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Compound feed product pass rate
are steadily iIncreasing
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® Feed quality improved



Today’s Challenges

Excreta Pollution




The balance of protein resources
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i New technology adoption

= Government now encourage the feed industry
enterprises adopt new high technology to go along
with a professional, standard and the industrial
model, the animal farm scale will grow bigger and
bigger. Integrator farm play an important role in
our country and will keep growing.

= New technology such as producing biofeed,
nonpolluting feed, no residue feed, and functional
feed will be developed to meet overcoming the
environment pollution and the animal product
quality improving.






‘_L Fear of the antibiotics use

= Over 90 percent of antibiotics consumption are
used for feed all over world.

= 50 percent of the world feed antibiotics were
consumed in China.

= The increased use of antibiotics has given rise to
a fear of the development of resistant pathogenic
bacterial strains and residual contamination of the
food chain with antibiotics.



i Growth promoting effect of antibiotics

Animal Daily gain FCR
piglet +4.2~136% +1.7~42.7%
(15%) (6.5%)
Growing +0~8.9% -1.8~3.8%
pig (3.6%) (2.4%)

Source:

Thaler & Miller, 2000




Growth promoting effect of antibiotics in China
(1994—2008 trials)

Animals Daily gain FCR

4-20kg piglet (62trials) [11.12+1.19% |8.15+0.82%

20-60kg growing pig 9.80+0.80% 8.02+0.70%

(73trials)

60-90kg finish pig 6.24+1.68%  |8.15+1.36%
(39trials)

chicken (73trials) 4.361+0.44% 3.881+0.47%

Broiler medium (61trials) | 3.811+0.44% 3.93+0.44%

Broiler large (35trials) 4.21+1.01% 4.12+0.87%

Duck (41trials) 5.311+:0.84% 3.881+0.61%




Development of alternative strategies in China

= Many countries have a comprehensive ban of
antibiotics in feed.

= The feeding environment in China is different.

» Feed antibiotics is still a meaningful option to
prevention of animal diseases.

= China will have to face the antibiotic disabling
problem.

= Intensive research has focused on the development
of alternative strategies with the aim of
maintenance of animal health and performance.






The organization of feed additives
| and animal medicine in china
—+

= The management for feed ingredient and feed
additive are under the animal husbandry
department, MOA.

= Any new feed additives have to be approved by the
new feed evaluation committee , the ministry of
agriculture of china (MOA).

= Presently china has published a< feed additive list>,
<the use guide for feed additive> and <feed
Ingredient list >.



Organization of feed additives and animal medicine in china

The ministry of agriculture
of China (MOA).

Department of ; Department of
animal husbandry | alnernanives veterinary

to antibiotic X

New feed ) R Animal new medicine
evaluation committee evaluation committee

Feed additive list \ Antimicrobial peptides(AMP).

Feed resources list guide Producers

for feed additive Lysozyme (B HEE).




Feed quality supervision & detecting system

In order to control the feed quality, China has established the
Feed quality supervision & detecting system.




Feed quality supervision & detecting items

i by MOA

= General feed safety.

= Detecting of nutrients and hygiene criteria.
m Detecting of clenbuterol and ractopamine.

s Detecting of illegal additives: e.g. melamine etc.

= Detecting of cattle, sheep & goat derived
Ingredients in ruminant feed.



Feed Additives Supervision items by MOA

¥

= Routine supervision and management

s Administrative law enforcement
= Reporting complaints

= Information feedback and the Urgent events.






Current situation and future development

i AntibioticsH i &=
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i Alternatives to antibiotics in China

= Various natural materials have been
investigated as efficient alternatives to
antibiotic growth promoters. Many of which
are commercially available.




Alternatives to Antibiotics in China

Antimicrobial Peptides |

Acidifying agents l
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i 1. Probiotics

= Probiotics are one of the most important
alternatives to antibiotic in China., which was
widely used in feed mills and animal farms.

