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On the Formation of Unvolatile Amines during Loss of Freshness
and Putrefaction in Various Species of Shellfish Muscle.

Mitsuzd Takaet, Atsushi Itpa, Hanako MurayaMa, and Suga Soma

Abstract

The amounts of unvolatile amines during loss of freshness and putrefaction in
the muscles of six species of shellfish have been determined by the ninhydrin
reaction with a Hitachi Amino Acid Analyzer Model KLA-3. The results obtained
are summarized as follows.

1) The kinds of amines formed during loss of freshness and putrefaction in the
shellfish muscle were confirmed to be methylamine, tyramine, cadaverine and
putrescine. Histamine, however, has not been formed during spoilage of shellfish
muscle.

2) Out of the amounts of those unvolatile amines, the amount of cadaverine
was predominating, and that of tyramine and putrescine came next.

3) The amount of cadaverine in the same ocondition of spoilage was
highest in Japanese little neck clam, Tapes (Amygdala) philippinarum, and was
followed in order by giant ezo scallop, Patinopecten (Mizuhopecten) yessoensis,
Asiatic hard clam, Merelriz lusoria, Tsubu neptune, Neptunea arthrifica, Sakhalin
surf clam, Spisula (Pseudocardium) sachalinensis and oyster, Crassostrea gigas,
there being extremely small amounts in the last one.

4) Asiatic hard clam predominated in the amount of tyramine during
spoilage among six species of shellfish muscle. Formation of tyramine had already

. begun in the process of loss of freshness when the muscle of Asiatic hard clam
and Japanese little neck clam was kept at 15°C for 24 hours.

5) The amount of putrescine during the spoilage of six species of shellfish
muscle was highest in Japanese little neck clam, and decreased in order in Tsubu
neptune, Sakhalin surf clam, Asiatic hard clam, giant ezo scallop and oyster, showing
extremely small amounts in the last one.

6) As to the variation of the amounts of these unvolatile amines during
loss of freshness and putrefaction in the shellfish muscle, cadaverine attained to
maximum value earlier than tyramine and putrescine.

7) Cadaverine seems to have originated from lysine which was formed by
the decomposition of protein.
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l Amberlite CG-120 15¢m column 50°C 1'
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| 0.116M Na-Citrate 0.025M Na-Borate 0.20M Na-Borate
Na*0.35M pH5.28 Na*0.60M pH8.02 Na*0.65M pH11.08
Fig. 1. Analysis of basic amino acids and unvolatile amines.

D7 & /B L RMOBEM ZRL, KA LBt /T3,

—RC RADOEBIIERE RS Z 12D, BROHII pH 5 —RBiEMicEy, = O%EREEE
EROEMC ONTHRBICT A A Ve 72553, RADERE BHL hicz DEMEERIT 3, T2
b5 RATRMERT S IOBROETONT, BRAHDOERTERVESNTVFS iy, 7
by, #FRYL, PHRFUREORERLT L OARPRELNS, BRADERICLES Ch
57 L DHBLDOTREARSY PATT VI DNTR—r— - a2 557 4 — TEMMICH
~NTU B,

—F, ANAAADBRIPKBIT SIS 7 I L DBEBCOVTIRTEESYD BEMICTH, x4
v, FVAAY, VIFE L, F5IL, THRFL, TrLryy, 3FRVCERHLTHLS,
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Table 1. Variation of basic amino acids, unvolatile amines and volatile basijc
nitrogen contents during loss of freshness and putrefaction in Japanese
little neck clam, Tapes (Amygdala) philippinarum.
Keeping temperature (°C)
15 25
~ Amino acids Keeping hour Keeping hour
and amines | 94 48 72 96 24 48 72 96
pH Value pH Value
5.6 5.8 8.2 8.2 5.8 5.0 8.2 8.6
mg% mg%

