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Presentation outlines g4 IR

* Antibiotic use in beef cattle 4-FBiInEZ%E
Alternatives to in-feed antibiotics {EBINEEEHD
Probiotics or direct-fed microbials (bacteria, yeast)
Plant bioactive {&¥7{RE4)

Feed enzymes 15 FESHIF
Other products &=

* Conclusion &i¢

mEENERERMEY (48, B8H)



Antibiotic use in livestock fi& REREDPNRA

* Therapeutic: cure a disease AT &77 ARKIR

* Prophylactic: prevent a disease FFFhBh : Fafh &%
* Growth promoters: subtherapeutic to increase growth rates and improve feed efficiency
A AR - 5 RIETTHIE LA N & R E HF R ERRER e % E




Antibiotics approved for animal feed
PRE PR AERMRER

* In-feed antibiotics AR EF*
— lonophores (Monensin, Lasalocid) B F# 43S (ReEEFR. L EER)
— Tylosin (Tylan®) FJEEF*

Antibiotic Rank Antiblotic Rank Antibiotic Rank

Oxytetracycline hydrochloride and Neomycin  11/11]
sulphate

Bacitracins m
ulmuﬁ , sulfamethazine and i Chlortetracycline m
e Chiortetracycline and Sulfamethazine i
Lincomycin and Spectinomycin i Bacitracins n Oxytetracycline n
Tylosin phosphate and Sulfamethazine i Chlortetracycline n lonophores v
Oxytetracycline il
Zina bacitracin and procaine penicilin i “um’:h v
lonopheres v
Bacitracin methylene disalicylate n
Bacitracins n
Chlortetracycline ]
Oxytetracycline 1

lonophores v




Efficiency of lonophores a;mmﬁmm

+ Beef Cattle Nutrient Research Model 34-E =i 5515E(2016):
— 3% reduction in dry matter intake F4)FER B BIF(E3%
— Improved gain:feed (high forage > high grain)
SEIEEIEALL ( SEHBR>E8WHIR)
— increased ME availability (2.3% for monensin)

EBNSENRAER (REERTIES2.3%) ——

» More propionate and less acetate ZEI&({ETFIRLINZS

* Inhibit proteolytic bacteria - less protein degradation i

IEIE =Dy e =5 U T~
* Reduces eating rate (smaller, more frequent meals) : - -
KRIELRFE (VESIREKR) Duffieid st al. 2012

+ Less digestive problem j¥{ja)@fs /L

* Monensin levels now > 40 mg/kg because high concentrate diets are less responsive to monensin
(DiLorenzo and Galyean 2010).

BT SMHEE BRYREREAIR , Bt BRI REREFIIKFEST40mg/kg



Prevalence of liver abscesses in tylosin-fed cattle

{RIR SR R R RS- ROBTREBR B A2 i =R
* Reduction in liver abscesses FFiRiPAFE & No. Livers Abscessed
* 2.1 % increase in growth rate 4-{<iEEENN2.1% examined  livers (%)
+ 2.6 % increase in feed efficiency {FEEE“NN2.6% SITITIESE BRI
* 0.24% increase in dressing percentage Study 1
Eix%ignggzv/;mmd Control 266 318
. tra $5 to :
Vaccine 271 16°
SLAFSE 5-1435T
SL4-FiEEMEINS-14585T Tylosin 283 ob
Study 2
Control 279 482
, Vaccine 263 300
Source 3&&: Elanco Animal Health
Tylosin 275 120

Control : XJBB4H ; Vaccine : &R ; Tylosin | ERE
g

‘. lllll mml ‘l AAAAA :A AAJ l A-L‘A-k‘-- l"m-'\



Pressure to decrease use of in-feed antibiotics in beef
production j&/>ARGE P EBINERFERNESD

In 2006, the EU had already banned the use of antibiotics as growth promotion

20064F , BREEEEAE | IS BB KB

U.S. FDA banned the use of antibiotics as feed supplements to help livestock and poultry grow faster in January
2017

%ggfﬁlﬁ , EEFDASE DN R THEHRE IRBEISRENEER N TR E20205F RS L BN E R

In Canada, livestock producers need a prescription from a licenced veterinarian to buy a medically important
antibiotic for therapeutic use in livestock production since December 2018

H2018F12HiE , INEAREWEESEWTRAT AT BRRESAENERN , YAENAESEITIRESERETS
Are there alternative feed additives that could be used to promote growth?

EEHhEE BRI ELESERIIE ?

A
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What alternatives to use ? & FEfinEFZE K YE

* Probiotics (live microorganisms, yeast, fungi, and bacteria)
BEECEAREY, NESE. EENARES)

* Prebiotics (£ 4 )

* Phytochemicals or plant-derived compounds (saponin, tannins, essential oils)
HYMERMIESHEREMRRY (EE. BT, #h)

+ In-feed enzymes (15 FAESHI5T))

« Antimicrobial peptides ($1EIRK)

+ Immune modulators ($ZEFTIH)

» Organic acids (citric or acetic acids...) B ¥ B8 (171&8 sk Z BR)

» Phage therapy (BEBE {&573%)

+ Vaccines (JF&)
+ Buffers (4245

Do they work? &fi1&£E313
When do they work?&fifafie

Are they cost effective? ffiI BB AEHID
What does the research say? BaifsER




T e Rl =

When to use feed additives? {aTAd{#E AtaE &0

Cost fiA& @ Benefit &

$$$$$ — Measurable performance benefit
expected FhEAn] @ EAIMEER AT
(MORE DATA)
$ —>  Preventative insurance

FOfh T4 4R & (LESS DATA)
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When to use feed additives ?{a] Bi{sE FB {1 ZR DN

RS T RIRRERIEETER

——— IMmprovement over control
- == Performance of control animals

XIARERIRIERIERE

BEER
Improvement

Approach to genetic potential

RIFRIGEDNISIE Barug et al. (2006)



Why use of feed additives o+« Emiakl M

Animal Performance Environmental Impact

BN EF1ERE IR

+ Improve growth rate JEELEICER * Lower methane emissions />R {HER
+ Feed efficiency Skl * Reduce N losses P& R%k

* Rumen fermentationf& B && Health & Food Safety

* Acidosis protection /& B HFEP BERARmES

* Improve fiber digestion SFEF4EB * Immune response BE i

* Decrease pathogen sheddingi#/EFRAHE
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Probiotics or direct-fed microbials (DFM)
35 B EIEIIEMAEY ( DFM )

* Probiotic: A live microbial feed supplement beneficially affects the host animal by improving its intestinal
microbial balance” (Fuller 1989)

mAE: —AENERAE DR AN R, AT DO S0 1E 3 R A P T e A AT R

+ DFM: Alive, naturally occurring microorganisms that have been used to improve digestive function of
livestock (Krehbiel et al. 2003);

DFM: &, RGN T o808 X &L T e RED
+ DFM: bacteria and yeast (live yeast and yeast culture);
DFM: 4HpFIRERFE (RIEIERERHRIREREEE 2R

* Prebiotic: substrate is selectively utilized by host microorganisms conferring a health benefit. Non-

digestible carbohydrates (oligosaccharides and polysaccharides), peptides, proteins, lipids, limited for
cattle, use in calves?

