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FIBER has become a renewed top-
ic of interest with respect to gut 
health and animal performance as 

the U.S. moves toward antibiotic-free 
production. Fiber, however, is a broad 
term and encompasses many compo-
nents, as recently discussed in the ar-
ticle “Demystifying Fiber: Understand 
Role in Monogastric Nutrition” (Van 
Wyhe and Santos, 2019).

Although the composition of cell wall 
fi ber fractions differ, some are more di-
gestible than others. The indigestible 
fi ber fractions are often referred to as 
non-starch polysaccharides (NSPs), and 
a wealth of data exists demonstrating 
their anti-nutritive properties in poultry 
diets (Bedford et al., 1991; Bedford and 
Classen, 1992; Choct and Annison, 1992).

However, the literature also contains 
numerous published articles demon-
strating the improvements in animal 
performance observed since the in-
troduction of NSP enzymes. These en-
zymes breakdown arabinoxylan into 
xylo-oligosaccharides (XOS), smaller 
carbohydrate fragments that are fer-
mented by bacteria. The fermentation 
of XOS is believed to prompt changes 
within the microbiome of the gastroin-
testinal tract, leading to improved ani-
mal performance through the produc-
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Training bacteria to degrade 
fiber: New nutritional strategy

tion of short-chain fatty acids (SCFAs).
Past research has suggested that bird 

performance may be correlated with 
microfl ora and the metabolites they 
produce (Rinttila and Apajalahti, 2013), 
but as our knowledge of fi ber and NSP 
enzymes has evolved, it seems like we 
may fi nally be able to utilize fi ber to the 
benefi t of the animal by training the mi-
crobiome and igniting its fermentation 
capabilities.

Fiber benefits
NSP enzymes have been used in poultry 

diets for almost 40 years to improve nu-
trient absorption, with the primary fo-
cus on fat, allowing for reduced dietary 
costs. During this time, our understand-
ing of how they work has evolved.

A recent paper by Bedford (2018) 
discussed the three principal modes of 
action suggested for NSP enzymes: vis-
cosity reduction, cell wall destruction 
and generation of prebiotics. Within 
this review, he proposed an adapta-
tion to the prebiotic hypothesis such 
that NSP enzymes are not producing 
prebiotics per se but sending signals 
to the microbiome to develop its fi ber-

1. Cecal contents from birds fed 
diets with xylanase and used as 
inoculum resulted in increase in 

butyrate production versus control

Source: Bedford and Apajalahti, 2018.

2. Dual-action effect of combination product containing
XOS and xylanase on fiber fermentation

Source: AB Vista.

3. Improvements in pig livability and 42-day poultry feed conversion when 
fed dual-action enzyme product (Signis) containing XOS and xylanase (EXT)

Source: AB Vista, internal data.
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Are We Severely Underfeeding Methyl 
Donors When Balancing Poultry Diets?
Research Finds Large Variation Between NRC &Current Commodity Nutrient Levels 

By Dr. Zack Lowman, Monogastric Technical Services Manager, Balchem Animal Nutrition & Health

Choline and water-soluble vitamins 
are essential nutrients for all 
monogastric species. Choline 

specifically acts as a biochemical 
building block involved in cell structure 
and function, making it an influential 
nutrient for optimum performance and 
growth. Choline also plays a larger and 
more crucial metabolic role, impacting 
at least five major functions within the 
body: 

1. Precursor to the neurotransmitter 
acetylcholine; acetylcholine controls 
virtually all major systems and muscle 
movements within the body ranging from 
cardiac function to the central nervous 
system

2. Major player in fat metabolism and 
prevention of fatty liver 

3. Crucial component for building and 
maintaining cell structure

4. Source of osmolytes for regulation of 
cell volume

5. Source for labile methyl groups 
for the formation of methionine and 
important in DNA methylation, along 
with methionine (Met), betaine, folic 
acid and vitamin B12.

Deficiencies in any of the methyl donor 
categories can severely limit bird 
productivity and efficiency. 

To accurately formulate diets to optimize 
growth and health of any animal species, 
updated nutrient profiles for all feedstuffs 
are required. Unfortunately, the most 
recent data related to choline content and 

other methyl-containing compounds in 
various feedstuffs comes from the Poultry 
NRC (1994) published over two decades 
ago as well as the Swine NRC (2012) 
which is slightly more recent. Since then, 
there have been many scientific advances 
in the agriculture industry that have not 
only enhanced our understanding of the 
essential metabolic roles of choline, but 
also directly altered the concentrations 
of choline in feedstuffs commonly used 
in the livestock sector. These advances 
include improvements in analytical 
testing procedures, changes to the genetic 
makeup of crops, and current processing 
methods of feedstuffs. Collectively, these 
changes have led to a need to better 
characterize and document the nutrient 
components of current feedstuffs.    

