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[2 32 67] Ca

Ca

[11] Ca

Ca Ca

[11 58]

Ca [2 21 32 67]

Ca Ca

[11 12] Ca

K

[2] Ca

 

[19]

[19]

Ca  

Ca

[33] Ca

2 [3]

Ca CaBP9K Ca
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CaBP9K 1,25 D 1,25-

(OH)2D 1,25-(OH)2D

[57] [23] 1,25-(OH)2D

Ca 1,25-

(OH)2D Ca

1,25-(OH)2D [18]

TJ

[7]  

Difructose anhydride (di-D-fructofuranose-1,2’:2,3’-dianhydride: DFA)

2

in vitro DFA TJ

Ca [54] in vitro 

DFA

Ca [59] DFA

TJ 1

[55] DFA

2 2

[27 49] DFA

Bifidobacterium [37] Ruminococcus

[38] DFA

[52] 2

[41] 4
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70% [59] DFA

Ca Ca

[60]

DFA IgG [51]

[35 56]  

DFA

Ca Ca

Ca

DFA

I DFA

II

DFA Ca
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11.  

Ca

Ca Ca

Ca

Ca

Ca

[11 12]

Ca [2 32

67] Ca

DFA  

 

2.  

2-1  

7 24

199-319 131 157

n=12 DFA n=12 32 36 kg

TMR DFA

TMR DFA 20%

1 200g DFA

40 g [59] 1 28 Table TMR

1 Ca P Mg Dietary 

cation-anion difference DCAD [2]

DFA

3.2 ± 0.1 3.2 ± 0.1 50.8 ± 1.0 49.1± 1.5 829 ± 
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4.6 kg 829 ± 4.3 kg 1 38.1 ± 0.6 kg 38.3 ± 0.66 kg

( BCS)[15] 3.29 ± 0.01 3.29 ± 0.01

0 1 0 7 14 21 28

28-160  

 

2-2  

Keene [26] Maetani [34] X

Radiographic Absorptiometry RA 4

5

70 kV 1.0 mAs 70 cm 70 kV 0.5 mAs 70 

cm (Al)

Computed Radiography CR FCR XL-2

(ImageJ National 

Institute of Health, https:// imagej.nih.gov/ij/, 1997–2016)

ROI ROI

Fig1-1a ROI

Fig1-1b Al

3 6 9 12 15 18 mm ROI

Al [34]  

 

2-3  

8 mL 7 mL II

D II S 21G

-D
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II VP-H070K

4

37 30 1

2,000 g 10

-30 -80  

 Ca  

AU680 USA

 

 BAP  

Access Ostase

CLEIA chemiluminescent enzyme immunoassay

IgG

BAP

4- -4-(3- )  [1,2- -3,2 -

] PPD PPD

BAP Intra-CV

Inter-CV  2.3 3.0%  

 5b TRAP5b  

-ASBI-

[36 65]  

 (ucOC)  

(Picolumi-ucOC Eisai, Japan)

ECLIA ucOC

ucOC Ru OC

Ru OC
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Ru

ucOC Intra-CV Inter-CV 1.0%

1.9%  

 OC  

Elecsys Roche Diagnostic, Switzerland) ECLIA

OC Ru

OC SA

MP

SA MP SA MP

Ru OC Ru

OC Intra-CV Inter-

CV 0.7% 1.3%  

 ucOC/OC  

ucOC/OC ucOC OC

[20]  

 

2-4 Ca  

( ) 10 mL

-30

1 ml 0.5 

g 600

2

ICPE-9000 [10]  

 

2-5  
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-30 AU680

Ca Cre

Ca/Cre  

 

2-6  

SAS enterprise guide ver.7.1 SAS institute Inc.

Turkey

5%  

 

33.  

Fig1 2

DFA 0 14 21 28

P<0.01 P<0.05 P<0.001

7 14 P<0.001

P<0.01 4 DFA 0 28

P<0.01 P<0.05 5

 

Fig1 3 Ca BAP TRAP5b ucOC OC

ucOC/OC Ca BAP

TRAP5b

OC 0 28 P<0.05

ucOC DFA 7 14 21
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P<0.01 P<0.05 P<0.05 DFA ucOC/OC

0 21 28 P<0.01

P<0.05 P<0.001  

Fig1 4 Ca Ca/Cre DFA

Ca 0 28 P<0.05 14 21 28

P<0.01 P<0.01 P<0.001

Ca/Cre  

 

44.  

