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Microbes are part of the natural world
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Deep sea vents On our skin and in our digestive tract
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A window into the rumen microbiome
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2-20 kg DM F4iK
20-80 L water %
50-150 L saliva &
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Rumen microbiome J& & #3549 Cﬁc

Redundant#@ge®
Resilientsy#i®
Stablef=z
BacteriaZfi & Anaerobic  Gijjiate I:,mtmmaMethanogc'mic Archaea
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BT <105 cells/m <105 cells/mi 10% to 10° cells/ml
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Rumen Protozoa Video
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Interaction among

ruminal microbes
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The microbial onslaught #4waysiE
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Who colonizes at birth? & &mpreiassEy ?

83 bacterial genera, No archaea detected

831N E, RENEIEHHE

8 Firmicutes “ Veillonelic
[t s
& Proteobocteria HEER
TEE) CRATEmR
P T
HFFE)
& Streptococcus
- Spirochoetes : ﬁmmﬁﬂ
W) WEE
“ Tenericutes - Bifidoboctenum
4,10 R TUEEAT 1 %
 Fusobocteric EHHRER
Phylum;|’] RFI) pry ",",,"""';"M‘;
LR Ll TR

Guan et al. (unpublished)



Rumen bacteria composition and diversity change through pre-

weaning
B RERMEDEREZHEEL  Genus

‘] u Prevotelio WILE N

® Bocteroides BN

= Ruminococcws @WHEE R

" Streptococcus SRR N

® Veilioneflo +x IR E N

® Clostridium %X

= loctobodilus FATE R
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6W ® Escherichio S RIFER
" Eubocterium JHATE R
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Functional changes of rumen microbiota
RERMEDHROREEL

® COustening-based subsysterms X TIREMN TR
» Carbohydrates BKALSH
® Amino Acids and Derivatives SR E ET4 M
® Protein Metabolism & 40K
® Miscelaneous X R HMET. 84
= Cofactors, Vitamins, Prosthetic Groups, Pgments . {1, 2% 4
® Phages, Prophages, Transposable elements, Plasmids @ #itk. IS
= ANA Metabolism RNA 488 #iE
® DNA Metabolsm DNAfEM \
= Nucleosides and Nucleotdes B E TR
» Cell Wall and Capsule SIINEBFOXM
= Respiration FE
= Virulence, Disease and Defense Mft. SWFNEF
® Membrane Transport MiE S
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= Nitrogen Metabolisem 48
» Stress Response B M Y
» Cell Division and Cell Cycle AR/ R E GRRM
» Sulfur Metabolism 128
» Regulation and Cell sigralirg [ Y EGMMRIfCS
¢ Secondary Metabolism 4 428
» Iron acquisition and metabolism RN E T
» Metabolsm of Aromatic Compounds 2 EB4 29N
Phosphorus Metabolism  JR48i%
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O-day 0K

Guan et al. (unpublished)



Rumen Archaea - detected from the first week
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Guan et al. (unpublished)



Feed components {548 4

&mw%m Protein® 3 /|

: P Prevotella ruminocola
IS IS Ruminobacter amylophilus Ruminococcus albus & W#E gy s o058
Fermenters BP0 Latad l;’tb.'; O{J‘acfef, silrcanogenes Butyrivibrio fibrisolvens
SRS 3 Streptococcus bovis 7B _
o SEER Rummo-coccus flavefaciens
HEBHRE

Starchig$

“Simple sugars $ 5% Carbon skeletonsiB F 38
Primary & Selenomonas ruminantium £ 4 5E ¢ 858
secondary Treponema bryantii # 5 g
fermenters Megasphaera elsdenii i /£ 5 25 %
v

MBBRB R

Acetate + Propionate + Bu te + H, + CO,
ZEB+RR+ TR+ 8N+ —H U

Methanogens Methanobrevibacter ruminantium &= 8 FietG i
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Role of the feed microbiome gl 4 He9/EH




