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I send my best wishes to the Philippine Society of Animal Nutritionists (PHILSAN) on the occasion 
of the organization’s 34th Annual Convention. 

I had looked forward to extending my greetings to the participants of this year’s gathering under more 
cheerful conditions than now prevail.  But the sobering turn of events within the past year makes all the 
more pressing the matters you meet to discuss. 

As you take up the problems of animal nutrition and food security during these most trying of times, 
I urge that you search with renewed vigor and imagination for practical ways to set our nation on the 
path to economic recovery in the new normal.

 
Ensuring food security during a time of national crisis and recovery is a complex, far-reaching 

endeavor, but its urgency comes down to a few grim facts. Every day, 95 children in the Philippines die 
from malnutrition. Twenty-seven out of every 1,000 Filipino children die before they reach the age of 
five. The hungry children who do survive are more likely to fall victim to disease later on in life. 

If we want to save their lives, we need to double our efforts to modernize Philippine agriculture and 
widen the access of the poor to nutritious sources of animal protein. Organizations like PHILSAN 
perform a key function in achieving this crucial objective.

I am hopeful that your deliberations over the next three days will be informed by the objectivity of 
your science and inspired by a determination to contribute to national recovery and progress. 

Despite its often painful setbacks, there is no nobler or more worthy a cause for any Filipino than 
ensuring safe, adequate food for our people during times of national emergency.

WILLIAM D. DAR, Ph.D.
Secretary



 

 

MESSAGE

Congratulations to the members of the PHILIPPINE SOCIETY OF ANIMAL 
NUTRITIONISTS (PHILSAN) on our 34th Annual Convention (2nd Virtual Convention)
with the theme “Double Trouble: Animal Nutrition, Rising above the Industry Challenges 
and COVID-19 Pandemic”.

“In a time of unprecedented challenges to both our livestock and poultry industries, it is 
imperative to remind the industry of the importance of fundamentals to achieve greater and 
more sustainable economic success – and that is, to strengthen the basics and to have a more 
holistic approach in managing our farming operations with engaged people that believe in 
the principles of efficiency, sustainability and safety”. This was part of my message two 
years ago when the threat of African Swine Fever was still in its early phases. Much has 
changed to the swine industry since then – from being one of the largest and most stable 
industries contributing to Philippine agriculture to an industry that needs to be re-envisioned 
and re-built from the ground up. To make matters more complex, the challenges brought 
about by ASF is now coupled with the impact of a global COVID-19 pandemic that has 
significantly changed the dynamics of doing business, preferences of consumers and the lives 
of millions of Filipinos. For the animal industry, the importance of fundamentals remains the 
same, but how we build on from the basics to a level that rises over the long-term effects of 
transboundary and zoonotic diseases will be the biggest challenge. May this convention 
provide constructive and unique insights in how animal nutrition can be part of the solutions 
towards a reinvigorated and resilient animal industry.

Again, congratulations PHILSAN and Mabuhay!

Rommel C. Sulabo, Ph.D.
Director
Institute of Animal Science

Inspirational Message for PHILSAN

The Department of Agriculture – Bureau of Animal Industry (DA-BAI) commends the 
Philippine Society of Animal Nutritionist (PHILSAN) for 34 years of unwavering commitment 
and contributions to the development of livestock and poultry industry of our country.  

The natural calamities and the onslaught of the COVID-19 pandemic and African Swine Fever 
(ASF) have greatly affected our local animal industry.  These tested our sector’s resiliency and 
resolution in providing accessible and affordable food supply for the Filipinos. 

The DA-BAI is steadfast in its effort to mitigate ASF through the Bantay ASF sa Barangay 
(BABay ASF) program. This aims to battle ASF at the community level by empowering the local 
government units (LGU). Simultaneously, the National Livestock Program (NLP) spearheads 
the Integrated National Swine Production Initiatives for Recovery and Expansion (INSPIRE) 
to hasten the recovery of the swine industry, through expansion of production in the free 
zones and repopulation of previously affected areas, particularly in Luzon. 

The poultry industry on the other hand improved. Broiler chicken and layer chicken 
inventory increased by 1.1 percent and 5.6 percent, respectively. Our total duck inventory 
increased by 3.6 percent higher than the previous year. Furthermore, the chicken and duck 
egg production is also higher. The total chicken egg production is 3.0 percent higher compared 
to the previous year’s output while the total duck egg production is 0.7 percent higher than 
the previous year. 

Still, as we continue to improve on the efficiency of our production, the livestock and poultry 
industry is still beset by challenges, primarily high cost of feed inputs. Consequently, this 
comprise the bulk of production cost, which impacts on the competitiveness of our produce. 
The government is cognizant of the challenges that the industry has to overcome and 
addresses these through continued dialogues, open discussions, development of actionable 
and time-bound roadmaps, including necessary resources. The DA-BAI recognizes the crucial 
role of your organization addressing these difficulties, and I hope your convention will foster 
discussions that will further propel our industry to greater heights. 

Rest assured that the DA-BAI will be with you each step of the way.

Mabuhay!

REILDRIN G. MORALES, DVM, MVPH MgT
Director
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On behalf of the entire Philippine Society of Animal Nutritionists (PHILSAN), I am honored 
to welcome our distinguished guests, honored speakers, industry allies and participants to 
the 34th PHILSAN Annual Convention.

It has been 2 years and 3 months since the first ASF case has been reported here in the 
Philippines and 1 year and 6 months since the first government mandated lockdown due to 
COVID-19 virus has been implemented. Since then, the animal industry was hit hard with 
numerous problems brought by these two events coupled with the usual avian influenza 
scare, increasing raw material prices and increased importation of pork and chicken to name 
a few. These two events totally changed our way of living and doing business. This year’s 
theme “Double Trouble: Animal Nutrition Rising Above the Industry Challenges and Covid-19 
Pandemic” is geared towards arming us with the latest technical information in the field of 
animal nutrition so that our industry can adapt, weather and survive these trying times.

While this situation will truly test our resolve, I believe that this will also serve as an inspiration 
to us to continuously seek for ways to improve and innovate the current management and 
nutrition practices in the animal and feed industry. So I invite all participants to be engaged, 
ask questions, share your ideas and make the most out of this convention. I know that this will 
be a little bit challenging since we are doing the event virtually.

Before I close, let me take this opportunity to commend and congratulate the convention 
committees for sharing their valuable time and effort in making this convention possible, to 
our speakers, for generously sharing your knowledge and insights; and to our valued industry 
allies whom have continuously supported the organization and its activities.

To our participants, thank you for gracing this virtual event and we hope and pray that we 
will be able to see again next year face-to-face.

MABUHAY ANG PHILSAN AT MABUHAY ANG INDUSTRIYA NG PAGHAHAYUPAN!!!

Dan Dennis T. Dizon
PHILSAN President, FY 2020-2021

Dan Dennis T. Dizon
President

Amelita Gabriela R. Galban
Vice President

Clarisa A. Lope
Secretary

Rhona Niña R. Reyes
Secretary

Ma. Cristina B. Perez
Treasurer

Noel DLC. Salazar
Director for Finance

Rochelle B. Vecino
Auditor

Allan B. Casajeros
Director of Internal Affairs

Jonathan Michael V. Merca
P.R.O.

Timothy Paolo M. Bagui
Director for External Affairs
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Philippine Society of Animal Nutritionists 
34th Annual Convention 

  
October 6, 7 and 8, 2021, 9:00 AM to 12:00 PM  

 “DOUBLE TROUBLE:  
Animal Nutrition Rising Above the Industry Challenges and Covid 19 Pandemic” 

  
October 6, 2021 

Industry Updates, Raw Material Quality and Usage 
8:00 AM Registration  
9:00 AM Introduction video  
 Invocation Ms. Nadine S. Andal 
 National Anthem  
9:05 AM Opening Remarks, PHILSAN President Dan Dennis T. Dizon 
9:10 AM PHILSAN History  
9:15 AM Introduction of the Keynote Speaker Jerico Rod Calibo 
9:15 AM Updates on the Animal and Feed Industry Dr. Reildrin Morales 

OIC-Director  
Bureau of Animal Industry 

9:50 AM Open Forum Moderator: Dr. Amado Angeles 
10:05 AM Presentation of the 2021 Outstanding Animal 

Nutritionist 
Dr. Basilisa P. Reas 
2019 OAN 

 Awarding of Plaque and Cash Reward from 
Agrispecialist, Inc. 

Dr. Basilisa P. Reas 
2019 OAN 
Mr. Mario C. Labadan, Jr., Pres. ASI 

10:10 AM Acceptance speech of 2021 OAN Awardee Dr. Carmencita D. Mateo 
10:15 AM Trace Mineral Sources Quality and Consequences 

on Animal Performances and Health 
Dr. Denise Cardoso 
Product Manager 
Animine 

10:50 AM Monitoring the Effects of Less Digestible Feed 
Materials and of Additives Using Intestinal Health 
Status 

Dr. Tim Goossens 
Global Scientific and Technical 
Manager 
Adisseo 

11:35 AM Impact of Current Pandemic on the Quality of 
Imported Raw Materials 

Dr. Jan Van Eys 
Principal 
Global Animal Nutrition Solutions, Inc. 

12:20 PM Open Forum Moderator: Dr. Rommel Sulabo 
12:50 PM Awarding of Certificate of Appreciation to 

Speakers 
Dan Dennis Dizon 

12:50 PM Quiz and Survey Jerico Rod Calibo 
1:30 PM End of first day  

 

 
 

Mary Jane R. Figueroa
President

Mae P. Bautista
Vice President

Hazel Grace D. Masilungan
Secretary

Sheryl Azette DV. Capa
Treasurer

Edna M. Alconera
Auditor

Julius Jerome G. Ele
P.R.O.

Amy Rose L. Acopicop
Director of Internal Affairs

Cherry Anne S. Silva
Director for External Affairs
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Philippine Society of Animal Nutritionists 

34th Annual Convention 
  

October 6, 7 and 8, 2021, 9:00 AM to 12:00 PM 
  

 “DOUBLE TROUBLE:  
Animal Nutrition Rising Above the Industry Challenges and Covid 19 Pandemic” 

 
 

October 7, 2021 
Precision Nutrition 

8:00 AM Registration  
9:00 AM Redefining Matrix Values and Practical 

Application in Feed Formulation 
Dr. Yueming-Li 
Senior Scientist, Global Innovation 
Team 
IFF 

9:45 AM P, Ca, Na and Trace Mineral Requirement of 
Broiler Chickens Re-evaluated with Phytase 

Dr. Usama Aftab 
Technical Director, Asia Pacific and 
China 
AB Vista 

10:30 AM Data Management of Poultry Value Chain for 
Profitability 

Dr. Girish Channarayapatna 
Senior Director of Nutrition and 
Technical Services 
Evonik Animal Nutrition 

11:15 AM Open Forum Moderator: Dr. Ameer Pahm 
11:45 PM Awarding of Certificate of Appreciation to 

Speakers 
Dan Dennis Dizon 

11:45 PM Quiz and Survey Jerico Rod Calibo 
12:00 PM End of second day  

 
 

   

   
 
 
 
 
 
 

 
 

 
 

Philippine Society of Animal Nutritionists 
34th Annual Convention 

  
October 6, 7 and 8, 2021, 9:00 AM to 12:00 PM 

  
 “DOUBLE TROUBLE:  

Animal Nutrition Rising Above the Industry Challenges and Covid 19 Pandemic” 
 

 
October 8, 2021 

Practical Application of Animal Nutrition Concepts 
8:00 AM Registration  
9:06 AM Formulating Feed with NSP instead of Crude 

Fiber 
Dr. Mingan Choct 
Professor of Animal Nutrition 
University of New England 

9:45 AM Building Robustness via Nutrition Against Current 
and Future Industry Challenges and Pandemics 

Dr. Ursula McCormack 
Scientist, Global Innovation Swine 
Team 
DSM 

10:30 AM Microbiome Manipulation in Poultry Production 
and its Role in the Search for Antibiotic 
Alternatives 

Dr. Timothy J. Johnson 
Director of Poultry Research and 
Technical Support 
Diamond V 

11:15 AM Open Forum Moderator: Dr. Miriam A. Tempra 
11:45 PM Awarding of Certificate of Appreciation to 

Speakers 
Dan Dennis Dizon 

11:55 PM Closing Remarks Amie R. Resontoc-Galban 
Convention Chairman 

12:00 PM Quiz and Survey Jerico Rod Calibo 
12:15 PM End of third day  
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Dr. Usama Aftab has 21 years experience in the poultry industry working as a nutritionist and researcher. 
He gained his Master’s degree in Animal Nutrition from the University of Agriculture in Pakistan and his PhD 
from Quid-e-Azam University also in Pakistan. 

Following his role as Group Nutritionist with leading feed companies, Dr. Aftab got a wide experience in 
working with feed industry partners as Consulting Nutritionist. Currently, he is affiliated with AB Vista as 
Technical Director for Asia Pacific and China. During his industry career, he remained actively involved in the 
applied broiler nutrition research with major focus in the areas of protein and amino acids, nutrient density, 
feed ingredient evaluation and in-feed enzyme application. 

Dr. Tim Goossens studied Biotechnology at Ghent University in Belgium and subsequently worked as an 
academic researcher in the Laboratory of Molecular Biotechnology at the University of aNtwerp. He then 
moved to the KU Leuven, also in Belgium, where he took up a doctoral project on neurodevelopment in the 
Laboratory of Developmental Genetics. After obtaining his PhD in Biomedical Sciences in 2010, he joined 
Nutriad to work as an R and D Engineer. Four years later, he became Business Development Manager of 
Digestive Performance, a product range dedicated to gut health and animal performance in production 
animals. Since 2019, he is the Global Scientific and Technical Manager at Adisseo, providing scientific 
support to the Health by Nutrition portfolio.

Dr. Yueming Dersjant-Li is currently the Senior Scientist at Global Innovation Team, Animal Nutrition/ IFF. 
She obtained her Bachelor’s Science Degree in 1982, MS Degree (Fish Nutrition) in 1995 and PhD in Animal 
Nutrition at Dalian Aquaculture and Fisheries College, CN. 

She worked as a nutritionist in Archer Daniels Midland Company`s Specialty Ingredients Division (Europe) 
from 2002 to 2012, was also a Technical Manager at Schothorst Feed Research from 2010 to 2012 and a 
scientist at Global Innovation Team, Animal Nutrition, Dupont IB. in 2012. 

Her main research focuses on the effect of enzymes especially phytase application in non-ruminant 
animals. She had published numerous papers in peer reviewed journals, conference proceedings and 
commercial magazines.

Dr. Mingan Choct is a Professor of Animal Nutrition at the University of New England in Australia. 
Academically, Dr. Choct is well-known for his work in carbohydrate chemistry and nutrition, feed enzymes, 
nectrotic enteritis and net energy. 

As an industry leader, he led the Australian Poultry Cooperative Research Center as CEO for 14 years and 
then was appointed as Pro Vice-Chancellor for External Relations at the University of New England in 2017. 
He has also published over 400 articles and supervised many students.  

Dr. Timothy Johnson is the Director of Poultry Research and Technical Support at Diamond V and is 
responsible for the company’s global poultry research program, working with Diamond V field teams and 
advancing the company’s presence in poultry markets worldwide. Prior to joining Diamond V, he was a 
Professor in the College of Veterinary Medicine at the University of Minnesota for 13 years. There, he generated 
more than $7 million in grants for research, resulting in more than 1000 peer-reviewed publications, along 
with over 8,600 citations, related to bacterial pathogens of poultry and humans, the microbiome and anti-
microbial resistance. 

Dr. Johnson is based in Spicer, Minnesota. He received his Bachelor’s and PhD degrees from North Dakota 
State University in Microbiology and Molecular Pathogenesis, respectively. His post-doctoral research at Iowa 
State University focused on avian pathogenic Escherichia coli, one of the most important bacterial agents of 
disease in commercial poultry. His collective competencies lie in mitigation of antibiotic resistance in poultry, 
microbiology, pathogen genomics and preventive veterinary medicine. 

Dr. Denise Cardoso is a graduate of Veterinary Medicine in Brazil. In 2013, she took up European Master 
in Animal Nutrition and Environment with a double degree from Aarhus University in Denmark and Debrecen 
University in Hungary. She obtained her PhD at INRA and Lyon University in France focusing on mineral 
nutrition. She joined Animine in 2016 and have been working with the company’s research and development 
group ever since. 

Dr. Girish Channarayapatna holds a Bachelor’s Degree in Veterinary Science and Master’s Degree in 
Poultry Science from the University of Agricultural Sciences, College of Veterinary Medicine, Bangalore, 
India. He completed his Doctorate Degree in 2009 from University of Guelph, Animal and Poultry Science 
Department, Canada. He joined Evonik Animal Nutrition in Singapore in 2010 and since 2013, he is leading 
the technical team of Evonik Animal Nutrition as Senior Director of Nutrition and Technical Services and 
heading Evonik Precision Livestock Farming in Asia Pacific South Region. 

Dr. Ursula Mc Cormack is a leading scientist within the DSM Global Innovation Swine Team. She is based at 
the Research Center for Animal Nutrition and Health (CRNA) in France. 

Since joining the company from the Agri-Food and Biosciences Institute (AFB) in Northern Ireland, she 
has been working on developing new feed additives and investigating nutritional solutions to promote pig 
performance and optimum gut functionality. Most recently, this has led her to do researches targeted to better 
understand and manage the animals’ immune response to many challenges in the production environment.

Dr. Mc Cormack began her career in Animal Science after she graduated in 2013 with a Bachelor’s Degree 
in Agricultural Science from University College Dublin in Ireland. It was during this time that she discovered her 
love for pigs and this influenced her choice to continue her studies with a PhD in pig nutrition and the intestinal 
microbiota. 

She gained her Doctorate Degree from Waterford Institute of Technology, Ireland and Teagasc, the Irish 
Agriculture and Food Safety Authority and her thesis was entitled “Investigation and Subsequent Manipulation 
of the Intestinal Microbiota of Pigs with a View to Optimizing Feed Efficiency”. Her PhD helped establish a link 
between feed efficiency and the intestinal microbiota of pigs and possible ways of manipulating the microbiota 
in order to influence feed efficiency.

Her Post-Doctoral work at AFBI, investigated dietary strategies to reduce odor and ammonia emissions from 
finisher pigs, this also led her to continue her interest in pig nutrition and the environmental impact of pig 
production.



Dr. J.E. van Eys is based in France and the principal of a US-based consulting company in Animal Nutrition 
which is Global Animal Nutrition Solutions - GANS - Inc., a company which concentrates on international 
consulting to companies and associations worldwide. His personal areas of expertise are research, product 
development and technical support in animal nutrition, quality control as it relates to feed and food production 
and the production and marketing of animal feeds or feed ingredients. 

Dr. van Eys has been active in various capacities in international animal nutrition for more than 40 years; 
much of this time in the international feed business. 

Following his undergraduate studies in Agronomy in the Netherlands, he completed a M.Sc. in Rangeland 
Nutrition at the New Mexico State University and a Ph.D. in Ruminant Nutrition from West Virginia University 
(USA). Between his BSc and graduate works, he worked five years in Bolivia and Somalia on Government and FAO 
development projects. After completion of his graduate studies, he worked as an Assistant Professor in Ruminant 
Nutrition for North Carolina State University. In this capacity, he collaborated with USAID on international 
ruminant research projects in Indonesia, Morocco and Brazil. He joined Ralston Purina International in 1986, 
holding research and technical positions in Portugal and France. Within this company he held the position of 
European Research Director and upon the creation of Agribrands International he became Vice President for 
Research and Development based in St. Louis, MO, USA. He left the company in 2001 to establish GANS Inc. He 
currently works with a wide range of companies covering all aspects of the feed and livestock industry. 

