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The browning development, mainly through the Maillard reaction, occurring in the dried fish
meat products during storage causes reduction of the nutritional value due to the loss of the
essential amino acid such as available lysine as well as off -flavor resulting in the deterioration
of the food quality thus shortening the shelflife.

In the work, the changes in the amount of available lysine, extractable nitrogenous compou- .
nds (nonprotein-N, amino-N, trimethylamine oxide, trimethylamine, and free lysine) and dev-
elopment of browning were measured to assess the relationship between the shelflife and the
quality loss in dried filefish under the steady state conditions (35,45, and 55°C;a.’s of 0.44 0.52,
0.65 and 0.75 at each temperature) and fluctuating temperature condition of 35/55°C with alte-
rnating 7 day periods at each water activity.

The results indicated that the amount of available lysine and extractable nitrogenous compo-
unds except TMA decreased rapidly with increasing temperatures and water activities while the
rate of available lysine and extractable nitrogenous compounds must be involved in the initial
stage of brown pigment formation.

The available lysine loss of the dried filefish products stored under the fluctuating temperature
conditions was greater than that stored under its fixed mean temperature, 45°C.

The activation energies for lysine loss obtained from the Arrhenius plot ranged 6.9 to 4.4
Kcal/mol and Qi values at 40°C were 1.4 to 1.2.

The values for browning were 15.7 to 14.4 Kcal/mol and 2.2 to 2.0 respectively.

Shelf-life, defined as the time to reach 0.15 O.D./g solid or the limit of off-color deterioration
by browning reaction, was extented longer than the halflife of lysine loss, actually correspon-
ding 75% loss of available lysine. This suggested that the halflife of lysine loss might not be -
adequate to assess the shelf-life of the food system with high potential of protein, nonproteinous

nitrogen compounds, and lipids.

5 e ETY HEG EH1d.
Lysin®] FFEES 2 £&Y £HEHS #9) —
o548 MT e dolve BBRES S8 #&}= (Booth, 1971; Carpenter, 1960; 1962) War-
o PN BE FUET B 400U0% & & mbier(1976 a,b)e] IMF = Trggfsile] ostd 4

AL 19814ENE BT WIRIRKZ o]l o] 5.
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% lysines] Rrigfoilsl §438 Bostgan #BEE
B3t el o] A9 30°C, 509 kel 80% WA
F 3.9 c}(Byun, 1978).

Wk Tl & 7% lysine M4 REES M
By —x Rz itfis)® (Jokinen %, 1976;
Wolf &, 1977, 1979; Waletzkool Labuzu, 1976;
Thompson g, 1976), MWW ES WRMo Rz 4y
3 4 9lrl Bllel ol ml AbwkuE2] lysineo]  Higls]
ki 3}t (Warren % 1977; Warmbier, 1976
a,b; Eichner 2} Karel, 1972; Labuza, 5 1981).
Ellis(1968), Reynold(1948, 1963), Lea % (1949),
Wolfrome (1974), % Tannenbaum(1966)%-o) 2] &}
Wil BEE T TEY Bzt BE, KD
pHE 51 9lox Salwin(1959, 1962)2 W4T
o KA RE e = KTEM] REAFY RE
Hikotelm eyt Karelsl Nickerson(1964),
Martinez®} Labuza(1968) % Labuza(1970)%-&
Salwine] i3 KAEMREE ddsh v 23L&
mEREA LEG koS RIERRFI= REkA
< 28} A 2 KAt ek sl

FEHHMWBBA & 473D lysinelR Lol HigE Bf
a4 (Leas} Hannan, 1950; Hannans} Lea, 19
77; Songs, 1966, 1967)% X4 modelTio] A
vV BEH 7A%eli, Byun(1978)8 Mgl o
%k 23 9 Carpenter(1962), Lea %-(1958, 1960),
Tarr(1955)9] o} T8 wlgk #|EE A sl &W
B A Wi %A 4.

