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Factores determinantes do processo digestivo nos ruminantes

» Papel central da digestdo microbiana e localizagdo das camaras fermentativas

* Implicagbes anatémicas
» Implicagbes no transito digestivo
» Implicagbes na eficiéncia e estratégias digestiva

» Implicagbes da localizacao pré- ou pés-gastrica das camaras de fermentagao
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Table 3.2. Occurrence of enzymatic systems for degradation

Anaerobic
Aerobic (microbial)
Bactenal Animal Gl Sludge
Material and fungal  (mammalian)  tract  or soil
Sugar + + + &
SlafCh + - -
Cellulose + - > +
Lignin + - - +
Keratin protein - - - -
Fats + - - +
Fossil
Oil . - - -
Coal - - - :
Table 5.1. Mammals classified by gastrointestinal anatomy
Class Species Dietary habit
Pregastric lermenters
Ruminants Cattle, sheep Grazing herbivores
Deer, antelope, camel Selective herbivores, inclut
ing folivores and frugivoe
Nonruminants Colobine monkey Selective herbivore
Hamster, vole Selective herbivores

Kangaroo, hippopotamus

Grazing and selective hetr-
vores

Hoatzin Folivore
Hindgut fermenters
Cecal digesters Capybara Grazer
Rabbit (lemming) Selective herbivores
Rat, mice Omnivores
Colonic digesters
Sacculated Elephant, horse, zebra Grazers
New World monkeys Folivores
Pig, human Omnivores
Unsacculated Panda Harbivore
Dog, cat Camivore -

Sources: Parra, 1978; Hume, 1982; C. E. Stevens, 1988.
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Table 5.3. Fermentative capacity exptessgd as percentage
of the total digestive tract for mammal species
Total
Colon and  fermentative
Reticulorumen  Cecum  rectum capacity

Species (%) o) (%) (%)
Sheep 4! 8 4 83
Capybara — n 9 80
Cattle 64 5 5-8 75
Horse ~ 15 54 69
Guinea pig - 46 20 66
Rat - 32 29 61
Rabbit - 4 8 51
Pig — 15 a3 48
Human - - 17 17
Cat - - 16 16
DOQ i 1 13 14

Source: Parra, 1978,
Rumen Development Stage
First week of life After 8 weeks After 12 weeks

Small intestine

G

Small intestine
Esophagus

=

Esophagus




Table 17.7. Sites of disappearance of digestible cellulose and hemicellulose

Site Species Diet Celiulose  Hemicellulose Reference
Rumen-abomasum  Sheep  Restricted to grass 93 86 Beever et al., 1972
Small intestine 2 0
Cecum + colon 5 14
Rumen-abomasum  Sheep  Ad lib hay 93 83 Beever et al., 1972
Smail intestine 2 8
Cecum + colon 5 9
Rumen-abomasum  Sheep  Pelleted 80 T Beever et al, 1972
Small intestine 2 5
Cecum + colon 18 24
Postrumen Catte  Restricted alfalfa 9 M Waldo, 1970
Postrumen Ad lib alfalfa 10 kil
Postrumen Sheep  Alfalfa 10 20e Hogan and Weston,
Postrumen Ground alfalfa 10 33 1967
Postrumen Wheaten hay 10 0=
Postrumen Ground wheaten a1 41a

hay
Note: Values are percentages of lotal disappearance.
aCalculaled from original cell wali values.
Table 5.7. Comparative passage rates of liquid and particles
N
Retention
in fermentatigy
Body Whole tract retentiona compartments
‘ weight Particlese Liquid Particles m
Species (kg) (h) () (h) o
Ruminants
Large heifers 555 79 29 47 0
Small heifers 243 62 30 38 %
Sheep 30 70 38 35 1y
Goats 29 52 39 28
. L]
Nonruminants
Horses 368 29 10 1
Ponies 132 2% 10 "
Human 70 1 39 12 i
Rabbit 3 9 1934 4 14
TN
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Table 15.3. Effects of alfalfa hay particle size on retention time
and fiber digestibility
Mean 5% Retention Fiber
size transit 80 -5 digestibility
Feed (wm) (h) (h)e (%}
Long hay — 22 54 44
Coarse grind 434 16 39
Medium grind 393 16 44 K}
Finely ground 280 13 27
90 =
—_ Corte precoce
X 80 -
2 \
é 70 - Corte intermédio
2
g
8 60 -
50 — Corte tardio
1 I T
1 2 3
Nivel alimentar (em multiplos da manuten¢éao)
Efeito do nivel de ingestao alimentar em ovinos na digestibilidade de azevém
cortado em diversas fase do seu desenvolvimento (Demarquilly e Jarrige,
1981).
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Relative use of digested energy

Nonruminants

Ryminants

1 1 | ] -

Figure 5.14. The optimum fibar level for nonryminants is less than that
for ruminants because microbial protein 1§ lost in the feces of nonrumi:
nants and thair digestive capacity for librous carbohydrates is less than

ts' capacity. A lew \olerate very high fiber diels by
increasing intake to achieve their requirements from nonfibar compo-
nents. This results in fast passage and low fiber digestibility. Ruminants
1ail on low-quality very high fiber diets because of the cost of rumination
and other digestive work required (o eliminate lignified fiber from their
complex gut. (From Van Soest, 1985.)

