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Studies on Spoilage of Fish Sausage

II. A Mechanism of Black Spot Discoloration
on Fish Sausage

Eiichi TANIKAWA, Terushige MOTOHIRO
and Minoru AKIBA

Abstract

Studies were made of the chemical properties and the mechanism of the out-
break of black spot discoloration which appears on the surface of fish sausage.
In the studies, one species of bacteria was isolated from the portion of a black
discolored spot on the fish sausage.

A sulfur-containing compound in onion which is incorporated into ﬁsh sausage,
is decomposed by the bacterium to produce hydrogen sulfidle. The hydrogen sul-
fide reacts with iron in the fish sausage to make iron sulfide which causes the
black spot discoloration.

Ag the bacterium has strong resistance against sorbic acid and various kinds
of furan derivatives (nitrofurazone and 5-nitro-2-furylacrylamide), the growth of
the bacterium can not be prevented by addition of these preservatives within the
limit level of law for fish sausage. Such antibiotics as ‘‘tylosin’’ or furan de-
rivative as 2-furyl-3-(5-nitro-2-furyl)-acrylamide ‘‘ AF-2”’ are effective to prevent
the growth of the bacterium.

The physiological character of the bacterium is somewhat different from that
of other bacteria described in Bergey’s manual of determinative bacteriology, and
the bacterium is presumed to be a new species. Further investigations are now
under way.
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Table 1. Color change of fish sausages incorporating
various additives

Additives After processing After storing (20 days)
Glucose None —
Lard None —
Glucose and dl-arginine None Browning
Sodium sulfide Blackening Blackening
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L, ZOEARBELIZL{HEETIERTHY, HoTRABESIV7 I/ ReKR LT 2854

—110— .



19631 Blisn: ARERY—t— REANBR

BIEEL SR, ZHIZH LT, RAY —+— IRICHAKED SR EEIZIL M RRICEE
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Table 2. Distribution of bacteria in black spot
discolored fish sausage

‘ Surface part - Surface part
Parts Inner part (not discolored) | (black spot a,’f.iolored)
Bacteria - - +

Table 2 OREREL ABIZBERENDAERY —k— VBV TRERNMOAMIHMEOFENED LI
A Al IFERBE A S TR IR I i o7

BHL? 2L USERER L CBEAESEEERY ~— & — ¥ OB 75 38 S ERUERT LIS 085
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27 BALAREBERT 0.2% Y 27 4 YIRM7 1 3 VIO £ 5, 37°C X0 55°C T
gt SNENRE D ORI L7z, HIZ, 7= BET v TR (SIM &), HSE %R
ISR A R L, RBBOERC L - THILKREERYR L, ’

—111—



R K E R [XIV, 2
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Fig. 1. Bacteria distributed in the black discolored
spot in fish sausage (xX600)
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50°C Tdh o7z, REIMEOBLKFEEERR & 5 L2251 Table 3 ITRT L3 Th D,

Table 3. Behavior of the bacterium isolated from the black discolored
spot in the media containing iron ion

Media Blackening
Bouillon containing ferric chloride +
SIM +

Hi% Table 3 ([ZAB NS L SITHILE @I, 7 2 v BE:7 v T RIS OMEIT 3\
T bKEORENHETE 5,
FERBRIZBSVCTREREOBHY — v — Vb —HEIcoF, [AEEE R TTHEIC
WTTERO S RFLHOBMICGE LS 79, RETHOBEEE 2 b b, FHMIBM TR E
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Table 4. Reformatxon of black spot discoloration after re-moculatlon
of the bacﬁeﬂnﬁ on “fish sausage

' Material of fish sausage |  Black spot, discoloration

Fish meat+spices L e e S

Fish meat+spices+onion juice 1T +

Fish meat-+onion juice » +

Table 4 X VEAS Ak 5 ICBHMIEX FHEM, EX X ICBEREMOBRE I TOR
BHLH, MBS CEEERRMESTORMIAED Shith o, ZORENDBERBCET
BEEE LTEXFHRYDOEET B2 LRI,
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OB BT ARMAMOBEIHEINTH VO, ML - THAKFEERET 225 FEEAC
& o THRAARELOTRILIHSZERE N 2o

5. R¥BL Y OSEEROERTEEREEKR

ARY — - BERFHOBHEBERE,D, ARY — &~ /¢kﬁmén6£$$ﬁa%ﬂ%ﬁ
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MEL, THBD7 7 XTTFHRARL ThHLHMBEBHEEY Sce E&ML 3T°CiTHEL
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BiEd, EX¥HORERRALS  CHIARRERL TR LI, RiARERBE Almy #1C
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Table 5. Formation of hydrogen sulfide after re-inoculation of the bacterium
into onion juice containing medium (at 87°C)

Days of incubation 0 1 2 3 4 5 ]

Formation of H.S in the phym—
ological soln.