Importance of biofilms4 Y EEM

A. Nutrient trapping
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Role of rumen microbiomes in the digestion of fiber
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HIGH-FIBRE ' RUMEN MICROBIOME :

PLANT MATERIAL ORDERED COLONIZATION & DIGESTW
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E succinogenes growing on cellulose & plant cell walls
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Grain Structure - Corn 3445 #3- £ K
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Starch digestion in rumensg g & gesu
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AFEX Production Process
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Ammonia Fiber Expansion (AFEX)
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Ammonia
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Potentially digested fraction of NDF by crop residue with and without enzyme and with and without AFEX pretreatment
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Substituting AFEX wheat straw for alfalfa
VR NERFTREEE

Experimental diets i3 B R

Alfalfa pellets & 75 A 50.0 20.0
AFEX straw pellets i 30.0
BRI

Barley grain K& 35.3 35.3
Corn DDGS EXDDGS 5.0 5.0

Canola meal 3§74 5.0 5.0

Mineral/vitamin supplement

FYRIEEE FINF 4-7 el

(Ribeiro et al. unpublished data)



Feed Digestibility{aslix

Effect of AFEX wheat straw diet on total tract nutrient digestibility of lambs (n = 8/treatment)
FRRNEBARMEDBCEERD A CENE (= 8/4L34E)

L e e

DMDTF#FUEE, % 69.5 67.8 1.93

OMDHHIIRACE, % of 71.9 69.5 1.87 0.09

DM

CPDIEE A ELE, % of DM 74.1 69.6 1.16 <0.001

NDFD NDF;E&4L%, % of DM 43.9 50.0 3.84 0.05
44.1 50.3 3.72 0.03

ADFD ADF &1L #, % of DM

(Ribeiro et al. unpublished data)



Lamb Growth Performance4 >#gk

Effect of AFEX wheat straw diet on intake, production performance, and carcass characteristics of finishing lambs (n = 30/treatment)
WA NERMIEHERRR. £ REREEM LR (n =30/40124)

e —— L L

DM FHRRE R, ko/d 1.61 <0.01
ADG HIE, g/d 298 305 51.1 0.51
GF ¥ . Xg# 0.199 0.188 0.0223 0.04
DOF {FMiX 2, d 97 91 - 0.04
HCW #E{EE, kg 235 23.8 2.28 0.66
Dressing percentage/& 3% 45.7 46.0 0.57 0.58

(Ribeiro et al. unpublished data)



Factors: Animal speciesﬁt : B FhAk

k%

North Amerka iqu
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® Cametcs 3352 s&
o Orer Béh
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‘ Miﬁtﬂ iﬁ'ﬁﬂ'!lmm
F TR Me Ueciasntod Lacheospencess

o I'R M ® Rumwococcus
‘ TRANRe S
a
ﬁf&*%i BEM (HARER)

nghn hand pe chars)
soa'”& el {EM Africa BAHT m&?ﬁgﬁ

20 P90 90—

ERREPPUE

B Mg - Growp 12 sp. 1SO4 S
B Metharosphees sp ISOSFL

O GLOBAL RUMEN CENSUS Henderson et al., 2013 Scientific Reports



Porcupine 3%



« Verrucomicrobia SERKM ]

«RF3

« Chlamydiae 26k
CandidatedivisionSR1

» Elusimicrobia IR ER M)

« Chioroflexi IR ¥

« CandidatedivisionTM7

w Synergistetes SR M

« Planctomycetes Z B[]

« Actinobacteria (SR M)

« Lentisphaerae gﬁnﬁ

« Cyanobacteria 5 3R {0

« Tenericutes SX M

« ProteobacteraF - 81

& Spirochaetes SENEHIT]

« Fibrobacteres$F iR 4T M|

& Bactercidetes {05

wFirmicutes M%)

Bacterial diversity at phylum level | ] &40 8 £ 14 Gruninger and McAllister
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Ribeiro et al. (2017)



Principal coordinate analysis (PCoA) of ruminal
bacterial OTUs

B B A YOTUSHY = AR T

PC2 (7.85%)