0 2 3§ 10
Neutral-detergent fider in diet (%)

20/03/2023



Hospedeiro condiciona o ecossitema ruminal:

* Ingestéo de alimento (intermitente)

* Fluxo e diluigdo (saliva, ingestdo de agua, parede ruminal, passagem)
* Ruminagéo e movimentos ruminais

» Temperatura, pH, potencial redox

 Imunidade ou outras forma de controlo da micropopulagéo ?!!

Componentes presentes no rimen:

« Particulas alimentares

* Populagéo microbiana

» Material endégeno

* Produtos finais da fermentagao

Simbiose hospedeiro aerébio e comunidade microbiana ruminal anaerébia

Vantagens para o hospedeiro:

« possibilidade de aproveitar abundantes recursos alimentares
celulésicos obtendo :
* AGV (fontes de energia em aerobiose e esqueletos carbonados)
» Biomassa microbiana (proteina, lipidos e vitaminas)

Vantagens para a comunidade microbiana ruminal:

« habitat sustentavel no tempo com:
* Ambiente aquoso com dindmica suficiente para promover a
mistura mas permitindo o tempo necessario para a celuldlise.
» Abastecimento regular de agua e de substrato (alimento) ja
sujeito a maceragdo mecanica.
« Eliminagéo de produtos finais do seu metabolismo.
» Condigbes ambientais estaveis (pH, temperatura, potencial redox
e pressao osmotica).
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Ecossistema reticulo-ruminal

Condi¢des ambientais

Anaerobiose

Excesso de H (pressdo redutora)
Temperatura (38 a 40°C)

pH

Pressdo osmética

Taxas de passagem da fase liquida e sélida
Subtractos disponiveis

Indmeros nichos especializados

Alguns dados
sobre o
ecossistema
reticulo-
ruminal

Reticulo-Rumen

Ovinos Bovinos
Volume, L 7 (5-10) 70 (40-100)
Fluxo, L/d
Saliva 10 (8-16) 120 (60-160)
Agua (bebida) 2 (1-3) 35 (20-40)
Agua (alimentos) 2,5(2-3) 45(3,-55)
Concentragdes
MS (g/1) 60 (50-100)
Bactérias (n°/ml) 101 - 101
Protozodrios 10° - 10°
Propriedades
PH 7 (50-75)
Eh (mv) -350 (-200 - -400)
Pressdo osmdtica (mosmol) 250 - 350

20/03/2023
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Teores em Vitaminas na Dieta e Rimen

Rimen
Tiamina 3-29
Riboflavina 7 - 37
Niacina 11- 91 46 - 233
Pantothenic 23- 42 17 - b6
Biotina 0,04 - 0,47 0,13 -1,16
B> Residual 1,1 -3,0

Ecossistema Reticulo-ruminal

A Summai-y of the Relationships Between the
Microorganisms and the Host Animal

Process

Qutcome

Salivary output
Rumination
Rumen movement
"éas production

Absorption through wall

Dilution and flow
Buffering action
Steady supply of nitrogen

Breakdown of food
Aeration?
Increased salivation?

Mixing of contents
Emptying
Sequestration
Eructation

Surface tension effects
Absorption

Removal of end products
Maintenance of pH
Maintenance of temperature

20/03/2023
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Secregdo Salivar e Sua Fungdo

Fungdes:

- Humedicimento e lubrificagdo dos alimentos

- Constitui 70 a 90 % dos liquidos contidos no rimen

- Neutralizagdo da acidez provocada pela produgdo de
écidos orgdnicos

- Manter o pH entre 5,8 ¢ 7

- Possui substancias anti-espumantes

- Neutralizagdo de taninos

- Reciclagem de N ( ureia )

Secregdo Salivar e Sua Fungdo

Table 156. Effect of ration on saliva production and eating rate

) Salivary production
Eating rate
Feed (g food/min) (ml/min) (ml/g lood)

Pelleted ration 357 243 0.68
Fresh grass 283 266 0.94
Silage 248 280 1.13
Cried grass 83 270 325
Hay 70 254 363

