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Sql.ubilization of Fish Red Muscle with

Microbial Enzymes
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Two strains of Gram negative bacteria screening from 396 sea-water bacterial strains, named
Marine-I and Marine-II; having better ability to digest proteins, producing neither ammpnia, indole,
trimethylamine,v nor nitrite and having nbo decarboxylating enzymés of lysitie, bmithine and
histidine, were used for compared with one strain of Aspergillus sp. isolates from -dried
skipjack stick (KATSUOBUSHI), one bacterial enzyme named prease and one vegetable
enzyme— bromelain, in the test of liquefing the red muscle of bonito.

The optimum temperature for Marine-I and Marine-II were both 35°C, and the optimum
pH were 6.5 and 7.0 respectively, both decreasing stabilities slowly over 45°C while sharp
decreased over 50°C, and stable in pH 6.5 ~ 7.0 respectively, In order to prevent the action of
pathogens and putrefactive bacteria, considering together with the temperature stability, 50°C was
used as digest temperature, when the use of raw red muscle as substrate.

By -using Marine-l, the liquefaction percentage of nitrogen after 8-hour hydrolysis was
86.2%, and 986.8 mg% of o-amino nitrogen was obtained from hydrolysate. Due to high
ntents of amino acids, especially tryptophane in the hydrolysate, it was supposed having
better nutrition balance, light color and no bitter taste was occurred, all of these were the
advantages for the developing low salt seasoning product. By using Marine-II, although the
yield of «-amino acids and the compdsition was lower and less than Marine-I, but.within
short time diges_ted‘ it will be microparticlized, which can be microencapsulated as fish fry .

feeding material or as peptone for the bacterial medium used.’

The hydrolysate obtained from bromelain was bitter and deep’ in color, oil-burn flavor
and unbalanced of amino acids composition, though haﬁng both high nitrogen solubiliza- -
tion ratio and o-amino acid yield. Moreover, all of the hydrolysates contain low 5'-IMP,

and the safety or wholesomeness of hjldrolysa'te need further improvement or confirm,
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BERFOOSH  SHENRESBRLINERESR  HENRANINRERS  KERAH
HEGEE - g BAMRESIRER  BRAAZARL  BEansgs " "px.nn H2"
HNBMPIENELSRESR  BIBOAN » AR EEHARNESRARE ; #REeRKE
BEER(16) OEER(28) WEEF ( 26) REVEX( 24) ; reV  EpeR
( bromelaink papain ) + By AMEER ( pepsin ) REMER (B HLMolsin ) KREARH
BETREENEH; #AYEER 1976 FRHAZE A ABRENS - BASHBLEYHES S
EEERARAAESEE  BERRNTHELLN  BHBEHE o BiKe 180 — 88 B (Asper-
gillus sp. DWEASRER (FH 4B Denapsin ) » AHRFHKBAR - HEE K% - Qi
HEZET BRI BRI (3 %) BB Jbaks® BILUETE B Rof e e E s ; #2988
FERERA 2 MBS A AR 0 T TSI R K B o

B T Bk Ol B AR - BRERARLLTHERR REBEAZHR -BRTH
B 24 o R SR AR RIS > IR BHIBE - BAY ZHEES SEERERRER
Wi B4 Sen® ™ pH RASREEIZE - SEW ESREDEEN  BKOH Bac. thermo-
proteol yticus B B » YA RATE 30 ~60 FEAT BN T » THREMBABZEN - &
BEABBHSME- ’