During his career, Dr. van Eys has served in an important number of scientific commissions and study groups 
in the EU as well as the USA. His publications include 30 senior-authored and more than 60 co-authored 
manuscripts in scientific journals and industry proceedings or trade journals. He is the author of USSSEC’s 
“Manual of Quality Control Analyses for Soybean Products in the Feed Industry”. Dr. van Eys has been invited to 
speak at numerous international and national events and meetings.

Dr. Reildrin G. Morales is currently the OIC Director of the Bureau of Animal Industry since February 
of 2021. He was also the Executive Director of the National Meat Inspection Service from March 2020 to 
January 2021 and the National Programme Coordinator for the Philippine Component of the Global Efforts 
to Combat Antimicrobial Resistance Using One Health Approach from 2017 to 2020. He was in charge of the 
operationalization of key strategies, and identified activities in the project work plan at national level on AMR. 
Responsibilities include overall project coordination with the government, and partners, in trying to address the 
threat of “superbug” or the development of resistant pathogens (bacteria) which can affect humans, and cannot 
be controlled by ordinary antibiotics available in the market. And from 2011 to 2014, he was the Regional 
Animal Health Officer whose task was mainly to develop the capacity of the region with regards to prevention 
and control of highly pathogenic emerging diseases and zoonoses. From June 2004 to February 2011, he was 
the National Coordinator/Project Manager for the National Control and Eradication Program on Foot and Mouth 
Disease.

Dr. Morales is a graduate of Veterinary Medicine from the University of the Philippines in Los Baños in 1997. 
He took his Master of Veterinary Public Health Management at the University of Sydney in Australia. He was 
also recognized as one of the Outstanding Alumnus in Government Service by the University of the Philippines 
in October of 2010. 

PHILSAN ACTIVITIES
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PHILSAN
32nd Annual Convention

October 3, 2019
Marriott Hotel Manila

ASF Awareness and Education Seminar
In partnership with IAS, ProPork and NFHFI

November 15, 2019
Institute of Animal Science, UPLB



PHILSAN Feed Reference Standards Book Revision Committee Meetings

Swine Chapter 

Feed Ingredients Nutrient Composition Chapter 

Feed Ingredients Classification, Description and 
Specifications Chapter

Feed Ingredients Classification, Description and 
Specifications Chapter

Nutritional Deficiencies Chapter 

PHILSAN 1st Virtual Convention
October 7, 14, 21 and 28, 2020



PHILSAN 1st Virtual Convention
October 7, 14, 21 and 28, 2020

PHILSAN Outreach Program to the Typhoon Victims in Bicol
December 05, 2020



PHILSAN 1st Virtual Christmas Party
December 10, 2020

PHILSAN Outreach Program to the Typhoon Victims in Cagayan
December 2020



PHILSAN 1st Virtual Career Orientation
In partnership with the Dept. of Animal Science, CLSU

August 7, 2021



PHILSAN 1st Virtual Job Fair
In partnership with UPLB Institute of Animal Science 

August 2, 2021

PHILSAN Virtual Monthly Meeting



TECHNICAL
PAPERS

Animal and Feed Milling Industry Updates Amidst the Challenging Situation 
Reildrin G. Morales, DVM, MVPHMgt 

OIC Director, Bureau of Animal Industry 

INTRODUCTION 

The globalization of trade, coupled with efficient, fast and cheaper cost to move products around 
the globe has transformed the agriculture landscape in most parts of the world. In addition to 
products, both human and animal diseases have been de-limited by borders. In the Philippines, 
the global threat of African Swine Fever (ASF), became a reality that decimated the local hog 
population. Hog producers struggle to save their herd and to recoup their losses while consumers 
reel from the high prices of pork. With the decline in the hog population, prices of feed 
ingredients have also increased, as impacted by the fact that most of these are imported 
commodities which are also impacted by the global logistics challenges resulting from COVID-
19pandemic. 

The advent of the COVID-19pandemic further complicated the quandary for the agriculture 
sector, as Enhanced Community Quarantine (ECQ) were imposed in most parts of the country, 
particularly in key cities and metropolitan areas such as the national Capital Region (NCR). The 
demand has significantly decreased because of the closure of the majority of food
establishments, the travel restrictions imposed, and the decrease in purchasing capacity of the 
Filipinos, as work restrictions that comes with quarantine measures translates to lesser income to
majority of the workforce.

ASF has reduced total swine inventory to at least thirty percent (30%), causing deficits in supply 
outlook for pork, which led to an all-time high prices of pork. While this situation provided an 
opportunity for the poultry sub-sector, as consumers moved from pork to chicken, the eventual 
COVID-19related quarantine measures also resulted to contracted demands as markets close, 
leaving a high inventory at hand in 2020. Calibrated depopulation of poultry breeders following 
this event has its complications felt further in 2021, as prices of day-old-chicks also soared to 
new limits.  

The convergence of events brought by the pandemic that has greatly shaped the market 
environment in the country has also impacted the agriculture economy. The soaring prices of 
meat has contributed immensely to the country’s inflation. Problems on prices of inputs, farm 
gate, retail, and government intervention to address the run-away prices of pork by allowing 
tariff reduction on pork imports has been a contentious point of discussion in the sector.  

In the end, production efficiency, capacity of the production sector to absorb shock, including 
availability of support, short of subsidy, and the presence or absence of necessary policy to 
support them are issues that has to be confronted evenly by the industry and the government as 
one to move the sector forward. The animal feed industry, which supports the production of 
animal protein in the market, has become an integral part on the recovery of the animal industry 
caused by the COVID-19 and ASF pandemic. 
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CHALLENGING SITUATION 

African Swine Fever Virus

According to the World Organization for Animal Health (OIE), the ASF is a highly contagious 
hemorrhagic viral disease of domestic and wild pigs which is responsible for serious economic 
and production losses. In the early part of the year, the Philippines already recorded around a 3 
million decrease in the inventory of hogs and an estimated Php100B peso income loss. 

The virus is spread by live or dead domestic or wild pigs, and pork products.  The virus can be 
transmitted via contaminated feed and fomites such as shoes, clothes, vehicles, knives, 
equipment, etc. 

As demonstrated in several occasions, the behavior of some farmers and traders, in dealing with 
ASF, has led to more complications in the control of the disease’s spread, as farmers try to 
recoup losses by selling infected animals. This has continually contributed to ASF spread in the 
country up to this point, as documented even in recent outbreaks in otherwise previously free 
areas. 

COVID-19 pandemic 

The pandemic, on the other hand, disrupted the market chain. The movement of goods both 
locally and internationally, have been hampered. Closure of farms and Hotels, Restaurants and 
Institutions (HRIs) greatly affected supply and demand. 

Current Status of the Animal and Feed Milling Industry

Feed is a critical input to the swine and poultry industries in the Philippines. It accounts for 60-
70% of total production costs in the operation of swine and poultry farms. It is defined in 
Republic Act 1556, or the Livestock and Poultry Feeds Act, as embracing all such articles to be 
used as feeds purporting to supply protein, carbohydrates, fats, minerals, vitamins, antibiotics, 
growth promoting factors whether identified or unidentified and/or correcting nutritional 
disorders. 

Updates in Production and Importation 

Corn 

The majority of the corn utilized for feed is locally produced. The volume of imported corn has 
decreased by 92% in 2020 compared to that of 2019. The total corn production utilized for feeds 
increased by 2% in 2020 vs 2019 data (assuming that 65% of total corn production is used for 
feeds).Corn production is expected to fall 2.4 percent to 8.0 million MT, which may be caused 
by reduced hog and broiler feed consumption and low farm gate prices. 

Feed wheat 

The volume of imported wheat used for feeds decreased by 6%, from 1.114 Million MT in 2019 
to 1.186 Million MT in 2020.In MY21/22, wheat imports are forecast to decline by 200,000 MT 
to 6.6 million MT due to dampened hog feed demand caused by African Swine Fever. 

Soybean Meal 

Soybean meal importation decreased in 2020 by 69%, from 1.186 Million MT in 2019 to 1.114 
Million MT in 2020. 

CONQUERING THE CHALLENGES 

Regulations Regarding ASF in Feeds and Animal Industry

To address the issue of ASF transmission through feeds, the BAI Animal Feeds Veterinary Drug 
Biologics and Control Division (AFVDBCD) undertook the following measures: 

Feeds 

1. Recommended the issuance of Memorandum Order No. 06 dated March 8, 2019, 
entitled “Temporary Ban on the Importation of Processed Porcine Animal Proteins 
Originating from African Swine Fever Countries”

2. A TWG on ASF was created to address ASF transmission through feeds (March 19, 
2019). As an output of the TWG, risk categorization of feeds coming from ASF infected 
countries was developed. 

3. On March 25, 2019, The AFVDBCD conducted a consultation with the Bureau of 
Plant Industry to discuss safeguard measures for whole grains used as animal feeds in 
relation to anti–African swine fever protocol. Memorandum Circular No. 8 was issued 
dated June 3, 2019, - Safeguard Biosecurity Measures for Plant-based feed Products 
Categorized as Medium Risk Imported from ASF Affected Countries.  

4. On May 8, 2019, a meeting with the Bureau of Customs was conducted to request 
exemption of feed ingredients from the Super Green Lane (SGL) classification. The BOC 
issued the Customs Memorandum Order (CMO) No. 29-2019 entitled “Amendment to the 
Super Green Lane (SGL) Accreditation and Clearance Procedures”.

Animal Industry 

1. Babay ASF or Bantay ASF sa Barangay - This is a multi-sectoral program by the 
government (DA, BAI, NLP), local government (DILG), Academe and the private sector 
that aims to implement stricter surveillance and monitoring, biosecurity, recovery and 
repopulation. This was launched on February 11, 2021. 



2. INSPIRE - DA National Livestock Program (NLP)'s Integrated National Swine 
Production Initiatives for Recovery and Expansion (INSPIRE) focuses on the recovery of 
breeder pigs through the following: calibrated repopulation, multiplier farms, insurance 
premium subsidies, and credit programs.

3. On May 10, 2021 the president signed Proclamation no. 1143. This empowers the 
national and the Local government units to utilize appropriate funds for the containment 
of the virus and to return ASF affected areas back to normalcy. 

Other Challenges:

1. Compliance on the submission of data of private companies; 
2. High input costs; and 
3. Low market demand. 

Regarding Movement/Logistics of Feeds and Livestock 

The COVID-19 pandemic has disrupted logistics/movement around the globe. The Department 
of Agriculture’s (DA) emergency response to enhance and facilitate the movement and 
marketing of food from the producers have demonstrated visible benefits for both farmers and 
consumers. This government’s response has effectively managed potential disruptions to the 
local food supply chain.  

The creation of Covid 19 Food Resiliency Task Force (SO N0. 335 s.2020) ensures food food 
stability and security during the pandemic.  

Here are some issuances related to animal and feed movement during the pandemic: 
1. MC 5 - Reiteration of Guidelines in the Movement of Live Animals, Animal Products, 

Animal By-Products and Feed Ingredients to, from and Passing Through National Capital 
Region (NCR) During the Thirty (30) Day Community Quarantine Period (Mar. 16, 
2020) 

2. MC 6 - Implementing Guidelines for the Delivery of Food and other Agricultural 
Commodities To, From, and Passing Through the National Capital Region (NCR) during 
the Thirty (30) Day Community Quarantine (15 March 2020) 

3. MC 7 - Supplemental Circular based on the Memorandum issued by the Executive 
Secretary on Enhanced Community Quarantine in Luzon, ensuring Unhampered 
Movement of All Food and Production Items through Food Lanes (17 March 2020) 

4. MC 9 - Supplemental Circular based on the Memorandum Issued by the Executive 
Secretary on Enhanced Community Quarantine, ensuring Unhampered Movement of all 
Cargoes, Agriculture and Fishery Inputs, Food Products, and Agribusiness Personnel 
Nationwide (20 March 2020) 

CONCLUSION 

The government is doing its best to respond accordingly to the challenges of the times.  

Aside from ASF and the COVID-19 pandemic, there are other concerns that need to be 
addressed. With this, the DA espouses a vision of achieving a food secure Philippines with 
prosperous farmers and fisherfolks. A new thinking for agriculture was introduced with eight 
paradigms to ensure success and to extricate Philippine agriculture from perennial negative trade 
balance with other countries. One of the paradigms is the development of commodity industry 
roadmaps that aim to propel the animal and plant industries into more robust agriculture sub 
sectors. Some recommendations in the roadmaps include positioning of agricultural produce at 
regional food banks to easily move out products of local farmers, investing in meat processing 
facilities as this would convert raw meat to low-cost protein source such as processed meat 
products. The industry also needs to elevate and make its products globally competitive so that 
aside from meeting local demand, any oversupply in production can be exported to other 
countries. 
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Figure 1: Dissolution kinetics of ZnO sources at pH 4. ZnO-1: fast dissolution group, ZnO-2: slow dissolution and 
ZnO-3: stationary solubilization (Adapted from Cardoso et al., 2021a). 

The relationship between physicochemical properties and bioavailability was further confirmed 
in an in vivo trial, showing that inert sources had a very low bioavailability, whereas fast 
solubilized powders had similar values to Zn sulfate. The slow dissolution group (ZnO-2, 
Potentiated Zinc) showed the highest bioavailability compared to the other sources (Cardoso et 
al., 2021b). 

RAW MATERIAL CONTAMINATION 

Heavy metals 

Zinc (Zn), copper (Cu) and manganese (Mn) are the main trace elements supplemented in animal 
nutrition and depending on the origin of these sources, contamination by heavy metals, Arsenic 
(As), cadmium (Cd) and lead (Pb), and dioxins is a risk for the animal in a first step, but also for 
humans consuming animal products. 

A challenge faced by the trace minerals industry is that the major usage of these products is not 
in animal nutrition, but in other industrial sectors (i.e. painting and rubber industries) which are 
much less concerned by the presence of contaminants as products are not deemed to be eaten. 
Therefore, contamination of trace minerals is an important issue for the animal feed industry. 

When manufacturing a trace mineral, the quality of the ore is the first step that determines the 
quality of the final product. Either using a mined ore or a recycled material, the selection of this 
raw material has to be thorough to ensure a safe product at the end of the feed-food chain. 

In a trial conducted in the Philippines by Dimaiwat et al. (2018), to assess the quality of different 
ZnO sources utilized in animal nutrition showed a wide variability of Zn and heavy metal 
concentration of these sources. The experiment also illustrated that there is no correlation 
between zinc levels and heavy metal concentration.  Samples showed up to 1341 ppm of Pb, 178 
ppm of Cd and 13 ppm of As, whereas Zn concentration was not correlated to higher or lower 
contamination levels. 

Trace mineral sources quality and consequences on animal performance and 
health 

Denise Cardoso and Yohann Laurent 
Animine, France 

INTRODUCTION 

Trace minerals are essential for animal development, health and welfare. Consequently, trace 
elements must be supplemented in animal feeds as raw materials do not cover minimal 
requirements. Like other feed ingredients, trace minerals have variable quality according to their 
origin and manufacturing process. They are often supplemented by inorganic and/or chelated 
sources. The most known inorganic sources are classified either as (1) water soluble, such as 
sulfates or (2) non-water soluble, like oxides. These products present a wide variability in their 
quality and physicochemical properties, which is more likely the reason the literature reports 
inconsistent results about these products. We will review in this paper the variability of trace 
mineral sources and their consequences for animal performance and health and food safety 

PHYSICOCHEMICAL PROPERTIES OF TRACE MINERAL POWDERS 

The physicochemical properties of trace mineral powders affect their fate in the digestive tract of 
the animals, determining their bioavailability and interactions with other feed compounds. 
In an extensive work to assess the differences between ZnO sources used in animal nutrition, 
Cardoso et al. (2021a) collected over 30 samples of ZnO from Europe, America and Asia used in 
feed to determine their physicochemical properties and their impact on dissolution kinetics. 

The series of in vitro experiments showed that products have a wide variability on their 
properties, starting with the color and aspect of powders.  The dissolution kinetics analysis, 
showed 3 main behaviors: (1) fast solubilization, characterized by ZnO products that once in 
acidic conditions (like the stomach), dissolve within seconds; (2) slow solubilization; these 
powders dissolve over time, but not immediately and (3) stationary solubilization, characterized 
by products with a very poor dissolution kinetics. The latest products have only a very small 
portion of dissolution, even after a long time as shown on Figure 1. 

The first group, similar to Zn sulfates for its high solubility, may interact with feed compounds 
forming complexes, such as phytate. These complexes once formed, become unavailable for the 
animal which cannot absorb it. On the opposite, products with stationary solubilization remain 
inert and are also unavailable for absorption by the animals. For the second group, with slow 
dissolution kinetics, the delay of solubilization at early stages could mitigate the interactions, but 
is still solubilized and absorbed by the animal.  



Table 1: Analytical results of TBCC sample from a manufacturer in China (data not published). 
TBCC sample Maximum authorized 

level in EU
EU action 
threshold*

Dioxins (PCDD + PCDF) 0.079 1 -
Dioxins like PCBs 7.0 - 0.35
Dioxins and dioxins like PCBs 7.1 1.5 0.5
Non dioxin like PCBs 0.069 10 -

*Triggering investigation by member states 

In Europe, a system of alerts was created if consumers products, food and feed were exposed to 
any risk to human health. Called RASF (Rapid Alert System for Food and Feed), this entity acts 
to ensure to notify contaminated products to reach consumers in Europe and allow a prompt 
action by the authorities. Through this platform, numerous alerts have been emitted on 
contamination of trace minerals.  

Outside of Europe, level of safety and regulations can be very heterogeneous. In 2014, a study 
highlighted that half of CuSO4 and TBCC samples collected from 14 Chinese producers, 
exceeded the maximum level for dioxins established by the European Commission (Wang, 
2014). Even if produced in China, these types of additives can be sold in Asia but also in 
America. Feed companies/integrators being based outside Europe and willing to align on EU 
standards for dioxins should carefully monitor this control point. 

Other contaminants 

Cu, although is an essential nutrient, its requirement is quite low. Nevertheless, Cu is often used 
up to 40 times the animal requirement as growth promoter in pigs. When animals are exposed to 
such high levels of Cu, depending on the source, it can accumulate on the liver, causing 
oxidative stress and compromising performance in the long term. This was recently reported in a 
trial, performed at Illinois University, where pigs were fed 250 ppm of Cu either from CuSO4, a 
water-soluble source or a non-water soluble monovalent source of Cu. The trial showed a lower 
accumulation of Cu in the liver of pigs fed the monovalent Cu, as shown on Figure 2 (Blavi et 
al., 2021). 

A trial performed by the University of Mahidol in Thailand to measure the risk of Cd 
contamination in pig kidneys, showed that more than one out of four samples of pork kidneys 
analyzed were above regulatory levels (Cd > 1 mg/kg). The experiment collected 214 pork 
kidneys from different geographical regions of Thailand and from 2 types of supply chain: 
supermarkets and local markets. As the biological half-life of cadmium is extremely long, it is 
very likely that the very high concentration of Cd in the kidneys originates from piglet feeds 
supplemented with pharmacological zinc oxide, contaminated with cadmium (Trakranrungsie et 
al., 2012). 

In a similar trial, the French pig Institute evaluated the effect of Cd contaminated feeds on the 
quality of pork kidney. The trial tested control feeds and feeds supplemented with 0.5 mg of Cd / 
kg of feed, and indeed, animals fed contaminated feed showed a drastic accumulation of this 
heavy metal in the kidney. The values were above EU maximal values of 1000 µg/kg wet weight 
(Regulation 1881/2006), being not suitable for human consumption (Trakranrungsie et al., 2012). 

