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C
25] ME
Staphylococcus Staphylococcus aureus
epidermidis

QOL Quality of life:

2-3

immunosorbent assay: ELISA

S.

ul
HF

aureus Staphylococcus

enzyme-linked

ELISA



ELISA 2

1
2
hydroxyapatite: HAp
amorphous calcium phosphate: ACP octacalcium phosphate:
OCP 48
ACP-Protamine, OCP-Protamine, HAp-
Protamine 25.2,5.28,19.2mg gt
S. aureus
3
OCP
OCP
OCP
OCP fluorapatite: FAp
MG-63

OCP

4
25 ug/L, 1 ug l9
20 ELISA
97
ELISA



ELISA
2.

/g

8.2%

ELISA ELISA-II
ELISA-I
2-ME
Na2SOs

83.8-100.8%

ELISA-I1I

S. aureus

2008
ELISA-II 2-ME
ELISA-II 0.66 ug
ELISA-I , 0.996

ELISA



11
12
1.3
14
15

2.1

2.2
221
222
2.2.3
224
225
2.2.6

2.3
23.1
2.3.2
2.3.3

2.4

3.1

3.2
3.2.1
3.2.2
3.2.3
3.24
3.25
3.2.6

3.3

11
12
19

24

25
26
26
27
27
28

28
37
40
47
49

51

52
52
53
54
54
55



3.3.1

3.3.2

3.3.3
3.4

4.1

4.2
421
4.2.2
4.2.3
4.2.4
4.2.5
4.2.6

4.3
43.1
4.3.2
4.3.3
4.3.4
4.3.5

4.4

4.5

51

5.2
521
522
523
524
525
5.2.6
527

ELISA—1I

55
64
67
72
75

77

77
78
78
78
79
81

81
82
82
82
87
87
92
93

95

95
96
96
97
97
99
99



53
5.3.1 ELISA—1I
5.3.2
5.3.3
534
5.35
5.3.6
54

100
100
100
102
104
109
113
116

117

122

124



1.1
H B A 7K
4 2020 [1]
QOL H
DHA, EPA
ACE
[3, 4]

23.8 kg 2019
1 2 3
200 33,629
[2] 1
[1]
quality of life:
HHA n-3

[3]



35-40

[3]

[6]

CasgH2(PO4)s 5H20; octacalcium phosphate: OCP

50

[10]

[11-13]

200

80-90

20-30

[7. 8]

=

[9]

i



B

[19, 20]

[14]

at

QOL

[14, 15]

[16-18]

[20-22]

[23, 24]



Codex Alimentarius Commission (CAC)

INZE

1.2

[6, 31-33]

[34]

ATP,

1-1

2002 4

21

[28, 29]

5 kDa
Clupeine

DNA

[25-27]

12-13

Salmine

1-2

[18, 30]

1-1

[35]

K+,
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1-2

[18]

Family

Function

Selected allergens (names/sources)

Plant food allergen families
Prolamins
Nonspecific lipid transfer
proteins

2S albumins

Bet v 1 family

Cupin superfamily

7S (vicilin-like) globulins

118 (legumin-like) globulins

Cysteine protease C1 family
Profilins

Animal food allergen families
Tropomyosin family
Parvalbumin family
Caseins

Transferrin family

Serpins

Arginine kinases
Lipocalins
Lysozyme family
Ovomucoids

Albumins

Seed storage proteins
Involved in lipid transport, plant defense

Seed storage proteins

Pathogenesis-related proteins

Seed storage proteins

Seed storage proteins

Cysteine proteases
Actin-binding proteins

Actin-binding proteins in muscle
Muscle proteins, involved in muscle contraction

Mammalian milk proteins, form stable micellar
complexes

Sulfur-rich ion-binding glycoproteins from milk
and hen's egg white

Serine protease inhibitors

Adenosine triphosphate: guanido
phosphotransferases

Carrier proteins

Enzymatic activity, lactose synthesis in milk

Kazal inhibitors, contain Kazal-type inhibitor
repeats

Serum albumins, transport proteins

Sec ¢ 20/Rye; Tri a 19/wheat; Tri a 36/wheat
Act d 10/Kiwi; Api g 2/celery; Ara h 9/peanut;
Cas s 8/chestnut; Cor a 8/hazeinut; Jug r 3/walnut;
Lyc e 3/tomato; Mus a 3/banana; Pru du 3/aimond;
Pru p 3 /peach; Tri a 14/wheat; Zea m 14/maize
Ana o 3/cashew nut; Ara h 2/peanut; Ber e 1/Brazil
nut; Fag e 2/buckwheat; Gly m 8/soybean;
Jug r 1/walnut; Ses i 1/sesame; Sin a 1/mustard
Api g 1/celery; Ara h 8/peanut; Cor a 1/hazeinut;
Dau ¢ 1/carrot; Gly m 4/soybean; Mal d 1/apple;
Pru p 1/peach

Ana o 1/cashew nut; Ara h 1/peanut;

Gly m 5/soybean; Jug r 2/walnut; Pis v 3/pistachio

Ana o 2/cashew nut; Ara h 3/peanut; Ber e 2/Brazil
nut; Cor a 9/hazelnut; Gly m 6/soybean;

Jug r 4/walnut; Pru du 6/almond

Act d 1/kiwi; Gly m Bd 30K/soybean

Act d 9/kiwi; Api g 4/celery; Ara h 5/peanut;

Cuc m 2/melon; Dau ¢ 4/carrot; Gly m 3/soybean;

Lyc e 1/tomato; Mus a 1/banana; Ory s 12/rice;

Pru av 4/cherry; Pru du 4/almond; Pru p 4/peach;

Tri a 12/wheat

Pen m 1/shrimp

Cyp ¢ 1/carp; Gad ¢ 1/cod; Ran e 2/frog;

