ASC 684 Table 50 - Major species of primary rumen bacteria - from Van Soest, 1994

Substrate

Pectin  Starch Sugars Products

Species Hm

Lipids Protein Acids H, Requirements

Structural CHO Fermenters

Ruminoccus albus HFC FX 1,2,Et,H, ,CO; NH;,CO,,Br,V,2+

R. flavafaciens HFC FX 1,2,Su,H, ,CO, NH;,CO,,Br,Sta
Fibrobacter succinogenes HFC H Hm F Dx 1,2,Su NH;,CO,,Br,2,5,VSta
Butyrivibrio fibrisolvens HFC F X F Pr 1,2,4,Et,La, H, ,CO, NH;,CO,,Br,V,Sta
Eubacterium cellulosolvens HFC F X F Pp 1,2,4,La,CO;

Succinivibrio dextrinosolvens FPn F Pc 1,2,Su,La Sta

Lachnospira multiparus F Cb F Pc 1,2,Et,La, H, ,CO, 2,V,Sta

Nonstructural CHO fermenters

Bacteroides ruminicola FCb FX = [Pe FS F Hx F Pr 1,2,3,Su

B. amylophilus FS H Pr 1,2,Su NH;,CO,
Selenomonas ruminantium FCb F Pn FS F Hx F Gl F Pr 2,3,4,Su,La,H, 2,COxt
Streptococcus bovis FCb H Pc FS F Hx F Pr 1,2,EtLa

Succinomonas amylolytica FS FG 2,4,5,Su,H,

Eubacterium limosum FCb F Pn F Me FGFr FLa U H, 2,4

Megasphaera elsdenii F MI F Su F Gl F Pp FLa 2,3,4,5,6,H,,CO;

Lipolytic species

Anaerovibrio lipolytica F Fr F Tg A FLa 2,3,Su,H, ,CO, AV
Peptostreptococci spp. Fr FPrA 2,4,Br,NH3,CO,
Clostridia spp. F Cb F X+ F Pc ES F Sc Fr FPrA

anic acid fermenters
Megasphaera elsdenii FS F MI F Gl F Pp FLa

1,2,4,Br,Et,La,Hy,NH3,CO,

2,3,4,5,6,H2,CO;

Veillonella alcalescens F La U H, 2,3,H,,CO,
Methanobacterium ruminantium U H, CH, 2,C0O,,Br,He,NH;,V
Vibrio succinogenes UH, Et,CO,

amino acids starch

hydrolyzes substrate but does not

branched-chain fatty acids use products sucrose

cellulose hydrogen stimulated by amino acids

Fu
Fr
G
Gl

cellobiose
cellulosic fragments
carbon dioxide
dextrins

ethanol

ferments and utilizes
substrate

fumarate

fructose

glucose

glycerol

Pp
Pr

heme
hemicellulose
hexose
lactate
malate
methanol
maltose
pectin
pentose
peptides
protein

succinate
triglycerides
utilizes
vitamins
xylan
formate
acetate
propionate
butyrate
valerate
caproate

only in some strains
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Figure 51 - NH3 and Microbial Protein in Continuous Culture
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Fig. 1. Relationship between ammonia concentration (INH3;-N) of continuous-culture fermentor
contents {open symbols) and output of tungstic acid-precipitable nitrogen (TAPN) (closed
symbols) when either a purified (O and @), all-concentrate (J and M) or forage—concentrate
(23:77) (A and A) mixture was added to the fermentor.