Source: C. B. Bailey, 1958,

20/03/2023
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Tamponamento

Reticulo-ruminal

s 15.7. Factors contributing to rumen buffering

— Promoted by Buffer source
w’f;h;;(;sage) Osmotic pressure Dilution
Feed intake
erﬁon VFA concentration Removal of free acid
saliva Coarse fiber and Bicarbonate
rumination Phosphate
Fper Cation exchange Neutralization
al salts of plant Forage composition Fermenting of plant acids
oroanlc adds to 002
protein NH; production Neutralization
Wa‘ efficiency Microbial growth Diversion of carbon to
‘ cells instead of acids
—_—

Absorg¢do da mucosa reticulo-ruminal

Absorcdo de AGV

A maioria dos AGV ¢ absorvida no reticulo-rimen

pH6 -7 , 95 % dos AGV estdo sob a forma ionizada

v

pH

_—

T

Taxa de
Absorgdo

¢ Difusdo simples das formas ndo ionizadas

e Difusdo facilitada das formas ionizadas

20/03/2023
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Metabolismo dos AGV no epitélio ruminal

Acetato (C2)
- pouco metabolizado no ep. ruminal (1 a 30%)
Propionato (C3)
- pouco metabolizado no ep. ruminal (5 a 30%)
- convertido a lactato
Butirato (C4)
- extensa metabolizagdo (90%)

- conversdo a acetoacetato, p-hidroxibutirato

Absorgdo através da mucosa reticulo-ruminal

Absorgdo de dcidos gordos cadeia média e longa

e Até C10 sdo absorvidos

e A partir de C12 jd ndo sdo absorvidos

20/03/2023
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Acidos gordos volateis (AGV)

Concentragdes molares

Peso pKa E.B. Concen- Forragem  Mista
molecular (keal/mol) ~ trado
c2 60,05 4,75 209,4 b5 70 65
C3 74,08 487 367,2 25 15 20
c4 88,10 4.81 524,3 15 10 10

Absorgdo através da mucosa reticulo-ruminal

Absorgdo de Aménia
Base fraca com pKa =9

pH6 -7 , 99 % da aménia estd sob a forma ionizada

Taxa de
Absorgdo

Difusdo simples da forma ndo ionizada

20/03/2023
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Absorgdo através da mucosa reticulo-ruminal

Absorgéo de Amino dcido e peptideos
¢ AA - pouco expressiva (baixas concentragGes
ruminais)
¢ Peptideos - alguma
Absorgdo de vitaminas
¢ Pouco expressiva
Absorgdo de Minerais

* 80% do magnésio é absorvido no rimen
e Sdédio, Cdlcio, Enxofre

Rumen papillae (sheep)

3

MUSCLE LAYER ARTERIOLE

Figure 15.4, Cross section of the fully developed rumen wall depicting
IMWU“MNWM(MD.HMMW
1970). Details Jl mitted. B = 1 L BM =
basement membrane; CAP = capilary; CT = connective lissus; F =
fibroblast; N = nerve trunk; TCJ = tight cell junction.

20/03/2023
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Secregdo de ureia

Difusdo simples

Populagdo microbiana com ureases na parede ruminal

Regulagdo da permebilidade do epitélio & ureia
Shortterm effect

~co, - )

~drained _® /
capillaries ™
-~ VFA
. >

(€]
- NH, epithelium permeability
X
G <)
 Urease activity ———s- -—
-~
®

l

Long-term effect
(adaptation to diet)

- papillae number
and size
~ contact area #VEA
between capillary
network and
epithelium

= urease activity
- NH,
~ uraemia

Fig 3. Intraruminal factors having short- or long-term effects on the urea flux across the ruminal epithe-

lium, and the assumptions concerning their actions.

T Concentragdo ruminal de CO; ¢ Butirato

4 Fluxo de ureia através do epitélio

Componente microbiano no ecossistema reticulo-ruminal

Fagos

Archeas (metanogéneos)

Bactérias
Protozoarios
Fungos
Ne® W <
Archaea Fungi

Bacteria

ot

e
0 O

Protozoa

Virus

20/03/2023
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Ecossistema reticulo-ruminal

Percentage (%)

:
Total® Bacteroidetes®  Firmicutes® Other*

Figure 1 The uncultivated bacterial diversity of the rumen. The
percentage of operational taxonomic units (OTU) represented by
uncultivated (light grey) and cultivated bacteria (dark grey) for the *total
rumen bacterial biota is shown (Edwards et al, 2004). The phylum

20/03/2023
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Examples of Relationships Between Rumen Microorganisms.
Based on various papers and review articles, e.g. El-Shazly et al., 1961; Eadie, 1967; Coleman and
Laurie, 1974a, b; Jarvis, 1968; Ball, 1969; Pittman and Bryant, 1964; Prins, 1977; Wolin, 1975;
Czerkawski, 19782

Competitive

1. Competition for nitrogen by starch and cellulose digesters.

2. Protozoal antagonisms (¢.g. ophryoscolex and epidinum).

3. Ingestion of protozoa and bacteria by protozoa.

4. Attack of selecied bacteria by bacteriophage (e.g. Fibrisol pared with S. bovis).
5. Fungal infection of some protozoa. .

