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AST aspartate aminotransferase
AUC area under the serum or 

plasma concentration versus 
time curve

BMS beef marbling standard
BUN blood urea nitrogen
Ca calcium
Cl chlorine
F1 crosses of Japanese Black 

and Holstein cattle
FFA non-esterified fatty acid
GGT gamma-glutamyl 

transpeptidase
Ht hematocrit
iP inorganic phosphate
JB Japanese Black
K potassium
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PS pinging sound
SD standard deviation
Tcho total cholesterol
TP total protein
VFA volatile fatty acid
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JB 13/35 18/35 4/35 6/21 12/21 3/21
F1 104/203 91/203 8/203 8/19 6/19 5/19**

93/191 86/191 9/191 12/28 11/28 5/28**

24/47 20/47 3/47 2/12* 7/12 3/12**

117/238 109/238 12/238 14/40 18/40 8/40**

 1.

 (n = 238)

* P  < 0.05, ** P  < 0.01, Fisher 

 (n = 40*)

117 109 12 14 18 8
39.5  < 5/11 5/11 1/11 1/4 3/4 0/4
< 38.5 24/44 16/44 4/44 2/7 2/7 3/7*

117/238 109/238 12/238 14/40 18/40 8/40** 
117/237 108/237 12/237 14/39 17/39 8/39**
114/227 101/227 12/227 14/39 17/39 8/39**

+ 14/30 15/30 1/30 4/7 3/7 0/7
++ 96/178 72/178 10/178 5/17 9/17 3/17
+++ 6/19 12/19 1/19 4/14 5/14 5/14*
+ 5/11 6/11 0/11 2/11 6/11 3/11
++ 5/12 6/12 1/12 1/2 1/2 0/2
+++ 0/3 1/3 2/3 1/4 1/4 2/4

26/102 40/102 7/102 6/16 6/16* 4/16*
10/77 33/77 8/77 0/2 2/2 0/2

 2.

*P  < 0.05,   **P  < 0.01 Fisher

 (n = 238)  (n = 40)

1 + ; , ++ ; 2 , +++ ; 
2 + ; 2 1 , ++ ; 1 1 , +++ ; 
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n = 117 n = 109 n = 12 n = 14 n = 18 n = 8
1.9 2.0 1.2 3.0 1.5 1.4

± 3.7 3.8 ±0.4 ±2.5 ±0.5 ±0.9
92/99 2/99 5/99 7/9 1/9 1/9
4.7 5.0 3.3 5.0 5.0 5.0

± 5.4 ±1.7 ±3.6

90/96 1/96 5/96 6/7 1/7 0/7
90/96 1/96 5/96 6/7 1/7 0/7
87/94 2/94 5/94 4/6 1/6 1/6
85/92 2/92 5/92 4/6 1/6 1/6
2/2 0/2 0/2 1/2 0/2 1/2
4.5 3.5 5.8 6.8 5.1 5.6

±  3 ± 1.9 ± 3.7 ± 3.0* ± 9.1 ± 5.0

 3.

n = 40n = 238

*P < 0.05 Student t

( )

(mg/dl) 107 ± 25 72 ± 16** 72 ± 6*

(mg/dl) 10.4 ± 0.5 9.1 ± 1.0** 9.3 ± 0.3*

(mg/dl) 7.7 ± 0.8 7.2 ± 1.5 7.2 ± 1.3
mmol/L 148 ± 11 140 ± 7 136 ± 1*

mmol/L 4.7 ± 0.3 4.5 ± 0.4 4.5 ± 0.3
mmol/L 113 ± 10 104 ± 6* 99 ± 5**

* P  < 0.05, **P  < 0.01 Tukey 

 4 F1

n = 8 n = 8 n = 8
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5.

F1 JB

F1
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n = 10 n = 10 n = 10 n = 20
(%) 36 ± 3 35 ± 2 35 ± 2 36 ± 3

(mg/dl) 65 ± 5 69 ± 10 65 ± 6 77 ± 17*

(mg/dl) 7.5 ± 5.5 12.5 ± 5.2 5.8 ± 1.9 11.4 ± 6.7*

131 ± 27 439 ± 180** 166 ± 84 606 ± 309**

(mg/dl) 108 ± 19 61 ± 23** 118 ± 22 58 ± 24**

(mg/dl) 14.2 ± 1.4 13.6 ± 4.4 12.7 ± 2.5 10.6 ± 3.3**

(g/dl) 7.4 ± 0.4 7.2 ± 1.1 7.1 ± 0.8 7.1 ± 0.8
(g/dl) 3.6 ± 0.2 3.5 ± 0.4 3.7 ± 0.4 3.3 ± 0.4*

