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Key words (abbreviations)

Mixed enzymes:

XAP = Xyla NASE (an endo-xylanase from Trichoderma reesei)
AmY|ase (alpha-amylase from Bacillus licheniformis)

Protease (serine protease from B. subtilis)

DFM = Direct Fed Microbials (probiotics):

a combination of spores from three
Bacillus strains
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Synergies between enzymes and DFM

 Corn/SBM/corn DDGs AMEn
(kcal/kg DM)
Ross 308 male broiler / +133 keal
. + 82 kcal 3093°
* 6 replicate pens / \
+35 kcal 3042°
« 22 birds/pen N
2995¢c
« DFM: 3 Bacillus 2960°
strains

« XAP: xylanase,
amylase, protease

) o Control Bacillus XAP Bacillus +XAP
 21d digestibility study

Romero et al., Animal Feed Science and Technology 181 (2013) 35— 44



Additive effect of enzymes and DFM

FCRc*

1.972

- 14 points
1.83° - 20 points

1.77¢ - 28 points

1.694

Challenged Control CC + XAP CC + Bacillus CC + XAP+Bacillus
(CO)

abe \/alues without a common superscript are significantly different
(P<0.05)

XAP= xylanase, amylase and protease

Bacillus = 3 strains combination

* Cobb x Cobb 500 male
broilers;

*Corn/SBM, 10% corn DDGs

* Challenge: NE (necrotic
enteritis) induced by a broth
culture of Clostridium
perfringens during day 20-22

* FCRc is body weight
corrected FCR, corrected 3
points for every 100g
difference in BW versus
challenged control

Mathis et al., 2013 Poultry Science Association, 102nd Annual Meeting, San Diego, CA, USA
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Protease on top of xylanase and amylase further improved
protein digestibility, with no interactions at 21 d

Grain P=0.018
DDGS P=0.001 _
* 6reps/treatment; 6 or 4 male 8804 - | Gain x DDGS P=0.14 SEM=0.58%
. <0.
broilers / cage (EBrr];iynmernzyme Izzg(l)gl
DDGS x Enzyme P=0.72
* 2x2x 3 factorial design: - Gr. x DDGS x Enz. P=0.64 a
— Base grains: = 86% -
o Corn/SBM (CS) Q
o Wheat/SBM (WS) o b
— DDGS-canola: oX T
o no; © ~'84% - :
o 10-14% DDGS-5% canola = ° c
meal (Mixed diet) 5 N
— Enzyme treatments: o
o Control; T  82% -
o Xylanase/Amylase (XA); Q
o XA + Protease (XAP)
* 500 FTU/kg of E. coli phytase in 30% - | |
the background NC NC+XA NC+XAP

Romero et al., 2014 Poultry Science 93 :2501-2513



Enzymes and DFM combination improved energy
utilization more effectively in high fiber diets

2 x 4 factorial design:

Low fiber: Corn/SBM (2.6%
CF) s
Apparent Metaboizable Energy  ssemnte<oo

Fiber*Supplement P < 0.001

High fiber: wheat middlings 3700 -
+ DDGS (3.4% CF)

o NC 3600 -
o XAP: xylanase,
amylase, protease 3500 -
o DFM: 3 strains of
Bacillus spp. 3400 -
(75000CFU/g)
3300 -
P+DFM

o XAP+DFM
Control| XAP | DFM |XAP+DFM| Control| XAP | DFM |XA

kcal/kg

High fiber

« 21d digestibility study Low Fiber

» Cobb 500 broilers
* 8 replicate (x 6 birds/cage) Singh et al. Poult. Sci. 94 (E-Suppl. 1): 9 (2015)



Apparent ileal gross energy digestibility

76 - SEM Fiber = 0.58
SEM Supplements= 0.81 2
75 Fiber P < 0.05
L a Supplement P < 0.05
2 74 -
2
2 73 -
2
.g b
2 12 -
[<5]
S
2 71 -
o
|-
> 70
©
<@
2 69
- s =
Q - T I= LL
Q o o)
< O 3
Fiber Supplements 53

« High fiber reduced ileal energy digestibility
« XAP+DFM improved ileal energy digestibility vs Singh et al. (2015)
control (P<0.05)
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202  Effect of multi-enzymes and DFM combination on per-
formance, intestinal histology and immune response of broil-
ers with or without a coccidia challenge. Yueming Dersjant-Li*!,
Ajay Awati!, Kirsty Kemmett!, and Kirk C. Klasing?, !Danisco
Animal Nutrition, DuPont Industrial Biosciences, Marlborough, UK,
’Department of Animal Science, University of California Davis,,

Davis, CA. PSA, 2015

Background:

» Coccidiosis and necrotic enteritis (NE) are two enteric poultry diseases

» NE affects up to 40% of commercial broiler flocks and cost approximately
5¢ per broiler in the United States (McDevitt et al., 2006)