Cattle (27 day after transfers)
4 ($HHE27XK)

Cattle (1 day after transfers)

* (HEELR)

Principdl coordinate analysis

Cattle (before transfers)

4 (S5

gz L2
— O

PC1(8.87%)

PC3 (5.65%) Ribeiro et al. (2017)



Protozoa population R&:# &

Transfers wa Pwvalue
Before After SEM Time Transfer Time x Transfer
Total Protozoa /& Ji &1 £, x104
Before feeding{s /& /i 7.5 10.0
0.55 0.02 <0.01 0.67
6 h after feeding{dME6h/5 6.4 8.5
Entodinium A E 41 J§, %*
Before feeding{FM Bl 73.1 57.2
i 0.35 <0.01 0.23
6 h after feeding{Fii6h/5 67.8 57.9
Ostracodinium#® F X E R, %*
Before feeding{FM i 7.2 21.2
1.88 0.35 <0.01 0.41
6 h after feeding{3Mieh/5 7.0 18.2

Ribeiro et al. (2017)



Animal variation w4k

After transfer¥4{8 /5 Before transfer¥% 48 gi
Animal Period NDFD Animal Period NDFD
9 1 61.1 11 2 56.0
11 1 57.4 17 2 55.1
7 1 57.1 10 2 54.5
12 1 55.0 15 2 53.4
15 1 54.7 19 2 52.6
17 1 54.0 7 2 52.5
1 1 53.6 2 2 51.9
10 1 52.6 4 2 51.7
8 1 51.7 18 2 51.3
6 1 51.0 8 2 51.1
18 1 50.4 21 2 50.6
19 1 48.9 9 2 49.6
2 1 48.8 14 7 48.9
21 1 45.0 12 2 46.5
14 1 45.0 1 2 45.0
4 1 42.2 6 2 43.9
Mean SD Mean SD
518 49 50.9 33

Ribeiro et al. Sci Rep. (2017)



@ cattted: 251 ¢

Weaned calf (450-600

Ibs) moved dicectly to m‘# (450&00) l’“,ﬂ!'ﬁ

fnishng feed'ot
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Cow-calf

| AERBF e ot DR E RN SR 113
RERXHE, REMSG—MERHEMW  Colf born in spring and left 1o @ veortingtec: e
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(oo e o 1 fecdton TR BIZE W SR M b 472009

REIPAEEED  Conwesnedsn 7 SEEPEFRE  90d o0 pasture

T T
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S

B B4 Backgrounding ER4  Finishing

HREETG0-600B LS, R4V ENTIENE AL 450600 b, cal sold to Calf fed on forage and
BB MG, ARNEEAEs backgrounding operation on grain. Average time s in

pasture or in feediot, fed on feediot: 9 months(l), S
forage-based diet months (2), or 3 months (@)

l

REENFERELAR, Calt backgrounded in Calf fed to slaughter
PRERSERETAR feediot “7-13 months, on weight of 1,350 1,400 Ibs

pasture '131-17 months 5 T34 $41350 - 14008 5 M £ ﬁﬂh Cropland

RET~BAKTEENSE PN Call moved to finishing feedicrt Croplands provide forage, silage and
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Relative taxa abundance of forage, mixed forage, and high grain
dietary rumen microbiomes

PREK
Taxa Level

Phyla[’)
Class4q
Order B
Family#}
Genus/@
Family#}
Genus/@
Family#}
Phyla[’)
Class4
Order H
Family#}
Family#t
Phylaj’]

%
Classification

Bacteroidetes 3 4T
Bacteroidia$JFF &N
Bacteroidales# 4T & B
S24-7
RC9
Prevotellaceae pmiz @
Prevotella 3% (L&
Rikenellaceae FEF A}
Firmicutes F &8¢ |7
Clostridiai2 & /8
Clostridiales#2# B
Lachnospiraceae £#&#|
Clostridiaceae#8 i Fl
ProteobacteriaZE )

fArRiEER. BAEERNANSMEENR R BMEYRNEN 2 XEFFE

Dietary Treatments F $R4L32 (% abundance )

