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Disease costs aside, opti-
mal bird health remains 
a top concern because of 
its role in the efficiency 
by which birds convert 
feed into protein.

Valuable synergistic effects 
between enzymes 
and probiotics

N U T R I T I O N

Combined technologies allow 
producers to meet demand for high-
quality protein in light of variability in 
feed ingredients, digestibility and cost.

By Dr Kirsty Gibbs, Dupont

While there have been significant changes 
in the poultry industry in recent years, 
bird health and disease has consistently 
ranked as the top two industry concerns 
since 2013, according to a global media 

survey — and for good reason. The costs of many disease chal-
lenges are high and well documented. Necrotic enteritis alone, 
caused by the bacterium Clostridium perfringens, was estimat-
ed to cost the poultry industry close to US$ 6 billion in 2015.
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Disease costs aside, optimal bird health remains a top concern 
because of its role in the efficiency by which birds convert feed 
into protein. With global meat consumption expected to dou-
ble by 2050, gaining better value from feed, in order to deliver 
high-quality protein, will remain one of the biggest challenges 
producers face. That challenge will be compounded by short-
ened production cycles, variability in feed ingredients, digesti-
bility and cost. Considering that raw feed materials make up 
about 70% of overall production costs, innovative strategies 
will be required to meet the growing protein demand while 
remaining profitable. Several studies point to a future where 
the use of enzymes and probiotics in combination will be a key 
strategy to meet demand profitably.

The performance/feed relationship 
As producers respond to pressures to reduce production costs, 
the quality of feed and its subsequent ease of digestibility may 
be sacrificed. Since optimal nutrition and a balanced gut 
microbiota are the two components that work in-tandem to 
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enable healthy performance, it is essential to understand how 
the diet and its level of digestibility affect the gut microbiota.
The single biggest contributor to microbial composition and 
the number of non-beneficial bacterial in the intestines is the 
type, amount and availability of undigested nutrient substrate 
present in various segments in the gastrointestinal tract. 
Undigested nutrients flowing to the hind gut impact growth 
performance and directly contribute to undesirable shifts in 
the gut microbiota, negatively affecting feed conversion ratio 
(FCR) and bird health. 

Unlocking nutritive value of feed
In response to the demand for decreased feed costs, feed pro-
ducers may substitute corn with other crops that have less 
nutritive value, such as wheat, grain by-products, triticale, dis-
tiller’s dried grains with solubles (DDGS) or barley. While 
more affordable, these cereals are rich in non-starch polysac-
charides (NSPs), which have a substantial negative impact on 
monogastric digestion and performance. 
Enzymes, which were first introduced to the poultry industry 
in the 1980s, are now used in more than 90% of all broiler 
diets. Products containing xylanase, phytase, amylase, protease 
and other enzymes are used to improve the nutritive value of 
cereals containing high levels of soluble NSPs to enhance the 
animal’s performance to a level compared with that obtained 
in corn-based diets. It is generally acknowledged that the 

lower and more variable the feeding value of individual raw 
materials, the greater the potential for feed enzyme response. 
Appropriate combinations of feed enzymes are therefore par-
ticularly valuable in diets containing cheaper, high-fibre ingre-
dients, which contain higher levels of anti-nutritional factors 
(ANFs), such as NSPs.
Enzymes can positively affect the gut microbiota by improving 
feed digestibility. As a group, the enzymes enhance digestion of 
the feed for measurable benefits like absorption of nutrients 
and improvements in growth uniformity in flocks.

Balanced gut microbiota
Defined as combinations of beneficial bacteria that maintain 
the gut microflora and assist with natural defences against 
non-beneficial bacteria, probiotics (DFMs in the US) are well-
recognised for their ability to support gut microbiota balance 
in animals. The microbiota plays a vital role in inhibiting the 
colonisation of potential pathogens, supporting immune devel-
opment and providing nutrients to the host. An established 
microbiota helps young birds during times of stress such as 
transportation, changes in feed or temperature, and overuse of 
therapeutic antibiotics. However, the establishment of a mature 
and beneficial microbiota takes time. 
Feeding probiotics from day one promotes the quick establish-
ment of a positive microbiota and guards against colonisation 
by coliforms that may have a negative impact on performance 
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In response to the 
demand for decreased 
feed costs, feed produc-
ers may substitute corn 
with other crops that 
have less nutritive 
value, such as wheat, 
grain by-products, triti-
cale, distiller’s dried 
grains with solubles 
(DDGS) or barley.

NU T R I T I ON
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Bodyweight gain

Figure 1 - Changes in FCR and BWG in
Challenged Control vs. three-strain Bacillus.