= Its output Is about 50000 tons a year.
= Focused on three categories:

Bacillus, Lactic acid bacteria & Yeasts.



iDirect-fed microorganisms by MOA

. Lactobacillus casei (FESHAFH)

. Streptococcus faecalis (ZE5EEKE)

. Pediococcus acidilacticii (FLER FERH)
. Bacillus natto (NS FHATE)

. Streptococcus lactis (FLEIRE )

. Candida utilis (F=fufR B8} )
. Lactobacillus Plantarum (lE#ZLFF5H)
. Streptococcus faeciun (FREEZRE)

9. Bacillus subtilis (FiEL ZEHIFF )
10. Lactobacillus acidophilus (FGERZ 5 )

11. Sacchaeomyces cerevisiae (ELHEEE])
12. Rhodop seudanonas palustris (JBELIREAME )

0O NO Ol & WDN P




Functional synbiotics

i Synbiotics

B

( \
Bacillus subtilis Astragalus, aloe
MEEHRAE 4 > polysaccharide, etc.
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Antibacterial substance Organic acid Immunity

Jﬂ]ﬁf%)ﬁ ‘ﬁ?lﬂll@ ﬁ'&%ﬁ

Animal Health

ZhA e RR




| Challenge of the probiotics use
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New processing: pre-fermentation- encapsulation

- OHighlivemicrobes

@ Higher Micro encapsulation of efficiency

@ Lower cost
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Microscopy photos for preparation of micro-capsule
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Comparison of Encapsulation techniques

Encapsulation technique Processing characteristic

—

. High efficiency of Micro encapsulation

2. Effective living bacteria content in the
product of up to 10t!cfu/qg.

3. Simplify post-processing and easier to
industrialization

4. Low cost and versatile device

5. Well product uniformity

Pre-fermentation
encapsulation

1. Easier to industrialization

2. Low rate of embedding

3. Effective living bacteria content in the
product of up to 10°~101cfu/g

4. Large energy-consuming, high cost

Post-fermentation-coating
(fluidized laver coating and spray
coating)

Under the same conditions, consumes the same fermentation

raw materials, but 10-100 times |live bacteria available



i 2. Prebiotics

= In China, most of the studied on prebiotic
oligosaccharides are focused:

> Fructo oligosaccharides (FOS)

> Mannan oligosaccharides (MOS)

> Arabinoxylo- oligosaccharides

> Xylo-oligosaccharide.

= Oligosaccharides can be available on the
market. Some of the feed mills start to use.



Study on preparative technology
of pectic oligosaccharides(® &k 25)
and chito-oligosaccharide(Z &%)

= On the basis of structure-activity relationships
study to pectin and oligosaccharides, Endo-
pectate lyase and commercialization were
selected respectively for Apple pectin and
Chitosan papain degradation, and through
targeted monitoring of polymerization degree
of degradation products, access to the desired
target saccharides.



Fructo oligosaccharides
(FOS)

= FOS can be found naturally in some cereal crops and

onions.

= Widely used in swine, poultry and aguatic feed in

China.




Effects of FOS

Increase Increase the content

Bifidobacterium, of Lactic acid &
Lactobacillus




annan oligosaccharides(MQOS)

= MOS is obtained from the cell wall of yeast (Saccharomyces

cerevisiae).

= In recent years, with the development of hemicellulose

resources in feed industry and aquaculture, the application

and research of f — mannanase enter a new stage.




Effects of MOS

1. Regulation of immune defense
a. Activated macrophages

b. Improve the antibody response ability, strengthening the protection
of vaccine efficacy

c. Stimulation of hepatic secretion of mannose binding protein, affects
the immune system.

2. Regulation of non-specific immune defense

Interference with intestinal pathogen colonization, prompted the

bacteria become intestinal predominant flora.

3. Adsorption of mycotoxin
Through physical adsorption or direct binding of mycotoxin, eliminate
toxin on the body of the harmful effects



‘_L Arabinoxylo-oligosaccharides

= A new oligosaccharides, has been highlighted

oligosaccharide on the basis of current state at home
and domestic.

= Considered as food ingredients, arabinoxylo-
oligosaccharides have favorable technological
properties and cause prebiotic effects derived from
their ability to modulate the intestinal function.



