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To develope a rapid processing method for fish sauce, processing conditions of fish
sauce from sardine waste was investigated. The chopped waste was homogenized and hyd-
rolyzed by commercial proteolytic enzymes such as Complex enzyme-2000(2.18 - 10* U/g
solid) and Alcalase(1.94 - 10* U/g solid) in a cylindrical vessel with 4 baffles and 6-bladed
turbine impeller.

Optimal temperature for the case of hydrolysis with Complex enzyme-2000 was 50 T and
that with Alcalase was 55C. In both cases, the reasonable pH, amount of water for homo-
genization, enzyme concentration and hydrolyzing time were 8.0, 40% (W/W), 3% and 100
min, respectively.

Heating of the filtrated hydrolysate for 2 hours at 90C with 6% of invert sugar was
suitable for pasteurization of the hydrolysate and inactivation of enzymes. Flavor, taste and
color of the hydrolysate was improved during the thermal treatment in which the browning
reaction products might participate and result in antioxidative and bactericidal effects. Co-
mbined use of 0.005% of Caryophylli flos with invert sugar was also effective for the imp-
rovement of taste.

Yield of the fish sauce based on the total nitrogen in the raw sardine waste was 91.2~
92.3% and 87.2~87.8% of the total nitrogen in the fish sauce was in the form of amino
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nitrogen.
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The pH, salinity and histamine content of the fish sauce prepared with 15% of table

salt were 6.1~6.2, 14.2~144% and less than 10 mg%, respectively. The fish sauce was

stable during the storage of 60 days at 26% 3T on bacterial growth and its quality was

also maintained.
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Table 1. Chemical composition, pH, volatile basic nit-
rogen(VBN) and amino nitrogen(NH»-N) of
sardine waste

Moisture 739%  Amino nitrogen 124mg %
Crude lipid 84% Crude protein 13.8%
Ash 3.1% Carbohydrate 04%
pH 6.6 VBN 17mg %

2. kS EEs

KRS Fol7] dte] H@HLAM ok
5 fRA1 715 (Sen et al, 1962; Hale, 1969), B M1t
% ol9lo) 393 EAsMERE d7hsto M
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Koy RS oh23 29,

(1) FNEEFES @EIERE

goldl BEEHN N2 G2 F59 Complex en-
zyme-2000 =& Alcalase® #7Vst1 HBBEEH D
HiKES H7F 604001 HAF F, 52T0)A
AL KRS EAAS e RingEERe 54 w
2 MAKSERES Fig 19 deEhg s, ojdf fnk
SREEE AN)F 2ol AEsich

H_R_.—_EL-‘”;N‘E_O X QQ cereerererrenemanes M
NPP,['"O

o 7] 4

H.R. * Hydrolysis ratio, %

Nat=o - Amino-nitrogen in chopped mackerel
waste, mg %

Nat-¢«  * Amino-nitrogen in hydrolysate, mg%

Nepi-o - Pure protein-nitrogen in chopped mac-

kerel waste, mg%.
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Influence of commercial enzyme concentration
on the hydrolysis ratio.
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F2 ABGRY BFE MBS (Oorejano and Liston,
1980)ll 23t o] FolHon HmMEEEE MK
ol Hxd 482 943388 ¢ 5 Uk
wmhEEHe HA »EE AFs) Y K
BERBEE vt U ko EEES Ass
7-3to] Fig. 261 VYRSl ™, olw bk 4s s E
T WKy RiEEe ldoem 2@ ol Ast

At
NA‘ t NAt 0 PR L R R R Y
H. A= — p )
o714
H. Az © Apparent hydrolyzing activity, mg

amino-nitrogen/{(min * mg enzyme)
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Fig. 3. Influence of temperature on the hydrolysis

ratio.