AR ORI SRR I 2 TR RIOWR, DRI LB A (RIS
)+ N RER. BRI, RS RORAR, (H A TR




Small intestine/\§§  Large

* Modulation of fermentation  +Competitive exclusion «
PLREY. 1. ] SRR exclusion

* Enhanced fiber digestion * Immune stimulation

+ Ecological enhancement xR |

q
Fq

DFM consumption
or administration Fecal transmission

DFM {5 s &) 2 T




1. Competition for nutrients z.mm
o)
'f:.é %
.- R

3. Competitive
exclusion

5. Reduction of inflammation




Bacterial DFM E (Al 24l &

* Ruminant bacterial DFM commercially available ;

HREFER LR RSN EEENEE

« The original concept of feeding bacterial DFM to livestock is based on potential intestinal effects ;
ERFREAREDFMEHIESRE T REBEREAL

+ Potential modifiers of rumen fermentation and productivity of ruminants ;

R EaDE B REANE T ERETEE A
« May play a role in enhancing intestinal function in young calves (Krehbiel et al., 2003);

B BT A B TR P R
+ Some evidence for reduced fecal shedding of harmful pathogens, E. coli; not substantiated in recent
studies (Luedtke et al. 2016; Wilson et al. 2016) ;

—IHERE | CULIHEEEPEERAENABTRIHN | (E8EIEARPEERESE



Main bacterial species used in DFM

DFMAR{ERREEAIME D

Categorysy2 Organism fHE#h
Lactic acid producers Enterococcus faecium 3€5IRE
ARETR

Lactobacillus planetarium @&

Lactobacillus acidophilus IEE&FLHFERA

Propionate producers
(Lactic acid utilizers)

AREFE (ARFIAER) Megasphaera elsdenii IRECEBIRE

Propionibacterium freudenreichii 3 EcPSER AR

Prevotella bryantii S BXKE




Changes occurring in the rumen: subacute ruminal acidosis

BEREENTN - TRtESRThS

St%gtg Oé ratpndl§ available
Bacterial ca rates 2
f? l rowthrateﬁ!! ,wj( pH65
VFA and E
1 fermentable
ca;boh;drajg&;g% Smrtr? rate
acteria g4 ,
K }é{-‘A absorption VHA
o L <+ Bica
lLactlc acid ¥ & EERELh
VFA
%. ......................................... Ne kR S —
f alzes /
zers
Lactic acid Subacute RA
i producers T Piz-tes L[
Bacterial DFM sagt:DFM 8
................................................................................ pH 5.0




Rumen fermentation in steers fed enterococcus faecium (EF)
VIRSEAIRE (EF) ROMS-ROTE B R

* EF stimulate LA-utilizing bacteria that produce propionate

EFRIMEEFARERROZUEFIFBRNER
» 8:92 forage:concentrate, short-term study 55#8L.8:92 , 1GHAFR

* Control vs Enterococcus faecium EF212 (6 x 10°cfu/d)
XIFRLEVSIEFERIMEF2124H ( ANNEE6X10° cfu/d )

Lactate-utilizing bacteria (107), cfu/mL Z.E% B4HE 4.3 6.8

Propionate, mmol/100 mmol & 25.4b 33.12

Mean rumen pH Ei3#ESpH 5.56 5.50
5.152 5.03b

‘Minimum rumen pH R{EMEBpH

Beauchemin et al. 2003. JAS 81:1628



Feedlot cattle inoculated with propionibacterium strains

Control P169 P5 P54 P-value

Backgrounding diet [F&4-HIE

Min. pH fS{EpH 5.34 5.27 5.19 5.32 NS

pH<5.8, min/d 7.1 9.8 11.7 9.2 NS

Ac:Pr ZALL 144 1.69 1.50 1.96 NS
Finishing diet EAB4-HIR

Min. pH ﬂfEPH 5.87 5.86 5.74 5.92 NS

pH<5.8, min/d 12 0.5 3.0 0.7 NS

ADG, kg/day

13 13 15 1.3 NS
Sy HIET

Vyas et al., 2014; JAS 92: 21922201

Vas et al., 2014; Animal 8: 1807-1815




Bacterial DFM on growth response

METEDFMIIEICTERERIRZ N

Study 1: LAB = L. acidophilus and E. faecium (EEERFL#T MF0SREFER M), LAB/LU = L. acidophilus and P. freudenreicha (
A FLAE MFOFILITN), Days 156; F:G=10:90 (Kenney et al. 2015 JAS 93:2336)

Treatments
Item Control LAB LAB/LU SEM P<
Initial BW #)#44#, kg 355 356 355 1.0 0.99
Final BW £k {4 %, kg 634ab 644a 625b 6.3 0.05
DMI 55 5 f i, kg/d 9.57 9.57 9.50 0.16 0.77
ADG ¥, kg/d 1.82a 1.87a 1.75b 0.04 0.05
Feed conversion |1t % 5.26 5.09 5.41 0.12 0.07

Study 2: LAB = L. acidophilus and E. faecium, Days 56; F:G=20:80; (Kenney et al. 2015 CJAS 95:93)

Item Control LAB SEM P<
Initial BW #4468, kg 280 280 1.1 0.98
DMI 53 5 f i, kg/d 9.0 9.2 0.30 0.25
ADG P85 [ 1, kg/d 1.54 1.57 0.08 0.21

Feed conversion 7§} {4 % 5.78 5.85 0.19 0.41




Bacterial DFM - Calves 4l & f£DFM-$E4

DFM can inhibit or prevent pathogen like E. coli establishment attached to the intestinal mucosa

DFMBJLGIHIEKFRBLREIRE ( R0ABAITH ) TERRAIR LIS

Greatest performance response to bacterial DFM occurred within first 14 d of the receiving period (Crawford et al.
1980)

4Rt DFMAMRAMERENERL AR ETEETERIRT 14K
Morbidity was reduced by 28% in cattle receiving the bacterial DFM vs. control cattle

SXIMREHHELY | BB DFMAMBAAAY RS T hE28%

DFM improved recovery of morbid newly received feedlot calves with reduced need of antimicrobial treatment
(Krehbiel et al. 2003).

DFMEGE T BIE7HT - ORCAIRSITRE | FIRTIEA T XHERIRK
Growth performance response to bacterial DFM is not consistent (Krehbiel et al. 2003)

AR DFMRI G R RERIRESRA—E



Summary - Bacterial DFM S.45-4H & {$DFM

* Many commercial products available
2 a] RV L E~=an
* Limited number of scientific long term studies in beef cattle

ERY LRYKEIRIFEARBIR
* Inconsistent results, very few studies with improvements in gain or feed efficiency

HRERA—E , AEEERIFEEENERRD




Commercial yeast (Saccharomyces cerevisiae)
products used in ruminant diets

E?ﬁ%ﬁqﬂﬂgﬁnnﬂ:ﬁEF% (BREREE)

Yeast B8R Contains S8

+ Viable yeast cells (>10 billion colony forming units per gram [cfu/g]) Bi&H
Active dry yeast B4R (>10"cfu/g)

EMEFEE(ADY) » Fermentation process %&&i3#2 = cell mass separated from the spent liquid,

filtered and dried into instant dry yeast W RE&R+F S E. TBFHEPRTFEMN
B YRR

* Yeast plus culture medium BX & +155E
Yeast culture + Fermentation process&&3#2 = entire culture-media dried onto carrier

AT (YC) (e.g., wheat middlings) TEEE{R ( N3EEk ) L HERBEMEFE
» Cells are not viable 4R FCEME




Proposed mode of actlon of yeast in the rumen

+ Oxygen scavenging (ADY), lower redox potential in the rumen ERSg , mmplmnj:

* Increased rate of colonization of feed particles H8hNIFE FRIFESPH

+ Growth factors (B vitamins, organic acids, peptides and AA) for microbes RISE¥%I<EF ( VBE )
+ Stimulation of lactic acid utilizers, enhanced lactic acid utilization PINFLEEE , INSFLERFAH
* Increased ciliate protozoa RINEFEM R E

* Reduced Strep. bovis, ABFSE ( FHHKE ) BY , BEAR~R

\/7
Rumen pH Bacterial Growth
i2mpH ~ (R EEER
|- Il
Fiber Digestion MP Flow
IR IR NEDERRE

— = =

[ Increased Growth and Production {84047~ J




How important is yeast viability B#8iZ B ZEE"?

