

administration grew a bacterium identified as part of the Avibacterium gallinarum complex 

(Bingham, 2011).  All specimens tested were negative by culture and PCR for Avibacterium 

paragallinarum. Antibiotic treatment brought the disease under control, and it did not spread 

to other flocks.  The only consequence was that an export being prepared for Vietnam (by a 

different company) had to be abandoned as the Vietnamese export protocol contained a 

statement that New Zealand was free of Infectious coryza. This shows the pitfalls of export 

certificates containing inconsequential (daft) provisions. IC is present in Vietnam. Although 

the disease agent was not identified as Avibacterium paragallinarum, Infectious coryza was 

removed from the list of exotic organisms. 

 

Ornithobacterium rhinotracheale (OR)  

 Since its isolation and characterisation in 1992 as a respiratory disease of broilers 

(especially) in Europe, OR had been regarded as exotic to New Zealand, and testing of source 

flocks for imports of hatching eggs was required by MPI. In circumstances reminiscent of the 

EDS situation, OR had always been a European rather than an American disease, and testing 

was not available in US, presenting a problem for imports from America. In late summer 

2015, I was approached over a period of 2 weeks by 5 backyard poultry keepers/ poultry 

fanciers in the greater Christchurch area complaining of an acute respiratory infection in their 
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fowl.  The condition responded to antibiotics, and was therefore probably of bacterial origin.  

I had noted that OR had recently been detected in Australia, and with assistance from 

Eduardo Bernadi of Pacificvet, we obtained a number of swabs of the palatine cleft of birds 

from these flocks, and OR was identified by PCR (Anon, 2015). No evidence of a similar 

disease has been evident in commercial poultry in Canterbury.   The upshot of the diagnosis 

was that MPI was able to remove the testing requirements for OR from the import protocol, 

thereby easing relations with US primary breeders.  

The other aspect of the OR saga is the importance and difficulty of getting disease 

information out of the fancy poultry.  In this case NZ commercial industry benefitted from 

the detection of OR, but what if the condition had been Fowl typhoid or IBD? 
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Avian Influenza-- USA 2015: Does USA Poultry Farm in a Big Aviary? 

 

KERRY MULQUEEN 

 

The USA Poultry Industry suffered huge losses in 2015 due to Avian Influenza. The presence 

of Avian Influenza in USA poultry is not new –there are records of it from the 1940’s – 

perhaps the current farming practices allowed the size of this outbreak to be larger. The 

prevention of infections is a fundamental essential strategy for poultry producers with 

preventive measures termed biosecurity and disinfection procedures in particular an integral 

part of on farm management strategies. 

The H5N8 Avian Influenza virus reassorted, or mixed genes, with other influenza viruses in 

North American waterfowl and went on to trigger 248 flu outbreaks in commercial and 

backyard turkey and chicken farms in the US and Canada at a cost of nearly $5 billion. 

After emerging in early March 2015 in Missouri and later devastating flocks in Minnesota, 

the Dakotas, Iowa and Nebraska the outbreak ended in Iowa in a commercial layer complex 

in June 2015. 

Officials worked to end the outbreaks by quarantining and eliminating infected poultry. 

Officials worried that the highly pathogenic virus would be re-introduced into poultry farms 

by migratory aquatic birds carrying the virus but none of the many migratory birds sampled 

were infected with a highly pathogenic flu virus.  

The fact that existing procedures weren’t sufficient in 2015 to cope with the outbreak and in 

hindsight there is a need to revaluate these procedures.  

Given that birds with Avian Influenza are potentially continually present in the USA was the 

commercial AI outbreaks expected or was the intensity and scale unexpected? 

___________________________________________________________________ 

Poultry Industry Association of NZ, Auckland. Email: Kerry@pianz.org.nz 
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 The US poultry industry operated according to a standard of structural and operational 

biosecurity that was in this outbreak incapable of protecting some flocks from the 

introduction of a highly pathogenic virus.  

The concentration of large complexes with up to five million hens in close proximity, based 

on financial expediency and least-cost production, was contrary to principles of sound 

conceptual biosecurity and exacerbated the losses sustained following the introduction of 

HPAI into the poultry population.  

Even in the case of turkey farms with up to 20,000 birds, the proximity of units in limited 

areas, common ownership of adjacent farms and obvious deficiencies in biosecurity 

contributed to inter-farm spread. 

According to an updated epidemiological study by Aphis, many of the turkey farms affected 

by H5N2 highly pathogenic avian influenza in the US this year had biosecurity in place, but 

the protocols were not being audited properly. Only 43% of the case farms were properly 

audited. “In the majority of cases, feed trucks, live haul loaders, pre-loaders and other items 

were shared by multiple farms,” said the study. “Wild birds, another possible route of disease 

transmission, were observed inside barns on 35% of the farms.” 

Did the economics of producing poultry meat and eggs over ride biosecurity practices.  Did 

the failure of a person to adequately wash their hands or equipment introduce AI into a flock? 

The presence of an audit should not be the requirement to ensure procedures are completed 

and correct. The inability to follow the procedures already developed allowed the AI to arrive 

on farm.   

All this structure and procedure was in place yet failure resulted in infected flocks? 

Many of the lessons learned from the previous outbreaks and the 2015 US outbreak will be 

applicable to other nations and subsequent outbreaks. There was an expectation that bad 

things won’t happen to my farm.  
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Whether the source of the virus was wild birds or human activity makes no difference in how 

to respond to and control the virus once it is in the farm. Dealing quickly with the infected 

stock is critical. 

Wild ducks/geese have been tipped as the major source spreading the virus but it is 

noteworthy that the disease moved from Minnesota in the north, south to Arkansas and 

Missouri, the opposite direction birds migrate through the area in the spring.   

Total duck populations in the USA were estimated at 49.5 million breeding ducks in the 

traditional survey area. This estimate represents a 1-percent increase from last year's estimate 

of 49.2 million birds, and is 43 percent higher than the 1955-2014 average. 

“We are fortunate to see continued high overall duck populations in North America’s 

breeding areas this year” reports US Fish and Game.   

Does this above statement represent a challenge or a threat to US commercial poultry 

farming?  

Did all the retrospective investigation reveal that once inserted into the poultry Industry from 

wild birds the intensification and rapid spread was driven by poultry industry practices, 

practices counter to biosecurity but counting bottom lines   

Pre 2015 the USA did not consider that HPAI (Highly pathogenic avian influenza) was a 

worldwide problem, but it now considers HPAI is a world problem with implications both for 

domestic industries and world trade. Accordingly, compliance with sound scientific and 

epidemiologic principles should be applied to prevent the deleterious results of catastrophic 

mortality and trade embargos.  

Developed animal industries are characterised by on-site biosecurity programmes which are 

designed to prevent or minimise incursions by known infectious diseases. These programmes 

are supported by close veterinary and laboratory surveillance for animal health. A newly 

emergent disease can therefore most likely and is expected to be recognised quickly in any 

developed animal industry.  

Did this happen in the USA in 2015 for Avian Influenza.? 
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Once past the first biosecurity barrier on a farm via an avian incursion was it dependant on e 

humans to then spread thru the Industry? 
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NZ Exotic Disease Preparedness Planning 

 

MICHAEL BROOKS 

 

The following aspects will be covered in this presentation 

 Poultry industry Biosecurity Risk Profile – revision and update 

 Poultry industry Network Study - Massey University, 2016 – revision and update 

 National Biosecurity Capability Network – (NBCN) – PIANZ and EPF membership 

 Avian Influenza response plan – Update  

 Newcastle and Infectious Bursal Disease response plans – Update 

 Agribase poultry industry property registration 

 AsureQuality – industry map 

 Gas lance trial – usage in NZ for euthanisation 

 Council disposal of euthanized birds 

 Education – posters – (disease recognition, biosecurity) / training / seminars  

 Government Industry Agreements – (GIA) –MPI & PIANZ/EPF 

 

 

 

 

_______________________________________________________________ 

Poultry Industry Association of NZ/Egg Producers’ Federation,  Auckland. 
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An Update on Biosecurity Responses at MPI 

 

ANDREW SANDER and EVE PLEYDELL 

 

INTRODUCTION 

MPI’s vision “of Growing and Protecting New Zealand” is one shared by most New 

Zealanders. Both Andrew and Eve work in the Intelligence, Planning and Co-ordination 

(IPC) Directorate. Eve is a veterinarian working as a Response Manager in the Major 

Incident Management Team (MIMT). Andrew works in the Readiness Team where he 

manages the National Biosecurity Capability Network (NBCN).  Both are passionate about 

protecting New Zealand and are operationally active in both responding to biosecurity 

incursions and also operational planning. In this presentation Andrew will provide an 

overview of MPI’s approach to resourcing and managing biosecurity responses and Eve will 

add some details about specific considerations for an Avian Influenza response. 

 

The National Biosecurity Capability Network 

Biosecurity has many definitions, the NBCN views biosecurity as; “a set of preventive 

measures designed to exclude, eliminate, or manage the impact of unwanted organisms.”  

The NBCN is a MPI initiative, managed under the Biosecurity Response Services Agreement 

(BRS) with AsureQuality (AQ). This contract ensures that MPI and AQ work in partnership 

to manage biosecurity responses. MPI provides Governance and manages activities at the 

executive level, while AQ manages activities at the operational level. The NBCN is a 

network of people and resources that can be deployed at short notice to assist in the 

operational (field headquarters) area. Under New Zealand’s Coordinated Incident 

Management System (2
nd

 edition) this is called the Regional Control Centre (RCC) or 

Emergency Control Centre (ECC). 

_______________________________________________________________ 

National Biosecurity Capability Network, Ministry of Primary Industries, Wellington. 
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Currently, the NBCN comprises about 204 organisations signed by way of MOUs or 

Contracts including; Regional Councils, agricultural and horticultural partners, Government 

Agencies and commercial organisations such as Downers, OPUS and NZ Biosecurity Ltd.  

There are also numerous veterinary practices signed into the network, including Massey 

University.  

The NBCN also contains non-human resources. Some of these are initiatives that have 

resulted from response debriefing processes or response improvement workshops, including 

the building of 2 portable pathogen containment laboratories (PC2) and (PC3) that are able to 

be transported to any location to provide diagnostic facilities on site (usually at RCC). We 

also have specific response containers that store resources for responses such as Foot and 

Mouth Disease (FMD), Queensland Fruit Fly (QFF), and generic responses that require a 

RCC to be established.  

Recruitment for the NBCN is guided by the scenario based models under 5 response types: 

Forestry (Pine Pitch Canker), Environmental (Red Imported Fire Ant), Marine (Northern 

Pacific Sea Star), Horticulture (QFF) and Animal (FMD). Under the animal model a scenario 

based on Avian Influenza could be developed to enable recruitment into the NBCN and 

training to be provided in specific areas. From the scenarios, specialist people, facilities and 

equipment are sourced and then invited to be part of the network.  Training is an important 

part of the NBCN, and National Response Team training (NRT) is provided annually to 

specific expert roles based on a generic response. 

Identifying the Need for a Response 

When MPI initiates a biosecurity response it follows a series of stages that commence with a 

notification of a suspicious pest through either the 0800 MPI Exotic Pest and Disease 

‘hotline’ [0800 80 99 66] and passive surveillance, or through the National Surveillance 

Programme that includes over 7000 fruit fly, insect and other traps in high risk areas 

throughout the country. Once notification is made, an MPI investigator assesses the details of 

the notification and decides whether or not an investigation is warranted. MPI receives over 

10,000 notifications a year, of which approximately 750 result in investigations.  

If an investigation is conducted and confirms that an exotic pest or disease is present, then the 

investigator produces a rapid assessment report (RAR), the Chief Technical Officer (CTO) is 
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notified, and a meeting is held of the Response Senior Leadership (RSL) Group. At this 

initial meeting a decision is made as to whether a response is to be declared/approved.  

If a response is approved, a Governance Group is then formed which will oversee and take 

strategic leadership and responsibility for the response. A Controller is appointed and an 

Incident Management Team (IMT) formed. The IMT are the team that develop response 

plans, liaise with external parties and make operational decisions.  AsureQuality is then 

appointed to conduct the operational activity required and to decide whether the NBCN 

should be deployed and in what way.  

MPI’s Approach to Managing Responses 

The anticipated scale of the response influences the response activation time that is expected, 

the anticipated number of people required to manage it, and the level of personnel within MPI 

that will hold the mandate. Activation time is the time it is required to establish a National 

Coordination Centre (NCC) sometimes known as a Response Headquarters, notify key 

stakeholders and international trading partners, and establish an operational field 

headquarters or under CIMS2 Regional Emergency Control Centre (RCC) or (ECC). MPI 

recognises 4 categories of response: minor (e.g. termites in a yacht and spiders in imported 

Mexican table grapes), moderate (e.g. Eucalyptus Beatle in the Hutt Valley and termites in 

Whitianga), Major (e.g. Queensland Fruit Fly, Velvetleaf, Avian Influenza and Pea Weevil) 

and Severe (e.g. FMD or Avian Influenza).  

 

When managing any response, MPI uses its Single Scalable Response Model (SSRM) to 

implement NZ’s Coordinated Incident Management System (CIMS). The model provides a 

standardised, adaptable & flexible framework to support a common and consistent approach 

for managing across MPI’s different types of responses. CIMS is the New Zealand 

Governments standard emergency management system and it is very similar to systems in use 

in Australia and the USA. MPI’s SSRM takes the CIMS response management structure as its 

base and has made some adaptations that reflect some of the specialised requirements of the 

types of response that MPI manages. 
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The response management structure is relatively simple and is headed by the Governance 

Group, who will appoint a Controller, who in turn will appoint managers for up to 

sixfunctions: Intelligence, Planning, Logistics, Operations, Public Information Management 

(communications), and Welfare. Under the SSRM, MPI may alter the functions that are 

activated to suit the type and size of response. Additions to the management structure could 

include health and safety, diagnostics, risk, legal and liaison. The number of staff each 

specific function manager has working for them depends on the size of response.  

 

MPI currently has over 40 responses that it’s managing which range from being under 

investigation, being responded too or long term management alongside regional councils, 

IWI, DOC and the community.  

Between Responses 

When  the NBCN is not being used in responses, the network is kept busy updating MOUs, 

providing training, producing communications, developing processes and procedures, 

building technical  knowledge about identified emerging risks (such as the Brown 

Marmorated Stink Bug- BMSB), improving  techniques and tools, and running workshops.  

The NBCN is a unique concept that has not yet been developed in any other country in the 

world. This is due in part to the unique attitude in New Zealand where the community as a 

whole sees the value in contributing to the protection of our environment and way of life.  

Responding to Highly Pathogenic Avian Influenza 

An emergency response to a detection of Highly Pathogenic Avian Influenza (HPAI) in New 

Zealand would involve both the Ministry for Primary Industries and the Ministry of Health. 

Which agency was designated as the lead agency for the response would depend on whether 

the disease was diagnosed solely in poultry or whether there were cases in people. MPI and 

MoH have prepared response plans in preparation for such an event.  

If the risk associated with the presence of a strain of HPAI was deemed to be a threat to 

national security, then the response would be managed under the National Security System or 

Whole of Government crisis management framework. Under this framework multiple 

government agencies are coordinated through the Officials’ Committee for Domestic and 
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External Security Co-ordination (ODESC) with the high-level planning and strategic 

response being directed by the Cabinet Committee on Domestic and External Security Co-

ordination (DES) that is chaired by the Prime Minister. 

MPI would respond to HPAI in poultry by instigating a “stamping out” policy that would 

involve a number of activities: Containment to prevent further spread via movement controls; 

Detection of infected places via disease surveillance; Depopulation of all birds on all infected 

places; Disposal of all carcasses; and Cleaning and Disinfection of all buildings, equipment 

and vehicles associated with infected birds. A response to the detection of a strain of Low 

Pathogenic Avian Influenza would be managed using a measured response the scale and 

nature of which would be appropriate to the level of risk posed by that particular strain and 

set of circumstances. 

In all responses to HPAI, protecting the health and safety of responders would be of utmost 

importance. Responders would have to wear suitable Personal Protective Equipment and be 

trained to observe strict biosecurity protocols.  

In 2004/5 a lot of work was conducted by multiple parties, including MPI, MoH, Department 

of Conservation, and Poultry Industry Association NZ, to prepare joined-up response plans. 

Over ten years later, the scientific knowledge about avian influenza has increased, many 

countries have gained direct experience of how to manage outbreaks, notably the USA in 

2015, and staff will have changed within each partner agency and organisation. To ensure that 

New Zealand Inc is best placed to effectively manage a detection of HPAI, a joint review of 

those plans, the areas that could now be updated, whether there are potential gaps in HPAI 

readiness and how best to address these gaps could be instigated.  
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NZ Infectious Bronchitis Survey 

 

SANDY MCLACHLAN 

 

INTRODUCTION 

Infectious bronchitis (IB) is caused by an avian coronavirus and is one of the most significant 

infectious causes of disease in chickens worldwide. Infectious bronchitis virus (IBV) was 

isolated from chickens in New Zealand by Pohl in late 1960s and investigations were carried 

out in the early 1970s by McCausland and Lohr. Further investigations, including genetic 

characterization, were conducted by Ramneek and McFarlane in the late 1990s. Since that 

time there has been no research on IB in New Zealand. 

