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Maintaining meat freshness through spinal cord destruction

in rainbow trout Oncorhynchus mykiss

Tsutomu Satoh', Yumiko Makita® Shigenori Kumazawa®, Yuuji Okada’, Yasumasa Igarashi’

Summary

Rainbow trout Oncorhynchus mykiss is very delicate and sensitive to the stress associated with capture. When we used

the regular storage method, killing in iced water and chilling the fish with ice, the maximum stage of rigor mortis was
observed only half an hour after death, and then the fish quality deteriorated rapidly. Since keeping the fish fresh without

changing the killing procedure appeared difficult, we examined the effectiveness of inserting a spike into the medulla

oblongata, followed by bleeding, and also by passing a wire through the neural canal to destroy the spinal cord to stop

body struggling that induce ATP consumption toward earlier postmortem rigor. By using these methods, we managed

to delay the maximum stage of rigor mortis and increasing K-value above 10 hours in icing storage.
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Introduction

Rainbow trout Oncorhynchus mykiss is
consumed raw or grilled with salt, meuniere, and
so on. As for freshness, it is well known that the
K-value (an index of degradation in the freshness
of meat) increases rapidly after death,”? and the
tenderness of the fish meat also increases as time
goes by?? Since the changes are particularly rapid
in fish and the duration of freshness is quite short,
it’s necessary to delay them.

In terms of the procedure for maintaining the
freshness of fish, the effects of inserting a spike
into the medulla oblongata,” and in addition to
this process, destruction of the spinal cord using

a wire'”"

' with or without bleeding process have
been reported on many fish species. Among the
latter reports, Nakayama et al'” reported that
the progress of rigor mortis in red sea-bream was

delayed more when the spinal cord was destroyed

than when a spike was inserted in the brain. Ando
et al™ also showed that in yellowtail and red sea
bream, spinal cord destruction was effective in
delaying ATP consumption and progress of rigor
mortis, but this was not the case with plaice. On the
other hand, referring to the report about the effect
of bleeding,” Mishima et al'® suggested that the
killing procedure most effective in delaying post-
mortem changes was spinal cord destruction after
bleeding, at least in the case of horse mackerel.
Although there are some differences among fish
species as to the effect of spinal cord destruction,
the procedure might have possibilities for
application to other species.

In this report, we examined the effect of killing
procedures on rainbow trout, especially spinal
cord destruction, and compared with killing in iced

water, the regular procedure in fisheries industry.
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Materials and Methods

Fish samples
The fish used for this study was rainbow

trout Oncorhynchus mykiss cultured in Fuji

Trout Hatchery, Shizuoka Prefecture. The water

temperature in the hatchery was kept at 11TC.

Body length and body weight of the fish were 21.0-

27.0 cm, and 180-280 g, respectively. Four kinds

of fish samples were prepared by each Kkilling

procedure as follows.

(1) Stressed sample: The stressing condition was
arranged by holding the fish out of the water
until its death in the laboratory for 40 min.
where the room temperature were 20C in
common.

(2) Iced sample: The condition being killed in
iced water, the commercially regular killing
procedure in fisheries industry, was arranged
by storing the fish in iced water for 40 min.
Instant sample: The condition being killed
instantly was set up by removing the fish
gently from the water, killing immediately by
insertion of a spike into the medulla oblongata,
and letting the fish bleed for 1 min. in fresh
water (11C).

(4) Spinal-cord sample: The condition being killed
by destruction of the spinal cord was set up
by removing the fish gently from the water,
killing immediately by insertion of a spike into
the medulla oblongata, letting the fish bleed for
1 min in fresh water (11C), and passing a wire
(1.2 mm in diameter) through the neural canal
to destroy the spinal cord three times after
removing the fish from the water.

Then each fish sample was stored in crashed ice.

Measurement of the Rigor Index

Post-mortem rigor was evaluated according to
the method of Bito et al.” Briefly, fish were put on
a horizontal table protruding the half of the body
length from the edge of the table. The distance
from the horizontal line to the base of the tail (L)
was measured at selected time intervals after

death, and the rigor index was calculated by
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applying these values to the following equation.

Lo-L
To x 100

Rigor index =

(Lo; the value immediately after death)

Chemicals

Perchloric acid (PCA), potassium hydroxide,
sodium hydroxide, citric acid monohydrate, acetic
acid, triethylamine, adenosine 5-triphosphate
(ATP), adenosine 5-diphosphate (ADP), adenosine
5-monophosphate (AMP), inosine 5-monophosphate
(IMP), inosine (HxR) and hypoxanthine (Hx) were
obtained from Wako Pure Chemical Industries, Ltd.
(Osaka, Japan).

