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Proteolytic process of two fish sauce mashes prepared from deepsea smelt and waste
from kamaboko processing using soy sauce koji mold in the early stage of fermentation
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To clarify the pattern and process of protein degradation of fish sauce mashes containing salt and keji mold,
and deepsea smelt Glossanodon semifasciatus or wastes from kamaboko processing, which have already been heat-
ed during the process of making kamaboko, the production of degradation products during fermentation was stu-
died. The liquefaction ratio in deepsea smelt and wastes mash increased markedly during 7 days of fermentation.
The insoluble protein content of both mashes also decreased rapidly with the liquefaction despite the difference in
main material. These results suggest that the rapid protein degradation in both mashes at the early stage of fer-
mentation could be caused by the koji mold rather than endogeneous digestive enzymes contained in viscera of
fish. According to SDS-PAGE analysis, the disappearance of protein components and the production of low-
molecular-weight components which could not be separated by 12.5% polyacrylamide gel during the fermentation
period were different between the two mashes. Moreover, the content of free amino acids in deepsea smelt mash
was higher than that in wastes mash. As a result, the production and accumulation of low-molecular-weight pro-
tein and free amino acids in fish sauce mash were affected by the characteristics of protein in the main material.
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Table 1 Ingredient composition for two fish sauce mashes prepared from deepsea smelt and waste from kamaboko processing

(kg)
Minced meat of Waste from . #1 Lactic acid
deepsea smelt ramaboko Kojt mold Salt Water bacteria*?
Deepsea smelt sauce mash 260 40 66 86 ==
Waste sauce mash 6 10 13 0.006

*!' The koji mold was prepared by incubating 1 : 1 mixture of steamed defatted soy bean and roasted wheat with Aspergillus oryzae (Bio'c, Toyohashi,

Japan).
*2 Tetragenococcus halophilus (Bio'c, Toyohashi, Japan)
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Fig. 1 Changes in liquefaction ratio from fish sauce mashes during fermentation.
The weight of the supernatant obtained by centrifugation of fish sauce mashes prepared from deepsea smelt (O ) or wastes
from kamaboko processing (0 ) was measured. The liquefaction ratio was calculated as weight percentage of fish sauce mash.
The changes in liquefaction ratio throughout the fermentation and those in the early stage of fermentation are depicted in (a)

and (b), respectively.
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Fig. 2 Changes in SDS-PAGE pattern of solubilized protein from fish sauce mashes during fermentation. The fish sauce mashes
(approx. 0.4 g each) prepared from deepsea smelt (a) or waste from kamaboko processing (b) were solubilized with 2% SDS-8
M urea-2% mercaptoethanol-20 mM Tris-HCI (pH 8.0) by heating at 100°C for 2 min, followed by stirring at room tempera-
ture for 24 hours. After centrifugation at 3,000 x g for 15 min, the supernatant was applied to SDS-PAGE analysis by using 12.5
9% polyvacrylamide gel with a constant protein content (30 ug/well}. The protein concentration of supernatant was determined
by the Biuret method’ and plotted against the fermentation period. The protein components in the gels were stained with

Coomassie Brilliant Blue R 250. M: molecular weight marker.
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Fig. 3 Changes in soluble and insoluble protein contents in fish sauce mashes during fermentation. The fish sauce mashes pre-
pared from deepsea smelt (a) or wastes from kamaboko processing (b) were separated into supernatant and precipitate by cen-
trifugation at 15,880 x g for 30 minutes. A portion of precipitate (approx. 0.4 g each) was solubilized with 2% SDS-8 M urea-2
9 mercaptoethanol-20 mM Tris-HCI (pH 8.0) as in Fig. 2. It was then centrifuged at 3,000 x g for 15 min and solubilized pro-
tein concentration (0 ) was determined by the Biuret method.'' The protein concentration of the supernatant of the fish sauce
mash (®) was collected by adding trichloroacetic acid (final conc. 7.5% ) and determined by the Biuret method!'.