Sal s 1/salmon; Seb m 1/redfish; Xip g 1/swordfish
Bos d 8-Bos d 12/cow’s milk

Bos d Lactoferrin/cow’s milk; Gal d 3/hen’s egg

Gal d 2/hen’s egg
Pen m 2/shrimp

Bos d 5/cow’s milk
Bos d 4/cow’s milk; Gal d 4/hen’s egg
Gal d 1/hen’s egg

Bos d 6/cow’s milk; Gal d 5/hen’s egg




1: PRRRRRSSSRPIRRRRRPRASRRRRRGGRRRR
2: PRRRRSSRRPVRRRRRPRVSRRRRRRGGRRRR
3: PRRRRSSSRPVRRRRRPRVSRRRRRRGGRRRR

4: PRRRRASRRIRRRRRPRVSRRRRRGGRRRR

1-1 [34]



Caio(PO4)s(OH)2; hydroxyapatite: HAp

BSP [36]
3-methyl-4-isopropylphenol
[37]
B
PBPs
Cig) Staphylococcus aureus. S. aureus
B B
PBP2A PBP2A
mecA gene
CgE) MRSA [38,39] MRSA
50
25~50%
49 40 37
34
[39]
B
[40] Hansen
Escherichia coli Listeria monocytogenes
pH

pH 6.5



pH

[41] Aziz
Pseudomonas aeruginosa
[42] Koo S. aureus
S. aureus
[43]
1.3
i
R
CI [11-13]
60-70 mass HAp
[44] B & 70mass% i 97mass
HAp [13] ] HAp
[45]
HAp pH 4-12
[11, 46] amorphous



calcium phosphate: ACP

0.95 nm

ACP

OoCP

[49]

OCP HAp HAp
[47-49] ACP
Cag(POu4)s
ACP

OCP HAp
[48, 50] OCP
HAp
HAp
ACP HAp
[51]
[52]
[51]

600 mg 150 mg/
150 mg/

10

Posner’s clusters



[51]

14

20%

[53]

a -
34-38 kDa
80%
1-2
61.4% 54.5-65.5%
93.8% 82.0-100% [17]
IgE
IgE
[30]
[53]

enzyme-linked immunosorbent assay: ELISA

polymerase chain reaction: PCR

11



ELISA PCR

[29, 54, 55]
15
[1]
[56] B RS
Staphylococcus
S. aureus  Staphylococcus epidermidis [56]
[40]
[23, 24]
ELISA

12



Erimacrus isenbeckii (slow tonic)
-~ Erimacrus isenbeckii (slow twitch)
91 Charybdis feriatus Crab
0.99 Chi tes opilio (slow)
% Eriocheir si .
1.0 Paralithodes camtschaticus (slow) | King crab
Homarus americanus (slow)
_7;: Homarus americanus (fast) Lobster
0.99 Panulirus stimpsoni (fast)
~ Crangon crangon
:°: o555 Pandalus eous (fast)
0.92 Macrobrachium rosenbergii .
Metapenaeus ensis Shrimp / Prawn
92 95 - 2p o
84 70 P aztecus
0.98 Py don
70 P ” .
100 0.92 Oratosquilla oratoria | Mantis shrimp
1.0 Euphausia superba | Krill
Periplaneta americana | Cockroach
100 ——— Dermatophagoides pteronyssinus Mite
20l Dermatophagoides farinae
96 Ommastrephes bartrami
- 73 WC Sepioteuthis lessoniana
Sepia lenta
- 19.3 oo Todarodes pacificus Cephalopod
— Loligo bleekeri
77 ' Octopus vulgaris
10 P Helix aspersa
o81] 100 Turbo cornutus
10 90 Haliotis diversicolor Gastropod
10 Haliotis discus discus
Neptunea polycostata
100 Perna viridis
1.0 78
C trea gigas
Scapharca broughtonii
Mimachlamys nobilis Bivalve
Fulvia mutica
100 89 Pseudocardium sachalinensis
1.0 7] . I Tresus k
s8| 098 solen strictus
1.0 100 I_ Venerupis philippinarum
1. Balanus rostrati | Barnacle
Caenorhabditis elegans
neighbor joining, NJ Bayesian inference, Bl
[17]
NJ BI
70%

13



[57]

ELISA

ELISA 2

QOL

20 [5] 50%

5% 5

14



QOL
12
1% 1,200 [58]
360 73,
20.3%
35% [59] % H
2,683 2019 [£5] 1,219
B H 208 [60]
(S
QOL
2018 815 662
3 209
[61] 1 300 g 3,000
188 10,000 627
3.4 [62]

15



1.2 [62]

QoL
80
[63] 2%
[63, 64] 2-3%
[14, 15]
1 2
3,905  64.2% 2,175
153  7.0%
240
2 ACP, OCP, HAp

16

60
2% 240
6,080

35.8%

[65]
QOL
ACP-



Protamine, OCP-Protamine, HAp-Protamine

/

3 2 OCP-Protamine
OCP
4 2
ELISA
5
ELISA
ELISA
6 2 5
/
S. aureus
ELISA

17
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2.1
23] a4 H
dicalcium phosphate anhydrous: DCPA
hydroxyapatite: HAp
gl Streptococcus mutans  S.
mutans S. aureus
[1, 2]
amorphous calcium phosphate: ACP [3]
octacalcium phosphate: OCP [4]
HAp
HAp
ACP [5] OCP [6] ACP OCP
[7, 8] ACP  OCP
ACP OCP
HAp
ACP, OCP

24



2.2

2.2.1
1m
ACP, OCP, HAp
ACP [9] 4 °C
0.75 mol dm=3 Ca(NOs)2 4H20 200 cm3 0.25
mol dm-3 (NH4):HPO4 350 cm?3 1
pH 10.0
pH = 10 2 3
ACP
OCP [10] 0.0335mol  CaCOs