* Growing beef cattled-1<py4-
+ 50:50 (forage : concentrate) diet

¥ 50:50 88
 Treatments 4heE:

Control (no yeast) 33884 ( B )
ADY - 4 g/d (AB Vista), 6 x 10'° cfu/d

KDY - 4 g/d (autoclaved ADY , EEXKELEADY)

Continuous measurements of pH

EESITEPH
Adaptation Baseline Restricted | Acidosis challenge Recovery
ERHE measurements feed 50% ABNSERPS %
BNE PRI550%
d1-14 d15-20 d 21 d 22 d23-28

Vyas et al. 2014 JAS 92:724; \iyas et al. 2014 AFST 197:103




T e Rl =

Average hourly ruminal pH (after challenge)
S HESESpH (M SEBPSE)

6.7 -
6.6 - 7 Control WADY WKDY
6.5 -
6.4 - 6 - 569 > 530
EGB 1 l
6.2 - S
6.1 -
6 - 4
59 challenge Mean pH
5.8

4 4 24
0o 2 6 8 10H&‘2rsl 16 18 20 22

*+ Mean ruminal pH on d1 post-challenge was numerically higher with viable yeast (P = 0.13)
SEEFSMENFEA T SEPBE1dRRBpHEE LS

*+ pH recovery tended to be quicker with ADY
ZADY (BRI ) AMENARYRE pHERRIRSEE



——

Effects of ADY and killed yeast (KDY) on dry matter intake
(B RETFEEBNTIERRENRIE)

12
115
11
10.5
10 -
9.5

DMI, kg/d

Control
--ADY
- KDY

85 -

Baselne dl-postchallenge d2-postchallenge Recovery

*+ ADY helped maintained dry matter intake during and post grain challenge
A TESHETHEA AN SBOBEASFHIDMIKFE



Rumen protected and non-protected ADY
’IIEFIJFE!F&ADY

. grwals =¥ rumen cannulated beef heifers EESRHEENSE

* Design igit: a5 X 5 Latin square —NSXSESI T /5idae

* DietA#: 10% barley silage and 90% barley
10%AZ=F/C+90

* Treatments &4br:

1.Control (no additives) &4 ( T30 )

2.Antibiotics (ANT; monensin+tylosin)
AERAE (ANT ; ELfEREER+TREER )

3.Active dried yeast (ADY) ;&t4F& 8 ( ADY )
4.Encapsulated ADY (EDY) B:#{£AYADY ( EDY)
5.Mixture of ADY and EDY ADY+EDY

Jiao et al. 2017. AFST 228:13-22



Encapsulation of ADY to improve post-ruminal digestion in beef cattle

EDYXIPI4-E B BRI E(EH
Control ANT ADY EDY ADY + EDY
Intake of DM, kg/d ; DMI 11.8 | 121 | 119 | 115 11.9
Digestibility, % intake jE{L%E
Rumen f&§ 8 | |
OM (true) HHH) (K ) | 66.4 | 68.1 . 638 | 624 62.9
NDF chititikirie 2.4 418 | 430 | 465 46.0
Postruminal iEB G | | | |
oM Bl 240  216° | 288 | [299° 31.9°
NDF shitifiRet i 9,3be 6.5¢ 11.8% 16.4%® 19.2
Total tract, % 2B | | | | |
oM 5ty  776% | 764° | 792% | [803® 81.9°
NDF shititiferie . si7e | 483 | sar | |e2sr | 652

Jiao et al. 2017. AFST 228: 13-22



Effect of ADY on growth performance in beef steers

-
ADYRIi@4 I ERERYRID
Control ANT ADY EDY ADY + EDY
Initial BW, kg #) &4 &K 448 448 448 448 448
Final BW, kg #4415 627 623 628 625 631
Intake of DM, kg/d DMI 11.0® 10.5® 11.4* 11.3® il
ADG, kg/d “F-E) K 1.59 157 161 157 1.63
F:G, kg/kg ki % 6.82 6.66 7.02 7.08 6.93
Severely abscessed liver, % - - b 5
5 B 26.7 26.7 6.7 20.0° 6.7
Blood glucose, mg/dL i & 85.4° 82.7° 79.4° 87.8® 95.22
Haptoglobin, pg/mL #2k 5 £ 202° 164° 356 3592 372¢
Serum amyloid A, pg/mL be b . -
W R R FIA 6.66* 436 5.60° 4.06 403
Fecal IgA, png/g #igA 0.17 0.16 0.17 0.14 0.18
Fecal E. coli, X 107 #&+p K+ @ 8.5 10.1 4.0 33 7

Ran et al. 2018 JAS, 96:4385-4397




Use of yeast culture (YC) in beef cattle

BEEBIEFY (YC) EB4RIRA
Design igit: 5 X 5 Latin Square {T5it1
' 21 S 7

Adaptation SHH SamplingFH#18

Treatments 412

1) Control (CON; no YC, no antibiotics);
RIARE (CON ; XYC, XIRER)

2) 330 mg monensin + 110 mg tylosin/d (ANT)
BX(EMA330 mgIAAEER + 110mg FREH (ANT)

3) Top dressed YC (tYC; 18 g/d) QIBRYC ( tYC ; 18g/d)

4) Duodenally delivered YC (dYC; 18 g/d)
+HEIARENYC (dYC ; 18g/d)

5) Mixture of #3 & 4 (tdYC, 36 g/d): 3+4 (tdYC, 36g/d)




Effect of yeast culture on rumen pH

B S ST YIXT 2 B pH B F2

6.8
66 1
6.4
6.2 1

L 6.0
58

o : CON
56 1 ) ’ —— ANT
54 dYC

OB:00 12:00 16:00 20000 OO0:00 04:00 OB:00

5.77 5.81 5.96 5.87 5.87 0.58
5.02¢ 5.13 5.30° 5.21® 5.05° 0.03
6.74 6.69 6.70 6.60 6.77 0.65
116 104 56 8.6 8.7 0.09
69.7° 85.5° 45.1be 72.6® 79.4® 0.03

Shen et al. 2018, 96:3916-30927



Use of YC in finishing beef steers -
YCEBIEW4-hrIRIF

Treatments Ab#: Non- or encapsulated YC
1) Control (no YC, no antibiotics); X4 {FEMEEREYC