HRAY Hid e ARANE BE ExX
e WMREABRRST FEREERSE 6B
Rigel A3 Aedats ez e vk (Jones,
1956, 1952; Fujimotos, 1968)

A Trigel A EREF A S-S o8l shA KATER
sb EEE el A BT ol el vie #3%) lysined]
B, Exfisydig] opvlmad 4, TMAO 3 TMAS
gk, mel WMPESE Warstd Wikt #4&
RABEeL pyo) Wk e) MRE H%se g H
—gk Frikpestol <el ITEyer neRparhel  IRMRRME
S} We) RIEMERM mife s 9 st
HH) lysined A= X FRIAE HdE Hifstdd el

R 2 ik

L. B

(1D H#el #@e 19824 2J1 TR &L FIATTD

A T’ 23| (Navodon modestes, §3E 20~
25cm, 87 210~230g)%- filletoz 31 & 52
ol 3[ kihste 4880 KA EHAALT. @)
AL rollid 7] 2 30mesh 7+ H =5 Ealsle §F
B R shglel

(2> BEe 175 ke Table 1o v=hl =3}
q-&N & Azl AT AA el A RHTEWES
st At —Ey AE TmE BHibe 12g
4 polyethylene sj=h-&- 14l <ol Xg=|2 W%
XA F 85,45,55°C o] {HiR R hraste) EERkr
WITBALE fAsger BATBRHRALEZE
—EA Ao 35°Col 55°C = A 7pdA Ry
sl

Table 1. Saturated salt solution to

control a,’s.

ay salt solution
0.44 K.CO;
0.52 Mg(NO3)
0. 65 NaN03
0.75 NaCl
2. HWFik
Q) kA3 WEEELEe R JEstg .

(2) keFEEel BE Bt BB KaEES
Assyman’s psychrometar (g, Isuzu LTD Co)=&
A s

(3) H% lysine?] AFE Warmbier (1976)2] FD
NBH#-& st ek 3% 0.3g8 Matx 37°Ce
M) 4} 1EsRS =1 erer 4 FDNBiz#i(0.4m/ FDNB
/15ml E—OH)-& msted oA Kl A 2Nl
awrsled DNP (Dinitrophenyl){b A7 #4i i 4
ethanol®- Bkl BEislgdcl. 7] 8.IN HCL
30m! & fmsla 105°CE A E hot plates] A 16/
g 7b4=2al 2] Whatman No. 541 o =] 24 o3}
shel 250ml 2 G3HA}

$19}ko] DNP(E %t BKHS1 & FA0E A9
A.Bo) 27} 2l skl RlA A ARG 59
ddelel 224 3E FE F G A ZE AW
kol A migkrFeslm IN HClz 4 10ml 2 423}
gk, st By smldgdu 2 15 il F
phenolphtalein & gR3¥g e 2 sy 3N NaOH &
og fnstel Qsheld fedow g b 2mi e pH
8.5 carbonate buffer 8948 in3}i. < 7]¢] methoy
cabonyl chloride & 43 2 "31A] Avrzled 8%
RN 4% TR 0.75ml % Inska 5ml 2] o 6] 2
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24 4F fH o 2 olEl2E BRI LA
By ¥ 2424 l0m 2 EEstdch BAY
A3l A Bgo] & 435mmol A MEET st
A2 Bel O.DAE #%) lysines] O.D = st &
—DNP—lysine 25 &4 2 ¢ 3 %A (standard
curve)& of Ssted A lysine & A4kt =t
‘2.4 lysine Hsests] 8 Tanaka 5(1980)
o] (AT Hko 2 KEHEAH S st lysine
2 9olzrel WwstAe

<gdqouae] AR RE lgE Wz
1/60M phosphate buffer soln (pH 7.5) 20m! &
gt} -39k kA jE F 5,000rpm 0 2 YAIEE 8
LESE Mot 50ml 2 A &3l

(D) BeE0] Mk Choi (19499 BRAWEE
Saltmarch (1979)7} #B¥ Hk FAsA

B 228 100m! A7tZelA 0] YL 50mlo] &3
&2 Jngt 4 37°C 9 Kifle] A 120 oscillation/min
o2 15408 A etgr % 1IN NaOHg4 ez pH 8.0
o Fydestoler. Ao e trypsin (Type IX,
crystallized, sigma T-1034) 1.6mg, a—chymotr-
ypsin (Typell, sigma C—4129) 3.0mg, peptidase
(Grade [, sigma p—7625) 1.3mg-& X3k B¥H
o 234 mlZ nd pHE 8.00.2 FKY ME
B Iml & M3t 8 37°CKigA A 3R KEEAIR
v}, RERSHS 50%(W/W) trichloroacetic acid
1m! & meted REES #iEAZ F 312 Whatman
No.52 o 3}gF o o}-& 420nm 9] JRolA BWHES
Hseste =t