Lysine 59.9 42.5 35.6 32,9 38.5 83.6 54.6 24.0
Histidine 11.2 9.9 5.8 7.2 5.5 9.4 2.2 2.4
Ammonia 34.1 69.9 4.7 87.1 26.3 343 35.1 100.2
Methylamine 2.5 6.6 14.6 7.4 5.9 4.3 15.6 37.3
Arginine 249.8 1455 136.9 1.5 141.5 36.2 4.6 18.9

Histamine 0 0 ) 0 0 0 0 0
Tyramine 14.1 7.7 11.8 21,8 15.6 23.8 34.6 23.7
Cadaverine 14.9 175.9 272.8 145.4 117.8 340.0 200. 3 172.8
Putrescine 3.6 15.4 25.3 34.9 6.0 35.6 66.8 53.0
V.B.N 12.8 47.9 88.4 110.3 48.1 86.9 183.9 7.7

Table 2. Variation of basic amino acids, unvolatile amines and volatile basic

nitrogen contents during loss of freshness and putrefaction in Asiatic
hard clam, Meretrix lusoria.

Keeping temperature (°C)
15 25
Amino acids Keeping hour Keeping hour
and amines 24 48 72 96 24 48 72 96
pH Value pH Value
6.6 6.8 7.2 74 6.2 6.6 6.9 8.0
_ mg% mg%

Lysine 32.2 19.0 46.8 76.0 80.4 212.4 204.7 167.9
Histidine 10.9 0.2 8.7 1.2 29.5 36.6 26.3 11.6
Ammonia 21.5 19.6 46.3 48.9 54.5 70.2 2.7 38.4
Methylamine 0.6 0.3 1.9 5.9 0.2 3.0 4.1 1.2
Arginine 238.7 165.5 90. 6 144.6 369.3 9.0 58.1 51.1
Histamine 0 0 0 0 0 0 0 0
Tyramine 8.2 0.7 18.1 2.2 1.3 31.3 51.6 2.5
Cadaverine 26.7 31.3 1.0 33.7 97.1 278.1 115.9 32.5
Putrescine 3.0 5.5 10.2 0.5 8.5 ‘21.5 15.7 4.9
V.B.N. 13.7 21.8 53.5 50.9 33.5 61.4 72.5 60.9
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A. 7HY Japanese little neck clam, Tapes (Amygdala) philippinarum

9, THIRDONTREETS .,twmﬁucﬁe 5L 7 ¢ v OERBER BRI Tablel ©
EBHTH B,

74 ) OREAD pHiZ 6.2 Tho12h3, Table 1 D& HFERT & L OBRTHII pH 12—
Thh, ZO% V.B.N. OEhicohTLERELTWS, Y o REEET B S OBEReRic #mL
1208, BEEBOETIRE> THAL, »& <Y Ui 15°C, 4REMREBEOREET OBRT, 37Tk 15
mg% AL T b, 15°C Tt 72 B, 25°C Tid 48 RIMEB OB CRBHEIEL 2, ZD%EE
PL T2, e AFOUDERBIZELNIZL, e X2 IVDERIBOONEL ST, TAUXF=id
HERT L JUBROETRE> TABRBI UL, F5 12 15°C, U HEEHRBOBERTOB
BT 14mg% OERBBEDENIN, ZOHNEE 3 LW RS fUsh -T2, 25°C Tid 72850
BEBOBKT 346 mg9% OREEEICEL 2, ZOEBIL TS, 7Lyt 15°C, 24K
BOBEIRT OBET 3.6 mgl DAERMR SN, 15°C T2 960, 25°C T 72 BERI%E OB
TEBEELI,