From: Satter, L. D., and L. L. Slyter. 1974. Effect of ammonia concentration on rumen microbial protein production in vitro.
British Journal of Nutrition 32: 199-208.
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Figure 52 - Degradable protein, NDF digestion, and
Efficiency of Microbial Protein Synthesis in vivo
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From: Koster, H. H., R. C. Cochran, E. C. Titgemeyer, E. S. Vanzant, |. Abdelgadir, and G. St-Jean. 1996. Effect of increasing
degradable intake protein on intake and digestion of low-quality, tallgrass-prairie forage by beef cows. J. Anim Sci.
74:2473-2481.
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Figures 53-54. Carbohydrate Use by Ruminal Bacteria
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FIG. 1. Growth of F. succinogenes subsp. succinogenes S85 in batch cultures with glucose (A), cellobiose (B), Avicel microcrystalline

cellulose (C), or amorphous cellulose (D) as the carbon source. Symbols: @, total cellobiosidase activity; A, total protein concentration; O,
extracellular cellobiosidase activity; &, extracellular protein concentration; W, residual cellulose concentration,
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FIG. 2. Growth of F. succinogenes subsp. succinogenes S85 in
batch cultures with Avicel cellulose (0.29%) as the carbon source. A
glucose-grown culture (A) or a cellobiose-grown culture (B) was
used as the inoculum. Symbols: @, total cellobiosidase activity; A,
protein content; M, cellulose concentration; [J, soluble carbohy-
drate.

From Huang and Forsberg, 1990. Appl. Environ. Microbiol. 56:1221-1228.
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Figures 55-56. Carbohydrate Use by Ruminal Bacteria
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FIG. 3. Growth of F. succinogenes subsp. succinogenes S85 in
batch cultures with glucose (0.3%) and Avicel cellulose (0.2%) as he
carbon sources. A glucose-grown culture (A) or a cellobiose-grown
culture (B) was used as the inoculum. Symbols: @, total cellobiosi-
dase activity; &, protein content; M, cellulose concentration; [,
soluble carbohydrate concentration.
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FIG. 4. Growth of F. succinogenes subsp. succinogenes S835 in
batch cultures with cellobiose (0.3%) and Avicel cellulose (0.2%) as
the carbon sources. A glucose-grown culture (A) or a cellobiose-
grown culture (B) was used as the inoculum. Symbols: @, total
cellobiosidase activity; A, protein content; l, cellulose concentra-
tion; 0, soluble carbohydrate concentration.

From Huang and Forsberg, 1990. Appl. Environ. Microbiol. 56:1221-1228.
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FIGURE 57 - Interactions among rumen bacterial species
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FIGURE 58 — Ruminal fermentation of select amino acids to C4 & C5 VFA
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Table 51. Characteristics of Ruminal Protozoa

Characteristic Holotrichs Entodiniomorphs

Genera Isotricha Entondinium
Dasytricha Diplodinium
Charonina Eudiplodinium
Buetschlia Ostracodinium

Metadinium
Polyplastron
Ophryoscolex
Epidinium

Ciliary morphology

Distributed over entire cell
surface

Restricted ciliary zones

Nucleus

Spherical or oval shaped
macronucleus

Rod shaped with or without
lobes. Useful in spp. ID

Skelatal plates Absent Present; number and location is
used in generic ID

Proportion 10 -25% 75 -90%

Number 1to 10 x 10* 1t0 10 x 10°

Functional Increase after feeding Do not increase after feeding

Increase in cattle fed high forage
diets

Do not hydrolyze structural
polysaccharides

Increase in cattle fed high grain
diets

Hydrolyze structural
polysaccharides
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Figure 59 - Micrographs of Holotrich Protozoa*
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*From Ogimot and Imai. 1981. Atlas of Rumen icobidlogyl Japan Scientific Societies Pfess,I Tokyo.

Maghnification in these images ranges from 360 to 760X.
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Figure 60 - Micrographs of Entodiniomorph Protozoa*

1981. Atlas of Rumen Microbiology. Japan Scientific Societies Press, Tokyo.

Magnification in these images ranges from 250 to 600X
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Table 52. Ciliated protozoal counts, cell volume, and generic distribution
in cattle fed high-forage or high-grain diets2b

High Forage High Grain
Volume, mL/mL Volume, mL/mL

Protozoa Number x 10* rumen fluid Number x 10* rumen fluid
Total 3.70 .0003 23.5 .0144