ERBT L EEDHEBRP B S  RUBH LB BE 5% AT R BaSRESR
CEETHRRNANZREAE -

M 85 &

—mM AP : T EFSER RNERETRZERENAN o
AR o He®
BB KRR A A » L 0.22 ;I BRBERME e marine 2216 agar (DIFCO ) #
BE > R20°CH% 10 X% S EERE N marine 2216 agar b » 5B &M 2 XDIBER A ME
o MEHETFIEE HBAAZLSBESD » AR GELS =T - B} ~ TR - ARES s
BYE 2 Bk o
MBS @R % ( gelatinase ) KTE PHRBERM -
OB ER KR ( casein hydrolysis ) : &Kanekomﬂ’ﬂji%iﬁ& o
(=) iR & ( indole production ) : 2% & HuER B W/ °
(g4 ( ammonia production ) : KE * By B M -
4816 = BB B X ( TMAO reductase ) : fk Laycock % ® zbb ok % »
N TREE MEEEE ( nitrate reductase ) : Q{E@aﬁﬁ%]‘)}ﬁ °
b BB BRI S LB K ( lysine decarboxylase ) : BEHEDHRE MM o
) BBk R 2 BEK ( ornithine decarboxylase ) : 2EEYHRIMRME o
() LB BB BB K C histidine decarboxylase ) : 4k E ® #0399 %Ml o
= Wk R K R R R
H ¥ K A BB 70 500 ml marine 2216 HM W » EEE FRBER 2 X% - £12,000 rpm
X 15" RO SVHE » DIkt B A K BE WS - A B0 S - BetE 3 KIS —40°C A i P -
e o S A B
E3 e 15K » BN S 80 ppm EMF 2 potato dextrose agar (DIFCO) - SHs%
5% 3 K% » TR TS VRS TR DK O R B 1% » % I Henneberg B A® o » 2
TR 553 4 K » MK MBI 77 B IR B o



T B R IR T - :
I Dynatech 2 HifhZ sonic dismembrator model 150 BEWRME » B1 g ZWAME

Y 20 K » TIERMKAIIRE 40 K » BK 20 B » WA —KF £ 20 B o RGER NS KP LB B
REHMHE -

it 3 3 ¢ chEFTHE Hi 7 S 10,000 PUC** 2 Prease (i Bacillus subtilis var. TM. Ff
8) B B%% K ( bromelain, MERCK 'z s HHBES0.3%- '

HEHEKREERAE - .
AL RS DR o IERARIRNRARR % TCATBKEABR b %; #X

ARE2BES cRTCATEHEBER d % » Bimicro-Kjeldahl HAE °

—b/a

?ﬁ{bﬁ%:y—f——w— X 100

- a
(Bt 2% ( @—amino N ) : Formol titrationik
TCAMEW 10 m1 /110 %TCA 10 m1 » MAE Bk - B HEEEHI Toyo No. 5SCIHEE I
» Yek 2 k%% » 1 0.1 N NaOH FpHZE 9.0 » 1110 ml pH 9.0 Z B B R T FAEK $8 A »
2 100.2N NaOH ¥ EZ pH 9.0 1k
( meq. NaOH ) X 14 mgN/meq XTIT)—=mg & — amino N per ml .
SR 2 peptide N )
BY 1 ml [f] & P9k » BRI E C ampoule D5+ J1 ml WHCI #REH O - Bl 110°C
PN 24 /NERTS » B OH B 7B EBRS50ml » M Formol BRI ERERE - AXFHERAERE
mF: '
. BRE=MHCl HB# IEEAE—SRITCKERE -
NEREERNRERE
B 0.5 g a8 in 5 ml kS H8EEEK ( 0.05 M, pH 8.0 ) MABTIIRE ~#L » AHE
W > DL 2 ml kSR B T 2 K NIEEEE 10 ml » BN 1 %BEAER 4ml - EX
BRYE A TR 4 /NER 46 » M1 5ml 10 % TCA » #E 10 53658 L[ Toyo No.5C M# & - A ¥ -
Ll Formol % BRZZM & - '
Ao ¥ pH Z R HEE -

fE7RF pH AR B RW T » & LB HIE HEFE 45°C THIREBRZEE - R# pHE

ZIEHERS 100 % » 4R pHE 2 IE I S ASHE
+ pHEZ et © SRERENF pH ERBERTET » % 45°CBI 8 /N R 45°C ~ pH 8. 0 W
SO b o WA I8 B 2 IE MR 100 % - Mt pH EZ B SANRREERBZIEE
B R R B 2 B S '
BN FIROTE R » 4K RTSH: FE Hek fEpH 8.0 iR hElE - LB SR EREZEER
100 % » HBpEEZENE - BN ENE-
TRl © 7EpH 8.0 ARSI TS B K 35°C ~ 40°C ~ 45°C ~ 50°C ~ 55°C B 60°C iR
 BAEE A R SR Inds 8 NERES » R ERFIBEBRTEHE o
LA RERRBRERBREDEEE 2K RED : BARBERNRLEE SVBEORNKRERD -
FRBENRERS RERWT :