The presence of heavy metals not only affects the quality of the food but it may also impair 
growth of the animals. Studies report impaired feed conversion of 3%, and lower piglet birth 
weight when pregnant and lactating sows were fed the maximum legal levels authorized for Cd 
and Pb (1 and 10 mg/kg respectively). The subsequent piglets, that were also fed these levels of 
Cd and Pb, grew slower and showed higher mortality when compared to control fed pigs 
(Phillips et al., 2003). 

Dioxins 

Another major concern about contamination in trace minerals is the presence of dioxins. Dioxins 
are chloride compounds, a byproduct of numerous industrial activities. They are environmental 
pollutants and very harmful to human health. Once dioxins enter the body, they last a long time 
because of their chemical stability and their ability to be absorbed by fat tissue, where they are 
then stored in the body. Therefore, their control before ingestion is key to human health. 

Contamination by dioxins, differently from heavy metals, is related to the manufacturing process 
of the product. The high temperatures involved in certain production steps, can lead to the 
contamination by these toxic compounds. 

As an example, ZnO can be produced by pyrometallurgical (largest proportion) or 
hydrometallurgical synthesis. In the pyrometallurgical process, that can be conducted under an 
indirect or a direct process, the Zn ore goes through high temperatures in a step called 
vaporization, which can expose the product to contamination by dioxins. On the opposite, the 
hydrometallurgical method uses a different step, in which the compounds are precipitated in an 
aqueous solution followed by filtration (Moezzi, 2012). 

For other metals, like Cu, this risk is also present. A recent sample of dicopper chloride 
trihydroxide (TBCC), collected from a feed manufacturer in China, showed a dioxin and dioxin 
like PCBs content 5 times higher than EU Regulation (EU Directive 2002/32), as shown on 
Table 1. 



Figure 3: Relative bioavailability of MnO sources compared to MnSO4, considered to have a bioavailability of 100% 
(Zootests France 2020, data not published). 

CONCLUSION 

The origin and quality of raw materials for trace minerals production is key to avoid the presence 
of heavy metals that can be harmful to animal’s development and to human health. Products that 
undergo high temperatures during their manufacturing process should be constantly monitored 
for the presence of dioxins contaminants. Other contaminants, although less toxic, can still 
compromise animal performance due to the interaction with other feed compounds and impacts 
mineral bioavailability. The manufacturing process determines the physicochemical properties of 
powders which is key for its fate in the digestive tract of animals. 
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Figure 2: Cu accumulation in liver of pigs fed 250 ppm of Cu either from CuSO4 or a monovalent Cu source (Blavi 
et al., 2021). 

Manganese oxide (MnO) is a popular source of Mn used in the feed industry. The Mn levels of 
this source can vary from 50 to 77% in Mn concentration, depending on the purity of the ore and 
the purification steps during the manufacturing process. Like other trace minerals sources, the 
presence of heavy metals in MnO sources is also related to its geographical origin. 

An important contaminant in MnO source is the presence of MnO2, which is not a bioavailable 
source of Mn and is limited to 2% of the total MnO in the EU. In countries where no regulations 
are imposed for MnO2 limits can be a risk to its bioavailability for the animals. MnO2 levels can 
range from 0 up to more than 8%. The MnO2 levels combined to the variable Mn content in the 
MnO source can give a variability between 40 to 77% of bioavailable Mn in the diet of animals 
(Grastilleur, 2015). 

The literature on Mn bioavailability in livestock animals is limited, but the few available report a 
great variability in MnO sources compared to MnSO4, which could be justified by the purity if 
the source and the level of MnO2 of the different sources of MnO (Figure 3). 
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Monitoring the effects of less digestible feed materials and of additives using 
intestinal health status 

T. Goossens and M. Ceccantini 
Adisseo, France 

INTRODUCTION 

Current diets for livestock animals are dependent on highly digestible feed materials, like maize and 
soybean meal. Nonetheless, economic reasons will drive nutritionists to evaluate the possible use of 
alternative feedstuffs, even if they are less digestible. In addition, the dietary inclusion of locally grown 
crops, often with suboptimal digestibility, could have a considerable positive impact on the 
sustainability of animal production. 

These alternative raw materials, however, will put a certain pressure on animal performance and 
health. Not only will these feedstuffs decrease overall digestibility, and therefore negatively impact 
growth and feed conversion; they are also likely to be a burden for gut health, as they can disrupt the 
symbiosis between intestinal epithelia, gut microbiota and mucosal immunity. 

Several additives have been developed to counteract these negative effects from different angles. In the 
past, in the context of antibiotic growth promoter use, the efficacy of these supplements was mainly 
focused on the evaluation of performance improvement they could bring about. Many of these 
assessments were done under low challenging situations, rather than realistic field conditions. 
However, recent advantages in our understanding of gut health mechanisms are revealing new 
opportunities to explore their modes of action more precisely and to optimize their development and 
usage. 

In this article, we will give some examples of the effect of certain feed materials on digestive 
performance, and how additives like enzymes and butyrate could improve gut microbial composition 
and metabolite production, and reduce inflammatory responses, to counteract negative feedstuff effects 
and to boost gut health and animal performance.

THE CORNER STONES OF GUT HEALTH

In the digestive tract of animals and humans, an environment is created wherein several cells and 
tissues take part in breaking down feedstuff and internalizing the end products of digestion and 
fermentation. This complex process is based on the intimate and coordinated interplay of highly 
interdependent cellular and microbiological entities, such as intestinal epithelial cells, gut-associated 
immune cells and a fermentation-driven microbial community. 

The gut mucosa contains epithelial lining creating a tight barrier that secretes digestive enzymes and 
that absorbs nutrients while excluding undigested particles and microorganisms from uptake. In 
addition, the gut mucosa is home to different cells and structures involved in immunity, active in the 
detection and removal of unwanted substances and organisms. Yet at the same time, bursts of immune 
reactivity and inflammation should be kept at a minimum, to create a permissive environment allows 
for a symbiosis between the host and the gut microbiota. 



These intestinal microorganisms themselves form a complex ecosystem, like an organ on its own, with 
a variety of functions in digesting nutritional substances, warding off pathogens and producing 
nutritional and signalling molecules that are instrumental in providing energy for the host and 
modulating metabolic activity in conjunction with extra-intestinal organs like the liver and the brain. In 
a healthy gut environment, the microbial community in the hindgut of monogastrics (and in the rumen 
of cattle) is diverse in composition and functionality, resilient to a certain level of stress and to 
overgrowth of opportunistic pathogens (van de Guchte, 2018). 

STRESS AND DYSBIOSIS 

Stress factors can disrupt the symbiosis between microbiota and gut mucosal tissues, leading to 
epithelial barrier disruption, inflammatory reactions and a less diverse and less supportive microbial 
environment. As these systems are intrinsically connected to each other, the disbalance of one 
component will lead to an altered state of the other components, which could trigger a vicious circle of 
dysbiotic events that negatively affects gut health and digestive performance (van de Guchte, 2018).  

Part of these stress factors are inherent to modern livestock production. Indeed, modern genetics has 
resulted in animals that are selected for high levels of feed intake, and efficient and fast conversion of 
nutrient-dense diets into consumable output (meat, eggs, milk). Even with feeds containing very 
digestible energy and protein sources, such as maize and soya, the gastro-intestinal system is under 
continuous pressure to cope with nutritional processing. 

In addition, gut symbiosis can also be disturbed by external stressors, such as environmental conditions 
(heat, toxins…), pathogenic microorganisms (parasites, opportunistic bacteria…) and interruptions in 
production continuity (weaning, feed transitions…). Moreover, certain feed materials can be 
challenging for digestive efficiency as well. 

ALTERNATIVE FEED MATERIALS 

Typically, nutritional challenges become more substantial if less digestible feedstuffs are used. 
Compared to highly digestible feed materials, most alternative ingredients have a limited amino acid 
and metabolizable energy content, increasing the indigestible fraction, they contain more 
antinutritional factors, and have a distinct fibre profile. In addition, their nutrient composition and 
quality can be more variable, while their palatability may be poor. 

Nevertheless, interest in using alternative feed materials is increasing, due to a variety of reasons. For 
example, producers are seeking ways to be less dependent on imported high-quality ingredients and are 
evaluating their (partial) substitution by raw materials that are more economical and that have a high 
availability, mainly if they are derived from crops that are produced locally. In addition, several of the 
most used protein sources in livestock are expected to become less accessible for feed production, 
given the increasing demand of highly digestible dietary ingredients to be used for human 
consumption. Therefore, improvements in the usage of alternative feed materials will be instrumental 
in increasing the sustainability of animal production at an economical, environmental and social level.  

However, the relatively lower digestibility of these alternatives can increase intestinal content viscosity 
and restrict digestive performance, resulting in a reduced ileal uptake of amino acids, thereby lowering 
the growth potential and performance of animals. Moreover, suboptimal digestion of feed material can 
increase the incidence of gut microbial dysbiosis.  Undigested proteins, for instance, can reach the 
hindgut where they will be used as nutrients for opportunistic pathogenic bacteria, or as a substrate for 

proteolytic fermentation, which can result in the production of harmful compounds that will 
compromise intestinal integrity and function. 

As such, alternative feed materials can contribute to a dysbiotic state, characterized by a leaky 
intestinal barrier, gut mucosal inflammation and a disrupted gut microbial composition. 

Consequently, in recent years, the research of alternative feed ingredients and of feed additives that can 
mitigate their negative effect on performance and health, has enjoyed special interest. These studies are 
benefitting from new insights in biomarkers that are indicative of a healthy gut environment.

ADDITIVES CREATING A PERFORMANT GUT ENVIRONMENT 

Several additives have been described to improve the digestive performance in the gut, while others are 
particularly suited to boost gut mucosal development and health or to modulate the gut microbial 
composition in a beneficial manner.  

In experimental research, decreasing the digestibility of the feed often was and is a means to evaluate 
the performance of these additives in research trial conditions: typically, a diet with a higher content of 
non-starch polysaccharides is used to increase viscosity of intestinal contents and to reduce animal 
performance. Especially in the light of the quest of alternatives to antimicrobial growth promoters, 
additives were supplemented to these challenging diets, to evaluate whether they could at least 
partially rescue performance parameters in research conditions. 

Recent advances made in analysis of gut microbiota, immunological responses and epithelial 
metabolism, allow for a more in-depth assessment of alternative ingredients and of additives. Indeed, 
rather than only using animal performance as a readout for digestive efficiency, evaluation of 
physiological and microbial responses to dietary changes are opening new ways to gain a more refined 
insight in intestinal ecology and animal health, also in field conditions. Below, we will give examples 
of the effect of feed composition on gut health parameters, and how these can be influenced using 
additives. 

MICROBIOTA COMPOSITION 

Enzymes such as xylanases, glucanases, arabinofuranosidases and phytases, have been used to increase 
the digestible fraction of feed. Apart from increasing absorption of nutrients in the upper intestine, 
multi-carbohydrases can also positively affect microbiota in the hindgut, by partially breaking down 
indigestible polysaccharides into oligosaccharides that can function a prebiotic for beneficial gut 
bacteria. As such, enzymes are one class of additives that tap into the complexity of the microbial 
ecological niche, that depends on cross-feeding and functional complementarity, and that produces 
beneficial fermentative end-products, such as short-chain fatty acids (SCFA) (Figure 1). These 
molecules, and especially butyric acid, are important energy sources for the hindgut mucosa and 
function as regulators of gut health-related processes. 



Figure 1: The microbial breakdown of resistant polysaccharides in the hindgut and some of the 
metabolic end products formed. Several steps of this cascade can be influenced or modulated by 
dietary components, such as additives (in red). 

A hindgut environment that is supportive of butyrate producing bacterial families, such as 
Lachnospiraceae and Ruminococcaceae is therefore seen as beneficial. On the other hand, a relatively 
high abundance of Enterobacteriaceae could be indicative of an inflammatory environment creating 
electron acceptors that can be used as substrate by (pathogenic) members of this family resulting in 
their overgrowth. Similarly, bacteria playing a role in intestinal hydrogen sulphide production could 
negatively impact gut health, intestinal microbiota composition and performance. For example, broiler 
diets with poorly digestible proteins (sunflower seed meal and rapeseed meal, instead of soybean meal) 
were associated with a negative influence of the microbiome by stimulating hydrogen sulphate 
producing bacteria and reducing butyrate producing bacteria (De Maesschalck et al., 2015). 

Enzymes are a class of feed additives that is typically applied to change digestibility characteristics of 
feed and as such can have a profound effect on gut microbial classes that use feed components as a 
substrate for growth. For example, to specifically study the effect of oligosaccharides produced by 
carbohydrolase supplementation, we set up an in vivo trial where broilers where fed a complex wheat-
soy-sunflower diet. This group was compared with animals whose diet contained 0.1% of wheat, or 
0.1% of wheat treated with multi-carbohydrolases (Yacoubi et at, 2017). The hypothesis was that the 
enzymatic activity would release oligosaccharides that could be used as energy source for beneficial 
bacterial. Indeed, the birds receiving the oligosaccharides presented better at the level of zootechnical 
performance and more beneficial gut microbial composition, such as a higher relative abundance of 
Enterococcaceae in Ileum and Lachnospiraceae in the Cecum (Figure 2). 

Figure 2: oligosaccharides produced by a multienzyme affect positively the microbiota in the ileum 
and in the cecum (Yacoubi et al, 2017) 

A similar effect was observed in pigs fed a corn-soy based diet. Addition of multi-enzyme complex 
resulted in a higher bacterial diversity in the hindgut, with an increased relative abundance of (butyrate 
producing) species, such as Ruminococcus spp., Clostridium xylanolyticum, Eubacterium hallii and
Eubacterium limosum, while the level of Clostridium cluster I bacteria decreased (Willamil, 2017) 

These studies in poultry and swine corroborate the effect caused by multienzymes producing 
oligosaccharides which are working as prebiotics, increasing diversity and promoting beneficial 
microbiota in the gut.  

In addition, butyrate itself, apart from being endogenously formed by hindgut bacteria, can also be 
added via the diet. In the digestive tract, it can trigger different responses, depending on in which 
gastro-intestinal region it is delivered. When protected very well by a special fat-based matrix that 
results in increased butyrate concentrations throughout the entire alimentary tract (Precision Delivery 
Coated Butyrate, PDCB) can modulate microbial composition, also in challenging conditions. 

This was also observed in broiler experiments where rapeseed meal (RSM) was included as a (main) 
source of less digestible protein source. Compared to soybean meal (SBM)-based diets, diversity in the 
RSM diet-fed chickens was reduced, and a reduction of certain beneficial caecal bacterial species, such 
as C. lactifermentans was observed (Qasrani et al., 2014). When PDCB was added to the RSM diets, 
the relative contribution of beneficial commensal microbiota including C. lactifermentans and R.
bromii was promoted, while occurrence of C. perfringens was suppressed (Figure 3). These shifts in 
microbiota were linked to an improvement in body weight gain and FCR, both at day 14 as well as day 
34 (Qasrani et al., 2015). 



Figure 3: Relative abundance of a number of genera and species in animals fed a diet high in RSM, 
versus a similar diet but with the addition of PDCB. 

Positive effects of highly protected butyrate additives on gut microbial composition were confirmed in 
a recent publication, describing how certain commercial products with a strong coating (PDCB in 
Figure 4) or prototypes with an even stronger protection (prt-2) led to an increased abundance of 
„Lachnospiraceae + Ruminococcaceae‟, a reduction in Enterobacteriaceae and shifts in other bacterial 
families (Figure 4) (Onrust et al., 2020). 

Figure 4: Relative abundance of bacterial families in the hindgut of broilers fed no additive (Ctrl), a 
Precision Delivery Coated Butyrate (PDCB) or a butyrate prototype with an even more resilient 
protective matrix (prt-2) (Onrust et al., 2020). 

MICROBIAL METABOLITES 

Apart from analysing the relative contribution of SCFA-producing and other bacteria, it is also 
possible to monitor the abundance of SCFA directly in the hindgut. The most abundant SCFA are 
acetic acid, propionic acid and butyric acid. Butyric acid is mostly metabolized in the gut mucosa, 
while bigger fractions of propionic acid and acetic acid will reach the liver and the extra-intestinal 
tissues. Therefore, an increased production of SCFA results in a higher yield of molecules that can be 
used as energy source throughout the body. However, alternative feed ingredients can affect caecal 
SCFA concentrations in a distinctive manner. Higher levels of RSM inclusion, for instance, have been 
associated with a reduction of butyric acid and total SCFA, but with an increased acetic acid over 
SCFA ratio (Qasrani, 2014) (Figure 5). Apart from the absolute quantities of SCFA, it also appears that 
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these relative ratios can have an impact on certain biological responses, such as resilience against 
Salmonella colonization (see below). 

Main Effect VFA Acetic Acid2 Propionic Acid2 Butyric Acid2 

Protein Source     
RSM4-0% 209a 68.70b 5.65 22.50a 

RSM-25% 220a 71.70ab 5.43 20.20b 

RSM-50% 176b 71.60ab 6.45 19.00b 

RSM-75% 169b 73.00a 4.03 20.00b 

RSM-100% 126c 73.90a 4.35 19.00b 

Pooled SE 8.34 1.10 0.81 0.75 
P-Value 
PS 0.001 0.030 0.27 0.013 
Figure 5: Effects of the inclusion of different levels of RSM as alternative protein source (PS) on 
caecal volatile fatty acids (VFA) concentrations (mmol/kg DM) in broilers at 34 d of age (Qasrani, 
2014). 

Salmonella colonization is also influenced by the choice of cereals in feed. Salmonella-infected 
broilers fed a wheat/rye-based diet, had ten times more Salmonella in their caeca compared to chickens 
that received corn-based feed (Teirlynck et al., 2009). 

It is therefore interesting to note that exogenous butyrate can have an impact on absolute and relative 
caecal butyrate concentrations, which was linked to caecal Salmonella loads. In a Salmonella infection 
model, supplementing birds with different butyrate products had distinct effects on the caecal SCFA 
concentrations. Chickens that were fed strongly protected butyrate products had a higher relative 
caecal butyrate concentration, which was negatively correlated with the mean Salmonella count in the 
caeca (Onrust et al., 2020) (Figure 6). 

 



Figure 6: Relative caecal butyrate and Salmonella counts in broilers fed different butyrate products 
(Onrust et al., 2020). Unprotected butyrate (UNP), tributyrin (TB), Precision Delivery Coated Butyrate 
(PDCB) and two experimental butyrate prototypes with a strong (Wax+) and ultra-strong (Wax) level 
of protection. 

In line with the hypothesis that multi-enzyme activity can increase the amount of oligosaccharides that 
can be used as prebiotic for short-chain fatty acid producing bacteria, Yacoubi et al. (2017) 
demonstrated that broilers fed the enzymatically treated feed could boost caecal acetic acid and butyric 
acid concentrations (Figure 7).

Figure 7: The presence of oligosaccharides produced by enzymes affect the cecum fermentation, 
promoting a higher amount of SCFA (Yacoubi et al, 2017). 

Similarly, multienzymes based on xylanases, beta-glucanases and arabinofuranosidases proved to 
elevate caecal SCFA concentrations in swine in a cereal composition-dependent manner (Willamil, J., 
2014) (Figure 8). 

Figure 8: An improvement on fermentation in swine gut by fed corn-soy diet added with multienzyme, 
was also found (Willamil, 2017). 

IMMUNE STATUS 

Compared to broilers which were supplemented with a maize-based diet, birds given a wheat/rye-based 
feed showed more villus fusion, more T-lymphocyte infiltration and more apoptosis of epithelial cells 
in the intestinal mucosa (Teirlynck et al., 2009). This is in line with observations in birds that are 
dietary challenged (including less digestible feed materials) to induce dysbiosis; in the intestine of 
these birds, the severity of dysbiosis has been found to correlated with T-cell infiltration of the mucosa 
(Teirlynck et al., 2011). 