Generic composition, % of total
Isotricha 2.8 7.9 2.7 22.2
Dasytricha 11.5 3.2 4.7 2.8
Charonina 4.6 <1 0 0
Entodinium 62.5 9.5 88.3 34.7
Ostracondinium .8 1.6 2 7
Metadinium 2.6 20.6 3 6.9
Polyplastron 1.5 9.5 .04 7
Orphryoscolex 13.8 47.6 3.2 30.6
Epidinium 0 0 7 1.4

®From: Nagaraja and Towne. 1990. P. 187-194 In: The Rumen Ecosystem: The Microbial
Metabolism and its Regulation. S. Hoshino et al. (Eds) Springer-Verlag, NY.

®Alfalfa hay and corn/sorghum grain diets fed at 80:20 or 20:80.
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Figure 61.

DIURNAL VARIATION IN NUMBERS OF RUMINAL HOLOTRICH POPULATION
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Fig. 1. Mean ruminal holotrich concentration in two steers fed (arrows) 1.5 kg of
coarsely chopped wheat straw and 2 kg of grain (corn) diet (n=2) (Murphy et
al., 1985. Appl. Environ. Microbiol. 49:1329.
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Figure 62.

RUMINAL CILIATED PROTOZOAL NUMBERS IN
ACUTE ACIDOSIS
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Nagaraja and Towne 1990. p. 187 - 194. In : The Rumen Ecosystem : The
Microbial Metabolism and Its Regulation S, Hoshino et al., {ed) Springer Verlag, NY.
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Table 53

RUMINAL CILIATED PROTOZOA IN CATTLE FED HIGH GRAIN DIET?

No. of protozoa

Defaunated 0 25 17.5 2.5 17.5 2.5
= l'l:l".l'g: 0 425 43.0 50.0 30.0 325
10%g 15.0 20.0 22.5 17.5 375 375
10°7g 85.0 25.0 10.0 2.5 7.5 20,0
105/ 0 10.0 50 25 15 75

ETowne et al, 1990. Appl. Environ. Microbiol. 56:3174-3178.

PFed ad libitum a diet of 85% cracked corn 10% roughage (dehydrated alfalfa and sorghum silage)

and 5% supplement.
n = 4(
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Table 54.

Ruminal ciliated protozoa in cattle before
and after feeding high-grain finishing diet

Genera Sorghum forage silage Corn grain diet (85%)
%
Isotricha 2.2 37.5
Dasytricha 1.3 0
Charonina 2.7 0
Microcetus 3.9 0
Entodinium 86.8 59.0
Diplodinium 1.0 0
Eudiplodinium .6 0]
Ostracodinium 3 0
Metadinium J 0
Epidinium 01 0
Polyplastron .5 3.4

Towne et al., 1990. Appl. Environ. Microblol. 568 : 3174-3178
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Table 55. Contribution of Protozoa to duodenal N flow

Table 3. Daily intakes and duodenal flows of dry matter,
arganic matter (OM) and nitrogen and rumen protozoa in steers
fed control slage (C3S) or high-water-soluble carbohydrates
silage (HE)

(Mean values and standard errors of the difference)

Cs HS SED P

Intakes

DM (ka/d) 3.54 353 0-021 0-844

O (kgyid) 3-29 328 0-027 0-952

M (g/d) 111 114 0-001 0-303
Flows

DA (kadd) 2-68 275 0-562 0-245

Ohd (ka/d) 1-84 1.87 0-028 0-g22

Total M (g/d) 115 118 0-857 0611

Microbial N (g/d) 675 738 0-432 0154

Frotozoal N (gd) 14.2 182 0-502 0-058

From Yanez-Ruiz et al. 2006. Br. J. Nutr. 96:861-869.
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Table 56. Contribution of protozoa to duodenal FA flow

Table 4. Dally imake, ducdenal flow and protozeal flow of long-chan fafly adds and Bohydrogenation internediales and protezoal fafly ackd ducdenal fliows of sleers fed contrel slage (CS) or high-

walsr-soluble carbohydrates slage (HE)
{Mean values and standard enors of e difterence]