0.1 mol CaHPO4 2H20 dicalcium phosphate dihydrate: DCPD 1000

cm3 10 60 °C 4,6, 15
3
OCP

HAp [11, 12] 0.50 mol dm-3
Ca(OH)2 1000 cm3 1000cm3  0.30 mol dm-3
HsPOs 3 pH

8.70 3 pH 8.70

37 °C 3
3 110 °C
2 HAp

25



2.2.2
X XRD, MiniFlex,
30 kV, 15 mA Cu-Ka KBr

FT-IR, NICOLET iS10,

Ca/P ICP, ICPE-9000,
LA-960,
SSA Brunauer-Emmett-Teller
BET FlowSorb Il Micromeritics Instrument
BET SSA
70 °C )] SEM TMA4000PIlus
i)
TEM, JEM-2100 F, 200 kV TEM
400
XRD FT-IR
2.23
500
Mg cm™3
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[1,
2] 500 ug cm-3
ACP,OCP,HAp 1.0g 500pug cm-3
: 45 cm3
RCC-100, 48

8,600x g 10 3

2.2.4

XRD FT-IR

high performance liquid chromatography: HPLC, Alliance,

100mg 1 mol dm=3

HCI 0.45cm3 1 13,000 x g 10
HPLC
225
HM-3002,
PBS; 9 cm3, 9.57 mmol
dm?3,
100 mms,; 1 mg cm=3, 2 mg cm=3  PBS S. aureus
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FDA209 1cms3; :105CFU cm3 180

rpm 30 °C 6
0.22 pm
2.2.6
Tukey post-hoc test
+
2.3
231
XRD
FT-IR 2-1,2-2
ACP XRD ACP
2-1a FT-IR 1000 cm1 550 cm1
vaPO,3- v4PO43- [13] 2-2a
OCP [10] DCPD CaCOs
OCP
10
[10] 60 °C
1 OCP
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OCP XRD 2-1b-d

4, 6, 15 OCP 20=4.9° 9.6°, 9.9°
4 DCPD 20=11.8° OCP
DCPD 2-1b
6 15 OCP XRD
2-1c, d 15 OCP 20=4.9°
2-2b-d FT-IR 1125,
1076, 1037,1025cm1 OCP 4 P-O 560-600 cm1
v4P 043~ 2
[4, 10]
HAp XRD 260 =31.9°, 32.9°, 39.9°
2-le 2-2e
FT-IR vaP 043~ v1PO43~
1034 cm1! 962cm™! v4PO43~ 604 cm™! 565
cm-1 [10, 14] CO32- 1455cm1
HAp
[14] 3000-3500
cm-1 HAp OH
Ca/P SSA 2-1
ACP HAp CalP 1.50[3] 1.67[14]
OCP 4,6,15
1.33[10] OCP HAp
OCP
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[10]
OCP  HAp
6CaHPO4 2H,0 + 2Ca?* + 2COs2
— CagH2(POa)s 5H20 | + 2C0O, 1+ 9H20 (1)
CagH2(POs)s 5H20 + 2Ca?* + 2COs%

— Ca1o(P0O4)s(OH)2 | + 2CO2 1 + 5H20  (2)

[15] SSA
SSA
SSA
ACP, OCP, HAp
14-21 pm ACP, OCP,HAp SSA 26-60 m?2
g! HAp > ACP > OCP SSA SSA
100 °C
100 °C
70 °C HAp SSA
SSA
[15]
SSA
OCP 4, 6, 15 XRD
4 DCPD
20=4.9° 15 Cal/P
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SSA

15
SEM 2-3
TEM
selected area electron diffraction: SAED
2-4  ACP SEM
2-3a TEM 50 nm
2-4a SAED 2-4a’
ACP [16]
XRD FT-IR ACP
OCP HAp [17]
SAED ACP
ACP
OCP SEM 2-3b TEM 2-4b1,b2
SAED 2-4b1', b2 OCP
(002), (260) OCP (002), (201), (142)
2-4b1’
R N
HAp SEM 2-3C TEM 2-4c
& 50-100 nm SAED 2-4¢
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X-ray intensity ( a.u.)

v ACP OO0CP
vDCPD @HAp e
°
S A2 R
o}
o) N o}
| A
o}
o}
o o
o O
oo °
o}
v o o
00 i o 9 9
v
Pttt . *-M‘““'“‘WMM
10 20 30 40 50
20 (degree, CuKa)
2-1 XRD

(a) ACP, (b) OCP-4h, (c) OCP-6h, (d) OCP-15h, and (e) HAp
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©
/
(d)

Transmittance

S99+

/
(c)
/

(b)

~
(a)

3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

2-2 FT-IR

(a) ACP, (b) OCP-4h, (c) OCP-6h, (d) OCP-15h, and (e) HAp
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2-1 Ca/P

Theoretical Analytical Median Specific
Calcium

Ca/P molar Ca/P molar size surface area
phosphates

ratio2 ratioP (um) (m2.g-1)b
ACP 1.50 1.50+0.01 18 41+6.3
OCP-4 h 1.33 1.42 +0.01 16 26 £5.4
OCP-6 h 1.33 1.40 £ 0.00 14 29+4.8
OCP-15h 1.33 1.42 £0.01 20 27 +5.3
HAp 1.67 1.63+0.01 21 60+7.6
[3,10,14] ©® + (n=3)
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2-3 SEM
(a) ACP, (b) OCP, and (c) HAp

10 pm
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2-4 TEM (a, bl, b2, c)
SAED (@, bl’, b2, ¢) (a,a)ACP, (b1, bl’) OCP ( )s
(b2, b2’) OCP ( ), and (c, ¢’) HAp

50 nm
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HAp (002), (202), (211), (222)
HAp
2.3.2
XRD FT-IR
2-5, 2-6
2-5a ACP-Protamine  XRD HAp 2-
le 20=31.9°,32.9°,39.9° HAp 2-
le HAp
FT-IR 2-6a HAp v3PO43~
1034 cm™1! v1PO43~ 962 cm-1
vaPO43- 604 cm-1 565 cm-1 CO3%-
1455 cm1 HAp ACP OCP
[16, 18, 19]
XRD FT-IR ACP HAp
2-5b OCP-Protamine  XRD 20=4.9°,9.6°,
9.9° OCP 2-6b FT-IR 1125,
1076, 1037, 1025 cm1 OCP 4 P-O 560-600 cm~1
2 [4, 10] OCP
2-5¢C HAp-Protamine  XRD 260=31.9°,
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X-ray intensity (a.u.)

