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Studies on the Decomposition of Atka Mackerel

(Pleurogrammus azonus, ‘“‘Hokke” in Japanese) Meat

I. On the velocity of bacterial decomposition of Atka mackerel meat
and the limit of freshness of the meat as the raw madterial

Eiichi TANIKAWA, Fujio KAWAMINAMI and Tadao YAGI

_ Abstract . .
The authors have observed the decomposed and spoiled looks of the raw. meat, the boiled.meat and
. the roasted meat of Atka mackerel which were stored aerobically. The velocity of bacterial decompo-
sition of raw meat which was stored at various temperatures ‘was also estimated, and the relationship
between. the storing temperatures and the maximum time of storing of Atka mackerel meat was discussed.
The results obtained are summarized as follows. .
(1) The method of detecting the freshness of Atka mackerel meat by estimating the volatile base
nitrogen or by HgCle-reaction (_Amano’s method) is suitable agreeing with the observation by organoleptic

test. .
(2) The boiled or roasted meat of Atka mackerel meat requited longer time to the beginning of

the bacterial decomposition than the raw meat; however, if the decomposition of the boiled or roasted
meat once begiuns, the velocity of the decomposition is comparatively faster than that of the raw meat.
(3) The value of temperature coefficient, “Quw”’, of raw Atka mackerel meat is 3.5 below 25°C
and is 1.5 above 25°C.
(4) The relationships between the storing temperature (6°C) and the maximum time (ts) of stering
of Atka mackerel meat as for the raw material for the various goods on oren market are as follows.
below 250C eresesgeastaertsanintnes log t9=2.17_0.0499
above 25°C -eoermaiesmmeniiianie 108 to=1.22—0.0149
From those values, the authors have prepared a functional scale.
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oo SOHRERER & L CBAIBEIAL ML 3B Ao\ T § 75 0%eht, & O3a A+ ~1100 & 7w
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Table 1. Chemical changes in the course of putrefaction of
fresh. Atka mackerel meat (aerobically, 20°:1°C)

. . Water s
Lesvin | Yolatle| wiue | gy | M8CI 8010 | ghers | Tur. | Bacteral | mars aorefey
(hrs) | (mg)d Asoln. Bsoln. y | -counts : e ,
(%) e . QL S

0| 1.4 | 0.28 |6.4 =+ + + ~ | 8x10* | good

7.5 1.9 | 0.33 | 7 ” ” ” ” 6.8x104 |- ~

2.5 | 16.3 | 0.64 | # ” ” + + 46x10* | stench

25.5 | 42.5 | 0.23 | 7.0, + + ” + ' | 130x10¢ | slight putrefactive odor

27.5 54.5 0.21 | # A ” # | 216x10* | putrefactive odor

29.5 72.3 0.11 | 7 4 ” 4 4 390 %10 | strong ~

33.5 | 76.1 | 013 |~ | ” y v {m6x10t | s

46.5 | 87.8 | 0.14 | # ” ” ” H | 56x10° ”

51.5 | 87.5 | 0.03 | » | ~ H v 7 59 % 10° o

54.5 | 86.4 | — |7 +H- 4 v 7 | 46x10° v

9.5 | o7.2 | 011 |7.20 #  # ” v | 7x10° | viscosed

Table 2, - Chemical changes in the course of - putrefaction - of
' . fresh Atka mackerel meat (anaerobically, 20°+1°C)

Water

. - ‘ " , _
Leﬁmg ‘l;:ézt-ﬂl\le sol::lt\}le Am-lll‘llo pH HgCh, reaction Ebe}tes ’ll;‘ght Bactext'ial Remarks (odor, etc.)
(hs) | (mg2s) ) (mgzs) Asoln, B soln.| action| y| -eounts R PR
0| 10.4 [0.14] 25.6 6.2l - - | x| - | — |ftish smell
3 14.5 | 0.51| 25.6 | 6.4 7~ L4 4 4 1x104 v
6 | 28.4 (069 28.2 [66) = = | + | » | 4axw0¢| s
12 | 45.9 {0.40 | 22.1 |~ | + v | # | + | 13x10* |slight stench
17 | 64.8 |0.51| 22.1 |~ | .# 4+ | # .7 | B6x10! | stench :
22 | 78.3 (0.51| 28.2 \» | ¥ . 7 4 7. | 168x10% | slight putrefactive odor
27 .{.81.0 |0.96 | 32.0 | 6.8 7 4 ” s ;388,><104 putrefactive odor
4.| 99.4.10.60| 256 | » | # 7 | & | 7 |516x10¢ |steong # - -, viscesed
50 99.9 10.55| 19.2 | 7~ A ” 7 _— S . .
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- ‘Table 3.  Chemical changes in the course of putrefaction of -
antiseptized. Atka mackerel meat (20°+1°C)

