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The Relation between the Freshness Degree of Raw Saury (Cololabis
saira (BREVOORT) and the Qualities of Canned Boiled Saury

. and of Canned Tomato-Sauced Saury

Eiichi TANIKAWA and Tadao YAGI

Abstract

In order to ascertain the relation between the freshness of the raw material and the qualities of
canned boiled saury and of canned tomato-sauced saury, a seties of studies was made and the following
results were obtained.

(1) Fish bodies of saury were aerobically placed at 17°, 27°, 37° and 47°C (at each temperatures
=+ 1°C), and the amounts of volatile base nitrogn produced in each sample were determined. -

To calculate the bacterial decomposition velocity constant (the volatile base producing  velocity
constant), equation (2) of the monomolecular autocatalytic chemical reaction to volatile base accumu-
lation was applied after Kimata.

For calculating temperature constant (B) and temperature coefficient (Qu), Arrhenius’ equation
was employed for the results obtained after the manner of Oya’s experiment.

(2) At the initial period after placing the material under the stated conditions, the velccity of
bacterial decomposition of saury meat was rapid with the rising of temperature within the limit of the
experimental temperatures, therefore the amount of chemical products (volatile base) from the sample
became larger and the value of the bacterial decomposition velocity constant (K; x 104) also became
larger with the increase of temperature, that is to say, the value of K1 X 10* was 580 at 47°C within
30 hours, 480 at 37°C, 300 at 27°C and 270 at 17°C within 20 hours. After 20 hours and 30 hours,
the bacterial decomposition velocity constant became the reverse, that is to say, the value of Kz x 10?
was 550 at 17°C, 480 at 27°C and 37°C, 400 at 47°C.

(8) The time until which the reaction is half completed, was 50 hours at 47°C, 55 hours at 37°C,
56 hours at 27°C and 17°C, that is to say, the higher was the storing temperature, the shorter was the
time.

(4) The values of temperature constant (B) at the initial storing period was 3800 above 27°C,
and 6500 between 27°C and 17°C.

(5) The values of the temperature coefficient (Qu) at the initial storing period was 1.2 above
27°C, 1.5 below 27°C, and —1.1 after 30 hours’ storing. ‘

(6) The lowest limit of the freshness degree of saury meat as the suitable raw material for canned
boiled saury was about 20 mg% of volatile base nitrogen and for canned tomato-sauced saury was

.

about 25 mg9;.
(7> The relations between the storing temperatures of raw material and the maximum time of
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storing of fish bodies as the material for the canned boiled and tomato-sauced saury can be calculated
from equation (6) and (7) or Fig. 7 and 8.

(8) In practical processing of canned saury, a particular scale, showing the relation between the
storing temperature and the maximum time of handiing of saury bodies until the beginning of the steri-
Ization of the filled cans with the saury meat, was made from thé dotted lines, t:—~I1 and t:-1I, as
shown in Fig. 5 and Fig. 6.

By using this particular scale, when the canned boiled saury is manufactured, at 15°C room
temperature, the steam sterilization of saury meat must be started within 21 hours, at 20°C within 12
hours, When canned tomato-sauced saury is manufactured, at 15°C room temperature, the saury meat
must be handled and filled in cans and sterilization started within 28 hours, and at 20°C within 17
hours.

(9) In order to learn the reliability of this particular scale, experiments in the practical canning
course were made, that is to say, the saury bodies were stored at 6°, 18° and 30°C to make different
stages of freshness and then the stored saury bodies were handled and filled in cans and sterilized after
different storing periods.

When those cans were opened, the satisfactory fesults were found to have been obtained as the
conclusion of the experimental results for cans.

(10D By using this particular scale, when the saury bodies are handled and processed within the
maximum storing time at known temperatures of storing place or canning factory, good qualities of
canned saury will certainly be obtained.
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Table 1. The variation of the amount of volatile base nitrogen and pH values
when the crushd saury meat was placed at different temperatures