2) YC, 12 g/d ' |
3) YC, 15 g/d ; %
4) YC, 18 g/d |

5) Encapsulated YC, 7 g/d;: #YC, 7g/d
6) Monensin + tylosin; BAEE K+ FER | _

Diet: F:G = 10:90%: H¥vipitk10:90
120 days on feed; #"¥120d




Effects of YC on growth and carcass of finishing steers

o RERE IR B FE A A A A BEA AR 445 44 O S

YC, g/d P<
Item 0 12 15 18 E-YC ANT SEM Treat L
No of steers [ 4- #{ i 15 15 15 15 15 15
Growth 44488
Initial BW, kg #/J&5 4 533 533 533 533 533 533 9.8 1.00 0.99
Final BW, kg # K4 703 719 721 709 722 716 13.4 0.36 0.59
DMI, kg/d T4 i % fr & 11.8 12.2 11.9 1.6 125 1.9 0.36 0.84 0.95
ADG, kg/d 35 [ 1 1 1.62 1.77 1.79 1.68 1.80 1.75 0.08 0.49 0.26
F:G, kg/kg £l HEL 7.3 6.9 6.7 6.8 6.9 6.8 0.21 0.54 0.09
Carcass traits JifE4§id
HCW, kg #JH 4 3 414 423 420 417 421 421 8.4 0.97 0.64
Dressing, % &% # 589 588 58.2 58.8 58.5 59.0 0.37 0.73 0.56
Back fat, mm i /' 204 22.0 20.8 20.1 19.3 20.8 1.71 0.92 0.97
LM area, cm? R AILifi 8 80.3 80.3 81.1 78.5 80.2 77.1 2.64 0.75 0.74
Marbling score A Ff 3 76 4L 5.51 6.33 5.96 6.00 5.96 5.75 0.22 0.29 0.10
Liver score, % FFE¢4
Abscessed ¥ 66.7 60.0 53.3 60.0 53.3 60.0 -- 0.97
Severely /™ 3 fH B M 53.3 33.3 20.0 20.0 20.0 6.7 - 0.10

No quadratic effect; Abscessed = % liver with at least 3 small abscesses; severely = at least 1 abscess with diameter > 25 cm

T REEENN . FFEBP=F2 =/ BRBPORFEELL B P RT3 B2 — T RIPME>2.5 cm

Shen et al. unpublished



YC on fecal and blood metabolites in finishing steers

BRI B A4S EEAN MR SRR

Yeast culture, g/d B £ 55 2240 P<
Item M H 0 12 15 18 eXPC ANT Treat L
No of steers [ 4- (i 10 10 10 10 10 10
Feces #&{#
Fecal pH #&{¥pH 6.22% 6.37° 6.22° 6.63° 6.49% 6.74° 0.01 0.04
IgA, pg/g 3.78% 4.42° 3.280® 4.56° 1.820 5.120 0.05 0.71
E. coli counts i) ¥ 1 # % 7.50 7.14 7.15 7.17 7.18 7.31 0.23 0.02
Blood IfiL %
Glucose, mg/dl i £ #§ 108 92 97 105 95 100 0.62 0.43
NEFA, pM FERF A7 0¢ 125 139 152 132 137 136 0.93 0.50
BUN, mg/dl ## ¥ 22.5% 27.4% 26.7% 30.8° 30.2° 30.8° 0.01 0.01
APP, pg/mL @ HEA
Hp #ER &0 124b¢ 126> 128P 146° 113¢ 126b¢ 0.01 0.04
LBP fREWSA T EO 79 83 103 112 87 103 0.35 0.09
SAA HLiiE i HE R A 13.2 19.4 28.6 29.5 22.2 224 0.14 0.01

No quadratic effect; APP = acute phase protein; Hp = haptoglobin; SAA = serum amyloid A; LBP = lipopolysaccharide binding protein

Shen et al. unpublished



Meta-analysis: ADY and monensin for feedlot cattle

§§ﬁ1ﬁ m TR SRR RN SRR

15 studies ; 15IAER5E

Control ADY* Monensin MoArll)eYn;In
ADG, kg/d FF¥HHIBE 1.452 1.54b 1.54b 1.57°
Kg DMI/kg gain %} & . 6.612 6.400 6.32 6.13

*S. cerevisiae CNCM I-1077

Erasmus et al. 2009



——

Yeast vs beef cattle performance?
FEEEvsSEISTERE ?

+ Meta-analysis for beef cattle (12 papers, 22 studies)
BETFR4SLRARNEZESHT ( 128XE |, 2205 )
* Mixed results LRI E 7
* Overall, no effects of ADG Sk E , XFHRIEELEN
— Animals receiving a diet containing 30 to 50% forage with yeast had greatest response in ADG

(similar to dairy diet)
BIREA30-50% 81 ( SYH4-BIRE1N ) BRERES , MIRBERSERIADG

* Overall, decreased DMI in feedlot cattle (-1 kg/d)
BRL , BEHETBSRFTIRRRR (-1kg/d)

+ Mixed effects on feed:gain ratio ¥} EEV ARG L i 2

» Results depend on diet composition, strain used and dose
ZRRATHIRKS . ERANESREFRIE

Sartori et al. (2017) Journal of Agricultural Science; Vol. 9, No. 4; 2017



Summa%of Meta-Analyses in dairy cows
KRR REZER TS

Desnoyers deOndarza et Robinson

etal. al. and Erasmus POPZPJI? al
2009 2010 2009
Yeast type FHEE2E ADY ADY ADY & YC YC
| ------% change from control------ kg/d change
ToEReR B R B e L)
Milk yield, kg/d
R 2.6 | 2.6 3.0 1.6
Milk fat, kg/d ZLAE NS 7ils 4.4 0.06



Other emerging uses of yeast for ruminants: pathogen
control BFBEERSNIPROIEMIFAEE : EZHEERE

* ADY and yeast cell wall can influence the ability of certain microbes to colonize the gut (esp. non-
ruminants) ADYHIE SRS LARNREEMNEDERHEPEENEED (XARBIERSEY )

* Can bind pathogens and mycotoxins A& SHERFNSESE

» S. cerevisiae subspecies boulardii (ADY) in humans, horses and pigs decreased antibiotic-associated
diarrhea and restore the natural microbiota in large and small intestine fEA. SF5E , EREFFSAOTE
#boulardiigEBRDMNERS RS | FHREXHBN N HROXIAMNEDIET

 Few ruminant studies (e.g., Keyser et al. 2007 - receiving feedlot cattle; Galvao et al. 2005 - calves)
BAXRSINDPHARRY
* Premature to draw conclusions FiEigiEid 8

— Resistant to ruminal digestion? Metabolically active in the intestine?
EENEEIEN ? EhEPEREERENELE
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Summary @ - Yeast B8

* Both ADY and YC help improve rumen pH and reduce liver abscess

¥ A 1 B RO SE £F B 3R 25 ] LA /R B pH, BRI Ak ek 5 ¢
* Viable yeast more effective than non-viable yeast during acidosis

75 I B L O TR I B T A R B R b i 5 T SE R
* YC improve growth performance at high or low forage diets, but ADY appears to be effective at high-forage?