It is therefore to be expected that supplementing animals with additives that stimulate a more immune-
tolerant gut microbial composition and the enhanced production of anti-inflammatory microbial 
metabolites such as butyrate, would downregulate markers that are indicative to an inflammatory 
status, such as T-cell infiltration in the gut mucosa. 

Indeed, Yacoubi et co-workers could demonstrate a significantly lower T-cells infiltration level in 
broilers treated with oligosaccharides from enzymes (Figure 9). 



 

Figure 9: The multienzyme complex decrease significantly the T-cell infiltration in ileum and in 
caecum (p<0,05). 

In the swine trial mentioned above, corn-based diets were associated with a higher level of 
intraepithelial lymphocytes, which was reduced once multi-enzymes were added to the diet. Moreover, 
the humoral response was also modulated through enzyme supplementation, most notable by the 
increase of protective IgA antibodies in the blood (Figure 10). 

 

Figure 10: Immune response on swine treated with multienzymes.

For other additives, formulation and the release of active component seems to play a critical role in the 
outcome of immune responses. For example, to counter (dietary-induced) inflammatory responses, 
butyrate is an obvious candidate, given its well-studied properties as anti-inflammatory molecule. 
However, research has demonstrated that the sites where exogenous butyrate is delivered has a 
profound impact on its immunomodulating properties. In broilers that were dietary challenged with a 
feed that was high in RSM, and finely ground, several additive products with a different butyrate 
release profile were used to evaluate the effect of butyrate delivery. In this model, birds that received 
products that increased the butyrate concentration in the foregut or the midgut, inflammatory responses 
could be picked up in the duodenum, ileum and colon. On the other hand, such an inflammatory status 

was not found in the intestine of broilers fed a product with a relatively higher release in the hindgut 
(Moquet et al., 2018).  
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Figure 11: The inflammatory response in the intestinal tract of broilers fed different butyrate products. 
Using different additives, butyrate concentration was increased either in the foregut (A), the midgut 
(B), or through the entire digestive tract (C). In a dietary challenge model, this led to upregulated 
(upward arrows) or downregulated (downward arrows) of several genes related to immunity and host-
defence (Moquet et al., 2018). Single arrows denote a trend (p < 0.1) and double arrows a statistically 
significant effect (p < 0.05).

CONCLUSION 

An increased understanding of gut health mechanisms has spurred our knowledge on functional 
readouts that can be used to evaluate the in vivo effect of different stressors as well as of feed additives 
that could stimulate gut health and animal performance. More specifically, we gave examples of how 
different alternative ingredients, with a lower digestibility, can have a disruptive effect on gut
microbial composition and gut mucosal immune activation. In addition, additives have been described 
that have the potential to absorb these negative effects by stimulating intestinal health. 

As such, the mode of action of these additives, as well as their potential to increase options to use 
alternative feed ingredients, can be studied in more detail, not only at the level of performance in 
experimental conditions, but also at the level of gut and animal health in field conditions. In this way, 
an optimal use of additives can not only increase performance, but also strengthen animal resilience, 
thereby consistently reducing the risk of performance loss under challenging conditions. 
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Impact of Current Pandemic on the Supply and Quality of Imported 
Raw  Materials 

J.E. van Eys 
GANS, Inc. 

From the early moments of the outbreak of Covid 19 and its subsequent spread across the world, 
the  pandemic has had a profound impact on people and their economies world-wide. Mortality,  
hospitalizations and overall health have been the most important and obvious consequences. 
However,  besides these tragic effects, every industry has been affected, be it through the 
reduction in labor (thus  production of goods), raw materials or transport. The feed industry was 
not spared from covid effects.  Raw material supply to the feed industry was severely affected 
resulting in reductions in availability  and associated drastic price changes. However, 2 years into 
the pandemic, with control measures in place and vaccinations increasing, raw material supply, 
trade and transport are gradually returning to more  normal levels although the rate and degree of 
return vary considerably among countries and regions.  The new paradigm created by the 
pandemic will continue to affect feed production and the livestock  operations served by the feed 
industry and as such it is unlikely that we will return to “business as usual” i.e. pre-pandemic, 
any time soon.   

In the months leading up to the pandemic, raw material prices were relatively stable with soy 
beans  averaging $ 370/mT and SBM $350/mT on the CBOT. Soy oil traded at $ 760/mT on 
average. Soon after  the onset of covid – end 2019 – and the introduction of restrictions in 
movement of people and goods,  production and transport of raw materials used in the feed 
industry were disrupted – most notably for  imported ingredients. The early stages of the 
pandemic were characterized by a severe reduction of  economic activity and overall 
manufacturing resulting in increased stocks of raw materials at the production sites. Transport 
was disrupted leading to delays in shipping and accumulations of raw  materials as well as 
finished goods at the ports. Clearly, this affected mainly imported raw materials such  as soy, 
SBM, corn or other imported grains. However, feed producers were able to reformulate diets, 
increasing the inclusion of local and stored raw materials at the expense of imported ingredients. 
Consequently, for most feed ingredients and commodities the impact was limited and under most  
conditions feed plants continued to produce, although at a slightly slower rhythm. This relative 
flexibility  could obviously not be applied to micro-ingredients which were (and are) especially 
sensitive to the  transport restrictions as many of these are imported (many from China). 
Furthermore, livestock  producers, faced with a reduction in slaughter or packing plant 
operations, reduced production as much as possible thus reducing feed demand (albeit slightly).  

The reduction in trade, manufacturing and transport activity led to an overall decline in prices; 
this was  particularly pronounced for crude oil (due to reduced transport) and consequently the 
vegetable oils.  Also corn and soybeans showed important declines. In the case of crude oil, the 
price decline for Brent  reached more than 60 %. Soy and palm oil declined close to 25 % and 



corn 15 %.   

Following the adjustments to imposed restrictions and the need to return to increased operations,  
demand for products – especially livestock products – bounced back in the 2nd part of 2020. In 
specific  regions – most notably the EU – this was stimulated by a significant number of 
government programs to stimulate a depressed economy. By the end of the second quarter 
manufacturing activity and transport  started to return to normal with prices of commodities 
increasing. As a matter of fact, with the need to  meet increased demand and replenish exhausted 
stocks demand and prices increased sharply. This was  especially pronounced for oils. Relative 
to June ’20 current (July 2021) prices for crude oil increased 70 %. Likewise, CBOT prices for 
soybean and palm oil increased in excess of 100 % and corn, soybeans and  other small cereals 
followed suit. Only 1.5 year in the pandemic can a stabilization and even a small  reduction in 
raw material availability and cost be observed. During the past year feed prices increased  with 
the increases in raw material prices but this increase in feed cost did not translate into increased  
prices for all livestock products – with the exception of poultry and pork. And for pork the 
increase was  more associated with the effects of ASF (African Swine Fever) on the Chinese 
pork herd. Consequently,  the pandemic and its effect on raw material availability and trade as 
well as on feed production has  increased pressure on the livestock industry which – on a world-
wide scale - is operating with reduced  margins.  

Changes in availability and demand-and-supply levels for feed raw materials had no evident 
effect on the  nutritional quality of the commodities. Soy products (SBM, soy oil), the most 
impact-full ingredients in  feed production in terms of nutritive value and cost, maintained their 
classical nutrient levels and  quality. This was particularly the case for soy products of US origin 
adhering to long-established  standards and quality classifications. The delay in delivery of feed 
ingredients and the extension of  storage time may have had particular consequences for soy and 
grain quality. And naturally also for  other by-products used for export. However, these 
consequences are primarily associated with potential  contamination with myco-toxins or other 
types of contaminations or pests. Special attention to storage  conditions and associated quality 
control procedures such as myco-toxin analysis were necessary and  continue to be 
recommended. Under the conditions of the pandemic, classical and reliable quality  control 
schemes and procedures took on (and continue to take on) extra importance and need to be  
reinforced. Likewise, reinforced chemical analyses of the raw materials in support of formulation 
matrix adjustments and updating are of utmost importance under these specific covid and post-
covid  conditions. The increases in raw material prices resulting from the pandemic only 
underline the  importance of strict QA procedures and the associated chemical analyses (and 
utilization of all results).  
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Redefining matrix values and a more practical approach to feed formulation 

Dr. Yueming Dersjant-Li, PhD and Dr. Amir Ghane, PhD, PAS 
Senior Scientist, Danisco Animal Nutrition (IFF), Netherlands; Regional Technical Leader, 

Danisco Animal Nutrition (IFF), Singapore 

INTRODUCTION 

Phytase enzymes are commonly used in pig and poultry feed to increase the availability of 
phosphorus (P) in plant-based ingredients. In addition to releasing P, the degradation of phytate 
by phytase can also improve the availability and utilization of other nutrients such as calcium 
(Ca), digestible amino acids (AA) and energy (ME), reducing the wider anti-nutritive effects of 
phytate. 

The activity of commercial phytases is standardized to pH5.5. However, pH levels are much 
lower than this (typically 2.5 to 4) in the upper gastrointestinal tract (GIT) where phytate must be 
broken down as rapidly and completely as possible in order to maximize P-release and minimize 
subsequent anti-nutritive effects of phytate. The relative activity of individual phytases in the 
upper GIT differs substantially. Therefore, nutrient matrix values for phytase prescribing the 
expected nutrient contribution of the phytase from feed must be determined on an individual 
phytase basis. 

When applying phytase matrix values in practice, it is critical to recognize that matrix values for 
different phytases are not directly comparable. This is because they may have been generated 
using different methodologies. There are three methods for determining P matrix values for 
phytases: 1) Direct measurement of the increase in the digestible P content of the diet by the 
phytase above a negative control (dig P matrix) in multiple in vivo studies followed by modeling 
the dig P improvement with increasing phytase dose level; 2) Indirect measurement using an 
inorganic P source (usually mono- or di-calcium phosphate) as a reference, typically using tibia 
or metacarpal ash as the response parameter, to estimate the available P equivalence of the 
phytase (AvP matrix) at different dose levels, and; 3) Calculated values: By comparing phytase 
efficacy at a standard incorporation level of 500 FTU/kg for a new versus previous generation 
phytase and uplifting the matrix value based on the percentage improvement in tibia ash or 
performance measure delivered by the new phytase. The AvP equivalence at increasing phytase 
dose levels may be then calculated based on a log linear model. In addition to these methods, the 
P-release value can be directly measured by analyzing the phytate (IP6) degradation profile from 
ileal digestibility studies. This method will generate a more accurate matrix value but requires   a 
significant amount of laboratory work.  

Many dietary factors can materially affect the P and Ca-release capacity of a phytase, including 
dietary phytate-P content and limestone solubility. Recent studies have shown that fine 
limestones with high (rapid) solubility can have a negative effect on the ileal P digestibility 
compared with limestones with coarser limestones with low (slow) solubility, particularly in 
diets without phytase or containing low phytase dose (<500 FTU/kg) levels. On the other hand, 
increasing the phytate-P content of the diet can increase the P-release value of a phytase at a 
given dose level (in absolute terms, not as a proportion of the total P intake), due to the increased 
substrate availability.  
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In practice, the proper application of phytase in pig and poultry diets, in which the dietary 
formulation is supported by accurate matrix values and use of the phytase at an appropriate dose 
level, a more sustainable poultry and pig production system can be achieved that does not require 
the use of inorganic phosphate and that delivers a better ROI (Return on Investment) for 
producers.  

Recently, it has been reported that a novel consensus bacterial 6-phytase variant was able to 
totally replace dietary inorganic P (replacing > 0.28% of available P from MCP in starter phase) 
in broilers throughout an entire growth cycle, maintaining performance and bone mineralization 
equivalent to a nutritionally adequate diet containing inorganic P (Marchal et al., 2021). 

Commercial broiler diets are commonly formulated on a least-cost basis to meet minimum 
nutrient requirements whilst minimizing feed costs. Scientifically based phytase matrix values 
can be used to support this approach. However, matrix values must be scientifically based and 
robust so that the applied nutrient reductions are neither too high, which could lead to nutrient or 
energy deficiencies, or too low, which could lead to over formulation of nutrients (above 
requirements) and nutrient imbalance.  

Many studies have demonstrated that using a scientifically based full matrix that specifies not 
only a reduction in dig P and Ca but also in dig AA and energy, can maximize cost benefits and 
increase the ROI. However, ideally, matrix values should be linked to the specific composition 
of the diet in which they are to be applied, and to the characteristics of the diet. For this reason, a 
„one matrix fits all‟ approach may not be the optimal approach to adopt in feed formulation. 
Rather, the expected nutrient contribution of a phytase should be evaluated based on globally 
representative data, generated based on a large number of studies and adjusted to take into 
account dietary factors such as phytate-P level and limestone solubility. 

PHYTASE MATRIX METHODOLOGIES  

Phytase is the most commonly used feed enzyme in poultry and pig feed. Its primary function is 
to break down phytate and thereby increase the availability of P from the diet. This use enables a 
reduction in the amount of inorganic phosphate ingredient that is added to feed formulations and 
decreases the excretion of undigested P into the environment. In phytase supplemented diets, a P 
matrix is derived for the phytase that prescribes the expected P contribution of the phytase from 
the diet, for a given unit of phytase addition.  

Matrix generation can be achieved via several methodologies. These can be classified as direct, 
by measuring the digestible P improvement delivered by the phytase above a negative control, or 
indirect, by calculation of the available P equivalence of the phytase at a given dose level. 

Direct measurement: Digestible P improvement 

This method measures the increase in the dig P content of the diet resulting from P-release by the 
phytase above that of a negative control in a large number of in vivo digestibility trials, using 
practical diets representative of commercial feeds. 

According to this method, a negative control (NC) diet is formulated to be deficient in P. The NC 
is then supplemented with the phytase for which a matrix is being derived, in incremental 
amounts. After a predefined period of feeding with the experimental diets (NC and NC plus 
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phytase), ileal or total tract P digestibility is measured using either an indirect marker technique 
or by total collection of feces over a defined period (usually a few days). The dig P matrix is then 
calculated as the calculated improvement in the dig P content of the diet in the phytase 
treatment(s) above that of the NC, i.e. the improvement in the digestible P content of the diet that 
is directly due to the addition of phytase is calculated. To derive a reliable dig P contribution 
estimate (matrix value) for a given phytase, large numbers of studies are required to generate 
representative data. These studies should ideally be conducted with feed formulations 
characteristic of global commercial situations for the given species (pigs or poultry), with the test 
phytase added at a range of different dose levels. The generated data are analyzed to generate the 
P matrix values for different phytase dose levels using a non-linear or exponential curve fitting. 
For the curve fitting analysis, it is important that the analyzed phytase dose levels (rather than 
formulated values) are used, in order to increase the accuracy of the generated matrix values. 
Based on the curve fitting data, the expected dig P contribution at different phytase doses is 
calculated. Figure 1 provides an example of a response curve for digestible P improvement 
above NC (or digestible P contribution, %) with increasing (analyzed) phytase dose level.  

Figure 1. Example of using non-linear modeling to determine the expected P-release 
(digestible P contribution, %) of a phytase based on the observed improvement in P 
digestibility vs NC.  

It is important to note that this method of P matrix derivation may underestimate the dig P value 
of the phytase in broilers if the birds in the NC group were fed the test diets for a long period of 
time, as broilers may adapt to P deficiency and increase their ability to digest P in the basal diet 
(Li et al., 2014). For this reason, when the digestible P matrix is derived based on the direct 
method, it is generally considered that no safety margin is needed.  

Indirect measurement: available or digestible P equivalence

With the indirect method, the available P or digestible P equivalence of a phytase is evaluated 
relative to a reference source of inorganic phosphate (such as monosodium phosphate (MCP)) 
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and measured using a biological response criterion (usually tibia ash or metacarpal ash, but 
bodyweight gain (BWG) or feed conversion (FCR) may also be used).  

According to this method, a NC diet is formulated to be (highly) deficient in P, and is then 
supplemented with either a prescribed concentration of inorganic P (e.g. MCP) or with phytase. 
For example, MCP may be added at graded concentrations in the diet to provide graded levels of 
available or dig P in the NC diet. A linear regression of the relationship between the assigned 
response parameter (such as tibia or metacarpal ash) and increasing level of added inorganic P 
(such as from MCP) is then performed. Next, based on the slope ratio of the fitted linear 
regression model and the observed tibia or metacarpal ash produced by a given dose level of the 
phytase, the available or dig P equivalence of the phytase at that given dose level is estimated as 
illustrated in Figure 2. It should be noted that using different response criteria (BWG, FCR etc.) 
will result in different estimated available P values for a given dose of a given phytase even 
within the same study. Use of different ingredient sources of inorganic P as the reference may 
also give rise to different available P equivalence values.  In addition, the composition of the 
dietary used in the study such as the concentration of Ca can have a substantial impact on the 
estimated P equivalence value of the phytase. When using this indirect method, it is critical to 
establish a response curve for the data from each individual study. It would not be correct to
generate one „standard‟ response curve and apply the regression equation to data collected from 
different studies.   

Figure 2. Example of how linear regression of the relationship between increasing available 
or dig P in the diet (by graded addition of inorganic P (such as from MCP)) and tibia or 
metacarpal ash, can be used to estimate the available P or dig P equivalence of a given phytase 
at a given dose level.  

Another indirect method that may be used to generate a P matrix value for a phytase is to 
compare the efficacy of the (test) phytase at a standard dose level such as 500 FTU/kg with that 
of a previous generation phytase and uplifting the P matrix value based on the percentage 
improvement in tibia ash or performance measure delivered by the new phytase. The available P 

5 
 

equivalence of the phytase at increasing dose level may be then calculated based on a log linear 
model.

Note that if performance parameters such as BWG or FCR are used as the response criterion in 
this indirect method for matrix determination, the phosphoric (P-releasing) effects of the phytase 
are not separated out from the extra-phosphoric effects of the phytase, i.e. its beneficial effect on 
the availability of other nutrients. It is well recognized that, in addition to P-release, phytase 
additionally increases the availability and utilization of other minerals, amino acids (AA) and 
energy (Selle et al., 2000). Thus, if the available P equivalence is calculated using a response 
criterion other than tibia ash, this may represent an over-estimation of the actual phytase matrix 
value. In addition, the matrix values obtained are highly influenced by the „quality‟ (P 
availability) of the inorganic P source used as the reference, and by the Ca concentration of the 
test diet, as mentioned above.  

Because of the different bases of the direct and indirect methodologies used for estimating P 
matrix values for phytase, it is important to understand that the matrix values established by the 
different methodologies are not directly comparable. 

INTERACTIONS BETWEEN DIETARY PHYTATE LEVEL, LIMESTONE 
SOLUBILITY AND PHYTASE EFFICACY 

Effect of dietary phytate-P level on digestible P release by phytase  

It is well known that increasing the phytate-P level of the diet can reduce ileal P digestibility, 
where digestibility is expressed as a percentage of the total P intake. In other words, the 
proportion of P (as a percentage of total dietary P) that is absorbed at the ileal level is reduced 
with increasing phytate-P level in the diet. However, when digestible P is expressed on a grams 
per kilogram feed basis, the digestible P released by a given dose level of phytase can, in 
absolute terms, be greater with increasing phytate-P level, because the availability of the 
substrate (phytate) is increased. In a recent study presented at APSS (Toghyani et al., 2021), it 
was observed that increasing the dietary phytate-P level by increasing rapeseed and rice bran 
inclusion in a wheat-soybean meal-based diet, resulted in an increase in the ileal digestible P 
content of the diet by phytase. Based on the observed ileal phytate-P degradation profile of the 
phytase in the presented study, it was estimated that across a phytase dose level range of 500 to 
4000 FTU/kg, increasing the dietary phytate-P level reduced the proportion of P from phytate 
that was absorbed in the ileum, whereas the estimated P-release from phytate-P calculated on a 
gram per kilogram feed basis was higher in diets with high (than with low) phytate-P content. As 
shown in Figure 3, across phytase dose levels, the estimated P-release from phytase was 1.96, 
2.24 and 2.56 g/kg respectively in diets containing 2.98, 3.45 and 3.89 g/kg analyzed phytate-P
in broilers at 21 days of age. 
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Figure 3. Calculated ileal digestible P release (g/kg feed) by different dose levels of a novel 
consensus bacterial 6-phytase variant based on ileal IP6 degradation data at 21 days of age 
from broilers fed diets with low, medium or high dietary phytate-P content. 

