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Effects of storage under gaseous oxygen on degradation of

trimethylamine-N-oxide in the muscle of Pacific saury

WATARU SATO, RIPPEI SHIKOTA AND HISANORI NOZAWA*

Laboratory of Marine Products and Food Science, Faculty of Fisheries Sciences, Hokkaido University, Hakodate,

Hokkaido 041-8611, Japan

In relation to the distribution to international markets of Pacific saury Cololabis saira, which is an abundant

resource, we investigated methods for inhibiting the degradation of trimethylamine-N-oxide (TMAO) into

trimethylamine (TMA), dimethylamine (DMA), and formaldehyde, which cause quality loss and characteristic

fish odor. As a result, we identified that TMAO degradation during storage can be inhibited to a large extent by in-

mersing the Pacific saury in sea ice and storing it at low temperature immediately after harvesting. Moreover,

when highly fresh Pacific saury muscle was stored at 5°C under gaseous oxygen, the production of TMA and

DMA during storage was inhibited when compared with storage under gaseous nitrogen. Furthermore, when Pa-

cific saury fillets were stored under oxygen for 1 day at 5°C prior to frozen storage at -20°C, the generation of

TMAO degradation products was inhibited in dark muscle during the subsequent frozen storage. These results in-

dicate that gaseous oxygen had an inhibitory effect on the degradation of TMAO in the muscle of Pacific saury.
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BRMRAEELZERE—DHNE Lz, DV0TY U
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BN/, KHX TR, 60TV <HLIE [kt
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10~11 HICEHEET N O/PNGEIE TA L 7Y V< L A
L7z SOV VITEERN ShBICKETFIN, £DH
B EIC T KOKICBERKR SN/ DT, #EKH40h
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U L® B-type {29 /8y 7 | (B E 90 um x 11 cm % 20
cm, MBFEFEE 49 mL/m2+24 heatm) I AN, —HN
>V oy 7 REE Ny 7 % BH-950 THRAEE L /-
Ob, [EPS /8y 7] OFAFED LD 100% OEH
HABLOEFEN A% T 42— (Millex®FG50, Mil-
lipore Co.) #HWL TENFN#430mL I L 7=,
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FAMASH T 7o, BRFTOREL, vr—L
DEESCDA V/F 2 N—=F—ITHREL 1o,
TREEOFE WEOWROSHEY VY (KR
31.7+05cm, {AE 145.8+14.9g, n=6) I3 L OEREY
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»no f:o
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h#BOEEEY v~ (A& 304+1.5cm, fAF 135.1+
19.1g, n=4) O TMAO &%, %M T 8.65+
3.21 umol/g (n=4), M&EHT9.48+1.90 umol/g (n=
4) Thorlo, BMEEY vV <D5CHEEA D TMA,
DMA A& (IR THRWC &R 72,

EEEE Yy < Tlid ke o TMA, DMA O 4 B
BT 5 72DT, LD RAREBIEN ADOR R RS
% OB BET N O/INTERE THEA L 72 v <& AV
FEED T ANy 7 FFakbi & 17 - 7= (Fig. 2), ALY
VR OBE, il TMA O#EL 0.26 umol/g & &
HET VLD E Lo, BEEN ANy 7Tk
TMA AR E2A% <, I3 B H C2.44 umol/g, 7 A
#1213 14.6 umol/g 17 » 72—, BRI A8y 7T
3EHREN Ay 7 L L CTERBIEFICHESL LT, 3
HH TO0.62umol/g, 7H#KTd 1.40 umol/g & BF
O TMA £EABEEICHE ST,

Y <R EEEE Y < I T O DMA A4
WER S 12, BEFELEFEN ADEIT NS o7z,
COMBIHBE TR 9256\, 5%, YV <HA
@ TMAOase BRiEHEIC W TCEEM A AL E & b
N5,