W RF B R4 a] LALE S BRI R DR SR A T OCE AR MR RE, 0V T AU 1L S DR R B R R 2
* Both ADY and YC improve immune response and alter blood metabolites

VA T 1 R RN 0 B 155 3 W 15 m) LR 7 R o N IO ML WA VR vk

* Not clear whether ggin and feed:gain ratio is consistently increased, but gegst rr;gght help reduce morbidity
1 HORRL B LG W R SE S IO AT 8, (ELRE R o B 0D T AR I 8

* Most beneficial: 1) transition and starter period; 2) when ionophore is not fed
ELL SO FrMREEfFEIEs A A (D SEMAFE8; (2) AMEFABE TR
» Rumen protected yeast may be beneficial 72 & 47 # i £ o] B & A 25 (9



Plant essential oils t&4#&ik (EO)

 Volatile components produced by plants {&¥F=4EEME S
* Give the characteristic smell, taste (LSS HKRARE




Some sources of essential oils —LexEimaaiE (EO)

Plant &%) Main components % total Plant Main components % total
Angelica root a-Pinene 247 IPepper a-Pinene 9-0
Y1348 a-3-Carene 10:5 5 B-Pinene 10-4
a-hellandrene+myrcene 10-8 Sabinene 194
Limonene 129 §-3-Carene 54
B-Phellandrene 104 Limonene 175
p-Cymene 77 B-Caryophyllene 147
Bergamot B-Pinene 77 (Nutmeg a-Pinene 260
ok 4 Limonene+@-phellandrene 394 AR B-Pinene 150
y-Terpinene 86 Sabinene 271
Linalool 11 Myristicin 59
Linalyl acetate 280
Cinnamon bark (E)-Cinnamaldehyde 771 {Orange Limonene 915
k=3 Eugenol 72 ¥
Coriander p-Cymene 61 Mandarine Limonene 795
5 Linalool 72:0 ik y-Terpinene 9-7

Chao et al. 2000



—

EOs are broadly classified as Terpenes and Phenylpropanes based on the pathway
of biosynthesis {RIBEM SRR , EOsE] A NtEiEEFIRERRIEYHR

——

Slucose Fentose
Phosphu-cnol pyruvale Erythrose 4 phasphate
S P x‘,«'/ Cysteine
Sty =C ey Shikimic acid l
R l Dially| disullides
Meyalonals Chorlsmate---___ X [ ]
- | Tyrosine
DOXP Phenylalanine e
. __Coumanc acic
Isopentanyl pyrophosphate Cinnamic acid =~ } P §
il leotlavones
Tanins

FPhenvipropanes

Ligninrs

Sieols
Triterpenes

* - L + T
Gaponing J Capsaicinl I hiymol ] [ Anethol | [Eugenol|  [Cinnamaldehyide|

Sarsapaning Canrvacrol

Teatratarpanas Monolurpoenes

***Most prevalent types of EOs
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Plant essential oils {8¥{5iH
* Many are inhibitory to fungi, bacteria and protozoa FZ+E¥FE T EE. MEFRREENHER

— Gram-positive bacteria most susceptible (similar to monensin)
B=EEHaE O ( SREEREIL )
* Most studied for beef: thyme (thymol), oregano (carvacrol), clove (eugenol), cinnamon (cinnamaldehyde)
and garlic (allicin)
HEMRIRAY : BEE (BEER)  4Z (Frlp) . SMRE (TFESR) . P (9EE )
Kz ( Koast )
« Various mechanisms of action identified &#E 7 ZFMERLE

— Lipophilic, disrupt cell wall function (terpenes) FEAE“ERY , TEIRLHIRERTHAS ( FEMEE )
— Disrupt ion gradient across plasma membrane, cause cell death (carvacrol)

EIAERIE FEFRE | SEUERET (&S ) — = e —er

e e e —— ———



Effects of EO on in vitro rumen fermentation

EOXIAME B REFRIRIE

EO 5l Active component

Blend* Garlic Thy CIN Oreg Anise Caps CIN Eug  Anethol

Total bacteria 4H¥ - - - - - . . . . .
Cellulolytic £F4E5 R - = l - - - . . , ,
Protozoa JR=R
Deaminase i7#(&S
DM dig FANFEHILE
pH

Total VFA S3FAEN
Acetate 28§
Propionate PO -
Butyrate T -
BVFA =
CH, Bz =
NH; N #5& = it |

o=l
.

— b =3 | | —
'
r = |
P - | - |- —
P ==

L)
o | 8 e e | e [

]
h
.—

V-
‘—
V.
—
j—b

*Commercial blend of EO (CRINA); Thy, thyme; orcg, orcgano; art, Artenisia; Caps, Capsidium; Eug,
cugenol; All, allicine; =, no cffect; 1, increased (P<0.05); |, decreased (P<0.05); -, no data.



Essential oils for beef cattle: Cinnamaldehyde

A BFRSAEH : RER
Dose (g/d) Experiment conditions Major effects 3= 2% 5 Reference
1)) R &4
04to1.6 Long term, high grain No effect on intake or gain (increased intake in first 6-8 Yang et al.
diet weeks). SREBRJIETHLBIAG (REBERI6-8AMIEM) 2010a
K, 58 | |
0.4to 1.6 Short term, high No major effect on rumen fermentation. Yang et al.
grain diet Digestibility of NDF decreased with high dose. &% 2010b
o, A IRRTETOW , FASTIRIEN , NDREHETIE
9 45 d, high grain diet No effect on intake or gain, rumen pH, rumen ammonia N Vakili et al.
45K , B and total VFA. Acetate decreased, propionate 2013
increased. XREE. EE. MBpH. MESSSFEVFA
DEICE , (BZEPHE , ARSI




Weekly change in feed intake of steers supplemented with cinnamaldehyde or
monensin #MIBEERAREEZMNNFRIRFERNZTNES (8R)

10 4

)
o2 7
o 2
W L 8-
©
@ = .
Eé - Adaptation iEE?
- L 7- Resistance %7
H- g O—— Control
> O~ — Low 04 g/d
O 6 ® - - Medium 0.8 g/d
A- - - - High 1.6 g/d
®— = Monensin 0.33 g/d
5 0

0 2 4 6 8 10 12 14 16
Time on study, wk
Yang et al. 2010 JAS 88:1082



Essential oils for beef cattle: thymol, eugenol

4RGN - AEES . TF&H
EO product Dose Experiment Major Effects Reference
WH~m  (g/d) #/& condition FETM
NI

Thymol ) 45d, high graindiet ~ No effect on intake or gain. Acetate  Vakili et al.
(thyme) 45d , EAYMER decreased, propionate increased. 2013
BEEN XPREEFILETN , BRI

AEFE
Eugenol 041t01.6 Shortterm, high grain Lowered protein degradation inthe  Yang et al.
(cloves) diet rumen. Acetate decreased, 2010c
T & SHR , BAYAER propionate increased.