B. n\RZY Asiatic hard clam, Meretriz lusoria

DER, NF YV OWTHERTS JOBBicES chb 7 ¢ /@iﬁké%iﬁf\hﬁ%ii Table
2DEBHThb,

NTTYDOEERD pHIZ 7.2 Tho1:d3, Table 2 DE 5 b BEEETIREN—BETHY, BEROD
BT > THEEBL T3, Y o v RBERTEOC—RRS U205, BROETc o> TR
LU, ZOBBIUIZ, #E YL RBERTOBBTTTIRAEL, 749 ERU L 15°C Tk 72080,
25°C Tt BEFHKREBEOBMMTENEFN 77 mg% 5 L IF 278 mg% DEHEICEL 1243, ZD%IzA
BB DUtz N<F Y DBERIZ T 4 Y L AU L EROEITICEST, E2F 0L DB I 2
2 IVDERRRO N oT0, TX =V REEET S L OEROEITICE > TR L1z,
F7 i 15°C, 24REREBOMERT Ol TF Tk 8mg% OAERMBED SN, V.B.N. # 61
mg% ICHEEL 72 25°C, 4SRERREBEOMT 31lmeg% i2/sbh, 35T 25°C, 72 BB O T52
mg% DEEHEICEL b8, Z0BRIAKKBY UL, 7Lyt 15°C, 24RRBREBOMEET O
BWETTTir 3mg¥% AL, 25°C, ASHEHBOBKT 22mg% KEL Y, ZOHBIE X IeHD
Ulze

C. ®&FH4 Giant ezo scallop, Patinopecten (Mizuhopecten) yessoensis

DERE, FEFHARDNTHERTSIOERES N7 v OERER B~ 12 Rk
Table 3D:BYHTH 3,

H 57 HADERD pHit 6.7 ThoTohd, MERT LOEREHic pH RPPETL, BK
DEITICE > THFERL TV 3, VU i BROETICE - TEMUIZ S, # 4 ~Y 23 15°C,
4R REOMERT OB TIVHEBTH H, BIKOEFICfE> TREICHML, 15°C Tid 961
i, 25°C Tt T2RRIMBOBR CRBEICEL 208, 20%IIARCHILIZ, 17, e xFoy
DEBB I X2 i v OAERIRE BRRASREP o1 TAF=LRTYY, AeFYVDLALRA
RRICBEEE R T 3 OB DEITIC - TABITBD U FII0R7HY, NS IDE Y LIRE
b, BRGERZEL, ZOERBIZENNTH b,25°C, 6RFEIHEOHEIT b 6mg% icd ¥7rh
D1, vy r b 15°C, 24REREOMERT & LU0 25°C, 24 RREOBRUIHICI: 2 D &xk
EB T, BRDETICE - TORBIMU 7285, 799, Nes ) OFEIRICHAT, Z0ERE
iz 9Dz olz,

D. KRv*HA Sakhalin surf clam, Spisula (Pseudocardium) sachalinensis

DEL, FoXHARDOTHERT BIBRCES L7 i L OAREL2 B/ EER
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Table 3. Variation of basic amino acids, unvolatile amines and volatile basic nitrogen
contents during loss of freshness and putrefaction in giant ezo scallop,
Patinopecten (Mizuhopecten) yessoensis.
Keeping temperature (°C)
15 25
Amino acids Keeping hour Keeping hour
and amines | g4 48 72 96 2% 48 72 96
PH Value pH Value
6.2 6.7 7.2 7.3 6.0 6.4 7.2 8.3
mg% mg%
Lysine 9.3 6.9 11.0 29.9 10.7 14.3 53.4 66.7
Histidine 22.0 15.5 16.1 4.3 8.2 8.2 4.2 5.1
Ammonia 8.7 12.1 12.5 18.9 7.7 18.1 34.3 40.6
Methylamine | trace  trace trace 1.5 trace L5 1.4 0.5
Arginine 277.4 67.1 30.5 11.3 39.1 11.7 4.2 trace
Histamine 0 0 0 0 0 0 0 0
Tyramine trace  trace trace trace trace trace trace 5.7
Cadaverine trace 10.2 81.4 275.5 6.1 35.9 329.1 166.1
Putrescine trace 1.6 8.8 1.4 trace 1.3 3.2 5.5
V.B.N. 11.9 217.8 37.2 56.4 22.3 55.1 84.4 96.6

Table 4. Variation of basic amino acids, unvolatile amines and volatile basic nitrogen
contents during loss of freshness and putrefaction in Sakhalin surf clam,

Spisula (Pseudocardium) sachalinensis.