‘_L Xylo-oligosaccharide

s Xylo-oligosaccharide, a kind of prebiological
substance, which can' t be digested but can

selectively activate bacterial reproduction within
Intestines.

= It can obviously improve intestinal micro

ecological balance, proliferate bifid bacteria and
gastric function.



3.Enzyme preparations
fifg 1) 7]




i 3. Enzyme preparation

= The feed enzymes developed in recent 10 years
In china, there are a lot of reports about their
application .

= Enzymes can degrade the anti-nutrient factors
In feedstuff, increase nutrient digestibility, and
reduce pollution to environment, and have
been widely supplemented in animal feed.



12 kinds feed enzyme
preparations

= Presently, 12 kinds feed enzyme preparations are used in China:

amylase, cellulase, B- glucan, glucose oxidase, lipase, maltase,

mannanase, pectinase, protease, amylase, amylopectin, phytase
xylanase.

= Although the enzyme preparation on the microbial itself does not
have significant impact, but it can improve the feed digestibility,
reduced nutrient residues in digestive tract weight, shorten the
residual time, indirect reduction of pathogen growth
opportunities, and realize the effect of disease prevention.

= The use of feed enzymes as antimicrobial growth promoters will
need to be studied further before this strategy finds widespread
use within the feed industry.



‘.L Phytase

= Phytase Is now most important enzyme
because of its relatively easy manufactured
and be used In all kind feed of animals.

= There are 4 companies have set up a
International business with 40 countries.

= Granular, powder, Instant Soluble.
5,000u/g - 200,000u/g are avaiable.



Instant Soluble Phytase

SPECIFICATIONS 99.99% :
soluble. (see the left solubility &
test picture) Colour: Buffor &
white powder Odour: Normal
fermentation odour Enzymatic
Activity: 100,000u/g Activity
Temperature:20-
70°C,favorable at 50°C Carrier
Material: Instant soluble
Mineral.




‘L Heat-resistant acid Phytase
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‘_L Heat-resistant acid Phytase

= High temperature 81 HmEEMBNREH

resistant acid Phytase | 1o

= pepsin and trypsin- h
' 4

resistant features, E ;

R 40

= pH3.5~pH7.0 range T 4

= optimum pHA4.0, have 10
300 3.50 400 450 500 550 6.00 6.50 7.00

a higher stability.




B-mannanase

Existing questions and the methods to increase the yield of B-

mannanasefF7E [a] /i & 1 %?B—Hﬁ?iﬁﬁﬁﬁﬁ%mﬁ&i

Low yield and enzymatic activity, difficult for massive
application of B-mannanase

R, BIEIAR, Ep-HERERARAERE EH

Screening high yielding A. sulphureus mannanase strains by a
mutant treatment

BAIEE Ere

1

o i BEMAFIC001 B—H 28 RbEEE B Fh

Modifying B-mannanase gene sequence according to codon

bias

MR:

TR, R H B R ML T




Highest protein expression level (& & B WE): 3g/L
Highest enzymatic activity (B & B /7): 1100 U/mL
{ Purity (Z8F): 96%

Pichia pastoris expression vector  Fermentation device (10 L)

R RERIB A KEERE (1091)




XylanaseZ 5 b g

+

Aspergillus niger Xylanase gene

Realization of expression in
Escherichia coli and pichia pastoris

Enzyme Microb. Tech., P. Deng, Defa Li, 2006



Thermostability of the modified recombinant xylanase

BUE K B AR R RS MR 5
Aspergillus sulphureusfi & i &

Modified xynA
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® Good stability: 80°C for 90 min
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® MAzymatic activity: 120 U/mL
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Alpha-Galactose glucoside enzyme

+

= Alpha-Galactose glucoside enzyme could resistant
the degradation of neutral and alkaline protease. it
has high specific activity under the condition of PH
value 2-8, and can withstand 80 °C high
temperature.

= Experimental results show that addition in the
broiler diet with different levels of Galactose
glucoside enzyme (150 U/kg, 300 U/kg, 1500 U/kg
group), it improves FCR, Increase energy, protein
apparent metabolic rate as compared with the
control group.