*1ZEDH 7.0 22 %W BARBRMIER TP > R 37°C 10 5L 0.5 meg BiB# RITR 1 PUC
*2 2mAnson units/mg.
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BAEE : Na —Benzoyl —L—Arginine Ethyl Ester.
TAME :.p~Tosyl —L —Arginine Methyl Ester.
ATEE : N-Acetyl ~L-Tyrosine Ethyl Ester.
BTEE : N-Benzoyl-L—Tyrosine Ethyl Ester.
W WERKBERTE R ELREREIE T - ZRMER 0.02M °
Pl A K BRE B JE -
e ZH%E : Bl Tokyo denshoku Co, LTD,, Model TC-1500 MCG%&&J"‘,@L a, bfio
()T B IR MOLE » s Hitachi Model 320 SG0EE BN » ZoQBSUBRIIE AR A & & B -

LheEBRAE :
# Kevin %wﬂ‘gﬁ# s Varian 5020 B HPLC Mg

SR T
T D el » fEF Varian 5020 HPL C 3 o
Bl AREIL S
RM& 100 g K 100 ml > W ETT EBERIN0.3 g » B AWAKEE 1 2 - WE 40 g -
Fe #1951l 50°C B4 8 /NRF » 1l 12,000 rpmi&is S 10 6 » A 3 K » KA SER
( Toyo No.5C ) + Bii0.45 /mK 0.22 pm WP » EER 250 ml » HBREH MY - AR
Bt F LI o '
4 R ( histamine ) : T 5 Ve HERR o

#% R B

—WHZHE -
i 396 {8 Bk B 45 B U B RS A REAMENE  EFSRER BRMEBER ~
B BRERBERBEMR » DIRTELS ~BIR - =FK - DRSS EYPRCENKIBHEE
B_# » #48Marine-] BMarine-[] » SHEH LOBHNME  EARHEE  BEER
Aspergillus sp, ‘ .
ZEE s pHEHRERRBERSBEEREHZVE
DREERER » £roHS.0 ARIERERY » SERREET - ﬁaﬁﬁzmﬁﬁﬁﬁ{bm

B 1 BFR + Marine—-] , [ ZiE RGBT 35°C » Asperillus sp. R 45°C » Prease HAIR
50°C o SR RS REpH 8. (BBIELTH S REAREETHE 8 MFLIE » LBESRE
R WRABEERENE BRI 2 R BB S CRFTARRERZRELS TR » 50°C I
TR A RENE A - KB B M2 R BMarine~]] > Prease >Marine—] > Aspergil lus
Sp. ©
HWREE AR W2 pH - R 45°C TR A HRABRZEME - &R MM 3 BrR » Marine
—I ~Marine-]] % Prease @ &M iEHR 2 pHA 3B 6.5 » 7.0 R 7.0 » Aspergillus sp. #RI
e pH 5 B IEHER K » B pH LA EHEHIRE - KHRABERBRE S C2TAApHRMEREH
iR 8 NEetE B H pHEEME » R INE 4 BT » By Aspergillus sp. 4} & R R
pH 6.5 ~7.0 2/KE » pH 7 M kMarine I ~ [ ZHEZH AR 2L W4 BREMAEPHEE
AR RI A2 ; Prease 2Bl ~ YR BIRBRIR ; Aspergillus sp. §RIM t AR
M RIZE o | |
AL R  DERERZ B pHE 6.5 ~7.0 1 » MMAMASZ pHE 6.2~6.5
R WL o BERAH A REFAIEEY % 45°C Ll FMarine I ~ [#E# 35°C
BUF > BT A8EE  BOMENAARER » K8/ 2Rt  EETERURESE » LREHE
B4 CHE » R REXEMNE » BT #oRK R FE0/FH > RBEERNRENE LI
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Fig.1 Temperature behavior for some microbial ehzyx_nes. The enzymes were assayed at
pH 8.0 phosphate buffer with casein as substrate, '
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Fig.2 Temperature stability ofvsome microbial enzymes, in pH 8.0 phosphate buffer

for 8 hours with casein as substrate.
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Fig.3 pH behavior for some microbial enzymes at 45°C in phosphate buffer with casein
as substrate.
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Fig.4 pH stability of some microbial enzymes at 45°C in phosphate buffer for 8
hours with casein as substrate.