Beneficial (to one partner)

Utilization of breakdown products of fibre digestion by inhabitants of compartments 1 and 2 (Chapter 5).
Utilization of substances known to be produced, but not lating (e.g. i formate, lactate).
Utilization of tetrapyroles by microorganisms that possess cytochrome b, but cannot synthesize it

Use of preformed glycolytic intermediates in synthesis (including acetate).

Use of branched-chain volatile fatty acids by cellulolytic mi ganisms.

. Use of amino acids and peptides released during fermentation and lysis.

Ll ol o

Beneficial (to both partners)
1. Many scavenging reactions, in which the removal of products improves conditions.
2. Known couplets, particularly those that suffer from product inhibition.

Bactérias

e Livres (fase liquida)

e Aderentes as particulas (60 a 90 %)
e Aderentes as paredes ruminais

e Simbidticas com protozodrios

19



Tabla 3.2:

Principales bacterias ruminales

degradan los polisacdridos de la pared celular.

Polisacsridos
pared celular

Espec

Celulosa

Bacteroides succinoger
Ruminococcus flavefacit
Ruminococcus all
Butyrivibrio fibrisolv
Cillobacterium cellulosolv
Clostridium lochhea
Cellulomonas fi
Eubacterium s;

Bulyrivibrio fibrisolv
Ruminococcus flavefacic
Ruminococcus all
Bacteroides ruminac

Todas las especies celulol
cas y hemiceluloliticas m
Lachnospire multipar
Streptococcus bo
Succinovibrio dextrinosolve

Fuente: Cheng et al (1984)

Table 7-1. Grouping of rumen bacterial species
according to the type of substrates which are

fermented.

Ruminococcus albus

Butyrivibrio fibrisolvens

Major Hemicellulolytic Species.
Butyivibria fibriscivens
Bacteroides ruminicols
Rusrmir i

Msjor Pectinolytic Species
Butyrivibrio fibrisohvens
Bacteroides rumini:

Major Amylolytic Species
Bocteroides
Streptococeus bovi
Succinimonas amylolytics
‘Bacteroides ruminicola

Major Ursolytie Species
Suecinivibrio dextrinasolvens
Selenomonas 1p.
‘Bocteraides ruminicola
Ruminacaccus bromil
Butyrivibio 5p.
Traponems p.

Major Methane Producing Species
Methanobrevibacter ruminantiom
Methanobacterium formicicum
Methanomicrobium mobile

Major Sugar-Utilizing Species
Treganeaa brysatii
Lactobacillus vitulins
Lactobacillus ruminus

Major Acid-Utilizing Speces
Megasphaera elsdenil
Selenomonas ruminantium

Bacteroides ruminicola
Butyrivibrio librisolvens
roptococcus bovis
Major Ammonia-Producing Species
Bocteroides ruminicola
Megasphera elsdenii
Selenomonas rurninantiom
Major Lipid-Utilizing Species
Ansecovibrio lipolytica
Butyrivibrio fibrisobens
Treponera brysntii
Evbacterium 5.
Fusocills 9.
Micrococcus sp.

Composicién (%)
Material de
pared celular Liquido
Género vegetal ruminal
Butyrivibrio 32 7
Selenomonas 14 10
Spirochaete
sin nombre 8 (]
Lachnospira 8 1
Megasphaera 1} 1
Streptococcus 3 12
Ruminococcus 16 6
Bacteroides 11 38
Otras 8 15
Numero total
de cepas
aisladas 368 292
Cantidad viable
(cfu mrix 107) 230 201

Fuente: Phillips B y Latham MJ, datos sin publicar (cita-

dos por Cheng el al 1984)

20/03/2023
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Eubacteria Archaca Eucarya

Figure 1. Rooted tree of phyl s ot

ips among Eub ia, Archaea, and Eucarya. Redrawn from Wheelis et al. (81).

wre 8.1. Fibrobacter succinogenes adhérant a une fibre de cellulose (culture bactérienne de
i h sur papier filtre). Cliché INRA, labo. de Microbiologie, Clermont-Fd-Theix.