Determination of ATP-related compounds by high
performance liquid chromatograph (HPLC)

After each storage period (0-60 h.), the dorsal
muscle fillets were excised from both sides of the
backbone. ATP-related compounds in each fillet
were then measured as follows."” Briefly, one gram
portion of each sample was homogenized with 2
ml of iced 10% PCA, followed by centrifugation
at 3,000 rpm for 3 minutes. The precipitate
was washed with 2 ml of 5% PCA, followed by
centrifugation at 3,000 rpm for 3 minutes, and the
wash liquid was then added to the supernatant.
This process was carried out twice, and the
mixture of the supernatant and the wash liquid
was neutralized to pH 6.5 with 10 M potassium
hydroxide, and submitted as a test solution.
The test solution was filtered through a 0.45
um membrane filter (Nacalai Tesque, Kyoto,
Japan) before injection. A 10 ul portion of test
solution was injected into a Mightysil RP-18GP
column (4.6 X 250 mm, Kanto Chemical, Tokyo,
Japan) eluted with a mixture of 20 mM citric
acid monophosphate, 20 mM acetic acid, and 40
mM triethylamine (pH 4.8). The flow rate of the
elute was 1.0 ml/min and the column was at
room temperature. The elute was monitored with
UV absorption at 260 nm, and the ATP-related
compounds were analyzed by comparing the
retention times of HPLC peaks between samples

and authentic compounds. The freshness of the



Spinal cord destruction of fish

muscle was judged from the K-value as defined by
the following equation: K-value (%) = (HxR + Hx) /
(ATP + ADP + AMP + IMP + HxR + Hx) x 100

Results and Discussion

Postmortem changes of Rigor Index

The rigor index of fish during postmortem
ice storage is shown in Fig. 1. Immediately after
death, the values for stressed fish (stressed sample)
and iced fish (iced sample) began to increase,
and reached 100% at 0.5 h. The rate of increase
in the rigor index of this fish was much faster
than reported values for horse mackerel,” chub
mackerel,” round scab,” and red sea-bream."” In
rainbow trout, killing in iced water was ineffective
in delaying the development of rigor mortis, while
in other species the procedure had more of a
delay effect compared to that of stressed fish.>”
This may be a significant issue in maintaining the
quality of rainbow trout because Kkilling in iced
water was considered to be ineffective even though
it is a regular procedure in fisheries industry. It can
be proposed that a more appropriate regular killing
procedure is needed for rainbow trout. Conversely,
in fish Kkilled instantly by inserting a spike into the
medulla oblongata (instant sample), and samples
with the added process of spinal cord destruction
(spinal-cord sample), the values remained at 0%

until 2 h. and then began to increase until the

100

Rigor index (%)
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Fig. 1. The effect of four different killing procedures in
rigor index of rainbow trout during ice storage at 0C.
Each point represents the mean value (n=5).

A stressed sample, O: iced sample, [I: instant sample,
@: spinal-cord sample.
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maximum level was reached at about 12 h. The
rate of increase in the rigor index for the instant
and spinal-cord samples was similar to those for
horse mackerel,” chub mackerel” and round scab,”
which were killed by inserting a spike into the
medulla oblongata and stored in ice. After reaching
the maximum level, the instant and spinal-cord
samples remained above 50% at 38 h. while those
of the values for the iced sample decreased and
reached near 0%. The rate of decrease in the
rigor index was the slowest in the spinal-cord
samples. This effect is considered to be due to the
destruction of the autonomic nerve to stop the fish
body struggling that induces ATP consumption
and leads to earlier postmortem rigor.'” The shelf
stability of spinal-cord sample was compared with
that of the iced sample in terms of time-dependent
change in the rigor index and ATP-related

compounds as outlined below.

Postmortem changes of ATP-related compounds in
the fish killed by the destruction of spinal cord and
killed in iced water

Changes in the content of ATP-related
compounds of spinal cord sample and iced sample
during storage are shown in Fig. 2. For the iced
sample (Fig. 2 (A)), the ratio of IMP content
amounted to 84% of all ATP-related compounds
at death. Content of the umami substance IMP
decreased as time went by, while HxR content
increased. Kumano et al” and Mitsuhashi et al”
reported that the meat of rainbow trout began
softening just after death with a simultaneous
decrease in a-connectin content and breaking
strength. From these results, the taste of rainbow
trout killed in iced water was presumed to
deteriorate as time went by. On the other hand,
in case of the spinal-cord sample (Fig. 2 (B)), ATP
remained when the fish died, and IMP content
then gradually increased instead of a decrease in
ATP until 17 h. This relationship between ATP
and IMP content is shown in Fig. 3 with the time
course of the rigor index. For the spinal-cord
sample, the rigor index value increased as ATP

content decreased, while IMP content increased
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Contents of ATP and its related compounds (x mol/g)

Storage time (h)

Fig. 2. Time-dependent changes of the contents of ATP-
related compounds in iced sample (A) and spinal-cord
sample (B) during ice storage at OC.