BRI - DUF B (LA BRIRLBE — IR A 50°C o
- EHRAERRCRRLR

ﬁ#aﬁﬁﬁﬁﬁﬁﬁﬂfﬁﬁéﬁﬁﬂ(ﬁﬁﬁﬂ » DI B EE BIEk R0% 1 7ion » Marine—T#
#BAEE Kf8RE H#ssh » H¥ TAME ~ ATEE ~ BTEEHIA ch& K B e ; Marine - [[# & TAVE
~ BTEE Esh%KERES » (H¥ BAEE ATEEﬁUZK@ﬁEﬂ&EE o Aspergillus sp, HN{EH
BAEE R ATEE KfR8EH 55 » THEMTAME « BTEE ## K#%8E ; Prease i thi#¥% TAME &
PEKBEES o h LW HARRABERD LMarine-] HNES BEREDHKBED o

PEmEnenREE » W8 ’J\B#Zﬁ.?&ﬂf@ (%2 ) &FRMarine~] (86.2%) >Marine
-1l ( 80.6 % ) = Bromelain ( 80. 2% ) >Prease ( 61.2 %) > Aspergillus sp. ( 45.1 %

) Marine-] ~ [ LB REESERNESH BER— Bromelain J% Prease f 5:#2M
AR » % 20 /N Wi tMarine- I 4 WfbB BR % 92.3 % » Aspergillus sp. Bz BIEDRE
% R 43.1 TS » HER W 8E (R fuBE LU B I 7N 54T BETEL -

DERNEMEAREER » BL8 /2B BE( %3 ) kFBMarine-] ( 74.3 % D>
Bromelain ( 70.2 % ) >Marine-]] ( 67.7 %) > Prease ( 51.1 % ) > Aspergillus sp. (
40.5% ) » (B 20 PRERALE - ARAF BRI Marine-] 7B E 75% 5 » # {7 8EEMEA
A AN ELOBERT BN LEmEAZEEZREESR  BEXETFSERARRIEEE
» EHEMarine-] ~ [ ZHBEEZE10~18%2%

SHKBRP @ —fEER RER 2 A - §RE 4R - HA/MRKFSMarine-] ( 1.28
) > Bromelain ( 1.04 ) >Marine-][ ( 0.96 ) > Prease ( 0.81 ) > Aspergillus sp,( 0.78
) EAT NGRS C—EERNEREETE

R RO ¢

%%EEEK%%‘P?E C—ReEE / EMRRL R —REREYEAME (F 4 ) » Marine-
[ M2 & —Rk 08 B 3 986.8 mg %Rk » Aspergillus sp, EBRERS 408.2 mg % hi&
BER R —BRERBEPEAPrease ( 528.5 mg% ) X Bromelain # ( 750.8 mg% ) %8k

£1 HEMEVERHSEAREENKEILER
Table 1 Comparison hydrolytic activity of some microbial
enzymes on synthetic substrates.

B B¥VE  Enzyme or enzyme source
'Substrate - Marine-J Marine—]I Prease Aspergillus sp.

BAEE +++ + + : +
TAME ++ ++ ++ -
ATEE ++ + + +
BTEE ++ ++ + -
+++ TEMERSE > 80 KR strong activity, > 80 % hydralysis,

++ TEPERE > > 50 KM medium activity, > 50 % hydrolysis.

+ TEME#EE > 20 BKE weak activity, > 20 % hydrolysis.

- EHEEHE <20%KE very weak activity, < 20 % hydrolysis.
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F2 MM AP MR B SRR X R B BN AR W LA
Table 2 Nitrogen solubilized ratio of raw skipjack red muscle with four microbial
proteolytic enzymes and bromelain.