—@—: 3% Complex enzyme-2000
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Fig. 4. Influence of dilution of the waste on the appa-
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Fig. 5. Influence of pH on the hydrolysis ratio.
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el cathepsinAl &2 (Makinodan and Ikeda,
1969), &#Ed HEH HEEHR (Iwata of al, 1974)
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gl (kPEet A, 1969; A¥E F, 1973; Murakami
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Fig. 7. Changes in histamine content during hydroly-

sis,

—@—: 3% Complex enzyme-2000.

—(O—: 3% Alcalase

—A—: 3% Complex enzyme-2000; after beiling
at 100C 20 min

—A—: 3% Alcalase; after boiling at 100C for
20 min

—{0—: Autolysis
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ul2] 100Co A 2057 At & &48 FHrst
o] kA A BEIF 1642 B9 kS8R
AAE 28 dAde o7l glen o
RBAAELE 10 mg% oAUt Lerke et al (1983)
2 BAEY AYAR P omorganii®) HAH A
EE 3701 76~879 pH BANAME iEke]
10% FEZ A, o To] A3 histidine
decarboxylase®] #/3& 25T A HAojgta &)
w3 B (1980 A2 3839 32w 4
4 el BlaENl A4 HA 2xv 35~40C
pHE 54813 R o itk mapa] B QFoiA
o K5y FRIBE 50T 2 550} pH 809 & 3
2EbR g aol A9 AFEE R, ks R of
BAQel FAHE 10mg? AR s2gne R
K Aolel BEY AA Y 8~y dEed Re
2 RZHAT

4. MXKS#EHel Ekk

PEHE 5(1949)9) D2 falgmhe) BRARS S
methyl mercaptan® TMAZF S=A1°19, methyl me-
rcaptan®] aldehyde# &} Wr-8-3p8 #Eihar); 248
o TMAE #hifget A8k AY wigd &30 &
BEERe] Yle] ®Evin $of T3 TMAS ¥
=0 me} WAy Hol @ekx 7= A5t TMAZ}
BREE 274 e 71F £ HRoEn g
(=8 5, 1976). 1813 EASHEEFRY B o
|3t Wpko g A2 mEHAINE FBERS
A9 EAetA e E B0 AtH(Tarky ef
al, 1973; Ooshiro ef al, 1981). 1l FskakER
o)A WHF (195D 93 H, 20 Yge] BF
£ AUbebd EErEEEe] Aol i 249
ERe Fago] dAdty vk 22 glucosed
7tgA 7 E FEE BEEELEASYe] AdEH (Wal-
ter and Fagerson, 1968), 53] K IEL 452
74 2 Zd F flavor FAH Fo¥ J&8 3
t}31 #c}H(Arroyo and Lillard, 1970).

£ A7y E#kAEle HAUE gl
ste] Fis(@® 5, 1990)2] Ao mep Polg
BEW ks EEe] 999 invert sugar$} glu-
cose® 6%Y% HIStY WENES doilozA
Bigmo] 559 YU1E AT F Uyt 2y
invert sugarg A7}E Al glucoseE 71 AHE
t} Fet W) AT glucoseE HIFE AL
dH g Fof Tk TARAEAHZ TS FUoh

Ik S5 84S h7) monosodium glutamate %}
FAHSE BH& Zh=d (Noguchi ef al, 1975), £ v}
BARA %@ 2% FWHIAE Do (Umetsu

=2
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and Ichishima, 1985; Heiva and Olcott, 1977). ©]
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2 dTFoAe ks Epe B3 9AE 9%
MNAs7] 913t hnk s g e] Rl 6% in-
vert sugars I7F8le] Maillard W58 fx23H4,
FIMOE T, 1990) ol A e} o] H¥HZA 0.03%
9| K%, Costi Radix, ¢+ 0.005% <1 T&, Caryophylli
flos, & B ¥1 stdstgen, 1 ARE BN
o2 Hr}ate Table 20 Ve RAch

o] W 49 ¥EE 9% 3 I o]
gro] Y& e, dAnFoE K
o o] 6% 9] invert sugar®t 0.005% & THS g
A A7vets o] 'EWhEM Hikel N3 mEiFit e
Z3e S & & UAt