(5) Exgsy #HRe| ME

HEame mE RBE 24 soml =AERs
3] Eestel 49 trichloroacetic acid 20m! & fmal
|imo) A 450 WA 4% 31 (Toyo No. 4)stx

Ja g ZF42A s0m 2 Y gt BB s

TMAO2} TMAF®E Dyer (1945) K& ®R
gt Bystedt (1959)¢] Hp:& FAIstA .

TMATU S k-8 1ml F 30m! A} JLRRRE
o] ¥ 10% formalin 1m/, toluene 10ml, 257
NaOH 30m! & fmsted A #stAl 803 AR stslct.
5400 wbAl gt £ el LRSS 7ml B IREte
ket 2z K-S BRESHAS. o]
toluene® 5mi -2 v}& It AlFEI Ad std
0.02% picric acid—toluene-§o 2ml o}l REO3ln
109311 wA] 18 410mm ol A BIGEER: Jkizakl o

TMAO Wi K] Iml & ARRAF Bel Mt

ko] 19 TiCl;-§o 1ml % jnsle] 80°C  kifie] A)
1508 wh2) gt # Ao TiCli& ddel7] 98 =3}
KNO; i Fele L5480 ks skEed ¥
stgleh. o]zt & st R Koz TMAE
W Ay Bsk A8 gobs 25 TMAOY
O.D= 3},

FEBER AE HEEY 10m/E Kjeldahl
flaskel] Eralol A gk sAL 15ml o} el E214 128
G IERE MBLRE B WA 100m! & EELHL.
AT Sof e A 10m! & Hesled micro Kjeldahl
Frkez fsEstel .

Amino & 40| RE Spiess} Chamber (1951)9]
ke =2 el ol

BE 32 & 250ml =HFelL A WEld F&4
o5ml & Y1 WHBE HBAA BBEAA 3008
m#kstel et

BRAA HHY B 5% No. 5AZ o3
o 100m! 2 szRestglch. o a4 5ml & Jsted Cup
(PO, 8§ 5mlE @ 3,000 rpm o] A} 104070 A
Algelsld 47 LRSS 620mmol ] BmAEE
st DL-x-alanine ¥3FA 2 T A2JFA
& FAigte amino A 4qEE Taig ).

R R EBE

1. A% lysined]. {4

HAZHG R 9ae S5 REETE
TAote] ;Abe] WP e sl o S 2 F
53], %) lysine HEEWRNBS] &-amino group?]
el o] o Fell ThE olmxalnc} 2 RPFHo
LR

dF A &4 480 XA KR -& o Table 24
A B wpel zEol Agh lysined £3EES wia &

Table 2. The content of nitrogenous compo-
unds in fresh and dried filefish meat.

Nitrogenous compounds Fresh Dried
Available lysine
(mg/100g solids)
Total 16,289.14 16, 054.58
Watersoluble 4,185.41  2,449.28
Nitrogen in extractives
Total (mg/100g solids) 2,037.15 1, 660.30
TMAOQO (mg/100g solids)  312.15 245. 32
TMA  (mg/100g solids) 3.82 21.09

Amino-N (mg/100g solids) 802.35 762.23
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2% WA olal KAHAEHEES £REY AS-
79.59%0) 1 B:iRaRErY] A 10.15%4A ). Fig. 1
~4e & AREMRA D& Rt Qv
1% lysined] BE(LE vield Holef,

