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Table 1 Concentration of free rumen fluid LPS during subacute rumen acidosis induced by high concentrate diet in dairy cows
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Bl REE R S R & RIS LPS 1R B %

Fig.1 Absorption percentages of LPS by different binders in various buffer solution and rumen fluid
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2.3 MEBWHENREING LU LPS iis
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VI £ B R 2R 7 I 3R o

o A2 R R Be % A I i 08 SR W i I X 1
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H 23X BB 5T AR 2 3 T £ TE U 1Y B B T BE A2



444 g

it

Fr

S

24 %

B B BB FE AT i T e LLIESE W 4= & A= SARA
i} EGF L — 4% S B AL X 1 18 2 55 b Bz 40 5
I ) PR AP T

3 N g

e A AR T % 2 v b L e o 1 [ B
R TIRE AR MR E. BFERERES KB
WKL A Y G E P RUE Y X R AR, L MR
D R v SR e I, 988 1 W pHL R B, AT 5| B2 9 O
SRR RE . O R E W RUE Y R K & LPS,
LPS 432 & (R N 23 51 2 4 5 2 M IR, 028 1 3K
R A4 S5 K-, DT 4% 2 A 7 P BE T B
K il 28 L IR 12 16 IS AE T 18 R I R 1, X A
FIF R B R X R A R, 12> LPS 1)
PR A R KRR RS Y LPS A DL R R 7
HEAT IR B , o AT DA Gk 38 5 B 240 B 5 R ) RE ek
DG E R LPS 8, DT I8 4% 30 2t R v 5
IF LPS X405 45 1 f 3 o

S E k-

[ 1] GOZHO G N,KRAUSEA D O,PLAIZIER J C. Ru-
minal lipopolysaccharide concentration and inflamma-
tory response during grain-induced subacute ruminal
acidosis in dairy cows[ J]. Journal of Dairy Science,
2007,90(2) :856 —866.

KHAFIPOUR E, KRAUSE D O, PLAIZIER J C. A
grain-based subacute ruminal acidosis challenge causes
translocation of lipopolysaccharide and triggers inflam-
mation [ J ]. Journal of Dairy Science, 2009, 92
1060 —1070.

KHAFIPOUR E,KRAUSE D O,PLAIZIER J C. Al-
falfa pellet-induced subacute ruminal acidosis in dairy
cows increases bacterial endotoxin in the rumen with-
out causing inflammation [ J ]. Journal of Dairy Sci-
ence,2009,92:1712 —1724.

EMMANUEL D G V,DUNN S M, AMETAJ B N.
Feeding high proportions of barley grain stimulates an
inflammatory response in dairy cows [ J]. Journal of
Dairy Science,2008,91(2) :606 —614.

DONG G Z,LIU S M, WU Y X, et al. Diet-induced
bacterial immunogens in the gastrointestinal tract of
dairy cows;impacts on immunity and metabolism|[ J].
Acta Veterinaria Scandinavica,2011,53:48.

BURIM N A,ZEBELI Q, SALEEM F, et al. Metabo-

lomics reveals unhealthy alterations in rumen metabo-

[11]

[14]

lism with increased proportion of cereal grain in the
diet of dairy cows[ J]. Metabolomics,2010,6:583 —
594.

GOZHO G N,KRAUSE D O,PLAIZIER J C. Rumen
lipopolysaccharide and inflammation during grain ad-
aptation and subacute ruminal acidosis in steers[J].
Journal of Dairy Science, 2006, 89 ( 11 ) : 4404 —
4413.

GOZHO G N,PLAIZIER J C,KRAUSE D O, et al.
Subacute ruminal acidosis induces ruminal lipopo-
lysaccharide endotoxin release and triggers an inflam-
matory response[ J]. Journal of Dairy Science, 2005,
88(4) :1399 —1403.

PLAIZIER J C,LI S, KHAFIPOUR E, et al. Rumen
acidosis and milk quality . its etiology and management
[C]//WANG J Q,BU D P,KERTZ A I. Proceeding
of the 2nd international symposium on dairy cow nu-
trition and milk quality. Beijing: [ s. n. ],2011,77 —
87.

KHAFIPOUR E, PLAIZIER J C, AIKMAN P C, et
al. Population structure of rumen Escherichia coli as-
sociated with subacute ruminal acidosis ( SARA) in
dairy cattle [ J ]. Journal of Dairy Science, 2011, 94
(1) :351 —360.

KHAFIPOUR E, LI S, PLAIZIER J C, et al. Rumen
microbiome composition determined using two nutri-
tional models of subacute ruminal acidosis [ J]. Ap-
plied and Environmental Microbiology, 2009, 75
(22):7115 -7124.