WOz OB O L& 75D TMA, DMA OA R %
NI E A, FERMHOBE LIEHICR P TH
7o, —HRICHIEM A FIE @A IC X TMAO, TMA,
DMA &< E&ENTWSER, 10 <O EL, %l
W IMER TRER TV ERRBEINTED,? KiF
TROFER E—F L T\,
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Fig. 1 Formation of TMA and DMA in Pacific saury (highly fresh) muscle slices in oxygen and nitrogen gas packages during
storage at 5°C. After storage, TMA (a) and DMA (b) produced in ordinary muscles were measured. Values are means * stan-
dard deviations (a, n=3; b, n=4). *, Significantly different from oxygen gas package at the same storage time indicated (P<

0.05).
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Ordinary muscle Dark muscle

TMA (umol/g)

DMA (umol/g)

0 1 2 3 4 5 6 7 0 1

Storage time (days)

Fig. 2 Formation of TMA and DMA in Pacific saury (fresh) muscle slices in oxygen and nitrogen gas packages during storage at
5°C. (a) TMA in ordinary muscle; (b) TMA in dark muscle; (¢) DMA in ordinary muscle; (d) DMA in dark muscle. Values are
means =+ standard deviations (#=4). * and **, Significantly different from oxygen gas package at the same storage time indicat-

ed at P<0.05(*) and P<0.01(**), respectively.
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(1h) (4h) (40h) (1h) (4h) (40h)
Highly fresh Fresh Highly fresh Fresh

Fig. 3 Formation of TMA and DMA in various Pacific saury muscle slices in oxygen and nitrogen gas packages during storage at
5°C. After storage, TMA (a) and DMA (b) produced in ordinary muscles were measured. Values of saury C and D were from

Figs. 1 and 2, respectively.

EAHE /LA, EBEEY V< TREERORE
R K AEREOXEFIZEA LRGN T, WIndb4g
e RIS TAERE R T - 72 (Fig. 3),

F 7o, WER - HICEAOKICRE L Tt L, g
1,4,40hBIC7 4 VAL 2EHET V<, BLU
AT V=IOV T 7 HEEFEE O TMAO 4 o4
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(b)
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Storage time

Fig. 4 Formation of TMA and DMA in Pacific saury (highly fresh) fillet during storage at -20°C. (a) TMA content; (b) DMA
content. Values are means + standard deviations (z=8). *, Significantly different at P<0.05.

(@)
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-0- 0,
—~ 80 -8 N,
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Storage time (days)

Fig. 5 Formation of TMA and DMA in minced Pacific saury muscle during storage at 5°C. Minced ordinary (a, d) and dark mus-
cles (b, e), and mixed mince (c, f) of fresh Pacific saury were stored in oxygen gas, nitrogen gas, and air at 5°C. After storage,
TMA (a, b, ¢) and DMA (4, e, f) produced were measured.

ERRENZINENY > 77 1 LAERRBTO TMA,
DMA £RICRETHE BEEY V<74 L& 5CT
24 W AT AP L /o2, R EE I IMET A
Ny 70OFEF -20C THEERFEL, TMAO 504t
WA~ (Fig. 4), Ha@mo TMA AL, Wi
NORBX b RS IF R 1 A T 0.16 umol/g, 3 » J
T 0.18 umol/g & TMA 28T LA LML TE 5T,
fe SR 7T AR ORI MR T E e o 7oo —H, MER
THRBFLEICE > THFELIBEMB XU 32 Atk
TMA D4 B E DR IROR & /LT T 20~40% #1

Flahn Tz,

F/2DMAICBIL Tid, Haff Tid v noaEEx
LA 0.1 umol/g K MFEAFOEIT RO N )
57, MAEMTIE, R 1IEBTIIENRRON -
7o, KRS » AHIC, BEDiREE TDMA 04
REDH 50% MHE SN T\, 72720, BEHT Ay
AEOFE FHEEIR L 727 4 U TIRERESKE L,
A 72 DMA ZEBCIsh IR T & e 5 7,

DI EO#ER, HMmELE 1 HEBICY Vv < A% ks
BrEk L 72356 T I &# O TMA, DMA A B2 %+ 31
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HXNBT EHRbhot,

H. 73 FAFBPO TMA, DMA £K(ICRET
BEAZADZE X WKL TMA, DMA Ot % fi
R AL, £l VU<AREBG L MEHICHT TS
VFHREL, BERAA, BFEHN AL LIUZESH, 5CT
B A A 1T - 7= (Fig. 5),