O O0CP

O (@]
o . (b)
[ J
[ ] P ®
S . (a)
10 20 30 40 50

2-5

20 (degree, CuKa)

XRD

(a) ACP-Protamine, (b) OCP-Protamine, and (¢) HAp-Protamine
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(c)

Y
® m
Rl

Transmittance

(a)

1 1 1

3500 3000 2500 2000 1500 1000 500

Wavenumber (cm?)

2-6 FT-IR

(a) ACP-Protamine, (b) OCP-Protamine, and (c) HAp-Protamine
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32.9° 39.9° HAp 2-6¢ FT-IR

1034 cm1! v3aPO43~ 962 cm! v1PO43~ 604 cm—1
565 cm-1 vaPO43~ [10,14] HAp
2-2
5.28 mg g1 ACP
ACP
ACP  HAp HAp
OCP
ACP  HAp
OCP OCP [20]
OCP SSA
ACP HAp SSA
ACP [3,21] OCP
[22,23] HAp
[14, 24] ACP, OCP,
HAp DCPA HAp
[1, 2]
2.3.3
S. aureus 2-7
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2-2

Charged solution Supernatant Adsorbed protamine
Sample
(ug-cm™) (ug-cm9)2 (mg-g™)?
ACP-Protamine 500 Trace 252+ 0.15
OCP-Protamine 500 382+4.1 528+0.11
HAp-Protamine 500 95.2+6.0 19.2+0.13
+ (n=23).

41



ACP, OCP, HAp
ACP-Protamine, OCP-Protamine, HAp-
Protamine 1mg cm=3 2mg cm=3
2-7 5 4

100,000 10,000

2-8

ACP-Protamine <9.7ug cm=3 HAp-Protamine <6.2ug cm-3

OCP-Protamine <1.3 pg cm=3

ACP
HAp ACP-Protamine HAp-Protamine
ACP-Protamine
OCP
OCP-

Protamine
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7.0

g 6.0 |
= 50 [
(&)
§° 40
2 3.0 r
=}
§ 20
2 10
g
& 0
m -
Control ACP OCP HAp ACP-Protamine OCP-Protamine HAp-Protamine
Added calcium phosphate powders (mg*cm-3)
2-7  Staphylococcus aureus
(n=23)
ACP, OCP,HAp 2 mg cm3 ACP-Protamine, OCP-Protamine,

HAp-Protamine 1mg cm=3 2mg cm=3

*p < 0.05
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12.0

8.0 r
40 r
5 N.D. N.D. N.D. N.D. Trace i
2 1 P 1 2 1 2

- 2 2

Released protamine (pg:cm)

Control| ACP ocCpP HAp | ACP-Protamine | OCP-Protamine | HAp-Protamine

Added calcium phosphate powders (mg*cm3)

2-8 (n=23)

ACP, OCP,HAp 2 mg cm3 ACP-Protamine, OCP-Protamine,

HAp-Protamine 1mg cm=3 2mg cm=3

4 4



HAp

[2]

OCP-Protamine ACP-
Protamine HAp-Protamine ACP-
Protamine HAp-Protamine

OCP-Protamine i

OCP i

OCP  HAp DCPD

[22, 23] 2-4

TEM OCP =
2 s
12-13
2-4b2 TEM OCP
[25] OCP ACP  HAp
OCP
2-9
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NN TRZIy 9
KHJE

Staphylococcus aureus

TINZA &

a-axis
direction @@@@
//

¥ \./ Uv
CO0~ CO0O0

VV

OCP-Protamine

a-axis
direction

WORCICICARS

ACP-Protamine, HAp-Protamine

OCP-Protamine

OCP

- OCP
ACP-Protamine, HAp-Protamine

a-axis ﬁ
dlrectlon

/

/ \'

COO’ COO

OCP-Protamine

a-axis ﬁ
dlrectlon

WONCICICNC

ACP-Protamine, HAp-Protamine
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2.4

ACP

ACP-Protamine

S. aureus 1/10

EOG

DCPA-Protamine  HAp-Protamine S. mutans

OCP

OCP-Protamine  ACP-Protamine

ACP-Protamine

[1, 2]

ACP  OCP

OCP-Protamine

Escherichia coli

ACP HAp

ACP HAp

OCP

OCP-Protamine
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3.1

B

S. aureus

[6]

OCP

" o&

ACP, OCP, HAp

[1, 2]
i)
OCP OCP
i)
[2]
13
99% B B [3]
[4, 5]
HAp OCP
[7, 8]
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3.2

3.2.1
OCP [9, 10]
CaC030.0335mol CaHPO4 2H20 0.1 mol 10, 10,
100, 500 ug cm=3 (NaF ) 1000 cm3 10
60 °C 15
3
OCP OCPF10,

OCPF100, OCPF500;

3.2.2

OCP1.0g 500 pg cm-3 ,

500 pg cm=3
10, 100, 500 pug cm=3 (NaF ) 45 cm3
Fisher scientific 48
8,600 x g 10 3
OCP-P
/ OCP-F10P, OCP-

F100P, OCP-F500P;
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OCPF10, OCPF100, OCPF500

1.0g 500 pg cm=3 45 cm3
48 8600 x g 10
3
/ OCPF10-P, OCPF100-P,
OCPF500-P;
3.2.3
X XRD, MiniFlex,

30 kV, 15 mA  Cu-Ka

KBr FT-IR, NICOLET iS10,

Ca/P ICP, ICPE-
9000, LA-
960, PA

800 Plus, Beckman Coulter

100mg 1 mol dm=3HCI0.45cm3

1 13,000 x g 1

HPLC, Alliance

SEM JSM-6390LA,

15 kV
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X EDX, EX-54175JMU,

3.24
[10]
1 1mg
353072, CORNING 60 °C
HM-3004,
MG-63 IFO50108,
1 x 104 cells well1
E-MEM( ), MEM Non-essential