Effect of limestone solubility on P digestibility and phytase matrix values 

The negative effect of increasing dietary Ca level on P digestibility and performance is well 
documented. Recently, it has also been shown that the solubility of the limestone used as the 
major Ca source in the diet can also impact on P digestibility, with highly soluble limestone 
having a negative impact, as demonstrated in Figure 4 (Kim et al. 2018). In that study, Kim et al. 
additionally observed that in diets containing coarse, low solubility limestone supplemented with 
1000 FTU/kg of a Buttiauxella phytase, increasing the dietary Ca level did not have a negative 
impact on ileal P digestibility, whereas in diets containing fine, highly soluble limestone, 
increasing Ca level linearly reduced ileal P digestibility. These data indicated that the 
combination of a high dietary Ca level and highly soluble limestone can have a marked negative 
effect on ileal P digestibility. 
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Figure 4. Effect of dietary Ca level and limestone solubility on ileal P digestibility (%), 
determined in broilers at 21 d of age. With phytase at 0 FTU/kg: P-value ‘dietary Ca level’ 
=0.108; P-value ‘limestone solubility’ < 0.001; P-value ‘dietary Ca level x limestone solubility 
= 0.380. With phytase at 1000 FTU/kg: P-value ‘dietary Ca level’ = 0.002; P-value ‘limestone 
solubility’ = 0.002; P-value ‘dietary Ca level x limestone solubility interaction’ = 0.001.* 
Limestone solubility was determined according to Zhang and Coon (1997) at pH 0.7.

An implication of these findings is that, as highly soluble, fine, limestone will reduce the P 
digestibility in the basal ingredients, a higher safety margin around the P matrix value may be 
needed in diets containing highly soluble limestone supplemented with phytase, and a higher 
phytase dose level may be required to release sufficient P from phytate to meet bird P 
requirements. 

PRACTICAL APPLICATION OF PHYTASE MATRIX VALUES IN FEED  
FORMULATION: THE BENEFITS OF APPLYING A FULL MATRIX 

A phytase that is highly active in the low pH environment of the upper GIT of monogastric 
animals will break down phytate rapidly and more completely than one that has lower activity in 
this gut region. Such a phytase will not only release P from phytate but will also reduce the anti-
nutritional effects of phytate that arise from its interactions with minerals, proteins and amino 
acids further down the digestive tract, thereby improving the availability of these nutrients 
including dig AA and energy. A meta-analysis carried out by Dersjant-Li et al. (2018) evaluated 
the benefits of applying a full nutrient matrix, that included specified reductions in dig AA, 
metabolizable energy (ME), Ca, dig P and sodium, to phytase supplemented broiler diets. Data 
were analyzed from 3 trials that incorporated within their study designs: a nutritionally adequate 
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positive control (PC) diet, a NC and a NC+1000 FTU/kg of Buttiauxella phytase 
(NC+1000FTU). The NC diets had an average reduction of 0.15% dig P, 0.18% available P, 
0.16% Ca, 0.04% dig Lys and 71 kcal/kg ME, and 0.04% reduction in Na compared to the 
respective PC diet. The included trials were carried out in various regions globally and included 
a semi-commercial scale trial with 700 birds per pen. The PC diets were formulated to meet the 
minimum requirements of broilers based on industry standards. Diets were based mainly on corn 
and soybean meal and were provided to birds in pellet or mash form. The average Ca and dig P 
levels in the PC diets were, respectively, 0.96% and 0.42% in starter (0 to 10 d), 0.87% and 
0.38% in grower (11 to 21 d) and 0.78% and 0.34% in finisher phase (22 to 42 d). The average 
ME and dig lysine levels in the PC diets were, respectively, 2976 kcal/kg and 1.22% in starter, 
3068 kcal/kg and 1.09% in grower and 3144 kcal/kg and 0.93% in finisher phase. It was found 
that the NC reduced BWG and increased FCR, whilst the NC+1000FTU treatment produced 
equivalent growth performance to that of the PC (final average BW of 2290, 2832 and 2836 
g/bird for NC, NC+1000FTU and PC, respectively). These data demonstrated that the application 
of appropriate dig AA and ME matrix values in addition to the those for P and Ca could maintain 
growth performance whilst delivering further feed cost savings than can be achieved if  the 
matrix application is limited to minerals only. 

This is illustrated in Figure 5, which shows the calculated total feed costs per kilogram of  BWG 
associated with the tested dietary treatments in one of the three above mentioned studies. The 
study was carried out in semi-commercial setting (700 broilers/pen) and employed a full nutrient 
matrix (reduction in Ca, dig P, dig AA, ME and Na compared to PC), with Buttiauxella phytase 
added at each of 500 and 1000 FTU/kg respectively (Dersjant-Li et al., 2020).  

Figure 5. Calculated feed cost per kilogram BWG of diets containing Buttiauxella phytase 
with a full nutrient matrix applied, measured in a broiler study under a commercial setting 
with 700 birds per pen. PC: positive control with adequate nutrients; 500FTU: PC with 
reduction of 0.164% Ca, 0.134% dig P, 67 kcal/kg ME, up to 0.021% dig AA with 
supplementation of 500 FTU/kg Buttiauxella phytase; 1000 FTU: PC with reduction of 
0.189% Ca, 0.159% dig P, 74 kcal/kg ME, up to 0.032% dig AA with supplementation of 1000 
FTU/kg Buttiauxella phytase. 
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IMPROVING SUSTAINABILITY: FEED FORMULATION WITHOUT INORGANIC P 

There is a globally growing awareness of and interest in sustainability in poultry and pig 
production, in particular in moderating the use of finite resources such as inorganic phosphorus 
(P), and in reducing pollution caused by nutrient excretion. Broiler meat production currently 
utilizes millions of tons of inorganic P annually, with each ton emitting ~ 750 kg CO2. Recently, 
Marchal et al. (2021, PSA) reviewed data from four independent studies and concluded that it is 
possible to feed broilers all plant-based diets without any addition of inorganic P and maintain 
normal growth performance characteristics in all growth phases. The reviewed studies were 
carried out using nutritionally adequate, but not over-specified diets, formulated in three (SFR:0 
to 10, 11 to 21, 22 to 37 d) or four (TAMU 1&2, IRTA:0 to 10, 11 to 21, 22 to 35, 36 to 42 d) 
phase diets. Varied levels of corn, wheat, soybean meal, rapeseed and sunflower meal, rice and 
wheat bran were used to enhance the substrate (phytate) content of the diets to ensure that 
enough substrate was available for the phytase. Oat hulls were also added to provide additional 
structure and dietary Ca levels were maintained relatively low throughout. The experimental 
designs employed 24-26 (TAMU 1&2), 52 (IRTA) and 820 (SFR) Ross 308 birds per pen, with 
stocking densities at the study endpoints of 25-30 (TAMU 1&2), 33 (IRTA) and 39 (SFR) kg/m2.
Trial TAMU 1 was a mixed-sex trial (50:50 male:female per pen), TAMU 2 was an all male 
broiler trial, IRTA was a mixed-sex (50:50) trial that employed 100% male and 100% female 
pens, and the SFR trial was a mixed-sex trial.  The inorganic P-free treatment (IPF) diets in these 
trials were supplemented with a novel consensus bacterial 6-phytase variant applied with 
according to the following dosing strategy: 3000 (starter), 2000 (grower), 1000 (finisher 1&2) 
FTU/kg, and with reduced Ca (0.2-0.3% unit vs. PC). The PC diets were formulated with MCP, 
without phytase. All treatments in the IRTA trial and one PC and one IPF treatment in the SFR 
trial additionally contained 2000 XU/kg xylanase (-71 and -75 kcal/kg ME vs. PC in IRTA and 
SFR trials, respectively). The dietary phytate-P level was >0.33% through all phases in 
TAMU1&2 trials, reduced by phase in the IRTA trial (0.34, 0.33, 0.29, 0.28% in starter, grower, 
finisher 1 and finisher 2 phases, respectively) and the SFR trial (0.33, 0.32 and 0.26% in starter, 
grower and finisher phases, respectively). In all four studies, the IPF treatments maintained or 
improved growth performance and bone ash or bone strength compared to the respective PC in 
each phase. The final BW (g/bird) in the IPF vs. PC treatments was: 2984 vs. 2770 for 
TAMU1(P < 0.05), 3140 vs 2994 for TAMU2 (P < 0.05), 2811 vs 2704 for IRTA (P < 0.05), 
and 2302 vs. 2291 for SFR across diets with/without xylanase. Overall body-weight-corrected 
FCR was consistently lower in IPF treatments vs. the respective PC (P < 0.05), with an average 
improvement of 3.9% (range 1.5 - 6.7%).  This corresponds to a reduction in calculated total feed 
costs (including the costs of the enzymes) per kilogram BWG, on average, of 4% (range 2 to 
6.3%). These four studies have provided strong evidence that an efficacious phytase together 
with proper dietary management can support the implementation of diets without inorganic P and 
that the use of such diets can increase the cost effectiveness and sustainability of broiler 
production. 
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Figure 6 presents tibia ash content in PC and inorganic P free (IPF) diets from the four studies 
reviewed by Marchal et al. (2021, PSA), in broilers of different ages.  

Figure 6. Summary of tibia ash data from four independent trials demonstrating that 
supplementation of an all plant-based diet containing no added inorganic P with a novel 
consensus bacterial 6-phytase variant was able to maintain tibia ash compared to a P-
adequate PC diet in all growth phases. 

The biggest challenge in formulating inorganic P-free diets for broilers from day 1 is the high P 
requirement in the starter phase (0 to 10 days of age). During this phase, the available P 
requirement is 0.48% for Ross 308 based on Aviagen recommendations. Basal plant-based 
ingredients (without meat and bone meal) provide <0.16% available P, therefore a phytase will 
need to release >0.3% available P to meet the high P demand of broilers during the starter phase. 
To achieve this, the critical elements that must be in place are a high efficacy phytase that must 
be present at the optimal dose level in the diet and to ensure that the diets contain sufficient 
phytate-P as substrate for the enzyme.  

SUMMARY  

For the effective application of a phytase matrix in pig and poultry diets, it is important to 
understand how the matrix values were derived, what methodologies were used, and how many 
trials were carried out to establish the matrix values. In addition, many factors such as dietary 
phytate-P level and limestone solubility can impact on P digestibility and P-release values by 
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phytase. Therefore, a „one matrix fits all‟ approach is not valid and may lead to over- or under-
formulation of the diet. A tailor-made matrix based on the actual (known) feed composition in 
which the phytase is to be used, will be more accurate and maximize the benefit of the phytase 
applied.    

Mineral matrices (for P and Ca) are already commonly used in feed formulation when phytase is
applied. However, where dig AA and ME matrix values can be derived based on a large number 
of studies, these can be applied in addition to the mineral matrix to further optimize the efficacy 
of the phytase, resulting in greater feed cost savings. 

Inorganic phosphorus is a finite resource. To reduce inorganic P use and increase the 
sustainability of pig and poultry production, one approach is to use a highly efficient phytase in 
the feed. Recent studies have demonstrated that with proper feed formulation that containing 
sufficient phytate P and trial management, dietary supplementation with a novel consensus 
bacterial 6-phytase at the optimal dose level in each growth phase could enable the total removal 
of inorganic P from broiler feed formulations from day 1.  
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Phosphorus, calcium, sodium, and trace mineral requirement of broiler 
chickens  

Usama Aftab 
AB Vista Asia Pte Ltd. Singapore 

ABSTRACT  

A series of experiments were conducted to reexamine the optimum dietary phosphorus (Trial 1 
and 2), calcium (Trial 3), sodium (Trial 4) and trace minerals (Trial 5) for broiler chickens. A 
commercial-type, pelleted, corn-soy diet was used in these experiments where each dietary 
treatment was fed to 10 replicates each of 20 chicks (straight-run Ross 308) in an 
environmentally-controlled, floor-pen facility. With the exception of Trial 1, experimental diets 
were supplemented with 1000 FTU of an enhanced E. coli phytase per kg of diet. Results of 
these studies suggested that non-phytate phosphorus (NPP) levels of 0.40, 0.35 and 0.30% 
respectively for 1-10 d, 11-25 d, and 26-35 or 42 d was sufficient to support the optimal growth 
performance (Trials 1 and 2) and bone mineralization (Trial 1). Dietary Ca: NPP ratio of 1.4:1 
(Trail 3) and 0.12% dietary Na (Trial 4) was found sufficient to support optimal growth 
performance. Complete removal of trace mineral premix had no effect on growth performance 
(Trial 5). In addition to the apparent commercial benefits, the findings of these studies offer a 
way forward to reduce mineral excretion from broiler production.        

INTRODUCTION  

Calcium (Ca) and phosphorus (P) are the key nutrients for growth and structural integrity of 
growing animals. Nutritionists generally tend to use a significant margin of safety while 
formulating commercial diets to avoid any deficiency symptoms. A large variation appears to 
exist in the requirement estimates of Ca and P for broiler chickens across different sources; e.g. 
in a review on P requirement of broiler chickens the highest vs. lowest estimates were fond to 
differ by 0.08 to 0.13 % available P (AP), or a variance of 20-43 % for a given phase. Among the 
others, one of the important factors influencing the requirement of Ca and P is a complex 
interaction between dietary P, Ca, phytase, and vitamin D3 (Mohammad et al., 1991; Tamim et 
al., 2004). In addition to Ca and P, the phytase is likely to modulate the requirement of other 
mineral cations including sodium (Na) and some of the key trace minerals like Zinc, Copper, 
iron, and manganese. The current communication presents results of a series of growth 
performance trials aimed at reexamining the optimal dietary Ca, P, Na for broiler chickens using 
a typical corn-soy diet containing 1000 FTU of an enhanced E coli phytase. Trial was also 
conducted to study the effect of complete removal of vitamin and trace mineral premix, 
individually or in combination, on growth performance of broiler chickens. 

MATERIALS AND METHODS  

Commercial-type broiler diets (maize-soybean meal) were formulated to supply energy and 
nutrients as per industry practice. The test variable was the dietary P (Trial 1 and 2), Ca: NPP 
ratio (Trial 3), Na (Trial 4) and trace mineral premix (Trial 5). For the purpose of these studies, 

non-phytate P (NPP) was used for available P (AP) and was defined as the sum of the total P 
from inorganic phosphates and non-phytate P from the remaining constituent ingredients 
(Sauvant et al. 2004). No phytase was used in trial 1 while 1000 FTU of an enhanced 
Escherichia coli phytase formulated with the mineral contribution as per supplier’s matrix 
(0.195% AP and 0.215% Ca) was included in trials 2 to 5. Feed samples were analyzed for 
proximate, total P, Ca and Na by Association of Official Agricultural Chemists (AOAC, 2015) 
methods. Milled sample of test feeds were scanned using a FOSS NIR spectrophotometer for the 
prediction of phytate-P (Enzyme Services and Consultancy, UK). Dietary NPP was calculated as 
the difference between total and phytate P.  

A three-phase feeding program was employed in trials 1 to 4 with feed offered as crumbles for 1-
10 days post-hatch and pellets for 11 to 25 and 26-35 days post-hatch). In trial 5, tow phase 
feeding being starter (1-8 d) and finisher (19-35 d) was employed. Each diet was fed to 16 
replicates of 30 chicks (Lohman Indian River, Trial 1) and 10 replicates of 20 chicks (Ross 308, 
Trial 2 to 5). Pen feed intake (FI) and body weight (BW) were recorded at the end of every 
feeding phase, and feed conversion ratio (FCR) corrected for mortality was calculated. In Trial 1, 
at day 25, two birds (one male and one female) close to the pen average weight from each pen 
were chosen for the measurement of toe ash. BW, FI, FCR, mortality and toe ash were calculated 
and subjected to analysis of variance as a randomized complete block design using SPSS. Means 
were compared using Tukey’s test using P < 0.05 as conventional minimum level of significance.

RESULTS AND DISCUSSION  

Trial 1. Table 1 show the NPP and Ca levels used in standard and test plans. The test 
plan resulted in higher feed intake at 10 and 25 days post-hatch and higher body weight at 10 
days while no treatment effect was observed for the performance at day 42 post-hatch (Table 2). 
Toe ash, (total and %) measured at 25 days did not differ across treatments (351 vs. 345 mg or 
12.6 vs. 13.0%, respectively for standard and test plans). These results suggested that NPP 
requirement of broiler chickens was not more than 0.40, 0.35, and 0.30% respectively for 1-10, 
11-25, and 26-42 days.

Table 1 – Formulated dietary levels of non-phytate phosphorus (NPP) and calcium (Ca), 
Trial 1 
Program NPP/Ca (%)*

1-10 d 11-25 d 26-42 d
Standard**  0.45/0.90 0.40/0.80 0.35/0.70
Test*** 0.40/0.80 0.35/0.70 0.30/0.60
*INRA, (2004); **Analyzed NPP (total P – phytate P)/Ca; 0.42/0.83, 0.37/0.76, and 0.35/0.69% 
respectively for 1-10, 11-25, and 26-42 days; ***Analyzed NPP (total P – phytate P)/Ca; 
0.41/0.74, 0.33/0.66, and 0.30/0.61 g/kg respectively for 1-10, 11-25, and 26-42 days 



Table 2 - Growth Performance of broilers, Trial 1 
Diet Body weight (g) Feed intake (g) Feed conversion ratio 

(g/g)
1-10 days

Standard  320a 317a 0.990
Test 330b 330b 0.998

1-25 days
Standard  1441a 1913 1.318
Test 1468b 1949 1.316

1-42 days
Standard  3080 5003 1.607
Test 3142 5136 1.591
a-b Means within the same column with no common superscript differ significantly (P < 0.05) 

Trial 2. Trials 2 was conducted to confirm the findings of Trial 1 with a difference that 
the control and test diets were supplemented with 1000 FTU of an enhance E. coli phytase using 
P and Ca matrix as per supplier recommendation (Table 3). The test plan resulted in improved 
FCR (P<0.05) compared with the standard plan at 10 days post-hatch; no treatment effect was 
observed for the growth performance at 25- or 35-days (Table 4). These results provide further 
confirmation that NPP requirement estimates of our previous study (0.40, 0.35, and 0.30% 
respectively for 1-10, 11-25, and 26-35 d; Trial 1) can safely be employed with 1000 FTU of 
enhance E. coli phytase formulated in for the proposed P and Ca matrix (0.195% NPP and  
0.215% Ca).