Overseas the great variety of IBV variants makes control of IB complex and a constantly 

moving target. In contrast, only a limited number of unique strains were found in New 

Zealand, and the absence of disease in broilers means that the control measures applied have 

been significantly different from elsewhere in the world.  

The last survey of IBV in New Zealand was conducted in the late 1990s. Nevertheless, there 

have been significant developments in the last 20 years that could impact the management of 

IB in the future. A new epidemiologic study would provide information on which to base 

decisions about IB control. 

Transmission of IBV 

Chickens are considered to be the natural host of IBV, but IB-like viruses have been found in 

pheasants and pea fowl.  Other avian coronaviruses have been detected in turkeys, quail, teal, 

geese, pigeons, guinea fowl, partridge and ducks. 

 

__________________________________________________________________ 

Pacificvet Limited, Christchurch 
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Like other coronaviruses, following respiratory infection IBV has tropism for epithelial cells 

of the upper respiratory tract, female reproductive tract, kidney and gastrointestinal tract. 

During the acute phase of infection (3 – 5 days post infection) many birds in an 

immunologically naïve flock produce large amounts of virus in trachea immediately before 

clinical signs are obvious. The amount of virus recoverable drops rapidly in second week 

post-infection to below the detection limit of RT-PCR.  

Acquired immunity from vaccine / field infection is of short duration and birds may be re-

infected many times in their lifetime – so called rolling infection. Nevertheless, if vaccinated 

or previously infected birds are re-infected with a homologous IBV, a smaller percentage of 

the flock produces smaller amounts of virus for a shorter time. Indeed, virus recovery is used 

as an assay to determine vaccine protection.   

Long term persistence of IBV in the caecal tonsil or kidney is possible, so isolation of virus 

from those sites does not indicate recent infection. The virus is not egg transmitted. 

 

Manifestations of IB 

IB manifests as respiratory, reproductive or renal disease. 

Overseas literature describes respiratory disease, principally upper respiratory disease, as 

being most significant for broilers. The clinical signs are snicking with nasal and ocular 

discharge accompanied by acute viral pharyngitis, sinusitis, tracheitis and air sacculitis. 

Uncomplicated infection recovers 10 – 14 days after infection. IB may be complicated by 

secondary bacterial infection. 

In New Zealand there is apparently little disease in broilers and they are not vaccinated. 

There are occasional reports of acute upper respiratory disease in laying hens. 

Reproductive disease causes decreased egg production, misshapen non-pigmented eggs and 

watery albumin if infection occurs at one of two critically important times. Infection early in 

lay (19 – 22 weeks) manifests as the signs described above. Infection of chicks soon after 

hatching with no maternal antibody results in oviduct cysts and silent layers.   

Renal disease manifests as swelling, urates in the collecting ducts and mortality of young 

birds. Historically, this form was reported in broilers in Australia and Europe associated with 
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a cluster of predisposing factors: genetic line of chickens, dietary protein source (meat meal), 

age, cold and other stressors.  

Gastrointestinal infection and replication has been demonstrated but as yet there is little 

evidence for a significant clinical effect. IBV is excreted in faeces and may be recovered 

from cloacal swabs for many weeks post infection.   

Avian coronavirus 

The coronaviruses have been reclassified recently and the avian coronaviruses comprise most 

of the Gammacoronaviruses. Coronaviruses are enveloped with surface spikes giving a 

crown-like appearance in negative staining electron micrographs. The viral genome 

comprises single strand positive sense RNA of about 28 kb. Replication occurs in the 

cytoplasm of the host cell. About two-thirds of the genome is composed of ORF 1a and ORF 

1ab that code for 15 non-structural proteins involved in viral replication. The remaining third 

of the genome codes for the viral structural proteins S (spike), (E) envelope, (M) membrane, 

(N) nucleocapsid, 3a, 3b, 5a and 5b.  

The S protein forms the spikes projecting from the viral membrane and mediates attachment 

and entry into the host cell. It is post-translationally cleaved and exists as a dimer comprising 

the variable S1 and conserved S2 components.  

The S1 protein is heavily glycosylated and conformational epitopes induce serum antibodies 

that may be neutralizing. The amino acids in S1 may differ by up to 50% between IBV 

strains.  

Coronaviruses are known for genetic mutation and recombination resulting in antigenic drift 

and shift respectively. In common with other coronaviruses, IBV displays low fidelity 

replication and recombination between strains resulting in new variant subpopulations.  

Overseas, there are large chicken populations in close proximity. Consequently genetic 

change is common and new IBV variants are frequently reported, but most do not persist in 

the field. Because the degree of cross-protection afforded by heterologous viruses may be 

poor this phenomenon is a constant challenge for vaccination programmes.  

Whilst the situation in NZ was stable from 1970s to 1990s the current situation is unknown.   
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Diagnosis 

In the past virus isolation was performed in 9-day-old embryonated eggs, usually requiring 

many serial passages. The end point was curling of embryo after 7 days incubation / embryo 

mortality or detection of the virus in allantoic fluid. The procedure was expensive time 

consuming and subjective. 

Serology, was limited to virus neutralization (VN) or haemaglutination inhibition (HI), and 

neither is straightforward for routine diagnosis. 

Today, viral RNA can be detected by RT-PCR or serologic evidence for infection can be 

obtained by ELISA. 

Immune Response 

The S1 protein has conformational epitopes that induce humoral antibodies. IgM is transient 

and peaks about 8 days post-infection. IgY (IgG) peaks about 21 days post-infection then 

declines. 

There is little correlation between circulating antibody levels and resistance to respiratory 

disease, but humoral antibody does correlate with absence of virus in the kidney and 

reproductive tract.  

Hypervariable regions in the S1 gene cause differences in the conformational epitopes, which 

allows VN and HI strain typing. However, because cell mediated immunity is also involved 

in protection against respiratory disease there are discrepancies between strain differentiation 

by serology and in vivo cross-protection.  

Control by vaccination. 

Since the 1940s it has been known that controlled exposure during rearing protects against 

decreased egg production. Live attenuated vaccines were, and still are, produced by serial 

passage in embryonated eggs.  

Live vaccine is given by drinking water or as coarse spray which allows live virus to enter via 

oropharyngeal mucous membranes – mimicking the natural route of infection. Live vaccines 

give more reliable and durable immunity in the respiratory tract than killed vaccines, even if 

only low levels of antibody are stimulated. 
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Parenterally administered killed vaccine alone induces some protection against reproductive 

disease but does not protect from respiratory disease.  

All modern vaccine programmes utilize live vaccine either alone or administered as a primer 

that is boosted by a killed vaccine. 

Broiler vaccination: one or two applications of live vaccine. 

Breeder / layer vaccination (one of two possible programmes). 

1. Live vaccine every 8 – 10 weeks. 

2. Live prime (x2), killed vaccine boost (x1). 

Programme 1. controls both respiratory and reproductive disease. Programme 2. has been 

used since the 1960s to control reproductive disease. These programmes are successful 

because IBV infection or live vaccination during the rearing period does not affect egg 

production and humoral antibody is effective in preventing reproductive disease. Prime and 

boost with heterologous strains gives broader cross-protection and also a much greater 

humoral immune response than vaccination with homologous strains. 

 

Classification 

The finding that vaccines could protect against homologous virus strains but not always 

against heterologous variants emerged as a big issue in Europe and the USA in the 1980s. 

Consequently, IBVs were classified in attempts to understand their epidemiology and 

evolution. Isolates have been classified by serotype, protectotype and genotype.  

Although a typing system suggests a virus clearly belongs to one type only, the typing of 

isolates may be ambiguous. Classification has been hampered not only by lack of 

standardization of tests and use of different nomenclature in different regions, but also 

because IBVs are not grouped consistently by the different classification systems. This is not 

surprising because the different systems measure different parameters of the virus, new 

serotypes and protectotypes can emerge with only a few changes in the amino acid sequence 

of S1, and recombination means a new virus is a chimera of the parent strains.  
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Serology 

Traditionally, strain classification into antigenic serotype was inferred by virus neutralisation 

(VN) in embryonated eggs. The test is based on the reaction between the IBV isolate and a 

panel of IBV serotype specific antibodies raised in SPF chickens. Two strains A & B are 

classified as the same serotype when two-way heterologous (antiserum A with virus B, and 

antiserum B with virus A) neutralization titres differ less than 20-fold from homologous titres 

(antiserum A with virus A, and antiserum B with virus B) in both directions.  

Unequivocal assignment to a serotype is complicated by the phenomenon of one way virus 

neutralization, e.g. Benglesdorff & Lohr showed that Massachusetts strain IBV was 

neutralized equally by NZ103 antiserum or Massachusetts strain antiserum, but NZ103 IBV 

was only neutralized by NZ103 antiserum but not Massachusetts antiserum.    

There are a number of practical difficulties with VN that limited its use for classifying field 

isolates. It is expensive and labour intensive and becomes less practical if many strains are 

assayed simultaneously. Antiserum is not standardised. Each new strain needs antiserum to 

be raised in SPF birds, and only early antiserum following a single exposure of the birds is 

strain specific. The phenomenon of variable cross-reaction between virus and antiserum 

meant that statistical methods such as that of Archetti and Horsfall had to be used to assign 

serotypes.   

Panels of monoclonal antibodies could be used to type strains known to occur in a locality, 

but minor mutation of the S1 amino acid sequence could change the conformational epitope 

and render the isolate undetectable.  

In some places haemaglutination inhibition (HI) was used for diagnosis, but it had limitations 

for differentiating between IBV variants due to cross-reactions. HI reactivity is not related to 

protection. 

ELISA tests detect group specific anti-IBV antibodies but the commercially available kits are 

not type specific. Nevertheless, the tests are widely used for vaccination monitoring and 

diagnosis.  
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Protectotype / Immunotype.  

It is possible to group IBVs empirically into functional protectotypes because much broader 

cross-protection against heterologous IBVs can be obtained by vaccination or infection than 

serotyping or genotyping would suggest.  This is because serotype or genotype are artificial 

classifications based on the humoral response or sequence similarity respectively, and they 

may or may not be biologically relevant.  

Cross-challenge experiments to measure cross-protection have demonstrated that there are 

fewer protectotypes than serotypes i.e. protectotypes comprise more than one serotype. 

Strains that provide protection against each other are grouped as a protectotype. The basis of 

this classification scheme is that the outcome of the total immune response is measured, not 

just a component of it.  IBVs of different serotypes and genotypes not only have different 

epitopes, but also share common epitopes which give cross-immunity and others which 

stimulate cell mediated immunity. 

Although the assessment of efficacy is not standardized, protectotyping provides some 

empirical practically useful indications about the likely efficacy of a vaccine. Interestingly, 

Bengelsdorff & Lohr 1975 showed that H120 vaccinated birds were well protected against 

respiratory challenge by NZ strains. Another study reported that a Massachusetts type live 

vaccine had also protected against Australian T challenge.  

Protectotyping studies are practically challenging to conduct because they require purified 

virus, SPF chickens and quarantine facilities etc. to perform the vaccine challenge studies. 

Further, the studies are configured as strain to strain comparisons, but in the field 

protectotyping may be rendered irrelevant by vaccination programmes that employ serial 

vaccination with different strains to obtain broad cross-protection. 

Cook showed evidence that a vaccine programme using a vaccine of the Massachusetts 

serotype and one of the 4/91 variant protected against many if not all IB variants tested. The 

principle of using two widely differing vaccines strains sequentially is practiced in New 

Zealand where live IBNZA is given as a primer and killed Massachusetts 41strain is given as 

a booster.  
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Genotyping 

Genotyping on the basis of nucleotide and amino acid sequence provides objective data 

useful for epidemiologic studies. The derived information can be used to determine the 

dynamics of virus circulation and to screen for frequent, infrequent, pathogenic, non-

pathogenic, emerging and declining strains.  

The most commonly sequenced part of the IBV genome is the S1 gene. It is the major antigen 

and carries most of the conformation dependent epitopes that induce serotype specific 

neutralizing antibody and viruses with >90% amino acid identity in S1 are usually, though 

not-always, the same serotype.  

Nevertheless, the S1 gene is the most variable region and genotyping and serology do not 

necessarily correlate. Sometimes a small difference of less than 3% amino acids in S1 is 

sufficient to change the conformational epitope enough to change the serotype, but larger 

changes elsewhere in S1 often do not change the serotype. Indeed, Ramneek showed that the 

NZ C & D strains share 98% amino acid homology but are serologically distinct. 

Molecular characterization of the S1 gene has shown that within geographical regions there 

may be particular polymorphisms that are correlated with the strain type. This allows local 

typing schemes using molecular techniques to be developed and often only short segments of 

the S1 gene are used to differentiate the known types within a location. There are limitations; 

some isolates cannot be typed and the schemes are not applicable to isolates from outside the 

region.   

Relationship between genotype, serotype and protectotype  

Direct correlation of vaccine genotype with strain protection is not possible, but is no worse 

at predicting immunity to challenge with heterologous virus than serotyping by virus 

neutralization. In general, higher cross-protection is obtained when there is high homology 

between strains, and the lower the S1 homology the lower the cross-protection. The 

relationship is not strong and sometimes small changes in the sequence result in a big drop in 

cross-protection between particular strains. On the other hand there can be a high level of 

cross-protection against other strains with lower homology.  
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Distribution of variants 

The emergence of new variants and their distribution is unpredictable, but variants are usually 

related to pre-existing strains and are often geographically localized to countries and even 

regions within countries. Many new variants are not very significant causes of disease, nor do 

they persist long. 

The Massachusetts strains were the first discovered in the 1940s and are still the most widely 

distributed. Massachusetts vaccines such as M41 from the USA and H120 from Europe have 

been used nearly worldwide for decades. The 793B (4/91) type arose in Western Europe in 

the 1980s and is widespread from there to the Middle East. The QX strains arose in China in 

the 1990s and have spread westwards across Russia and are now common in Europe.  

There are a number of IBV lineages that are confined to specific geographic regions, such as 

Asia (China, Korea and Japan strains), North America (Arkansas, California, Delaware and 

Georgia strains), South America (Brazilian variants), Europe (D1466 and Italy02), Middle 

East (Israeli strains) and Australasia (Australian subgroups 1, 2 and 3 and the NZ strains. 

Australian subgroup 1 includes the NZA strain). 

Interestingly in China and Brazil the indigenous variants often remain dominant despite the 

widespread use of exotic vaccines.  

 

Developments since 2000. 

The outbreak of the zoonoses Severe Acute Respiratory Syndrome (SARS) in 2002 and 

Middle East Respiratory Syndrome (MERS) in 2012 have stimulated research into respiratory 

coronaviruses. 

The taxonomic classification of avian coronaviruses has changed.   

The Australian IBV that historically had kidney tropism changed and now displays 

respiratory tropism. The change was associated with small sequence change in the S1 gene 

(Ignatovic). 

Australian studies by Chousalkar showed differences in pathogenicity of IBV strains for the 

oviduct and that the quantity of virus peaks in the tissue at 10 – 14 days post infection. 
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Perhaps not all IBVs have the same predilection for the oviduct or heterologous maternal 

antibodies cannot always neutralize them.  

The silent layer phenomenon re-emerged with the arrival of the QX variant in Europe. In 

China infection manifested as proventriculitis, whereas in Europe the disease manifested as 

nephritis in young birds and silent layers consequent to infection at very young age causing 

cystic oviducts. 

IBV was shown to persist and be shed in the trachea and cloaca for up to 77 days and there is 

evidence of persistence in the caecal tonsil for several weeks. Persistence may be followed by 

re-excretion at point of lay, but the possibility of rolling infection confounding the findings 

cannot be excluded.  

There was suspicion that viral persistence might allow mutation, but that has not been 

supported by experimental findings using the Massachusetts strain.  

Viral RNA is now detectable by RT-PCR on dried swabs and also on FTA cards which 

inactivate virus. This has allowed sequence data to be obtained from an enormous number of 

strains for molecular epidemiology on a scale and scope not hitherto possible. This 

technology is available in NZ, but has been used only on a small scale to date. 

It was shown that economic losses associated with IB in broilers predominantly occur where 

maternal antibody is low and erratic.  

CAV and IBD were shown to attenuate the IBV specific IgA response in the respiratory tract. 

The adaptive immune response to IBV is Th-1 biased (characteristic of intracellular infection 

i.e. viral). Memory T-cells remain in blood for at least 10 weeks. B cells produce antibody by 

3 weeks post-infection.  

Variant Italy 02 became widely distributed throughout Europe but caused little disease.  

The Chinese QX strain is highly pathogenic. A combination of existing vaccines is effective. 

Also a new vaccine was developed.  

A third group of IB variants was described in Australia e.g. ck/Australia/N1/03 and 

ck/Australia/N2/04.  
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In USA, Arkansas-like variants continued to evolve, the DE072 strain evolved into GA98 

strain – for which a commercial vaccine was prepared.  

A standardized nomenclature for naming virus isolates has been proposed (Anonymous 

2016). An S1 gene based phylogeny has been proposed in attempt to harmonize virus 

classification (Valastro et al. 2016).  

The Chinese have been active at sequencing and publishing S1 sequences.  