MR EE 35°Ce] A%, 608 RFRX #2) #HZy lys-
ine?) NEEL a, 0.44, 0.52, 0.65 T 0.754 )
K4 63%, 4729, 41%, B 38URA, KHTEHEe]
255 I B Ee) AAd fmador XHE
PE 0.7501 A AT 2. =% HEREET ¥
obd el wel o] Komelen] aw 0.440 A%
35°Coll A} 63%, 45°%elA] 4895, 55°CollA] 3792
A RES BEE koEY] Eohd4E Lxte
HRE To1Fo] a, 0.449) 100148 Folo] w3
ay 0.752] A4, AL AelE.5% PistaA
KTkl &5 S d gkl F& vishia
ek, o] Bl ¥t 38k Tanaka%$(1981)0] L S-oj Y
T84 A MBS o), Labuza 3 (19
81)e] Whey powderd AA3lg1e: = <ol
lysine?] M IR A E A AR v} e}

ol 21t #iMe MK ] monolyer value LIk
o KR A FEEWEL BAkst ol Fe]  Lo)dld

100 -

o]
(@)

%]
O

Retention of availoble lysine (%)

40
B x—x 3w 0.52
o——a dy 0.65
200 4 A 2,075
H -1 L l. 1 [
0 [0 20 30 40 50 60

Storage time (days)

Fig.1. Retention of available lysine in dried
filefish as a function of water activity
at 35C.

EiES A0 Qubdel A4S 2 Jehizn 9
th & a, 0.449) 28 2 AHARS A$ BEE
LR vl BMREHES Wk web A
BFEse] el Aul, a, 0.75¢9] A% F& Al
AT BEBHITS Bk BEE Y 4 dE 42
@eFo] o uw WHEH e Ao FA43.

A WERRE HEBREREY MEE Wikt B
W o & 55°C, miRMRe) o 5 o] 2L lysine
8 WPE 2gm 35°Cet 55°Ce] éfmprel
45°Ce] A 4nrct 238 & MOKRE Uehig
h

2. WBEIE

WREAR RS MEET NED $RE
Fig. 5~8% 2tk 29el4 & 4 slFol KHEH:
S BREECE ¥44% MBEEL Mmstdon
WIS 8ol KAEES Jguet ot 2A et
et

TR S O T I RN
SAAHIY BARE TR debdeh

BriiEige] =8 el fEfTe 35°Ce RS W

- o~—o 3y 0.44
x x dw 0.52
20r o o dw0.65
2—2 3w 0.75

Retention of available lysine (%)

L 1 ] L [l 1

0 10 20 30 40 20 60

Storage time(days)

Fig.2. Retention of available lysine in dried
filefish as a function of water avtivity
at 45C.
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x—x 3y 0.52

o 3, 0.62
a——a 3y 0.75

L 1 1 1 t '

100 100
[
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S N K
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= v
B =
el \o
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) 9 2
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- o
[=}
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40r Aﬂ\x\o\u 40+
§ \A*x .‘9:
{‘:—’ L o—o0 3w 0.44 ~. Ot
o a g 76
x—x 9w 0.52 4 @
20 o—a 3y 0.65 20r
a——a 3y 0,75
L -
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Storage time (days)

Fig.3. Retention of available lysine in dried

filefish as a function of water activity

at 55C.
B o—o 3y 0,44
0.50 »——x a,, 0,52
| o——0 aw 0,65
—a 23y 0,75
0,40 |-
E
< 0,30 +
2 .
2
S 0,20
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0,30
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0,20
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Storage time (days)

Fig.5.
in dried filefish stored at 35°C

Nonenzymatic browning development

Fig.6.
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Storage time (days)

Fig.4. Retention of available lysine in dried
filefish as a function of water activitly

at 35/55°C.

o0—0 3w 0,1010
H———x aw 0,52
o—a Jyy 0,65
L — ay 0,75
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Storage time (days)

Nonenzymatic browning development
in dried filefish stored at 45°C.
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a, 0.4k
ay 0,52
ay 0,65
ay 0,75

10 20 30 Lo 50
Storage time (days)

Fig.7. Nonenzymatic browning development
in dried filefish stored at 55°C

W7y wE lysinesty Fel WAL s
& AT L5 2EFE 2 WMEit 2
2L we)l3 gith. o]y 3§t e Schnickel F (19
76)0] FPC(Fish Protein Concentrate)$] HR#L
Weesr 7A7AA & o] Mot A vdehvx gt
thar 2] W4} vlkeh el Maillard KERMe) QoA
Bl WML R HAE 4 95l A
2ke] lysine o] el @odsleds] =) £(Warmbier
% 1976)al Z o7 Folxch,

=& BrRiiiel MBEEST 4 Alsle AR
AR A KRB Bat ohel WEtk&
BRI Ayl Aoty Ao HAxe.