Table 3 – Formulated dietary level of non-phytate phosphorus (NPP) and calcium (Ca), 
Trial 2 
Program NPP/Ca (%)*

1-10 d 11-25 d 26-35 d
Standard  0.42/0.84 0.40/0.80 0.38/0.76
Test 0.40/0.80 0.35/0.70 0.30/0.60
*INRA (2004) tables plus a contribution (virtual) 0.195% NPP and 0.215% Ca by phytase    

Table 4 - Growth Performance of broilers, Trial 2 
Diet Body weight (g) Feed intake (g) Corr. FCR

1-10 days
Standard  333 327 0.983b

Test 331 320 0.966a

1-25 days
Standard  1424 1823 1.281
Test 1404 1799 1.281

1-35 days
Standard  2408 3399 1.412
Test 2372 3365 1.419
a-b Means within the same column with no common superscript differ significantly (P < 0.05) 

Trial 3. Trial 3 was designed to study the effect of varying dietary Ca: NPP ratio 
achieved by changing dietary Ca at fixed NPP (0.40, 0.35, and 0.30% NPP respectively for 1-10, 
11-25 and 26-35 d concluded in Trial 1 and  2) on growth performance. Table 5 provides a
summary of Ca: NPP ratios employed in the study. Reducing formulated ratio of Ca: NPP below 
2:1 resulted in a linear reduction in feed intake, gain and feed efficiency (Table 6). These results 
suggested that the analyzed total Ca to NPP ratio of 1.4:1 was optimal for broilers fed corn-soy 
diets containing 1000 FTU of an enhanced E. coli phytase. 

Table 5 – Test ratios of Ca: NPP, Trial 3 
Program Ca: NPP (g/kg)

1-10 d
Formulated*  2:1 1.8:1 1.6:1
Analyzed  1.49:1 1.29:1 1:1

11-25 d
Formulated*  2:1 1.8:1 1.6:1
Analyzed  1.44:1 1.25:1 1.04:1

26-35 d
Formulated*  2:1 1.8:1 1.6:1
Analyzed  1.38:1 1.18:1 0.98:1
*INRA (2004) tables plus a contribution (virtual) 0.195% NPP and 0.215% Ca by phytase    

Table 6 - Growth Performance of broilers, Trial 3 
Ca: NPP (form.) Body weight (g) Feed intake (g) Corr. FCR

1-10 days
2:1 289a 291a 1.008
1.8:1 289a 290ab 1.004
1.6:1 276b 283b 1.025

1-25 days
2:1 1280a 1646a 1.285a

1.8:1 1205b 1593b 1.322b

1.6:1 1107c 1499c 1.353c

1-35 days
2:1 2319a 3216a 1.387a

1.8:1 2259b 3162a 1.400ab

1.6:1 2091c 2951b 1.412b

a-b Means within the same column with no common superscript differ significantly (P < 0.05) 

Trial 4. Table 7 shows dietary Na levels tested in the experiment. No significant 
treatment effect was observed for  feed intake, gain,  and FCR (Table 8) suggesting 0.12% 
dietary Na was sufficient to support optimal growth performance of broiler chickens fed corn-
soy diets containing 1000 FTU of an enhanced E. coli phytase. 



Table 7 – Test levels of dietary Na, Trial 4 
Program Ca: NPP

1-10 d
Formulated*  0.12 0.17 0.22
Analyzed 0.12 0.17 0.21

11-25 d
Formulated*  0.12 0.17 0.22
Analyzed 0.14 0.17 0.23

26-35 d
Formulated*  0.12 0.17 0.22
Analyzed 0.11 0.17 0.23
*INRA (2004) tables   

Table 8 - Growth Performance of broilers, Trial 4 
Na (%) Body weight (g) Feed intake (g) Corr. FCR

1-10 days
0.12 288 290 1.008
0.17 293 293 1.001
0.22 289 292 1.013

1-25 days
0.12 1257 1631 1.298
0.17 1289 1671 1.297
0.22 1264 1651 1.308

1-35 days
0.12 2312 3200 1.384
0.17 2334 3254 1.395
0.22 2313 3217 1.391
a-b Means within the same column with no common superscript differ significantly (P < 0.05) 

Trial 5. This trial looked at the effect of complete removal of vitamin (Starter, 1-18d, per 
kg: A, 10,000 IU; D3, 4500 IU; E, 25 mg; K, 2 mg; B1, 2 mg; B2 8 mg; pyridoxine, 3 mg; B12, 
0.012 mg; folic acid, 1 mg; pantothenic acid, 10 mg; niacin, 35 mg; biotin, 0.08 mg; Finisher, 19-
35 d: A, 8,000 IU; D3, 3600 IU; E, 20 mg; K, 1.2 mg; B1, 1.2 mg; B2 6 mg; pyridoxine, 2 mg; 
B12, 0.01 mg; folic acid, 0.8 mg; pantothenic acid, 8 mg; niacin, 28 mg; biotin, 0.08 mg) and 
trace mineral premix (Starter and finisher, 1-35 d, per kg: Cu, 20 mg; Fe, 50 mg; Mn, 120 mg; 
Zn, 80 mg; I, 0.9 mg; Se 0.2 mg) individually or in combination, on growth performance of 
broiler chickens fed corn-soy type commercial diet formulated with 1000 FTU of an enhanced E. 
coli phytase. Removal of vitamin premix significantly depressed growth performance both at 18 
and 35 d while a removal of trace mineral premix had no effect on growth performance. 
Removing vitamin and trace minerals together resulted in further drop in growth performance 
beyond that observed on vitamin removal alone. Simultaneous removal of vitamin and mineral 
premix also increased mortality (6% vs. <1.5%) compared with all other treatments. Results of 
the study suggest that trace mineral premix can be omitted from a corn-soy diet containing 1000 
FTU of an enhanced E. coli phytase without a negative effect on growth performance. Removal 
of vitamin premix alone or together with mineral premix markedly depressed growth 
performance of broiler. The observation that the removal of mineral premix further exacerbated 

the negative effect of vitamin removal indicates possible ‘one-way’ interaction suggesting some 
vitamin(s) to ‘compensate’ the need  for some trace mineral(s).

Table 9 – Effect of trace mineral and vitamin premix on growth performance of broiler 
chickens, Trial 5

Treatment Body weight (g) Feed intake (g) Corr. FCR
1-18 days

Control 803a 934a 1.164a

Less vit. 698b 829b 1.189a

Less trace min. 808a 934a 1.156a

Less vit./trace min. 566c 718c 1.270b

19-35 days
Control 2248a 3179a 1.415a

Less vit. 1881b 2800b 1.489b

Less trace min. 2230a 3179a 1.425ab

Less vit./trace min. 1200c 1930c 1.610c

a-b Means within the same column with no common superscript differ significantly (P < 0.05) 

SUMMARY AND CONCLUSIONS  

Results of these studies suggested that non-phytate phosphorus (NPP) levels of 0.40, 0.35 and 
0.30% respectively for 1-10 d, 11-25 d, and 26-35 or 42 d was sufficient to support the optimal 
growth performance and bone mineralization of broiler chickens fed commercial-type, corn-soy 
diet with no added phytase (Trial 1) or with 1000 FTU of phytase formulated using the official 
matrix of P and Ca (Trial 2). Furthermore, an analyzed total Ca to NPP ratio of 1.4:1 (Trial 3) 
and 0.12% Na (Trial 4) was found sufficient to support optimal growth performance of broilers 
fed corn-soy diet with 1000 FTU phytase. In a similar dietary model, complete removal of trace 
mineral premix had no effect on growth performance (Trial 5). 
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Future Poultry Farming  

Today’s poultry production demands modern feeding concepts with appropriate digital 
technologies and connectivity which can overcome the current industry challenges to improve 
efficiency on its value chain. Traditional approaches are no longer adequate in producing 
sufficient, safe, and nutritious poultry meat or eggs as the challenges are more complex than 
before. New approaches should support the growing animal protein demand through improving 
productivity and competitiveness, managing large and more complex farms, reducing costs and 
environmental footprint while creating additional value. Thus, the challenges in animal protein 
production drive the need for Precision Livestock Farming (PLF) Concepts. Holistically 
combined with science-based expertise on animal nutrition, animal farming and animal health, it 
is imperative that such an approach is required to overcome less effective isolated solutions.  

Collaboration is Key  

The entire value chain is under escalating pressure to increase sustainability, quality, 
traceability and improve efficiency and welfare standards, all while being free of antimicrobial 
growth promoters (AGPs) and complying with stricter standards and regulations across the 
globe. Yet, simultaneously meeting all these demands is not something one company, or even 
one silo of companies, can do on its own. It will require the adoption of new technologies and 
business models and involve solving connectivity and security issues around data usage. Digital 
technologies and data-driven businesses change the competitive landscape and markets bringing 
changes in the business models. Communicating more efficiently and sharing data appropriately 
is a crucial next step. The right partners along the poultry production chain (Figure 1) – from 
genetics to feed, hatchery, farming, and processing – need to be involved at the right time to 
break down the silo thinking and, instead collaborate, improve offerings, and integrate poultry 
farming production to bring all the pieces of the puzzle together in one place. This can be 
achieved with a collaborative platform for the poultry industry to harvest the value hidden in data 
streams and optimize the production. Collaboration within the industry through sharing of best 
practices will also address these challenges. Thus, collaboration is key!

Figure 1. Poultry production chain 
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In poultry production, the challenges of replicability and scalability of best practices are 
improper documentation or missing data on production processes as well as silo communication. 
Adding to the complexity, multiple parties are involved in the poultry production ecosystem –
geneticists, feed producers, breeder farms, hatcheries, poultry farms, health 
companies/veterinarians, processing plants or distributors and retailers (Figure 2). They all have 
something to add to the process but are all too often restricted to their own expert or specialist 
“silo”. To close such disparities, proper documentation can be adopted while digitizing the 
process in an understandable manner and connecting information along the value chain, using 
digital solutions which bring transparency, traceability and data driven decision-making (link-
ability) of poultry production process.  

Figure 2. Key stakeholders in poultry production ecosystem 

Data is a central resource for future improvements and digitalization is the next stage of 
optimization of the poultry production process. Even though there is a lot of data available across 
the poultry value chain, it is not accessible to everyone who needs it at the right time. Therefore, 
it is important for stakeholders to know what data they require, whether it is available and how it 
can best be used to optimize their stage of the production process. However, challenges related to 
data management and on the poultry production value chain are (a) lack of data, (b) large data 
quantities in a variety of formats lead to lack of insight and (c) non-scalable data sharing 
agreements. Additionally, the poultry ecosystem also expressed diverse needs for further 
improvement via (a) digitalization and data exchange to improve their offering, (b) right data 
management is key in poultry production process ecosystem, (c) need for  automatic data 
collection, (d) sharing data on the value chain and, (e) more relevant information about the 
overall production process, specifically in farming. 

Poultry Production Software as a Solution 

In order to overcome such day-to-day operational challenges, poultry producers have 
options to integrate digital solutions in poultry production operations with an ideal digital 
strategy in place. The ideal digital strategy of poultry should support all aspects of the primary 
business goal to achieve a right product at the right time and with right margin. Poultry 
production digital solution to manage the data along value chain of poultry production should 
incorporate aspects of (a) Animal Science, (b) Nutritional Knowledge, (c) Health Expertise, (d) 

 



 

Big Data ICT solutions and (e) Intelligent Self-Learning Algorithms based on Biostatistics 
(Figure 3). 

Figure 3. Combination of data, science and technology  

In addition, a poultry production software solution should be able to provide valuable 
insights in creating business impact. Poultry producers should take a closer look at such solutions 
if it can support their operations to have abilities of (a) consolidating data from different sources 
into one application, (b) monitoring live production, (c) establishing internal and/or external 
benchmark as well as against breed standards, (d) predicting performance KPIs (body weight, 
egg production, hatchability), (e) optimizing and/or planning the production process, (f) enabling 
key stakeholders to remotely monitor and assess the conditions of the chickens without being the 
transmission vector of farm-related pathogens; and lastly, (g) reducing cost and inefficiencies 
while increasing profits.  

In case of poultry production, as we know each flock is unique, we need to have an 
animal-centric approach to support daily poultry production management using big data ICT, and 
scientific self-learning algorithms based on biostatistics, including the latest options in artificial 
intelligence (AI). Such analytics driven solutions should be able to improve poultry production 
and product quality through holistic monitoring of critical parameters, and a smart early warning 
system should notify arising issues or concerns to take necessary corrective measure to prevent 
losses in production and profits. Analytics driven solutions should also be able to optimize 
planning based on accurate predictions and take right decisions at the right time to maximize 
return on investment. Harnessing the full potential of data management via poultry production 
software, we can break the data silo and transform them into powerful information for us to 
make impactful decisions within the poultry industry. The basis of scientific self-learning 
algorithms based on biostatistics requires big data analytics, with the utilization of vast volume 
of data and structuring into insightful information with linkages and relationships between them. 
The benefits of digitalization and big data analytics can be immense with the opportunities to 
drive organizational and industry growth. It becomes possible to estimate the effect of 
independent variables (e.g. genetics, housing system, feeding program) on the technical 

 

performance of poultry. For example (a) “What is the best feeding scheme in relation to broiler 
performance?” or (b) “Which broiler breeder farm produces the best offspring?”.

Digitalization is not just about automation but about valorization. Irrespective of the data 
collection technologies, the more we can measure directly from the chicken and its environment, 
the better we can estimate how the chicken is “feeling” – if we are not putting a risk factor on the 
animals. However, Internet-of-Things (IoT) can help in more improved monitoring and can be 
solution for manage health challenges. With the help of IoT sensors to monitor and collect the 
data related to environmental conditions such as NH3, CO2, air pressure and temperature, 
humidity which are the influencing factors on the health status of the poultry, this beneficially 
results in remote monitoring of the birds without physically entering the farms, thus increasing 
the biosecurity of the operation. Other production performance data like daily live weight and 
feed intake/silo monitoring using IoT can also be collected. Such solutions would allow for 
remote monitoring also enables the external consultants or veterinarians to easily assess the 
conditions of the animals without being the transmission vector of farm-related pathogens.  Also, 
to ensure the right product is delivered at the right time in the most sustainable and cost-efficient 
manner.

Traditionally, the poultry production process has been in the forward direction, where the 
farm produces to supply the market and there are scenarios where the farm could under- or 
overproduce for the market and dragging the prices down. With the aid of digitalization and 
digital tools, via proper production planning, farms could effectively organize their operations to 
optimize the availability to the market needs and demands via a good slaughter planning which 
should combine  accurate predictions (depending on input data) with the product demand of the 
slaughterhouse or even egg grading/processing, resulting in optimal planning. Several benefits 
can be realized by such predictive optimized broiler planning and are as follows:  

● Meeting Demands: Raise the chances of meeting demand precisely based on predictions. 
● Supply Security: Make sure that there are always enough chickens to keep the 

slaughterhouse running efficiently. 
● Transparency: Tackle transparency issues with facilitated management of food chain 

information (e.g. treatment documentation) along the chain. 
● Cost management: Decrease costs through more accurate planning considering broiler 

growing, processing, as well as transport. 

Conclusions  

The key fundamentals of a poultry production software are:  

● Supports daily operations of the live poultry production up to processing 
● Including flock management, health, feed etc. 
● Animal centric: focus on the birds and their environment 
● Predicting performance & quality with biostatistics / AI 

Overall, utilization of poultry production software as the starting point in this journey for 
proper data management, all stakeholders can confront challenges, unify processes to drive 
innovation and collaboration within the poultry production value chain to strategically grow the 
industry in an effective and sustainable way.  
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Abstract. This review outlines the importance of understanding the true fibre content, which is the sum of non-starch
polysaccharides and lignin, of feed in order for animal nutritionists to improve the precision of feed formulation in the future.
The continuing use of crude fibre in feed formulation means that up to a quarter of the feed components, mainly non-starch
polysaccharides and oligosaccharides that are lost during acid and alkali extractions, are ignored for ingredients such as
soybean meal. Furthermore, the values for acid detergent fibre and neutral detergent fibre are not used for feed formulation.
They also do not represent unique classes of chemically defined molecules. In some cases, neutral detergent fibre and acid
detergent fibre values do not cover a large proportion of soluble fibre, for example, in leguminous crops that contain a high
level of pectic polysaccharides. Non-starch polysaccharides and their associated lignin content represent the true fibre levels
in ingredients and this is the basis fromwhich structural and physicochemical elucidation of fibre can be attained. Only with
such understanding will nutritional strategies be applied to target specific fractions/types of fibre in ingredients to produce
desired nutritional and health outcomes in pigs and poultry. In this context, an example is given to illustrate how gut
microbiota of animals can be manipulated to enhance production performance and immunity.
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Introduction

The term ‘fibre’ has been in use since the mid-19th century when
Weende Experimental Station in Germany published its methods
for proximate analysis. In a feed context, it is called ‘crude fibre’
(CF), which refers to organic matter remaining after a series of
acid and alkaline extractions. CF consists of phenolic compounds
(mainly lignin), the majority of cellulose and a variable amount
of other insoluble polysaccharides. Although CF is used in feed
formulation to set the fibre level in feed, it is not at all a reliable,
let alone accurate, indicator of the true fibre content of feed. For
example, the CF content in soybeanmeal is ~5%,whereas its true
fibre level is as high as 25% (Choct et al. 2010).

What is the true fibre content of feedstuffs? In the context of
humannutrition, the termdietaryfibre (DF) is used.Thedefinition
of DF provokes a great deal of controversy because there have
been numerous, at times confusing, definitions over the years,
including definitions based on the physiological effects of DF
and those based onmethods of determination. Of direct relevance
to monogastric animal nutrition is the simple understanding
that DF is the sum of non-starch polysaccharides (NSP) and
lignin. There are two well established methods for measuring
DF. One is the series of enzymatic-gravimetric methods
provided by the Association of Official Analytical Chemists
Total Dietary Analysis (Methods 985.20; 993.19; 991.42;
991.43; 992.16), which uses enzymatic removal of non-cell
wall organic materials and then gravimetrically measures the

residue corrected for ash. The other technique is known as
the Uppsala Method. This method quantifies individual sugar
residues by converting them into alditol acetates and measures
them using gas chromatography (Theander et al. 1995). Lignin
and uronic acids are determined separately in the Uppsala
Method. There are several advantages in using the Uppsala
Method, including the separation of the individual sugar
composition of DF that gives an idea of the type of
polysaccharides present in an ingredient, and the ability of
fractionating NSP based on their solubility in water (the other
method alsooffers this option). The essence of this is the inclusion
all NSP together with lignin, which is a polyphenolic compound.
This definition of fibre captures all of the organic components
in plant ingredients indigestible by the endogenous enzymes
of monogastric animals and hence is regarded as the true fibre
content of feed ingredients for those animals.

Non-starch polysaccharides are a significant part of plant
ingredients (10–75% depending on the ingredient) for
monogastric animal feed. The soluble NSP proportion can
exhibit anti-nutritive activities in pigs and poultry, leading to
changes to gut physiology, gut microflora and gut health.
Whereas considerable evidence in poultry suggests that the
insoluble NSP proportion acts very differently to the soluble
NSP, often imparting beneficial effects on gastrointestinal tract
(GIT) development and endogenous enzyme secretion. It is
therefore essential that the roles of NSP as the major constituent
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of fibre be taken into account when formulating feed for pigs and
poultry in the future.

Definitions and terms used to describe ‘fibre’
in feed and food

Crude fibre

The term ‘crude fibre’ was first used more than 150 years ago to
describe the organic remnant of feedstuffs insoluble in hot, dilute
sulfuric acid and sodium hydroxide (Henneberg and Stohmann
1859). Depending on the raw material, CF represents variable
portions of the insoluble NSP and therefore setting it as a nutrient
constraint in feed formulation has limited utility. Table 1 shows
the nutrient contents ofwheat, sorghumand soybeanmeal that are
available in most databases used to formulate feed for pigs and
poultry in Australia. These nutrients do not add up to 100%
(92% for wheat, 93% for sorghum and 70% for soybean meal).
The reason is simple; the CF values do not represent the true fibre
levels in feed ingredients.