(mg/dl) 10.0 ± 0.4 9.4 ± 1.0 10.2 ± 0.6 8.8 ± 1.2**

(mg/dl) 7.0 ± 0.5 6.2 ± 1.1* 7.6 ± 0.8 6.3 ± 1.3
mmol/L 139 ± 1 138 ± 8 145 ± 9 138 ± 7*

mmol/L 4.0 ± 0.4 4.1 ± 0.3 4.5 ± 0.5 4.0 ± 0.3*

mmol/L 104 ± 1 103 ± 7.0 110 ± 8 101 ± 8*

AST (IU/L) 70 ± 18 218 ± 186* 72 ± 17 123 ± 117
GGT (IU/L) 21 ± 4 24 ± 9 18 ± 3 20 ± 7

A IU/dl 30 ± 10 68 ± 65 39 ± 9 13 ± 4*

E 257 ± 61 201 ± 75 338 ± 74 153 ± 61*

0.2 ± 0.1 0.8 ± 0.7 1.7 ± 1.7 1.3 ± 1.3
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n = 10 n = 20
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10/10 20/20
4/10 2/20
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3/102 8/203
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2.1 ± 2.0 2.1 ± 2.3
4.1 ± 1.7 5.8 ± 6.1

12.0 ± 13.5 5.5 ± 1.6*

8/10 18/20
0/10 2/20
2/10 0/20
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(57)

(47)

F1

F1

2.

2 - 1.

F1

8 6 2 18.5 ± 3.8 433 ± 78 kg

4 F1 8 7

1 18.4 ± 2.9 458 ± 53 kg

F1 8 8 2 19.6 ± 1.9

475 ± 41 kg

F1 5

24.6 ± 1.1 509 ± 69 kg F1

5 24.7 ± 1.6 510 ± 34 kg
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2 - 2.

5

10 2

FFA Tcho BUN TP

Ca iP Na Cl AST GGT 2

- 4 A E

2 - 5

2 - 3

2 - 3.

Anderson (1)

25 500 mL/

125 g/ 50 mL/min

60 90 3

2 mL

8 mL 3

30 ~ 60

120 (1, 47)

2 - 4.

± SD Kruskal-Wallis’ test

P < 0.05
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F paired t - test P < 0.05

AUC 0 90 AUC -

min P < 0.05

3.
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9 7

9A

9B

Tcho Ca K

A E

Tcho Ca K

E A Tcho

Ca E 7

Ca

F1
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3 - 2.

10 90

10A AUC - min 49.1 ± 6.9 mg·min/mL

64.7 ± 11.9 mg·min/mL

60 10B

AUC - min 2.13 ± 1.36 L

0.95 ± 0.39 L

4.

F1

5
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Holtenius (13)

pH

II
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(1)
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60

(47)

F1 (42, 47)

Samanc (47)
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(42)
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** †
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165 ± 40 362 ± 240 353 ± 256 256 ± 100 203 ± 85
(mg/dl) 113 ± 19 78 ± 13* 71 ± 27* 101 ± 35 85 ± 35*

(mg/dl) 14 ± 3 10 ± 3 10 ± 4 10 ± 3 11 ± 3
(g/dl) 7.5 ± 0.4 7.3 ± 1 6.9 ± 0.9 7.6 ± 0.2 7.4 ± 0.3
(g/dl) 3.7 ± 0.1 3.5 ± 0.6 3.2 ± 0.5 3.8 ± 0.2 3.5 ± 0.1†

(mg/dl) 10.3 ± 0.7 9.1 ± 1.2* 9.2 ± 0.9* 10.1 ± 0.4 9.5 ± 1.0†

(mg/dl) 7.6 ± 0.8 6.7 ± 1.6 6.3 ± 0.8 7.3 ± 0.6 6.2 ± 1.4
mmol/L 147 ± 10 142 ± 10 137 ± 8 140 ± 2 138 ± 3
mmol/L 4.7 ± 0.4 4.2 ± 0.2* 4.1 ± 0.3** 4.6 ± 0.4 4.2 ± 0.5
mmol/L 112 ± 9 106 ± 9 102 ± 8 105 ± 2 103 ± 4

AST (IU/L) 78 ± 16 86 ± 19 86 ± 35 68 ± 7 88 ± 46
GGT (IU/L) 19 ± 5 17 ± 4 23 ± 9 17 ± 3 20 ± 9

A IU/dl 37 ± 12 40 ± 25* 84 ± 51* 76 ± 15 71 ± 23
346 ± 85 223 ± 100 193 ± 67** 300 ± 35* 254 ± 72*