777k 280 Bk lysined] Mo cha Anist
A& wido] MIBL ALt Bmstgda o]zl
A% Ararslsl Al (Yous) Lee, 1981) ob-g
gl oin] lysineo] FEfliel fiLHz eAq Folmm H)
@$e A% TsEE #Rs Eoxc(Labuzag)
Saltmarch, 1981; Waletzko 2} Labuza, 1976;
Warmbier, 1976 a).

AL A8 2nl o] 212 A%y lysine b4
o & 22 Agko =z 55°C iEhyikel o} FAE W
WIS VEblen 45°C -2k A Jeb
t}.

olvl A%

0-0/g colid

om0 Ay 0,44

0,50 1

0,30

0,20

10 20 30 L0 50
Storage time (days)

Fig.8. Nonenzymatic browning development
in dried filafish stored at 35/55°C.

3. Exfisrd4e] #bel ftk

AABHNEY B QoA Ex@yd HEEA
BHERD D FEREUEERY) WBEEA 3o st
Aoz B3 =3 glvt(Jones, 1956, 1962; Fujim-
oto 5, 1968).

AHTEME 0.449) 0.752 TN BES A7
BEANA Aastgga o TMAOS TMA <9 24l
£ PR M= Fig. 9 9 10648k Zeh. 35°Col
ARerg & of FEfge wet TMAO & F43
Bt =z 208 Ll 50% Nl kel MA=Egled
REEE: 0.4400 8] 0.759] A S 2Al WA=
a#yv TMA & A S vh4& $nste AFE Jebll
L0} RETERE) W2 ERE AL iR gk
ARAHLer v FFEgmel 9k TMAO &= §43
Whsle K TMA & A#& 2% 55°C 9 A&
Eateta Ao BeatA ofsket. ¥ AhE®mR,
frelolvl e 4, TMAO 2 i lysine 2] (Lo}
e pERE 2 Fig 11z} 1291 zbe}.

FERABRINPNYE B2 felolvl:l 4 B jH
M lysine & FIB] 3fifTel wle} T 8 WA sta o
o] BRI} AROMIEYES) 525 o) A Ms)
sleb, i 35°C, aw0. 7501 74 g 1440wl
o]l TMAO 3= 55%, -%-v] lysine &: 909 ol4be] 7%

- 276



LAARTEHS ) Lysine 9 Exfaie] 8% B

30
TMAO TMA
0-m -0 355C 0——0
250 AN 459CA—A
SRR X-= - X55°C %——x
A
A v
2001 A
vy
VN
N \
o \\‘\ \
(o) \\(\
9 15Ct (A
< Y
L&) \ Wy
E \‘ h\\‘\\
\ ks
10 \ A
{
\
S
I S
S0 /9( \\\ o
4 zﬁ:g:s:e e
1 )] n A
0 10 20 30 40.
Storage time(days)
Fig.9. Changes in amount of TMAO and

TMA in dried filefish as a function

of temperature at a, 0.44
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Fig.10. Changes in amount of TMAO and
TMA in dried filefish as a function
of temperature at a, 0.75
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A5 3 e 55°C o A% TMAO 90%, #
B lysine 2 20F gl =5 £Aslgch. #es] WEE
lysine @ TMAO &= ik &7 Azl z AA
717ke] =& TMAO & Mbe] wlsl TMA 9] &%
o] Zx %& A& vl Ref TMAO 7L ili#ne
o Zldsle Aoz Qs+,