21



Micropopulagao aderente ao epitélio

reticulo-ruminal

Figure 8.8. Bacilles adhérant a la muqueuse du

rumen chez un jeune agneau (1 barre = 10 p). . il e
Cl |Ché IN RA, ‘labo. MiCrObiO[Ogie, C|ermont- of the rumen wall and snaerobes partjally associated
Fd TheiX with plant cell walls, starch particles or floating free.

From Cheng and Costerton (7)

©C L. Davis, 1995

20/03/2023
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Figure 10.5. Bactéries fixées sur les parois  Figure 10.6. Protozoaire cilié (cliché E.
cellulaires de pulpe de betterave (cliché E.  Grenet).
Grenet)

Figure 2 Micobial feed-associated biofilms. Scanning electron micro-
scopy image of a biofilm community present on the adaxial surface of
Lolium perenne following 2 h of incubation in the presence of rumen fluid
and under in vitro conditions mimicking the rumen ecosystem (Mayorga
et al., 2007). The plant waxy cuticle (PWC) and the scale bar of 10 jum are
also indicated on the image.

20/03/2023
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Bactérias Celuloliticas (fibroliticas):
(Butyrivibrio fibroselvens, Ruminococus albus, R. flavefaciens,
Bacteroides succinogenes, B. ruminicola)

¢ Anaerébias estrictas

o Extremamente sensiveis a pH abaixo de 6

¢ Necessitam de AGV ramificados para crescer
¢ Baixas taxas de crescimento

¢ Aderéncia as particulas

» Enzimas (glucanases extracelulares: xilanases,

celulases, )
T DO M adosid s celuloliticas
Necessidades em AGV ramificados;da bactérias celuloliticas
T...2 NH,
H!C--—TN.—CH—COOH _L’ H,G — fH—CH:—-COOH
CH, CH,
Valina 4c. isobutirico
NH, NH,
‘ A
H,C—CH,—?H—CH—OOOH H,c—ca,—:lzu—cn,— COOH
CH, CH,
Isoleucina ac. 2-metiibutirico

L, NH,
H,C—TH—CHg—\Itﬂw—,SODH —LD H,c_fu_cu,—cuz—coou
CH, CH,
Leucina éc. isovalérico

20/03/2023
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Bactérias Amiloliticas e utilizadoras de agucares

(Streptococcus bovis, Succinimonas amylolytica, Bacteroides
amylophilus, Lactobacilus spp)

* Mais resistentes ao baixos pH

» Crescimento mais rdpido

¢ Amilase extracelulares

Bactérias Utilizadoras de dcidos intermédios (lactato,

sucionato, valerato, formato, etc)

(Megasphaera elsdenii, Selenomonas ruminatium)

Metanogénese no rumen

Glucose —Tvaruvale Tv Acetly-CoA

H Formate — [H] +CO,

N

Gaseous H,
Dissolved H, ——— = [H]

]

[T11]

y
L. Methanogens
0, [H]
[H]
Pyruvate L —p
=1
Propionate-forming
cteria
coi L.} Homsscougers.
R R
Sufate st e
Alkgne O oo
Feeds - e

Fig. 5. A brief overview of the biochemical pathways for disposal of H; in the rumen.

0

CH

4

Propionate

> Acetate
~  Nitrite + Ammonia +N,O

HS
Alkane
Microbial biomass

20/03/2023
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Methane Production in the Rumen

Redirect flow of hydrogen away from methanogens

Alternative H, acceptors:
-Organic acids
- Nitrate

Acetogens
o

g o BPo
R o %o

o
a
= =)

Feed

20/03/2023
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30-40% CH, in

rumen

20/03/2023
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Rumen methanogen diversity

Methanomicrobium (15%) ‘

100|
]
@)
2= Methanoplanus (2)
L1929 Methanolacinia (2)
10— Methanoculleus (7)
| 190 ——— Methanololiis (4)
w— Meth and relatives (8)
s L = Methanospirium (2)
| | I— ———"" Methanosarcina and relatives (24) {1
{ @
L___1o0) 10, L Methanimicrococcus (14)
 —— {4)
— o,
[ RCC (142) ‘\:, Rumen Cluster C (15%) ‘

[

— Thermoplasma and relatives (3) ]

and relatives (98) <~

Methanobrevibacter (62%)

e =" Methanosphaera (24) <)

Mbb. wolinii and relatives (4)