X & & #

B Cond ition of hydrolsis BHAEE (%)

Enzyme or BwE EEEE) B C/hEE ) Ratio of nitrogen

enzyme source pH Temperature (°C) Time (hr.) solubilized (%)
Mari 6.5 50 8 3.2
rine—] . 20 92.3
Mari 7.0 50 2 8.6
rine—]| . 20 84.9
Aspergill 5.0 50 8 4.1
pergillus sp. . . 20 46.3
P 7.0 50 5 6.2
rease . 20 63.7
Bromelai 5.0 50 8 %9.2
romeiain . 20 87.4

VRERNmMSAREAEER 1% BER 40 % BERBRAR0.3%
Ratio of enzymes applied to solubilization of moist marine bacteria, moist

Aspergillus sp. and powder enzymes were 1 %, 40% and 0.3% weight of red
muscle respectively,

M REANODANERREZL

Ratio of the nitrogen solubilized to the protein nitrogen of red muscle.

SRR - JHS VRS L0k A 4 2B 18 = 55 X P9B: ( phenylalanine ) RGN o g ®
BEABE S5 BEK AR LA + Bt @24 20k R B IH S VBB THARAZIT -
BRI 2 R TR R - TR N R EREE (B FEE NS R AEE KRR ME S - RR
FE60°C LU Bl & o
T & BT « |
WL 2 K MR SRR + B Toyo No.5C i#E + 0.45 & 0.22 #mMBL kB HA B0
# 50 » Marine -1 + ] “HAHEHOHHLERBE0.45 & 0.22 pmMBL b - BURE JHAL
BRI T LU - AULSRE T THRES » Ty BT 6 2 X - BIEE 150 SEZHAKH 47 ~
50 %TE A 0.45 & 0.22 ) WML » EAE R » £F F LIBT R ¥ TR A R4 RS B
EEEZ *
AR BRIL LT - -
B ffy A A 8 /MBS AL B » EIRELMRZ A R0 5 PR - Marine - [ 2 B2 MM M RN



*3 REONSALNEREYBESIBERREREBRKEZRILE
Table 3 Nitrogen solubilized ratio of cooked skipjack red mucle with four
microbial proteolytic enzymes and bromelain,

A B
BERE Condi tion of hydrolysis BEALE* (%)
Enzyme or MgE e BEGK)D Refl (/i)  Ratio of nitrogen
enzyme source pH  Temperature (°C) Time Chr.) solubilized (%)
Ma R I 6.5 50 8 74.3
.Marine . 20 ) 75.0
. _ 3 67.7
Maf'xr?e—ﬂ 7.0 50 20 68.9
8 : 40.5
A £l . .0 0
spergdllus sp | 5 5 20 _ 43.1
51.1
Prease 7.0 : 50 8
. 20 54.4
' 70.2
Bromelain . - 5.0 50 8

20 ~ 73.6

o ﬁ%ﬂ%lﬂl‘“% BEAMER 1% WER 40 % » BERBRAR0.3 %

Ratio of enzymes applied to solub111zatlon of moist marine bacteria, meist
Aspergillus sp. and powder enzymes were’1%, 40% and 0.3% weight of red
muscle respectively. ) '

" B AN ANEARZE _ i
Ratio of the nitrogen solubilized to the protein nitrogen of red musclé.

BB HRERS - ®HE Y LEEE C tryptophan ) & e %% BUE 2 A5 +Mar ine
—1 » I =42 R0I0 &04 KMok SRR L Al S ARE IR BT » BE M) I T A SR8 o Asper—
gillus sp. RZAIRN ( valine ) ~ BABEA C tyrosine ) ~ BEBE R C c'ystine D ~ B & C
proline ) Ssprii% » Bk BE ( arginine ) BBk gluta.rmc acid )1&@{5 Prease &
Bromelain — S HI$RZ DERCER R B R 8 -
SR BEE TR ;

EMARR 8 /N ALES » B2 4 K A 6 BT - mmgﬁezﬁmﬁz § ~-IMP &3t

BERSTHEM » HERCAE A A R BRI C 50°C) F M » & LEMEKBRS » T

®& IMP y2 R (W 6 » Marine - THESMES ) » # KK THEEK IMP Ei%@ﬂﬁﬁxﬁﬁ
RKBHFH -

BB
—R 1 AARRR ZKEH - ﬁéﬂi&:@ﬁﬁﬂﬁé ' REERBEERGTFHR  TLUESEEE
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£4 LMAAKEE" 2o -BRERABKRLRERER
Table 4 Ratio of @~amino nitrogm'to peptide nitrogen and bitterness in
raw red muscle hydrolysates