Amino Acid Solution (Sigma-Aldrich ), 10% fetal bovine serum (FBS,

), penicillin-streptomycin solution (

) CO2 37 °C, 5% CO2 2
1 2 WST-8
3.25
HM-3002,
PBS; 9 cms, 9.57
mmol dm-3,
100 mms; :1mg cm=3  PBS S. aureusFDA209
1cms; :10°CFU cm=3 180 rpm
30 °C 6 Rapid
Aerobic Count Plates, 3M 35°C 24
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0.22 pm

3.2.6
Tukey post-hoc test
+
3.3
3.3.1
OCP, OCP-P
/ OCP-F10P, OCP-F100P, OCP-
F500P XRD 3-1 FT-IR 3-2
XRD 3-1 OCP, OCP-P, OCP-F10P, OCP-F100P
OCP 20=4.9° 9.6°, 9.9° OCP-F500P
fluorapatite, FAp 260=31.9°,32.9°,39.9°
FT-IR 3-2 OCP, OCP-P, OCP-F10P,
OCP-F100P 1125, 1076, 1037, 1025 cm™1 OCP 4 P-
O 560-600 cm~1 va PO43- 2
OCP-F500P FAp 1034
cm-1 v3PO43~ 962cm1 v1PO43- 604
cm-t 565 cm1 v4 PO43
XRD FT-IR OCP-P, OCP-F10P, OCP-
F100P OCP
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O OCP

X-ray intensity (a.u.)

3-1

20 30 40 50
20 (degree, CuKa)

XRD

() OCP, (b) OCP-P, () OCP-F10P, (d) OCP-F100P, and (€) OCP-F500P
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(e)

(a)

Transmittance
D

3500 3000 2500 2000 1500 1000 500

Wavenumber (cm™)

3-2

FT-IR

() OCP, (b) OCP-P, () OCP-F10P, (d) OCP-F100P, and (€) OCP-F500P
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OCP-F500P OCP FAp

OCPF10, OCPF100, OCPF500

OCPF10-P, OCPF100-P,

OCPF500-P XRD 3-3 FT-IR 3-4
XRD 3-3 OCPF10, OCPF10-P OCP 20
=4.9°,9.6°,9.9° OCPF100, OCPF100-P OCP
20 = 4.9° OCPF500, OCPF500-P FAp
20=131.9°, 33.1°, 40.0°
FT-IR 3-4 OCPF10, OCPF10-P 1125, 1076,
1037,1025cm™1 OCP 4 P-O 560-600 cm~1
v4PO43- 2
OCPF100, OCPF100-P, OCPF500, OCPF500-P FAp
1034 cm™? v3PO43~ 962 cm™1 v1PO43~
604 cm~1 565 cm1 v4 PO43~
XRD FT-IR
OCPF10, OCPF100 OCP
OCPF500 FAp
XRD FT-IR
OCP OCP
OCP
2
3 10, 100, 500 pg cm=3
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OoCP

[4] 10
100 pg cm-3 20=4.9° OCP
500 pg cm=3 20=4.9° OCP FAp
ocCP FAp
OCP OCP
Shiwaku [10]
Ca/P
3-1 Ca/P OCP 1.33[9]
[9] OCP HAp
OCP

OCP-F10P, OCP-F100P, OCP-F500P OCPF10-P,

OCPF100-P, OCPF500-P

Cal/P
OCP CalP , 1.33 FAp Ca/P , 1.67
XRD FT-IR
OCP FAp
3-1-4 XRD FT-IR

10.6  19.7 pm
OCPF500-P
OCP-F100P, OCP-F500P, OCPF100-P, OCPF500-P

0.64-3.78 mass%
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O OCP
E
s
Py
e
Q
=
J
<
10 20 30 40 50
20 (degree, CuKa)
3-3
XRD (a) OCPF10, (b) OCPF100, (c) OCPF500, (d) OCPF10-P,

(e) OCPF100-P, and (f) OCPF500-P
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Transmittance

49599=

3500 3000 2500 2000 1500 1000 500

Wavenumber (cm)

3-4
FT-IR (a) OCPF10, (b) OCPF100, (c) OCPF500, (d) OCPF10-P,

(e) OCPF100-P, and (f) OCPF500-P

61



OCP-F100P, OCP-F500P

7.41-24.2mg g1

OCP-F10P,

OCPF10-P, OCPF100-P, OCPF500-P

7.23-8.22 mg g1

Qiao

F500P

[7]

[8]

SEM 3-5
3-5a,b

SEM 3-5c-e

3-5¢  OCP

6 2

Shiwaku OoCP

OCP, OCP-P

OCP-



3-1 Ca/P
Protamine
Calcium Ca/P molar Median size F content content
phosphates ratio2 (um) (mass%)?
(mg g™)°
OCP 1.42+0.01 16.1 N.D.b N.D.b
OCP-P 1.42 +£0.01 17.3 N.D.b 5.77 £ 0.05
OCP-F10P 1.42+0.01 14.9 N.D.b 7.41+£0.08
OCP-F100P 1.46 £ 0.01 18.1 0.65 £ 0.02 14.8+0.14
OCP-F500P 1.58 £ 0.01 16.5 3.22+0.15 24.2 £ 0.09
OCPF10-P 1.45+0.00 19.7 N.D.b 7.26 £ 0.01
OCPF100-P 1.50+£0.01 17.6 0.64 £ 0.04 7.23+£0.01
OCPF500-P 1.63+£0.01 10.6 3.78 £ 0.17 8.22+0.12
+ (n=3) PNot detected
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SEM

3-5f-h OCPF10-P  OCPF100-P
OCPF500-P
OCPF100-P OCPF500-P SEM 3-5g9, h
OCP OCPF500-
P XRD FT-IR

3-6 OCP-F500P 3-6a, b OCPF500-P 3-6¢, d

EDX
3-6a, c
EDX 3-6b, d) C,0,FS, P Ca
C
Na
NaF P
P Pt
P Pt
3.3.2
3-7
1

2 MG-63

OCP

6 4



3-5 SEM  (a) OCP, (b) OCP-P,
(c) OCP-F10P, (d) OCP-F100P, (e) OCP-F500P, (f) OCPF10-P, (g) OCPF100-P,

and (h) OCPF500-P 5um
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P(Pt)
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3-6