Eagerman et al.(1973)& #§h9] o] Bkl
40~50%, BolE dA e Fo 40~60% = ¥4
s, iR Eo] el g syt £&

sure 4242 & Yok 39

KR BE(1967)-2 RiEihe ®Bol F2 amino
carbonyl W&l ¢¥cta st

B Ao A ko fEYel 6% 9] invert sugarE
st 90N Ao wel #F JIANFHE
o o] BEEES 400~700 nmol N FHER A
&) Al Fig. 8 ¥ Fig. 99 Yehidch dAHe=
MENES @5 dgoM 52 FREE Y
uglen 7tgAztel doldS4E FHE7t AAHA
migpho] AZo] TRy vlde] 9dte] FHEE
& & dch

5. ARHe AF

(1) B&2| Bk

ol g Holdl BEHS BB ks
AlA A=3ta 6% 2] invert sugars 71t 90T
A 2417 dAHEE F O ELSEESNA EBHES
AAsL HFHOZ 15%9 A9 A/ filg
el —#RARS Mk 2 EiE, pH, 3&EbY &,
440 wmol A9 FH¥E 52 Table 3o YEFH AT

Aozl BEYA o] F3] AUD @
o] A 4% ALHE RS MBAGER
invert sugarg FA7FFH 7 W Eoln, Ko &HE
14% AEZ Bold AL ARV BEHOIAY] o
Foz ARAU BHEELS 02% A=A &
Aol & FFS WHA 2g Ao AAHA
fignhe) 2ALTS RAMBEEY ] AL T
1,780 mg% ¢ 91.3~923% Fom o ¥ 87.2~87.8
%7} obul= Ak Al 2ud FF=
ARG AALG 2ol 10 mg% ol5tAA hER

Table 2. Sensory evaluation scores of taste, odor, color and overall acceptance of sardine waste sauce treated by

reflux heating at 90 T for 2 hours

Sauce prepared with Taste Odor Color Ov. Ac.
Complex enzyme & 9% NaCl
Control 2.8 32 4.3 31
6% I.S. 59 6.2 6.3 6.1
6% 1.S.+0.03% C.R. 57 6.3 6.1 6.0
6% [.5.+0.006% C.F. 6.2 6.6 6.3 6.5
6% 1.S.+0.03% C.R.+0.005% C.F. 6.0 6.1 6.2 6.1
Alcalase & 9% NaCl
Control 2.1 33 4.1 3.0
6% I.S. 5.8 6.1 6.2 6.0
6% 1.5.+0.03% C.R. 5.8 6.1 6.2 6.0
6% 1.S.+0.005% C.F. 6.3 6.5 6.3 6.4
6% 1.5.+0.03% C.R.+0.005% C.F. 6.1 6.0 6.2 6.1

Score: 7, very good; 6, good; 5, slightly good; 4, fair; 3, slightly poor; 2, poor; 1, very poor
1.S.: inver sugar, C.R.: Costi Radix, C.F.. Caryophylli Flos, Ov. Ac.: overall acceptance
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Table 3. Chemical composition

Wave length(um)

Changes in absorbance of browning substan-
ces in the hydrolysate produced by the addition
of complex enzyme-2000 during heating at 90
White mark: control, Black mark: with 6% of

invert sugar

—O—, —@—: 180 min
—0O—, —W—: 120 min
—A—, —A—: 60 min
—O—, —@—: 30 min

Absorbance

700

800

500
Wave length(nm)

Changes in absorbance of browning substance
in the hydrolysate produced by addition of
Alcalase during heating at 90C,