. Volatile Water HgCls reaction , o
tiLI::VEg%S) é)ﬁ]sg;él\l) mlg}:e)‘-N _ p.H | A soln. B soln. r}éab:tri:n Tubidity
0 1.4 0.28 | 6.4] - ~ + -

7.5 10.2 0.38 - + - + ”
22.5 10.1 0.16 - ” ” ” v o
25.5 10.8 0.23 6.8 7 + v +
27.5 16.6 0.21 ” ” ” v ”
29.5 20.1 - 0.11 ” v ” ” "
33.5 22.4 0.13 ” ” 7 ” ' ,
46.5 21.6 0105 ” .o " ’
49.5 . 20.3 0.13 ” ” " " v
51.5 26.5 0.08 4 v 7 v o
54.5 21.1 0.12 7 v 7’ % 4
69.5 21.8 0.26 7 ” 7 % ”

Table 4. Chemical changes in the course of putrefaction of

boiled Atka mackerel meat (aerobically, 20°+1°C)
Le{alﬂrr;gg v \t/:glatlle luble Arn_i;}o o HgCls reaction Etﬁgs ’1,;‘-1 . Ba (ﬁgiia] Rematks Codor, to.)
Chrs) | (mg2) (% /) (mg2s) A soln. B soln.] action idity)  counts

0 [ 14.4 [0.07] 20.5 |6.4 - - | = | - —— | fish smell
3| 135 [019] 19.2 |7 | ~ N N 2x10% v
6 | 14.9 [0.00| 205 |~ | # v v | o+ 8x10¢ ”
12 | 149 |03¢] 205 |+ | + + | + | # | 20x10% | stench
17 | 10.8 |0.35| 22.1 | 6.6 ~ % ” + [20.1x10¢ v
22 149 [—— | 20.5 | 7~ 4 ” ” 4 67 x 107 7
27 33.8 | 0.36 | 20.5 4 + 4 4 7 161.5x10° | slight putrefactive odor
44 | 71.5 |0.58 | 25.6 | 6.8 ~ + | » | # | 67x10° | putrefactive odor
50 |118.8 [0.60 | 59.7 | 7.2 H- » +H- v 69 < 10° v
54 | — |0.69| 66.8 | 7| #» | # | # |78.4x10° L
70 |145.8 |0.77 | 53.1 | 7.4 ~ ” v vl — v

Table 5. Chemical changes in the course of putrefaction of
’ roasted Atka mackerel meat (aerobically, 20°+£1°C)

Lei?i‘r,rixgg- ngt}? 's‘(’)Vl?xtbele Alfiilr\}o ngClq reactlon Eber‘r:’_s Tur- | Bacterial | p. . Codor, 4etc.)
Chrs) (wg2) ,A soln. B soln.|action] Pidity] counts - s
0 | 24.3 | 0.22 41.07|6.6 = S T 4x10* | good smell

1.5 | 24.3 (0.32| 41.0 [~ | ~ R 5x 10 z '

4.5 | 25.2 |0.28| 46.1 [6.8 # ~ » | x | = | 15x10¢ ”

9.5 | 21.6 |0.19 | 46.1 | 7.0, ~ #v | 7 | # | 87x10' | acidified odor

16.5 | 22.4 |0.46| 64.1 | » | + +" # | + |9.6x10° | slight stench

21.5 | 41.4 | 0.61| 58.9 |7.2 ~ + | + | 4 38.6x10° | slight putrefactive odor
25.5 | 81.1 |0.48| 58.9 [7.4 # [ 4 | # | 48x10° | stimulative odor
80.5 [112.3 |0.58| 43.6 | 7 | ~# #» | # | # | 51x10° | putrefactive odor
4.5 |131.0 |1.71| 69.27|7.6 7 | 2 | 7 | 45X10° |strong #
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Table 6. The values of ‘\‘i{” and
“t’’ of each sample

Samples used K=kx10* taoChrs)