Intake {gid) Duadenal flow (gd) Protozeal flow (géd) Conirbulon”
Fally achds cs HS =D P cs HS =D P cs HS aED F cs HS
12:0 -2 035 0025 0314 087 74 03 0335 MDD HD -3 0335 - -
14:0 2.05 2.27 0-181 0732 125 004 02 0172 014 018 -1 0-841 11-2 191
16:0 150 138 0E2 025 188 220 1.7 0254 345 445 1.5 0508 174 0.2
17:0 MDD MO - - 132 131 02 868 D3 [ERI 0 054 2.30 310
18:0 1-88 1-58 00325 0158 87 E 882 ir 0421 477 519 3.4 0-828 710 7-80
Tram-11-18:1 MDD MO - - 288 328 028 0581 1142 1-32 0-H5 0237 38.9 40-2
Cig-9-18 11 219 2.0 0037 0481 308 288 031 D402 125 127 0187 0-408 40-8 477
Cig-3, ps-12-18:2 14-9 138 1401 QED5 4-48 493 Q00T 0708 145 142 0-033 0-580 3-8 8.9
18:3 2.5 361 258 Q485 28 810 0284 0128 085 083 0157 0-845 161 15-2
200 0-T8 0-80 0025 0207 125 121 0406 0361 045 047 0-032 0-273 B0 8.8
Cis-3, rans-1 1-CLH1 MDD MO - - 028 21 034 0258 D409 00 0-003 0-787 -8 a2.9
Trarms-10, cis-12-CLA MDD MO - - 010 11 D10 Q485 D3 [ERI 0-001 0-483 -0 364
Total tafty acids an.2 2827 4059 0384 112459 1170 T48 0-2E8 178 192 2-58 0-582 15-8 18-4

MO, not detected: (LA, conjugated linolelo acid.
* Protoroal Sovw’ duodonal fow) 100
1 Values may Do ovorestmated as a consoquonce of ofwr (9o mors which coolte on the GO column.

From Yanez-Ruiz et al. 2006. Br. J. Nutr. 96:861-869



ASC 684 Figure 63 - Microbial Transport Systems
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Table 57 - Microbial Transport Systems

Tabte 1. Functional comparison of the PTS, ABC and MFS transport
systems.®

PTS ABC MFS

Function
Sugar reception + +
Sugar transport

Sugar phosphorylation

Flagulatinn
PTS

MNon-PTS permeases
Catabolic enzymes
Adenylate cyclase
Sugar-P phosphatase
Transcription factors
Carbon storage
Mitrogen utilization
Virulence®

* 4
|+
+

R R R E R
|
I

a. PTS, phosphotransferase system; ABC, ATP-binding cassette-type
permeases, MFS, major facilitator superfamily.

b. The dependency of virulence on the PTS was examined by injec-
tion of wild-type versus pis or fruR muwlants of S typhimurum into
rice (see Grolsman and Saler, 1880; Saier and Chin, 1990). ABC
transport systems are involved in export of capsular polysaccharide
precursors, haemolysin secretion and resistance to antimicroblal
agents. MFS permeasas function in antibiotic resistance (see Dinh
et al., 1994).

From Saier and Reizer, 1994. Molec. Microbiol. 13:755-764
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Table 58. Characteristics of PTS

TABLE 1. Structural complexity of PTS

Protein or

process Descripticn

L Permease and receptor (sugar specific)

L Dhirect phosphoryl donor (permease
specific)

ITA e s e Indirect phosphoryl donor { family
specific)

1 Mannose familvspecific auxiliary protein
{essential but of unknown biochemical
function)

ET and HPr .o Gieneral energy-coupling proteins (PTS
pathway specific)

Enolase e Upstream energy-vielding enzyme (FEFP
generating)

Phosphoglucoisomerase...... Downstream substrate-conve riing
EnzZVme

Glveolysis. i Interconnecting cvclic pathway

FTS + glycolysis Metabolite-induced metabalon

From Barabote and Saier, 2005. Microb. Molec. Biol. Rev. 6608-634.
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Table 59. Functions of PTS