P

(a, b) OCP-F500P, and (c, d) OCPF500

EDX

10 pm
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3.3.3

3-8 3-8 5
4 100,000 10,000
OCP

OCPF500-P

OCP-P

[3, 6]
3-9
1.1 18.4 pg cm=3

OCP-F100P, OCP-F500P

OCP-P, OCP-F10P, OCPF10-P, OCPF100-P

OCPF500-P
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1.2
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3-7 (n=4)
*p<0.05
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Bacterial count (log CFU-cm™3)

7.0
6.0
5.0
4.0
3.0
2.0
1.0

111115

R '\9 Q
O O(“ & <<'\r Q<<<’)

Q Q Q Q
¢ & & & & &
o 0 o o g

3-8  Staphylococcus aureus
(n=3)

*p<0.05
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Released protamine (ug-cm3)

20
15 r
10 ¢
| ' l
N.D. N.D. . I
0 I
) R ; R X R R R
& &g S NS
F & & & &
3-9 (n=3)
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OCPF500-P

3-10
XRD 3-1, 3-3
HAp
132 pm 168 pm
[11, 12] OCPF500-P
OCPF500-P a
[13]
c OH"
[14] OCPF500-P
c
OCPF500-P
3-1
OCPF500-P
F500P

71

OCPF500-P

a

alb) Caz*
PO43~
a
3-9
OCP-F500P
3-1

3-9

OCP-



OCPF500-P

OCP-F500P
OCP
OCPF500-P OCP-P
3.4

i)

OCP ii) iii)
OCP FAp

MG-63
OCP-P
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/ S. aureus
65 1.4 2018 [15]
1.3 96.3% 50kg 3.7% f 2018
[15]
/
1.3
OCPF500-P

8.22 mg gt 3-1 OCPF500-P 1.3

10 kg

5 mass% 10 kg

200 kg
OCPF500-P
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4.1
enzyme-linked immunosorbent assay:

ELISA [1]

[2] ELISA

[3]
[3, 4]
[5]
4.2
4.2.1
x
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4.2.2

[1] Penaeus
monodon 0.0, 12.5, 25.0,
50.0, 125.0, 250.0 ug/L PBS 8.1 mmol/L NazHPQ4, 1.47 mmol/L

KH2PO4, 2.68 mmol/L KCI, 137 mmol/L NaCl , 1% TritonX-100, 0.009% NaN3

3 0, 2.0,
5.0, 10.0 pg/g 60
[1] 5.0 ug/g 6.0 ug/g
4.2.3
AM-4, 30 3
1lg 39 mL
VORTEX-GENIEZ2, Scientific Industries
30 3 3,000 x g 4 °C 20
5AB paper,
4.2.4

Millipore  WEB

ELISA [1]
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PBS

PBS

0.8 mL
100 g/L BSA
10 pL

ML 190 uL

4-1

4.2.5

20
1

C10066,

ELISA [1]

(0.5¢/L

1:10,000

18.4%][6]

IgG 2.5¢g/L
59g/L

10 mL pH 8.15 0.1g/L

30 1.2mL

0.5mL
- 800
2 mL 3
3
20 pg/g
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Test line Control line

4-1
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4.2.6

[5]
0, 2.0, 5.0, 6.0, 10.0 pg/g

5 coefficient of
variation: CV 5
CVv
4.3
4.3.1
100 pg/L
15
25 ug/L
20 25 pg/L
[7]
2.5¢9/L
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4.3.2

4-1
0.0 pg/L
5
25.0 ug/L
4.3.3
4
20
4.3.4
LOD 1.0 ug/g
5.0 ug/g

limit of detection: LOD

12.5, 25.0, 50.0, 125.0, 250.0 pg/L

5
25.0 ug/L
1pg s
10 4
4-2 MABS 50.0
1:10,000
1:10,000
59
4-3, 4-4
2.0,5.0,10.0 ug/g
6.0 ug/g
4-5

8 2



4-1

Equivalent
Assay .
] concentration Result mABS
Sample solution ] o %CV
in food sample (positive/total) (average)
(Ma/L)
(Hg/g)
250.0 10.0 5/5 50.3 6.8
125.0 5.0 5/5 30.8 6.4
Shrimp
] 50.0 2.0 5/5 15.0 5.2
protein
25.0 1.0 5/5 111 7.6
extract
12.5 0.5 4/5 6.5 12.5
0.0 0.0 0/5 0.5
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4-2

Sample Result

Decapoda group
Black tiger prawn
Red spotted shrimp
Northern shrimp
Spotted shrimp
Freshwater prawn
Fan lobster
Caribbean spiny lobster
Red king crab
Swimming crab
Snow crab

Other species of Crustacea
Acorn barnacle
Pollicipes mitella
Skeleton shrimp
Opossum shrimp
Euphausia

8 4



4-3

Sample

Result

Cephalopoda group
Common octopus
Ocellated octopus (with internal organs removed)
Giant octopus
Japanese common squid
Spear squid
Cuttlefish
Firefly squid (with internal organs removed)

Bivalvia group
Common freshwater clam
Short-necked clam
Bloody clam
Common scallop
Japanese oyster
Blue mussel
Japanese hard clam
Sakhalin surf clam

Gastropoda group
Horned turban
Japanese abalone
Ivory shell
Whelk
Pond snail
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Sample

Result Sample

Result Sample

Result

Beef
Pork
Liver of pig

Chicken

Liver of
chicken
Milk
Gelatin
Egg

Quail egg

Rice

Wheat
Buck wheat
Soybean

Adzuki bean

Coffee bean

Banana
Apple
Kiwi fruit
Orange
Peach

Peanut
Walnut
Almond

Cashew nuts

Sesame

Pepper
Wasabi
Eggplant

Pumpkin

Onion
Bamboo shoot
Ginger

Garlic
Shiitake
mushroom
Matsutake
mushroom
Potato

Sweet potato
Japanese yam
Kombu
Wakame

Agar weed
Sea lettuce
Hiziki
Porphyra
yezoensis

Salmon roe

Cod roe
Mackerel
Salmon

Golden threadfin
bream

White croaker
Walleye pollock
Pacific cod
Cutlassfish

Lizardfish

Alfonsino

Pacific whiting
Horse mackerel
Sardine

Flying fish
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4.3.5

104
ELISA [1]

ELISA limit of quantification: LOQ 2.25ug/L 0.9

Hg /9 1.0 ug/g
4-6 1.0 ug/g
, 1.0-10.0 pg/g, 10.0 ug/g

ELISA 100%, 88%,
100 97 ELISA

5.1,1.5,6.4 ug/g

4.4

8]