Ibb. smithii
I CAwSS1 )
. == Mbb, ruminantium and relatives (57) ,’-f‘l

N
CSIR03.02

.
" Mbb. afboriphilus and relatives (10)
|~ CAw264.
CAw2104 ILP
Qld26 (10)
T — “n g
o7 - J.dnrhannfmenmhacler(ﬂ]
Y Methanothermus fervidus
100
—_— (14)
[ —— e Mo {— Completed
Ly I ———————— Archaeoglobus (2) ¢ H
— =— Thermococcus and relatives (3) Underway I NZ .
3 Rumen ® <~ Underway in Australia
L e——————————————— Guifolobus and relatives (5) Y
0.10

Janssen and Kirs, 2008

20/03/2023

Energy conservation

Capture of reductant

iSCoM
HsCoB
MVRBAGD-HArACED Mer AGCDB
AwA1 A2
CoBS-SCoM
F

4.2
CH,

Na'
Formyl-H,;MPT [
H 3 Men
e X 0 o
Methenyl-H,;MPT
NADP* a0 H .\
Ve
@39 6339 FaH Cmm Hmd "
pool
Fa, o
NADPH Fio ha
e Methylene-H,MPT
T
FHEGDA Mor
F Fao
Formiate 0 ) )
Fdus? Methyl-H,MPT
P HSCoM
Methyl-S-CoM
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Methane Emission and Dry Matter Intake

500 - ™
/ o N

450 -

%

dairy cows

Wb

a o

o O
L 1

RS
[e)]
& 300 -
E 250 -
= o
O 200 -
‘s <
T 150 - *
© 100 ol
beef cattle + Canadian
50 A s Australian
0 - T T T T 1
\ 0 5 10 15 20 25 30
\ Dry matter intake, kg/d

Grainger et al. 2007. J. Dairy Sci. 90:2755.

Carbohydrate polymers By & W el (11,1771

® |

2 Oxaloacetate < 2 Pyruvate
@ l ?V \:rmate—) 2c02+®
2 Malate

l 2 Lactate @ 2 Acetly-CoA

— | >~

2 Fumarate

2 Acetaldehyde @ 2 Acetyl-Pi
2 Succinate ——> 2 Propionate 2 Ethanol Butyrate 2 Acetate

2H, 0H, 2H, 4H,

Fig. 2. Production and consumption of metabolic hydrogen ([H]) during rumen volatile fatty acids production.
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Fucose/Rhamnose

B .

Hexose/Pentose

L |
-

- 1
- 1

- i
@
v

propanediol pathway

Fig. 3. The three pathways of propionate formation in the rumen.

-
Fid
L + Di Pl == = === > > O
‘\ Methyigh " Malate
et oxal
D\ D 2 Pyt
@-\ @ "\I Fumarate
Y @
1,2 < Lactate \l
\ Succinate
@D ey D
Propanol (—‘i Propionaldehyde Lactoyl-CoA Succinyl-CoA
(B,
Acryloyl-CoA R-methylmalonyl-CoA
D D
L S-methylmalonyl-CoA
Propionyl-CoA Propionyl-CoA
Propionyl-CoA
v !
Propionate Propionate Propionate

Succinate pathway

The istics of different that p ially promote propi
Strategies Mechanism of mitigation Effects on propionate Effects on CH, Potential problems
lTonophores Inhibition of micrabes that produce H; or formate Medium Medium « Bacterial resistance
* Residues
I d d hibition of meth Low High % Toxicity
< Residues
4 Bacterial resistance
Plant secondary compounds A broad spectrum of antimicrobial activity Medium Medium + Costs
« Bacterial resistance
+ Negative effects on performance
Lipids Inhibition of methanogens and protozoa Medium Medium & Costs
< Negative effects on performance
Nitrooxy d: hib of meth Low High + Costs
* Potential bacterial resistance
Propionate precursors Competing with methanogenesis for [H] High Low 4 Costs
< Inefficiency
Concentrates Competing with methanogenesis for [H] High Medium « Costs
* The risk of ruminal acidosis
Forages Lowing CH, emission per unit of meat and milk Non Non % Increasing the absolute emission
Non-forage fiber sources Competing with methanogenesis for [H] Low Low + Inefficiency
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Metanogénese

Permite que os microorganismos produtores de H,
utilizem vias metabdlicas com maior rendimento em ATP

- Aumenta o rendimento microbiano (proteina microbiana)

+ Aumenta a actividade fibrolitica (maior digestdo da
fibra)

Por outro lado representa uma perda de energia
disponivel para o metabolismo do animal

Stoichiometry of Fermentation of Glucose by Two Rumen Orgapisms Grown
in Continuous Culture (Based on the Values Given by Iannotti et al.. 1973)

Amounts
(mol/100 mol glucose)

Products R. albus alone R. albus with V. succinogenes
Ethanol . 69 0
Acetate 74 147
H; 237 0
. Succinate 0 384
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GLUCOSE
[6-3-P] INHIBITS
tm\o \f’ Fdo:i \%\‘(-COZ
NADH - H? N CHy
PYRUVATE
CoASH Fdox

COx Fdred

ACETYL~ SCOA—7'T‘ ACETATE
NADH ADP ATP

NAD
ETHANOL

Figure 7-3. Fermentation of Ruminococcus albus in
pure culture and in co-culture with a methanogen.
Acetate, ethanol, H, and CO; are end-products in
pure culture, while only acetate and CH, are end-
products in co-culture. Courtesy of Wolin and Miller
(60).