BB RNECRMER | JERFHE
AEFS




Essential oils for beef cattle, anise, capsicum

4R BE, E

EO product Dose Experiment Major Effects Reference
Wil (g/d)#IE conditions FERW
IR SR

Anise 0.5 Short term, high grain Reduced VFA, NH3-N, acetate, Fandifio et al.
EE dietiSHE , S&YHE increased propionate =& EE. &FHA5.2008

| | BRI , RERAS |
Capsicum 0.5 Short term, high grain Increased DMI, increased butyrate  Fandifio et al.
2353 dietiSHA , 84 AMR and reduced acetate DMIFN T EB&F+& 2008

| | CERIEE |
Activo 1t0 1.5 Longterm high forage No effects on DMI, gain or methane Beauchemin,
Premium, & high grain diets <# ,XIDMIL, IEEELERLR BTN unpublished

Grasp (4 EO)

SHEAAEAYER




Phytogenic Compounds #E®MiRiE{ta¥

*A group of natural growth promoters used as feed additives, derived from herbs, species

or other plants (Digestarom®).

—XENELR, WREEEYIPIRERY. = BIEERhRINFIRRAER(EHT

‘Ingredients: licorice, caraway, vanilla, essential oil of clove, salt and silicon dioxide

FE - HE., B%+F. 858, —HEGEH. Bf"sSHiE

*Antimicrobial, anti-inflammatory, antioxidant activities
BENE. nMinaliEtt

‘Potential replacement for growth promoting antibiotics?
EREHENERNEEERY




Phytogenic compounds (PC) - finishing steers
EYREASY (PC) -BIEEY

PC, g/d P<
ltem i H 0 0.5 1.0 SEM Linear
Initial BW, kg #J#ak & 468 469 468 4.1 0.99
Final BW, kg #ARAKE 664 669 675 7.1 0.27
DMI, kg/d T4 % & 904 953 945 030 0.36
ADG, kg/d V¥ H & 1.82 1.87 1.95 0.05 0.09
F:G, kg/kg £l E 497 5.10 4.85 0.25 0.49
Liver scores, % HFAEF4r

Abscessed [ i /i 55.0 59.0 55.0 0.92

Severely /™ & JH # i 50.0 308 425 0.23

Diet = 10% silage and 90% barley, monensin included, 110 d finishing, 40 steers/treatment

Abscessed = % liver with at least 3 small abscesses;
Severely = at least 1 abscess with diameter > 2.5 cm

Brand et al. unpublished



——

Summary [ - essential oils #&if

Show promise FFEEISS 13

Responses highly variable depending upon the EO {EFREEOKE AR B E(L
— Increase intake (short term), increase propionate, decrease protein degradation

HEIRRE (721 ) | REARSE , FHEEE R
— Antimicrobial action of EO is an ionophore-like mechanism
EORSM BRI T E FHASENER
More likely to work when ionophore is not fed ZFEAEIREFIR A ATEEB
A lot of in vitro work or short term in vivo study &5l @ ERR AR RS

Need more feeding studies (long term) EEEZAY ( <8 ) FEFRXIENNLAIEE



Essential oils 58 — issues [a)gR?

+ Variable composition, and no standard for any of the commercial EO products

RoBEER B EO™ RISAREBINE
* Low chemical stability and high volatility {t=f@ 2 EMIERES
* Aromatic compounds, taste and smell, reducing palatability and feed intake

FEAUEY  RERGSRIIKE |, oJaElEHlEOMRR R
* Residue transfer to animal products? s+ 2B 5 %S




Ruminant feed enzymes RS &14A FAES I

Objective is to improve fiber digestion BRI KZFLF LR

Increase animal performance (results highly variable)

IEEaERE (EREERR)
Allow greater use of forages and low quality forage/byproducts in diets

BJE BIRPE S E RN EERENEEE/A~ R
Products of microbial fermentation (mostly fungal origin, Trichoderma)

MEYMERET @ ( KEoREBUNASENRIR )
“Non-viable” (source organisms removed) 55/ ( BERSEREHIAD )
Concentrated enzymic activities B ER4ER0ESEM:

- Polysaccharidases (cellulases and xylanases)
ZHils ( RIS )



Theoretical digestibility ZiSiH{3R

NDF digestibility 75
in the rumen (%)

RMENDFBEIE 70
(%)
65
60
55

| Potential #73(100 - uNDF{; )

| Enzymes &
Actual 555

Beef cow &4 Dairy cow 3%

1X 2X 3X 4xX

Intake (relative to maintenance)

REE (X FHRKFE)



Variable in vivo responses with enzyme additives of ruminants
EHERSDIRIGAIHEMRRERERRKX

WHY Rft+4?

*Are feed enzymes stable in the rumen

BB AEEERESRE?

*What enzyme activities are needed E&HARAESEM?

*|s pretreatment of feed needed EBEZEE HFHHH{TTRAE ?
*How do enzymes increase fiber digestion
BB RIS 4ERRY?
— Accessibility of substrate and microbial attachment limit fiber digestion by microbes
RIS EROME DR EIRS T AR HEREN
— |s enzyme activity rate-limiting in the rumen
BEtTREENEEXR?



CMCase activity (%)

Stability of enzyme activities in rumen fluid
EERAEEENRER

£
;
%
20 + Trichoderma viride
friZP N 7]
0 -
0 2 4 6
Incubation time (h) A

8

—
o ©

358888388

Incubation time (h)

Enzymes are subject to degradation in the highly proteolytic environment

TEE 76 T 53 K AR 1 oh 53 B AR

Some activities last only several hours

— & NE U R SN

(Morgavi et al., 1999)



What enzymic activities are needed?

WmEMHLHFEENES?
Activity ;&% ENZ1 ENZ2 ENZ3
Endoglucanase 332 324 351
Exoglucanase 74 38 81
Xylanase 0.8 58 542
B-glucanase 351 264 315
Arabinoxylanase 22 79 359
Lichenase 560 639 807
Arabinofuranosidase 0.3 0.3 17
B-glucosidase 6.0 3.1 3.8
B-xylosidase 0.3 0.3 29

Units = nmol sugar released/mg product/min.
3 - LR, REEES, ARG, PURM{EORIREG. MRS, o
ARG L B !



Effects of recombinant enzyme and ammonia-fiber expansion (AFEX) treatment of wheat straw on
DM digestibility in situ
BHEBASCLIE ( AFEX) S ERRUETFORECENRER

Wheat Straw AFEX Wheat Straw P<
E-  E+ E- E+ AFEX Enz EXA
Soluble (A), % 7 ¥4 4 5 7.1 7.0 16.4 16.8 0.01 0.74 0.40
Slowly Digestible(B), %
e 515 518 64.6 63.9 0.01 0.70 0.26
Rate (kd), /h FeAfE %R 2.88 2.88 3.21b 3.86a 0.01 0.01 0.01
Eff Deg, % AR REARE 284 285 44 .9b 48.0a 0.01 0.01 0.01

A = soluble and washout fraction o] J§#2 S 5] S5, B = potentially digestible fraction 7 A iN L85, kd = rate of disappearance of fraction B {5 Bi9iH %2 E; Eff Deg =
effective rumen degradability estimated with a passage rate of 4%/h R F4%A AN BT RANOW N NN RE

Beauchemin et al. (unpublished)



Effects of recombinant enzyme and AFEX treatment on growth of lambs and digestibility of beef
heifers EHMMSCLIE ( AFEX ) HRFERERNNENBFHECRORE