at 37°C at 47°C

leavi at 17°C ‘ at 27°C

.eavmg T 0 0 n

Cdme@r [RIC  en | REIN e | QXN e BRI e
0 mE% 11.9 5.9 11.9 5.9 11.9 5.9 11.9 5.9
5 - 12.2 r. 14.2 v 16.5 6.0 15.8 6.0
10 14.1 ” 16.1 6.0 18.3 ” 20.3 6.1
15 14.9 6.1 20.0 6.2 23.9 6.3 29.4 6.3
20 16.5 6.0 20.2 6.1 31.4 Y 48.9 6.4
25 18.9 v 25.3 v 45.0 . 7 73.7 6.5
30 24.0 v 35.7 6.0 - 61.2 6.6 122.4 6.6
35 31.9 ” 57.2 ” 3.4 y 187.1 v
40 43.1 6.2 82.1 6.4 | - 137:0 v 247.9 6.7
45 65.2 6.3 125.0 ” 203.6 6.8 364.1 6.8
50 75.2 v 172.0 6.5 310.0 6.7 520.7 y
55 141.1 6.4 247.8 v 395.8 6.9 606.9 6.9
60 156.3 6.5 317.3 6.7. 533.7 7.0 704.4 7.1
65 225.6 4 351.9 ” _ _ _ _
70 258.2 6.6 362.2 ” 667.2 7.1 842.8 7.0
75 270.1 v 401.4 6.8 — — — —
80 271.1 v 400.0 6.7 742.3 7.1 851.8 7.2
85 289.0 6.8 418.6 6.9 — — — -
20 265.8 6.7 409.5 ” 701.8 7.2 852.9 7.2
95 295.4 ” 377.0 6.8 — — — —
100 280.1 v 417.7 ” 748.7 7.2 |- 814.9 7.2

OEEATHRENE K 51E CRHGEREARTH 5, HIH 47°C, 37°C I3\ TII0~60RFHINLE D IR
PEFEROBAMEL ¢, 27°C, 17°C K3\ Tk 30~7085R 2 T OBME L A2, £ OFEIC I\ T
MOBEIRPE N, TIL TN OIS\ T & R ORE & @R LR L, 47°C THR75REH], 37°
CCIR80MsR, 27°CTHx8oRE], 17°CCIRO5RTRE x B & 10T\ B, MR o7 B R o EHM:
PR B 7COHB OFIX200mE %S, 27°CTIX420meYs, 37°CTIX740mess, 47°CTrL 850mgys L& X,
bEhs,
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Fig. 1. The variation of the amount of

volatile base nitrogen when the
crushed saury meat was placed
at different temperatures
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Fig. 2.

The bacterial decomposition

velocity constants of crushed saury

meat at different temperatures

Leaving

e Kix10' Ka x10'
17°C 270 550
27°C 300 480
37°C 480 480
47°C 590 400

80

0
Time in hrs (t)
Relation between the values
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“log A~y and time, “t”’
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Table 3. The relation between values ““1/T”

and “log Ki” Wk
t°C  Ki x10° T UT  log Kix10¢ M |™o—_ |
" \O\o
a7 590 320  0.003125 2.7709 = ~—
37 480 310  0.003226 2.6812
27 300 300  0.003333 2.4771 v et
17 270 270  0.003448 2.4314 Fig. 3. Relation between the
values “1/T” and and
ulog Kl” .
Table 4. The relation between the values “1/T”
and “log Kz ”’ asf
—
t°C Ks x10* T /T log Kz x10* d
M’-"l 27 = o )
a7 400 320  0.003125 2.6021 0
37 480 310  0.003226 2.6812 S p? .
27 480 300  0.003333 2.6812
17 550 200  0.003448 2.7404 e eem oo o7

Fig. 4. Relation between the
) values ““1/T”’ and “log K’
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~ RPERESEE LB < b o Y — ADEK XoTRIKRE kbt i BEER L BT e ot T
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ENBEDOTHDOl, NEDZ kb=t o V= A TRRESEIC 35\ O E OB O RS ETR Rx ERME '
e R LU T25mE L B = L atisks t Bbh s
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Table 6. The qualities of canned boiled saury made from raw material which were of various degrees of freshness

Raw material

Resﬁlts of canned boiled saury after opening

‘leaving volatile baseeN volatile vacuum s . Quality
__time Chrs) _(freshness) (mg2g) pH base-N (mg2g) _pH* Cinch) odor l color i juice ' curd ‘ hardness oil
0 10,0 6.0 |  23.8 83 6 |wood [good | A | - s | IOV e | splendid
5 14.5 6.0 25.6 &2 6 |fair | fair P + | AR | good
10 18.3 6.0 33.2 64 8 | v ’ slightly 1 _ + + ’
15 20.5 6.0 33.0 &2 8 ’ y " + + + v
20 22.7 6.1 31.3 6.4 ¢ |Slightly stightly | & + * fair

* The upper numker is the values of pH of the meat,

the lower number in the values of pH of the juice

. The same applies to- that follow.