Balango da Produgao de ATP (~P) e de equivalentes redutores (2H) nas

diversas vias de fermentacao

Lactato Acetato  Propionato  Butirato Etanol Valerato
Total (~P) 2 4 4 3 2 2
Total (2H) 0 4 -2 2 0 -1
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WE INHIBITED METHANE PRODUCTION, BUT THE
ATTEMPT TO RECHANNEL THE HYDROGEN HAS FAILED!

Protozodrios ciliados

e Entidinomorfos

e Holotricos

Predadores: Aumentam a reciclagem de N no rimen
Ingestdo de particulas

Digestdo de celulose 12!

Simbiose com bactérias metanogénicas

Ndo sdo indispensdveis
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Tabie 16.4. Ciassification and characteristics of rumen prolozoa

Probable main Approximate
carbohydrate Cellulose. generation time
Gonus substrate digestion Productse (h)
Halotrichs
isomcha Starch and sugars® 0 23LlaH, 48
Dasyticha Starch and sugars 0 23LaH, 24
Entodiniomorphs
Entodinia Starch 0(+) 1,2,3.4,(La) 6-15
Epidimum Starch, hemicellulose 0 2,3,H,,(1,3,La)
Ophryoscolex Starchb 0 2.3.H,.(3) 24-48
Diplodinium +
Eudiplodinium + H, fatty acids
Polyplastron + 48

Source: Hungate, 1966.

Note: Morphological features of the rumen protozoa are described in Hungate, 1966, and Church, 1975.
sAbbreviations are from Table 16.2; parentheses indicate a minor product.

sPagtinolytic, but do not seem to utilize products.

© Copyright 1995, Mel Yok
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Dep. Mutrigio - EZN
R Bessa 1956

Dep. Nutrigio - EZN
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Fungi

Anaerdbios

Presentes em maior nimero em dietas pobres

-Z00oSporos
- germinagao
- rizéide

http://www.goatbiology.com/animations/funguslc.html
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Figure 10.7. Champignon (cliché E. Grenet).
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Micropopulagao aderente ao epitélio

reticulo-ruminal

Figure 8.8. Bacilles adhérant a la muqueuse du

H s Figure 8:1. Locations of microbes in the rumen with
rumen Chez Ul:] jeune agneag (T t.)arre =11 u)' facultative anserobes found near the epithelial cells
Cl lChé |NRA, labo. MICrOblOIOgIe, C[ermont- of the rumen wall and snaerobes partjally associated

s with plant cell walls, starch particles or floating free.
Fd-Theix. From Cheng and Costerton (7).

I. Polymer Degradation

Micro fibrils

000008 S Hexose sugar
Cellulose Bacteria, Fungi, & Protozoa
LAl A2 42 = .'

Hemicellulose .: Oj . pA

Pentose sugar

Plant cells

Plant Microorganisms secrete fibrolytic enzymes that hydrolyze the complex
polysaccharides into smaller sugar molecules, such as hexose and pentose sugar

Il. Rumen Fermentation
SVFAs absorption

via rumen wall
Rumen
. . . Propionate
. . Fermentative microbes convert sugar - = = = Tissue/
Hexose sugar into organic acids, SVFAs, CO,, and H, @ - - Blood

0, L T Ly S T

L 1 ] \g N 0 o

Acetate
Pentose sugar @ Rumen

enithelinm
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Il. Rumen Fermentation

g;»j SVFAs absorption
9 via rumen wall
Rumen Aj
‘ . . Propionate N
. . Fermentative microbes convert sugar ICT> - - -» Tissue/
Hexose sugar into organic acids, SVFAs, CO;, and H, @- - -] Blood
® A — 09999  buvrate
NAD NADH NADH  NAD Valerate
L T 5 o o
ey \g ® Acetate ® ) co.
'entose sugar HTan
enithalinm