TABLE 2. Functional complexity of PTS
PTS finction

Chemoreception

Transport

Sugar phosphorvlation

Protein phosphorylation

Regulation of non-PTS sugar transport and metabolism
Regulation of carbon metabolism

Regulation of carbon storage

Regulation of fermentation versus respiration
Regulation of cellular motility

Coordination of nitrogen and carbon metabolism
Regulation of non-carbon-compound transport
Regulation of gene expression

Regulation of pathogenesis

Regulation of cell physiology

Regulation of cell division

From Barabote and Saier, 2005. Microb. Molec. Biol. Rev. 6608-634.



ASC 684 Figure 64. Carbohydrate Metabolism in Ruminal Bacteria
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ASC 684. Figure 65. Pyruvate Metabolic Alternatives
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ASC 684. Figure 66.
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ASC 684 Figure 67 - Succinate Pathway for Propionate Production

—~0 —~0
CH3 —CH— ¢ CH3 — CHy — ¢
Lactate (%H O- Propionate O
, b CoA COA TRANSFERASE
ACTATE IH
DEHYDROGENASE o
(0] —
T CH3—CHy — C <
CH3— C—C =0 Propionyl CoA S—CoA
~o-
Pyruvate
— METHYLMALONYL
Biotin-CO,, CoA PYRUVATE
] TRANSCARBOXYLASE
PRUVATE ¥ Biotin
CARBOXYLASE
i
O i Z°
- ~
] o= S—CoA
Methylmalonyl CoA (S)
0]
o- " o METHYLMALONYL
~ = CoA RACEMASE
C—CHy— C—
= 2= C—C o o o
Oxaloacetate ~ =
’,—C'-'CH'—'C ~
NADH 0= (I:H3 5= CoA
fiaLate ’ Methylmalonyl CoA (R
DEHYDROGENASE ethylmalonyl CoA (R)
NAD

METHYLMALONYL

C
OH Oﬁgzwﬂe CoA MUTASE
O;\. H l ==:0 12
¢C 2— CH C ~~ 0_\ _0
© 0 —CHy— CHy—C T
Malate —~C 2—CH2 ~
o= -
. CoA
Succinyl CoA
FUMARASE CoA
H,0 o TRANSFERASE
(]

o- o M AP ATP o o
~ = ~ =
C—CH=(CH—C = \ C=—CH2=— CHy—C
Oé CH C \0— > 04 2 2 \O-
Fumarate Succinate

FUMARATE
REDUCTASE

NET RXN: Lactate + NADH2 + ADP + Pi =epe— Propionate + NAD + ATP



ASC 684 Figure 68. Acrylate Pathway for Propionate Production
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Table 60. Summary of CHO Metabolic Pathways in Ruminal Bacteria

Table 1
Enzymatic Reactions Producing ATP (~ P) or Reducing Equivalents (2H) and the Balance of
these Reactions in Various Fermentations®

Enzyme Final product

Lactate Acetate Propionate® Butyrate Ethanol Valerate

Glucokinase —1 ~1 —1 -1 -1 -1
Phosphofructokinase -1 -1 -1 -1 -1 -1

* Glycerate kinase 2 2 2 2 2 2
Pyruvate kinase ; 2 ~ 2 2 2 2 2
Acetate kinase - 2 — — — —
Fumarate reductase® — — 2 —_ — —_

1 — —
Total (~P) 2 4 4 3 2 2

Butyrate kinase — —

Glyceraldehyde 3-phos-
phate dehydrogenase 2 2
Lactate dehydrogenase -2 s — —_ —_ —
Pyruvate
oxidoreductase — 2 — 2 2 1
Alcohol dehydrogenase — —_ — — -4 —
Malate dehydrogenase —_ — -2 — — -1
Fumarate reductase - — -2 -— — -1
f-Hydroxybutyrate '
dehydrogenase — — — -1 — -
Butyryl-CoA
dehydrogenase — — — -1 — —
- B-Hydroxyvalerate '
~ dehydrogenase - — — o — -1
* Valeryl-CoA
- dehydrogenase o — — —_— —_ -1

