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Studies on the Processing of Rapid- and Low Salt-Fermented
Liquefaction of Anchovy(Engrulis japonica) (1)
- Changes in Free Amino Acids during Fermentation and Quality Indices -

Choon-Kyu Park, Tae-Jung Kang, and Kyu-Ok Che
Dept. of Food Science and Technology, Yosu National University
(Received April 4, 2002)

Abstract

In order to establish the processing condition of rapid- and low salt-fermented liquefaction of
anchowy (Engrulis japonica), effect of temperature on crude enzyme activity of anchowy viscera,
pretreatment conditions, and the minimum content of adding NaCl were investigated. The minimum
limitation of NaCl content for anchowy liquefaction was 10%. Sample A(water adding, heating,
adding 10% NaCl): chopped whole anchovy adding 20% water and then heating for 9 hrs at 50°C
and then adding 10% NaCl and then fermented at room temperature(8-29°C) for 180 days. Sample
B(water adding, heating, adding 13% NaCl): chopped whole anchovy adding 20% water and then
heating for 9 hrs at 50°C and then adding 13% NaCl and then fermented at room temperature for
180 days. Sample Cladding 13% NaCl): chopped whole anchowy and then adding 13% NaCl and
then fermented at room temperature for 180 days. Sample D(adding 17% NaCl): whole anchowy
adding 17% NaCl and then fermented at room temperature for 180 days. The content of free amino
acids such as aspartic acid, serine and threonine fluctuated severely according to the pretreatment
methods. Possibly they might be recommend quality indices of standardization for salt-fermented
liquefaction of anchowy. As for the relation between fermentation period(X) and individual free amino
acid(Y), five kinds of free amino acids such as glutamic acid, valine, glycine, lysine, and alanine
showed highly significant in their coefficient of determination in most of samples. They might be
recommend as quality indices for salt-fermented liquefaction of anchovy during fermentation. The
difference of taste between products of the rapid- and low salt-fermented liquefaction and the
traditional salt-fermented liquefaction were caused by their composition of the free amino acids
ratios, in which were umami, sweet, and bitter taste in the extracts of anchovy during fermentation.
The appropriate fermentation period of the sample A was shorten 30 days than the sample B and
60 days than the samples C and 90 days than the sample D in the processing of anchowy.

Key Words : anchovy, rapid salt-fermented liquefaction, low salt-fermented liquefaction, free
amino acid, quality indies
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h?® 1. Heater
® 2. Circulation pump
} Th = ﬁ% @ 3,4.  Temperature sensor
B 5. Automatic controller
{ j‘ ® :1’3 ® i T @ 6. Air compressor
I ® @ 7. Air ﬁltt?r
N t | 8. Reduction motor
— 9. Stirring shaft
H = . .
® [ ® Z;® 10, 11. Water-in line
12, 13. Water -out line
14. Air-in line
fonen} 15 Glass wool
oo 16.  Material inlet
® 17. Product outlet

|

<Fig. 1> Structure and system of fermentor.
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’ Raw anchovy J

Chopping _

( Adding 20% water ] | Adding 20% water

‘Heating at S0°C for 9 hrs

* Heating at SO°C for 9 hrs

[ Adding10%NaCl | [ Adding 13%NaCl | | Adding13% NCL ||
| - |
Fermenting at room Fermenting at room ]
temperature temperature - |

<Fig. 2> Scheme for comparison of processing procedure of fermented liquefaction of anchovy.
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<Table 1> Proximate composition” of raw anchovy
(Engraulis japonica) ()
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<Fig. 3> Effect of temperature on crude enzyme activity
of anchovy viscera.
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<Fig. 4> Changes of extractive nitrogen in fermented liquefaction
of anchovy fermentation period at room temperature.

1 A, Chopped whole anchovy, adding 20% water, heating at 50°C
for 9 hrs then adding 10% NaCl.

2) B, Chopped whole anchovy, adding 20% water, heating at 50°C
for 9 hrs then adding 13% NaCl.

3) C, Chopped whole anchovy, adding 13% NaCl.