There are epidemiological puzzles regarding why Massachusetts and 4/91 appear to have 

spread widely (vaccine strains), whereas other major types have remained localized. 

Although widespread use of some live vaccines suggests spread due to vaccination, an 

Arkansas vaccine has been used widely in Europe and China and no field Arkansas isolates 

are reported, only re-isolation of the vaccine. Similarly Australian vaccine strains have been 

re-isolated in China, but indigenous strains remain dominant.  

There have been reports of IBV-like viruses in wild species, but there are no recognized wild 

bird reservoirs. Perhaps it would be interesting in New Zealand to look at Galliformes 

(chickens, pheasant, partridge, quail, peafowl, turkey), Anseriformes (ducks, swans and 

geese), and the Gruiformes (pukeko, moorhen, rails, takahe, coot and crake). 

 

 New Zealand Situation 

Since IB was last investigated in the late 1990s, 12 new lineages of IBV have been confirmed 

worldwide and 15 potential lineages are awaiting further data.  

We propose an epidemiologic study using up to date technology and phylogenetic 

classification to give a current picture of the dynamics of IBV infection and IB disease in 

New Zealand. We encourage industry participants and the wider poultry and avian health 

sector to participate by submitting samples accompanied by the history and clinical findings 

for analysis. The survey submission form is appended (Appendix 1, see page 151). 
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Poultry Health Issues in New Zealand 

 

ELIZABETH KRUSHINSKIE 

 

INTRODUCTION 

While New Zealand’s celebrated poultry disease-free status is world renowned and the 

country is documented to be free from several significant viral diseases of chickens such as 

Infectious Bursal Disease and Newcastle Disease, infections with many parasitic 

microorganisms from the Eimeria genus still commonly occur in commercial poultry 

operations.  These must be controlled through the use of anticoccidial chemicals or vaccines 

and secondary infections with opportunistic bacterial pathogens such as Clostridium 

perfringens, Staphylococcus, and E. coli controlled.  Typically, feed-grade antibiotics such as 

zinc bacitracin, virginiamycin, and avilimycin are used in conjunction with either chemical or 

ionophore anticoccidial compounds to minimize intestinal disruption and disease from these 

organisms.  Increasingly, however, the use of antibiotics of any kind in poultry production is 

under pressure from consumer and activist groups in response to increasing antibiotic-

resistant infections in humans and increasingly poultry producers and retail-chain restaurants 

are using antibiotic use status as a competitive marketing tool.  Unfortunately, raising meat 

chickens without antibiotics (ABF or antibiotic free production) can be significantly more 

inefficient, expensive, and challenging to manage and lead to unacceptable animal health and 

welfare outcomes for the birds themselves. 

Health Challenges 

The primary issues faced by producers of ABF meat chickens fall into two broad categories – 

1) Enteric disease challenges; and 2) Systemic disease challenges.  

 

Inghams Enterprises Pty Ltd, North Ryde, NSW 2113 Australia  

Email: bkrushinskie@inghams.com.au. 
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Enteric diseases lead to compromised intestinal mucosal health, maldigestion, illness, and 

death.  Inadequate prevention and control of coccidiosis and necrotic enteritis (NE) caused by 

opportunistic infections with Clostridium perfringens bacteria are recognized worldwide as 

the biggest contributor to poor poultry health, welfare, and performance and can result in the 

loss of 10 points of feed conversion or more.  The prevention of these two diseases is critical 

because intestinal cell wall damage due to coccidial organism replication predisposes the 

intestinal mucosa to clostridial infection further damaging the intestines causing mucosal 

sloughing, gas production, hemorrhagic bleeding, and mortality in affected birds.  Clinical 

NE causes significant pain and suffering to the affected animal and can result in high levels 

of mortality. Treatment of clinical NE usually requires the use of shared class antibiotics, 

such as Amoxicillin, which is prohibited in ABF production.   Coccidiosis, especially with E. 

maxima, and NE in their subclinical forms are widely recognized as the most costly diseases 

of broiler chickens. 

Without the availability of ionophore anticoccidials, control of coccidiosis will have to be 

achieved with chemical anticoccidial compounds or live anticoccidial vaccines.  Chemical 

anticoccidials, with the exception of Nicarbazine, have a tendency to rapidly result in the 

development of resistance and are only effective for a limited period of time.  They act by 

stopping coccidial replication completely in susceptible organisms, but result in the rapid 

selection of resistant mutant populations of the parasites.  Resistance, once developed, tends 

to be persistent for a long period of time rendering that specific chemical ineffective.  

Chemical coccidiostats are, therefore, typically used for short windows of time in a shuttle 

rotation program in an attempt to minimize this resistance development. 

Live coccidial vaccines have been used alone or in rotations with chemical coccidiostats in an 

attempt to “seed” the shed with susceptible organisms, but the necessary replication cycles 

that these oocysts go through before inducing immunity in the bird causes damage to the 

mucosal lining of the intestinal tract.  This, again, pre-disposes the birds to outbreaks of 

clinical NE.  Control of Clostridium has been successfully achieved through the concurrent 

use of vaccine and antibiotics such as virginiamycin, but in an ABF program this antibiotic 

use is not allowed. 

A variety of strategies have been used by producers of ABF poultry to minimize the health 

and welfare impact of the removal of ionophores and antibiotics from broiler production 
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including  the use of pre-biotics, probiotics, or Direct Fed Microbial (DFM) products, 

supplementation with essential oil extracts and organic acids, conversion to a vegetarian diet, 

improving digestibility of feed grains (ie less wheat, barley and oats), and reducing shed 

placement density.  In some cases, the use of alternatives to feed grade antibiotics has helped 

minimize disease and production loss, but the performance of ABF flocks is usually below 

that of conventionally raised flocks. 

Systemic bacterial infections, usually with Staphylococcus or E. coli, are a common sequela 

to subclinical coccidiosis challenge and intestinal damage and often result in bacterial 

chondronecrosis with osteomyelitis (BCO) of the femoral head and lameness.  This is the 

result of blood-borne bacteria seeding the cartilaginous growth plates in the long bones of 

immature birds.  If left untreated, animal welfare is compromised and losses can become 

catastrophic.  Untreated flocks also carry a higher load of bacteria, including pathogens, into 

the processing plant and can result in higher levels of bacterial contamination of the resulting 

processed carcasses. 
1
 

Environmental and Economic Impacts 

ELANCO Animal Health recently published an extensive economic study on the 

environmental and economic impact of withdrawing antibiotics from US broiler production. 
2
 

The study compared three production systems – conventional, ANO (animal-use only 

antibiotics) and ABF.  Data were obtained from USDA ARS and industry sources such as 

Agristats®, Aviagen, and Cobb-Vantress along with expert knowledge. 

The results revealed a significant decline in average production in the ABF system for a 

given broiler house compared to the conventional system.  Birds raised in a single broiler 

house under ABF conditions will have an annual reduction of between 50,000 – 100,000 lbs 

(23,000 – 46,000 kg) of edible meat (breast, legs, thighs, and wings) equivalent to between 

265,000 – 530,000 individual 3 oz servings of poultry meat.  This loss represents enough to 

feed 600 – 1,000 people annually based on the average annual consumption of chicken in the 

U.S.  In order to maintain the same supply of meat under ABF conditions, a typical broiler 

house will require between 15,000 and 33,000 more marketed broilers per year. 

Due to the additional broilers needed, eliminating antibiotic use has a negative environmental 

impact resulting from the need for between 185,000 – 390,000 additional lbs of feed per year; 
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between 42 and 90 additional acres of cropland; between 33,000 and 78,000 additional 

gallons of water consumed; and between 157,000 and 333,000 additional tons of manure 

produced.   

The incremental cost to produce edible prime meat in a broiler house under ABF conditions 

is between US$52,000 and US$110,000 per year.  These findings suggest that eliminating the 

use of antibiotics in the raising of broilers may have a negative effect on the conservation of 

natural resources as well as a negative economic impact by way of reduced availability and 

increased cost of chicken meat to consumers. 
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Rapid Techniques for Feed Evaluation: Scope and Limitations 

 

RAJESH JHA and UTSAV P. TIWARI 

 

ABSTRACT 

Poultry diets are formulated primarily using cereals and protein meals (corn, wheat and 

soybean meal) as the main ingredients. There is noted shift in using coproducts from cereals 

and oilseeds in poultry diets due to availability and relatively lower cost. However, there is 

wide variation in the nutritional values of both conventional feedstuffs and coproducts, which 

creates a necessity of developing routine evaluation techniques to detect these variations in 

order to formulate balanced diets and achieve optimal animal performance. Currently, the 

approaches being used to evaluate the nutritional values of ingredients in animal diets are 

based on values obtained from a) wet chemistry b) tables, c) predictive equations, d) in vitro 

studies, e) near infrared spectroscopy (NIRS), and f) in vivo studies. Wet chemistry analysis 

is the basis of some nutritional analysis. In vivo studies are considered the best method to get 

the nutritional value of any feedstuff. However, using an animal model for routine evaluation 

is not practical due to logistical limitations such as costs and time involved and ethical 

concerns. Hence, there is the utmost need for rapid feed evaluation techniques that is reliable 

and logistically practical. The in vitro methods to determine the nutritional value and 

digestibility have been found to be more reliable than the table values and predictive 

equations, especially for grains. However, the accuracy of these in vitro methods in 

determining the digestibility of the co-products is not very high. In vitro fermentation study 

can provide some functional characteristics of feedstuffs which are not well considered 

presently, but has potential to be used.  
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The NIRS is being used widely and can serve as a better feed evaluation technique not only 

in determining the nutritional value of feedstuffs and feed but also in diagnosing the 

differences between the results of the in vitro and in vivo methods. Although NIRS method is 

expensive in setting up the instrument and developing calibration, it delivers reliable outputs 

along with high economic efficiency once the method is established. Moreover, collaboration 

among the industry partners to provide services on calibration data and results are making it 

as the most practical tool for rapid feed evaluation technique at present. In conclusion, each 

of these tools has some advantages and disadvantages. Thus, it is not easy to make a clear 

recommendation on which one is the best method for rapid feed evaluation that can be 

applied in all conditions. 

 

FEED EVALUATION 

Poultry diets are formulated based primarily using cereals and protein meals (corn, wheat and 

soybean meal (SBM)) as the main ingredients. The competition for food, feed and fuel of 

these conventional feedstuffs has forced animal nutritionist and feed industry to formulate 

animal diets using alternative feedstuffs like coproducts from cereals and oilseeds. In 

addition, a large range in nutrient content exists within and between these feedstuffs because 

of variable agronomic conditions, genetic variation and processing techniques in these 

feedstuffs and coproducts. The wide variation among the nutritional values of these 

coproducts creates a necessity of developing routine evaluation techniques to detect these 

variations in order to formulate balanced diets and achieve optimal animal performance. 

Feed quality information is essential as feed accounts for 65-70% of the total cost involved in 

the monogastric animal production (Woyengo et al., 2014). The basis of any commercial 

farming system is to formulate a diet combining ingredients with the least cost in order to 

give a better return on investment. However, the nutritional content varies widely within and 

between crops depending upon the type of feedstuffs (Jha et al., 2011a, Jha et al., 2011b), 

within and between fibrous and starchy feedstuffs (Tiwari and Jha, 2016), and harvesting 

condition and processing method (Hernot et al., 2008). Conventional feed ingredients like 

corn, wheat and SBM used in poultry feeding program might give the best result in term of 

performance but might not be the cost effective. Hence, the poultry industry is shifting 

towards alternative feed ingredients, mainly agro-industrial coproducts. The major limitation 
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in the use of such coproducts in the poultry feed is the variation in their nutritional 

composition even if those were obtained from the same source but in different batches. One 

of the possible ways to minimize the effect of such variation is by routine analysis of each 

batch coming out from the processing industry. Nutrient evaluation of such feedstuffs has to 

be carried out before they are supplemented in the animal diet. However, traditional methods 

like wet chemistry and animal studies to evaluate the feed can be very time consuming. Thus, 

there is a need for rapid feed evaluation techniques in place for routine practice. The goal is 

to quantify the nutrient value of feed ingredients to provide a basis for formulating the diet 

close to the desired nutrient requirements quickly and accurately. Accuracy is very important, 

as poor prediction of digestible nutrient content can result in high feed cost and poor 

performance of the animals. 

 

Defining feed evaluation 

Traditionally the definition of feed evaluation was limited to testing feed quality i.e. 

evaluating or quantifying nutrient composition of feed or feed ingredients. Composition 

refers to how much energy (fats, oils and carbohydrates), protein (amino acids), vitamins and 

minerals are provided by the feed. Cereals (corn, wheat, barley, and oats) are the major 

sources of energy, whereas coproducts of oilseeds and legumes (SBM and canola meal) are 

primary protein sources. Therefore, feed formulation is mainly based on mixing different 

ingredients and forming a uniform mixture that would provide all the nutrient requirements of 

poultry at various stages of life (starter, grower and finisher). Diet for any animal can be 

formulated after the feed is evaluated for their nutritional composition and their digestibility, 

and evaluation is done as per the requirement of animal. Carbohydrates, fats, proteins, 

minerals and vitamins are important nutrients provided by the feed ingredients as well as their 

roles at the functional benefit level. Currently, the main approaches being used to evaluate the 

nutritional values of ingredients in animal diets are based on values obtained from a) wet 

chemistry b) tables, c) predictive equations, d) in vitro studies, e) near infrared spectroscopy 

(NIRS), and f) in vivo studies. Of these techniques, some are time demanding while others 

can provide results rapidly. Each of these approaches has some advantages and disadvantages 

and at present time, it is not easy to make a fair recommendation on which one is the best. 
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Re-defining feed evaluation  

Current feed formulation considers not only meeting the nutrients requirements of animals 

from particular feedstuffs, but also targets for obtaining functional benefits from the 

feedstuffs. Thus, feed evaluation needs to broaden the scope by not only determining the 

nutrient profile but also its functional characteristics. As the animal feed industry is moving 

towards utilizing more and more coproducts (which are typically rich in fiber) in feeding 

program, the functional benefit of these fibers in different types of feedstuffs have to be 

considered. For example, fermentation of fiber in the hindgut produces volatile fatty acids 

(VFA), primarily acetate, propionate and butyrate. These fermentation metabolites are taken 

up by the cells in the intestines and used for bacterial growth and energy to host animal. 

Acetate diffuses and provides energy via glycolysis, whereas propionate goes to liver and 

provides energy via gluconeogenesis. Butyrate is the principal oxidative fuel for colonocytes 

and induces growth of the colonic epithelium, colonocyte differentiation and improvement of 

immune-system response. The energy produced from VFA may contribute up to 25.0% of the 

maintenance energy requirements of pigs (Yen et al., 1991). However, the fermentation 

characteristics of fibers vary widely, mainly due to their physico-chemical properties (Jha et 

al., 2011b, c). Thus, fibrous feedstuffs need to be evaluated for their fermentation 

characteristics to gain such functional benefits from these feedstuffs. In vitro fermentation 

characteristics have been measured in an array of feedstuffs (Williams et al., 2005). Also, 

several alternative feedstuffs have been evaluated for their functional benefits such as hulless 

barley and oats (Jha et al., 2011b), legumes (Jha et al., 2011c; Woyengo et al., 2014) and 

canola coproducts (Woyengo et al., 2015). Evaluating fermentation characteristic of other 

fibrous feedstuffs before using in feed formulation will be helpful to consider the functional 

benefits of those feedstuffs in addition to the basic nutritional value provided by the feedstuff 

to animals. 
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FEED EVALUATION TECHNIQUES 

Traditionally feedstuffs are subjected to different protocols of laboratory analysis for nutrient 

profiling from representative samples to be analyzed followed by digestibility and energy 

utilization determination using animal studies to determine their inclusion level, effects and 

negative effects (if any) on the performance of animals. The new feedstuff is then 

incorporated in the commercial feeding program if is found to be comparable to the 

conventional feedstuffs. Also, several published table values and perdition equations have 

been used to determine the nutrient profile before incorporating in feeding programs 

traditionally. 

 

Wet chemistry 

Wet chemistry so far has been the best method in terms of determining the nutrient content of 

feedstuffs. However, feeds are formulated based on standardized ileal digestibility and 

metabolizable or net energy values, which is not explained by the wet chemistry only. Noblet 

and Prez (1993) evaluated the digestible energy value of pigs using chemical analysis with 

reasonable accuracy (R
2 

= 0.75). The longer time required to get results and the use and 

disposal of hazardous chemical(s) used in analysis are the major limitations in the use of wet 

chemistry routinely. 

 

Table values 

Table values or reference values of the nutrient profile of feed ingredients are available from 

different sources like NRC (National Research Council), INRA (French National Institute for 

Agricultural research), CVB (from the Netherlands), Fedna (Fundación Española para el 

Desarrollo de la Nutrición Animal from Spain) (Mateos et al., 2016). It’s the easiest method 

of getting nutrient value of feedstuffs but the table values vary widely within and between the 

tables as the source of data differs. It also varies among batches and countries due to several 

factors including agronomical conditions and genetic variations. This discrepancy among 

tables makes it poor in accuracy and of limited value for getting quality outcomes. As an 

example, table values and analyzed values of same feed ingredients were found to vary 

widely, as presented in Table 1. Lower accuracy is the limiting factor in the use of table 
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values. Due to this variation, potential lower safety margin in using table values for feed 

formulation can affect performance of poultry. 