» Avian coccidiosis, caused by the intracellular parasite Eimeria, was
estimated to contribute to annual loss of more than $3 billion worldwide

(Williams, 1999)

10/29/2015



Functionality of the gastro-intestinal tract (GIT)

* Maintaining gut “health” requires = 20% of dietary energy

* I maintenance requirement of GIT “health” and barrier
capacity

N2

reduced production

* GIT responds to many “challenges” through changes to:

— Innate immune responsiveness (including inflammation and
acute phase response)

— Other responses



Challenge model:

» High fiber diet

+

» A mild coccidial challenge:

at day 5 challenged birds received
6-fold Advent® coccidiosis vaccine

{

» Induced a necrotic enteritis-like
syndrome

(Klasing et al., 2002, Journal of
Nutrition 132, 2274-2282)

10/29/2015

Basal diet composition

Corn

X
<
(]

Wheat middlings

Soybean meal

Poultry meal

L-lysine HCI
DL-methionine
L-threonine

Salt

Isoleucine

Limestone

DCP

Choline chloride
Phytase and cornstartch
Vitamins and trace minerals
premix

363.2
199.6
80

37.3
209.8
80
2.70
2.40
0.56
2.80
0.06
10
3.1
0.62
1.0

7.0

Calculated nutrient composition
Crude protein (%)
ME kcal.kg™
Lysine (%)
Digestible lysine (%)
Methionine (%)
Methionine + cysteine (%)
Fat (%)

22.4
2910
1.30
1.19
0.58
0.97
3.29



Trial design

4 Treatments with 8 replications (6 birds/pen), 2 x 2 factorial arrangement:

Un-challenge

Challenge

Control (UC)

UC + XAP*+DFM**

Control (CC)

CC + XAP+DFM

* XAP: xylanase, amylase, protease

** DFM: 3 strains of Bacillus spp. (75000CFU/qg)

Animals: Cobb 500, 0-21d raised on built up litter

Feeding: ad lib in mash form

Statistics: 2 x 2 factorial analysis on main effect and interactions; comparison
of treatment means

* The enzymes consisted of an endo-xylanase from Trichoderma reesei, alpha-amylase from Bacillus
licheniformis and serine protease from B. subtilis (XAP). The DFM contained a combination of spores from
three strains of Bacillus spp.



Performance
0-12 day

Un-challenqge:

XAP+DFM improved 3.4% BWG
Reduced 3.5% FCR

Used125 kcal less energy per kg
BWG

Challenge:

XAP+DFM improved 8% BWG
Reduced 5.8% FCR

Used 221kcal less energy per kg
BWG

10/29/2015

1.35

1.3

1.25

1.2

1.15

1.1

1.05

4000

3800

3600

3400

3200

3000

FCR 0-12d

m Control

m XAP+DFM

-7 points

-4 points

un-challenge challenge

SEM = 0.018; P<0.01

Calorie conversion, kcal/kg BWG

H Control

B XAP+DFM

-221

-125

un-challenge challenge

SEM =51, P<0.01



Performance: 0-21 day

Cal conversion

1-21d Gain g/b/d Flg/b/d FCR (kcal/kg BWG)
UcC 44.4 @
UC + XAP+DFM 43.4 2
cC 44.9 2
CC+ XAP + DFM 44.2 2
SEM 0.79 0.012 33.3
P Treatment 0.04 0.31 <0.0001 <0.0001
P Challenge 0.0003 0.40 <0.0001 <0.0001

a,b: different superscript in a column indicates significant difference at P < 0.05;

UC: un-challenged control; CC: challenged control;

» CC + XAP+DFM maintained performance comparable to UC



Intestinal morphology (duodenum) day 12

IE lymphocytes Lamina Propria
Villus height (um) (number)

UC
UC + XAP+DFM
CC
CC+ XAP + DFM

SEM
P Treatment

P  Challenge

a,b: p <0.05; s | |
UC: un-challenged control; Villus height vs BWG
CC: challenged control; 36 -

34 -
» CC+ XAP+DFM maintained VH, 5 /

IE (intrae_pithelial)_Iymphocytes - 0.0128 + 21,567
and Lamina Propria level 30 - R = 0.9568
comparable to UC

BWG, g/d

700 800 900 1000 1100
Duodenum villus height (um)