Table 7. The qualitieé of canned tomatc—sauced saury made from raw material which were various degrees of freshn_ess

jRaw material ‘ Results of canned tomato-sauced saury after orening .
leaving volatile base~N I volatile vacuum . . Quality
time (hrs) (freshness) (mgzg) PH ‘ base-N (mgzg) PH* "(inch) odor ‘ color ‘ juice ‘ curd l hardness ,

0 0.0 6.0 25.6 8-3 8 | good | gooa |B00d framsi e splendid
5 14.5 6.0 25.1 &1 10 | fair fair - good - H good
10 18.3 6.0 32.4 g:f 6 p p ” + + ”
15 20.5 6.0 32.1 62 6 | « y B + 3 P
20 22.7 6.1 35.7 8- 6 P p P - # P
25 - 25.5 6.1 33.9 &2 8 y p Sliﬁ‘;f,%ﬁ - i ”
30 27.1 6.0 39.1 &2 8 v P p - + fair
T I N I
40 34.5 6.2 45.6 82 71 4 ” turbid + + %
45 38.8 6.2 4“8 g:f o | stale pale P . + ”

* Same as in Table 6,
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Table 8. The time until which the amount

of volatile base nitrogen reaches to

20 and 25mg% of in meat of saury at
different temperatures o

80 b

ta  47°C . 87°C  27°C.  17°C  5°C

o
3

hrs hrs hrs " hrs hrs @
t0 8 1~ 15 25 78 & w
t2s 12 16 24 30 98 M
4
‘6 4
B &tk Utes £ OBERE AT A RAH5HO W
T RO 4 5o KRR L log tufTrlog tk @ \ o
MR & RT3 6 B> T MR I < 20°C R B5: L wl ' \\A
TBREHNAERE k5, HOMBEBRE L teX Utss 1R \\O\\EA; !
SBESER logto=c— B8 (504 % = LAV, r \j\_- o=t
S TEXLhAS L IRRSHREE TR VTR ) T
OERTAET L M RO BEROEREREL, K ¢ R
$7 Y FURT B0 DOERGLEL b1, XYEET Temperature (°C)
7 - e x ot 7 Fig. 5. Relation between the
ROk b EETEC WK b oo Bt ET 52 values “‘tzo”’ or “‘ts”’ and
i hh, HoXUHERIRK X o THERY L HOERO storing temperature
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Table 9. The values of @ and 8

to Temp. @ B

above 20°C 1.35 - 0.014
20 pelow 20°C 1.5  0.042

above 20°C  1.47  0.012
5 pelow 20°C 2.08  0.043

AZOEBROF AR OWTa R B BT IS IROMI ik 5,

0% to KEWTIX 20°CEIF Tt

tasic BT

25 e

80 =g

35 wmeed

Room temperature (°C)

40—

Fig. 7. Relation between storing teniperature '

log t20=1.95-0.0420 |

...... 6
20°CLIETIE  log taw=1.35-0.0140 J ©
20°CRLF Trx log t25=2.08—0.0430] @
20°CLI Tk log tzs=1.47—0.0128f

Maximum storing time in hrs

Room temperature (°C)

0°C  emmmemmymremma— (120)

EORBV(E R BN T & T8 tsdB{E
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g  FEYRBR:UTRT: STREUSS
PR e Eomiens, HILSTEEY Y <k
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$——n g ARSI LR e HEeXBR
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R0 8 I T (O)RF o7 (TR X h oK

and maximum storing time for raw ¥ biic FIRORFABRABIERMNKE
material in the case of manufacture of L, FhoffkrBEEe UCkE@EER D

canned boiled saury (left fig.)

Fig. 8. Relation between storing temperature
and maximum storing time for raw

b oo V- REBEEEER TR
LT# 4 BHEL CHifREL, *nb

material in the case of manufacture of ORI ERBEL o X ORI R

tomato-sauced saury (right fig.)

BRI BHISHROML TH 5,
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Table 10. The quality of canned boiled saury made from raw material which was left at 30°C

Raw material Results of canned boiled saury after opening
leaving latil o latil * ! i ] Quality
\'2) ¢} voiatiie volatiie vacuum . i : :
time Chrs)  base—-N (mg%) pH base-N (mg#) P H (inch) odor ! color E Juice | curd f hardress , oil
- 11 .
0 0.9 6.0 22.1 g:g 5 | good good “ggﬁem - # | Yoot | splendid
8 16.5 6.0 26.7 6.4 5 | fair ” stightly | _ # |+ + |good
12 19.4 6.0 28.9 g'g 5 p fair y + + o+ p
6.4 slightly slightly
16 271 6.0 34.1 6.2 7 Temenn | 7 turbid| T + |7+ |poor
20 31.0 6.1 37.3 6.4 5 ’ SHEBELY | yurbid - = darkyellow
24 38.1 6.2 47.0 g-g 5 | stale pale p - soft + v