White mark: control, Black mark: with 6% of
invert sugar

—O—, ——: 180 min

—O—, —l—: 120 mun

—A—, —A—: 60 min

—O—, —@—: 30 min

and some characteristics of fish sauce prepared from sardine waste

Raw sardine waste

Hydrolyzing enzyme

Complex enzyme-2000 Alcalase
Moisture, % 739 70.36 71.12
Carbohydrate, % 04 4.23 416
Crude ash, % 31 13.82 14.27
Crude lipid, % 84 0.16 0.18
Total nitrogen, mg % 1,780 1,625 1,642
Amino nitrogen, mg% 324 1,417 1,442
Salinity, % 0.8 13.9 143
pH 6.6 6.3 6.4
Histamine, mg % 6.2 7.0 7.6
Optical density - 2931 2.843
AE-value - 79.1 78.3
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RAHESQ 100 mg% o AR nvjgatg

Table 4°l® BT BKMHEBHEY T3S
Uehilth, AukA o 2 Hypoxanthine©] 13.58~
13.94 pmole/gC. 2 713 Bokow ol AR B
Eolol A HAkbhe BEERBiHmECl ol A
Hypoxanthine©. 2 %3 =7 djFoz AZEHA
=3

(2) BrETel Aghel SE
Table 58 61 A9 F2& 2eld AlHo
A o 4 A3 E JehA,

Bigme HrheE Ao FRe gets i,
FatE, A% 2 e FE i Zolrt 9
o, 60Y7EA Y MG Fd olF AFY F= H
e A ik 2244 2 oiv)e Fio g%
A9 Ask7l A BEREN B o= A&
%2 865~884% How, pHE A% % 6.13~6.39

©
pes

c

Table 4. Nucleotides and their related compounds in
fish sauce prepared from sardine waste

o] WMol A A wslglo] FFEMES FA3H
R &S 013~032% 2 A =3 Bgon, 23
&% 865~884%7F el ofn|:itel Fefoln X
Z HAAHA 6% invert sugar?} H7IE o] g
B 5 o] maillard §1-8-¢] doldthe H-& ekt
W Al 0% figimel MERke EA7 A
Bozglel A=At

o]} Z-& invert sugar 7t AF Fo 5HE
Table 7¢l bl Ach

3 2-ebql &3-S invert sugar® 7} %9 #
Aglol 10 mg% ulwozA AT Alfmmel
F3x 9 AEwvalue G4 A9 ®#s7t glolA, 6%
9] invert sugars H7I3 f4Gmmel WEL A
FROE URE mEEEGd dojd Aoz A
ZEAT

Mol gk invert sugar®] HHNERE HW
invert sugar® H7ISE Zlo] v|AEY F2 A4
AFdHo|UeY, ol BENELERDY MEHR
2 JolAt) £3 invert sugars M7 Ak

(umole/y)  Aw A9 Bwr & Mol mzkHololA, 15% 9]
Raw Hydrolyzing enzyme A9g S AL AR 60U MR 2
cardine  Complex of lAFA 4 FE 12% 9 AlfmE 60U
waste ~ enzyme-  Alcalase o, 183 9% 9] FE 40Y Fo nA o] AE
. 2000 Aok figmol N BEEE 78 u|AE9] HEM
ATP 0.71 048 0.36 2 il 73 Bacillus/Bol2ts Saisithi ef al.
ADP L15 L.37 129 (1966), Crisan and Sands(1975), REFET st
AMP 098 078 082 (19g5) So) mmet & AT ATz v ] Mo}
IMP 0.66 0.85 093 mugyhe) RS Bol7) 99 BmEEE 49 B
nosine 081 120 ML oo me} ooy BEME BetedAckd e
Hypoxanthine 13.71 13.94 13.58 2 Azts g
Table 5. Changes in chemical composition, pH, nitrogen contents and salinity of sauce prepared with Alcalase
and stored at 26+ 3C
Storage time 0 20 0 60
(day) _
Added content 9% 12% 15% 9% 12% 15% 9% 12% 15% 9% 12% 15%
of NaCl, %
Moisture, % 771 43 732 768 742 731 772 739 729 769 740 731
Carbohydrate, % 421 430 423 417 429 421 420 426 419 423 426 420
Crude lipid, % 032 017 021 021 019 02 024 023 016 02 016 019
Crude ash, % 942 126 150 903 125 148 927 125 149 903 124 148
f:;;; notrogen, 1643 1628 1651 1651 1639 1648 1646 1632 1643 1648 1630 1653
én‘;i;" nitrogen, 1447 1421 1429 1453 1416 1426 1443 1427 1431 1452 1423 1430
pH 630 628 624 624 639 623 613 626 629 637 628 631
Salinity, % 78 112 143 77 112 142 78 113 144 78 110 144
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Table 6. Changes in chemical composition, pH, nitrogen contents and salinity of sauce prepared with Complex
enzyme-2000 and stored at 26X 3¢,