[N ]
3]
(9]
(o)

 Total 2H) 0 4 ~2 2 0 -1

“From 1 molecule of hexose via Embden—Meyerhof-Parnas pathway. :

®The randomlzmg pathway employing succinate as an intermediate. If the non-randomizing

pathway via acrylyl-CoA reductase were used, the (2H) balance would be the same, but the
~ ~P is thought to be only 2.

¢Assumes an ATP-linked fumarate reductase reaction; Megasphaera elsdenii, the
_predominant organism making valerate, does not have this enzyme since it uses the

acrylate pathway to make propionyl-CoA.
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Table 4
Survey of 5ome Reported EHects of the Absence ol Rumen Ciliate Protozoa

Anemal or metabolic paramerer Reported change in characieristic when ciliale proiozoa obsent®

Inerease Dhuecreisi No effect

1. Effect on rumen environment

Rumen volume 27 65 B4
Retention time 27 65 47 54
Bacterial population 102526 3247405253 6265 7071 72
AP levels 6302
Ammania corcentration 1913 14 20 25 28 32 34 35 39 40 41 45 47
48 49 52 33 33 57 58 62 66 B4 KT 8K 89 90
Volatile fatty acid concentration 2329 76 87 88 191214394043 4547 52 33 57 62 66
T3 85009597
Agetic acid (malar propodion) 114327248 122029 31 58 76 3593 94 97
Propionic avid (molar proportion) TE200 253134 4748 53 58 T 84 85939497 11214 14 772 7537 15 57 T2 87 95
Butynic acd (molar propotion) 112132235394970 7293 14 18 20 28 29 31 34 4% %% 67 K4 K5 94 97
Formic acid concentration 1
Lactic avid concentration 1112 2247 60 62 72 9% N
Hicarhomaie eoncentralion 72
Rumen pll 1497 18 25 20 45 87 88
2. Effects on blped companenis
Bloud haemoglobin levels 03 230 25
Plasma levels of:
urea 280 6789 93
vleie aeid 4y 36
linolcic acid S
linolenic acid 40 56
amino acids 334993 280
glucose 234758093 15
volatile Fatty acids 13 75
bicarbonaie/CO, 72
copper 37
insulin 3
alhumin (&l
fi-globulin 73
y-globulin 73
3. Effect on ruminal metabolism
Ohrganic matter rumen 50 22243 47 48 49 50 55 67 78 83 84 K7 R 89
digestibility intestinal 48 535 84
ADF breakdown 21 40043 44 48 67 HY
Celiulese brogkdown 21618 38 30 42 53 A 3L
Starch breskdown 17 39 60 BT ¥% 89
ME supply 7L
Methanogznesis 2035 500 85 94
Bichydrogenation 9
Formation of cholme-contsining and other
specific phospholipids 19 61
Ruminal ritrogen digestibility 232541 58
Proteolytic activity 74 81 82 44
Urea utilisation ™
Nitrate/nitrite reduction 96
Lysine synthesis 04
Selenomethionine metabolism 30
Efficiency of bacterial protein synthesis 20021 18 51 59 77 83 84 ¥6 91
Nitrogen flow to duodenim 444854597071 77 83 84 87 88 8990 91
Zn, Mn, Cu, Fe low 1o lower tract kT
4. Effect on host ruminan!
Food conversion efficiency Se7gm 66 69
Live weight gain FE6T7TE2224 1914 37 66 68 69 5259y
Woul growth 678
Quantity of carcass fal . 87 69
Susceptibility to, and sevenly of, bloat 15
Incidence of scours 68
Hepatic copper levels 7
Physical condition [ 4

*The refzrences are iven in Appendix 1

From Williams, A.G., and G.S. Coleman. 1988. The rumen protozoa. In: Hobson, P.N. (Ed.) The Rumen
Microbial Ecosystem. Elsevier Applied Science. London and New York.
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Figure 70. The Life Cycle of an Anaerobic Fungi
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Fig. 2. Life cycle of Neocallimastix.

