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| 1. Rumen Fermentation

I Definitions of Fermentation

A A =]

o

Rumen2 7|5& 9 2 'biofermentor'

2tg 28 AHR|M short-chain fatty acids(E|®2Ad X[BFAF), ammonia, modified fats, methane S-©|
L FAUJUTE? H7I Aol a2 2alicto] ohst 2E X4t 52 thEoil+= 27 (Anaerobic
respiration or anaerobic fermentation)
42t ol A 22| 60% Ol4fol BFEP{oAf, 10-15%8t0] TH7foflAf Uoft

AR Fe HEE ozt szl A / Abeh, 7, Dokolo|A= Ha 2 StA| oS

| Energy feed digestion (Y22 H|E W& Q°Ff)

HFE2{o| o|M-EE-2 fiber (simple & complex carbohydrates) — VFAsZ A 3kgtCt

acetic, propionic, butryric acid2 ©|Z0{%l 3|ghA] X[HFAHVFAs)-2 of LAY 2] 50-70%S
High forage diets (&3fi =&!) — acetic acid (60-70%) > propionic, butyric acids (Z+ 15% &3)
grain or finely ground forages (-23fl Wt-E) — acetic acid A4t Zk4

| 30~50%, A E(starch)2| 60%, of £ £ 9

Rumen microbes= A-8%l9 ot Agtsh

| The Rumen Ecosystem

cellulolytic bacteriaZt cellulase $t4d = cellulose”t glucoseZ E3HE. = VFAsZ X3t

cellulose : AIZZHE A= £ &, (Cellulose monomer = glucose x2)
cellulase : cellulose?] linkage& At2= 24
grE 2= stutel MejA et 7t
D ED #l= M2 AUAYE 355 S48 (symbiosis)
ojAZo| BgtEolUl= tAMEZ 2 BEFE-2 430 o] &5k, ZAE2 Fofl 0l=2 olURIA
0| A4-Z2| population2 EH 92%7} bacteria + protozoa, fungi
Gases CO, methane
& Microorganisms attached to fiber
fraction
Microorganisms in liquid fraction
Microorganisms attached to epithelium
Z- oot A0 9l ol Ee RIS
M E S W T £ Qe AT
A2 3 : celluloseE 2 25T 4 9= — cellulolytic bacteriaZt %2
Bacterial attachment : O|AH2-2 AL29]| fibero|| YEtE0lA EAE BHH| A7 B4l oA5HS L34,
Fat feeding — reduces bacterial attachments : AF20]| X|g}o| Bto | Zo| FHo| LatE 7| o

Sk

= cict
=2 0O o

, propionic acid AIAF =7+ (up to 40%).
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| 2. Fermentation Process

. Protein

. NH; — Microbial protein *

. Starch ———

. Fiber —— Soluble Sugars —

Amino Acids —— NH;
e —

Soluble Sugars —

VFA’s

. Unsaturated Fats —— Saturated Fats

B2 5 50| H ALZ = T Forage(ZALE, AE 5) / Concentrate(ss
Zkzk gl MBS oko| 5h8317]of| cellulolytic / amylolytic bacteriaZ} &H-2-3Fo] £35Y.
3 ool A A== VFAs (Acetate + propionate + butyrate)

(o]
O| VFAsE & Gt A2 2 ZIjof F4, o HX|[2Z ARSIt

-

0k Forage (ZALR)
TR M5 (cellulose, hemicellulose)
E HzE =
o= Cellulolytic, Hemicellulolytic Bacteria
2 pH pH 6-7
CHAF AFE acetate Eo| A4
= F:C=80:200|H — acetate A4 &tk
UYL Acetate — A&} $HA

I 1.1 Rumen microbes

—microbes ==

4 ’ A N
/" Pyruvic acid*

/

Concentrate (5% AF&)

75;!—‘?'— (starch)
oA, ol £2 225

Amylolytic Bacteria
pH 5-6

propionate, butyrate 20| A§4]

T
—

F:C=20:80°|™ — propionate 44 &
whE 2E = VFA Z7}, pH 24 = At

—

oy m

Zo|l

Propionate — =& 34

. VFA (=SCFA)

Y
Hidlolyti / R \
Cellulose ce;ﬁ olytic . Acetic acid'————>~70%
> Glucose ‘r Glucose -‘
Starch amylolytic | Propionic aCid —'_’~20%
—/ bacteria \ / y
AN \ Butyric acid —/————>~10%

/

- ~rumen +ATP +CO2 +H2/ 4

Cellulolytic, Hemicellulolytic Bacteria

- cellulose, hemicellulose (437%) A3+
-pH6-72F

- acetate |:'“’I A=

2 2txof A methane production (CO,+H, =

O Aol AL ool Aet, HAES S ¢

methane)<

Amylolytic Bacteria

- starches, sugars (H&) 435}
-pH5-6 24
- propionate, butyrate Z£o| 444,

= [=]
ollM= °1|l—17<| EH —~ EY2 &5 HiE!