Zh 73 mg/100 g 35 £ UF 96 mg/100 g % T L 72, w 5000

CZHUSH L T AR T REREBALARE O 4 5 A D L i 47 2 4500 -

DF 7 EEE DT I 5mg/100g TH Y, 2w/ é

7 BOBRIH T 58120161 bz h - 7 g 4% o )

(Fig. 3b), B AR Lif@EFIcEEhs 2 v\ HE -E §’ 3500 ¢

(19Em% 1 B HIZ 133 mg/100 g (2#4hn L /=745, £hll E g % 3000

OB Am L Tabhnd, BEAHBEHML % 1=

28 HH £ T 20~40mg/100 g THEFZ L, 70 H HO{EIL % 2500 E ]

50 mg/100 g T - 7=, FEEHIARFO —F AKX Lo < 2000

AROWBE S ICEENSL 2 N7 HEIE, ThEh 5

6546 45 1 U 7592 mg/100 g T&H - 1o =¥ AR OUM 1500 A

Wi 28y BRE R 14 HH ETICkE W 0 10 20 30 40 50 60 70

L FEREPIRAIRF DR 4056 IS/ > 7228, ZOHIZIFZ LAY Fermentation period (days)

’%{‘ﬂ? L tx_?ﬁ“ - ta E.r '{:IZU') U D5 75 FRN Fig. 4 Changes in protein contents in perchloric acid ex-

21 H H Pk D9 509 (3769 mg/100g) £ TR & tracts from fish sauce mashes during fermentation.

<AL, 21 HHERERLRESMHICHA L TT0 HHICHE The extracts were prepared from two different fish

BfGIE O 40% 1444 5 3035 mg/100 g #7572, sauce. mashes witl? 5% perchloric acid (PCA). The
RICE o5 FON TR K RRARBEY T 1) e v e

EOMMRDEL &Iz, GRREYO s T br i ] 6 e fermentation period. Symbols are the same as in Fig.

K+ adE, £F, —FARBLUB AR, G PCA 1.

AL, ThoICEENnHES O PCA "/



Wi Moo 2 v 7 B o i 731

Wx 7R ORENEL - (Fig. 4), FEMLG
BC BT AF AL LU D ARD PCA Gt 2 /87
By flL, FhF 0 3405.68 45 L UF 2242.61 mg/100
gTH-To, BRI LA L > ToZFAR LB ARKD
PCA Witk 7 /78 7 B sk 370 & A I g
LB EHmRENT, £T, PCAEYEX 37 B
i FBRFO 2N ST A 0E (%) & L CTHH
L7ze ZOFRER, —FAKD PCA R[N # /8 7 B
G lLIERE 4 B BICHHIARO 92% IoEb L, 2O 14
HETHiL T133% #axl 7. 24 HHIZ97% 12
LT HE 100~120% BETHER L/, —F, BAK
D PCA Atk 2 w23 7 B B3 SR G L D gL,
7THHRIZC—B98% £ THMA LR, ZO#%i3130% &
FBETHER L 7o, LAEORREM D, FREEHEG LD ZF AKX
D PCA WEEME 2 N7 B w3 A KE <, A
KTl zofiieohSnwl Ehmaht, 7, #
B 70 H HICH1 2 PCA a2 v/ B iz =
FAKT115%, D AKTIE 110% TH- 7,

T HIZ, Fh 60 PCAFEHE# v/ 2 BO 5+ k5
oW TR, Thbb, MARKORKEOH,
14 HB LU 70 HHOPCAWHEIZCOWT, FTiEs
H{ZfE L TH BN/ 4 DORL A5 mms (<3,000,
3,000<5,000, 5,000<10,000, >10,000) ([Z&ENHH
VA7 EEAREL, ThO6OBRITH I A (%)
3 L7z (Fig. 5a, b), £, REEMGRICETAZ
FARDOPCAFEW# v 7 B G RICiE D T &
10,000 LA LD RSy 73 55% A isbThuvizs, 14 HHIC
(1 40% L7c D, SHICT70 HHIZIE 35% & HxAYIZ K
4 L7- (Fig. ba), <@ & &, 4FH 10,000> 5,000 i
SO SRR T21%, MHHBLUTT0HH

(@)

100

Low molecular protein
component (relative value)

0 14 70
Fermentation period (days)

Low molecular protein
component (relative value)

Fwdhd 24% Tho7z, CHhICHL T, #E§O, 14
B LU 70 H BS54 11k 5,000> 3,000 430 % >/
W2 OB EILENEN L, 18 15 LU 22% %R
L, ¥k 3,000 LA F Oy 2 8 7 HEtr Ol &
ZhZh8 1THE XU 19% THY, REEIC LT
(K45 F R Dl 4 38N+ 5 HEE A A Bz,