Keeping temperature (°C)
15 25
Amino acids Keeping hour Keeping hour
end amines | o4 48 72 96 24 48 72 96
pH Value pH Value
6.9 6.3 6.6 7.2 6.2 5.1 6.5 8.0
mg% mg%

Lysine 41.4 63.0 56.4 128.7 31.2 131.0 76.6 90.6
Histidine 7.7 8.5 7.6 4.4 3.0 8.9 2.1 2.0
Ammonia 15.5 30.0 34.5 30.7 7.9 37.4 70.2 57.8
Methylamine | 0 2.7 5.6 trace trace 8.3 13.6 12.9
Arginine 526.9 364, 9 49.0 29.6 45.2 6.5 16.4 19.2
Histamine 0 0 0 0 0 0 0 0
Tyramine trace trace 2.8 2.1 0.5 6.4 14.2 1.9
Cadaverine 3.7 58.5 68.3 170.6 224.4 102.5 53.00 ~ 28.2
Putrescine 0.7 2.3 4.9 5.6 4.5 6.0 24.2 16.6
V.B.N. 14.0 4.3 115.3 101.3 51.0 93.4 506. 4 431.5
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Table 5. Variation of basic amino acids, unvolatile amines and volatile basic nitrogen
contents during loss of freshness and putrefaction in oyster, Crassostrea gigas.

Keeping temperature (°C)
15 25
Amino acids Keeping hour Keeping hour
and amines | 94 48 72 96 24 48 72 96
PH Value pH Value
5.5 5.2 4.6 44 5.5 4.3 4.2 4.3
mg% mg%

Lysine 20.9 17.9 29.9 22.1 23.7 77.0 72.8 7.4
Histidine 5.1 2.6 trace trace 4.1 5.7 3.0 0.6
Ammonia 11.2 13.7 26.6 22.4 17.8 33.4 42.6 41.9
Methylamine 1.2 5.1 4.3 6.2 4.3 9.0 10.9 9.6
Arginine 26.9 17.6 10.5 trace 49.5 trace 0 0
Histamine 0 0 0 0 0 0 0 0
Tyramine 0 0 0 1.1 0 1.4 5.4 5.2
Cadaverine trace 3.2 3.0 4.8 2.2 21.8 25.8 8.2
Putrescine 0 0 0 0 0 2.5 4.3 2.4
V.B.N. 7.5 18.5 30.7 1.6 15.7 101.4 276.2 342.4

Table 4D+ BbTH 3,

&y &K A OERO pHIE 7.5 Th o 1oh8, MEKT 5 L OBEBAHIc—R T b, BRKOEITICH
STHEFEALTWS, YOLid 7Y, An=F Y, k4 7484 & FHRICEEIET B X OBROETIC
o THMU 120 25 RY i3 15°C, 24REEIRE OREEE T OB T, 7T 3. Tmg% £, 15°C
DT 96 BT 171 mg% 3B 1253, 25°C OREITId 2408 TRl 0 b IC B R (D224 mg %61C
EL, ZOBRRBREABIBY LU, e AFULOBBEIFe 22 i > OERIZE SRR NIP T,
TOVF = IMEEIRT 3 X O OEITRE CARICHP LI, FI IV OERRT Y, NedY
LARETFHAOPEMTHEET S L OEROLICIIEBNTH - 1288, BROETRE-TO SR
DITHIMU, 25°C, T2REEINE ORI T 14mg% /5 - 12038, FORRBARCEI LI, Phr iy
it 15°C, 24BsEIHEBEOREETOREBETT T 0.7 mg% AL, 25°C, 72 BRIHKED BT 24
mg% (L TIhS, FORIIBAL T,