Acid detergent fibre and neutral detergent fibre

Clearly, not knowing or understanding up to a quarter of the
chemical composition of the key ingredients, for instance
soybean meal as shown in Table 1, used in feed formulation is
not an ideal situation. The deficiency of the proximate analysis
system, especially in relation to CF measurement, has been
recognised since the early 1960s. Thus, a system for ‘detergent
fibres’was instigated (van Soest 1963). The system used a series
of detergent extractions (originally of forage materials) to obtain
one fraction called neutral detergent fibre (NDF) and another
fraction called acid detergent fibre (ADF). This system relies on
the differences in solubility of feed components and therefore
it lacks precision with respect to chemical structures. Both NDF
and ADF fail to account for most, if not all, soluble NSP present
in feed. This system also adds to the confusion as to what the
two fractions actually represent. This makes it questionable how
relevant the various ADF and NDF values are for monogastric
animal nutrition.

Graham and Åman (2014) compared the CF, ADF, NDF and
NSP values in maize, wheat and soybean, together with the
detailed carbohydrate composition. It can be seen from
Table 2 that the values for NDF and NSP are similar for maize
andwheat but are less than half for soybeanmeal. This is because
the detergent extraction process used for NDF determination
removes the pectic polysaccharides, which dominate the NSP
present in soybean.

TheNDFandADFare not separate entities because both terms
cover cellulose and lignin. Thus, the difference between the two
gives the value for hemicellulose:

NDF� ADF ¼ hemicellulose

The term hemicellulose is widely used but it does not refer
to a single molecule as early research mistook plant cell
wall components that were soluble in alkali as precursors
to cellulose (Schulze 1891). Thus ‘hemicellulose’ covers
arabinoxylans, mixed linked b-glucans, xyloglucans, mannans,
galactomannans, galactans, arabinans and any other neutral
polysaccharides other than cellulose. Unfortunately the term has
a long history of use in both industry and scientific literature.

Classification of feed carbohydrates

Overview

Feed contains several different types of carbohydrates, including
monosaccharides, disaccharides, oligosaccharides (3–12 sugars)
and polysaccharides. Monogastric animals such as pigs
and poultry can digest monosaccharides and disaccharides.
Most oligosaccharides are also digested via fermentation.
Polysaccharides make up the bulk of feed carbohydrates with
starch and NSP being two key distinct classes.

There are numerous polysaccharides present in nature. These
polymers differ in their physical and chemical properties
due to several factors: (a) the monosaccharides that make up
the polymers; (b) the ring forms (6-membered pyranose or
5-membered furanose) of the monosaccharides; (c) positions
and configurations (a or b) of the glycosidic linkages; (d) the
sequence in monosaccharide residues in the chain; and
(e) whether or not non-carbohydrate substituents are present.
In feed carbohydrates, the predominant six-carbon sugars
(hexoses) include D-glucose, D-galactose and D-mannose,

Table 1. Theamounts of ‘fibre’unaccounted for inwheat, sorghumand
soybean meal

Nutrient (%) Wheat Sorghum Soybean meal

Protein 13 9 47
Starch 60 65 1
Fat 2 3 1
Crude fibre 3 2 5
Water 12 12 10
Ash 2 2 6
Total 92 93 0
Missing 10 7 24

Table 2. Composition of maize, wheat and soybeanmeal (%DM) (from
Graham and Åman 2014)

Analytical component (%DM) Maize Wheat Soybean
meal

Ash 1.4 1.7 6.6
Crude protein 9.1 11.0 53.3
Crude fat 4.6 2.4 2.8
Sugars 2.6 3.5 3.5
Oligosaccharides 0.3 0.2 5.3
Fructans 0.6 1.8 0.9
Starch 69.0 66.5 0
Crude fibre 2.3 2.5 4.2
Acid detergent fibre 2.5 3.4 4.9
Neutral detergent fibre 9.2 10.0 8.4
Non-starch polysaccharides + lignin 10.0 + 0.8 11.0 + 1.0 20.8 + 1.0
Non-starch polysaccharides
– rhamnose Tr Tr 0.7
– arabinose 2.3 2.7 2.3
– xylose 3.1 3.9 1.5
– mannose Tr Tr 1.4
– galactose 0.5 0.2 5.3
– glucose 3.4 3.7 6.0
– uronic acids 0.7 0.5 3.8
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whereas the main five-carbon sugars (pentoses) are L-arabinose
and D-xylose. In addition, there are acidic sugars, such as
D-galacturonic acid, D-glucuronic acid and its 4-O-methyl
ether, that come from pectic polysaccharides.

Starch is by far the most important polysaccharide present
in pig and poultry feed. Starch is second only to cellulose in
abundance in terms of polysaccharides synthesised by plants and
represents the primary source of energy for many monogastric
species, including humans, as they can digest starch using
their endogenous amylolytic enzymes. However, the digestion
and utilisation of starch are more complex than as outlined here
as the botanical origin, grain harvest conditions, processing,
formation of resistant starch, and the asynchrony of starch and
protein digestion all affect the way starch is utilised. Starch is,
however, outside the scope of the present review.

Apart from starch, a large number of polysaccharides are
present in feed. These polysaccharides are collectively called
NSP.

Non-starch polysaccharides

Classification

From a practical point of view, it is easier to classify NSP
based on extraction techniques that can be implemented in quality
control laboratories. For example, CF, ADF and NDF are
routinely measured in many laboratories with a good degree
of repeatability. However, from a scientific point of view, such
a classification is inaccurate, confusing and does not make
nutritional sense. This is because the three fibres are not
distinct chemical entities and they overlap each other on some
NSP, i.e. cellulose, and lignin, a polyphenolic compound.
These systems also do not measure the same chemical entities
consistently. Bailey (1973) attempted to classify NSP in three
chemically definable groups, that is: cellulose, non-cellulosic
polysaccharides and pectic polymers. Cellulose is self-
explanatory but non-cellulosic polysaccharides encompass
numerous polysaccharides, which were traditionally included
under the term ‘hemicellulose’ because these polysaccharides
could be extracted together (Neukom et al. 1967; Neukom1976).
Non-cellulosic polysaccharides include, but are not limited to,
arabinoxylans (pentosans), mixed-linked b-glucans, mannans,
galactans, xyloglucans and fructans. Likewise, the term ‘pectic
polymers’ covers many polysaccharides that consist mainly of
polygalacturonic acids substituted with arabinan, galactan and
arabinogalactan.

NSP in common feed ingredients

Cereals

Between 10% and 30% of cereals are NSP. There is only a
trace amount of pectic polymers are found in them, usually in the
stems and leaves. The majority of the NSP are composed of
arabinoxylans, cellulose and b-glucans.

Cereal grains canbe classified into twogroups, i.e. viscous and
non-viscous cereals. Viscous cereals include rye, wheat, barley,
triticale and oats, whereas the non-viscous cereals include corn,
sorghum, rice and millet. This classification is based mainly on
the amount of soluble NSP present in the grain. For instance,
the arabinoxylans and b-glucans present in rye, wheat, barley,

triticale and oats are partially soluble and can form highly viscous
solutions and therefore these grains are known as viscous cereals.
However, corn, sorghum and rice contain a low level of NSP, of
which a very small fraction is soluble but it does not form viscous
solutions. So, these grains are classified as non-viscous cereals.
Table 3 presents the main chemical entities and the level of NSP
for some cereals (Choct 1997).

The fibre fraction of cereals is concentrated in the by-products
when starch and, to a lesser extent, protein are removed
through the milling process. Thus, wheat bran has ~40% NSP,
which consist mainly of arabinoxylans (Englyst 1989). The NSP
content in rice bran is usually less than 25% and is composed of
arabinoxylans and cellulose in almost equal amounts (Saunders
1985). Most of the NSP present in cereal by-products are
insoluble and therefore do not raise digesta viscosity and will
not form ahighly viscous gel (Annison et al. 1996).Rice bran also
contains some xyloglucans, which are not a common group of
NSP found in other cereals (Shibuya and Iwasaki 1978). These
xyloglucans have a b 1–4-linked glucan backbone, which is
substituted at the O6 atoms with single units of a-xylose.
Another cereal by-product that has become available in large
quantities in various parts of the world is distillers dried grains
with solubles. Choct and Petersen (2009) presented the chemical
composition of six corn distillers dried grains with solubles
samples obtained from the northern part of the USA. In terms
of the carbohydrate composition, the samples contained, on an
as-is basis, between 15.5% and 22.4% starch, 14.6% and 19.3%
NSP and 1.4% and 8.3% free sugars (sugars extractable in 70%
ethanol).

Vegetable protein sources

When vegetable protein sources are included in diet
formulation, nutritionists usually think about the amino acids
they provide, rather than the effects the NSP will have on the
nutritive value of the diet. For instance, soybean meal, the most
widely used vegetable protein source for monogastric animal
feed, contains up to 35% carbohydrates, of which, ~14% are
low-molecular-weight soluble sugars, and 21% are NSP. Of the
NSP, between 5% and 7% are soluble (Choct et al. 2010). These
carbohydrates are mainly pectic polymers, such as galacturonan,
rhamnogalacturonans, arabinans and arabinogalactans (Aspinall
et al. 1967), which are unaccounted for in the CF, NDF or ADF
values. These pectic polymers are galacturonans or in the case of
soybean, rhamnogalacturonans. Pectic polymers usually have
(1–4)-a-D-galacturonan chains, which are inserted with (1–2)-
a-L-rhamnose residues at various intervals. Side chains, such as
D-galactose, L-arabinose, D-xylose, and less frequently L-fucose
and D-glucuronic acid, can also be present and mostly are short.
Some neutral pectic polymers like galactans and arabinans,
xyloglucans and galactomannans have very complex side
chains, whereas the carboxyl groups of the galacturonic acid
residues of pectins can have a high degree ofmethyl esterification
(Aspinall and Jiang 1974). For instance, highly methylated
soluble pectic polysaccharides were isolated from mung beans
(Goldberg et al. 1994). A high degree of esterification renders
pectins insusceptible to endo-polygalacturonase, which requires
at least two free carboxyl groups adjacent to each other (Jansen
and MacDonnell 1945). In general, the molecular weights of
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pectins range from 30 000 to 300 000 (Pilnik and Voragen 1970).
The structure of a pectic polymer from lupins is shown in Fig. 1.

Non-conventional ingredients

Whether or not an ingredient is classified as ‘non-
conventional’ depends very much on the country or region
where this raw material is used. For instance, tapioca is
regarded as an alternative ingredient in Australia but is very
much a common raw material in South-east Asia. So in this
section, ingredients that are not commonly used in commercial
feed formulation in Australia will be briefly discussed.

Copra meal. Copra meal contains between 45% and 60%
NSP (Sundu et al. 2009). The NSP present in copra meal are
mainly mannans (galactomannans and mannans) although
~10% cellulose and trace amounts of other polymers, such as
arabinogalactans, arabinomannogalactan and galactoglucomannans

are also present (Saittagaroon et al. 1983; Zamora et al. 1989).
It is reported that 30% of the copra NSP is soluble in water
(Saittagaroon et al. 1983), but it is not known whether these NSP
are viscous in nature.

Palm kernel cake. Palm kernel is rich in oil (50% oil) and the
extraction process can leave 20–30% of the oil behind. There are
two methods of extraction, i.e. expeller press and solvent
extraction. The resulting by-product after expeller processing,
palm kernel cake, and that after solvent extraction, palm kernel
meal, differ in calcium, oil and fibre contents. For instance, oil
and CF levels of 12.3% and 9.8% for the cake, and 16.6%
and 5.2% for the meal, respectively, have been reported (Omar
and Hamdan 1998). The same authors reported an NSP level
of 74.3% in the palm kernel cake. Düsterhöft et al. (1992)
elucidated the polysaccharide populations of palm kernel
meal and showed ~80% of the NSP as insoluble linear
mannans together with cellulose (12%) and a small amount

Table 3. The types and levels of non-starch polysaccharides present in some cereal grains and their by-products (%DM)

Cereal Arabinoxylan b-glucan Cellulose Mannose Galactose Uronic acid Total

WheatA

Soluble 1.8 0.4 – t 0.2 t 2.4
Insoluble 6.3 0.4 2.0 t 0.1 0.2 9.0

BarleyA

Soluble 0.8 3.6 – t 0.1 t 4.5
Insoluble 7.1 0.7 3.9 0.2 0.1 0.2 12.2

RyeA

Soluble 3.4 0.9 – 0.1 0.1 0.1 4.6
Insoluble 5.5 1.1 1.5 0.2 0.2 0.1 8.6

OatsA

Soluble 0.8 2.8 – t 0.1 0.1 3.8
Insoluble 14.7 – 10.1 0.2 0.1 t 24.5

TriticaleB

Soluble 1.3 0.2 – 0.02 0.1 0.1 1.7
Insoluble 9.5 1.5 2.5 0.6 0.4 0.1 14.6

SorghumB

Soluble 0.1 0.1 – t t t 0.2
Insoluble 2.0 0.1 2.2 0.1 0.15 t 4.6

CornB

Soluble 0.1 t – t t t 0.1
Insoluble 5.1 – 2.0 0.2 0.6 t 8.0

Rice (pearled)B

Soluble t 0.1 – t 0.1 0.1 0.3
Insoluble 0.2 – 0.3 t t t 0.5

Wheat pollardA

Soluble 1.1 0.4 – t 0.1 0.1 1.7
Insoluble 20.8 – 10.7 0.4 0.7 1.0 33.6

Wheat branB

Soluble 2.6 0.2 – t 0.1 0.3 3.2
Insoluble 26.0 – 10.8 0.1 0.6 0.9 38.4

Rice bran (defatted)B

Soluble 0.2 t – t 0.2 t 0.5
Insoluble 8.3 – 11.2 0.4 1.0 0.4 21.3

AEnglyst (1989).
BUniversity of New England, Australia.
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of 4-O-methyl-glucuronoxylans (3%) and arabinoxylans (3%).
Commercially available palm kernel cake or palm kernel meal
has ~16% of crude protein and in excess of 60% of NSP.

Sunflowermeal.Sunflower seeds are reported to contain 27.6%
NSP, of which 4.5% was soluble (Irish and Balnave 1993). The
soluble NSP were reported as uronic acids, which indicates the
presence of pectic polysaccharides. It can be extrapolated that
sunflower meal (assuming an oil extraction rate at 40%), may
contain as high as 46% NSP. Düsterhöft et al. (1992) detailed the
composition of theNSP found in sunflowermeal as 42%cellulose,
24% pectins, 24% 4-O-methyl-glucuronoxylans, 5% (gluco)-
mannans and 4.5% fucoxyloglucans.

Tapioca. In many parts of the world, potatoes, sweet potatoes,
cassava, yams, taro (cocoyam) and other root plants are a major
source of human food. Cassava is an important root plant in Asia.
Cassava, also known as tapioca, contains 85–90% starch and
10–15% fibre. Cassava chips and pulp recently analysed at the
University of New England (D. F. Tang, P. A. Iji, M. Choct,
unpubl. data) contained 3.99% and 9.2% insoluble NSP and
0.78% and 0.26%, respectively. Arabinoxylans and glucans
were the predominant NSP in the pulp whereas glucans were
themainNSP in the chips. The nature of the glucans is not known
but is likely to be mainly cellulose.

Nutritional properties

Soluble NSP. Solubility of NSP usually refers to water
solubility and is an important measure of the physicochemical
characteristics and nutritional properties of NSP for monogastric
animals. Viscosity is not related to the linkage type or the sugar
composition of a polysaccharide. Rather, it is determined by the

physical properties of the polysaccharide, such as molecular
weight, distribution and structure. In poultry diets, the anti-
nutritive effects of soluble NSP are well characterised (Choct
and Annison 1992; Choct 2006). In addition, there is a clear
negative relationship between the amount of NSP and the
nutritive value in poultry (Choct and Annison 1990; Annison
1991), in pets (dogs and cats) (Earle et al. 1998; Twomey et al.
2003) and in pigs (King andTaverner 1975). The effect of feeding
viscous cereals on feed intake in pigs is large, which can be
overcome by the use of appropriate xylanases (Cadogan et al.
2003). The results of this study indicated that the NSP were
a major causative agent, but subsequent work (D. J. Cadogan,
R.G.Campbell,M.Choct, unpubl. data) revealed little difference
in digesta viscosity values between the two contrasting wheats.
It is speculated that although the absolute value for digesta
viscosity in pigs fed viscous grains is low compared with that
in poultry (2–3 mP.s vs 8–12 mP.s), its impact on gut physiology
and hence nutrient digestion/absorption in pigs is probably just
as great as it is in poultry.

Insoluble NSP. Most NSP present in feed ingredients are
insoluble in water. There is now clear evidence to suggest that
coarse, structural materials consisting largely of insoluble fibre,
enhances GIT development in poultry (Choct 2006; Hetland
et al. 2007). Renteria-Flores et al. (2008) showed that there
was interdependency between soluble and insoluble fibre
digestibility in sow diets, where insoluble fibre digestibility
was improved when soluble fibre intake increased. The authors
stressed that knowledge of specificNSP components is necessary
to accurately predict the effects of DF on digestibility.

Low-molecular-weight carbohydrates. Choct et al. (1996)
used xylanase in a sorghum-based broiler diet with added
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Fig. 1. Pectic polymer structure from lupins (from Cheetham et al. 1993).
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soluble NSP to examine whether the use of a well defined soluble
NSP (wheat arabinoxylan in this case) would change the activity
of the gut microflora. The study showed that the enzyme reduced
fermentation in the ileum but increased it in the caeca. These
results coincided with a reduced digesta viscosity and an
increased digestibility of nutrients (starch, protein and fat).
Traditionally, the small intestine of poultry was considered to
have no fermentative activity. The significance of the study in
question is not the detection of fermentation in the ileum or
the amount of metabolisable energy arising from it, but the
physiological and microbiota changes that small intestinal
fermentation may bring about for the bird. However, changes
to the GIT microbiota in response to enzyme supplementation is
not really a surprise because when the substrates are modified,
the organisms relying on them for their existence will have
to adapt. Diet-dependent variation in GIT flora (Wagner and
Thomas 1987) is another indication of the highly dynamic nature
of more than 600 species of organisms harboured in the GIT of
pigs and poultry. The complexity of the change is, however,
difficult to understand. For instance, Bedford and Apajalahti
(2002) showed a marked reduction in certain microbes in
chickens by enzyme supplementation, leading to a significant
reduction in the total number of microbes in the GIT. The
hypothesis is that the removal of substrates from the GIT
may leave the organisms to ‘starve’, leading to a reduction in
numbers. Another thought is that the production of certain
oligomers in situ, such as xylo-oligosaccharides (XOS),
provides prebiotics to the GIT ecosystem and hence selectively
stimulates the beneficial organisms while suppressing the
growth of undesirable organisms. Courtin et al. (2008)
reported that the benefit on feed conversion efficiency of
broiler chickens induced by 0.5% of dietary XOS was similar
to that obtained by xylanase supplementation, suggesting that
these low-molecular-weight carbohydrates act as prebiotics.
The mechanisms by which XOS exhibit their beneficial effects
in humans and animals appear to be complex. Ebersbach et al.
(2012) reported that XOS inhibit pathogen adhesion to
enterocytes in vitro. In addition, Geraylou et al. (2013)
demonstrated that XOS improved the non-specific immunity
and changed gut colonisation in fish.

Specific XOS could be produced in situ through the use of
appropriate xylanases in pig and poultry diets to tailor them for
improved prebiotic action. Currently, there are several hurdles
to overcome for this to happen. First, knowledge of the NSP
substrates present in different diets remains poor as it is
constrained by research capacities in the area of carbohydrate
chemistry, and the lack of rapid methods to detect substrates in
real time. Second, the understanding of GIT microbiota in pigs
and poultry in terms of their functions, activity and substrate
requirement is at a very early stage of development despite the
advent ofmolecular technologies inmicrobiology. However, this
is an area of immense potential as it holds the key to a sustainable
animal production without the reliance on in-feed antibiotics.