Straw AFEX Straw P<
E- E+ E- E+ AFEX ENZ EXA

Lambs &3FE

Initial BW, kg #%a{kE 25.4 24.0 243 25.3 0.91 0.86 0.20

Final BW, kg £2R{KkE 53.0 51.7 514 52.0 0.58 0.74 0.43

DM, kg/d FHEE{LE 152 1.47 1.58 1.63 0.01 0.92 0.13

ADG, g/d ¥y Hi%E 301 295 309 300 0.51 0.45 0.90

D28 ADG, g/d 28XADG 302 318 325 368 0.01 0.02 0.27

F:G HELL 5.1 5.0 5.2 5.5 0.04 0.45 0.21
Beef heifers SHEREY

DMI, kg/d FHIERER 8.95 8.82 0.66

DM dig, % FHEECE 65.7  65.3 0.61

Ribeiro et al. and Ran et al. (unpublished)



Summary J\& - ruminant feed enzyme RSzh12E8HIR

Increasing fiber digestibility will be increasing important in the future (limited land and feed)

RETHERESEEERE
Enzymes feed additive for ruminants are still experimental

[ & zniE R TGk ER
Cost of enzymes relatively high B8RO AHEIRS
Need to design enzymes for ruminants (most commercial enzymes are not ruminant specific)

BENARSIIDRITTERES ( XASHEBRBHIFTI RSB R )
May need to combine enzymes with pretreatment (low quality feeds)

JER EGEBTNERES (REER )



Other alternative products
He&"m



Blend of feed additives ;B St LN

Product A =52A

*Probiotic (LAB), plant based enzymes and prebiotics
m*EE (LAB) , {EY)EGHAVESTImE R

*Replacement to antibiotics or to assist with antibiotics

BANERNSNERRSER

Product B F~52B

*Probiotic, plant enzymes, selenium and immune boosting and vitamin, trace minerals

mEE. B, WHRRIEETIREER. METH
*A supplement for dairy cattle, beef cattle & sheep

R4, RFHBFHNFTH



Growing trial £{<ixie

Treatments 4hE:

1.Control %IBB4H

2 Implant (IM) BiE5IE
3.Implant + Antibiotics (ANT; monensin, tetracycline) {85+ 142 ( ANT ; REEEE , IR )

4.Implant + Product A 1#4&ER]+= A
5.Product B /=f3B4AH




Growth performance of steers — Growing (diet; F:G = 60:40, DM basis)

Iﬂ¢89$tt1iﬁé 44K ( BiR - ¥858L40:60 , DMELRY )

Treatments At 2

Item IR Control Implant IM+Ant IM+A B
Initial BW, kg ¥4 279 279 279 279 279
Final BW, kg 2K {$E 388> 4200 414*° 417° 400
DMI, kg/d FERRE 7.93 8.09 7.88 8.35 8.11
F:G HiELL 8.100  6.40° 6.56°¢ 6.69°¢ 7.43b
ADG, kg/d F3RINE

D0-28 0-28% 0.82° L.11° 1.21% | 1.39%| | 0.93%

D29-56 29-56X% 0.98°  1.33¢ 1.03> | 1.14%%| | 0.96°

D57-84 57-84% 1.05*  1.39° 1.35% 1.31% 1.35%

D85-112 85-112% 0.99°  1.18%® 1.22* | 1.06*®| | 1.06%

Overall & 0.99>  1.28° 1.23% 1.25% 1.11°
Drug treatments &¥ia7

#steers (/15) NS4SR 8 2 3 0 2

% Bantt 53.3* | 133%™  20.0° 0¢ 13.3%

P<

1.00
0.02
0.37
0.01

0.05
0.05
0.05
0.05
0.01

0.05




Growth performance of steers - Finishing

4 EIIERE - FIE

Treatments 4k #f

Item I H Control Implant IM+Ant BLac+IM Boviglo SEM  P<
Initial BW 428>  459*  448%  457° 433° 7.7 0.02
Final BW 606 636 633 630 617 120  0.56
DML kg/d 106 10.6 105 10.7 10.9 039 094
ADG,kg/d 158 1.56 1.65 1.54 1.65 0.07 043
F:G,kgkg 671 690 6.4l 6.90 6.67 021  0.35

Diet: F:G = 10:90, DM basis ; BiR¥s$H=90:10, F¥HEER;

Initial BW=#35{AE ; Final BW=2XK{&E : DMI=¥HEX R E; ADG=FHHRE;

FG=HEL



Buffers (sodium bicarbonate) &rh#1 ( 537 )

* Fedat 0.5 to 1% of diet DM IAB#RF4mEAY0.5-1 %1 TR

« Commonly used in dairy diets #BFnB4RBS

« Small increase ruminal pH (~ 0.2 pH units), can be important for fiber digestion
IMEEISIES pH(E(~ 0.2 pHE() , MFEHEEEER

* Minimal/variable responses in beef cattle FFe34aREHRIREREL

* Increase osmotic pressure of the rumen 18HNES REEE

* Not widely adopted by the beef cattle industry kiS5

* Mix into diet, not free-choice B&F B+ , FEHHER



Protected vitamin B {RiP 1444 %B

« B-vitamins include biotin, B12, folic acid (B9), niacin (B3), Pantothenic acid, pyridoxine (B6), riboflavin (B2), thiamin (B1) Bk
%ﬁ%ﬁi@ﬁ(f” , B12, H#& (B9 ) , #E& (B3 ) , iZBR (BS) , MEBES (B6 ) , HEE (

« Many B vitamins are involved in the energy and protein metabolic efficiency 125 BifkiE4E B SHERFNE QBRI
BEAEX

» Most of the vitamins are required for normal immune function and can enhance immunity under certain circumstances A&

7 BiREE R R IERRRINREFTUHRRY , EREER e LUEERES

» Rumen microbes normally synthesize B-vitamins in sufficient quantities to meet requirements IEZ 8% SR B (&0
LIS REBE BN BREE T HEREERK

« One of the primary factors affecting vitamin requirements in cattle is physiologic stress EZM4-X A RERBHNFER
B —RAENE

« Stress increases the requirement of some B vitamins due to higher metabolic needs, shift in metabolic priority and lower

rumen activity. MEISIRIN—EBERFEERNTER | XEATZRETRSHMUBER , BB R
FHiR BB iEmD



Role of B vitamins in energy metabolism
BiiEERERRARISHPNOER

B i
Glycogen Gl -
— =P
8 Trighycerides
= B, [oS]: 3 s
By B By | Ia.,s,rammeadd o PaiaSSan Gets
Folate
B,, Biotin
l ZB-CoA Odd-chain fatty
acids STETHEESANES
By, By, By, By, Biotin,
Folate, Pantothenic acid B,,, Biotin, Pantothenic acd
Kreb’s cycle

B, B, )
- N

_—— - ATP <
— ‘ P =
o ".--' A
2 AT
_— Vo

B, By By,
Pamtothenic acid

Figure 1.1 Role of B complex vitamins in energy metabolism



eI a— |

Protected vitamin B R34 4 %B

Only vitamins A and E are routinely provided to feedlot cattle upon entry into the feedlot, but there are indications
that B vitamins would be of benefit EBERE4AHNBEHITER RERIEERANE , EEARKETIN EVBHEEEEN

A number of B vitamins are important in managing stress in feedlot cattle —& BG4 BT ERBICF NS mIEHED

High degradation rate of the B vitamins by rumen microbes & B Ri4-¥DiEHE Bt SAEEI R