Formation of H:S in the medium .
containing ferric chloride and| — - + + + + +
onion. juice

Amount of H;S in the medium

containing onion juice (mg%) 25.9 27.6 33.3 / 39.3 / 40.7

Table 5 J 0 %3 ¥ HRMII S M IZ BB S OSBRI X ) RS URILKE Y BET 5,
B TRAY — b~V IZBWTERXHRSGBEFREIC L V9B sh, EWe LTHRIKELR
HEL, #EGRA 1Y LOREITE ) BRRIMEERT R, BRAESANRASABZOTHS
5, FEOYIHIT A EABNOTAT 52 L3R TH D, '
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Y —t— I T AEABERILY L BAESTICE o s 75 Bk (Nitrofurazone,
5-Nitro-2-furylacrylamide) T %72%, AEBRIZI\VToREL -REF B EAFTRAREL D
S THERMLARAY —2— @D S, BANEMNCHT 2 EREIBEETHS, ZD%d Nitro-
furazone (7 5 X % ), 5-Nitro-2-furlyacrylamide (Z-7 5 >) #4 %, 2-Furyl-3-(5-nitro-2-furyl)-
acrylamide (AF-2) R ¥ O%R7 5 v FMEOTRBEFRE N T2 REH MR LR L, e
T R S BEYR L E T 2 L VO AFHENE S 1 oY Y ORHRIZOWTHR
EL A

D x M F &

BERRIOA R RN TS BRMBLYBE LEARY — - V2R, ) 772%>, @) Z-
75y, 8) AF-2, () 7 1usy, 2ENPABRBICEERELER Y UTRERLE L HE M
L, ZhZPHANL -oBRESFRRE0ATNA KRR LML 2%, HERfIL, F—v v
TIZFHK, 85°C, 30 4fiiim#s LT 80°C ZHKE L7z, RETEEBERRLERL, BERBOH
EOBRRESHEMER®R 45 BEIZT -7

72, BRRIOGRICE S HEADERSRL AL HNTHRAV L Y BREX U7 72 % Y REE
BECHEANTHRELLE LY, EILARY —t—UBIEn L BERHOFEL RN L,

YAE Y BROBREERIIES pH O0FicEEih sy, HEBEC N/10 BREY — s BB &
UMY AR Y~ &~ UHEHCEmL, MEY -t~ O pH $EELD, ThitEERELER
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Table 6. Antibacterial effect of nitrofurazone on the bacterium
isolated from black spot

Cone. (ppm) 0.5 5 12,5 25 37.5 50

Formation of black spot + + + + -+ -

Table 6 OAFEIZ LIUE 37.5mg% DB MBECHOYURBORELHILL 2. 77X F Y OBE
AT 0.0069/kg THoHHhHBEERBDETRED 7.5 BB\ TRERET 2,
BREERREOET 57 7 A% VBRI HARIES BB MERT 2 0ETHTH S
2 AR E 7SR F VBRI VERY —t— Y hORERRBEORMEEILT 2 2 LIxEEE
vz kS, _

SBBEHERED Z 7 5 v ioiT pEbE R B L oREFRE Table 7 (0R T,

Table 7. Antibacterial effect of 5-Nitro-2-furylacrylamide on the
bacterium isolated from black spot

Conc. (ppm) 2 20 100 200

Formation of black spot + + + —

Table 7 iz X i REEHERIL 10 mg/100 g TRETE, 20mg/100g TREMEDENRDH DR
Bo L-7 5V DBEBEL 0.029/kg THHND, BEREGRANTIRREORFLHELELVT
»55,

AF-2 BEFHERIE LCRExShB = o - 75y RBUETH B, SREFFRRECET 2%
Bid iy Table 8 DL 5Thd,

Table 8. Antibacterial effect of 2-Furyl-3-(5-nitro-2-furyl)-acrylamide
(AF-2) on the baeterium isolated from black spot