High cell density fermentation of recombinant
pichia pastoris yeast production technology
Established

g

s Established the high level expression of
recombinant strain of Alpha-Galactose
glucoside enzyme, Cellulase and Pectinase.

= The expression of 3 kinds of enzyme in the
fermentation tank is up to 10000U/ml, 30000
U/ml and 10000 U/ml respectively.



4.Antimicrobial peptides
(AMPS) 1 # Bk




i 4. Antimicrobial peptides (AMPs)

= AMPs are another major group of promising
novel alternatives to antibiotics based on
their effectiveness, safety, and enormous
diversity.

v AMPS : Important components of the innate immune

system SERGE RS EEHNSD

v Abundant and diverse groups of molecules that are
encoded by definite genes

R R S R = AR B — R T ik




Current situation and existing problems

IR SATAE 7] el

> Research of higher structure and antibacterial
mechanism of AMPs

Tt ST DL B8 K T % 45 A AT o L 2
> Short half-life, easy to lose activity

EREYIR, FRIE
> Toxicity toward prokaryotic cell

DU B AR iR A% 4 i ) B 1
> Low yield, difficult to purify

RAPURE KA R R, FRIK




i Key points for product development

> Modify the molecule of AMPs
DAL K71

> Select definite strain, and fusion expression
FERRGT R BREEER, EZRETXKAMS
RiIEURFHRIER

> Special induction mode, reduce product cost

CIRFIRII S R, PRI A

AW ]




products development

i Antimicrobial peptides-activity feed

(O Two Antimicrobial Peptide expression platform
establishment of Bacillus subtilis and Yeast .

= Through the Bacillus subtilis modified
system, antibacterial peptide expression
volume reached 1.8mg/ml above.

= The key technology to the low expression
volume and low stability solved.



| 2 Clear features molecular structure is available.

= The mass spectrometric analysis for Antibacterial
peptide :
= cecropin consists of 37 amino acid composition,

molecular weight of 3.866KD.

= Bacillus subtilis consists of 37 amino acid, molecular
weight: 3.879KD, its amino acid sequence is:
GLGKAQCAALWLQCASGGTIGCGGGAVACQNYRQFCR.



Figure 1. Antibacterial peptide

| cecropin Mmass spectra
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Figure 2. Bacillus subtilis bacteria
antimicrobial peptide mass spectra
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Three-dimensional structure of the two
antibacterial peptides
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Figure 4 Bacillus subtilis three-

Figure 3 cecropin three- dimensional structure

dimensional structure



(® Complete the antibacterial peptide cecropin and
subtilin part antimicrobial spectrum and stability test

Table 1, cecropin antibacterial peptides against pathogenic bacteria
of the minimum inhibitory concentration

Division bacteria MiDie i_nhibitory

concentration(pg/mi)
E.coli K12D31 (KB H#K12D31 ) 1.8
E.coli K88 (KT H#iK88) 2.0
E. coli K99 (K HE K99) 2.0
Salmonella typhimurium (G TKE) 8.0
Salmonella enteritidis (R ¥ TKE) 16.0
Staphylococcus aureus (&% 8 & BRE) 0.2
Streptococcus faecalis (ZEEEEKE) 24.0




Table 2. Minimum inhibitory concentration of the
Bacillus subtilis against pathogenic bacteria

Division bacteria

Gram attributes

Minimum inhibitory
concentration( u g/ml)

Staphyloccocus aureus CMCC26003 G* 1.3
Staphyloccocus aureus CVCC1882 G* 4.69
Staphyloccocus aureus ATCC29213 G* 23.43
Staphyloccocus aureus ATCC25923 G* 11.7
Staphyloccocus aureus ATCC43300 G* 187.5
Staphyloccocus aureusEF Ak (AR G* 23.43
Staphyloccocus aureus®f A #k (FEr1) G* 11.7
A.hydrophila (FE/KSHHEEE ) G 46.9

B.cereus CHEFEZFFIAT B G* 0.2
Vibrio anguillarum (#8315 ) G 12.8

C.perfringens (KR ) G* 1.4




pPH value effect on the activity
of two antibacterial peptide
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Figure 9 pH value effect on the activity Figure 10 pH value on effect
of antibacterial peptide cecropin of Bacillus subtilis bacteria activity



Antimicrobial peptides-activity feed products development

+

= (@ Obtained pure purity greater than 99.5%
of antibacterial peptide, established two
methods for detection of antimicrobial
peptides, complete isolation and purification
of antibacterial peptide cecropin pilot

= B Completed the feed safety evaluation of
antibacterial peptide cecropin, established
product quality standards.