Most of the B vitamins would need to either be injected or ruminally protected to insure that they bypass rumen
destruction. AZ #BirMEERFEBTEHEOIRE B P LIS RITIR S PHhERR

Microencapsulation permits the delivery of B vitamins in the intestine, allowing beef to take advantage of their
properties RURMPILAGBIREEFTOZIEE /NS , HM{EASFNENRFHEPIRE

B vitamins Bi#E 4 R Rumen degradation SEFSMENEE, %
Folic acid B7 97

Ribofiavin B2 99

Pyridoxine B6 41

Thiamin B1 68

Biotin B7 45-60

B12 80




T e Rl =

Protected vitamin B- animal trial
FRIPIEESE B - BRI

Supplementation of vitamin B may be required when tress is high such as weaning, the receiving
SRR GINERID. FEENER | CTRER AN R B

A study was conducted in Mexico (Leclerc et al., 2015) —IEBFAETRAIHAR

+ 899 beef cattle (15 pens/treatment) 899sLE34 ( 5/ NLIE15/ M8 )

+ Control vs rumen protected B vitamins blend (2g/head/d) 3J#B{EvsiTBEVBESY
+ A 21-day receiving period 21KAZTEHI

* Rumen protected B vitamins (folic acid, pyridoxine, pantothenic acid and biotin; Jefo Nutrition, St-Hyacinthe,
Canada) fEBE{RPIEVE ( HEE, MBS, ZEFNEYR)

* Improved ADG and feed efficiency 12@ADGHIEIHE

Control Protected B vitamins
TIARE VBLhIEH

Number of cattie 4-SL#4 448 451

Days on feed 21 21

Initial Weight, Kg ¥)8a{EE 265 259

Final Weight, Ko #85k{5HE 306 306

ADG, Ko SRS 2.01° 2.20°

Feed Intake, K 8.53 8.35

Feed Efficiency {a#el e 433 3.90°




T

Methane Inhibitor: 3-Nitrooxypropanol (NOP)
B i N A5 - 3-FH S A 8¥ (NOP)

* Experimental compound 3¢t &4 (DSM Nutritional

Products, Switzerland)
* Inhibits the last step of methanogenesis in the rumen

IR B Rk ERE—

* Degraded in the GIT to propanediol, (propylene glycol),

nitrate, nitrite
EBEPRIFR AR TR, HERITAIHERED
* Low safety risk (not carcinogenic or mutagenic)

RENXPEE ( FTETEE{ER )

Mode of Action {EE#FI:

=Structural analog of Methyi-coenzyme M

P ESRMaERTIESH
=Binds to the active site of the enzyme (methyl-
coenzyme M reductase) involved in the last step of
methane synthesis and oxidizes its active site Ni(l) (Duin
et al. 2016. PNAS.1600298113)

5 HREMTERE A BERMERESENE
RS | FARUIEIERUSNI



R

Effects of feeding 3-Nitrooxypropanol (NOP, 200 mg/kg) and monensin (MON, 33
mg/kg) to feedlot cattle NOPFIZREEETEE ( MON ) XEIBIHESRORZIE

Backgrounding phase F&#i - 105 days

-MON +MON Significance
NOP  +NOP | -NOP +NOP MON  NOP

Initial BW, kg #)%4{Kk& 308 308 | 308 310 086 069

..............................................................................................................................................

..........................................................................................................................................................................

DM intake, kg/d 841 764 808 764 042 <001
_Feedgan FIELL 581 543 546 529  <0.0164%<0.01¢
..... ADG kgd SPIYEIEE 145 143 | 147 146 021 — 041
CH,, g/kg DM intake 282 157 | 281 174 065 <0.01@

No significant interactions between MON and NOP
MONFINOPZ[a)ig g RE T {EMH

240 steers, 6 pens/trt Vyas et al. 2018 JAS
2404 , B MLER6EIRE



Effects of feeding 3-Nitrooxypropanol (NOP, 125 mg/kg)

and monensin (MON, 33 mg/k

Finishing phase WE# - 105 days

g) to feedlot cattle
NOPHIEEEESE ( MON ) X BIEIZES4AY%I

-MON +MON Significance

NOP  +NOP ~ -NOP +NOP  pon

NOP

Initial BW, kg ¥J3a{5E 507 504 512 513  0.06

DM intake, kg/d DMI 121 11.4 11.4 1.0 0.06
Feed:gain HMLY 667 655 658 629 088
_ADG kgd FAJEIME 180 179 173 174 008

CH,, g/kg DM intake 15.9 8.32 19.1 13.8 0.06

No significant interactions between MON and NOP
MONFINOPZ [Eigfs BE AT {EMH

240 steers, 6 pens/trt
240384 , B NEbIE6 I Vyas et al. 2018 JAS



Nitrate as an alternative H, sink in the rumen
EBEEIEREP—HERES SRk

* Nitrate is reduced to nitrite and then ammonia
R BIA R AT EHEREEHRIEA R AR
* Nitrate acts as an alternative H sink, competes with

methanogenesis and lowers methane emissions

EEREFA—MEAMNHREGE , TS5~ RRdERF
, TP ER K HERY

. Source of dietary non-protein nitrogen B¥EIEEBEKIR

» Potential for nitrite toxicity EEEEHIFIEERE S
— Animal adaptation needed EE B/
— Encapsulation slows release of nitrate 2L rEBEE BRI

Lee and Beauchemin (2014) Can J Anim Sci 94:557-570 (review)



Summary - available evidence for efficacy of each alternative

MG - BHRERDARIEOMAIER

Probiotics Z§4EM: growth promotion (GP) and disease prevention (DP),
strong scientific evidence ; {241 ( GP ) fIFH%S% (DP ) |, 88H
ORISR

Prebiotics 284E%%: lack of efficacy TRZ=HBXYE:

Organic acids F#/18&: GP and DP, some evidence HLHE
In-feed enzymes {FIFEES: lack of efficacy FRZIHE
Antimicrobial peptides #K: GP, some evidence FLLIFE
Phytochemicals &4 &%: GP, some evidence BLELIHE

————— . . - 000 | Oe o0
Copper, zinc §@#¥: GP, strong evidence 38%1); DP, some evidence§ == o e | I T T
LR o | © | 00 000 | 00 |00
Immune modulatorsSafEHE T3 DP, strong scientific evidence 3857 = = e —
‘ 4]

Vaccinesf&i: DP, strong evidence 35 iEHE

Takington et al. 2017, PEW
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Conclusions :%ie—

Many feed additives available, many more in development

WEEEERITET A , ESRNEFRF

With ban use of in-feed antibiotics, producers need to prepare use altematives
EEERNEENELLER  £-ETEESERENA

Many factors may affect the efficiency of feed additives 125 2 nJ sER2 N8 [EELTN0FIAOBER

When is the effect of feed additive higher? {+ARHEEELFINFIEEHER ?

DFM may be a useful tool to promote health and reduce current use of antibiotics in cattle
DFMa]RER (B 4@ RN SR R ERNB RGN

Need a science based approach EE—fEFRIZNSE
Need long-term studies for beef cattle EEER Y- _EiF{T<HEIAZ
Combination of different technologies may be best option for future?

FERAGEE NBEANR T RERRAELE



Thank You!
LN !

Questions?

KA GE)E]