 

Table 1. Comparison of nutrient profile of wheat byproducts between analyzed values (Jha et 

al., 2012) and Table values (NRC, 2012) 

 

Analyzed values 

 

Table values 

  Shorts   Millrun Middling

s 
Bran 

  

  
Shorts 

Middling

s 
Bran 

  A B   A B 

Dry matter 90.1 89.9   89.1 90.4 88.6 91.0   87.9 89.1 87.3 

Ash 7.3 5.5 

 

6.5 6.2 5.3 6.7 

 

NA 2.1 4.2 

ether 

extract 2.9 3.4 

 

4.8 4.1 4.1 3.0 

 

4.6 3.2 4.7 

Crude 

protein 27.8 24.9 

 

18.7 19.0 22.1 15.9 

 

16.7 15.8 15.1 

Crude fiber 7.9 5.2   8.3 9.9 7.1 12   NA 5.2 7.8 

*NA- not available 

Prediction equations 

Several equations have been developed to predict the energy values of feedstuffs in swine and 

are found to predict with very high accuracy (R
2 

= 0.97) (Noblet and Perez, 1993; Noblet et 

al., 1994). All the prediction equations are based on basic nutrient values of feedstuffs. 

Obtaining basic nutrient values using wet chemistry can be time consuming and cause a delay 

in decision making of purchase of feed ingredients or feed formulation. Analytical error and 

time required to obtain the data from developing quality prediction equations are the main 

challenges to using prediction equations accurately. Different prediction equations have been 

proposed to calculate different nutritional value, like nitrogen corrected apparent 

metabolizable energy (AMEn) in poultry. An example of prediction equation to determine 

AMEn content in poultry is: 39.78 × CP + 69.68 × Ether extract + 35.4 × Nitrogen free 

extract (Rostagno et al., 2005). Under practical conditions, most of the nutritionists and feed 

companies use table values often modified based on their practical experience or on analyses 

conducted in their laboratories by NIRS technology (Mateos et al., 2016). 
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Animal studies 

The in vivo method is so far the best and most robust model to determine the digestibility of 

feedstuffs in animals. However, the accuracy of digestibility of the in vivo method depends 

upon the marker used and the method by which the amount of marker is quantified. Also, 

there has been wide variation reported by different researchers while determining nutritional 

value of feedstuffs using animal studies. For eg., AMEn of wheat was found to be in the 

range between 2.03-2.97Mcal/kg by Wiseman (2000), 1.84-3.32 Mcal/kg by Garnsworthy et 

al. (2000) and 3.01-3.34 by (Rafuse, 2005). These variations can be attributed to the source 

and type of wheat samples and the methods used to determine the AMEn content.  Moreover, 

logistical limitations, skilled expertise required, and longer time and higher costs involved to 

conduct animal studies are the limiting factors in using animal studies in routine feed 

evaluation program. 

 

RAPID FEED EVALUATION TECHNIQUES 

There is a need for rapid feed evaluation technique because of the practical limitation of the 

commonly used approaches (wet chemistry, table values, prediction equations, and animal 

studies) used for the determination nutrient profile and digestibility of feedstuffs. The 

limitations are in the form of cost, logistics, time etc., making is less practical to be applied in 

routine feed evaluation by industry. Some methods (such as in vitro digestion and 

fermentation and NIRS technology) have been developed and used, and are getting more 

attention by nutritionists and feed industry for their capability to evaluate feedstuffs relatively 

quickly and cost-effectively.  

 

In vitro digestion 

In vitro methods simulate the activity taking place in the GI tract of animals to determine the 

digestibility of nutrient (Boisen and Fernández, 1997). Briefly, finely-ground samples are 

digested in 3 steps using a water bath. In step 1, gastric digestion is mimicked using pepsin. 

In step 2, small intestine digestion is mimicked using pancreatin. In step 3, large intestine 

digestion is mimicked using viscozyme (a multienzyme complex obtained from Aspergillus 

aculeatus containing cellulase, β-glucanase, arabinase, xylanase, mannanase, and pectinase; 
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Novozymes, Bagsvaerd, Denmark). In vitro digestion techniques can be used to screen large 

set of samples in short period of time and are non-invasive to animals and relatively very 

cheaper than in vivo methods. 

It is imperative that any simulation should be reproducible and should correlate well with in 

vivo parameters for diverse feedstuffs. A close linear relationship (R
2
 = 0.94, RSD = 3.4, CV 

= 4.4) between the in vitro enzyme digestibility of organic matter and in vivo total tract 

digestibility of energy was found for 90 samples of 31 different feedstuffs (Figure, 1; Boisen 

and Fernández, 1997).  Similar finding was reported by Regmi et al. (2009) for single 

samples of 8 feedstuffs (R
2
 = 0.97). Within feedstuff variability was predicted well for cereal 

grains and but poorly for canola meal and corn DDGS (Regmi et al., 2009). For multiple 

samples per feedstuff, in vitro energy digestibility was the best single predictor (R
2
 = 0.71) 

compared with proximate analyses (R
2
 = 0.63). Prediction accuracy of the in vitro technique 

was similar to using proximate analyses (R
2
 = 0.71 vs. 0.75; SE of prediction = 5.5 vs. 5.0; 

respectively). However, energy and organic matter digestibility of corn DDGS (R
2 

= 0.29 and 

R
2 

= 0.63, respectively) was poorly predicted by in vitro digestion method (Anderson et al., 

2009). There was a high correlation (r = 0.96) of in vitro starch digestion (up to the second 

step) with in vivo ileal digestibility of starch in poultry using cereals and potato (Weurding et 

al., 2001), and a linear relationship in pigs (R
2 

= 0.76) with peas (Montoya and Leterme, 

2011) and highly correlated (r = 0.98) when the mixture of potato starch and wheat bran raw 

and extruded form was used (Sun et al., 2006). Also, a high and positive correlation was seen 

in digestibility of nitrogen (r = 70) and essential amino acids (r = 0.92) in peas for pigs 

(Montoya and Leterme, 2012). However, there was a poor correlation for SBM (R
2 

= 0.59) 

and rapeseed meal (R
2 

= 0.33) for poultry (Swiech et al., 2001). A medium to poor correlation 

and prediction accuracy was found when other coproducts (canola meal, corn DDGS, SBM 

and wheat millrun) were evaluated (combined average R
2 

= 0.69, Figure 2), with highest for 

wheat millrun (R
2 

= 0.79) and lowest for corn DDGS (R
2 

= 0.29) (Wang, 2014). These 

information combined indicates that different in vitro digestibility techniques might be 

required for each feedstuff or feedstuff category to predict the digestibility of energy 

accurately as opposed to a single technique for the entire range of feedstuffs (Boisen and 

Fernández, 1997). Another limitation with the use of in vitro methods can be the presence of 

anti-nutritional factors, which may affect negatively when fed to animals. The different 

physiological stages of the birds (starter, grower and finisher) influence the nutrient 



Proceedings of the NZ Poultry Industry Conference, 2016. Vol. 13 

 

 

 

92 

 

 

 

 

 

digestibility. Thus, any change or adjustment of enzymes or time during simulation of 

gastrointestinal tract would change the digestibility. Further refinement in the in vitro 

digestibility study, as initiated by some workers (Regmi et al., 2008; Regmi et al., 2009; 

Wang, 2014) might be helpful to get better prediction using this model.  

 

 

Figure 1. The relationship between in vitro enzyme digestibility of organic matter and in 

vitro total tract digestibility of energy in slaughter pigs determined in 90 samples of 33 

different feedstuffs (Boisen and Fernández, 1997) 

 

 

Figure 2. Relationship between in vivo apparent total tract digestibility (ATTD) and in vitro 

energy digestibility among co-products in 30 samples (Wang, 2014) 

 

N = 90 samples 

R
2
 = 0.94 
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In vitro fermentation 

Nutritionists and feed industry is using more and more coproducts in poultry diets. 

Coproducts are typically rich in fiber content, which needs to be considered while using in 

monogastric animal feeding program. The fiber in feedstuffs negatively affects the nutrients 

digestibility (Jha et al., 2010) but it may also play an important role in improving gut health 

of host animals (Jha and Berrocoso, 2015). The fibers which are not digested by endogenous 

enzymes of monogastric animals become available for microbial fermentation, primarily in 

the large intestine and produce metabolites like VFA. The fibers are degraded by microbial 

enzymes in the large intestine in vivo, which is simulated in vitro either by using purified 

fiber-degrading enzymes or by using live microbes as inoculum. It is hypothesized that gas 

produced and fermentation kinetics and metabolites produced during in vitro fermentation 

reflects the same kinetics and metabolites production as in vivo fermentation of fiber in the 

large intestine of animal. The microbial inoculum to initiate the fermentation in vitro can be 

obtained either from the cecum, rectum, or feces in swine while cecal content is used as 

inoculum for in vitro fermentation study in poultry. Digestible energy and digestible organic 

matter can be determined using purified enzymes, whereas microbial inoculum has to be used 

to determine the fermentation characteristics. The VFA, main end products of microbial 

fermentation, can be used to predict the extent of energy digestion in the large intestine 

(McBurney and Sauer, 1993). Using purified enzymes are promising (Regmi et al., 2008; 

Regmi et al., 2009) for the purpose; however their validation with in vivo study is important. 

In vitro fermentation models using pig fecal inoculum (Jha et al., 2011b; Jha et al., 2011c, Jha 

et al., 2012) and poultry cecal content (Guo et al., 2003; Dunkley et al., 2007; Malabad et al., 

2016) have been used to determine both fermentation metabolites and intestinal microbiota. 

In vitro fermentation method is validated with high correlation in pigs for non-starch 

polysaccharide degradation (r = 0.96) (Anguita et al., 2006) and organic matter (r = 0.77) 

(Christensen et al., 1999). The fermentation characteristics of hullless and hulled barley and 

oat samples were studied both in vivo and in vitro (Jha et al., 2010; Jha et al., 2011b) and had 

similar fermentation characteristics and metabolites produced. Thus, in vitro fermentation 

models can serve as an option for rapid technique while considering evaluation of functional 

properties of any feedstuff. However, the in vitro model does not consider simultaneous 

production-absorption of the metabolites as happens in the large intestine in vivo. Thus, it 

may overestimate the energy contribution from VFA in animals.  



Proceedings of the NZ Poultry Industry Conference, 2016. Vol. 13 

 

 

 

94 

 

 

 

 

 

Near infrared spectroscopy 

The NIRS has been adopted widely by the nutritionists and feed industry as a rapid feed 

evaluation technique and is becoming increasingly popular. The use of NIRS technology to 

determine basic nutrients such as moisture, protein, fat, and fiber of major feed ingredients 

and finished feeds has been around for many years (Valdes and Leeson 1992). With 

advancement in technology, NIRS is being used for a range of measurements that are based 

on using laboratory methods to provide reference values for establishing calibration. For 

nutritionist that rely on digestible as opposed to total nutrient values for feed formulation, the 

additional cost of obtaining a large sample set with determined digestibility values has been 

cost prohibitive to establish NIRS calibrations, but some research calibrations have been 

established (Zijlstra et al., 2011). Also, industries have been working to develop a rapid NIRS 

technology based tool to estimate bioavailability of nutrients from different feedstuffs. The 

idea is to assist the industry to adopt and use standards based on the functional utility of the 

grain purchased rather than relying on the current grain physical grades to determine value in 

use. Every feed ingredient has their spectral properties which can be utilized to determine the 

nutritional value. Thus, it is important to have good calibration database to have better 

prediction equations. Moreover, NIRS penetrated deeper into the sample because of its 

wavelength; however, depth of penetration depends upon the particle size, particle density 

(DeThomas and Brimmer, 2002). Thus, not only the feed ingredient or complete feed type 

but also their other physical properties need to be considered. 

Advantages of using NIRS 

The NIRS is undoubtedly the most rapid feed evaluation technique at present and is widely 

used by nutritionist and feed industry. The sample preparation is easy as it does not require 

any processing like dilution or derivatization of the sample (e.g. fats to fatty acid methyl 

esters), thus it is advantageous over other methods. No derivatization for analysis means there 

is no need for any wet chemistry analysis, which involves use of potential harmful chemicals 

and their disposal, which is a major concern these days. The main advantage of NIR is that it 

provides relatively very accurate prediction of nutritional value (given that high quality 

calibration and method is used). Also, it is economically more efficient than any other 

analytical methods and is able to determine multiple components of each sample in a single 

measurement. Additionally, the calibration developed in one NIRS instrument can be 
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transferred or “cloned” to many other NIRS instruments in the field through a process called 

calibration transfer (Fernandez-Ahumada et al., 2008; Rao 2012). 

Limitations of using NIRS 

The main limitation in the use of NIRS technology is the cost involved in the setting up the 

system. Also, it requires calibration which in turn requires large number of sample set that 

has been grown under different agronomical conditions and is analyzed using wet chemistry. 

Both of these obstacles are now solved thanks to internet technology. The data transfer to 

other NIRS instrument by “cloning” have been practiced by some companies. But, data 

interpretation after scanning the feed ingredients and reporting the results in real time are the 

remaining obstacles to overcome. Another main limitation of the technology is that the 

reference value used in this calibration has to be validated with in vivo data, which makes it 

dependent on animal studies on continuous basis. Statistical expertise is required to calibrate 

and validate the results. Also, change in chemical structure of nutrients during digestion 

process cannot be predicted using NIRS technology. 

Calibration 

Having robust calibration is the key for quality prediction by NIRS technology. Typically, 

calibration is developed by data from wet chemistry and after validation with in vivo studies. 

To make stronger pool of calibration, reference data from in vitro digestion can be used to 

calibrate NIRS (Regmi et al., 2008); however, in vitro digestion data is useful for cereals but 

the accuracy with the coproducts is low (Anderson et al., 2009). Thus, the NIRS cannot 

provide accurate prediction without robust calibration which is possible only with valid 

reference data. Digestibility of nutrients can be predicted using NIRS such as crude protein 

(Swift, 2003) and energy (Ziljstra et al., 2011). Protein content in different feed ingredients 

has been accurately measured using NIRS such as whole maize (Jiang et al., 2007), wheat 

(Garnsworthy et al., 2000), and napier grasses (Tiwari et al., 2014). Prediction accuracy of 

fatty acid (saturated/ unsaturated) determination using NIRS was very high (R
2 

= 0.99) in 

edible oils (Sherazi et al., 2009). Standard error of cross validation was found to be low 

(indicating high prediction accuracy) i.e. 57 Kcal/kg when NIRS was used to predict the 

digestible energy of barely for pigs (Zijlstra et al., 2011). However, prediction accuracy of 

AME in broiler chickens was found to be poor (R
2 
= 0.52) (Gransworthy et al., 2000). 
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The spectral data of different feedstuffs, grown at different agronomical conditions that have 

been generated in different laboratories could be shared to have a better calibration (Rao, 

2012). Calibration transfer helps the data generated in one NIRS machine to be transferred to 

many other instruments anywhere in the world using internet. 

 

Figure 3. Digestible energy (DE) value grain samples predicted using NIRS calibration 

model and determined in grower pigs (Zijlstra et al., 2011) 

 

 

Figure 4. True metabolizable energy (TME) content of wheat samples predicted by near 

infrared spectroscopy (NIRS TMEa) and determined (Lab TME) in adult birds (Garnsworthy 

et al., 2000) 

 

 

 

N = 27 samples 

R
2
 = 0.96 

N = 160 samples 

R
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 = 0.52 
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Non calibration method of NIRS 

Non calibration method of NIRS has been proposed to determine the digestibility of fatty 

acids based on spectral analysis of digesta and concentration of marker which is also useful 

(Wang et al., 2014). Wang et al. (2014) determined apparent ileal digestibility and apparent 

total tract digestibility of fatty acids using ratio of peak intensity associated with the fats and 

not by spectroscopy. Concentration of total fatty acids was indicated by intensity of 

methylene stretching peak whereas ether extract concentration was indicated by intensity of 

peak accumulated in the C=0 region induced by ester and free fatty acids. However, there is 

very limited information available on this technique to be used in practical condition. 

Inter lab collaboration for NIRS use 

With the advancement in technology and changing business models, several feed ingredients 

and additives suppliers are offering the NIRS service to determine the metabolizable energy 

and the digestible amino acids of feed ingredients which are the two key drivers of practical 

feed formulation. Evonik industries (Germany) provides AMINONIR and AMINORED to 

evaluate the digestibility of amino acids to their customer with NIR machine. Evonik 

standardizes and links it to its NIR network, which allows the customer to get the amino acid 

digestibility predictions within one hour. Similarly, Adisseo (France) NIR Service provides 

calibration and technical services for clients with matching NIR machine using internet 

technology from five regional centers in the world. Also, AB Vista (UK), working with their 

affiliated company Aunir, provides corn quality report considering protein digestibility to 

predict and metabolizable energy content using NIRS technology. In most cases, the 

customer scans the feedstuff using NIRS machine at their location and sent the dataset to 

these service providers by internet and receives results within few hours (Rao, 2012). This 

type of collaboration has been found useful to reduce the cost of developing calibration by all 

and getting better results quickly. 