E. IH* Opyster, Crassostrea gigas

DXL, BERODOVTREETRBICERIZES cnb 7 i > DEREZA I HEFRIE Table 5D
EBOHTHA,

% % DREPEID pHit 6.0Td - 1203, MER T LOBROETANMET Uz, Y o v dBEET
B I OBROEITI LS T U, 74 ~RY i3 15°C, 24 FREIHE O REAET OB Tt HEE
T, FEROSHEST LTz 25°C, T2RFRIME T S 26 mg% i3 X9, 79 Y, n"ed Y, k& FH A, kv F
HARHUTERRD A bDTHRN L EMBRD LN, b RAF UL REBROETICHENPPRI U
10, ER&Z I UOERIIRLNS o1, BFOTAX =R L LORBIRK ULV,
REEEIE T 3 L CBROEITIC - TABITHY Uiz, 5 1142 15°C Tid 728, 25°C Tit 248F
FET AR OO S T 1 AR DS EE D S e b - 1203, 15°CTid 9685, 25°C TRR4SEIHEBEOEM T
ERBBED LN, UL, POERER VY, NV L Thabol, 312, 7Ly
3 15°CTRERI Iz 2 RRERPRY 1Y, 25°C, BHRRBOEBRTERBR NI, 7
49, "NTFY, ko FHACHUTERER DD TR -1,
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Table 6. Variation of basic amino acids, unvolatile amines and volatile basic
nitrogen contents during loss of freshness and putrefaction in Tsubu
neptune, Neptunea arthrifica.

Keeping temperature (°C)
15 25
Amino acids Keeping hour ! Keeping hour
and amines | 94 48 72 96 24 48 72 96
pH Value pH Value
6.6 7.3 7.5 7.6 6.2 7.0 7.1 8.0
mg% mg%

Lysine 42.3 - 62.3 60.3 53.9 51.9 38.9 39.5 26.8
Histidine 7.3 23.0 23.2 26.5 13.0 3.1 trace trace
Ammonia 18.7 4.8 43.3 46.0 40.1 60.8 67.3 64.9
Methylamine | 16.9 6.6 85.1 66. 4 54.8 115.0 106. 6 100.8
Arginine 133.2 62.2 25.4 51.0 18.3 3.4 0 0
Histamine 0 0 0 0 0 0 0 0
Tyramine 0 4.8 6.1 12.0 3.1 3.8 16.8 8.0
Cadaverine 78.3 114.1 237.5 92.2 256. 9 88.8 140.7 81.9
Putrescine 0 3.7 13.6 14.2 7.8 28.0 29.7 4.4
V.B.N. 38.2 118.2 222.6 245.3 145.8 376.6 594.5 787.0

F. XI5 Tsubu neptune, Neptunea arthrifica

DXL, LATTHEIEDONT HEK TR IO BRIz Chs 7 Lo OERREERIRERIR
Table 6 DEEB8HTH 3,

XTSRS OERD pH I 8.0TH 1205, MEETIS LEBOHIIC—RETY b, BROEST
S TEEERELTWS, VOV IRMERTS XCEBOETIE- THEMUIZ, #FRI D4
RIFESH T 15°C, 24B5HIREOMEETOBET, 3T Bmg%AEmR L, 15°C, T2RRHKED
BERL T 238 mg% 1L, T2 25°C Tid 24RSRIMEBOMRT 257 mg% TEL T30, Z0O#%
BB Uz, e 2F oot 15°C OBERITII BN A b itk 57208, 25°C DB TR LR L.
t2&IVOERRALNEP oI, TAXF= RABICEA U, 5 3013 15°C, 240RIKE
DORERETOEETERYA SN o 12h, 15°C Tid 488, 25°C Tid 24BHHREBOBK TA
BROED S, 15°CTid 96 B, 25°C Ti2 2B OEMTZNZEN 12mg% X & 17 mg%
OEBERRUI, Fhryrid 16°C, 24RRIMEBOMERT O\ TERS A 6Nk - 10h,
15°C, BEEEREOEKR TERSA LN, F—EBREGTKET 3ERER X, x4FH4L0 E
3b, Ao xHFALRALLKSGNTHoT,