TMA i3, E@EHIVF Tk 3RBK & LiFE 3 HH
ECHMIE S, 5 HE CTERNTAT, B CHE
L, 7THBICEHEN AT T7.41 umol/g, 7257 T 3.77
umol/g & 75 5 7e s, BEFE A AT Tld 0.18 umol/g & 7
WBIERE D HIE LA L2 T o7z, TNHOZEAL
Y0 BEird L7cgE (Fig. 2) LR TWZ, —
Ji, mMEHIVFTRHRVWIFNEL3HABEET12~18
umol/g F T TMA 23 2 [ZER L Tz, SHidd)n
HRoE@H I VFTRALN - B TH S, Lk
DEEHN AT, ZBZHPTIHEML, 7THECEZENEN
4.09, 2.40 umol/g L 7n > 72, BEEH AT TIE3 HH
PBEOA R S Tz, BE I VFIIERAMN &M
HEHOFRBORERTH - 72,

DMA DWW Tid, @i v F T 3 AKX & &

(@)
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® 1°C (onice)
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2
[S)
S
=
<
=
’_
(@
2.0
@® 1°C (onice)
5°C
~ 15 A10°C
oy
©
IS
3 10 |
<
=
a

BREAS 0.2 umol/g LUR &K\ 72h, AP D ZEE A
Gbiprolc, —7, MEHTIE, WINORRX B
& 1 H H TDMA 7 0.5 umol /g REEERL L, 2%
AT, BRPTIE3IAEUBELEML Tenthn 1.74,
140 umol/g (THH) L7 bH, BBEHNAFTIE1IA
HURBEDER A SN T\, BEDLSIC, TFEG
SVFREDE EHEUL B TH - 72h, mEiI v
F L, Y0 HTORRICHERT, TMAO 5ot
BAMRAE S N, BEFRA ADRNEPBHEIC RSN,
TREEDOHE YU ~oU0EE TS AFy 7Y
»—UIC AN, Kk (1£0.5°C), 5°C, 10°C T L,
B IR E 78 TMA, DMA O 4 I RUE 3 &I O\W T
F~Jo (Fig. 6), BARTFHESNAFERTH S5, 10C
TR L7-8%E, TMAARED KDL, SEEY
~OBE, I3 HA Tlumol/g ##E 2, 7HBRICIX
547 umol /g & 7% - 7275, KETIE7HHTDH0.55
umol/g TH - 7z, IFK 7 H# D DMA &t 10°C Tt
0.59 umol/g, 5°C TiZ 0.48 umol/g TH - 7275, KB T
1% 0.15 umol/g &K - 7o MEFET /<D 5°C DFER
X, UI0FEERET ANy 7P LR (Fig. 1) &

(b)
12.0

@® 1°C (onice) L
100 | 5°C

A 10°C A**

(d)
2.0
@® 1°C (onice) i
5°€C
15 A 10°C Ax
//
10 | /

Storage time (days)

Fig. 6 Effect of temperature on the formation of TMA and DMA in Pacific saury muscle slices during storage. The muscle slices
of highly fresh (a, ¢) and fresh Pacific saury (b, d) were stored at various temperatures. After storage, TMA (a, b) and DMA
(¢, d) produced in ordinary muscles were measured. Values are means + standard deviations (z=3). * and **, Significantly
different from storage on ice at the same storage time indicated at P<0.05(*) and P<0.01(**), respectively.
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HLIL Tk, 25 k0 sBETATDOHH TMAO
SR OERDPIFI S NS LD EBE b/, £/, W
NOWBIRE IS\ TLEEY v ~ D TMAO 5 f#4)
ARERAREY V< TOARR I VDL, BEEEKED
BB OEEE DS BHER I N,

% £

KB TIE, EEEY V<7 0 VEBRT 572003
BEFgE & LT, UV <R O TMAO 4 O iR
I, OWTH VAR RN AR ELE L THEAR
WL, BEZEA AT & 5 TMAO 53 ¥ O 4 il B
DWTHRRS L 72,