S

==}
o
~
3\‘:
“
K
ci
Fresh meat _
(aerobically) 124 24 2
Fresh meat b5
(anaerobically) 78 8.5 %
Antiseptized meat 49 —_— B
Bioled meat 82 29 ;\3
Roasted meat 60 18 téﬁ
o/
“
8
L0
2
=)
o N N N . N L
S 0 10 20 30 40 50 60-70
20 Leaving time in hrs ’
' Fig. 1. Chemical changes in the course
o 70 of putrefaction of fresh Atka mackerel
& 6o meat (aerobically, 20°:£1°C) ‘
08¢
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B3O 06}
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2 Z' 047 7-0E_‘_f‘—~H
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T 02 :E. 6-0=
= :
0 AN S
(I') N bl
- 100f 02} .
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X gob 0r
zg
45 60 Z Q40
BZ 4 o %y 2
- g 20F
._é é > 5 ‘ t./_/’—'t"——"
58 0
o= ’
>

0 10 20 30 40 %
Leaving time in hrs
Fig. 2. Chemical changes in the
course -6f putrefaction - of fresh
Atka mackerel meat (anaerobically,
20°+1°C)

10 20 30 40 50 60 70
Leaving time in hrs

Fig. 3. Chemical changes in the
course of putrefaction of antiseptiz-
ed Atka mackerel meat (20°+1°C)
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0

-Fresh

I ---Fresh meat, II---Fresh meatCanaerobically),
1I---Roasted meat, IV---Boiled meat, V--

meat (antiseptized)

-in the course of putrefaction of fresh,

boiled and roasted Atka mackerel meat
- I---Fresh meat, TI---Fresh meat(anaerobically),

' TI---Boiled meat, IV---Roasted meat
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BRECEMUA0H B X b B4, SREICER LTV 5, BKTTARREFREMZ SN2, £0%
2005 B2 TR L8R BBt s orfinohi, 7 3 BESERTERN EE SRR (Lo
lag-period ® TIxWiE SRS 5%, BRMHEREROCSHOCEMEV—FRPL, LR B L K
Wk 3ThHS, pH % 6HHHHICIs\T6.6% MU LIS B 2 Tlage b 28{be 7", ©O%6.8RE I
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(i) ERTBEKRCEREL BS HRER)

2532, H3Mersind, HuE ot~ rew 73 L ARKECBELAESRIE, 08MHHNE 2
TR SIS « KL, T h R+ AT 5, pH 1222, 505R H 2 Ti36. 4%
FRUTEHY, DIBERRHL, TORMEC VT 6.8 RBL T\ 5, A/KTIENERRRTHEML, Rt L
L Bomo B e RAREMGL pH & Rifc22 SHRIEEIX AfEst (), B Wen( =Y TH fopt
LIg% A, B k()% RL, @%EE% oI TRET S 13) %o
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AR, BAREUE s sind, ML b+ #mwﬁ%ﬁmﬁsﬁtx—ﬁMV i 593,
20B5RN E B b B L e TR L% RL, 228 RILISIC s TAKC L, 27RSRH TR 34mg2s 1o
BULDBEHL TV 5, BIROBAOEAS & HERL lag-phase 2B K412 L aUSBITH 5o T
RI7THRH B S X b SR L 27 H S B PEFICR LTV %o KSR RD X o BMoBmE R
27FSRILI IO EET 5 S LAEB L NE, T § JBRIERL lag-period AULBARMERNC K Y, 458
BHMBZC VT EMLU TV 5, pHIXER X b#i#Eo BR% "L, HeCle KA, BEEX27RRNE
T LRI SRL 720 2 O EBA L I OBA L ARG EREEASR A WIBINg LB LT AR
BRI & RS & R T by

() KRR FRCHE L S8 S

#5%, H5NEUE6Rra s, HRENMEEFRNIGNHAE2 TR BT, BRAH
BMLTV 5, AKTIENEER L BROBITL IVCHEMOBENS RO 60, 7 3 7 BRREEHRL AR L AR
CEREREEFEOSHUNTE : cEno SR % et DAL USRIEE L s BoEmL
%z, pH RED X b BiloBA% R L, RRERE, Eber BIGR O EEE & {220 HH & b B2 RS% R
Ui, MBI RBRc b oCkeslh, R AL LBUREE R, 16~28RIokI 3\ TRE<
Er R BREREL, HorkBires LB s o hiliEkic,.