Two recent research studies, presented at 
PSA 2019 and ASAS 2021, showed the 
nutrient concentration of corn, soybean 
meal (SBM), dried distillers grains with 
solubles (corn DDGS) and wheat. The 
purpose of the research was to sample 
and analyze numerous feedstuffs for 
choline and other methyl-containing 
compound concentrations to build an 
updated nutrient library. 

In 2018, 27 SBM samples and 22 corn 
samples were randomly collected from 
numerous states across the United States. 
An additional SBM sample was collected 
from each of two international countries 
(Canada and Hungary). In 2019, 32 corn 
DDGS samples and 23 wheat samples 
were also randomly collected from 
multiple states across the United States. 
Samples were then analyzed at Eurofins 

Scientific (Des Moines, Iowa) for 
choline, betaine, folic acid, and vitamin 
B12 concentrations.

Results
The results from the methyl compound 
analysis, as well as data reported by the 
Poultry and Swine NRC (1994, 2012) for 
each of the four ingredients, is listed in 
Table 1. Of these nutrients analyzed, the 
Poultry and Swine NRC has published 
only choline and methionine values for 
SBM, and only choline, folic acid, and 
methionine values for corn, corn DDGS 
and wheat. 

Analyzed choline levels were 24% lower 
for SBM, 9% lower for corn and 20% 
lower for corn DDGS than those reported 
by the NRC. However, analyzed choline 
content in wheat was 18% higher than 
that reported in the NRC. Of the four 
ingredients tested, corn exhibited the 
lowest analyzed choline concentration 
and had the greatest amount of variation 
between samples with a coefficient of 
variation (CV) of 22.34. 

Vitamin B12 concentrations in all the 
ingredients were low and below detection 
limits. Methionine content of SBM was 
numerically similar to those reported 
by the NRC; however, the analyzed 
methionine content of corn, corn DDGS 
and wheat was determined to be 22%, 
8% and 17% lower than that reported 
by the NRC, respectively. Betaine 
concentration was variable within and 
across ingredients with wheat having the 
highest concentration and corn having the 
lowest and most variable concentration.   
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Table 1. Analyzed methyl-containing nutrient concentrations in soybean meal, corn, corn dried distillers grains with solubles and wheat. 

Table 2. Choline chloride supplementation 
rates required when using NRC and actual 
values for soybean meal. 

Ingredient                                         Nutrient                                            Mean                    S.D.                     CV                 NRC Value

Soybean Meal      
    Choline, mg/kg   2188.74  197.70  9.03           28941
    Folic Acid, mg/kg   3.07  0.73  23.88  -
    Vit B12, ug/kg   < 4.40      -     -  -
    Betaine, mg/kg   61.76  38.07  61.64  -
   Methionine, %   0.66  0.02  2.83           0.671

Corn      
    Choline, mg/kg   561.80  125.50  22.34           6201
    Folic Acid, mg/kg   0.40  0.21  51.66           0.41
    Vit B12, ug/kg   < 5.96     -     -  -
    Betaine, mg/kg   41.34  49.12  118.84  -
   Methionine, %   0.14  0.02  17.29           0.181

Corn DDGS     
   Choline, mg/kg   2101.88  105.17  5.00           26372
   Folic Acid, mg/kg   1.11  0.43  38.93           0.92
   Vit B12, ug/kg   <1.19     -     -  -
   Betaine, mg/kg   110.26  17.42  15.80  -
   Methionine, %   0.60  0.05  7.71           0.652

Wheat     
   Choline, mg/kg   1287.83  90.65  7.04           10902
   Folic Acid, mg/kg   0.37  0.18  49.89           0.42
   Vit B12, ug/kg   <0.440     -     -  -
   Betaine, mg/kg   1248.83  247.21  19.80  -
   Methionine, %   0.20  0.03  14.79           0.242

1NRC. 1994. Nutrient Requirements of Poultry. 9th rev. ed. National Academy Press, Washington, DC.
2NRC. 2012. Nutrient Requirements of Swine. 11th rev. ed. National Academy Press, Washington, DC.

Accurately characterizing the choline 
content in commodities has important 
implications. Improvements in analytical 
testing procedures, changes to the 
genetic makeup of crops and current 
processing methods may collectively 
influence nutrient concentrations in 
feedstuffs. Using the Poultry and Swine 
NRC (1994, 2012) values to formulate 
for choline could cause a gross under-
supplementation in most diets. This 

discrepancy, coupled with a potentially 
greater choline requirement needed 
to meet today’s genetically superior 
production animals, could seriously 
compromise productivity and producer 
profitability.
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                                       Using                  Using
      Supplement         NRC (1994)           Analyzed 
                                       Values                Values

   Choline Chloride            0.45                    1.30
   70% (lb./ton)