28 DFA

 

RA

DXA QCT

[9 14] RA

QCT RA

X DXA X

[62] RA

[13] DXA QCT

RA

RA

DFA 4 0 28

5 0 28

(P<0.1) 4

DFA

DFA
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[39] DFA

[53] DFA

 

7 14 DFA 14 21

RA

7 14 21

[13] RA

 

[1]

[1] RA

BAP TRAP5b OC ucOC

BAP

[1 25 50] TRAP5b

[47] BAP

TRAP5b DFA

 

OC K

[28

40 43 44] [50] ucOC
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[42] ucOC

proOC ucOC/OC K

[40] ucOC 7 14

21 DFA OC 0

28 ucOC OC

ucOC/OC 21 28 DFA

DFA OC ucOC

21 28 ucOC/OC

0 DFA

proOC ucOC OC OC

DFA

K

DFA OC

DFA K

 

DFA Ca

Ca Ca

DFA Ca

Ca

Ca [46] DFA

Ca/Cre Ca 28

14 21 28

190 Ca 0

[22] 190

159 185 DFA
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Ca

CT CT

Ca C [8 33] CT

Ca Ca

Ca [33] CT

CT

[61] CT

DFA Ca

 

DFA 28

DFA

Ca Ca  
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28 DFA

DFA 28 4

ucOC/OC

ucOC OC

DFA

Ca Ca 28
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66.  

 

 

 
 

 

 

 

  

Table1 Ca P Mg

1 Dietary cation-anion difference (DCAD) 1)

Ca P Mg DCAD3)

g/kg DM2) g/kg DM2) g/kg DM2) (mEq/100g)

DFA n=12 10.9±0.23 5.1±0.32 2.5±0.07 16.2±0.9

 n=12 11.0±0.22 4.3±0.06 2.6±0.06 16.9±0.8

1 ±

2

3 DCAD (mEq/100 g (DM))) = (Na %DM/0.023 + K %DM/0.039)  (Cl %DM/0.0355 + S %DM/0.016)
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11.  

Ca

[46] Ca Ca

190

Ca 190

[22]

[45 46] 190

Ca DFA

Ca

DFA

Ca Ca

[2 32 67]

Ca

DCAD [2 11 30] Mg [63]

K [17]

Ca [18 48]

DCAD Ca

[30]

DFA Ca

Ca [60] DCAD

DFA DCAD

Ca

DFA
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DCAD

Ca

 

22.  

2-1  

16

211 420 157 160

n = 8 DFA n = 8

TMR TMR

2 kg/ TMR

4 kg/ 7 TMR

Table2 DFA

DFA 20%

1 200 g DFA 40 g [59]

119 7 DCAD

DFA 3.25 ± 0.05 3.00 3.87 ± 0.04

3.5 ± 0.06 611 ± 4.49 kg 587 ± 2.7 kg 1 40.3 ± 

0.48 kg 41.0 ± 0.52 kg BCS [15] 3.19 ± 0.01 3.19 ± 

0.01

120 90 60 30 7 24 7

24 6

24 22 24

 12 Ca Ca 100 g Ca 27 g
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2-2  

8 mL II D

S 21G

-D

2,000 g 10 -30

 

 Ca iP Mg  

AU680

USA iP Mg Ca

 

 ucOC  

 

 OC  

 

 N- Type collagen cross-linked N-

telopeptide, NTx  

Osteomark NTx Serum

ELISA Enzyme-linked 

immunosorbent assay

NTx NTx

25 90 Tetramethylbenzidine

5 30 450 nm

NTx
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Intra-CV Inter-CV 6.2% 4.0%  

 ucOC/OC  

 

 OC/NTx  

 OC/NTx OC NTx

[66]  

 T-Cholesterol, T-cho  

AU680 USA

 

 

2-3  

-30

Ca Cre Ca/Cre  

 

2-4 RFS  

Burfeind [4] RFS RFS

1 5 1.0 5  

 

2-5  

SAS enterprise guide ver.7.1 SAS institute Inc.

JMP15.1.0 SAS Institute Japan , 

Ca [22

45 46]

 

I 120 90 II 90
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60 III 60 7

I II Shapiro-Wilk normal

Paired t Wilcoxon

Student t Mann-Whitney U

III

Turkey

5%  

 
33.  