@ —REER
X B ¥ B TERE a—izHAE (mg %) EHRER":
Hydrolysate pH @ — amimo N @ — amino N (mg%) Bitterness
peptide N
Marine~J 6.5 1.28 986.8 -
Marine ~ ][] 7.0 0.96 639.4 +
Aspergillus sp. 5.0 0.78 408. 2 -
Prease 7.0 0.81 528.5 ++
Bromelain 5.0 1.04 750.8 ++
*1 £ 50°C K% 8 /NI wr oy, g with bitterness
Hydrolysis at 50°C X 8 hr. + WAL slightly bitterness

~ fEER none bitterness

%55 WEMHAEZAREBRBEESR

Table 5 Residue percentage for each filtration process after liquified

B B W W B & &t

Treatment No. 5C 0. 45 san 0.22 tm Total
%

Control 98.6%3 1.4 0.2 98.4
Marine—1 5.3 4.1 2.8 '12.2
Marine~1] 4.6 10. 6 : 4.0 19.2
Aspergillus sp. 50.4 4.0 0.1 54.5
Prease 35.9 2.4 0.3 38.6

Bromelain 8.8 5.4 0.8 15.0

" KBERETE A4 -
The hydrolysis condition was described in Table 4.

"2 3100 g EM AN ZESE » LEWE

Residue to the 100 g raw red muscle, oh dry basis.
*S SR BT 0B R o
Heat to boiling before filtration,
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Table 6 Particle distribution® of residue after short time hydrolys'ié of
marine strains.

BRE  ABRMGD B & " &

Enzyme Hydrolysis No. 5C 0.45 pm 0.22 pm “Total
sorce time (min) % .
30 60, 2% 8.2 0.6 . 7 69.0
60 42.7 21.6 3.2 '67.5
Marine -1 90 26.6 30.3 9.1 . 66.0
120 20.1 30.6 14.0 64,7
150 16.5  28.5 18.6 63.6
30 65. 6 7.4 0.3 - 733
60 46.3 18.4 5.2 " 69.9
Marine— [ 90 - 30.4 27.5 10.0 67.9
120 21.2 36.0 o 10.1 . 67.3
150 17.2 40.2 9.6 ' 67.0

"ok @ Hydrolysis condition:pH=6.5, 50°C

*2 #1100 g £ AW BSER » LI #E! o Residue to the 100 g raw red muscle, on dry
basis, .

*3 ;@ﬁgu}}[};ﬂ_ﬁﬁ;ﬁ Heat to boiling before filtration.

Amino acid standards Control .
(50 mM /each) Aspergi l,.i'us sp.

I

Bromelain ~ .} Marine—]

10 20 30 40 SO

Jon exchunger :
Micro Pack hydrolysate AA
column' 4 mm X 15 cm

Post column derivatization:
- 2= o-Phthalaldehyde /Borate
’ buffer ’

Fluorescence detection:
Fluorichrom, 350 nm dex,
450 nm lem

Prease . Marine -]

W5 KHR R B A R AT IS
Fig. 5 Elution profile of amino acids for standard
and hydrolysates by HPLC,



Optical Density at 254 nm

254 nm

® R

Control

‘Marine-]

]

Aspergillus sp.

Prease .
(-4
:E'c Nucleotide standards
(5 uM/each)) -

d

5 10 15 20 25
RABRCH)
Retention tir_ng-@l,min.‘)

Bromelain

e

solvent and flow program

a - .
g 2.0 ! 100 mo <
> 1.5 SRR h\’“?\° X
g . ' 1
g, 1.0 . 50 .
- 1
= 05 !y IR E §-3
L !
A {3 q 0

6 12.16 2430 3 42

Instrument :Varian Model 5020 HPLC;

column :MicroPak AX-10, 4mm X 30 cm
solvent A=5mM NH,H, PO, (pH=2.85)/
acetonitrile (13/87); solvent B=5mM

- NH,H,PO,, pH=4.5; solvent C=0.75M

NH,H,PO,, pH=4.5; solvent and flow
program shown below; detection:A,,
nm, 0.05 absorbance units full scale;
eluting system, trivessel.