*P<0.05
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Figure 2 - Axtra XB with Enviva PRO improves FCR
in broilers.
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Treatment 1: 100 g/t Axtra® XB

KEY Treatment 2: 100 g/t Axtra® XB + (75,000 cfu/g feed) Envive® PRO

Treatment 3: 100 g/t Axtra® XB + (150,000 cfu/g feed) Envive® PRO

1.55a
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1.47b
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BODYWEIGHT GAIN
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Positive control

Figure 3 - Axtra PHY plus Enviva PRO combination
increased body weight gain with largest
improvements seen with higher rates of Axtra PHY.

Negative control
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Treatment 1: NC + Envive® PRO + Axtra® PHY at 500 FTU/kg

KEY

Treatment 2: NC + Envive® PRO + Axtra® PHY at 1500 FTU/kg

Treatment 3: NC + Envive® PRO + Axtra® PHY at 3000 FTU/kg

in growing animals. Spore-forming Bacillus strains are often 
favoured for use in animal feed due to their ability to withstand 
harsh conditions during pelleting and to successfully reach the 
lower intestinal tract by resisting enzymatic digestion and 
stomach acidity. Bacillus-based probiotics have also been 
shown to promote the development of villi in the gut lining. 
Multiple trials have shown a 4% to 5% improvement in feed 
conversion when a three strain Bacillus probiotic was added to 
the diet. Other research using a necrotic enteritis (NE) chal-
lenge model noted that broilers maintained good performance 
during the challenge when probiotics were added to their feed. 
In the combined analysis of two NE challenge studies, a 17 
point difference in FCR was seen in the challenged control ver-
sus the group fed a three-strain Bacillus-based probiotic 
(Figure 1). In addition, the Bacillus-fed group showed a 1.71% 
increase in bodyweight gain and a 7.5% increase in liveability 
compared to the challenged control. 
By adding the three-strain Bacillus probiotic, bird performance 
returned to the unchallenged control level, mortality was 
reduced to 2.43% and lesion scores decreased to 0.12. At 42 
days, challenged birds receiving the three-strain Bacillus, expe-
rienced mortality-corrected FCR that was equivalent to a 
US$ 130,000 (based on 2016 feed prices) saving per million 
birds. The ability of the three-strain Bacillus to support a bal-
anced gut microbiota will become even more important as 
antibiotic use is reduced.

Synergistic effects in antibiotic-free production
Independently, enzymes and probiotics have a well-documented 
ability to improve healthy performance by enhancing the diges-
tion and absorption of nutrients, and promoting growth uni-
formity within flocks. They also show promise in studies that 
use them in combination from synergistic benefits. Results 
from multiple broiler trials conducted in antibiotic-free condi-
tions have shown that an enzyme/probiotic combination deliv-
ers an approximate three-to-one return on investment, even for 
low challenge birds, due to improved digestibility and gut 
health. Also, a 2.5% improvement was seen when phytase, xyla-
nase, amylase, protease and three-strain Bacillus were used in 
combination, instead of an antibiotic growth promoter (AGP). 
One trial, conducted at the Poultry Research Foundation, 
Sydney University, showed additional performance and digesti-
bility improvements in broilers that were fed wheat-based diets 
containing Axtra XB (xylanase and beta-glucanase) as well as 
the three-strain Bacillus Enviva PRO, when compared to the 
diet containing just enzymes (Figure 2). Another trial, conduct-
ed at Purdue University, evaluated the performance and nutri-
ent digestibility benefits of combining the enzyme phytase 
Axtra PHY and the three-strain Bacillus Enviva PRO in a corn/
soybean meal diet. While significant performance improve-
ments were seen at every dose, the best performance gains were 
seen with higher enzyme doses, exhibiting the compatibility of 
the products (Figure 3). 
Improvements in digestible calcium and phosphorus were seen 
from another trial that combined the three-strain Bacillus 
Enviva PRO with Axtra XB and Axtra XAP (xylanase, amylase 
and protease). Performed at the Poultry Research Foundation, 
Sydney University, a 55.9% increase in digestible calcium and a 
26.9% increase in digestible phosphorus were measured at the 

highest studied doses (50 g/t Axtra XAP + (75000 CFU/g feed) 
Enviva PRO).

Market conditions drive synergistic solutions
Volatile feed conditions, reduced antibiotic use and increasing 
pressures to reduce production costs have collided, creating a 
demand for innovative solutions aimed at unlocking the full 
nutritive potential in feed. The synergistic benefits of enzymes 
and probiotics have proven to be a notable way for producers 
to realise performance and digestibility improvements, and 
flock uniformity — all while enjoying a substantial return  
on investment.
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