Koizmi £} Hashimoto (1965)% »}c}zte]sl] 9l¢
A TMAO 7}, Fujimoto$-(1968)& Mgt w4
A8 £l GAFAA Felokrl Azt NP Rolsh
22 Ex R4re] ] 4 ejz AAsdr. =
gt Jones 5 (1956, 1962)& ol T%9 Ex@ad 1-
WMEG
Rigtpoleln Rastgor, meiwe] Ex Rl
A= Balenine, carnosine @ lysine, proline 3}
e frelotnlieato] Maillard el 47 WS

deslE Age] Erta shdeh

methyl histidine, taurine, anserine %o

4. Fri%ifing (Shelf-life)

A T A= FE lysine P& REETERS
23 B (25°C)al A9 A A7 2HE Hstsl 5 st
o] 4 WL S HIRE REGHERN . BT
st et

A% lysine & 4 Pl ST REEMEHRL 3
A& Labuza(1979)¢] £]s} ]2 Aqt=]le] Kamman
£(1981) Labuza 2} Saltmarch(1981) ¥ Labuza
E(1981)¢] R Hgkel wh3hel.

—ffge 2 HH) lysine ] BbE —REES
2r}(Thompson %, 1976; Lea ¢} Hamnan, 1949;
Labuza, 1979,1980; Warren & Labuza, 1977;
Taso %, 1978; Wolf 1979.a b).

Fig 1~4e] AHS3: RS —EHE o 2 8] 45l
AowEdsr iR w8 H%) lysine Bl o
g WEATE Table 3¢ FFWstgd o, KATENE
3} B He4E HEEAdTE MMt K TR
o) #%h lysine & W7t —KRME A HpIHe
& 4 gt

Table 39 #ifrAta-2 ¥ 73 lysine 3|4 H
WBE I (Figs5~8)oll ot FitkAbel iz 9} Qoo fiitz
Table 49} 7}tc}.

ool whBul FEM:ALAAR = K4EM] Fob
wlgl oz dolAl AdE el o]AL F—K
MRl Lo Al AOMIGVERY MY bl Bijme) gk
T4l KT A& Hukilel.

ZKATEYE 0.44~0.75 ¥ 9] B F L5, 40°Cn) o)

Table 3. Linear regression analysis for ava-
ilable lysine loss

ay, Temp. (T) K(min~t)x10-2 r?

0.44 35 0.7526 0.9739
45 1.2140 0. 8429
55 1.4903 0.9114
fluc. temp.* 1.4783 0.8746
0.52 35 0.9877 0.9414
45 1. 3200 0.9436
55 1.6911 0.9385
flue. temp. * 1.4792 0.9303
0.65 35 1.0924 0. 9502
45 1.3909 _ 0.9414
55 1.7693 0.8994
fluc. temp.* 1.4829 9.9006
0.75 35 1.1555 0. 8449
45 1.4448 0.9703
55 1.7778 0.9811
fluc. temp.* 1.4926 0.9377

* 35-55C. 7 days alternating periods

TEMEAL 1] ghe 6.9~4.3 KCal/mol o) ¢l 1 1B
ul--2.8] A 9.3 15,7~14.0 KCal/mol = 4] Labuza %-
(1981 b)2] egg noodle ] AR AA & FEiAbol
=] gkel wisbed lysine RS A ol g &
olx HEe AL ook & BERE Holx 43
vk, o]1% #RE egg noodle 3l e KIER
o] ol kMRt RAelet Aztsie.

wF 2l e A lysine A9 Fkfbel v 2] 71
2 AL PEERS] ATagly sqdstmn wHEe TEd
el A7t =& A FEEARELESH, FRIrE/E
R E S WIBEHE B sladsle Aol 34
ek o)L AFL Qu@AAE & vhehi doh.

A%y lysine 9] AWM= (Table 5) ay0.44,35
°Cd] mrRigt A& 639, aw0.75,55°C 2] A= 11
dolgleh. AATEME D BEEES BMEFE R
e Bt =9 Qu sk Table 58 ¥tz 2¥
25°C A7 sl & o FRE Bl aw0.44,
Table 4. Activation energy for available lys-

ine loss and browning reaction in
dried filefish.