[9]
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4-5

Equivalent Intra-assay Interassay

concentration
in a food mABS %CV mABS %CV

sample (ug/g)

Sample

10.0 42.4 8.1 46.4 10.4
. 5.0 26.0 9.4 28.5 10.8
Tomato juice
2.0 13.2 8.3 12.7 10.0
0.0 0.7 0.9
Fish-meat sausage 5.0 15.8 8.8 16.3 12.6
Freeze-dried egg soup 6.0 21.6 6.9 22.0 13.5
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4-6

ELISA

Result of lateral flow assay Concordant  Concordance
ELISA Result
results/total (%)
<1.0 ng/g 48 0 48/48 100
1.0 - 10.0 pg/g 3 23 23/26 88
>10.0 ng/g 0 30 30/30 100
Total 51 53 101/104 97
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ELISA

[1, 2] ELISA

[10] ELISA [1]
mMABS
25 pg/L 1 g
Mg
[11]
[12,13]

90

/9

1ug



MS

ELISA

[17]

90 ELISA

ELISA

mass spectrometry: MS

91

ELISA

12

MS

[14-16]
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4.5

ELISA
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5.1

[2]

2-ME

5.2

5.2.1

[1]
ELISA  ELISA-I

[3]

ELISA-I

2- 2-ME

2008 ELISA-I

ELISA 2-ME

Na.SO3 [4] NaxSOs3
2-ME
2-ME Na>SO3
ELISA ELISA-I1I ELISA-
ELISA-II

Penaeus monodon Integrated Aquaculture Specialist
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5.2.2

01lg
0.1 M NazSOs 10 mL/L

Cocktail Kit, Thermo Fisher Scientific

[5]
6 g/L SDS
Halt Inhibitor

5mM EDTA pH 7.4

20 mL 10 mM , 154 mM NacCl
15
10,000 xg 30 0.8 pm
DISMIC-25CS,
100 °C 10
2-D Quant Kit GE Healthcare
5.2.3
[2]
10-

11.9 g /g
(Mulloidichthys martinicus) (Pleurograrmmus monopterygius)

(Gadus chalcogrammus )
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5°C
60
5.2.4
3 6 g/L SDS
19
3,000 x g 20
5.2.5
ELISA

121 °C 15

25°C 20

Ace AM-4,
0.1 M Na2SO3[4]

12

ELISA-II

97

i

i

—80°C

30

(19 mL)

No.5A,

Sus scrofa domesticus



PTM PTM

[6, 7]
ELISA-I [2]
ELISA-I1I 96
Thermo Fisher Scientific 50 mM
pH 9.6 20 pg/mL 4°C 18
TBS 3
10g/L BSA 30¢g/L 0.5 mL/L ProClin
950 (Supelco ) TBS 25°C 15
30°C 25
4 °C
2 g/L BSA, 30 g/L , 40 mg/L PTM,
0.5 mL/L Tween 20, 0.5 mL/L ProClin 950 TBS 1:20
100 pL 3
25 °C 90 0.5 mL/L Tween 20 TBS TBS-
T 5 i}
100 pL 25°C 30 TBS-T
5 3,3,5,5- SureBlue Reserve
TMB Microwell Peroxidase Substrate, KPL 100
uL 25°C 20 1M
100 pL/
SpectraMax 340PC, Molecular Devices & 450 nm
K 650 nm 50 ng/mL
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ELISA-1 2-ME [2]

5.2.6
2 ELISA 5.24
11
1 100
ELISA-I ELISA-I1I -
4 y =
{(A-D)[1+ (XICE[}+D A B
C 50 RCso D
RCso/
RCso x 100
5.2.7
5
coefficient of variation: CV
5 CVv
10-11.9 ug /g limit of
detection: LOD 25 standard
deviation: SD 3 limit of quantitation: LOQ
25 SD 10
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5.3

5.3.1 ELISA-II
ELISA-I PTM
Sus scrofa
domesticus PTM
ELISA-I ELISA-I
PTM [2]
PTM 2-
ME Na2SO3 ELISA-I1I PTM
ELISA-I1I
PTM
PTM
5.3.2
5-1 ELISA-1 ELISA-II ELISA
0.78-50 ng/mL
10 ug /g [8] ELISA-11  25ng/mL 10ug
/g
5.3.3
ELISA LOD LOQ 5-1
ELISA-Il LOD 0.36ng/mL 0.14 g Ig LOQ

100



2

2 1.0 r

O

ae

S

3 05 ¢

o,

S

0.0 :
0.1 1 10 100
Crustacean protein concentration
(ng/mL)
5-1 ELISA-1 e ELISA-II O
ELISA-I 2-

ELISA-I1  NazSO3
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1.64 ng/mL 0.66 pg /g

ELISA-I mg kg
[9] ELISA-11
ELISA-II  LOQ 1.64 ng/mL 0.66 pg /g
LOQ 25ng/mL 1.0 ug g
ELISA-I1I
10 pg
I[s| [8] LOQ 1
Hg /9
[10]
10 mg [10]
1 pg 1 kg
1mg ELISA-II LOQ 1.0
Hg /9 )
5.3.4
ELISA-I
5-2
65.2% 47.0-50.5%
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5-1 ELISA-1 ELISA-II LOD LOQ
ELISA-I ELISA-I1I
Parameter
ng/mLa pg/gPb ng/mLa pg/gP
LOD 0.71 0.29 0.36 0.14
LOQ 2.25 0.90 1.64 0.66
ng /mL
Hg /9
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1.8% ELISA-11  ELISA-I