From Orpin, G.C., and K.N. Joblin. 1988. The rumen anaerobic fungi. In: Hobson, P.N. (Ed.) The Rumen
Microbial Ecosystem. Elsevier Applied Science. London and New York.
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Figure 71. Vegetative and zoospore stages of rumen fungi

(a)

(b)

(c)

Fig. 1. Light micrographs of vegetative (left) and zoospore stages (right) of rumen fungi

cultured in vitro. Glutaraldehyde-fixed preparations, except the inset photograph of V.

patriciarum zoospore. (a) Neocallimastix patriciarum; inset, living zoospore showing t_he

flagella united to form a single locomotory organelle. (b) Piromonas communis; the vegetative

stage is in culture with a methanogenic bacterium. (c) Sphaeromonas communis; note the
limited rhizoidal system and associated spherical body; S = sporangium.

From Orpin, G.C., and K.N. Joblin. 1988. The rumen anaerobic fungi. In: Hobson, P.N. (Ed.) The Rumen
Microbial Ecosystem. Elsevier Applied Science. London and New York.
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Figure 72. Micrographs of Ruminal Fungi

g. 3. Scanning electron micrographs of sporangia of rumen fungi growing together with bacteria and protozoa (arrowed) on ryegrass stems
from rumen digesta of a sheep fed on meadow hay.

From Orpin, G.C., and K.N. Joblin. 1988. The rumen anaerobic fungi. In: Hobson, P.N. (Ed.) The Rumen
Microbial Ecosystem. Elsevier Applied Science. London and New York.
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Figure 73 - Dilution Rate and Microbial Yield
From Van Soest (1994)
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Figure 16.10. Relation between in vivo microbial yield and i:quadtum%
over rate as summarized from the literature (courtesy of P. H. ]
son). Yield values have been recalculated uniformlytog N x 6 m
100 g true digestible organic matter (TDOM). Values obtained using €
EDTA and diaminopimelic acid (DAPA) are denoted by an asterisk, m
those obtained with polyethylene glycol and all-urea diets are opu'iﬁ
circles. Line A is the best fit to Michaelis-Menten kinetics: 1/y = 0.14 +
0.015(1/x), R2 = 0.76. Line B is the regression obtained by van Nevel
and Demeyer {1979) using a chemostat. Note that overestimation ok
rumen turnover by the liquid markers could lead to substantial errordi
low dilution rates but negligible error at high dilution rates. Maximal yldd
(v} and maintenance (M) cost can be calcuiated from the above regrw
sion according to the equation 17y = (M/K) + (1/y,) (Hespeli and
Bryant, 1979), where K is the dilution rate. Maintenance (slope of re::
gression) is 0.015 g N/100 g carbohydrate fermented; and maxlmum
yield is 7.11 g N/100 g carbohydrate fermented.
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Table 62. Composition of Ruminal Microorganisms

Table 16.9. Composition of microbes (on a dry matter basis unless
otherwise indicated)

Bacteria Protozoa
Constituent Probables Range Range

Total nitrogen 100 5.00—-12,44 3.8-7.94
True protein 47.6e 38-56 -
RNA 24 20 - —-
DNA 34e - —
Lipid 7.0 4125 —_
Polysaccharide 11.6¢ §-23e —_
Peptidoglycan 2 — 0
Nitrogen digestibility 719 44-860 76-85h

aMany discordant values have been recorded, possibly refiecting
contamination or inclusion of plant material.

tlsaacson et at,, 1975.

cA. H. Smith and McAllan, 1973.

dWeller, 1957.

sSummarized by Hespell and Bryant, 1979.

tAbdo et al., 1964; also reported 6% crude fiber.

9Bergen et al., 1968; values as percentage of total N.

hBergen et al., 1967.

From Van Soest (1994)