Plasma acute phase proteins (APP) day 12

7 days post challenge

a-1-glycoprotein, unit/ml

H Control
0.3 0.29a

m XAP+DFM

0.25

0.2

0.15

0.1
Un-challenge Challenge

SEM =0.013; P <0.05

0.4

0.35

0.3

0.25

0.2

0.15

0.1

hemopexin, mg/ml

H Control
0.37a

B XAP+DFM

Un-challenge Challenge

SEM =0.025; P <0.05

» Challenged control (CC) increased APP at day 12, 7 days post challenge,

indicating inflammatory response

» CC + XAP+DFM reduced APP to the level comparable to unchallenged control



Intestinal mucosal cytokines, day 12

7 days post challenge

» IL-6 and IL-1 are the pro-
inflammatory cytokines

» CCincreased IL-6 and IL-10 at
7 days post challenge

> XAP+DFM limited the level of
inflammation

» Reduced the negative effects
of inflammation on
performance/gut function

» Which was correlated with
reduced heterophil in
circulation

0.6

0.5

0.4

0.3

0.8
0.7
0.6
0.5
0.4
0.3
0.2

0.1

Duodenum IL6

0.52a

W Control m XAP+DFM

0.35ab

Un-challenge Challenge

SEM =0.059; P <0.05

Duodenum IL-1B

H Control ®m XAP+DFM

0.7a

0.58ab

Un-challenge Challenge

SEM =0.059; P <0.05



Intestinal mucosal cytokines, day 21

16 days post challenge

0.7

0.6

0.5

0.4

0.3

0.2

0.1

SEM = 0.046;

Jejunum IL6 P interaction < 0.05

H Control

m XAP+DFM

0.63a

0.41b

Un-challenge Challenge

> At 16 days post challenge, inflammatory response still observed in CC in jejunum,
indicating a prolonged effect

» CC+ XAP+DFM significantly reduced jejunum IL6 vs CC

» CC+XAP+DFM limited the prolonged inflammatory response, promoting
the restoration of homeostasis and gut balance



Challenge X Treatment Interaction

60

day 12: lleal IE lymphocytes
H Control
> Test x challenge interaction P mxapsorm o
was found for ileal 1082
intraepithelial lymphocytes 40
(IEL)

» CC + XAP+DFM significantly *
reduced IEL vs CC

» UC + XAP+DFM numerically
increased IEL

20

10
» Indicating reduced

inflammatory response
under Cha”enge Un-challenge Challenge

SEM = 3.48; P interaction < 0.05
10/29/2015



Summary

» Xylanase, amylase and protease + Bacillus strain improved feed efficiency
under both non-challenged and moderate NE-like challenged situation

» XAP + Bacillus strain was more effective under challenge (higher
iImprovement at day 12 , similar improvement at day 21)

» Challenge induced inflammatory responses: increased IL6, APP,
lymphocytes, reduced Villus Height and increased crypt depth

» Addition of XAP + Bacillus strain reduced inflammatory response,
maintained gut integrity under challenge

» Reduced energy cost for immune response under challenge and
improved energy efficiency
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XAP+DFM as alternative to AGPs

1.85

1.84

1.83

1.82

1.81

1.8

1.79

1.78

FCR

D0-42

~3 pt

5660
5640
5620
5600
5580
5560
5540
5520
5500
5480
5460

Caloric Conversion

d

~120
kcal

kcal/kg body weight gain

® Neg. Control
B XAP+DFM

m BMD

B Virginiamycin

Flores et al., 2014, Poult. Sci. 93(E-Suppl. 1): 19



XAP+ DFM in broiler diets with/without AGPs

Trial design:
» Cobb 500 male broilers, 9 replications (40 birds/pen) using built up litter
» 6 treatments, 1-42 days
 Control 1 (C1)
» C1 + XAP+ DFM (xylanase, amylase and protease and Bacillus DFM)
 Control 2 (C2 =C1+BMD (Bacitracin Methylene Disalicylate, 55g/ton of feed))
« C2 + XAP+ DFM
* Control 3 (C3 = C1+ virginiamycin, 22g/tonne of feed)
* C3 + XAP+ DFM
Diets:

» Control diet based on corn/soybean meal and 10% wheat containing 500
FTU/kg phytase

» Fed ad-libitum in pelleted form in three phases: 1-10 (crumble); 11-21 and 22-
42 days

Flores et al., 2015Poult. Sci. 94 (E-Suppl. 1): 8



Corn

Soybean Meal

DL - Methionine

Lysine HCL

L - Threonine

Fat, Blended

Wheat

Limestone

Monocalcium Phosphate

Sodium Bicarbonate
Trace Minerals?
Vitamins?

