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The Effect of Muscle Fiber Direction on the Cut Surface Angle of
Frozen Fish Muscular Tissue Cut by Bending Force
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We have proposed a new cutting method named “"Cryo-cutting” for frozen foodstuffs by applying
a bending force instead of conventional cutting methods with band saw. This paper investigated the
effect of muscle fiber angle (6) to cut surface angle (6;) of frozen tuna muscular tissue at —70, —100 and
—130°C for the purpose of evaluating the applicability of the cryo-cutting method to frozen fishes.
The results were as follows : (1) There were two typical cutting patterns ("across the muscle fiber” and
“along the muscle fiber”) in frozen fish. When muscle fiber angle was 0°<£6; £30°, the frozen
muscular tissue test pieces were cut "across the muscle fiber” and almost all their 8; were 90°, and in
particular at — 70°C, all the test pieces were cut at a right angle (6;,=90°). When muscle fiber angle
was 40° £6; £90°, the test pieces were cut "along the muscle fiber” and all the test pieces were not cut
at a right angle (6;#90°) excep! the case of 6;=90° When muscle fiber angle was 30° £6; £40°, the
test pieces were cut in either of these two cutting patterns. (2) We predicted that whole frozen tuna
body that made of muscle fiber and connective tissue, was possible to cut frozen tuna body (round
shape) in a loin shape by bending them at 6;=90° and in a chunk shape by bending them at —70°C.
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Fig. 1 Cutting process of frozen tuna with a
band saw
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Fig. 2 Schematic illustration of the cryo-
cutting method of frozen fish
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Fig.3 Cut surface by cracking in frozen
mackerel (The cryo-cutting was per-
formed at —90°C)
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Fig.4 The basic structure of muscle tissue in
tuna

a) Fish body

b) Macroscopic structure of fish muscular
tissue

¢) Microscopic structure of fish muscular
tissue
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Fig. 5 Schematic diagram of the experimental
cutting apparatus

(1) Test piece (7) Agitator
(2) Dummy test piece (8) Controller
(3) Thermocouple (9) Load cell

(4) Jig {10 Recorder
(5) Liquid nitrogen (1) Balljack
(6) Heater (122 Motor
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Fig. 6 The jigs for cutting test by three points
bending

a) A test piece of frozen tuna muscular tissue
which is applied three points bending
force ,

b) The definition of muscle fiber angle (6
and cut surface angle (6s)

c) A test piece in the case of 8,=90°
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Fig. 7 Effect of muscle fiber angle (6y) on the
cut surface angle (6s) of a test piece in
frozen tuna muscular tissue
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b) Cutting along the muscle fiber

B & UMHEAE & O} 6,=6; DMFRMB SR,
RO R S HEICIR - WIS EI > TV A I &hb
M5, LT ATHEL RN, EROHSHEBOME I,
R & X TIEBRIT/NS WD 2 e, ZOBFA
I SRR SRR TV A OBIEIT X - TYIMS
BI-TWBEELLND, KRXTRLE, ok
UM A TR Iin - 7o) (BI8-b) &Ffds
¥, FHENLHRHEORERBE T, —130C &
—70°C T3 6;=30° DBz, —100°C Tt 6;=30° & 40°
Oz, RBRFEEIC 6.=90°, 6.=6;, DLW hbhsBlbh
. ThoOBEHERAETE, SRR & MR
W B 5 UM | TERRRME D - 7Yl l D & B & —
HBBEbhTWALEEILGNS,

B - THEERAICH L TREBVIN T 5541, h
FREAEICX Y 2R ORERIAE L D, [k
MBI Xid BRIt~ Ul oL o,



1040 BARRHFEI¥SE

B4R 9T 19698

(64)

—HOUIMHEEIC Ly, ABOURSIEC2EELOH
5.

2. HiET/o0DUEOTRERICDINT

HERNOEBYN BT 2R RE S X, (KRN
HBick 3~ 7 o oY o BB Ic > W TRE 1T -
fo. TITR, 9V FDEE~vtas v EF+
7 (1) UMid 3BE - TR AT/, 2k
EBo< 7 ooyics\\WTid, ®BE, BEERERL
NOBREEBREROUIMOBTKIEET L ELI LN
B, ThoOHBIcBL TRASROBEE L, 2EIRK
SHROEE > VTRIEEIT- /.