Each point represents the mean value (n=5).

O: ATP, a: ADP, l: AMP, @: IMP, 2 HxR, X: Hx,
[I: total of ATP and its related compounds.

until 17 h. After the ATP was consumed, both
the rigor index value and IMP content decreased
gradually from their maximum levels as time went
by. A similar tendency to that seen between the
rigor index and IMP content was also observed
in the iced sample in which most of the ATP
had been consumed when the fish died. From
these results, it was inferred that rigor mortis
and ATP consumption could be delayed by spinal
cord destruction, and that IMP content could be
estimated by evaluating the rigor index in rainbow
trout chilled with ice. Figure. 3 (a) shows a rigor
mortis graph with a sharp up-and-down curve. This
type of curve characterizes the return to an initial
rigor index of 0% from the maximum value near
100%. Such curves were not seen for most of the
fish in the study and there was a tendency of no
return to 0%, while only round herring,” ground
shark” and cherry salmon” were similar in type. It
can therefore be considered to be typically possible
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Fig. 3. Postmortem changes of rigor index (a), ATP
content (b), and IMP content (c) in iced sample (O)
and spinal-cord sample (@) during ice storage at 0C.
Data are mean = standard deviation (n=5).

in rainbow trout chilled with ice to estimate IMP
content from the rigor index because their time
course curves have a similar tendency (Figs. 3 (a),
(©)).

The time-dependent change of the K-value in
spinal-cord sample and an iced sample are shown
in Fig. 4. At the 20% point, which can be seen
as a standard value for fish to be eaten raw, the
storage period for the spinal-cord sample was 25
h., while that of the iced sample was 15 h. and was
considered to be delayed by 10 h. in the procedure.
In rainbow trout, IMP content decreases rapidly
after reaching its maximum level and the peak
rigor index value. The K-value increases in
accordance with the decrease in IMP content.
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Fig. 4. Time-dependent changes of K-value in iced
sample (O) and spinal-cord sample (@) during ice
storage at 0°C.
Data are mean £ standard deviation (n=5).

For this reason, the effective method to delay the
period within small K-value is also considered to
leave ATP in fish as much as possible when they
die to delay the formation of IMP. In other words,
it's considered that having fish in an unstressed
condition at death and making them stop
consuming ATP after their death are significantly
important to maintain the freshness of rainbow

trout.

Evaluation of the spinal cord destruction for
rainbow trout

As discussed above, spinal cord destruction
after killing instantly followed by bleeding was
proposed as the most effective of four procedures
to keep rainbow trout fresh. However, there may
be related issues in dealing with fish. Figure 5
shows chromatograms of ATP-related compounds
for each of five spinal-cord samples ((A)-(E)). The
chromatograms represent the condition of each
test fish treated with the same procedure, but
there were large differences in ATP and IMP
content among the five fish. The quantity of
remaining ATP reflects how stress-free the fish
were. The figure also indicates that these fish
were subjected to some kind of unknown stress
during the procedure. From these results, it
was inferred that rainbow trout may be easily
influenced by various stress factors, such as being
cought, removed from the water or fixed tightly.
That is why, in terms of rainbow trout, the killing
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Fig. 5. HPLC chromatograms of ATP-related compounds
of each spinal-cord sample at death ((A)-(E)).

The percentage of ATP and IMP are in the total content
(umol/g) of ATP-related compounds.

procedure with spinal cord destruction may stress
fish more than killing them instantly, and may be
appropriate to end the procedure by insertion of
a spike into the medulla oblongata and letting the
fish bleed. However, significant effects of spinal
cord destruction have also been demonstrated in
red sea-bream' and yellowtail."”