— 11—

Table 11. The quality of canned boiled saury made from raw material which was left at 18°C

Raw material Results of canned boiled saury after opening
leaving volatile H volatile g *vacuum odor color juice curd J hardness J oil Quatity
time (hrs.) base-N (mg#) P | base-N (mgz) P (inch) | ; i
[
6.3 . transparent
15 12.4 6.0 22.3 6.1 5 fair good (pink) + + + good
20 15.4 6.0 27.6 g'g 5 v v ” + + + P
24 19.1 6.0 30.3 &4 5 " fair v + + w |
6.4 slightly . (dark .
29 22.6 6.1 28.6 6.2 6 ” v turbid + H H color) fair
6.4 slightly . )
34 25.4 6.1 32.1 6.2 6 smell 4 turbid - + H poor
20 31.5 6.2 40.8 6.2 7 | stale pink v - + ++ v
u“ 34.2 6.2 4.2 e 5 | stale v ” + + + v

* Same as in Table 6.



Table 12. The quality of canned boiled saury made from raw material which was left at 6°C

—8Il¢—

Raw material ’ ‘ _ Results of canned boiled saury after opening
. . . ' lit;
leaving volatile | volatile *yacuum | . . Quality
time Chrs)  base-N (mg2) pH [ base-N (mg2s) pH Cinch) / “odor ( color juice curd | hardness oil
47 14.3 6.0 24.1 6.4 6 | fair | fair | _,iransparent + m + | good
: - ‘ 6.2 slightly colored -
56 17.5 6.0 2.3 &-3 8 | » p v - W + |
65 18.5 6.0 32.4 &4 8 | y v - + + | s
73 20.6 6.0 30.1 &2 7 v ” ’ + +# - ”
80 21.7 6.0 29.9 &2 5 ” y v + + + | fair
o1 23.2 6.1 35.2 6.4 g | slightly S“%gglry slightly turbid | + + + | poor
o7 25.2 6.1 34.2 &1 6 | 7+ | poor turbid + | tsoft | H | v
Table 13. The qua’ity of canned tomato—sauced saury made from raw material which was left at 30°C
Raw malerial l Results of canned tomato-sauced saury after opening
. . R . Quality
leaving volatile volatile ¥yacuum P
time (hrs.) base-N (mgz) PH , base-N (mg2s) PH (inch) odor color J juice hardness
0 9.9 6.0 26.6 g % 8 good fair transparent 4+ splendid
8 16.5 6.0 28.9 &2 6 fair " v + good
12 19.4 6.0 30.1 6.2 7 v ” v # y
16 27.0 6.0 35.0 6.2 7 " " v + fair
6.2 slightly slightly slightly .
20 31.0 6.1 36.2 6.1 7 smell dark turbid +slightly soft| poor
24 38.1 6.2 43.9 83 9 stale pale - turbid + ”

* Same as in Table 6.



Table 14. The quality of canned tomato-sauced saury made from raw material which was left at 18°C

—6l7—

Raw material ' ! Results of canned tomato-sauced saury after opening
. . . : Quality
leaving volatile volatile ¥yvacuum -
time (hrs) base-N (mg2%) pH base-N (mg2g) pH Cinch) odor color juice hardness
15 12.4 6.0 22.7 g é 6 good fair transparent H splendid
20 15.4 6.0 27.2 &1 1 | fair v v + good
24 19.1 . 6.0 28.2 &1 7 p p y " o
29 22.6 6.1 32.0 &2 7 v p p " ,
34 25.4 6.1 31.7 &2 9 v v y + fair
39 31.5 6.2 40.9 g% o | slightly smell | slightly dark |slightly turbid + poor
44 34.2 6.2 45.4 8.2 9 | stale pale turbid + y
Table 15. The quality of canned tomato sauced saury made from raw material which was left at 6°C
Raw material Results of canned tomato-sauced saury after opening .
leaving volatile volatile *yvacuum .. Quality
time (hrs) base-N (mg%) pH base-N (mg%3) pH (inch) \ odor I color i Juice hardness
47 14.3 6.0 25.1 &1 10 fair | fair transp. good 4+ good
56 17.5 6.0 26.9 &1 6 | o p p + ’
65 18.5 6.0 30.3 6.2 5 | P p ” " ”
73 20.6 6.0 3811 8.2 10 vy y p " p
80 21.7 6.0 |  33.3 &2 7| | p p %. ,
91 23.2 61  35.9 &3 7| v v v " ’
! . ‘ i
97 25.2 6.1 36.3 &2 8 | v ‘ v slightly turbid + fait
: . | | :

¥ Same as in Table 6.