FHY, nNwHY, kEFHA, doFH4, BFBIPe 22K OBERT B IOEGER
HOF S 1y, XNV UBIPT b vy ORMRLERR TN Fig 230869 TH 2,

* ®

PAEDEREED 5 — B AROHEETS IOBRIC - TERT I T i v 2xFT7 2y, &
S, AENVUBIEF L LLThHh, bR & I OERRANA S AL 512, TORY
ERZIVRERERT i ETEAVY, ¥, TV, X uls ¥ OEEEOABRDBERE 2V
BUAULLRERLLATHBY, TESY REREEPHOTERMCET 5 2V X 4 7 DERIINT
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Fig. 2. The histograms of the variation of tyramine, cadaverine and putrescine
contents during loss of freshness and putrefaction in various species of shellfish muscle
after keeping at 15°C. Amines were symbolized as follows, tyramine; W, cadaverine; [J,
putrescine; 73,

bLho7 i v DERERD T3 VBRERAY,

DX, BRORERTR IOBERICEI Cb 7 I DERBRPHELTAZEHF RO
RENb-EEEL, F5i1v, PPLolBhiR20X5Td%, R—ERERC L AL~
COERBIRTHIINE-EBEL, d2TFHA, NTFY, vATTES, ko XxF4, HEOE
s, AFTBIIERBOIDDTHLZVOBERINS, F5 t v OERBII NS
Bhodd&EL, THY, eAXIKRT, voxHA4, IF, k2FHAONERYISL Iz, n=¥
Y, ZHYVREWTI 15°C, 24EEHEBEOHERTOBR TI TIRAER LTI, ex2TFKT,
RoFHA, BF, kFFHFARBOTREALBRBTERSALNSh o1, 28, W%, w274
A DOBEBICEESF T OERBIRADDTH Lo, TPV ODERBRB 7Y INE-ELE
{, XXTTRT, hodHA, NTFY, %2 FHA, HFOMEPIZLRY, T ETHIFRBL
TR 15°C DBBRHETIR T -T2 ERDVBD L NT, B5°COERIEVT b #DERRIZIZADHT
Prdpoti, WEDOERITBYBENFNIY, FII0BITF Lo OEREBIRIVED L 54l
OHARKLIDD THR o1, ChidF) a~ YL SBOBO I XA LN EEORRD,
HE2RIBIZFLOREOHFOL 3FEHALU TV I DERSEOREBR ST, »XicfH
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Fig. 3. The histograms of the variation of tyramine, cadaverine and putrescine
contents during loss of freshness and putrefaction in various species of shellfish muscle
after keeping at 25°C. Amines were symbolized as follows, tyramine; [, cadaverine;[],
putrescine; §g.

LD RBEORE S SO ERCH 2BREOHBSMA SR EOVThb B2 EALNEH,
CORDNTIRSHBILGICERALIINEEA TV 3,

2, RAORERTR ICBECEBRDO IS 7 1 L OWPECDNTIE, BRLDPBA=S YiC
T 25°C TSI RFANTVWE3DIR X 5 L, 48ilkice 22 8>, TrL v OERBEDS
h, TZRBBZIRI IV LU REER e X2 IVRBBEL, AETRFIIVEDBOIFRILOD
ERYEDON, 35 BHMIBICIZTF T  VIMEREET 3, x4 1y, BFEXYUIBBERL,
BOIRTIIFUODBEDOLNTIIEWMELTVEY, EHLORBBRIRDPIHYREZ-TVE, Tab
B, N2V OD 25°C DB BV TIZMO RADEMIK ST LBERINS L 5iL, X430
ERMBE-1L BN, PrL o  24BRBIciRTTIRAERLTE Y, BTG EBiEE
UT0 3%, 720, 96RFAIGRICSOTEMMRT A Eid iz, i, F3 1y, AERY L H245
MBI TTIRAERLTE D, F35 1 2728015, FE XY U248 ERicEREIREL TV 3,

—WCRROBHERF CRAIF I VRBFS IV BIF S Ly kb 3 agRifcEL, 2
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