4 D, Whole anchovy adding 17% NaCl.

5 RA, Raw anchovy.

6) AH, After heating.
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<Table 2> Changes of free amino acids in fermented liquefaction of anchovy extracts during fermentation period
at room temperature in experimental sample A"

(mg/100g extracts)
Raw After Fermentation period (day)

anchovy  heating 15 30 60 90 120 150 180
Phosphoserine 4 18 14 12 22 10 9 9 10
Taurine 199 218 154 157 173 159 179 226 181
Aspartic acid 45 143 222 65 42 74 133 118 65
Threonine 43 182 304 20 11 8 13 11 8
Serine 39 162 77 8 - - - - 4
Glutamic acid 80 270 540 831 1,123 994 1,264 1,663 1,188
Glutamine 36 171 126 137 - - 31 - -
Sarcosine - 28 - - - 38 - - 73
or-Aminoadipic acid - 13 - - - - - - -
Proline 23 70 85 148 218 - 635 - 217
Glycine 33 86 174 365 438 436 615 616 519
Alanine 112 327 584 1,214 1,419 1,321 2,107 1,826 1,515
Citrulline 15 486 434 - 45 46 - - -
o-Amino-n-butyric acid 1 - - 186 195 181 248 256 243
Valine 54 207 426 587 644 603 802 955 729
Cystine 12 - 127 46 42 44 - 43 25
Methionine 44 259 309 272 257 240 274 333 204
Cystathionine 1 51 - 8 - - - - -
Isoleucine 41 198 417 562 622 576 747 826 641
Leucine 92 538 760 942 1,017 928 1,224 1,324 1,040
Tyrosine 22 212 168 177 189 189 233 256 91
Phenylalanine 47 208 318 37 413 381 451 996 449
[-Alanine 1 97 - - - - - - -
B-Aminoisobutyric acid 13 13 - - - - - - -
7-Amino-n-butyric acid 3 - - - - - - - -
Ethanolamine 2 - - - - - - - -
Omithine 6 49 203 254 281 246 273 285 275
Lysine 53 460 618 572 595 566 721 797 659
Histidine 279 209 259 239 148 98 115 110 116
7-Methylhistidine 1 17 43 7 13 9 - - -
Anserine 5 39 8 21 15 9 52 - -
Carnosine 4 65 33 10 5 - 80 52 17
Arginine 35 57 13 9 - - - 9 10
Total 1,345 4,853 6,416 7,226 7,927 7,176 10,206 10,711 8,369

1) Chopped whole anchovy, adding 20% water, heating at SO°C for 9 hrs and then adding 10% NaCl.

aspartic acid, threonine, histidine, isoleucine, glycine =]
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<Table 3> Changes of free amino acids in fermented liquefaction of anchovy extracts during fermentation period
at room temperature in experimental sample B"

(mg/100g extracts)
Phosphoserine 4 18 17 16 14 12 11 1 11
Taurine 199 222 200 191 170 172 161 235 176
Aspartic acid 45 146 403 365 61 53 66 55 52
Threonine 43 177 362 378 16 8 - 6 15
Serine 39 165 251 22 6 - - - 4
Glutamic acid 80 270 651 810 879 994 1,024 1,522 1,475
Glutamine 36 183 187 154 - - 38 21 -
Sarcosine - 24 79 - - 73 - - 144
¢r-Aminoadipic acid - 14 - - - - - - -
Proline 23 52 256 145 - - - - 219
Glycine 33 88 196 271 447 515 582 694 565
Alanine 112 334 642 908 1,287 1,456 1,839 1,972 1,698
Citrulline 15 492 760 474 41 - - - -
¢-Amino-n-butyric acid 1 - - 56 213 249 236 367 391
Valine 54 210 448 586 600 634 663 930 691
Cystine 12 - 114 90 69 76 - 71 34
Methionine 44 263 349 348 315 324 299 407 304
Cystathionine 1 57 7 13 10 - - - -
Isoleucine 41 201 474 554 554 591 632 786 449
Leucine 92 546 864 958 909 963 1,052 1,247 586
Tyrosine 22 213 207 220 209 208 213 270 85
Phenylalanine 47 213 349 385 359 396 388 493 367
[-Alanine 1 - - - - - - - -
[S-Aminoisobutyric acid 13 15 - - - - - - -
¥-Amino-n-butyric acid 3 - - - - - - - -
Ethanolamine 2 5 - - 5 8 - 6 -
Ornithine 6 46 51 190 302 271 274 317 340
Lysine 53 458 766 747 709 759 772 997 1,043
Histidine 279 205 334 368 330 290 314 3% 328
7-Methylhistidine 1 15 43 40 12 8 - - 9
Anserine 5 37 36 41 20 15 43 - 7
Carnosine 4 64 18 26 11 6 23 22 31
Arginine 35 58 22 12 - - - 9 7
Total 1,345 4,791 8,086 8,368 7,548 8,081 8,630 10,832 9,031