WELLS J E, RUSSELL J. The effect of growth and
starvation on the lysis of the ruminal cellulolytic bacte-
rium Fibrobacter succinogenes| J]. Applied and envi-
ronmental microbiology,1996,62(4) :1342 —1346.
ANDERSEN P H. Bovine endotoxicosis: aspects of
relevance to ruminal acidosis [ J]. Acta Veterinaria
Scandinavica,2003 ,98 ( Suppl. ) :141 —155.
AMETAJ B N. A new understanding of the causes of
fatty liver in dairy cows[ J]. Advances in Dairy Tech-
nology,2005,17.:99 —112.

AMETAJ B N, BRADFORD B J, BOBE G, et al.
Strong relationships between mediators of the acute
phase response and fatty liver in dairy cows[ J]. Cana-
dian Journal of Animal Science,2005,85(2) :165 —
175.

CANI P D,DELZENNE N M. The role of the gut mi-
crobiota in energy metabolism and metabolic disease
[J]. Current Pharmaceutical Design, 2009, 15 (3) :



3 34

J R AR E R

PR R 3 1 77 A DR R 4 o O ik 445

[17]

[18]

[19]

[21]

[22]

[25]

1546 —1558.

ANDERSEN P H, HESSELHOLT M, JARLOV N.
Endotoxin and arachidonic acid metabolites in portal,
hepatic and arterial blood of cattle with acute ruminal
acidosis[ J]. Acta Veterinaria Scandinavica, 1994 , 35
(3):223 —234.

FArE WAL BT AL BE Ty FEAR N B R I A
ZWI DA PEFE LD ] 2R i 30 M
)il K=, 2010.

PUROHIT V,BODE J C,BODE C, et al. Alcohol, in-
testinal bacterial growth, intestinal permeability to en-
dotoxin, and medical consequences: summary of a
symposium/[ J]. Alcohol,2008,42 ;349 —361.
ZEBELI Q,DUNN S M, AMETAJ B N. Strong asso-
ciations among rumen endotoxin and acute phase pro-
teins with plasma minerals in lactating cows fed gra-
ded amounts of concentrate [ J ]. Journal of Animal
Science,2010,88 ;1545 —1553.

AMETAJ B N, ZEBELI Q, IQBAL S. Nutrition, mi-
crobiota,and endotoxin-related diseases in dairy cows
[J]. Revista Brasileira de Zootecnia, 2010, 39 ( Sup-
pl. ) :433 —444.

ZEBELI Q,DUNN S M, AMETAJ B N. Perturbations
of plasma metabolites correlated with the rise of rumen
endotoxin in dairy cows fed diets rich in easily degrad-
able carbohydrates [ J ]. Journal of Dairy Science,
2011,94.2374 —2382.

KRAUSE K M, OETZEL G R. Understanding and
preventing subacute ruminal acidosis in dairy herds:a
review[ J ]. Animal Feed Science and Technology,
2006,126:215 —236.

VINCENT J L, CARLET J, OPAL S M. The sepsis
text[ M |. Dordrecht: Kluwer Academic Publishers,
2002 .827 —836.

IQBAL S,ZEBELI Q,MAZZOLARI A , et al. Feeding
barley grain steeped in lactic acid modulates rumen
fermentation patterns and increases milk fat content in
dairy cows [ J]. Journal of Dairy Science, 2009, 92
(12) :6023 —6032.

IQBAL S,ZEBELI Q,MAZZOLARI A et al. Feeding
rolled barley grain steeped in lactic acid modulated en-
ergy status and innate immunity in dairy cows[J].
Journal of Dairy Science, 2010, 93 (11). 5147 —
5156.

DIAZ D E, HAGLER W M, HOPKINS B A, et al.
Aflatoxin binders | ;in vitro binding assay for aflatox-

in B, by several potential sequestering agents[ J]. My-

(28]

[29]

[30]

[34]

[37]

[39]

copathologia, 2003 ,156 ;223 —226.

MURRAY H H. Traditional and new applications for
kaolin, smectite, and palygorskite: a general overview
[J]. Applied Clay Science,2000,17 :207 —221.
DITTER B,URBASCHEK R,URBASCHEK B. Abil-
ity of various adsorbents to bind endotoxins in vitro
and to prevent orally induced endotoxaemia in mice
[ J]. Gastroenterology ,1983 ,84 :1547 — 1552.
GARDINER K R,ANDERSON N H,MCCAIGUE M
D. Adsorbents as anti-endotoxin agents in experimen-
tal colitis[ J]. Gut,1993,34 ;51 —55.