Conclusion

Nutritionists in the future will need to move away from using CF
in order to improve the precision of feed formulation for
monogastric animals. This will require a comprehensive NSP

database for ingredients used in pig and poultry feed.
Understanding the chemical structure and physical attributes
of fibre components of feed will also lead to a tailored use
of different fibres to achieve desired outcomes in producing
specific prebiotics in situ to enhance gut health or in releasing
monosaccharides as an energy source.
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INTRODUCTION 

Given the global pandemics that have impacted the health of both humans and animals in recent 
times, disease challenge has been front of mind for many of us. Whilst there needs to be great 
emphasis on biosecurity at all levels i.e. keep the virus out, the pigs own immune system should 
also be viewed as a major defense mechanism against the worst aspects of disease challenge.  

The global pork industry has experienced severe disease challenges that threaten the very future 
of swine production in some regions. Disease challenges currently devastating the pork industry 
include ASF, CSF, PEDv, PRRS, and pathogens like Streptococcus suis and E. coli are of major 
concern (VanderWaal & Deen, 2018). In addition to disease challenges, traditional reliable tools 
to deal with health challenges are becoming less accessible, and so we must look to more holistic 
approaches to raising our animals, with sustainability playing an important role in the solution. 

With the safety net of antibiotic growth promoters (AGPs) no longer a viable tool and pressure to 
reduce ZnO levels in some markets, the industry must look elsewhere for strategies to optimize 
swine health, which ultimately drives production efficiency. The threat of antibiotic resistance is 
one of the biggest drivers shaping how meat is produced now and in the future. These changes 
are largely driven by the consumer themselves, as well as regulatory pressure, which is currently 
happening at a faster rate than in the past. In many areas around the world, raising pigs for meat 
must be done with minimal antibiotic usage and none for growth promotional purposes, and so 
the pork industry must think differently about how we raise our pigs.  

A more viable sustainable strategy is to support the development of a more immunologically
robust pig, that can protect itself better during times of disease challenge, but continue to meet 
their production capabilities during non-challenged times. 

IMMUNE OPTIMIZATION THROUGH NUTRITION 

The pigs own immune system, the most critical defense mechanism of all, is often overlooked 
when it comes to health intervention strategies. While immunity is vital for life, fueling immune 
development and activation comes at a cost to production efficiency, and as such warrants due 
consideration. In this paper a combination of two main areas of nutritional approaches to 
maintaining and promoting the optimum immune response in pigs will be discussed:
1. Providing a balanced diet, adequate in macro and micronutrients and supplementing the diet 
with feed additives that can counteract any antinutritional factors that can inhibit growth and 
impact the immune system, and 



2. Optimizing the supply of vitamins to the pig in order to support the immune response when it
is really needed. 

Balanced Nutrition and Anti-Nutritional Factors Influence the Immune Response   

Balanced nutrition is a prerequisite for maintaining good health status, as the immune system is 
sensitive to moderate deficiencies in some nutrients which can impact its effectiveness. It is 
therefore important to get the basics right ensuring adequate amounts of macro and 
micronutrients that meet the animals’ requirements for each growth phase. Limiting the amounts 
of nutrients available to the animal can limit not only their growth potential, but also impact the 
ability of the immune system to function to its best ability. Low concentrations of these key 
nutrients in the diet can put pressure on both the structure and function of the gastrointestinal 
tract.  

Whilst reviewing these key nutrients, it is important to remember that there can be some impact 
from the ingredients that are used, and in this case, we must pay attention to the potential 
antinutritional factors present. One proven strategy to decrease the impact of these negative 
effects is through the use of exogenous enzymes.  

Phytate is the main storage form of P in plants, and animals cannot utilize P in this form. As 
phytate P impacts protein digestion and chelates minerals, the supplementation of phytase in the 
diet, which should be common practice in pig diets, is a useful strategy to counteract this effect 
(Selle, Cowieson, & Ravindran, 2009).   

Soybean, a frequently used ingredient in pig diets, contains conglycinin and ꞵ-conglycinin as the 
main storage proteins, which are known to be immunoreactive. In this case, the use of heat 
treatment, the addition of a protease, or ideally the combination of both can be successful in 
helping the pig utilize the nutrients from soybean (Rooke, Slessor, Fraser, & Thomson, 1998).  

Fiber, or more specifically, soluble fiber causes viscosity in the intestine, which can inhibit the 
digestion of nutrients and promote the growth of pathogenic bacteria, such as E. coli (Hedemann 
et al., 2006). In order to help the piglet avoid this, the addition of xylanase is useful in breaking 
down the fiber and thereby improving fermentation (Li et al., 2019).  

Mycotoxins are secondary metabolites produced by fungi present in feedstuffs. Even a low levels, 
they have severe economic consequences; reduced crop yield and adverse effects on animal 
production and their immune capabilities. To reduce mycotoxin ingestion, detoxifying agents can 
be added to the diet of animals, as they can bind to the surface, called adsorption, or degrade the 
mycotoxin into less harmful metabolites, called biotransformation (Vila-Donat, Marín, Sanchis, 
& Ramos, 2018).  

Micronutrients: Optimizing the Immune Response Through Nutrition 

This paper will discuss some of the critical micronutrients and their interactions, that play into the 
delicate balance of optimizing immune readiness, without overstimulation, which can cause 

negative consequences for the animal. Micronutrients including some vitamins and minerals 
together with some gut functionality feed additives, are known to have immunomodulatory 
effects.  

The regulatory arm of the immune system is critical in helping to dampen down the inflammatory 
response and facilitate the return to homeostasis. While inflammation is vital for disease 
resolution, if left unchecked the resulting collateral damage is often more costly to the pig than 
the initial pathogen.   

Vitamins, such as vitamin D3 have classical benefits around skeletal health that have long been 
recognized. More recently, the role of vitamin D3's main metabolite, 25-hydroxy (OH), in 
immunomodulation is starting to be better understood. One of vitamin D3's primary roles is to 
support the activation of immune cells and production of antimicrobial peptides while also  
limiting excess responses. There are numerous studies in weaned pigs supporting the role of 
vitamin D3 and the 25-OH vitamin D3 form in particular, in increasing immune cell number and 
activation (Konowalchuk, Rieger, Kiemele, Ayres, & Barreda, 2013).   

Vitamin E is well known for its ability to act as a potent antioxidant that prevents oxidative 
damage of immune cells. The pigs requirement for vitamin E is elevated during immune 
development and activation.  At birth, the vitamin E level of piglet blood is highly dependent on 
the vitamin E status of the sow. Piglet viability can be enhanced through optimum vitamin E 
supplementation of sows through gestation and into lactation (Liu et al., 2016). Blood vitamin E 
levels also decline in piglets post-weaning which can impact their ability to fight infections such 
as E. coli (Kim et al., 2016). Polyphenols are bioreactive compounds derived from plants and are 
potent antioxidants like vitamin E, and can be successfully in pig diets (Lipiński, Antoszkiewicz, 
Mazur-Kuśnirek, Korniewicz, & Kotlarczyk, 2019).

Vitamin C is also a well-known nutrient effecting immunity. Low blood vitamin C is associated 
with reduced bacterial killing efficiency of white blood cells. Vitamin C is highly concentrated in 
white blood cells where it stimulates their function and acts as powerful antioxidant (Schwager & 
Schulze, 1998). 

Selenium is an essential trace element, part of selenoproteins that play an important role in the 
physiological functioning of animals. Selenoproteins, for example glutathione peroxidase (GPx), 
act as a potent antioxidant by protecting cells from oxidative damage. The use of organic 
selenium allows for quicker uptake by the animal, ideal during times of disease challenge. 
However, supplementation of selenium to the animal must be considered, as there is a narrow 
range between deficiency and toxicity (Dalgaard, Briens, Engberg, & Lauridsen, 2018). 

Some feed additives such as yeast cell walls, some probiotics and algae have also demonstrated 
immunomodulatory potential in pigs. Beta-glucans in particular can increase the phagocytic 
activity and cytokine production (Vetvicka & Oliveira, 2014).  



A Multi-Component Approach to Support the Pig Against Disease Outbreaks  

The structure and function of the immune system is highly complex, However, there are a 
number of key elements that are integral to its proper functioning. These include appropriate 
stimulation and enhancement of different immune cells. Due to the nature of the immune system, 
this can only be achieved effectively with a multi-component nutritional approach. This multi-
component approach centers around supporting immune cell proliferation, activation and 
protection via optimized nutrition as shown in Fig. 1.   

Figure 1. A multi-component approach to optimizing immune function through nutrition 

A multi-component approach is the best way to achieve a positive outcome in the face of 
challenge. This paper serves to show a pathway to success on that front with recent research 
results and farm responses giving increased confidence with this strategy. Growing evidence 
suggests that an optimized combination of vitamins E, C, 25-OH vitamin D3 and specific gut 
functionality feed additives that support immune cell proliferation, activation and protection, is 
key to creating a more robust immune system post-weaning boosting overall performance 
(Eicher, McKee, Carroll, & Pajor, 2006; Liu et al., 2016; Rey, López-Bote, & Litta, 2017). 

SUMMARY AND CONCLUSION 

Disease outbreaks, both new and old, will continue to threaten the future of pig production 
globally. The reliable strategies of the past such as in-feed antibiotics are becoming less 
sustainable options for the future, heightening the need to support the pig to better defend itself. 
The growing recognition of the importance of nutrition in the maintenance of immune 
functionality is providing opportunities to producers to build immune robustness into their herds. 

Whilst individual components including various vitamins, enzymes and other feed additives can 
be shown in a positive light, reducing the challenge effects of some soluble fibers, phytates, and 
other nutritional factors have to be part of a holistic approach to immunity optimization. 
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Microbiome Manipulation in Poultry Production and its Role in the Search for 
Antibiotic Alternatives

Tim Johnson
Diamond V

INTRODUCTION

The microbiota plays an intrinsic role in the health and performance of food animals. Efforts to 
reduce antibiotic use in food animal production have led to a search for alternative products 
mimicking their effects. A variety of alternative products exist, including prebiotics, probiotics, and 
postbiotics, among others. These products hold great promise as alternative approaches to enhance 
performance and reduce disease. However, this field is still young and much work is still required 
for the development of products conferring consistent and reproducible effects. Recently, much 
focus has been directed towards modulation of the microbiome by alternative products and, 
subsequently, enhancement of animal performance. Most of the work in this area thus far has 
targeted defining the baseline microbiota of food animals, and how this baseline shifts during 
disease. In poultry, the baseline microbiome is fairly well established, and now efforts are turning 
towards understanding how alternative products positively influence the microbiome. The future of 
alternative product development will include the identification of animal-specific and context-
specific products that positively modulate the microbiota towards performance enhancement. This 
presentation will provide an overview of the poultry microbiome, its “real-life” relevance towards 
enhancing bird health and performance, and the current status of the field with respect to utilizing 
the microbiome to identify effective antibiotic alternatives. 

When defining microbial communities, technologies play an important part in the terminologies 
used. The microbiome is defined as the collection of microbes within a particular niche being 
studied. Strict definition of the microbiome dictates that this should include all microbial life within 
a sample, including bacteria, archaea, viruses, and protozoa. However, the technology used dictates 
what aspect of this community is being studied. Most often, studies focus on bacterial populations 
using the universal 16S ribosomal RNA (rRNA) marker amplified via polymerase chain reaction. 
More recently, the decreases in the cost of DNA and RNA sequencing have enabled study of the 
metagenome, or the complete set of genetic information in a community. True metagenomics 
enables the identification of all microbial players in a sample. However, most commonly, DNA 
sequencing is employed, and this approach captures the microbial players that use DNA as their 
genetic code. Obviously, this excludes some microbes such as RNA viruses. Furthermore, lysis of 
the microbes is extremely important, and certain approaches create bias in the sample because of the 
differential lysis of microbes. Finally, the use of DNA sequencing for metagenomics allows for 
identification of the microbial community at higher resolution than 16S rRNA-based approaches, 
but it does not tell about the functionality of the community. RNA-based sequencing is often used to 
gain insight towards function, or what the microbes are doing at the time of sample collection. 
Study of the microbiome is always a balance between goals, budget, and capabilities of the 
laboratory teams performing the work. 

GUT MICROBIAL COMMUNITIES

In an animal, the gastrointestinal tract (or gut) harbors the highest numbers of microbes compared to 
any other body system. These microbes are acquired through the traditional oral route after birth or 
hatch, and they change during an animal’s maturation as the gut matures. While the gut in an animal 
is maturing, the microbes within the gut transition in a predictable manner. In a mature animal, the 
microbes in the gut perform essential activities for the success of that host. These include protection 
against pathogens, synthesis of vitamins that the host itself cannot metabolize, training of the 
immune system to identify “good” versus “bad,” production of important metabolites for energy 
utilization such as short-chained fatty acids, and even modulation of other organ systems such as the 
nervous system. In humans, it has been found that there are many correlations between the microbes 
in the gut and human conditions. These include gut disorders such as irritable bowel disease, but the 
gut microbiome also correlates with many other conditions, including diabetes, arthritis, 
Alzheimer’s Disease, dermatitis, and even cancers. It is important to note that while correlations are 
almost always identified between control and impacted populations, it is much more difficult to 
establish a causative role for the microbiome in these conditions. However, a few classical 
examples exist. One of these is the finding that microbes from obese mice transplanted into lean 
mice are able to induce an obese state in the lean mice. However, transplantation of microbes from 
lean mice into obese mice are unable to revert that condition. Such studies are important if we are to 
better understand the actual role that gut microbes play in poultry health and disease. 

THE POULTRY MICROBIOME

The poultry microbiome has been studied extensively. A literature search of peer-reviewed journal 
abstracts for (poultry or broiler) and (microbiome or microbiota) results in over 1,100 articles. 
Many of these articles focus on the effects of antibiotics or alternative products on the poultry gut 
microbiome. However, in order to study these effects it is first important to understand and define 
the baseline poultry microbiome. Far fewer studies have attempted this comprehensively. Those that 
have studied baseline have identified some common themes regarding the poultry microbiome. 
First, the effect of age often has the greatest impact compared to other factors, such as barn, farm, 
genetic line, feed type, or season (Johnson et al., 2018). The effect of age is only overridden by 
sample type (for example, cecal, ileal, tracheal, litter, etc.). While some have contended that 
succession of the poultry microbiome by age is random, numerous studies have now shown that 
bacterial succession in the poultry gut is highly structured and is predictable. In general, the cecal 
microbiome of poultry is the most predictable. It starts at hatch with lower bacterial diversity and 
higher abundance of facultative anaerobes such as Escherichia coli and Enterococcus species. As 
the bird matures, the cecal microbiome rapidly becomes more diverse and harbors increasing 
numbers of strict anaerobes (Diaz Carrasco et al., 2019). In contrast, the ileum and small intestine in 
general tend to harbor higher number of facultative anaerobes irrespective of age, tend to be more 
variable than the cecum, and tend to be more reflective of the bird’s surrounding environment.
Lactobacilli are the dominant bacteria in these spaces.  

Many studies have sought to identify correlations with the poultry gut microbiome and performance 
parameters. Again, some common themes have emerged across multiple studies. For one, 
correlations between the gut microbiome and body weight or average daily gain seems to be much 
more effective at the flock level, rather than the individual level. While some correlations between 
poultry performance and specific bacterial taxa have been identified, this is hampered by our ability 
to fully recognize those microbes. This is especially true in the bird’s cecum, where the majority of 



bacteria at this point are either unknown or unable to be classified. In the small intestine, there is 
greater ability to classify bacteria. A number of lactobacilli have been positively correlated with 
bird performance, including L. johnsonii and L. aviarius. Additionally, segmented filamentous 
bacteria (classified as Candidatus Savagella) have been identified in multiple studies for their 
positive correlations with bird performance (Danzeisen et al., 2013; Maki et al., 2019). 

While a common goal is to identify taxa positively associated with performance, it is relatively 
easier to identify taxa that are negatively correlated with performance. It is becoming increasingly 
clear that the microbiome negatively correlates with subclinical pathogens. That is, birds with 
decreased rate of gain or flocks with poor feed conversion tend to have higher abundance of 
potential pathogens, even when there are no outward signs of clinical disease in those birds or 
flocks (Johnson et al., 2018). Some of the bacterial taxa that have been negatively associated with 
performance in otherwise healthy birds include E. coli, Gallibacterium anatis, Avibacterium spp., 
Erysipelothrix spp., Clostridium perfringens, Enterococcus cecorum, and Ornithobacterium 
rhinotracheale. This would suggest that control of these bacteria in a flock is always desirable, even 
in the absence of clinical disease. 

EFFECTS OF FEED ADDITIVES ON THE MICROBIOME

There is increasing pressure worldwide to reduce the use of antibiotics in animal agriculture, and 
poultry production has been the first industry to widely adopt this practice. The reasons for this are 
due, in part, to government regulation, but consumer pressure has also played an important role. The 
benefits of reducing antibiotic use are not only societal, but also self-serving for animal production. 
Many of the pathogens that impact poultry health have the potential to become resistant to 
therapeutic antibiotics used to treat those diseases. By limiting their use, resistance over time will 
subside and those drugs will be more effective when truly needed. Because of this, the poultry 
industry has urgently pursued the use of “antibiotic alternatives” to recreate some of the benefits of 
antibiotic use, whether it be at therapeutic or subtherapeutic doses.  

The array of products available as antibiotic alternatives is vast, and includes those classified as 
prebiotics, probiotics, and postbiotics (Redweik et al., 2020). All of these have some similar goals. 
First, they aim to positively modulate the microbiome towards maturation and resistance to disease. 
Second, they try to specifically target problematic pathogens and lower their load in the 
environment and within the animal. Third, some products such as postbiotics aim to modulate the 
immune system of the bird towards better efficiency and efficacy when encountering pathogens. 
When considering the microbiome, a challenge has been to define what constitutes a “good” 
modulation of the microbiome in response to a feed additive. This is still yet to be fully defined, but 
typically measurements that are considered positive modulations include 1) a decrease in the 
abundance of potential pathogens, such as E. coli and C. perfringens; 2) an increase in the 
abundance of beneficial bacteria, such as lactobacilli and bifidobacterial; 3) diversification or 
enrichment in bacterial diversity of the overall microbiome; and 4) shifting the overall microbiome 
towards a more mature state. Within all classes of alternative products (prebiotics, probiotics, and 
postbiotics), there are examples in the scientific literature of products with the ability to accomplish 
one or more of these goals. Unfortunately, there is also a good deal of disagreement in the literature 
regarding the generalizability of such results. This stems from differences from product-to-product, 
differences in study design, differences in environmental conditions, and perhaps most importantly, 
differences in the available pool of microbes in natural settings. While standards in the design of 
such studies have been discussed by academics, none have been adopted. These standards are 

greatly needed to facilitate better understanding of what alternative products have the potential to 
modulate, and what they will not. 

SUMMARY OR CONCLUSION

Assessment of the microbiome has become commonplace in poultry science, and the knowledge 
base of the baseline poultry microbiome is increasing. There are many variables within poultry 
production that contribute to microbiome composition, and this complicates study design and 
translation of specific study results to general guidelines. So too, the world of alternative products in 
the form of feed additives is complex. It is already difficult to generalize about a class of products 
based on the scientific literature. This will only get more challenging as there is a trend for product 
blends that combine different product classes together. Understanding the possible synergistic and 
antagonistic properties of product blends is critical, and their role on the microbiome may not 
always be additive in nature. However, as technology continues to develop around the microbiome 
and costs continue to decrease, data acquisition will become routine. The challenge now lies in our 
ability to analyze these complex datasets and develop applied solutions based upon those results. 
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