TTHEEREEZ o iU 2iIc ik, Fiko s B
D [HsRMETIR - 12Ul 2175 L EBWB D, Zhid 6
=90° DIFEEET. ERERLY, 6=90° OB4K
B, TXTOHRF CUMEAE 6,=90° £ -TW3
Ens, BEVMEICEZGEE~vooq LTI
BELTITOTLENTEEbDEEZI LN S,

wic, BEREET v v U4 2RI, K2
AT LS/ ofkokiicst L cEEICHITHES:
MAT, REERUIVICTILENS S, #-T, O
BE (HRELHBU2UM]) 275 4B06 5. 4E
AEL - BEEGFET [TREZES U2 UM bfEc 3
R AEIZ0°<6 <20° T& 545, —100°C,
—130C Tid, COBEHBHCBVLTYNEAE 6,=
90° L7355 WHRERF A5 10~20% OIS THEELK. L
BL-T0CIBEVTIZ0°<E <20° OEEHTTRTOD
AR 2 0,=90° 7ot TOIEHhSEEYMICK
YERkE= 7o %F v v 7 YMT 384, —70Cic
BEEL, TR EAKEE 0°<06, <20° IcRE LTy
HEEMAS Licky, VIMESEAICNEEELD
ha FhifE</7o%-1000C, —130°C ic@isE L, [
BICHiIHELZMA RS, KBS oFkHIMELE
LU BB—MOBR TRUMEMSEAEL BB SHVS
DbREFTBZEELONS,

ETAT, EBEE= I/ v:F » v 7 cIliT 518
&, ROLHILBRBESED B, FROLERBKAETR, &
B RUAREESR D S BRI oo i THRE IS U IR IESEfT I
ERLTW3? 2&hs, RiEotl (i) fhETHE,
DR EIARE 6, 12 0° 1BV, REOEREMET
2, BRERERICHR > TERLTWAD, 6 2kl
EXMLTH2AE2FE-TVW3, - TREATD 6
2, BREOHLISREA» > TH=0DSBLICE
OREMSHEMT AT LIcNE, 2% hEBICRELHY
Dicd BBICE, REERICBIT 3 6 & AEPLFHED

GBI BI LD, TOLSLIBEHOYM OGN
EFICRE T ALEND B, £ ITARETIE, (i
it s A SRR AE SR b K& K 3RAGERMNE
D 6 DY, =7/ oDF v v 7RG WD) 0TS
EARET B EREL L.

zIT= 7ok (R9a) ofik%E, K9bicRd
XIRZELMAMY LRE L, AREE O O&KE
Xt SERAEE 6, (RENmEIC B 2 HE), 6 (Al
LI, TREECBYIAE) %, EENL< o0l
R (R, #ig &&) <B4 5 EEY 2AVTERL
e (R1D. TOHERE, 4FHEO<S 0 (0¥, EvF
A, ARF, 13 3) KB ZREKRED O 613, ¢
NT20°UFTTH-1. -T, ThoD=SasksFn
Yy=7ol@BRoYEEE>bDERET 3 L,
—70°C, —100°C, —130C ic= 7/ o4&, HiSHE
KD F v v 7RIS 2B, REAIE [H

(b)

BB 0A

Fig. 9 Double ellipse-cone model of a tuna
body

a) A tuna body

b) Double ellipse-cone model (64 : Angle
between a tangent to the body surface
along the lateral line and parallel line to
the spinal column. 65: the angle between
a tangent to the body surface along the
median line and parallel line to the spinal
column.
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Table 1 The value of 8, and s of several kinds of tuna

Yellowfin tuna Albacore Bigeye tuna
(Kihada (Binnaga (Mebachi ~Plue fin tuna
maguro) maguro) maguro) g
Degree of shape A
. . . 184
(Width/Length) [—] 0.176 0.211 0.200 0.18
Degree of shape B
. 0.244 0.276 0.318 0.244
(Height/Length) [—]
6A (=tan™'A) [(deg.] 9.98 12.46 11.31 10.43
6s (=tan~'B) [deg.] 13.71 15.43 17.64 13.71
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