-H, AR T REREBHIGIREIZ (3 PCA AT st & w8
7 E R RE a0 49% A 41 10,000 LL B DR SA5h
HTWiH, WHABLXUTT0HHICERZNLDOE A
TNEN33% 8 LU 34% 1@ L7 (Fig. bb), It
&4 -T, 14 HHIZIH 5 5,000> 3,000 45515 &
UF 3,000 LLFO530 %2 3/ 08 27 B OE & 5 FelE b i
KLodbrzhth 6% 5LU0°8% Hml /-, ##ET0H
H Tl AKX PCA W@ # v 87 Bl D 5 b5 T
3,000 LU F O G OEI &5 13% £ TR LK, &
45 10,000 > 5,000 & 43 45 L OF 5,000 > 3,000 jifi 430> &
FEFTH2% ThHotz LIcH-T, ZFARKEB L
UBnAXKDOWTFNOEE L REFIC L L k- TPCA W
o v EOENEST ST TR, FO5TFi5
HLBEL, o+ aHmICHS I EhmEhi,
RECEDED FAABOE(L » v/ \7HO5H
&I O FAA O - OBtRZ M~ 57280
12, ZFARBLIUBDARDLAAICEENS FAA K
OB L L h DB LeBE Lz, ZORE% Table
2 (0T, ZFAKICI S REFEBIARO FAA R
1513 mg/100 g T - 7/=h, FHFET H HIZIZH 2 512,
28 HHICIEA 3.3 5 1cmL 724, ZOHOR itz
A TT0 B HIC I FERER MG OF9 4.3 5 D 6615 mg/
100g b7 TOAHOZFARKICEIT S EER
FAARZNWEI VB VYV, BRUBAYVTh

(b)

100

0 14 70

Fermentation period (days)

Fig. 5 Changes in molecular weight distribution of PCA soluble protein in the fish sauce mashes during fermentation. PCA extract
prepared from deepsea smelt (a) or wastes from kamaboko processing (b) were fractionated depending on the molecular weight
by an ultrafiltration membrane. The protein concentration of each fraction was determined by Lowry's method.!”’ The ratio of
fraction was estimated based on the total protein content of the PCA extract. (a), deepsea smelt; (b}, kamaboko waste: H,

<3,000; H, 3,000<5,000; &, 5,000<10,000; ], >10,000.
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Table 2 Free amino acid composition of deepsea smelt sauce and waste sauce mashes during fermentation

(mg/100 g)
Retisatatisi Deepsea smelt mash Waste sauce mash
period (days) 0 7 14 28 70 0 7 14 28 70
Taurine 83 79 89 74 89 10 9 12 12 24
Asparagine 65 157 300 389 543 50 81 136 182 117
Threonine 65 139 250 281 338 24 48 82 106 159
Serine 66 150 250 283 355 31 63 102 129 181
Glutamic acid 151 317 523 627 968 499 547 714 758 968
Glycine 3 58 99 120 178 162 166 212 218 256
Alanine 104 209 328 352 539 56 99 159 195 382
Valine 75 170 277 318 439 33 67 111 140 207
Cystine 5 2 (s 18 25 ND 6 8 6 ND
Methionine 40 119 122 130 195 29 64 105 120 150
Isoleucine 76 170 276 301 416 34 71 114 143 203
Leucine 176 357 533 525 699 93 185 278 323 429
Tyrosine 86 159 235 212 224 33 75 113 137 177
Phenylalanine 81 172 247 249 352 30 64 99 116 153
Ornithine 3 2 3 2 179 ND ND ND ND 192
Lysine 191 357 525 537 714 95 186 27T 319 419
Histidine 24 56 94 105 3 7 19 35 48 68
Arginine 152 282 399 396 193 60 130 203 238 52
Proline 41 61 92 103 166 20 33 48 59 86
Total 1513 3016 41646 5022 6615 1267 1912 2808 3249 4225

ND: not detected.
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iz,

% 2=

AWETIE, ZFAEF 0 ACEREE RN TH
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A O 5O IR #-SDS R n e 2 v 7 H R
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MR (Mf) 2V RN BHAREL THRET A L
PHEZE S Nz, Eo, BEERERFICET 54 AADRFE
-SDS i i W] %k i 5 > SDS-PAGE [X B /s 65, Mf #
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FABMADO ME 2 /37 B AL E B 5 30 LI
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L B0 REZT TV ASARERIFFIC NS, SOl k
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R Td H PCA T 2 v /X 7 B &R L 72 0
LD EEZ NI, FIT, ZFARKICH 5 PCA 1]
B2 VN 2ER O TR efRGFELIZLIAH
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He CNETIZ, AWFFE T L 7z Aspergillus oryzae
&R ST Td A Aspergillus sojae |23 TiHEE D& W
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) FaFT—EOiEkIL 20% BEOFETICHEWT
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