Choline

Coban 903

LO - DDGS

Phytase*
Analyzed Nutrient %°

Dry Matter
Crude Protein
Crude Fat

Feed compositio

n, %

" Finisher |

47.85 52.88 60.03
31.00 24.78 17.99
0.31 0.27 0.20
0.29 0.25 0.21
0.10 0.08 0.05
0.61 1.75 1.49
10.00 10.00 10.00
1.35 0.89 0.68
0.65 0.33 --
0.34 0.28 0.10

-- 0.03 0.28
0.05 0.05 0.05
0.25 0.25 0.25
0.10 0.10 0.10
0.05 0.05 0.05
5.00 5.00 5.00
2.04 3.00 3.52
0.01 0.01 0.01

[ Starter | Grower | Finisher |

12.98 12.25 12.49
87.02 87.75 87.51
21.7 19.7 18.9
4.60 4.86 498
3.4 3.6 3.1
4.88 4.68 4.47

L All diets included phytase
at 500 FTU/kg feed

2 Test materials provide
2000U xylanase, 200U
amylase and 4000U
protease/kg feed and
75000cfu/g feed of 3
Bacillus strains



__Comparison of treatment means

1.68

1.66

1.64

1.62

1.6

1.58

1.56

1.54

Control BMD

AB = P<0.10; 2 = P<0.05 (paired comparison)

H Control

m C+XAP+DFM

Virg

3200 -~

3150

3100

3050

3000

2950

BWG, g H Control

+70g B C+XAP+DFM

Control BMD Virg

FCRc: Body weight corrected FCR, 3 points correction per 100g BW vs C1

Pair comparison, P values
C1 vs XAP+DFM

BMD vs BMD+ XAP+DFM
Virg vs Virg + XAP+DFM

Virg: virginiamycin

BWG, g
0.49
0.08
0.15

FCR
0.05
0.18
0.02

ADFI, g
0.26
0.99
0.86




Main Effects: Body Weight (g) — Day 42

3240
3220
3200 a
3180
3160
3140

3120

3100
XAP+DFM  Control BMD  Virginiamycin Control

ab Syperscripts indicate significant differences between treatments (P< 0.05)



Main Effects: Feed Conversion Ratio — Day 0-42

1.67

1.66

1.65

1.64

1.63

1.62

1.61

1.6

XAP+DFM Control BMD Virginiamycin  Control

ab Syperscripts indicate significant differences between treatments



Summary

XAP + Bacillus DFM significantly improved BW, average
daily gain, and reduced FCR compared to the control

Significant reduction in FCR with AGP inclusion compared
to non-medicated treatment

XAP+ Bacillus DFM can be used as alternative to AGPs or
added on top of AGPs
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XAP+DFMs reduced pathogenic bacterial counts

Clostridium perfringens counts in Clostridium counts in

8 -
g challenged broilers unchallenged layer hens
| 7/
o
6
b - b o ” m XAP
5
= = w XAP + DFM
Y W 4
S - S
op < 3
S
2 2
1 *
0 0 B -
Control Infected Infected + C. coli C. jejuni
control Bacillus
subtilis
*P < 0.05
XAP: xylanase, amylase, protease
abc p < 0.05 DFM: 3 strains of Bacillus subtilis

Jayaraman et al., 2013 Murugesan et al., 2013



Effect of XAP and Bacillus DFM combination on animal
performance under commercial settings

« Trial in NL
) Control DFM+XAP P
« Male broiler Ross 308 Day 021
e  Commercial diet Body weight gain (g) 781 774 0.41
(wheat/corn/SBM) Feed intake (g) 1102.9  1071.3 0.07
. Containing FCR 1.41° 1.38° 0.015
Salinomycin Calorie conversion 4149.1° 4066.7° 0.015
_ ] Day 0-42
S replications/tr Body weight gain (g) 2328> 2433 0.04
e 700 bro”ers/rep Feed intake (g) 4063° 41662 0.003
FCR 1.75 1.71 0.22
* Treatments: Calorie conversion 5302.6 5205.3 0.144
— Control (500 FTU/kg Mort, % 4.11 3.71 0.6
phytase) Production Efficiency
— C + Bacillus + XAP Factor 296 315

Calorie conversion: kcal /kg BWG

XAP+DFM resulted in 100 kcal saving per kg BWG, indicating economic benefits



Effect of XAP and Bacillus DFM combination on animal welfare
parameters under commercial settings — trial in NL

Litter score 0-10:

e | N TN |

10: dry & friable '*nx':-;K'Bdi't?:?w"&-’iﬁi;b;|ivc7'.ﬁ76l"9}iii6i" -2

2.6 -

7  Litter quality score b mDay2l

i a 24 -

> 2.3 -

4 2.2 -

3 21 -

2 2

1 1.9 A

0 1.8 A

Control Bacillus +XAP

10/29/2015

|
_,-’

A%

-y

Control

Day 42

Foot pad lesion score

b

B

Bacillus +XAP

Dersjant-Li et al., 2015, J. Appl. Poult. Res. 00:1-11



Take home message

Maintaining ‘gut health’ is important for
production efficiency

Xylanase, amylase and protease enzymes and
Bacillus DFM can help to maintain ‘gut integrity’

The XAP + Bacillus DFM combination is more
effective than used individualy, espacilly under
challenge

Using XAP+ Bacillus DFM can result in economic
benefit in broilers production



Thank you for your time

)

L)

Questions




The miracles of science*
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