1Il. Electron Disposal

. u,d.oge,.mpmc‘ Nitrate/Sulphate reducing bactera

. S0,
co; \ @9 () NOs O )
b. Acetoclastic * o , >
- | ®a Sulphate  w= |, ®®
CHCOOH —— o Nitrate % reducing
reducing e & bacteria = &
@@ G bacteria
¢. Methylotrophic e . & O O @ &
CH;0H or = : O O Lk
CHNH, ©0)

Degradacao da MO e producao
de AGV

» Extensa degradacgao dos polissacarideos e outro
material organico

» Colonizacio das particulas vegetais por biofilmes
microbianos

+ AGV, CO, e CH, sao os produtos finais do
metabolismo anaerobio ruminal

» Sintese de biomassa microbiana (proteina;
vitaminas e lipidos)
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__—>  Xylse
galacturonique (et autres pentoses)

Glucose Glucose Xylulose-P

— =
\‘ Glucose-1-P -/ Xylulose-P Ribose-P
v
Glucose-8-P X
M Fructose-P Erythrose-P
; e

Phase fermentaire

Figure 9.2. Voies du métabolisme des glucides dans le rumen.

Carbohydrate polymers By 25 N c] 111,711

® |

2 Oxaloacetate < 2 Pyruvate
@ l @i/ Nﬂmaw—) 2c0,+ @D
2 Malate

l 2 Lactate @ 2 Acetly-CoA

2 Fumarate D / \

2 Acetaldehyde @ 2 Acetyl-Pi
2 Succinate ——> 2 Propionate 2 Ethanol Butyrate 2 Acetate
-2 H, 0H, 2H, 4H,

Fig. 2. Production and consumption of metabolic hydrogen ([H]) during rumen volatile fatty acids production.
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B .

Fucose/Rhamnose Hexose/Pentose

-1

D~

Methylglyoxal Pyruvate
@ @~
4 Lactate

1,2

@

D (sz)l

Propanol (—‘4 Propionaldehyde Lactoyl-CoA

Yy

<
D

Acryloyl-CoA

@««l

v
Propionyl-CoA Propionyl-CoA

l

Propionate Propionate

propanediol pathway Acrylate pathway

Fig. 3. The three pathways of propionate formation in the rumen.

=

@ f{niralu

Succinate

Succinyl-CoA
(By2)

R-methylmalonyl-CoA
S-methylmalonyl-CoA

Propionyl-CoA

|

Propionate

Succinate pathway

Acetic acid

active cellulolytic active amylolytic
flora flora

- =

Moles /100 Moles
-
o

204 Propionic acid_ ———

-
——
- -
-

.+ Lactic acid

0-— T T
6 5

Rumen pH

Figure 8-10. Relationship of ruminal pH to ruminal
proportions of acetic, propionic and lactic acids.

From Kaufmann et al (15).
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Proportions molaires des AGV (%)
70
Relagao entre a Acide acétique
digestibilidade 7
daMOea
proporgao de AGV
no rumen.

Acide butyrique

10+

(&} m m @ ® @0 . ()8 ®

o T T
05 086 0,7 08
Digestibilité de la matiére organique
(n) nombre d‘ohmmﬂons
Rations a base de -
o fourrages %
o mélanges de fourrages et d'aliments concentrés

N

Extrémité
non-réductrice

Cellobiohydrolase

Endoglucanase

fibre de
cellulose

Cellodextrinase

Cellobiase

cytoplasmique externe

Figure 8.4. Modele actuel de la dégradation de la cellulose par les enzymes caractérisées de
Fibrobacter succinogenes.
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Hexose
P Pyr (11774 1 ¥ R —
Loctate Succinate Acetyl -CoA Co,
Propiongte Butyrate CHa

Acetote

F1G. L.5. Dissimilation of glucose in the rumen: a simplified scheme.

g 60 /ﬂ,_ Soluble carbohydrate

E A 49

‘; ° \—Pectin

] 40— H

© N Cellulose

5 4 s

520 A Tt s

c

[-+] [o]

€ ? ¥ &

@® 0 t\&’&:w

R o v e s s e
[—>» 5 10 15 20 25
Feeding Time (h)

Figure 8-9. Fermentation of alfalfa components in
the rumen. From Baldwin as cited by Smith and

Otidham {28).
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Metabolismo Azotado no Reticulo-Rimen

substrato
utilizado

Alimento \
Rendimento em( ) \
ATP por

Rapidez de
utilizagéo do
substrato

Calor

ATP
disponivel por unidade de tempo
ATP potencialmente
< M arp utilizado em
crescimento
ATP em

A

excesso

ATP utilizado em

A

crescimento

Biomassa Microbiana 4—/

Cadeias carbonadas
NH3

AA

peptidos

AGV ramificados

8

Vitaminas

20/03/2023

45



Obrigado pela atengéo
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