Cone. (ppm) 0.5 5 50

Formation of black spot + - —

B Table 8 iz khix 0.5ppm RED AF-2 FMIZL - TXARAY — &~V REORF LA Ik
L8723, Bppm BM TS MCEMTHS. 2-7 7 /@ﬁf&ba&&tﬂ:i& L, 1/40 BiTHEY
HPRETHAY — bt~V REORBLEILLEBDZ LA D,

VL E Y BOBHFS pHIEHIC L ) RS HOT, RRHIC pH4.0~7.0 B L2l Y —4
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Table 9. Antlbactemal effect of sorbic acid on _the bactenum
‘isolated from black spot

Cone. (ppm) 200 | 2,000 | 5,000 | 10,000 | 15,000 | 20,000
pH70 |  + + + + + +
et o | pH6.4 + T - | - -
: | pH4O | + - = - - -

Table 9 CABRD L3IV AL Y BIZARY —+—Y 0 pH OE TV BEEREARCET 2R
BEESROSNDZ LM -7z, UL, TRARY —t—Y pHiZ 6.2~6.4 FLCHDHHK, #F
TREAD 29/kg ORER TRREORREELL 2RV EEZL LN,

#&%E@~E94n//u%ﬁﬁmm§ﬁuﬁtfﬁuﬁ%tubn ﬁﬂﬁﬂ"kxoﬁﬁv
— =Y R EADORFNER SN T, FEBTIZS 1 D//ﬁx%ﬁﬁﬁ%k??‘bfﬁ?’é%ﬁ
BLIEBE LI L 7ost, ZORRL R Table 10 L5 Thad,

Table 10. Antibacterial effect of tylosin on the bactenum
isolated from black spot

Cone. (ppm) 3.0 4.5 6.0 7.5 9.0
Formation of ’
black spot + . - - -

Table 10 (2453 & 5 CREREEIINT 57 1 vy v OBRESRIIBH THETH Y, 6mg/
kg OBEMBCEERHIME L INBZ LMot KOVIIARY — &t —Y X VKRS & LTHBEL
7= B. coagulans, B. pantothenticus % % 41 0y ¥ % &Lkl L ORAY — &t — Y BRICE
BL, 710y OREHILHRE L, 10ppm B ETHEHLL TS, Lil, BEk&ZIC
BFB7 40y AEIEEEO D OBESRICL Y, WERHMMGELIRITEZ Lpmbhy, =
DEBEY —t— Y HERIOEEICHE, 540y Y HEORINTREND, (E-T, FMEY ~
t~VHIZEIE 7MYy OBBESRCV TRECRNOLEN DS 5,

LEREOIICERERROTEAARY — -V I oM EEEIIRABERI 7> 2 ¥ ~, Z-
75viEn= a7 s ryHERES LUV A Y BIIH L THEVCERERRL, R TREEEIC
FOTRRELEE LBV BHELOHEREAC L RAY —t— Y BEORAEN LIIEE:
Zz0N3H, 7732FvBIVVAC VRO Y BEFEABINT 2REHRIESROMME
05BN TEREIT oo 86 NSRRI Table 11 2R T,

Table 11 IZAH5N B L3IV A BELIN7 52X IEEREGENTORMIL - TH B
BRELHETEA G, Lnl, BAOBEREAOSEICHL, FLIBEDRIEMTSEST
HY, ZOEMSZNE—EBYACYBETSRAEF Y EOGRIZL AEESRIBHON D, 2B
BT EIET 12 Y VI X ARMERASEB o= to 7S BREL VALY VR
BTN RS E L, BeSEEORTDHSIRZPEVE Vb, ARBEER - DEROEH
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‘Table 11. Antibacterial effect of a mixture of nitrofurazone and
sorbic acid on the bacterium isolated from black spot

Cone. of sorbic acid Conc. of nitrofurazone .

(ppm) (opm) - . Formation of black spot

0.5 -+

200 5.0 +

50.0 +

[ 0.5 -+

2,000 - . 5.0 +

: 50.0 —

0.5 . +

20,000 5.0 e -

50.0 -

RS ERFEOERCERT 2220058, BERHOLELRDHS 5,

7. MEERWORBNE

WD & 3 CREFREIFREREE TH 5, YRFROBEIMEIIH- L FHEhD, &R
V—t—Y CRRBELCOMELRY, MBREEAIEBAELATH- T, —RIC 85°~95°C,
45~50 FBEMBAEE TS ICEBE o\ 0T, BRY —t— Y hOMEOREMUITER T 5
LLTh, FRAEOTRMIATHSL VXL d. TIT, REFEMIC OV CHFROBMAMEL K
HEBZ kbl
) * M OF Kk ,