Further collaboration among these companies might be useful, not only to reduce the cost and 

time of feed evaluation but also getting accurate data as there will be possibility of cross 

validation. It will also eliminate the need of in-house technician/statistician to calibrate and 

validate the NIRS instrument. Moreover, introducing a new feed ingredient to the feed 

formulation may be easier because NIRS calibrations for a large number of feed ingredients 

may already have been setup by the other company. 
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SUMMARY AND CONCLUSIONS 

In vitro digestion model predicts the apparent total tract digestibility of cereals with higher 

accuracy; however the prediction with coproducts was poor. The in vitro technique can be 

improved by finding the difference between the in vivo and in vitro value and solving the 

discrepancies. The NIR technology is being used to predict the nutrient profile and their 

digestibility as well as in the QA and QC system of feed ingredients and finished feeds for 

many years. This technology is becoming increasingly popular in routine practice due to 

advancement in technology, robust calibration dataset as well as services provided by 

different companies. The NIRS technology is very compatible with the internet technology to 

transfer electronic data in both directions, thereby reducing the cost of NIRS data 

interpretation and report distribution. So, NIRS is the best and most promising rapid feed 

evaluation technique available for routine use at present. However, prediction of NIRS is 

based on data from wet chemistry, in vivo and in vitro studies. Thus, there is no single 

technique which can be referred independently as the best method for rapid feed evaluation. 

Further collaboration among the nutritionists, feed industries and NIRS service providers can 

make it more practical, real time or near real-time feed formulation. 
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Alleviating the Impact of Coccidiosis with Micro-Encapsulated Organic 

Acids and Essential Oils 
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2
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SUMMARY 

Clinical coccidiosis leads to important production losses in the poultry industry. The 

advancement of vaccines and the changing perspective on antimicrobial use is transforming 

the current approaches on coccidiosis prevention. Dietary supplementation of organic acids 

and essential oils has been suggested as alternatives to control coccidiosis. The objective of 

this study is to evaluate the anticoccidial efficacy of an in-feed micro-encapsulated 

combination of organic acids and essential oils or a micro-encapsulated essential oils against 

a challenge of Eimeria spp. mixture given orally at 14 days of age. In a battery cage trial, a 

total of 320 birds were attributed either to the unchallenged control (UC), to the challenged 

control (CC), CC plus micro-encapsulated organic acids and essential oils (M(OA+EO)) or 

CC plus micro-encapsulated essential oil (M(EO)). Six days post-infection, coccidiosis lesion 

score, oocysts count per gram of fecal material, and performance parameters were recorded 

and compiled. Birds supplemented with M(OA+EO) and M(EO) obtained a statistically 

lower coccidiosis lesion score compared to CC at 14-28 days. Total oocysts count per gram 

of fecal material was also statistically lower for the M(OA+EO) and even more so for the 

M(EO) treatment compared to CC at 14-28 days. For zootechnical parameters, the M(EO) 

treatment had similar, but higher average body weight gain than M(OA+EO) (0.430 kg vs. 

0.406 kg) and CC (0.430 kg vs. 0.355 kg), respectively. For the feed conversion, the M(EO) 

treated group had similar feed conversion as with M(OA+EO) birds (2.231 vs. 2.318) but 

better than the CC group (2.231 vs. 2.502) at 14-28 days. In conclusion, the dietary 

supplementation of micro-encapsulated organic acids and essential oils blend or 

microencapsulated essential oils alone alleviated the negative impact of coccidial challenge in 

broiler chickens. 

 ___________________________________________________________________ 
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This reiterates the positioning of these micro-encapsulated organic acids and essential oils 

blend products to improve production performance and as aid in the reduction of coccidiosis. 

 

INTRODUCTION 

Coccidiosis is recognized as the major protozoan disease in the poultry industry worldwide. 

This parasite (Eimeria spp.) cycles in the birds’ intestinal villi and results in feed conversion 

losses, lowers weight gain, and increases cost of production. Therefore, poultry producers 

turned to pharmaceutical interventions to maximize profits and lower husbandry costs. The 

main focus of pharmaceutical products or coccidiosis vaccines was to control or to prevent 

infection and its negative impact on performance.  

However, with current modification of antimicrobial use by global authorities, the poultry 

industry needs to shift gears and start considering other products as options to maintain 

productivity. Different blends of essential oils have been previously identified having 

destructive properties on Eimeria oocysts in vitro (3). Organic acids alone or in combination 

to anticoccidial or probiotic have been investigated with positive results on the intestinal 

integrity but little to no performance enhancement when tested during coccidiosis challenge 

(1) (2). To our knowledge, there is very limited amount of studies testing organic acids and 

essential oils in a coccidial challenged birds.  

The objective of this study is to measure lesion scores, oocysts excretion and zootechnical 

parameters in order to evaluate the anticoccidial efficacy of a micro-encapsulated 

combination of organic acids and essential oils or a micro-encapsulated essential oils alone 

against a challenge of Eimeria acervulina, E. maxima, and E. tenella.  

 

Material and methods 

A total of 320 off-sex male (byproduct from female line) chicks were distributed in each 

battery cages for this trial at the Southern Poultry Research facility. Birds received the routine 

vaccination at the hatchery and were provided with feed and water ad libitum. Cages were 

randomly assigned to one of the following treatments in 8 replicates: an unchallenged control 

(UNC), a challenged control (CC), CC supplemented with micro-encapsulated essential oils 

at 500g/MT of feed (M(EO)) or CC supplemented with micro-encapsulated organic acids and 

essential oils at 300g/MT of feed (M(OA+EO)). Cages were checked twice daily, unusual 
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observations and mortality in addition to most probable cause of death were recorded. Birds 

and non-consumed feed at day 0, 14, 20 and 28 were weighed.  

The challenge consisted of a mixture of three Eimeria strains: E. acervulina, E. maxima and 

E. tenella prepared at the Southern Poultry Research. It was administrated by oral gavage to 

individual bird at day 14 for all three challenged treatments, whereas the unchallenged 

control received 1 mL of distilled water. The coccidial challenge was aimed at producing a 

mild to moderate infection.  

At day 20 (6 days post-infection), mixed feces were collected from drop pens for each 

replicate and total oocysts count per gram of fecal material was measured by fecal flotation 

method. On the same day, four birds per cage were humanely euthanized and coccidiosis 

lesion scoring was performed on each segment of the birds’ intestine following the Johnson 

and Reid (1970) method.  

Data for performance parameters, mortality, intestinal lesions score and oocysts count per 

gram of fecal material was compiled and means were compared statistically with a p-value of 

<0.05.   

 

Results and Discussion  

From the current study, the birds supplemented with M(OA+EO) and M(EO) obtained 

statistically lower coccidiosis lesion score compared to the CC for all three Eimeria strains at 

14-28 days (Figure 1). Birds in the UNC were free of coccidiosis lesions, associated with a 

zero lesion score. In addition, total oocysts count per gram of fecal material at 14-28 days 

were also lowered in birds supplemented with M(OA+EO) and M(EO) at 63,533 and 43,014, 

respectively compared to the challenged control (164,477). The microencapsulated essential 

oils blend in this study have the greatest protection effect for coccidiosis, as similarly 

observed by Remmal et al. (4) and Giannenas et al. (5) in poultry.  

 

Average body weight gain and feed conversion were shown in Table 1 at day 0 to 14 prior to 

the challenge and day 14 to 28 during the challenge period. Average body weight gain was 

higher with M(EO) at 0.430 kg than the challenged control but not statistically different from 

M(OA+EO) at 0.406 kg. Birds receiving M(EO) had the best feed conversion (2.231) 

followed by M(OA+EO) when compared to the challenged control (2.502) at 14-28 days.  
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Table 1. Average body weight and feed conversion for each treatment prior to the 

challenge and during the challenge 

Treatments 

Performance parameters 

Average body weight gain (Kg) Feed conversion 

0-14 days 14-28 days 0-14 days 14-28 days 

Unchallenged 

control 

0.224 0.631a 

 

1.378 1.665a 

Challenged 

control 

0.214 0.355c 1.393 2.502c 

M(OA+EO) 0.221 0.406bc 1.401 2.318bc 

M(EO) 0.226 0.430b  1.439 2.231b 

a,b,c
 Means within column with no common superscript differ significantly 

 

 

Figure 1: Coccidiosis lesion score
1
 from birds’ intestine for each Eimeria strain 

 

 

 

 

 

 

 

 

 

 

 

1
Lesion score from 0 to 4 (4 representing severe lesions) was done on each intestine segment.  

a,b
 Means within column per species with no common superscript differ significantly 
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These results suggest that the lower lesion score and reduction in excretion of oocysts is able 

to give an edge to birds and translate in better performance especially with the M(EO) 

although not statistically different from the M(OA+EO). The industry is in great need of an 

effective anticoccidial, which should demonstrate a broad-spectrum of activity as well as 

enhance performances in broilers as pointed out by McDougald (6). 

 

Conclusions 

Different approaches to coccidiosis prevention were forced in commercial operations to 

answer new regimen on antimicrobial use. Blends of organic acids and essential oils were 

suggested as potential aid in coccidiosis control. Under controlled experimental conditions, 

the dietary supplementation of micro-encapsulated organic acids and essential oils blend or 

microencapsulated essential oils alone improved production performance and help alleviate 

the negative impact of coccidial challenge in broiler chickens. These additives should be 

studied further in commercial farms for their potential to be considered as a viable aid in 

reduction of coccidiosis.  
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Essential Fatty Acids and Early Life Programming in Broilers 

 

GITA CHERIAN 

 

INTRODUCTION 

In oviparous (egg laying) species, the fertilized egg provides physical environment while 

serving as a reservoir of nutrients needed for sustaining the growth and development of the 

hatchling. Among the different nutrients in egg, lipids (fats) are of considerable importance in 

the nutrition of the developing chick embryo as a source of energy, essential fatty acids, 

polyunsaturated fatty acids (PUFA), and fat-soluble vitamins. Modern strains of broiler 

chickens are selected for fast growth and are marketed anywhere from 39 to 56 days after a 

21-day incubational period. Thus 21-day incubational period in the hatching egg represents 

over 37-50% of broiler chicks’ post-hatch life. Perturbations in nutrient supply during early 

embryonic life will have long term impact affecting growth, health and tissue maturation of 

the progeny chicks [1,2]. Essential n-3 and n-6 fatty acids are involved in growth, immune 

health, inflammatory responses, and maturation and development of central nervous system. 

This review will focus on the role of early exposure to essential n-3 fatty acids through 

hatching egg and its impact on progeny in meat-type broiler chickens. 

 

Essential Fatty Acids and the Hatching Egg  

The egg yolk is a single massive cell and constitutes up to about 16 g in an average chicken 

egg and is comprised of 51 to 52% water, 16 to 17% protein, and 31 to 33% lipids including 

cholesterol, fat soluble vitamins, and pigments. Fatty acids are the most prevalent 

components of egg yolk lipids and constitute about 4 to 4.4 g in an average egg. Most of the 

fatty acids are synthesized in the hen’s liver and are deposited into the egg yolk through hens’ 

serum as lipoproteins.  

___________________________________________________________ 
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The synthesis of some fatty acids does not occur de novo, and these fatty acids must be 

obtained through the hen’s diet. These are, therefore, termed essential fatty acids. In avians, 

α-linolenic acid (ALA, 18:3 n-3) and linoleic acid (18:2 n-6) are the two essential n-3 and n-6 

fatty acids. The essentiality is due to the inability of the hen to insert double bonds (due to the 

lack of desaturase enzymes) at the 3
rd

 and 6
th

 carbon (from CH3 end locations) for ALA and 

linoleic acid. However, once a double bond is inserted at these locations, the hen can add 

more double bonds and form longer chain 20 and 22 carbon PUFA such as arachidonic acid 

(20:4 n-6) and docosahexaenoic acid (DHA, 22:6 n-3). The process of long chain PUFA 

synthesis occurs mainly in the liver. Therefore, the content of different n-3 and n-6 fatty acids 

in eggs are dependent on hen’s diet. For example, feeding diets containing n-3 fatty acids 

such as fish oil or flax increases n-3 fatty acids while diets with corn, or sunflower oil 

increases n-6 fatty acids in eggs. In a typical breeder hen ration, n-6 linoleic acid constitute 

over 50% compared to 2-3 % of ALA. This is due to the predominance of corn, soy and the 

other sources of dietary fat that are high in n-6 fatty acids. So commercial hatching eggs are 

rich in n-6 fatty acids and low or deficient in n-3 fatty acids [3]. 

 

In Ovo or Early Nutrition through Hatching Eggs  

In ovo feeding or supplying the chick embryo with nutrients (or vaccines) through hatching 

egg is commonly done in poultry.  However, such technology needs special facilities, time 

and capital to be adopted.  Supplying the embryo with nutrients through “maternal” sources 

(e.g. breeder hen diet and hatching egg) is a natural and sustainable way to approach in ovo 

feeding. Using this concept, the impact of early exposure to diets deficient or rich in essential 

n-3 fatty acids on fatty acid metabolism, immune and inflammatory responses, growth and 

health effects during post-hatch period are investigated. The details of these research are well 

reported [4-9].   

Briefly, to test the impact of early diet, hatching eggs enriched or depleted with n-3 fatty 

acids were produced through breeder hen diet manipulation. Fish oil or flax is used source of 

n-3 PUFA (n-3 fatty acid enriched eggs) or sunflower, corn, or safflower oil is used as source 

of n-6 fatty acids (n-3 depleted eggs) in hens’ diets. To investigate the consequences of an 

early exposure to n-3 fatty acid supplemented or depleted egg in progeny chickens during 

growth, chicks hatched from n-3 fatty acid enriched or depleted eggs were fed a corn-soy-

based diets lacking in n-3 fatty acid (simulating a commercial diet).  The chicks were raised 
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to 42- day growing period. Using the hen-hatching egg and progeny chick model, early life 

nutritional exposure and it long term consequences on metabolic, immune and inflammatory 

and other growth parameters were investigated. 

 

Breeden Hen Diet Affects Progeny Chick Cell Membrane Fatty Acid Profile 

Modern-day commercial broiler diets are corn-soy-based and are rich in n-6 fatty acids and 

deficient in n-3 fatty acids. Inclusion of n-3 fatty acids in broiler diets were limited due to 

cost, availability of n-3 fatty acid rich feed sources, reduced production performances and 

other meat organoleptic aspects associated with feeding diets high n-3 fatty acids. However, 

n-3 PUFA are involved in several health-promoting roles and their retention in cell 

membrane lipids is important for several physiological functions. Tissue retention of n-3 

PUFA during the grow out period is one of the most significant effect of in ovo exposure to 

n-3 fatty acids in broiler chicks. The chicks hatched from n-3 fatty acid enriched eggs 

retained higher levels of n-3 PUFA (e.g. EPA, DHA) in the tissues (e.g. liver, heart, brain, 

spleen, small intestine) and cells (thrombocytes, peripheral blood mononuclear [PBMN]) 

when faced with an n-3 fatty acid deficient commercial diet during growth. Similarly, the 

retention of arachidonic acid (n-6 PUFA) was higher in the tissues and cells of chicks hatched 

from n-3 PUFA-depleted eggs. The impact of early in ovo exposure sustained anywhere from 

7, 14, or 42 days post-hatch in different tissues in progeny broiler chickens. For example, in 

the cardiac tissue, it was observed that DHA content was highest up to day 42 while in the 

small intestine it was 14 days post-hatch in chicks from n-3 PUFA eggs [8,9].  Overall, early 

supply of high n-3 fatty acids to the embryo through hatching eggs offer certain advantage for 

offspring of n-3-enriched eggs, because they had more n-3 PUFA available at post-hatch, 

which they obviously used during post-hatch.  

 

Hatching Egg Essential Fatty Acids as Eicosanoid Precursors in Progeny Broilers 

As acyl moieties of phospholipids in cell membranes, PUFA modulate membrane biogenesis, 

eicosanoid metabolism, and are essential for the optimal functioning and maturation of vital 

organs. Eicosanoids are metabolites derived from n-6 and n-3 PUFA (e.g. n-6 arachidonic 

acid, n-3 EPA). Among the different PUFA, ester-linked arachidonic acid and EPA in 

phospholipids are potentially biologically active precursors and can be mobilized by 

phospholipase A2 to generate the free arachidonic and EPA which then can act as substrates 
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for cyclooxygenase or lipoxygenase which produces eicosanoids. The major eicosanoids 

produced from arachidonic acid and EPA are leukotrienes, prostaglandins and thromboxanes. 

Eicosanoids derived from arachidonic acid such as leukotriene B4 (LTB4), prostaglandin 2 

(PG2), and thromboxane2 (TX2) are pro-inflammatory, and eicosanoids derived from EPA 

(e.g., leukotriene B5 (LTB5)] prostaglandin3 (PG3), and thromboxane3 (TX3) are less 

inflammatory. Through in ovo nutrition, it was observed that PGE2 and LTB4 (both pro-

inflammatory eicosanoids), production was higher in cells (PBMN cells and thrombocytes) of 

chicks hatched from eggs depleted in n-3 fatty acids. The production of less pro-

inflammatory eicosanoids (LTB5, PGE3) was higher in cells of chicks hatched from eggs 

enriched with n-3 fatty acids. The effect of early n-3 PUFA diet through hatching eggs on 

eicosanoid generation sustained up to 21-28 days post-hatch in the broiler chickens [5,6]. Due 

to increased metabolic rate of todays’ fast growing broiler chickens, modulating tissue and 

cell membrane n-3 and n-6 PUFA status and thereby pro-inflammatory eicosanoid generation 

through in ovo nutrition may lead to fewer metabolic and or other inflammatory-related 

disorders in poultry. 