Lysine loss Browning
Ea(Kcal/mol) Qi,* Ea(Kcal/mol) Qo*
0.44 6.88 1.35 15.73 2.19
0,52 5.40 .26 14. 58 2,07
0,65 4,84 1.23 14,38 2,05
0.75 4,32 1.20 14. 40 2.05

Q0¥ Calculated for T=40T
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Table 5. Half-life for available lysine at the
various conditions of temperature.

a, Temp. (L) Q.*(days)
0. 44 35 63
45 39
55 24
fHuc. temp. 26
0.52 35 40
45 26
55 20
fluc. temp. 20
0.65 35 27
45 19
55 14
fluc, temp. 17
0.75 35 18
45 14
55 11
fluc. temp. 12

Qs* : Time to reach 509 retention of available
lysine in days

0.52, 0.63, ze]lm 0.75¢]4] 4% 10291,
9] 912391 o] 8]} (Table 6).

& f5a(Fig. 2~8)e)A Q& lysine 8 ER
WMBRES] A4 T8k A7 @ You s} Lee
(1982)7} #i& st wigd 2 prigh MBI
HEHN NN T 25°C o9 AXAANE W
B Etel #58= Table 73 7o},

RS BAEY %23 443 «7A9
Riffo e EHeta, MBMHoR Bl AstA Lo
v R 2 A fUfirt deba el o4 \tm
0.D 0.15/g solid o FjgEsty Friez gz 4
R kel A& ERtad oe MBSt mad
= o] 7w 2h8 Jestel o] 3L(30meqrke. lipid)eil
3= RS Eiiie s Fsta .

Table 7o) 2]5lad ay 0.442) A% #H%) lysined]
AERME 102918 wlste] I e HHgow 3t A
A7 7k 2039 olglet. WPo 2 T RrEkiEHel
&t lysine o] WA E EHME W4 A 75%9]
Bl 8l slgd =t

IRV RAES Ko 2 g A 320 BAke
1250 24 o|& Azl 4Ry ERE ehigl
oh o]z o okdt] GEIEITY FHiml (LS TRl
g A&7 ParlEd v BWokst ohEE vieh
i, {ESIIHES Aol & I e =
3 71 AdAe] 69 ol -3-& A4ska ik

MBI e) TRARE A&’ Weez Mt

5591, 37

A A7 7k 2034 # et FiEMbe] g stnyd
ke 45meq/kg. lipidelv}, zel2z etz w
EREA AT BEETY BAS 2 oA =
FEETY ERe| s {bBKES £¥md F7
ETERY 48 g Folze Wasls #
B Fwell gk kool e} F& HEtyL B
el

Table 6. The half-lives of Iysine loss at25C
predicted from the accelerated shelf

life test,
aw Q: (days)
0.44 . 102
0.52 63
0.65 39
0.75 24

Table 7. Comparison to the shelf-life of each

measurement,

Measurements % shel(-life s 250

Available lysine loss 0.44 102
0.52 63
0.65 39
0.75 24

Nonenzymatic 0.44 203

browning development* 0.52 181
0.65 151
0.75 120

Lipid oxidation** 0.44 125
0.52 123
0.65 120
0.75 106

*Nonenzymatic browning development: Time to

reach just detectable color change(QO.D.0.15/g
solid at 420nm)

*+Lipid oxidation: time to reach just limit ca-
rbony!l value (30meq/kg lipid): in dried filefish
from You and Lee (1982)

faam R ER

a5 B KAHES e f
% lysine B ExpR4ye] ARGl 8L wsle
BIEA e andy sl Aol Al delal lysineEafiiel M
o JRIGRRAE ] A doixl A A712b8 Jbig
I e DL S S

1) A% lysine®) WA 2 Mspta®ge) Minke 2
L Ao MBS KIie) RUnala% M=
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9=t

2) Exfi4yrre] shipg lysine, ofmlxa L, FEEM
#% 9 TMAO & Hiwe) M shA|st= #
3] M lysines} TMAOL [k 209 7o) A8 =
F A= gle.

3) —gkEMEoR NATE %) lysined] R
35°C, oy 0.44cll 4] 6391, 55°C ay 0.44e]4] 249
olglom, 25°C, ay 0.448] A% 1029 2 B ol

T},

4) JESERM IR 9 IRMER(ES) shelf-lifes}
%) lysieno] M &S REHL BEEo2 ¢ A
A% Higeld wWEe A4t A An F
lysine 345 BER & 247 7B Zsket.
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