Antibacterial assay

3 AT

E. coli K12D31

AMPs-sensitive strain

DU AR RURS B R

1: control with no insert; 2-6: positive recombinants induced 72 h

1: XTH; 2-6: BAWIEST2 hiWIEXTBAH (FEK)

ltmlt




and defense peptides

i Studies on other bioactive peptides

» (O Recombinant expression of host defense
peptides of Palustrin-0G2

= Improved OG2 peptide expression in Escherichia
coli , purification and activity determination.

» @ Recombinant expression of Apidaecin(Z i%Ak)
and Spheniscin (/355 k).

= (3 Recombinant expression of BuforinII(4#. 8k

B HZ) in the photorhabdus luminescens .




5.Herbal extracts

(Astragalus polysaccharide, APS)
RORTER) CGHECZHE)




i 5. Chinese herbal extracts

Practice has proved it can promote appetite,
enhance immunity, prevent and cure
diseases etc..

Traditional Chinese medicine additives is
over 50 kinds.

Slow effect ,Much required dose and
antibiotics-like effects.

the main problems : bad palatability and high
cost.

two important representives : oregano oil
and Astragalus polysaccharide.



APS Hypothesis

Immune suppress (cyclophosphamide)
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Effects of APS on ratio of CD4*/CD8* and

Lymphocyte proliferation in piglets
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APS (mg/kg)

: 0 100 250 500 750 1000
APS (mg/kg)
Improve cell immune function, the optimal APS level was

500 mg/kg
APSTE W 93473 H AR B SE & IN&E 8500 mg/kg




in weaned pigs received cyclophosphamide (CY)

APS (VESTIAERLIZ, CYD X W oA .3 4 A IR - B 5 i

(pg/mL)
oy CY
—APS +APS —APS +APS
d 14
IL-2 55.4 79.8 50.6 /7.8
IFN-y 133.3 160.1 111.7 138.9

Reverse CY-induced cell immune suppress and humour

Immune suppress

IR S R MBI AI LRI, APSHIEHENIEE MM E &, WAy
2 CYIE B K S B 1 il



Effects of APS on serum index in piglets

APSYH-J HILI 18 4 B 52

—LPS +LPS
—APS  +APS —APS +APS
d 14
Cortisol 115.3 113.0 155.5 136.0
GH 3.82 3.83 4.56 3.94
IGF-I 235.6 240.0 215.9 224.9

Recover the normal function of GH/IGF-I axis

APSHEIE FRK R 4R 7 GHAM B IR &8, HinsiR ik
RFRIE R, KR GH/IGF-T4H M IR % R IFH R DR EH



Effects of APS on NO and iNOS activity in piglets
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IL-2 (pg/mD

Effects of APS on different cytokines
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Mechanism of immune function of APS

APSH S B /E L
APS

Gene knockout
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6. Acidifying agent

m Research shows, lactic acid, citric acid or acetic acid and other
organic acids can promote the animal appetite, improve weight
gain and feed conversion. However, there are some problems of
feed supply organic acids must be considered, such as corrosion of
equipment and higher cost.

= Acidification agent application in China feed industry is still in
the initial stage, usage and methods have not yet be
standardized.

= Organic acid is added in feed and feed formula to consider the
compatibility, high protein and salt minerals will be of the acid
buffer action; moreover some special acidification agent will cause
the animal reduction of feed intake






Conclusions

1. Wide variety of antibiotic replacements
available.

2.Each product or class has distinct
characteristics, responses, advantages, and
disadvantages.

3.Scientific literature increasing worldwide,
and effectiveness of products is continually
iImproving.
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