 

In Ovo Nutrition and Immune Modulation in Progeny Chickens 

The embryonic and immediate post-hatch period represents a significant phase in attaining 

growth and health during grow-out period in modern-day broiler birds. In chicks, 

developmental events for immuno-competence are initiated during the embryonic period and 

continue in the early weeks following hatching. Therefore, targeting towards a health and 

robust immune system through in ovo nutrition may enhance chick quality and health.  

Hatching through first week of life is the most vulnerable period affecting early mortality and 

culls. During this period, the chick faces several metabolic, physiological and environmental 

stress. The impact of an early supply of n-3 PUFA through hatching eggs in modulating 

humoral as well as cell-mediated immunity in the hatchlings were tested. It was observed that 

hatchlings from n-3 fatty acid depleted eggs showed lower bovine serum albumen (BSA) 

specific immunoglobulin G (IgG) titer in the serum than those hatchlings from n-3 FA 

enriched eggs suggesting the role of early exposure to essential n-3 FA in modulating passive 

immunity of hatching chicks. Similarly, cell-mediated immunity assessed through delayed 

type hypersensitivity test was suppressed (~50-fold) in 14 and 28-day-old chicks hatched 

from eggs with high n-3 PUFA eggs [7]. These results provide the evidence that in ovo 
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supply of n-3 PUFA has an effect on adaptive immunity up to over 50% of post-hatch life in 

broiler chickens. One of the primary regulators of the inflammation and immune response is 

the cytokine interleukin-6 (IL-6), the synthesis of which has been decreased in chicks hatched 

eggs high in n-3 fatty acids. It was observed that on the day of hatch, chicks from n-3 PUFA 

enriched eggs had the lowest liver and serum IL-6 concentrations [9]. Understanding the 

biological mechanisms underlying early life exposure to lipids through hatching eggs offers 

an exciting opportunity to apply this knowledge in developing feeding strategies to improve 

post-hatch chick immune health, quality performance at marketing. 

 

Overall, effects of early exposure of n-3 fatty acids to through maternal diet and hatching egg 

led to: 1) increase in the retention of cell membrane n-3 fatty acids when exposed to a n-3 

fatty acid deficient diet during post-hatch growth; 2) increase in production of less pro-

inflammatory eicosanoids in hatched chicks and in growing broilers; 3) decrease in long 

chain n-6 PUFA in cell membrane phospholipids of hatched chicks and growing broilers; 4) 

decrease in production of pro-inflammatory eicosanoids such as LTB4 and PGE2 in progeny 

during growth; 5) decrease in production of pro-inflammatory interleukin-6 in newly hatched 

and 7 day old chicks; 6) modulating passive and cell mediated immune response in progeny; 

7) reduction in hatched chick body weight; 8) increase in newly hatched chick liver tissue 

antioxidant activity; and 8) alteration in the expression of genes related to lipid metabolism 

[1,2].  

 

Summary 

The decreased age to market (days 39-59) in modern fast growing broiler chicken has 

increased the importance of nutrition during the embryonic and early neonatal life. Currently, 

little consideration is given to the composition of the breeder hen dietary fat composition and 

what effect it may have on reproduction or the immune or inflammatory responses or other 

metabolic disorders/pathologies in progeny birds. The chick embryo relies on finite amount 

of nutrients deposited by the breeder hen in the hatching egg for sustaining over one-third its 

life. Early exposure to lipids and essential n-3 fatty acid through hatching egg can influence 

cell membrane fatty acids, immune responses, and the production of inflammatory mediators.  

Lipids act both directly (e.g. by replacing arachidonic acid vs. EPA as an eicosanoid 

substrate) and indirectly (e.g. by altering eicosanoid generation, expression of inflammatory 
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proteins/genes). Early exposure to essential fatty acids has metabolic roles over and above 

their influence on providing energy during embryonic growth. This influence may extend 

through the entire production phase for broilers as described. Therefore, feeding the embryo 

offers a powerful and holistic tool to “program” for enhancing the health of hatchlings in a 

natural and sustainable way. Properly designed experiments in breeder hens fed well-

controlled diets can facilitate new and innovative nutrition research, expand our knowledge 

of early nutrition, and can lead to dietary strategies that will ameliorate hatchability loss, culls 

and early chick mortality as well as other metabolic disorders. 
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ABSTRACT 

In animal protein production, searching alternatives to antibiotic growth promoters has 

become an imperative task to sustain commercial production. Among numerous propositions, 

probiotics appear to be one of the most promising solutions even though, published studies 

have shown inconsistent results following use of various probiotics. New generation 

probiotics like Bacillus species have the advantage to form spores and thus can survive to the 

conditions of feed processing as well as gastro-intestinal tract conditions. However, 

identifying a strain with consistent performance is a real challenge. New screening methods 

were employed that led to the finding of the most consistent Bacillus subtilis strain showing a 

dual action: stimulating growing performance under normal conditions but also helping the 

birds exposed to pathogenic challenges such as necrotic enteritis.  

 

INTRODUCTION 

Phasing out of antibiotic growth promoters in poultry feeds represents a growing challenge in 

many countries around the world. Due to extensive use of antibiotics, some bacteria that are 

also pathogenic for humans have developed antibiotic resistance, forcing animal producers to 

find alternatives to the antibiotics currently used in animal feeding to sustain production 

efficiency and provide safe foods for consumers. A large range of products have shown some 

potential to help poultry growers to get rid of antibiotics in their productions: probiotics, 

prebiotics, essential oils, plant extracts, organic acids, enzymes... Among the wide variety of 

solutions, probiotics have shown a promising potential for broiler production. This review 

aims at giving general considerations for the use of probiotics in poultry production. 
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Definition and desired characteristics of probiotics 

The currently accepted Food and Agriculture Organization/World Health Organization 

definition of a probiotic is “live microorganisms which, when administered in the right 

amount, confer a health benefit on the host” (FAO, WHO 2001). Ideal probiotics must be 

non-pathogenic, host-specific, and able to survive to gastrointestinal conditions and exposure 

to stomach acidity, bile salts and digestive enzymes, modulate gastrointestinal microbiota 

and/or gut health parameters (such as barrier integrity, immune response, inflammatory 

status), prevent pathogen bacteria development, and survive processing and storage. Among 

the wide variety of probiotics are strains belonging to Lactobacillus, Enterococcus, 

Bifidobacterium, Lactococcus, Streptococcus, Pediococcus, Bacillus genera as well as yeast 

species. They can be classified as bacterial or non-bacterial (yeasts), spore forming (Bacillus) 

or non-spore forming (Lactobacillus, Bifidobacterium), multi-species or single-species, 

allochtonous (not present in the GIT such as yeasts) or autochtonous (such as Lactobacillus) 

or indigenous. 

The ability of Bacillus species to form endospores, which are stable to passage of the 

stomach, bile salts, chemical and physical stresses such as strong pelleting conditions or long-

term storage under hot conditions makes them very attractive for animal feeding.  

 

Strain specificity and mode of action 

The mode of action of probiotics is not fully understood but it is clear that it does rely on 

complementary mechanisms. It is also very well accepted that the mode of action depends on 

the nature of the organism. The phylogeny and full identification of the strain used as 

probiotic is therefore crucial. Indeed, it is important not only to know the genus, the species 

but also the strain considered. An example is the phylogenetic analysis of several strains of 

Bacillus. The degree of homology between the strains was calculated and it shows that 

comparing different Bacillus subtilis strains may show from 79% to 97% homology (Figure 

1). To allow comparison, human and mice share 92% of their genes and their difference is 

clear! 
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Figure 1. Phylogenetic tree based on gyrB gene sequences of selected Bacillus reference 

strains. 

 

The mode of action of probiotics can be either direct or indirect, through an action on bacteria 

(commensals or transient pathogens). Looking at the effects on bacteria, the most studied 

effects are probably on avian pathogens. Indeed clear evidence of the effect of probiotics can 

be shown by simple in vitro tests where the growth of pathogens is monitored with or without 

the probiotics. Probiotics may produce compounds such as bacteriocins active against 

specific or non-specific pathogens (Shim et al., 2012). 

Probiotics can also change the microbial population in the GIT eventually creating a more 

favorable microbial population due to a shift in the balance of beneficial and harmful 

microbes. It is indeed becoming more and more accepted that the intestinal microbiota plays 

a key role in gut health status, and thus can have a great impact on animal performance. 

Broiler intestinal microbiota can modulate intestinal morphology by producing metabolites 

representing energy for the intestinal cells, can produce specific compounds that will affect 

immune response, inflammatory status, etc… for instance increase in the butyrate producer 

types of bacteria which may help the functioning of the intestine. Modifying microbiota to a 

more beneficial one is of course a way to improve gut health. Lots of scientific publications 

have reported increase in the populations of Lactobacillus sp, Bifidobacteria sp. and 

conversely a decrease in E coli and Clostridium perfringens pathogenic species (Mountzouris 

et al., 2009).  

Also probiotics can have an effect on the host. Indeed, there is evidence that probiotics 

increased the villi length and the villus height:crypt ratio thus enhancing the intestinal surface 
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area for better nutrient absorption. Probiotics and particularly Bacillus based ones have also 

shown a direct effect on the enterocytes and the intestinal barrier. Maintaining an optimal 

tight junction functioning under challenged conditions, as well as reducing the inflammation 

of the gastro-intestinal tract can be one of the benefits of such probiotics. It is also clear that 

in order to benefit from probiotic supplementation; they must be supplemented prior to the 

infectious challenges or the exposure to various stress conditions. Using different in vitro and 

in vivo models, it has been possible to demonstrate the stimulation of immune response (IL-8 

production, T-cell and the relevant CD3+, CD4+, CD8+, IgA… for instance) in standard 

conditions or in immune challenges (after virus, E coli, IL-1… administration).  

However, different probiotics may have rather similar modes of action whilst the same 

species but different strains might have highly different modes of action.  

Effect of probiotics in growing poultry 

There are high variations in published studies that evaluate the effect of probiotic strains on 

performance. Apart from the experimental conditions, the differences are mainly due to 

differences in the nature of the strain used. The strain specificity will dictate its 

characteristics in terms of non-pathogenicity, survival in the gut, and mode of action on 

microbiota and more generally on gut health.  

Developing a consistent probiotic solution that can meet several essential criteria, such as 

promoting performance and gut health is not so easy. Sophisticated screening procedure and 

in vivo evaluation are necessary, and it is important to determine the potential of a probiotic 

according to the environmental conditions. 

Table 1: Effect of probotic (Bacillus subtilis strains) on growth performance of broilers 

fed corn-soybean meal based diets in three different conditions: 

Trial 1. 540 day-old male Ross 708 broilers, reused litter, animal by-products; Trial 2. 648 

day-old male Ross PM3 broilers, no animal by-products; Trial 3. 1200 day-old male Cobb 

500 broilers, animal products, phytase. 
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It is often clearly agreed that several challenges to the animals, such as built-up litter, high 

stock density, imbalanced protein diets, might exacerbate the potential of probiotics. 

However it should be kept in mind that challenges through very high feed intake, genetically 

inherent as of today’s poultry strains, could induce more intestinal pressure on birds than 

“health” challenges. Indeed, recent trials performed with a new B. subtilis strain showed that 

the improvement of growth in low performing birds (1.6 kg BW at 35 days) was not better 

than the improvement measured in the highly performing ones (2.2 kg BW at 35 days). Table 

1 shows the consistency of performance obtained with a new B. subtilis strain, over a range of 

dietary conditions and performance levels with more than 2% increase in bodyweight or 

reduction in feed conversion ratio. 

The review by Bajagai et al. (FAO 2016) clearly shows the difficulty to run a meta-analysis 

of the effect of probiotics due to the variety of products, modes of administration, duration of 

supplementation, feed composition, parameters measured and at what age of the animals... 

However, several authors reported an effect of the same amplitude than AGP’s (avilamycin, 

bacitracin…) and of higher amplitude of phytochemicals (Zhang and Kim, 2014; Khaksar et 

al., 2012).  

Nutrient Digestibility  

Probiotics can improve nutrient digestibility in poultry. Li et al. (2008) and Apata (2008) 

reported an increase in the apparent digestibility of DM, energy, CP and amino acids in male 

broilers fed on maize-soybean-based diet supplemented with probiotics. Zhang and Kim 

(2014) also observed improvements in apparent ileal digestibility of essential amino with a 

multi-strain commercial probiotic but no effect on digestibility of DM, nitrogen and energy. 

Different strains of probiotic microbes produce different enzymes, which may have different 

impacts on feed ingredients. The contribution of the amount of enzymes and the localization 

of this production from probiotics is still under debate. 

 

Disease prevention 

Many studies have shown probiotics can prevent disease associated with pathogenic 

organisms, through reduction of numbers of pathogens recovered from infected birds. Thus, 
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infections by pathogenic Salmonella, Clostridium perfringens, E. coli could be prevented by 

the use of probiotics. Necrotic enteritis, caused by Clostridium perfringens, is a critical 

intestinal disorder causing economic losses estimated to reach up to 6 billion $ per year 

worldwide. Together with dysbacteriosis or dysbiosis causing imbalance of the intestinal 

microbiota, it has been shown to be the first health issue faced by poultry producers when 

removing antibiotic growth promoters. Thus, developing solutions to help counteracting the 

effects of such pathologies and syndromes has been intensively looked at. Scientists have 

developed models based on various conditions: pre-exposure to coccidiosis, dietary 

imbalance increasing the undigested protein fraction etc.… Using experimental model 

developed at Southern Poultry Research (Athens, GA), various B. subtilis have been tested 

(Figure 2) on growth performance of broiler birds challenged with Clostridium perfringens 

and developing necrotic enteritis.  

 

Figure 2. Effect of Bacillus subtilis probiotic (DSM29784) on broiler performance under 

clostridial challenge in comparison to antibiotic. 14d broilers were pre-exposed to Eimeria 

maxima (5000 oocysts) and then orally inoculated with 10
8
 Clostridium perfringens at 19, 20 

and 21 days, inducing a strong necrotic enteritis 
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Probiotics have shown even more potential against other pathogenic challenges such as 

Salmonella sp, E coli… However, there is clearly a specificity of the probiotic strain on the 

pathogen bacteria which has to be further investigated to develop the most relevant strains. 

 

Effect of probiotics in laying poultry 

Probiotics can affect the production, feed use efficiency and quality of eggs in laying hens, 

however, the responses have been less consistent than in broiler. Several studies showed 

increases in egg production following supplementation with probiotics, but other authors 

reported no effect on egg production. One of the most promising effects of probiotics is the 

consistent reduction of cholesterol in egg yolk reported after supplementation with either 

lactic acid bacteria or Bacillus spores. 

 

Conclusions 

Animal protein production has come to a stage of phasing out in feed antibiotic growth 

promoters. Within a large range of solutions proposed today, probiotics appear to be one of 

the most promising alternatives, even though large differences exist between probiotic 

strains. In order to find and develop an effective strain, an extensive screening process has to 

be in place. A new strain of B. subtilis has been developed using such a process showing a 

consistent effect on growth performance under both normal and challenged conditions. 

Indeed, it exhibits direct effect on the intestinal microbiota, stimulating the beneficial bacteria 

and mitigating the development of some pathogenic ones. Such Bacillus subtilis strain also 

has indirect effects on the overall gut health, from intestinal barrier integrity to stimulation of 

immune function of the intestines and reduction of the inflammation.  Further studies on host-

microbe interaction will better elucidate the mode of action.  
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INTRODUCTION 

Globally there is a growing consensus that the use of biofuels may help stabilise the security 

of fuel supplies. Fossil fuels are derived from a finite source, taking millions of years to form, 

rendering them non-renewable. With the increasing population and high demand for fossil 

fuels, supplies are being rapidly depleted (RFA, 2014). Bioethanol and biodiesel are the two 

most widely used biofuels. Globally, Brazil and the United States are the largest producers, 

followed by the European Union. Currently, most biofuels encompass any fuel produced 

from cereal crops. The main choices of feedstock for bioethanol production includes 

sugarcane, maize and wheat, while rapeseed is predominantly used for producing biodiesel. 

The main by-products of bioethanol production include wet distillers grains (WDG) and dried 

distiller grains with solubles (DDGS), while the main by-products from the production of 

biodiesel include glycerine, fatty acids and oilseed meal. Over the past decade, the biofuel 

industry has been developing rapidly with a subsequent increase in by-products. 