FAE, $44 5) O Uis 4 9ok,
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1 1.2 VFA production

VFAs : Acetate, propionate, butyrate

VFA MA-2 forage:concentrate ratio ©f 2|5 Z2X =l

Volatile
Fatty acids
(moles/day)

- 60
- 50
L 40

- 30
-l Butyrate - 50

6.5 —* |6.0] — |[5.0 | Ruminal pH

80:20 60:40 40:60 20:80
Forage: concentrate ratio

Forage:concentrate

80:20 Acetate A4HSt= 0|4 SHabaizl
20:80 Propionate A§At OJAll&- 25| %l VFA 37, pH Z&
grE2e| pHE L3t 70| otu|gt, T FE= ALR S| Yt FF/of whet et

! 1.3 Rumen pH balance

/ Rumen acidosis 2H 2% (&ZALE 1 - Propionate 1 - pH Zt4)

CHO
I =~ Bacterial I

/_\ growth

pH < 5.0 S. bovis .,

Lactobacilli t VFA t
‘ Bacterial Ruminal l

growth acidosis pH ‘
\ S. bovis
pH
4 M. Elsdenii‘
'Lactic
. W acid
Fermentation
stops
Lactic acid i~ acidosi
- === Metabolic acidosis
Nocek, 1997 absorption
HME oknp 7S non-structural carbohydrates2| 223F Z 7= .

w2 A e S HA rumen? pHE Y& (= rumen acidosis)
o

ALEZ A BBt — DA Bo| Bro| Khek — VFA MASF Z7h — pH 24 — pH U

rlo

W& 57t — lactate A4 57t — pH o ZH4 — pH 6-70llA] 55t 0|ME SA oF|,
2 B A A F 22 £

iy

o
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pH2| balance : pH 7°| 7% AA.
1 - Buffering capacity : BiocarbonateE & &5t= Zoll 25 lumen®il Y= pH7F ZHE (=AHZZE Bpof A Z
ol &4Y)
2 - Acid production (53 A2 H|-) : Total acids & types of acidsS 2%

3 - Acid absorption (rumen papillae) & 43-g &

lumen

70%2| VFA= rumen-reticulumOilA] S45 0, EHA-Z 515+ papillae7t 523+ A& s
Hlo| 23} AEi 2 EXfUAsE A Tt

Z440] pHollA Blo|- 23} Ale 2 Exf3he] & £nhe|n, pH7t WobE4 2 o] 23fslo] o F4g,

I 1.4 Energy source

Acetic, butyric acid Propionic acid
CHA Z2 Ketogenic Gluconeogenic
CHAE A2t Ketone body, Fatty acid AiAF Glycerol, Lactate A4t
24, gHestE2 A 45 X5t
Milk production VFA HEH2 S 43t F 75519 o |R| 2 ARE,

o|g7| SAIBS VFAs HElZ B45H ojuxige R

ufx
4>

o
o

Tkg milk2 AJAFSEE{™ 72g 2| glucoseZ} RS,
o

BOt AZ 2 7 MAtgfol GA5] SoLiy, @ 770l 9hE Y A2 E s F= 7o 2.
1 1.5 Manipulation of microbial metabolism

'c_‘bl-/\oHI-”(ionophores) : EX 0|AIE2| membraneS mh|sto] =<
Acetic acid, methane A§4t ZFA

42 of x| 2 propionate & ko] AjAt
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| 2) Proteins

Proteins
Rumen-degradable protein Rumenoi|A] 23l — A%fofA g4
NPN (non-protein nitrogen) 2ol A4HZ2l urea= A saliva, rumen2.2 recycling.

Bypass protein

rumenclAl E43HE of HE ofo|iAb £4,

(UDP, undegradable dietary protein) HFZ AXMo|A S

T o] pro| 1R

_I_.

ol
30
oo

2319, bypass protein©| To| &G El AIR 2 FHLZE

I 3) Fats
UFA (Unsaturated Fatty Acids, 2 X3FA|HMAE) : rumen bateria®ll toxic — E3}X|EFAFC 2 HEFYOF G
Biohydrogenation(BH) : =45 Z3etsto] o|Z A2 QloffHA 2ot XRH4ite = Mt

| 3. Energy digestion

VFAs

Proteins,
NPN

Vitamin

Fat

Rumen?| bloodstream2 & S 4&0f ZXC0 2 o]
AR /7S BA [ S A atel olU R = AR

Rumen©{ A4l ., intestine®| 4] =.(Bypass protein) S4%.
Protein breakdown : AF&2| 40-75% & UojiLt,

- Protein — ammonia, organic acids, amino acids2 2,
- NPN (nonprotein nitrogen) & ammonia& 43k,

it

y O v

19| o|A2o| cHElS SHASE7| 2|3 ammonia T2, 42 ammonias 3t £317[0| A 4

Coaae

Rumen microbes= 42| A&t 3-A]of| = Q 3t vitamin K2} vitamin B (all) & 242 $H4]
|-

o
- 372 g2 Ha = gls.
AEYA $Ho| 9= AL niacin(B3), thiamine(B1) F7I6FH £-2.

BE ool £3tet 4 doid,
EoH AYAEO 2 BRI FT| T 2ol THRIS R0 B2 ZSPAYA
A
%

o —_

=
ko] Zo| — rumen bacterlaoﬂ toxic + rumen pH Z:,F + A% =7

g:g m(O
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