Storage time

(day) 0 20 40 60
Added content 9% 12% 15% 9% 12% 15% 9% 12% 15% 9% 12%
of NaCl, %

Moisture, % 754 721 704 754 T8 703 756 721 701 752 716
Carbohydrate, % 446 445 423 427 451 436 439 438 427  All 4M
Crude fipid, % 014 010 016 021 013 013 020 016 015 018 013
Crude ash, % 903 117 138 886 118 140 894 119 139 873 120
f};’;; notrogen, 1623 1631 1625 1634 1613 1621 1642 1626 1618 1629 1631
’:ﬂ’;’;" mtrogen, 1423 1416 1417 1431 1426 1419 1420 1431 1425 1434 1419
oH 628 624 627 621 630 622 624 617 626 619 628
Salinity, % 75 111 142 76 113 143 74 112 142 75 114

15%

69.8
4.08
0.14

141

1,619

1,422

6.21
144

Table 7. Influence of invert sugar on the changes in histamine, viable cell counts, optical density and AE-value

of sauce prepared with Complex enayme-2000 and stored at 261 3C.

Storage time

(day) 0 20 40 60
Added content

% (] (]
of NaCi(%) 9% 12 15% 9% 12% 15% 9% 12% 15% 9% 12% 15%
0% 1S
Histamine, mg% 74 73 70 78 81 84 89 91 78 101 79 84
Viable cell " " o
counts/ml NV NV NV NV NV NV 36X10°  27X10? NV 42X10*  1.8X10°  46X10
Optical density
(440 wm) 101 103 103 102 103 103 1.03 1.03 1.03 102 103 103
AE-vaiue 794 788 791 799 783 797 79.1 798 80.4 7}).8 804 80.7
6% 1S.
Histamine, mg% 70 72 73 86 80 86 88 78 78 94 79 89
Viable cell
counts/ml NV NV NV NV NV NV 69X10% NV NV 23X10°  52X10 NV
Optical density
(440 wm) 295 289 286 301 298 294 kAN 301 293 321 3.02 301
AE-value 833 826 831 841 830 832 837 829 83.1 845 832 836

NV: Not detected or less than 30 colonies in a plate
L S.: Invert sugar
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L BEIKS MREE-S EingrsEe] g B4
ol EEREE 3%, HIkE 40% (W/W), pH 80,
ASFRREED 10080l KD BREE
Complex enzyme-20008 H7}3t ¢ 50T, Alca-
laseZ H7He A$-el= 55CH

2. KSRl AN 6%9 invert sugars}
0.005% &) THS A7k 90Tl A 242 #uREsto
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AA L g 1ie ABRES 1T 5 e,
BEMEES fifme] A9 Txd o 235
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3. 90TelA 2417k BRG] EOOEES R
15%9 A9 Hris Almhe RERsSES ¢
5 BE® 1,780 mg% 2 91.3~923%9) 1,625~
1,643 mg% K29, o] & 87.2~878% 7} olv|= A
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2619 FE 10 mg% " 2o ATk
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