STECZKO J,ASH S R,BLAKE D E, et al. Cytokines
and endotoxin removal by sorbents and its application
in push-pull sorbent-based pheresis : the biologic-DTPF
system[ J ]. Artificisl Organs, 1999,23 (4) ;310 —
318.

SPIEKER H. Efficacy of clay minerals and activated
charcoal to bind endotoxins in rumen fluid[ D|]. Ph. D
thesis. Utrecht; University of Utrecht,2010.

CHIN A C,FLYNN A N,FEDWICK J P, et al. The
role of caspase-3 in lipopolysaccharide-mediated dis-
ruption of intestinal epithelial tight junctions[ J]. Ca-
nadian Journal of Physiology and Pharmacology,
2006,84(10) :1043 —1050.

MENNIGEN R,NOLTE K,RIJCKEN E, et al. Probi-
otic mixture VSL3 protects the epithelial barrier by
maintaining tight junction protein expression and pre-
venting apoptosis in a murine model of colitis[ J]. A-
merican Journal of Physiology Gastrointestinal and
Liver Physiology,2009,296(5) :G1140 — G1149.
MENNIGEN R, BRUEWER M. Effect of probiotics
on intestinal barrier function[ J]. Annals of the New
York Academy of Science,2009,1165:183 —189.
ICHIKAWA H, KUROIWA T, INAGAKI A, et al.
Probiotic bacteria stimulate gut epithelial cell prolifera-
tion in rat[ J]. Digestive Diseases and Sciences, 1999 ,
44(10) ;2119 —2123.

MADSEN K,CORNISH A,SOPER P, et al. Probiotic
bacteria enhance murine and human intestinal epitheli-
al barrier function [ J ]. Gastroenterology, 2001, 121
(3):580 —591.

NOCEK J E,KAUTZ W P,LEEDLE ] A Z,et al. Ru-
minal supplementation of direct-fed microbials on di-
urnal pH variation and in situ digestion in dairy cattle
[J]. Journal of Dairy Science,2002,85(2) ;429 —
433.

NOCEK J E,KAUTZ W P,LEEDLE J A Z,et al. Di-



446 I/ = S S R 24 %

rect-fed microbial supplementation on the performance 151(3) :528 —535.

of dairy cattle during the transition period[ J]. Journal [42] EMMANUEL D G V,JAFARI A, BEAUCHEMIN K

of Dairy Science,2003,86(1) :331 —335. A et al. Feeding a combination of lactate-utilizing and
[40] BEAUCHEMIN K A,YANG W Z, MORGAVI D P, lactate-producing bacteria modulates acute phase re-

et al. Effects of bacterial direct-fed microbials and sponse in feedlot steers| J |. Canadian Journal of Ani-

yeast on site and extent of digestion,blood chemistry, mal Science,2007,87:251 —257.

and subclinical ruminal acidosis in feedlot cattle[ J ]. [43] EMMANUEL D G V,JAFARI A, BEAUCHEMIN K

Journal of Animal Science, 2003, 81 (6): 1628 — A et al. Feeding live cultures of Enterococcus faecium

1640. and Saccharomyces cerevisiae induces an inflammato-
[41] SCHLEE M, HARDER J, KOTEN B, et al. Probiotic ry response in feedlot steers [ J]. Journal of Animal

lactobacilli and VSL3 induce enterocyte B-defensin 2 Science,2007,85:233 —239.

[J]. Clinical and Experimental Immunology, 2008,

Causes and Nutritional Control Methods of Subacute
Rumen Acidosis in Dairy Cows

ZHOU Jun ZHANG Sen DONG Guozhong*

( Chonggqing Key Laboratory of Forage and Herbivore, College of Animal Science and Technology,
Southwest University, Chongging 400716, China)

Abstract: Subacute rumen acidosis (SARA) as a serious problem frequently occurs in the production of dairy
cows, and is mainly caused by the diet structure of high proportion of concentrate and low proportion of rough-
age. The structure results in a change of rumen microbial colonies and an increase in volatile fatty acid ( VFA)
concentrations but a decrease in rumen fluid pH. When SARA occurs, bacterial endotoxin concentration increa-
ses. Endotoxin can be transported into bloodstream, as a result, the acute phase response is activated, and lev-
els of plasma minerals and metabolites change, finally, an adverse effect on performance of dairy cows is
caused. In this paper, the generation and transportation of endotoxin as well as the endotoxin-induced acute
phase response under a high concentrate diet feeding condition are reviewed, meanwhile, based on studies in
recent years, some new methods for reducing yield and transportation of endotoxin are introduced, which may
provide references for controlling harmful effects of endotoxin in dairy cows suffered SARA. [ Chinese Jour-
nal of Animal Nutrition, 2012, 24(3) :439-446 |
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