0.19/l DEIGTHL~y ¥y REMLAEI A 2 —2REENE LT 87°C, 14 AR L - BEER
HAB L BEEENAEACE L, 90°C, 5 SRmM L THEFROAELL, ThE leec BSA2
—R 743 vFICEE, 85°~106°C, 10~20 Fin#l 7z, MMABEHKI NI~ R T 13 ¥V &
37°C, 20 HREER L EREE LB L THREE - L EL A,

2 % R

BRY -t~ UhbayREL-BRERREIC %, FROWBRMLAELLBERELRE X Table 12
NE5Tha,

- Table 12. Heat resistance of spores of the bacterium
isolated from black spot

Time (mins.) ; q
Temp. (°C) : 10 20 80 40 60 90 120
85 + + + | + + |- -
90 + + + + - - -
100 + + - - - - -
105 -+ — - - - - -

Table 12 iz&bHh 5 & 5 RMEFAEFRUL 86°C T 90 45, 90°C T 60 4y, 100°C T 30 4,
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105°C T 20 syMIOMBIC L VR T B ZORRMLFTAAY — v — P BETRICIIT 3 ik
#, EIH 85°C, 40~50 EE CHREFREEOBBIMHETE R EL LI,

5 ¥

EEMEEARRICE DAAY — b — Y ERARI RS cEESh - BETH Y, BEmEoR
FZFETRHRE S A & 5 3HHEY i L B L TEER SN 375, BERESBOMRIE X TW BB
BTIIHIERE LTOFE I LEy, EE5MEREONIL VPR B L T\ 525, BIED
L XS HERARY — & — Y RSO B0 B EIE L U, BEO R SN EERY:

B Pz 3 IR S 2, AEEROMBRIDRTHESM, R BIEREMR E OMWEIC
Y, FEOMES FONBEIEROEE YEELEROHECHYLEY, RETHEMBT D500

AFRETIIERY — - TOERRFRMEIC L 2RRERHOBEI O VWTEFDORELER L1
7%, BMBHEOMES Table 1 35 17% Table 8 12777 & 5 it airEl+ 3 L Bxh, Bt
KBREEDORE L L TIZBERY —t~ VEHBFOERX XS ThIEHEMEYOBFEIEE X
h2, ILbEXFHCE T AGECEMOREREREC L 2 0BIEH LR Y L, BERKkEL
BHY —t—~ P HERSE A Ty EOBETL ) BATIY AR T 2RE BARSLRETH L
220505, . ,

BREREIRREAOERY —t— Y hbFRINI L 2500, A ENERIC X 5 8%
EREREREHRIOVCTRNSNENET, ZOBKALEA= Fu 75 vy BUELLTTY L
CrBAELEREFNERES L 0BENZEE LN, BRIV Y, 75 8=}
075 BEER LUV LY Y BRIZETETREICK T BEECH T ABEEARED b his
ol TORMEEEOE T DRI ORI BAT#EE U < (ST FHBHREICPIB L 7ok
Bk U BBR O M BT 20 RHRBE TR LB UL, $7 7 > B (AF-2)
iZ& Tk 5ppm BEORIMCZ T VREHEILTTHEAR, SHRBMEIC L 2WEESBEORIBICE
ENREYATHLOTHS I, '

- L)

ABRY —t—~PICRET2REBREROBEBECOXEL, BONKELZEHNTHIERDO X
5THdo

1) ARY-—t—COREBIRMYEEATHY, ARY - - VREFRECIVERTH RS
PaBEh, HibkELEEL, REBPEERI4 Y OB VBRI LERL, BELRH
T %,

) BEEMO—EHRORMFRELTREL .

(3 BEFREHEIRASARY —t—VBHBROF 14 a7 S5 BHAK IO VA Y BIZHE V&
ik RT 4%, 2-furyl-8-(6-nitro-2-furyl)-acrylamide (AF-2) 35 > UHIAEHE O~ 1oy iZ&
5ppm L 6mg/kg OBRMZE VEBEHILZXN S,

X L

D.ﬁﬁﬁﬂa%& cEHARY - t—vHT4@| (13), 2.
2) HH{EHs (1963). MET¥ME 41(1), 19~26.

—118—



1963 Bills: faPY — e — 3 B

3)
4
5)
6)
7
8)
9)
10)

AN o AR (1963). BMBEEHFAKBEEZESRE.
BERE (1963). FH L.

HE=: E.
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