 I  

Fig2 1 Ca P Mg Ca

P DFA Mg

120 90 P<0.05  

Fig2 2 OC NTx OC/NTx ucOC ucOC/OC

OC ucOC

NTx 120 90

P<0.05 P<0.01 DFA OC/NTx

120 90 P<0.01

90 ucOC/OC DFA

P<0.05  

Fig2 3 T-cho Ca/Cre RFS

120 T-cho DFA

P<0.01 Ca/Cre RFS
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 II  

Fig2 4 Ca P Mg

 

Fig2 5 OC NTx OC/NTx ucOC ucOC/OC

OC NTx OC/NTx ucOC

90 ucOC/OC

DFA P<0.05  

Fig2 6 T-cho Ca/Cre RFS

T-cho RFS

Ca/Cre 90 60

P 0.05  

 

 III  

Fig2 7 Ca P Mg DFA

Ca 60 7

P<0.001 7

Ca 60 7

P<0.001 24

Ca DFA P<0.01

P Mg  

Fig2 8 OC NTx OC/NTx ucOC ucOC/OC

 

Fig2 9 T-cho Ca/Cre RFS DFA

T-cho 60 30
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P<0.001 24

T-cho 30 P<0.05

T-cho 60 30

P<0.001 24 T-

cho 30 P<0.05 Ca/Cre

RFS  

  

4.  

DFA

Ca

Ca K DCAD Mg

[6 17] Ca

K DCAD

Mg

DFA

DFA  

OC ucOC

NTx NTx

N

[1] OC/NTx

[66]  

120 90 DFA

90 NTx 120

DFA 90 OC/NTx 120

OC OC
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[28 50] NTx

CT [1] CT Ca [8

33] CT

I Ca CT

DFA DFA III Ca

[60]  

120 90 OC ucOC

DFA 90 ucOC/OC

ucOC K

proOC OC K

- OC [40

43] DFA ucOC OC

ucOC OC

K [5]

K

DFA ucOC OC K

DFA

K  

I DFA Ca/Cre

Ca

[46] 160 190

Ca Ca

 

90 60 OC

ucOC NTx OC/NTx
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90 ucOC/OC DFA

90 DFA ucOC OC

K 60

ucOC OC K

 

Ca/Cre

60 Ca/Cre 90

90 Ca

Ca [22] Ca

DFA Ca

 

60 7

60 Ca

DFA Ca

Ca Ca

DFA Ca

DCAD

PTH

Ca [18]

pH [30] DCAD

-5 5 mEq/100 g pH 6.8 7.0 [31]

7 pH DFA 6.93  0.05

6.78  0.06 7 DCAD
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DFA 1 12 DFA

[59] DFA

1 2 DFA DFA DCAD

DFA Ca

Ca

Ca 6.7  0.1 mg/dL 24

Ca PTH Ca

1,25-(OH)2D

[33] DCAD 1,25-(OH)2D

Ca Ca

DCAD 15 24 [33]

1,25-(OH)2D Ca

 

DFA OC ucOC NTx OC/NTx ucOC/OC

Ca/Cre

Ca

 

DFA 120 T-cho

T-Cho

[16 29] [16 64]

DFA 120 308.75

7.03 278.13 6.15 1 40.3 ± 0.5 kg

41.0 ± 0.5 kg

RFS [4] 120 DFA

3.50 0.06 3.63 0.06 T-



33 
 

cho 130 300 mg/dL[24] 120

T-cho

DFA

DCAD 120 90

Ca

90

Ca DFAIII

Ca Ca

 

 

55.  

DFA

DCAD Ca

120 90 DFA OC/NTx

DFA III Ca

90

Ca/Cre Ca

Ca

DFA Ca/Cre

Ca

Ca

DFA Ca

DFA DFAIII DCAD

Ca Ca
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Ca
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Ca Ca

 

DFA 2

TJ Ca Ca

DFA

Ca DFA

 

DFA

DFA

DFA Ca

 

 

DFA  

28 DFA

DFA 28 4
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Ca 28 Ca

 

 

DFA Ca

 

DFA

DCAD Ca

DFAIII 120 90 OC/NTx

Ca

90 DFAIII

Ca/Cre Ca

DFA

Ca Ca

DFAIII
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Ca Ca
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