5 7 R 8 Mo BE e XER bR D I T < FROFFRRANESEKMEH OB bl Tl
30°CC § B5fSl, 18°C-TI4R5MH, 6°CTH3BERLRL, + <t « ¥ ~ AR OB ANID tss TIXI0°CT13R;
fil, 18°C-T2085H, 6°CT 7RO MEERL TV %, o

ML CEE10E /Y BSISRICTH L2 2N <, il & BEARAKERSHINCREE X e b OIREEEIYE6
o, SHUC X o THT b R TIRC 5L TR S N A A OB ERE ZEIAN TERB L LT
15°C mESIc 10058 otk B o L EBY L Bhbh s, & ORRICH\WTREEY B 7050 R
85 5 RO 6 ST 2613 5 ta- T JL U%as—~ T % B3R 7o) & BIRERS R & ML T 510, S OBETRIRAY
¥ o ¥ p OEHEEEERRL koTW A, 2RI ENLRTE FRTIEC B\ TESBOVENRET
5 LBHL»TEH D, 55 N0tes-TRta-TEFHEAEL LERKEBRE HAFIEETH %0

AR 25\ C & KSR CI B O S BRI R SRR LT 20mg% , P ¢ Y — ARE
SEIC 35\ T 25mE% AT ORERERRETEA & L ATERE N T, SHEEEL 1T 5 I Mo TR
WREEY L b BN RS ULEED S0k Sk TR LREIOIE L 2 bR 175 & L8
Ly

m. B #

Vo e KEERER O = b+ Y — AREBESEORBERNC 3\ TR O & BN 4B L OBREHIA D
A EEER T, FOBERY R —ooRKBRN B0k, TN 6EREELENT S LRI TH %,

(D ¥v <%z L 17°C, 27°C, 37°C, 47°C (F+1°OnHEEFIMCHEL, 5 RHBICHE
RUEEEEFRETAEL, *OKRY —5FHOMER EAK 0 Arrhenius DRIACA L BHEEER, &
EHREE OEEEST Ko,

(2) BB 5\ T RIBIREEEREREE HEN TEE G\, K E% 2L ,47°
C-C30RER 2 -CK1 x 10421580, 37°CT11480, 27°~17°C Tl & 20BE300 K 027000 /M WME % TR L 7o
20~30B5S B % 18 ¥ 5 & -+ oREGHEEREGIE K b, 17°CTKex 1043550, 27°CR 187°CTl3480, 47°C
TR400 L 70> Tlr B, ’

(8) Risk 4535885 51804 2 B3R 47°CT50RER], 37°C T55meR, 27°CR1M17°C CI56IH & K&
o BB EVCERMNE» R X 3TCh S,

(@) ¥ v < oRHEHOREES : LT327°CL |- T133800, 27°C~17°CTIX65000>fE% 157,

(5) ¥ v < OEMEHOBERE L LT 27°CH EC131.2, 27°C LI T TL.50#E% 15, 30fx B T2
Lo ~1.1 A2k iz,

(6) Vv < REREERD L=t « V- AWEEOFHORREER AR ERERELSFETTRLETR
% 20mgZ R U 2BMEIL ThH AH S L H LML,

(D BEEOHERE L R HERE & oRBRITEOXR(TETRD S 2 e hilisk, BTHERCES
Mk b sz eaiigs,

(8) SERRERE® BT 5 1 N> T RSB ESIRE PR A BIMo B R LT s MEUEE 6 Ko
Bitteo-T0, te~MTHRL, 27 MEUE 8 Hoin & HEEE » FraR AONEEN L oOF e e XBR 2 /EL
foo S OBEREBR2FERATIEY v < KRBT ISET 554, By <% 15°C oKB TAET %
ARSI E oL M L RANTRENER IRDIT S WL, KB 20°C 012
BRI B R Rt A s L5, X <+ - ¥ ~ AR 1T 5 B 15°CoRTE T8k
i, 20°CoKR CRI7THHDACEEME B ss v 235,

(9) = nHLEEREROBEELH S LHIEBOMETRIC DL THOERT T oMb ¥ v <%6°C,
18°C K 7r 30°C NRERHEBL, RADHEL LAt oxBfit LTEoHRoRERBELL 2 ATE
EERE B,

10) = oHFSGRXREROMAR X > CEREE, SETIBORE%H b © s FRARAKERE 5
KRB UEA* T2 T REOES Eon 5,
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