Bl EoSEgEERoR, #ARKoL :Toﬁﬁ%ﬁ% X W HEBEERIEHOBEE 5, BERMELE
FKOMERUREC & 5 AR LB BERERECRRE L —L,pHOHE, Eber i, RuEBESH)
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TSRS © R ERMERASREOWE TS b, RERTHRNL S O L LTRREOARKIGT
5% EHD 2 iR L 5, MERNEEERONFE £ 2358, (SEOTERED L A BRI hRs
FEN30mgy Dk LT, EOUREERRE T4 2 LBy dclbhi, HE6EL VAR
HACBYUOHE S XK OE L b2 s b 2EEALR, KBA, BAHSK, BEADIEE 523, lag period
2 E A SO BRFS RS o TR TR, SRR, RoEBAL 2 b, BEYcERamn
ELBRUEG = 5,

(2) WA HEECHEL kL 2 oBYcRE RS

Lt v r ORISR 37°, 25°, R020°CE [FREIC B L ic & & LR RS 7 Rk
HEB Mo Thor,

. Table 7. Chemical changes in the course of putrefaction of fresh
Atka mackerel meat at different temperatures (aerobically)r

37°C 25°C 20°C
Leaving Volatile Amino Volatile  Amino Volatile Amino
time Chrs) pH base-N -N pH base-N -N - pH »base—N -N
mez) . (%) (mgz) (%) (mg2) (%)
0 6.2 5.6 0.10 6.2 6.4 0.09 6.2 10.1 - 0.08
21 6.4 84.8 0.09 6.5 65.1 0.07 6.2 20.4 0.07
27.5 6-9 150.3 — 6.8 125.7 _— 6.4 64.5 —_
45 6.6 304.3 0.16 ’ 188.9 0.12 7.0 77.8 0.11
69 v 395.2 0.21 v 266.3 0.17 ’ 140.8 0.13
117 ” 553.5  0.20 ” 424.5 0.16 7.3  337.3 0.11
141 _— — — 7.2 651.7 0.17 7.5 404.8 v
165 _— _ _ 6.9 717.0 0.14 7.3 595.2 0.10
80r 25 8 DU R HRME AR o T ¢/ BEEERE 0B i
x__ e o BROBRERRBRRECHE TIXERE £ 5
%_ 0F . _x.—,———"o/"-—\o 25°C BREV, X pH HEEFEL sBEEsC ER LT L
/3 - 31°C™ Y REFT R, HBhEP LTV B, S8
60 DEFMEEEREOZ LRSS b iR (D
o2} /{:::;fﬁ\\ imlbhiwAwbﬁﬁtkﬁﬁﬁiﬁ%bf%b
f EBIERRTHMARL b A HE LT2RIC

g

-
2

o

{7\
y

25°C

Volatile base-N (mg%) Amino-N (%)
g g

0

Fig. 8.

® 80 12 10 18

Leaving time in hrs

Frfii o ERRBERA oS b oA,

[V e]
S5 +2{

(=N

%
Ea +it 31°C
2% o» / 2°C

N =~ 20°C

8% <o Z
£2 N
— b 1]
ger =2 _ |l
.-K

.% 8
o>8 .
o 0 ) 80 120 160

Time (min)

Chemical changes in the course of putrefaction of fresh Atka mackerel
meat at various storage temperatures (aerobically)
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&0 5 HEBRBIRD RS o BRI L ‘VC# _Table 8. “K” values at the
%, ERMEREERERHEES Kik ot Ko%Kk : different storing temperatures
BDTH% L ROHESRIRTIMLCE B,
B8RX bPILA LN, HEREORWERK D

Storing temp.(°C) Ki=kix10¢ Ko=kex10¢

FERRE LAY, Ki I Ke X b 4k & % wT 57 603 - 180
SE kb, BROEEEEDEENT, BEoRE 25 358 15
DN THIARID UK I B¢ & & atHE 15 20 125
éhéo

RERED i, WEROHEESB/T)E log Kt & ORFEY A 51 EI0MI R e i b,
—E25°C & B x U A IEHRBEGRA R LD % o & LCIBICER LT ook v IR B B & 0B R B Qo
{EERD(B), (R RDTHSLEIRTTIMLR L B,

28} . _
Table 9. The values of temperature
;;:2'7' ’ coefficient ““Qi”’ and temperature
028t constant ‘‘B”
(=}
250 ’ Temp. range Quo B
24} ,
23 . Ty above 25°C 1.54 7850
? 0033 :
0.0032 l(} 91(33 00034 below 25°C 3.50 21300

Fig. 10. Relation between the value of
“log K1’ and “1/T”’

B=a/loge xR --eeeer 3)  logQio=a- T

AL (3), (LR a RSB RE A EROENE y/x 2T REERES (1.985cal), T
EREEE (°K) Tha, ' '
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the storing temperature
(°C) and maximum stor-
ing time Chrs)
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