In this experiment, the effect of spinal cord
destruction in rainbow trout was demonstrated.
However, the procedure is considered to be more
effective if stressors for rainbow trout throughout

the process are removed.
References

Shota Tanimoto, Takashi Hirata, and Morihiko
Sakaguchi, Nippon Suisan Gakkaishi, 65 (1), 97—
102 (1999)

Tomiko Mitsuhashi, Yuri Kubota, and Misako
Tamura, Journal of the Collage of International
Relations, 32, 75-88 (2011)

Yasutaka Kumano and Nobuo Seki, Bulletin of
the Japanese Society of Scientific Fisheries, 59 (3),
559-564 (1993)

Masamichi Bito, Kinjiro Yamada, Yasuko
Mikumo, and Keishi Amano, Bulletin of Tokai
Regional Fisheries Research Laboratory, 109,
89-96 (1983)

Muneaki Iwamoto, Hisashi Ioka, Motoko Saito,
and Hideaki Yamanaka, Bulletin of the Japanese
Society of Scientific Fisheries, 51 (3), 443-446
(1985)

Satoshi Mochizuki and Akiko Sato, Bulletin of
the Japanese Society of Scientific Fisheries, 60 (1),
125-130 (1994)

1)



THEBRKFLE 9 111 - 117 (2012)

7) Satoshi Mochizuki and Akiko Sato, Nippon
Suisan Gakkaishi, 62 (3), 453-457 (1996)

8) Satoshi Mochizuki, Yoko Ueno, Koh-ichi Satoh,
and Nobuhide Hida, Nippon Suisan Gakkaishi, 65
(3), 495-500 (1999)

9) Kiwamasa Suzuki and Masahito Hirota,
Shimokita Brand Kenkyu-kaihatsu Center
Shikenkenkyuhoukoku, 3, 32-37 (2004)

10) Teruo Nakayama, Takuya Toyoda, and Atsushi
Ool, Fisheries Science, 62 (3), 478-482 (1996)

11) Masashi Ando, Akira Banno, Michiko Haitani,
Hideaki Hirai, Takayuki Nakagawa, and Yasuo
Makinodan, Fisheries Science, 62 (5), 796-799
(1996)

12) Toshio Mishima, Takeshi Nonaka, Akira
Okamoto, Mutsuhide Tsuchimoto, Tomoko
Ishiya, Katsuyasu Tachibana, and Mutsuyosi
Tsuchimoto, Fisheries Science, 71, 187-194
(2005)

13) Satoshi Mochizuki, Yoshiko Norita, and Kumiko
Maeno, Nippon Suisan Gakkaishi, 64 (2), 276-279
(1998)

14) Masahiro Kohashi, Miwako Sakurai, Hiromi
Kaneko, and Tatsuo Watanabe, Freshness
Judgment and Keeping Quality of Fishery
Products, 52-63, Kouseishakouseikaku. (1995)

(116)



Spinal cord destruction of fish

<Mz — bt >

= U ADERFHC R T R EO R R
il %, B AT, AEE KL WE ML R RE

Z B

ZVRAFTV =P TH VIR REBEICL A A P LA ZZITR TV, = VT AKEERTHNIITDONTVS
AOKAGD Z N LK L7z & 2 A, ROMEOEAIZEHI0SBRICKKIGEL, ZO%, BILZEO2ME 0L ER
PICHEATZ, S OHILDHE S ZHRHLAICHIEHT 2D THY, FHEOLEI LTINS F2 T JE L KMAICHET &S
TV B LRI, Z AU & CORLM & $F41C X 2 FRiBEZ L. ZORREXOAKGDDOE G L. MlkosE
B & AR ATPI Y 2 ORIFELA SR Lz ZO8HE, FHIBEOFHIC L ) = U< ZADFEHEL 1085
VIFBIET 2 2 AV L7z, S HKR T CICHRIO AR ZHIET 5 2 L TREMEL RO ER E & 5 HAT O
ATPHEZMZ D 2 ENTELDLEZONL DS, FHMEAIE, HICERUMN Z i L 72 X0 MBI PL 2 TH
LT LHBEOOLNT, FIKE= I RICBWTE, BEEIERE 5 FAWEIMPE RO/ N Y — AR ICEMLTB
0. EREREES. AOKRTOM L D ITRRORRTEE R I IZIMPE & AR KRMEICE L7z,

ERFEYIWE, Wi, 2 L CHMEEL W)~ 70 AL ) 2 VT ADEEIIRIFE N Z e 57205 AL R
BHZBRCEENBLBEIHEL W & HATPEARICBI A2HAEORE S OHLEINZ, EHICHzoTE. SHIC
ANV ZAERBRHAMEE B, TR L BILICE &, RHZA ML AZPTRWHAMELRESNS,

==K :=UvR, Kif, JEHIEHE, G5 155

(117)



	千里金蘭大学紀要_第9号-116
	千里金蘭大学紀要_第9号-117
	千里金蘭大学紀要_第9号-118
	千里金蘭大学紀要_第9号-119
	千里金蘭大学紀要_第9号-120
	千里金蘭大学紀要_第9号-121
	千里金蘭大学紀要_第9号-122