2 ± 1.8 2.3 ± 2.2 1.2 ± 0.9 1.5 ± 0.9 0.9 ± 1.2

  n = 8        n = 8

 7. F1

1) * P  < 0.05 ** P  < 0.01  (Kruskal - Wallis )
† P < 0.05, Student
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Studies on the pathogenesis, proposed mechanism, and prognostic judgment in beef 

cattle with displaced abomasum

ICHIJO, Toshihiro

The onset of displaced abomasum (DA) becomes increasingly more frequent,

especially at feeder stock farms in Japan. However, no detailed investigations with a focus 

on DA including left DA (LDA) and right DA (RDA) have been performed in beef cattle

to date. To elucidate the pathogenesis, proposed mechanism, and prognostic judgment,

the current status of DA was first assessed based on retrospective reports from Miyagi 

prefecture, a southern Tohoku region in Japan. Next, the breed-related differences in LDA

were examined between the beef cattle, namely, Japanese Black (JB) cattle and crosses (F1)

of JB and Holstein dairy cattle, in a mega-farm at Miyagi.  Moreover, changes in clinical 

signs, blood examination, and plasma and serum biochemistries were studied using F1 

cattle with LDA together with analyses of the abomasal fluid composition. Finally, 

specific prognostic items were explored before and after surgery.

In Chapter I, to examine the occurrence and clinical feature in beef cattle with LDA 

and RDA, the cumulative data were retrospectively analyzed. The age (15-17 months) at 

onset of DA in beef cattle was in good agreement with the age at onset of reduced serum 

vitamin A concentrations. This implies that long-term feeding of a vitamin A-deficient 

diet, which is carried out to facilitate the quality of marbled meats in general, may trigger 

the occurrence of DA. Additionally, the incidence of LDA was considerably higher than 

that of RDA. However, mortality in beef cattle with RDA was significantly higher than 

that in those with LDA. This was presumably due to complications such as hepatitis and 
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bronchitis and imbalances in serum electrolytes in beef cattle with RDA.  The medical 

treatment times were also significantly higher in beef cattle with RDA than in those with 

LDA. Surgical repositioning was shown to be the best way for the treatment of DA.

In Chapter II, to ascertain the breed-related difference between JB and F1 cattle with 

LDA, clinical signs, blood examination, and serum biochemistry were examined on the 

first day of onset. Statistically significant differences in serum biochemistry items were 

much greater in F1 cattle than in JB cattle, because F1 cattle were given the vitamin A-

deficient diet with a high starch component for a long period of time starting from a young 

age. In fact, F1 cattle with LDA had significantly lower serum vitamin A levels than did 

JB cattle with LDA. Abomasal pH in F1 cattle with LDA was significantly lower than that 

in healthy cattle, and Pseudomonas spp, Clostridium spp and Candida spp was present in 

the abomasal fluid, owing to the accelerated influx of ruminal fluid into the abomasum. 

The findings demonstrate that F1 cattle with LDA may develop vitamin A deficiency due 

to maldigestion of starch, leading to high acidic abomasal fluid.

In Chapter III, to identify specific item for the prognostic judgment in F1 cattle with 

LDA, changes in plasma and serum biochemistries were examined before and after 

surgery. The cattle were divided into three groups; the healthy group, poor prognostic 

group and bad prognostic group. High plasma glucose and low serum insulin 

concentrations were observed either before or after surgery only in the poor prognostic 

group. In the glucose tolerance test, lower serum insulin and higher plasma glucose were 

noted 60 min and 90 min, respectively, after the glucose loading in F1 cattle with LDA

than in healthy cattle. The mechanism by which these events occurred may involve 

dysfunction of the pancreatic cells, leading to lowered insulin release in response to 
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glucose. The results suggest that the measurement of plasma glucose and serum insulin 

before and after surgery is a useful and expedient tool for diagnosing LDA in F1 cattle.

Taken together, it is crucial for beef cattle to manage serum vitamin A levels from 

the early to intermediate phases, because of feeding the vitamin A-deficient diet including 

high starch components for a long period of time from the young age.  Furthermore, it 

is strongly suggested that the early detection and treatment contribute to prevention of 

DA in beef cattle. In conclusion, the pathogenesis, proposed mechanism, and prognostic 

judgment in beef cattle with DA were defined in the present investigation. 
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