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System for Destruction of the Central Nervous System through Insertion
of a Steel Wire for Preventing Color Change in Tuna Meat

Sadami Yada,*! Syuuhei Kimura,*! and Kiyoshi Fujita*2

Authors first examined the morphology of axial skeleton of the yellowfin tuna to develop the ex-
perimental equipment for destroying the central nervous system, and then examined the work ability

of this equipment. The results are as follows.

A stainless wire rope of three millimeters in diameter is the most eflicient for destroying the cen-
tral nerve for insertion into the vertebral foramen and removal using a winding drum as in the second

experimental equipment.

Efficiency of destruction of the central nerve by the second experimental equipment is improved
by increasing velocity by raising the output voltage.

Total resistance R, for destroying the central nerve is in proportion to the diameter of the steel
wire, fish size, diameter of the spinal cord, the total time passed while inserting steel wire, the level
of viscosity of mucus in the cranium and the vertebral foramen. Fish size is the strongest factor.
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Fig. 1. Lateral view of yellowfin tuna showing the method of destroying the central nervous system.
@, white mark and pineal window; ©), brain; 3), vertebrae; @), vertebral foramen,; a, steel wire; b, neural

spine; ¢, hemal spine; d, centrum.
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Table 1. Diameter and weight of unit length of
test steel wires

Kinds of wire Diameter Weight of unit length

(mm) (g/m)
P-15 1.5 18.3
P-2.0 2.0 32.9
P-3.0 3.0 55.9
P-4.0 4.0 98.7
S-7x7-4.0 4.0 68.0
S-7x7-3.0 3.0 38.1
S-7x7-2.5 2.5 27.0
S-7x19-4.0 4.0 68.3
S-7x19-3.0 3.0 39.0
S-1x19-3.0 3.0 44.9
S-1x19-2.5 25 35.3
V-6x19 G/0-4.0 4.0 56.1
V-6x7 G/0-4.0 4.0 59.5

P: stainless steel piano wire (SWP-B), S: stainless steel
wire rope (SUS304-SB), V: viny! clothed wire rope (SUZ),
G/O: zinc plating/common twist (twist direction of rope
and twist direction of strand is opposite), S-7 x 7: 7-ply of 7
strand, S-7x19: 7-ply of 19 stand, S-1x19: 1-ply of 19
strand, V-6 x 19 G/O: center part is fiber (nylon) and 6-ply
of 19 strand, V-6 x 7 G/O: center part is fiber (nylon) and
6-ply of 7 strand!? (refer to Fig. 3). Stainless steel and
vinyl clothed wire rope is all common twist.
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D:V-6x19 G/0. E:V-6XT7 G/0.

Fig. 2. Structures of stainless steel and vinyl clothed wire ropes.
a, stainless steel; b, zinc plating; c, fiber (nylon); S, stainless steel wire rope: V, vinyl clothed wire rope.

Kinds of wire follow Table 1.
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Fig. 3. First experimental equipment for destroying central nervous system.

a, timing belt (234 P3 M10); b, timing belt (330 P3 M10); c, steel wire insert gear (PS-1.5-30); d, steel
wire driving gear (PS-1.5-30); e, connection gear (PS-1.5-30); {, timing pulley (25 P3 M10); g, driving
gear (PS-1.5-15); h, driving shaft; i, timing pulley (10 P3 M10). Display method of dimension of parts is the
following: timing belt (number, belt length; P, pin space; M, pin length); gear (PS-gear width-number of
teeth), timing pulley (number, diameter; P, pin space; M, pin length).
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Fig. 4. Second experimental equipment for destroying central nervous system (wire driving equipment TZ-2
type).
a, steel wire for destroying central nerve; b, timing pulley (22 P3 M6); c, timing pulley (60 P3 M6); d, mo-
tor with reducer; e, spur gear (PS-1.5-16); f, driven gear (PS-1.5-16); g, driving gear (PS-1.5-16); h,
winding drum; i, timing belt (387 P3 M6); j, twin core cable. Display method of dimension of parts is the fol-
lowing: timing belt (number, belt length; P, pin space; M, pin length); gear (PS-gear width-number of
teeth); timing pulley (number, diameter; P, pin space; M, pin length).

a 7 T
N

A : Method of detection B : Method of measurement
of permanent strain of permanent strain

Fig. 5. Method of measuring permanent strain on winding diameter.

a, steel wire; b, check point; c, jack; e, square; f, aluminium pipe; d, winding diameter (mm); L, distance
for line ends (mm); B, maximum permanent bend (mm).
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Fig. 6. Dorsal view of cranium and pineal window of yellowfin tuna.
a, ethmoid; b, lateral ethmoid; c, prefrontal; d, sphenotic; e, parietal; f, pterotic; g, epiotic; h, intercalar; i,
supraoccipital; j, exoccipital; k, pineal window; 1, pariental foramen.
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insert course
of steel wire

A : Lateral view of abdominal

vertebrae(2nd, 3rd and 4th
abdominal vertebrae)

insert course
of steel wire

B : Front view of abdominal
vertebra (4th abdominal

vertebra)

C : Lateral view of caudal vertebrae
(9th, 10th and 11th caudal vertebrae)

Fig. 7. Vertebrae of yellowfin tuna.

D : Front view caudal
vertebra (11th caudal

vertebra)

a, vertebral foramen; b, spinal cord; c, notochord; d, parapophysis; e, hemal arch; f, posterior cardinal
vein; g, neural arch; h, neural spine; i, hemal spine; j, centrum.
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Fig. 8. Relationship between winding diameter and distance for line ends L.
Kinds of wire are shown in table 1.
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Fig. 9. Relationship between winding diameter and maximum permanent bend B,,.
Kinds of wire are shown in table 1.
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Fig. 10. Relationship between output voltage and, either driven velocity or work.
Steel wire: S-1x 19-3.0.
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Fig. 11. Relationship between output voltage and, either driven velocity or work.
Steel wire: S-1x 19-3.0.
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insertion course of steel wire

in vertebrae

A : Insertion behind the brain

insertion course of steel wire a

—

N,

- E S W M S O e - e Ee ..

B : In neural canal

Fig. 12. Model of destruction mechanism of central nervous system by inserting steel wire into vertebral fora-

men.

a, vertebral foramen; b, spinal cord; c, steel wire; Re, total frictional resistance against steel wire in crania-
ty cauity (N); Rn, total frictional resistance against steel wire in neural canal (N); Ry, total resistance
against steel wire on extrusion of spinal cord (N); N, vertical resistance between steel wire and cranial cavi-
ty (N); Ny, vertical resistance between steel wire and vertebral foramen (N); , driving power of steel wire

of equipment in cranial cavity and vertebral foramen

(N); 6, insert angle of steel wire in cranium (rad). Dot-

ted lines show insert part of steel wire in cranial cavity and vertebral foramen.
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