W6 KB RIRIR S T 200 T e I
Fig. 6 Elution profile of nucleotides for standard
and hydrolys_ate by HPLC,
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KR — BRI > & REREA B 2 68 o LIS B R TR 2RI R L6268
BERaE(E7, %7 ) BRRT Bromelain KB HH & 2RBEGH - HRSRAREDZE
RESG > IREIRE -

Bromelain 5 TEHGE < BB » KBHHMABHRE LR E  KBEHRES —FECHPH
» Bl 4 RAE L ELE SR - FELLERBRER ) E£%5BR/Marine - HHRHBOEAT
ERAEE» ¢ —EEMERK » BEREELR » BBRKK » THHARRRRREEFARG T
BERRH ki 245 TR RECETAR  UERAAL24EMR - Marine -[HHRRNO AL
BAHRE T MMarine-1 » BEAWHIRERRIL » B A5 BBONT SRR FI B B AR BB T
KRR EH TR X - SR8E RERE KER 2AM KRS & ENEERYEL ppm T »
BRREFNEERG » Marine— I, T RAME R—REHERKIIE

'%%’Eﬁ%ﬁﬁﬁ@ﬁﬁﬁﬁ&ﬁﬁﬁ%—ﬁ%ﬂ%’Eﬁ%&ﬁ\ﬁ%@&ﬁ~@§@%
RRSHRFS LB EESTESHNSR °

4.0

'\ 1. Bromelain hydrolysate
[
1} . 2.Prease hydrolysate
\ - 3.Marine—] hydrolysate
\ 4Maripe —[[ hydrolysate
:a‘ 5. Aspergillus sp.
\
1
1 1
L}
'

3.2}

6 Control

@

s i

E P

g &

0  T— s .
400 : 500 600 700
&E(+ﬁﬁz~*)
Wave length (nm)
7

mAﬁﬁ“KﬁK2ﬂ&%¥ Eﬁmﬁiﬁmﬁitﬁﬁ°
Fig. 7 Absorption spectra of red muscle hydrolysate
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£7 MEAERKBREZGESN

Table 7 Color difference analysis of red muscle hydrolysates.

KR EE gt % =5
Hydrolysate L a b. AL Aa Ab AE
Control 80.5 17 .7 12,0 —4.0 -0.5 16.9 17.4
Marine—~] 72.4 19.6 29.8 -12.1 1.4 34.7 36.8
Marine—]I 77.8 18.2 22.1 6.7 0.0 27.0 27.8
Prease 77.2 18.4 25.9 ~7.3 0.2 30.8 81.7
Aspergillus sp.. 79.0 18.1 18.8 -5.5 -0.1 23.7 24.3
Bromelain 66.2 24.3 49.0 -18.3 6.1 53.9 57.2

*AE=y/CAL)*+(Aa)?+ (Ab)?

& =

WA RO L 396 B ENEL LMD » FRARKY - REBREAKBRERLLHER
DIRTEAS ~ BRR ~ ZF 8 - DRSS AEYRZERNBE R ROBHLIREZ Asperglius
sp. ~ MEMEEMKR—E— Prease ~ P B R —M —bromelain ETH M A AR LLE -
—Marine—] , [ 2R BFRAEERB°C » REREpHR 6.5 ~ 7.0 » 45°CLl LB REEMERTHE

» °CLIEZHETHE » pH 6.5~ 7.0 KEKRIEF -

SREFAEHE - FRERENVFEREREE  RESRZEELE A NAAZ RILEERANC -

EMarine -] BRIER (EMAAN 86.2% / 8/\B8 ) » a—BEBIER (4MmEMH > 986.8
mg%/ 8 /KD » KBREEEK ZURE  GRBSER » BRAMRGE > THEREANKD
FEBE - Marine- [ EERKEUHN T THRZORAKRRELR  SURBBREHK
BAEHEDRA - }

74 Bromelain # A B F BB L HR @ —BERMILE » (Bth L0 « A REGEAE - stk BEREK
EMRISRE -

B EHRETKBREEY SELTEN » AKE - WA KBERZIR2ERE 2L HARE—HR
B o

=

Kﬁﬁ%%ﬁi@%ﬁiﬁm:%%z&ﬁ&m%&%%’m%ﬁ&ﬁ&zﬁm%ﬁymﬂz%

EERBHEER » B H -
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