[2]

154%
5-2 ELISA-II ELISA-I
Na>SOs3 5-3
19 56
E
[11]
ELISA-II1
ELISA-11
ELISA-II1
[8] ELISA-I1I
5.35
ELISA-II
4 5-5
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5-2 ELISA-1 ELISA-II
Reactivity (%)
Sample
ELISA-I ELISA-II

Decapoda group

Black tiger prawn 100.0 100.0

Northern shrimp 65.8 87.7

Japanese spiny lobster 114.3 65.2

Caribbean spiny lobster 105.6 109.9

Red king crab 38.5 50.5

Swimming crab 28.5 47.0
Other species of Crustacea

Japanese mantis shrimp 7.6 1.8

Euphausia 1.2 <0.1

Opossum shrimp 0.1 <0.1

Acorn barnacle 11.3 <0.1

Goose barnacle 5.7 <0.1

105



5-3

ELISA-II

Sample Hg/g?
Cephalopoda class
Common octopus <1.0
Giant octopus <1.0
Ocellated octopus (with organs removed) <1.0
Japanese common squid <1.0
Spear squid <1.0
Cuttlefish <1.0
Firefly squid <1.0
Bivalvia class
Common scallop <1.0
Japanese oyster <1.0
Bloody clam <1.0
Blue mussel <1.0
Short-necked clam <1.0
Common freshwater clam <1.0
Japanese hard clam <1.0
Sakhalin surf clam <1.0
Gastropoda class
Horned turban <1.0
Japanese abalone <1.0
Whelk <1.0
Pond snail <1.0

ug
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5-4 ELISA-II
Sample pg/g2  Sample pMg/g2  Sample pg/g2
Beef <1.0 Peanut < 1.0 Salmon roe <1.0
Pork <1.0 Walnut <1.0 Codroe <1.0
Pig liver <1.0 Almond <1.0 Mackerel <1.0
Chicken <1.0 Cashew nuts <1.0 Salmon <1.0
) ) Golden threadfin
Chicken liver <1.0 Sesame <1.0 <1.0
bream

Gelatin <1.0 Eggplant < 1.0 White croaker <1.0
Milk <1.0 Pumpkin < 1.0 Walleye pollock <1.0
Egg <1.0 Onion < 1.0 Pacific cod <1.0
Quail egg < 1.0 Bamboo shoot < 1.0 Cutlassfish <1.0
Rice <1.0 Ginger < 1.0 Lizardfish <1.0
Wheat <1.0 Garlic < 1.0 Alfonsino <1.0

Shiitake e ..
Buck wheat <1.0 < 1.0 Pacific whiting <1.0

mushroom

Matsutake
Soybean <1.0 < 1.0 Horse mackerel <1.0

mushroom
Adzuki bean <1.0 Potato <1.0 Sardine <1.0
Coffee bean <1.0 Sweet potato < 1.0 Flying fish <1.0
Banana < 1.0 Japanese yam <1.0 Atka mackerel <1.0
Apple <1.0 Kombu <1.0
Kiwi fruit <1.0 Sea lettuce <1.0
Orange <1.0 Hiziki <1.0
Peach <1.0 Porphyria <1.0

yezoensis

Hg /g
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5-5 4

Recovery (%)

Sample Ha/g® ELISA-I ELISA-II
Fish meat sausage 10.0 86.7 83.8
Freeze-dried egg soup 11.9 94.3 91.9
Tomato juice 10.0 93.6 91.6
Chicken meatball 10.0 87.8 100.8
Hg /9
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83.8-100.8% 4

5-6 CV 24-3.1%
CV 4.6-8.2 F F 3.7 ELISA-I
ELISA-I1I ELISA-1I
5.3.6
5-2 ELISA-1 ELISA-II 34
0.996 y=1.06x +40.8
10 ug Il
ELISA-I1I ELISA-I
40 pa/g 16
0.988 y=0.97x+1.6 5-3 ELISA-
I ELISA-1[2]
34 26
1.0 ug/g 8
ELISA-1  ELISA-II 1.0 pg/g
10 pg/g
ELISA
8 6 3 2
PCR [12] 8
2 ELISA
5-3
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5-6

ELISA-I ELISA-II

Sample ng/g? Intra-assay  Interassay  Intra-assay  Interassay

CV(%)° CV(%)° CV(%)° CV(%)°
Fish meat sausage 10.0 34 6.8 2.7 8.2
Freeze-dried egg soup 11.9 2.8 5.2 2.4 6.3
Tomato juice 10.0 4.3 6.4 2.6 4.6
Chicken meatball 10.0 3.0 8.2 3.1 7.0

Hg /g
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Crustacean protein concentration

20000

C,
+1]
=2
- 15000
<
a
—
wl
2 10000
(7]
>
©
Q
£ 5000
£
b
Q
° 0
5-2
ELISA-I

0 5000 10000 15000 20000
Crustacean protein concentration
determined using ELISA-11 (pg/g)

ELISA-I1I <15,000 pg/g

n=34; , 0.996
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Crustacean protein concentration

40

30

20

10

determined using ELISA-1 (ug/g)

0 | 1 1
0 10 20 30 40
Crustacean protein concentration
determined using ELISA-Il (ug/g)
5-3
ELISA-1  ELISA-II <40 ug/g

n=16; , 0.988
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[13]

2-Me  NazSOsz 2 ELISA
Ito 3 ELISA
2-ME SH 2-
2 2-ME

2-ME  NaxSO0s3

[4]
2- 'R-SH + R-SH - R-S-S-R + 2H* + 2e-
(3- ) : PR3 + HO - PR30 + 2H* + 2e-

:Na:SO3 + H2O - 2Na* + 2H* + SO42% + 2e-

ELISA
ELISA
pH
5.4
2-ME Na>SO3
ELISA ELISA-1I1
ELISA

ELISA-I 2-ME 2008

ELISA-II
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ELISA-II

2%

13

[14]

[15]

ELISA-I

ELISA

2%

114

627

4



33.4 18.6
13.5 3.3% [14]

240 1

8 QOL
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