E Y < O 5°C gk © TMA, DMA A g (3
WD Thlzhr o7, V=) GHEEERET 2Ny 7]t
B9 5 &, TMA 5 XU DMA OAEEMHRE» 5 5 C
L broi (Fig. 1), £ 2 CTHBEY V<% W Tl
FEHAOR R A TR Lok 8, HIC§EE 7 TMA 4
AN RS RSN (Fig. 2), 7, BEEY V<

Tl R ORGRRFRNC X 5 TMAO 7@y O 4 & D
EIFLAERONT, WIhbAEFY V<IN TE
B PRI A7 - 72 (Fig. 3)o AEDRER MG
Y <D TMAO 75 iy DA B & i 3 5113, @%
BB /< EEER R BOKCREL, AREY T
ARLPICICUTIE T SH S &0 o 1B EDIERICE
HThHAHC &753?”’“‘571“17‘:0 B < e HICEREN
ABEBAET S LI , DRI TMA AR % 1
?Fﬂff%ukﬁlf%%b%bﬂ%o A% 0°C Lk TlyE
L7858, BFReilic il DMA 2 in< 525, $HH%
A OERIC LY TMA A2 #Emn+ 52 &
PEHN TV 5,832 TMAO @R % H 4 5 LW
1%, KIBW 7% EOBNMEEIOME O, Alteromonas
&, Photobacterium &, Vibrio | OME DM HN T
D, WER LSS FICH VT TMAO % iRk E 7%
BRLE L THWSID, TMADBERT S EEZ26NT
W5 ko THMENATTIE, CInbMEmCLS
TMAO #TEAEHAMNHESIN, ZO/ELLTH VA
O TMA AEAIH S N/Z2DO TR Wi EFE 2 b,

SOICEEERAHE T « VORMREEREL T, BRI A
AR Y < A e S R IE L 7B TMAO 534
ARSI RARF L& A, MEHOBRTR 1
BRI L3 5 BB O TMA B A SR OB & /a5
IZHART 20~40% Wil s h Tz (Fig. 4), TMA 4
B OE BRI TMAO BEICREFR & F oMAEWOIER &
Z 2 LN TV A2, 12 SR I A OE IR C
B3\, A XS TIREmE, mMEHVF b RS
Frs i TMA 4B L 72w LG SN T 5,10
LoL, X708, AvEd, AT Vi EOMER TIXm
IS TMADAER T 5720, ThbOAOIM

GRHICIE TMAO B LBESGET S LHEEI N TV
%1510 /< D M A FHIC b BRI TMAO 32 TGRSR 25
HFHEL, BENT AP COBRIFAZHEY %70 TMA
DERDPIFN I NS D TRisnwhr EHEE SN,

—7J5, DMA (CBIL Tid, wiksHR 3 » AIC, W
— &A% T A DMA O B8 75 50 % ) <
NTWio, BREERFPO AT P XS A% 1 HEERAL
B —20°C C 14 HHB#SITE L 72354, DMA 04
B 50% LA RISl S N % 2 sifE Ryt o DMA ©
A B3 aspolin & Fe?* 1T J A B EFELUME, 2129 & 7
IS Fe2t CRILHIOFAE T Tl 2 5 RS2
DEZONSL, WIhd Fe2t PEELRRTFCTHD, HF
HIAFALERIC & % Fe2t O {bic X 0 ok DMA 4
BAIHE S N7-D Tk LI N7,

SHICIVFHAERWT, BBFEHN AD TMAO 5 #4
AR OV TR LR, YV ~xHEIVF
RIS 5 LIMEFHTHLES 5 TMAO = TGREFEOIEA A
et s N TMA 28 —ERmART 55, BEHN AT T
EITHRERPIRE SN, £7213 TMAO & ITB £ % F
OMAEYOEBENHEEINT, RO TMA A
FlENHOTH Lo EH#EESIN/Z, DMAIZOWTIX
MmAER SV F W CEE AR RS RN/ (Fig.
5¢), DMA OA4RICIT Fe2+ AEELFE 4 /- LT
b MEHITIFANEZ B V/RIA T VREL, B
FRIC Fe2* BERICHET 5,39 Tz, mEfHI v
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