Mixed Forage High Grain
ForageH{5H}
EEHEE S

25.7 26.2 40.3
241 24.9 37.7
241 249 37.7
3.8 2.2

33 2.7
12.0 16.3 32.7
8.9 12.8 31.6
3.7 3.0
55.2 55.8 37.0
533 53.9 349
53.1 53.4 345
321 22.7 16.9
0.9 12

4.7 8.9 17.9

Petri et al. (2013; PLoS ONE 8(12): e83424.)



Dietary strategies to reduce methane emissions

BITRRHT R R A

R AR KRB R

Inhibitors$ %1%
3-nitrooxypropanol 3-E3EAE-1-5H Medium & ? ?
Electron receptorse 34k
Nitroethanefii 38 Z. £ Low i NoZ& No&
NitrateFiE 4t High & No?% ? Yes?i2 ?
lonophores & “F#i{& Low{f No?&E 7 Yes?2 ?
Plant bioactive compounds {E¥)RE A ML A
Tannins (condensed) i (FRéH) Low (i No?&E ? Yes?2 ?
Saponins £ Low?{[f 7 No& No? & ?
Essential oils fid Low?{[ ? No& No&
Bacterial direct fed microbials
HRPRAREY el NoZS s 2
DefaunationBEf% 7 & Low{ff NoZ No
w Medium & No?& ? Yes?ig ?
Inclusion of concentrate 32 B {5} {08 Ik Low to medium P Yes B Yes? £ 7
Improving forage quality#2 B ¥R {54 75 Low to medium P{EF Yesi® Yes 2
| Grazing management i = Low{f YesiE YesE
Feed sin T Low{i YesiE Yes &
Mixed rations and feeding frequency ) B )
R LA RIRIER
“Precision (balanced) feeding and feed analysis Tow to mediom LS o e

WA (F485) IR

(Hristov et al., 2013)



When things go wrong
o] &R tH A R 22

BRCTERIA WARS

€ T B W Laeaden oom
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Intake and rumen pH E & #1JE BpH

Over consumptlon

ruminal p Low
!l!PHﬁN ruminal p

\ %

intake
BDORRE

(Milton, 2000)



Subacute Acidosis T AN E

b ]\
' - | * Buffering by saliva and feed

. 3 I SE2
kg - + Absorption
‘ ‘ MR
» * Passage l_flrom the rumen
* VFA production | LRl =
in the rumen . A 4
RMEPEERER Acid neutralization
4 RERAER BRaY A
Acid production
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Grain VS

Low vs Hi
arison between bacterial communities at 12hr
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Free gas leads to a belchipss#kssiT

Layer of coarse hay and low density particles

TR EREE B

Liquid ingesta layer - medium density

O AR R

Fine particles - high density

RaOph-E5% %
o O —




Stabilized froth leads to bloat
RERNE*®R=SEE B BAK
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Feedlot Bloatirg iz &S




Bacteria slime - plant protems stabilize bubbles
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Conclusions% 4

Understanding the rumen microbiome is the key to proper nutrition and optimizing
production efficiency

TRERBHEYRSEBENERNRE~TRMNXE
Diet is the primary factor that influences the microbiome

PREXMBENHRNTEZRAR

Host animal exerts some control (specific to some microbial groups)
BEDVHETRERT (FFEREMEDE)
Link to efficiency — low diversity/redundancy

S5REFR— ZHME/GED

Early life events — persistency later in life
SR EMRA-—SEEKERFE~£ %9

Post-rumen microbiome

WBEHEMENREE
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Than%l;]you - Questions?
R R IT—1E () ?

View of Chief Mountain in the Canadian Rockies near Watertoh, AB ~1.5 hr from Lethbridge
Bl /R {E A Waterton T 3 AN SO (L Bk ik, W3ENTA 2 57 1.5/\iH 58