Traditionally, bioethanol and biodiesel by-products have been successfully fed to ruminants, 

predominantly within the beef and dairy sectors. Although, in recent years their application in 

feeds for non-ruminants, such as pigs and poultry has been growing, with much interest being 

shown in using DDGS in poultry feeds. This particular by-product is high in valuable 

nutrients, such as protein, fat and minerals, however DDGS also contains a high level of fibre 

which limits its use within poultry feeds, as birds lack the digestive enzymes to breakdown 

this dietary component. This paper attempts to summarise the current and potential use of 

DDGS as a feed ingredient for poultry.  
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Bioethanol production 

In order to understand the issues associated with using DDGS as a feed ingredient for poultry 

the effects of processing need to be understood. The production of bioethanol consists of 

several complex stages, which includes, milling, liquefaction, saccharification, fermentation, 

distillation, separation and drying (Figure 1). 

 

 

Figure 1, Bioethanol production process (Adapted from Didion Milling, 2016) 

 

 

First, grain is passed through hammer mills where it is partially crushed into coarse particles 

commonly referred to as ‘meal’. This procedure increases the surface area of the grain, 

improving enzymatic breakdown of starch (Cigi, 2013). Liquefaction occurs when water is 

added to the meal to produce what is known as ‘mash’. The mash is cooked between 120-

150°C for 48 hours, allowing the starch to gelatinise, thus making it more accessible to the 

enzymes for degradation (Smith et al., 2006). Saccharification follows once the mash has 
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      saccharification 
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cooled to around 90 to 100°C and heat stable α-amylase are added to convert the starch into 

fermentable sugars by hydrolysing the α-(1-4) glucosidic linkages.  

The mash is left to cool again before gluco-amylase is added to further hydrolyse the α-(1-4) 

glucosidic linkages and also the α-(1-6) glucosidic linkages (Yang et al., 2013). When the 

mixture reaches the fermentation tanks, yeasts consume the simple sugars, converting them 

into CO2 and ethanol. Fermentation lasts approximately between 48 and 72 hours (Smith et 

al., 2006). The mixture then moves into distillation columns where the alcohol is separated 

from water and other metabolites. The water is absorbed via molecular sieves leaving only 

pure anhydrous ethanol (Wheals et al., 1999). Following distillation, residual mash termed 

‘whole stillage' is sent through a centrifuge to begin the process of removing liquids. Here the 

heavier solids known as wet distillers grains (WDG) are separated and the remaining liquids 

called thin stillage are sent into evaporation tanks where they become more concentrated 

forming a syrup called condensed distillers solubles (CDS). The syrup is then added back to 

the WDG as it moves through the rotary drum dryer system. Once the mixtures enter the 

drum dryer’s, final distillers dried grains with solubles are produced. Although WDG can 

also be utilised as an ingredient in animal feeds, it only has a shelf life of approximately 4 to 

5 days, whereas DDGS has been marketed as having an indefinite shelf life (Smith et al., 

2006).  

 

 

Factors affecting the nutritive value of DDGS  

A number of processing parameters are known to affect the nutritive value of DDGS. 

Variability has been shown to exist between different batches and has been found to be 

primarily caused by the proportion at which the WDG and CDS fractions are blended (Belyea 

et al., 2010; Han and Liu, 2010). Reducing the level of CDS in maize DDGS has been shown 

to increase the content of crude protein (CP), acid detergent fibre (ADF) and neutral 

detergent fibre (NDF), while decreasing the content of fat, ash and sugars. Maillard reactions 

may also occur as a result of high temperatures used during cooking and drying. Lysine is 

particularly susceptible to heat damage initiated during this process (Smith et al., 2006). The 

Maillard reaction is regarded as being primarily responsible for causing chemical heat 

damage to proteins within DDGS (Cromwell et al., 1993; Waldroup et al., 2007). A number 

of publications have associated damaged protein with darker samples of DDGS and 
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conversely better quality protein in lighter samples (Cromwell et al., 1993; Fastinger and 

Mahan, 2006). Batch variation has also been observed between different production sites 

(Cromwell et al., 1993; Harty et al., 1998; Belyea et al., 2004; Liu, 2011), and within the 

same production site (Belyea et al., 1998; Shurson and Noll, 2005). The age of the plant 

appears to be the main reason for this variation. Older plants have a harsher drying system, 

resulting in increased damage to protein (Kingsly et al., 2010).  

Residual starch may also pose a problem as during ethanol production not all of the starch is 

converted into its constituent sugars, unconverted starch is present and will likely be in the 

form of resistant starch (RS) (Sharma et al., 2010), which birds are unable to digest. The 

amount of residual starch remaining in the DDGS is dependent on the type of raw starch in 

the original grain. Processing parameters, such as the use of enzymes, temperature, pH, as 

well as the duration of enzymatic hydrolysis affect the amount of residual starch. In addition 

to processing parameters, the chemical composition of cereal grains, such as wheat is variable 

(Pirgozliev et al., 2003), thus the nutritive value of DDGS produced will also be variable.  

 

 

Chemical composition of DDGS 

Due to the conversion of starch, nutrients within DDGS can be up to three times the 

concentration of nutrients within the original grain (Bolarinwa and Adeola, 2012). However, 

variation between different batches of DDGS has been found to exist both among the same 

and different bioethanol plants. Table 1 displays the increase in nutrients from the original 

grain to the DDGS, as well as the variation among batches.  
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Table 1, Proximate analysis of wheat grain and maize grain compared with wheat and maize 

DDGS (Source adapted from; Choct and Petersen, 2009; NRC 2012; Whiting, 2016) 

Chemical profile Wheat grain Wheat DDGS Maize grain Maize DDGS 

DM  864 843-900 883 855-910 

GE MJ/kg DM 17.98 20.29-21.78 16.46 NL 

CP g/kg DM 126 325-363 93 282-463 

EE g/kg DM 16 42-61 39 100-230 

Ash g/kg 23 53-65 15 37-107 

Starch 694 28-88 72 171-261 

Total NSP NL 218-254 NL 170-219 

Number of samples 1-5 6 37-163 6 

NL= not listed            

Wheat DDGS obtained from the same UK manufacturer (Ensus Ltd) 

Maize DDGS obtained from six different ethanol plants across the Midwest, USA. 

 

In practical poultry diets amino acids (AA) are often expressed as a percentage of the total CP 

content. Table 2 displays the percentage of AA in the total CP content of wheat grain, as 

stated by the NRC (2012) in comparison to the percentage of AA in the total CP content of 

wheat DDGS (Whiting, 2016). The largest decreases for AA in the wheat DDGS can be seen 

for lysine (-38.60%), cysteine (-38.46%) and methionine (-26.33%). Lysine is most 

susceptible to overheating because, unlike other AA, its structure consists of two amine 

groups which creates a greater opportunity for binding to occur with reducing sugars. Lysine 

that is bound becomes unavailable to the animal, some bound lysine also evades release 

during acid hydrolysis (Hurrell, 1983).  However, a portion of bound lysine that is released 

may be analysed as lysine but will be unavailable to the animal, thus detrimentally affecting 

digestibility values (Moughan and Rutherfurd, 1996). In practical laying hen feeds, the major 

AA that can be limiting are lysine, methionine plus cysteine and tryptophan (Al-Saffar and 

Rose, 2002). This highlights the importance of taking into account the AA content of DDGS 

when formulating diets. 
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Table 2. Comparison of amino acids in the total crude protein content of wheat grain (NRC, 

2012) and wheat DDGS (Whiting, 2016) 

 

% Wheat grain % Wheat DDGS  % Change 

Ala 3.85 4.51 17.23 

Arg 4.76 3.86 -19.03 

Asp  5.31 5.26 -0.96 

Cys  2.75 1.69 -38.46 

Glu  26.74 25.77 -3.61 

Gly 4.49 4.04 -9.88 

His 2.56 1.98 -22.70 

Ile  3.11 3.81 -22.48 

Leu 6.23 7.62 22.41 

Lys 3.20 1.97 -38.60 

Met  2.01 1.48 -26.33 

Phe 4.76 4.79 0.50 

Pro 9.52 9.25 -2.85 

Ser  4.03 3.37 -16.31 

Thr  3.20 2.77 -13.69 

Try  1.28 1.06 -17.58 

Tyr 2.75 2.47 -9.91 

Val  4.30 4.83 12.18 

 

Use in poultry feeds 

For decades DDGS has been available for use within the animal feed industry, but due to its 

high fibre and varying nutrient content, DDGS is considered more suitable for inclusion 

within ruminant feeds. Fibre digestion for monogastrics is very limited, particularly for 

poultry, where high levels have been found to reduce feed intake and limit nutrient absorption 

(Choct and Annison, 1992). Young birds in particular are more sensitive to poor quality feed 

ingredients as their digestive tract does not fully develop until around 10 to 14 days of age 

(Batal and Parsons, 2002). When considering using DDGS in poultry diets there are 

conflicting reports on the appropriate inclusion level. Early studies with broilers suggested 

using a low dietary inclusion level of approximately 5%. More recently studies have shown 

higher levels of DDGS can be included in broiler diets provided nutrients are balanced 

(Widyaratne, 2007; Wang et al., 2007; 2008). Initial studies with laying hens showed that 

DDGS could be incorporated into diets at between 5 and 20% without affecting productive 
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performance (Matterson et al., 1966; Jensen et al., 1974). Although, Whiting (2016) showed 

that feeding laying hens a higher level of 30% wheat DDGS from 17 to 43 weeks of age 

reduced feed intake, egg numbers, egg weight and egg mass, as well as increasing feed 

conversion ratio (FCR) for egg production. However, an improvement in Haugh unit (HU) 

values and yolk colour intensity was observed among birds fed the DDGS diets. In general, 

DDGS has been found to positively affect interior egg quality by increasing HU and yolk 

colour intensity. It is not clear why the inclusion of DDGS improves HU, but the increase in 

yolk colour intensity may be explained by the higher level of xanthophylls present in DDGS. 

Xanthophylls are fat soluble pigments that form one or two classes of carotenoid, the other 

being carotene (Silversides et al., 2006). Lutein is the most common xanthophyll added to 

poultry diets. Maize grain contains approximately 20 mg/kg of xanthophylls, which is 

considerably higher than wheat grain, which contains approximately 2 mg/kg (NRC, 1994), 

but as a result of processing this value may be up to three times higher in DDGS.  

In recent years, commercial strains of poultry have been selectively bred to have extremely 

high growth rates and egg outputs, however this renders them highly sensitive to variations in 

feed quality, particularly the supply of energy and protein. This restricts the use or level of 

inclusion of by-products, such as DDGS in poultry feeds. Processing parameters appear to be 

the main issue with regards to the nutritive quality of DDGS. Variability between batches 

produced by different bioethanol plants as well as within the same bioethanol plant are also a 

major problem.  

 

The feeding value of different batches of wheat DDGS produced by the same manufacturer 

has been found to vary when fed to broilers (Whiting et al., 2016) and laying hens (Whiting 

et al., 2014). Despite the variability, nutrients within DDGS are relatively high, therefore it 

still has great potential to be used as a feed ingredient for poultry. However, as seen by the 

loss of lysine, this is very much dependent on the bioavailability of energy and nutrients. 

Table 3 displays the bioavailability of energy and nutrients of four different batches of wheat 

DDGS produced by the same UK manufacturer.  

 

 



Proceedings of the NZ Poultry Industry Conference, 2016. Vol. 13 

 

 

 

131 

 

 

 

 

 

Table 3. Determined bioavailability of energy and nutrients of wheat DDGS for laying hens 

(Whiting, 2016) 

Nutrients 
Overall  

mean 
SE Batch 1 Batch 2 Batch 3 Batch 4 

Energy availability   
    

AME MJ/kg DM 11.67 0.526 11.75 11.85 11.81 11.27 

AMEn MJ/kg DM 11.33 0.479 11.37 11.40 11.40 11.14 

Macro nutrient availability  
    

DM 0.464 0.026 0.466 0.469 0.464 0.457 

Fat 0.773 0.061 0.766 0.758 0.767 0.802 

Protein 0.569 0.119 0.539 0.595 0.579 0.562 

Amino acid availability  
    

Ala 0.535 0.141 0.506 0.560 0.541 0.531 

Arg 0.572 0.124 0.556 0.599 0.570 0.564 

Asp 0.353 0.134 0.325 0.391 0.353 0.342 

Cys 0.314 0.125 0.273 0.350 0.332 0.299 

Glu 0.734 0.067 0.723 0.752 0.743 0.716 

Gly 0.437 0.136 0.407 0.478 0.442 0.422 

His 0.472 0.118 0.446 0.503 0.478 0.460 

Ile 0.517 0.127 0.488 0.548 0.523 0.509 

Leu 0.604 0.117 0.582 0.629 0.611 0.595 

Lys 0.198 0.188 0.170 0.235 0.192 0.195 

Met 0.569 0.111 0.553 0.588 0.572 0.563 

Phe 0.615 0.100 0.603 0.645 0.613 0.599 

Pro 0.747 0.073 0.719 0.782 0.759 0.728 

Ser 0.548 0.110 0.526 0.583 0.553 0.531 

Thr 0.336 0.147 0.316 0.388 0.348 0.290 

Try 0.555 0.133 0.498 0.602 0.559 0.562 

Tyr 0.590 0.142 0.570 0.623 0.587 0.581 

Val 0.483 0.130 0.458 0.516 0.486 0.470 

Mineral availability   
    

Ca 1.103 0.156 1.125 1.058 1.087 1.140 

P 0.820 0.023 0.814 0.813 0.823 0.828 

Na 0.718 0.115 0.772 0.852 0.677 0.571 

S 0.238 0.078 0.249 0.253 0.229 0.220 

Values were extrapolated using linear regression 
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The extrapolated AME value is comparable to other high protein sources (Table 4). The 

bioavailability of fat is high which is likely due to the blending of the WDG and CDS 

fractions. Although values for protein and most amino acids are very low, especially for 

lysine, which has a mean bioavailability of ~20%. The low lysine and high phosphorus 

bioavailability indicate the occurrence of Maillard reactions. Exposure to high temperatures 

damages the lysine but has been found to breakdown phytate rendering phosphorus more 

available. The bioavailability of calcium exceeded 100%, although it is unlikely for a nutrient 

to be 100% available, this result is not completely unexpected. Other studies have shown 

similar findings, such as that of Martinez Amezcua et al. (2004) who reported P 

bioavailability of wheat DDGS to be 102%.  

 

Table 4. Metabolisable energy values of different high protein poultry feed ingredients 

(Source: adapted from Leeson and Summers, 1997; Nixey and Little, 2013) 

Feed ingredient 
Crude protein 

(g/kg)  

Metabolisable energy 

(MJ/kg) 

Canola meal 375.0 8.37 

Corn gluten meal 600.0 15.78 

Cotton seed meal 410.0 9.84 

Field beans 250.0 11.85 

Field peas 205.0 11.40 

Lupins 345.0 12.56 

Rapemeal 339.0 7.00 

Safflower meal 420.0 6.82 

Soybean meal (48%) 480.0 10.70 

Sunflower meal  330.0 7.00 

 

Use of enzymes 

Exogenous enzymes have been used to help improve the nutritional value of DDGS. Non-

starch polysaccharide (NSP) degrading enzymes, such as cellulase, xylanase and β-glucanase 

have been supplemented in DDGS feeds for pigs. Some studies have shown this to improve 

growth performance (Emiola et al., 2009; Yanez et al., 2011), however others have found this 
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to be an ineffective method (Jacela et al., 2010; Jones et al., 2010). Shalash et al. (2010) 

suggested that exogenous enzymes may improve the utilisation of nutrients in diets 

containing up to 20% maize DDGS for laying hens. This was previously confirmed by a 

study conducted by Świątkiewicz and Koreleski (2006) who found NSP hydrolysing enzymes 

partly ameliorated negative effects compared with DDGS diets containing no enzyme.  

It was shown that the addition of exogenous xylanase to diets containing wheat DDGS 

improved AMEn for broilers (Whiting et al., 2016) and AME for laying hens (Whiting et al., 

2015). Although in a more recent study, Whiting (2016) it was shown that despite exogenous 

xylanase improving AME, the enzyme had no effect on any production parameters. This 

highlights the importance of conducting long-term studies focussing on productive 

performance. The addition of exogenous phytase to DDGS may not be required due to the 

high bioavailability of P (Martinez Amezuca et al., 2004). Although it may be argued that 

due to the observed inconsistency of nutrients within DDGS, phytase may prove to be 

valuable in terms of reducing variability. In addition, Cowieson et al. (2006) recommended 

that exogenous proteases may improve the nutritional value of DDGS, as amino acids may 

become heat damaged during processing. Metayer et al. (2009) added an enzyme cocktail to 

broiler diets containing 15% wheat DDGS and observed an improvement in growth 

performance during both grower and finisher period. Furthermore, Barekatain et al. (2013) 

reported broiler growth performance, particularly FCR, responded effectively to 

supplemental enzyme combination of both xylanase and protease in diets containing 30% 

sorghum DDGS. However, Min et al. (2009) confirmed enzyme supplementation to diets 

containing maize DDGS produced no beneficial effects on energy availability. It would be 

expected for the enzymes to have had an effect in diets containing DDGS from maize origin 

due to having a higher level of NSP compared with sorghum. However, the authors noted that 

the ineffectiveness of the enzymes may be due to the relatively advanced age of the birds 

used in the study, as it is widely acknowledged that the effects of exogenous enzymes are 

more pronounced among younger birds (Olukosi et al., 2007). 

 

The future 

There has been longstanding controversy over fuel ethanol production. Arguments against 

this industry are driven by high commodity prices and food shortages, while others dispute 

the claim that fuel ethanol production is carbon neutral. Regardless of these concerns, others 
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contend that technological improvements within the industry will only be incremental when 

considering its role in the future. Worldwide ethanol production is expected to exceed 155 

billion litres by 2020 (OECD-FAO, 2011). By-products are a key advantage to the economic 

viability of fuel ethanol production and due to the rapid growth of this industry, the 

importance of distillers grains has been made more apparent. At present, DDGS is 

successfully utilised in the ruminant sector. Issues with the nutritive value of DDGS are 

limiting its use within the poultry sector. In turn, the current animal feed market could 

become saturated.  

The use of DDGS in poultry diets also appears to be price dependent with DDGS prices 

tending to increase with the cost of soyabean meal. Although there are still many questions 

that need to be answered about the future of biofuel by-products as feeds for poultry, it seems 

apparent that in future years, DDGS and other by-products from the biofuel industry will 

continue to play increasing roles in the animal feed sector, on an international scale. 
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Poultry Industries in the South Pacific Region: Challenges and 

Opportunities 

 

SIAKA S. DIARRA 

 

INTRODUCTION 

The demand for poultry products is growing rapidly with the fastest growth being in 

developing countries (Ravindran, 2012; FAO, Food Outlook, 2013). Poultry products are in 

high demand in all countries of the South Pacific region and this trend will continue due to 

expected population growth, the taste and health consciousness of the products and fast 

changing life styles in the region among others. While recognizing the importance of poultry 

products in the region however, the title “Poultry Industries in the South Pacific Region: 

Challenges and Opportunities” may be interesting but not so easy to address due to lack of 

reliable statistics of the industry in most countries. The South Pacific region consists of 22 

small Island countries most of which do not have up to date statistics of livestock and poultry.   

Despite the high demand of the products, poultry sector is still less developed in the region 

and domestic production does not meet demand in most countries. Going by at the current 

trend of poultry industries the region can be grouped into; i) countries that have a fairly well 

established industry with few large scale poultry systems and ii) those where the industry is 

predominantly traditional with little or no commercial poultry systems. In the former group 

the industry is mainly driven by big companies while in the latter few small private 

investments may be seen in some countries. Out of the 12 member countries of the University 

of the South Pacific (USP) only Fiji falls in the first group. This paper highlights the main 

features of the poultry industries in Fiji and Samoa. Information provided is based on reports 

from the Livestock Departments of the Ministries of Agriculture and personal interviews.  

  

___________________________________________________________________ 

The University of the South Pacific, School of Agriculture and Food Technology, Alafua 
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Poultry industry in Fiji 

Available data on the poultry industry in Fiji are mostly on the commercial sector with little 

or none on family poultry. Chickens are the main poultry species although ducks may be 

found on small scale systems by sugar cane farmers and around urban centres where there is 

high demand for duck meat. The restriction on pig and beef by Hindus (nearly half of Fiji’s 

population) makes poultry the most popular meat consumed in Fiji.  

There are currently 125 registered broiler farms in Fiji comprising of 2 major companies 

(Crest and Rooster), contract growers and smallholder farms. During the periods 2010 to 

2011 and 2011 to 2013 broiler meat production increased by about 80 and 11.4% respectively 

while import decreased by 66% in 2013 compared to 2011. Virtually all the meat produced is 

consumed locally.  

A total 59 registered farms consisting of a large, medium and smallholder farms produce 

table eggs to meet the local demand. In 2013 there was a report of egg export to countries 

within the region. There are 4 commercial hatcheries which meet the demand of day-old 

chicks (DOCs) in the country with some export especially to Tuvalu and Wallis & Futuna. At 

the moment the local demand of feed is met by 7 feed mills (4 commercial and 3 smallholder 

mills) with feed export to countries within the region. Fiji poultry industry is expected to keep 

growing as a result of the increasing domestic consumption and the ready export market for 

the products in the region. 

 

Table 1. Poultry meat production in relation to selected meats in Fiji from 2010 to 2011 

Meat type Domestic production (ton) Yearly 

increase (%) 

Import (ton) Yearly 

increase (%) 2010
 

2011
 

2010
 
 2011 

Beef Nr Nr nr 21,941.4 19,767 -11 

Mutton 63.1 112.9 79 6,958 6,593 -5.2 

Pork 1,168.2 1,180 1 124 673 82 

Poultry 17,321.2 31,180.43 80 1,673.4 2,823 68.7 

nr: not recorded 

Source: Fiji Animal Health and Production (2013, Annual report) 



Proceedings of the NZ Poultry Industry Conference, 2016. Vol. 13 

 

 

 

143 

 

 

 

 

 

 

Table 2. Performance of the poultry industry in Fiji from 2011 to 2013 

Items  Domestic production  Yearly 

increase 

(%) 

Import  Yearly   

increase 

(%) 

Export  

2011
 

2013
 

2011
 
 2013 2011 2013 

Broiler meat (ton) 31,180.43 34,725.2 5.7 2,823 957.73 -33 nr - 

Table eggs (doz) nr 6,736,100  - nr nr - nr 331,118  

Chicks (number) nr 15,517,400 - nr nr - nr 1,508  

Feed (ton) nr nr - 15,000 tons cereals/year  

 

-  

nr: not recorded 

Source: Fiji Animal Health and Production (2013, Annual report) 
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Poultry industry in Samoa 

Like most countries of the region, the poultry industry in Samoa is characterised by a very 

high demand for the products and low domestic production. The domestic chicken is the only 

species of poultry in Samoa. There is no broiler farm in the country at the moment and 

poultry meat supply is met by import mainly from Australia, New Zealand and United States, 

family poultry and recently spent layers from few farms producing table eggs. There are no 

hatcheries or functional feed mills in Samoa. Feed and DOCs are imported from New 

Zealand and Fiji at high costs mainly due to the freight. 

 

Between 2012 and 2013 poultry meat import to Samoa represented 87% of all meat import 

and 75% of the value of meat import (Samoa Bureau of Statistic/MAF- APHD, 2014). There 

are 3 commercial farms with a total of 91,000 laying hens. Domestic production meets up to 

90 per cent of current egg demand. Meat from spent layers is gradually contributing to 

domestic meat supply. One farm has recently built a small scale slaughter plant to improve 

meat supply from this sector.  

 

Table 3. Volume of meat import in Samoa from July 2012 to June 2013 

Meat type Import (tons) % total import 

Beef 593 4 

Mutton 380 3 

Pork 1,016 6 

Poultry 13,991 87 

Others 58 0 

Source: Samoa Bureau of Statistic/MAF- APHD (2014) 

Table 4. Value of meat import in Samoa from July 2012 to June 2013 

Meat type Value of import ($1,000 SAT) % total value 

Beef 4,299 7 

Mutton 9,652 16 

Pork 1,109 2 

Poultry 45,036 75 

Others 220 0 

Source: Samoa Bureau of Statistic/MAF- APHD (2014) 
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Meat from ‘family poultry’ (FP) system commands a premium price in the country (thrice or 

more) than imported broiler meat on account of its flavour and taste. Although FP production 

is receiving attention in Samoa, average flock size is still small and productivity very low 

(personal communication). Previous attempts to improve productivity of this system have 

been made. A project funded by FAO to improve chicken production in a ‘permaculture’ 

system started in 2004 and ended in 2008. The project was reported to have failed due to poor 

collaboration among project counterparts. A new project, Samoan Agricultural 

Competitiveness Enhancement Project (SACEP) funded by FAO is to assist farmers in the 

country improve their productivity. A total of 144 registered FP farmers with the Ministry of 

Agriculture and Fishery (MAF) are expected to benefit from SACEP assistance soon.  

 

Challenges of poultry industries in the region 

High cost of production 

High cost of input especially feed and DOCs mainly due to cost of freight is a major issue 

affecting the growth of the poultry sector in most countries of the South Pacific region.  

Rising global feed cost poses a particular challenge for producers in the region. Ayalew 

(2011) reported a 56 to 100 % increase in retail prices of commercial poultry feeds in Papua 

New Guinea (PNG) from 2003 to 2011 representing a 7-12.5% yearly increase. Even in Fiji 

where there are commercial feed mills virtually all the ingredients are imported at exorbitant 

prices. The traditional ingredients are not readily available in the region and research into 

alternative sources has not received much attention at commercial scale. Low level of 

agricultural diversification and agro-processing, poor knowledge of the value of alternative 

ingredients and lack of feed processing facilities hinder feed production in most countries. 

This makes producers in the region unable to produce at competitive price with imported 

poultry products. The average cost of imported and home produced poultry products in 

Samoa are summarized in Tables 5 & 6. 
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Table 5. Chicken prices on the Samoan market (landed C.I.F price plus 12.5% VAGST) 

Source of meat Price (WS$/kg) 

Australia
1 

4.32 

New Zealand
1 

5.00 

United States
1 

3.30 

Cost of producing 42-d old broilers in Samoa
2
  14.92 

VAGST: Value added good and services tax; WS$: Western Samoan Tala  

Sources: 

1
Samoan Ministry for Revenue (2014, Annual report) 

2
Devi and Diarra (2015, unpublished) 

 

Table 6. Prices of imported (landed C.I.F price plus 12.5% VAGST) and locally produced 

eggs in Samoa 

Source of eggs Price (WS$/dozen) 

United States 3.73 

Local  5.00 

VAGST: Value added good and services tax; WS$: Western Samoan Tala  

Source: Samoan Ministry for Revenue (2014, Annual report) 

 

Marketing 

This high cost of input earlier mentioned coupled with the competition in the world broiler 

market and the signing of regional and international trade agreements e.g. WTO and the 

Melanesian Spearhead Group (MSG) free trade area (FTA) agreements by countries of the 

region will further slowdown the development of the industry in most countries, especially 

those where the sector is still very less significant. Producers in these countries will not be 

able to compete with prices of imported products. A country like Fiji with a fairly established 

poultry industry could however, take advantage of this situation to increase production for the 

export market within the region. In addition to DOCs, companies in Fiji have begun to export 

poultry eggs to some countries of the region and this market is likely to grow.  
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Wastes Production and Management 

Manure and slaughter by-products are important wastes from intensive poultry systems which 

need to be well managed for the system to be sustainable. Environmental issues associated 

with commercial poultry production are major threats to its sustainability. Waste production 

may be a major issue in Fiji where commercial poultry is fast growing. A more centralized 

collection and rendering of slaughter by-products would minimize their effects on the 

environment and reduce spending on imported protein concentrates. This should be a priority 

of the major companies (Crest and Rooster). Poultry farms in the region must also develop 

sound manure management plans to ensure the sustainability of the industry.  

 

Opportunities in poultry industries in the region 

Despite the numerous challenges, there are opportunities in the development of the poultry 

industry in the region. The nature of these opportunities will course vary depending on the 

current state of the industry in each country.   

Feed research 

The purpose of commercial poultry systems is to convert agro-industrial by-products into 

high quality animal products (meat and eggs). A more diversified agriculture will promote the 

development of agro-industries and make the by-products available for poultry feeding in the 

region. A company in Samoa has plans to promote contract growing of maize and soybean in 

conjunction with coconut. This will go a long way to reduce feed cost in the country. 

Research into crops with low food value and cropping systems may also reduce the cost of 

on-farm feed. An example is the white cultivar of giant taro (Alocasia macrorrhiza) which 

grows well in the region but has no food value in most countries. Analysis of giant taro root 

meal at USP Alafua central laboratory (Diarra and Perera, 2015, unpublished) revealed about 

11 MJ gross energy and 120 g crude protein/ kg. Calcium oxalate has been identified as the 

major anti-nutritional (ANF) factor in the root (Pham et al. 2005) which may be overcome by 

adequate supplementation of diets with inorganic calcium sources (Ravindran et al., 1995). 

Appropriate feed technologies that would improve the value of such crops in on-farm poultry 
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feeds need to be researched. More research into the intercropping of crops with low food 

value and staple food crops for optimum land use is also warranted. Copra meal (CM) is 

readily available in Samoa from Pacific Oil Company (800-1200 MT/year) and small scale 

oil processing plants. The high fibre and low nutrient density limit the utilization of CP by 

poultry. More research into feed technologies that would improve its utilization is warranted. 

Giant African snails which are major pests in Samoa can be utilized to reduce feed cost on 

small scale systems. This would save cost on chemical control and protect the environment. 

As scavenging poultry meets a good part of its protein need from a wide variety of insects, 

careful breeding and use of insects could be envisaged. The seasonal availability of most 

alternative ingredients may however, not warrant their use on commercial scale but they 

could be utilized to reduce on-farm feed cost. 

The need for basic feed processing equipment for maximum utilization of locally available 

raw materials is important. The cost of such equipment may however, be high for small and 

medium scale producers. Cooperative ownership of small scale feed processing plants will go 

a long way in reducing cost of feed production in the region. The presence of ANFs is a 

major limitation to the use of alternative feed ingredients in poultry diets. Many ANFs cannot 

be analysed in most countries of the region but this could be done through collaboration with 

overseas laboratories especially in Australia and New Zealand.  

Supply of day-old chicks (DOCs) 

In countries where there is no hatchery freight is the major cost item in the procurement of 

DOCs. The small and medium scale nature of the industry may not however, justify the high 

operation cost of a hatchery. Small cooperative hatcheries with capacity adapted to demand 

can ease the supply of DOCs in such countries. Establishment of small hatcheries could also 

promote contract growing and further increase domestic supply of poultry products. 

Importation of fertile eggs will be cheaper than importing chicks or managing breeding flocks 

in many countries at the moment. Hatchery by-products could be effectively utilized to 

provide part of the protein concentrate currently imported at exorbitant cost. 
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Market  

 The increasing demand for poultry products in the region will create more market 

opportunities for larger poultry companies owing to trade liberalization. Investment in the 

commercial poultry sector will increase in Fiji to exploit new intra-regional trading 

opportunities such as the Melanesian Spearhead Group (MSG) free trade area (FTA). This 

can be seen already by the export of DOCs and eggs. However, companies in Fiji will need to 

do more research in the area of feed production to be able to produce at competitive prices 

with companies elsewhere.  

The priority of most countries in the region at the moment should be to improve productivity 

of family poultry to reduce spending on importation rather than grow for the export market. 

Improvement in the traditional poultry sector will require more research, training and 

extension. Researchers, extension staff and poultry farmers in the region could learn more 

from successes achieved in other developing countries of Asia and Africa. More intervention 

from international funding agencies like FAO, World Bank and Asian Development Bank in 

the development of family poultry could be sought.  

Waste management 

Waste accumulation from intensive poultry systems could have serious environmental 

consequences and compromise sustainability of the system. Small island countries would be 

more vulnerable to dumping of wastes on account of their small land areas. Commercial 

farmers in the region could therefore, in collaboration with the Ministries of Agriculture and 

researchers, formulate cheap, sound and environmentally friendly waste management 

policies.  

Protection from major poultry diseases  

Outbreak and re-emergence of highly infectious poultry diseases which have adversely 

affected the growth of the poultry industry in many parts of the world are not yet major 

production constraints in many countries of the region. This is an important asset to the 

industry which should be carefully watched-over through sound prophylactic measures at 

both regional and individual country levels.  
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Conclusions 

The poultry sector in the South Pacific region is characterized by high demand for the 

products and very insignificant level of production in most countries. Lack of vertical 

integration and high cost of input are the major factors affecting the industry. The high 

demand coupled with the signing of international trade agreements will make the region a 

huge market for big poultry companies. Countries in the region could however, improve the 

productivity of the traditional poultry sector through research and extension to meet part of 

the domestic demand and reduce spending on importation.  
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Appendix 1: IBV Survey Submission Form 
 

 
 

Submitter:  Species:  

Owner:  
Shed / Flock ID: 

 
 

Address: 
 
 
 

GPS: 

 

Layer Breeder: 
Commercial Layer: 

Broiler Breeder: 
Broiler: 

Heritage: 
Backyard / Jungli: 

 

Date collected:  Age:  

 
 
 

  

Tracheal / 
Choanal swab: 

 Trachea:  

Cloacal swab:  Lung:  

Blood:  Kidney:  

FTA card:  Caecal tonsil:  

  

Vaccination 
programme / 

History: 
 

Comments:  

 

ELISA 
Infectious Bronchitis (IBV)  Infectious Laryngotracheitis (ILT)  Mycoplasma gallisepticum (MG)  

Avian Encephalomyelitis (AE)  Newcastle Disease (NDV  Mycoplasma synoviae (MS)  

Egg Drop Syndrome (EDS)  Avian influenza (AI)   Infectious Bursal Disease (IBD)  

 
PCR 

Infectious Bronchitis (IBV)        
  

Other tests 
 

 

    
(For Biopacifica internal use only – do not complete) 
 

Laboratory code:  Extraction:  

Imported samples?  IBV  RT-PCR:  

Condition of samples:   S1 RT-PCR:  

Date received:  Serology:  

Results sent:    

 

Biopacifica Laboratories 
3 Hickory Place,  

Christchurch 8042, New Zealand 
Tel & Fax: (+64) 3 3253243 

info@biopacifica.co.nz Please fill out one submission form per flock 
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