1) Chopped whole anchovy, adding 20% water, heating at 50°C for 9 hrs and then adding 13% NaCl.
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<Table 4> Changes of free amino acids in fermented liquefaction of anchovy extracts during fermentation period
at room temperature in experimental sample C"

(mg/100g extracts)
Fermentation period (day)

‘ 15 30 60 90 120 150 180
Phosphoserine 4 17 17 11 i0 12 14 9
Taurine 199 206 208 211 177 196 267 161
Aspartic acid 45 431 243 70 76 35 66 49
Threonine 43 314 294 239 26 20 17 8
Serine 39 318 283 30 11 7 9 5
Glutamic acid 80 900 1,277 1,421 1,722 1,440 2,183 1,079
Glutamine 36 - - - - - - -
Sarcosine - 77 - 101 - 117 - 87
Proline 23 - - 209 - 223 - 197
Glycine 33 165 270 414 553 531 729 517
Alanine 112 539 1,131 1,472 1,803 1,644 2,253 1,437
Citrulline 15 643 643 267 - - - -
o-Amino-n-butyric acid 1 - 164 242 334 372 562 246
Valine 54 375 534 662 670 670 950 633
Cystine 12 73 85 - 79 36 76 -
Methionine 44 280 378 348 332 345 301 319
Cystathionine 1 8 14 36 14 14 29 -
Isoleucine 41 356 525 519 521 438 624 535
Leucine 92 710 959 808 735 634 826 843
Tyrosine 22 206 212 218 205 69 240 92
Phenylalanine 47 264 379 379 388 347 419 376
[-Alanine 1 - - - - - - -
B-Aminoisobutyric acid 13 - - - - - - -
¥-Amino-n-butyric acid 3 - - - - - - -
Ethanolamine 2 13 12 - - 5 - 4
Ornithine 6 37 157 290 305 323 390 258
Lysine 53 749 1,007 1,015 1,199 1,054 1,453 690
Histidine 279 338 428 406 447 404 477 268
7-Methylhistidine 1 51 50 - 12 - - 7
Anserine ’ 5 54 53 37 29 12 15 -
Carnosine 4 19 47 45 13 36 76 16
Arginine 35 30 21 33 - 16 15 7
Total 1,345 7,173 9,391 9,483 9,661 9,000 12,083 7,843

1) Chopped whole anchovy adding 13% NaCl.

5 =d7(7kat JHE Relotnj-ibmte) AR 3
- \E:S

2AE AAATY $odaFoE vwdach (Tabe

6y} 7ro] NEF AoA 12087k ABA Ol B &
2ol AR alanine(P=07979) 0| U T, &4 1504744
L tyrosine(rf=0.9033), glutamic acid(r®=08742),
valine(r=0.8722), glycine(r?=0.8628), isoleucine
(F=08622), leucine(*=08339) F°l%1om, 180Y7}7)
= proline(r*=0.9606), histidine(r>=06725), valine
(r*=06437), glutamic acid(r’=06406), phenylalanine
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<Table 5> Changes of free amino acids in fermented liquefaction of anchovy extracts during fermentation period
at room temperature in experimental sample p"

(mg/100g extracts)
© Raw ~ Permentation period (day)
anchovy 30 60 % 120

Phosphoserine 4 16 15 18 17

Taurine 199 226 251 224 231 264 246
Aspartic acid 45 379 502 802 536 552 451
Threonine 43 276 416 513 493 561 528
Setine 39 182 370 - 280 241 181
Glutamic acid 80 851 1,043 784 1,413 1,553 1,479
Glutamine 36 - 41 46 - 41 60
Sarcosine - 84 100 - 125 - 107
Proline 23 102 153 496 223 - 232
Glycine 33 166 277 386 376 434 443
Alanine 112 493 642 1,168 1,042 1,156 1,198
Citrulline 15 204 448 - - - -
o-Amino-n-butyric acid 1 - 28 - 33 12 90
Valine 54 316 469 562 620 696 625
Cystine 12 63 72 - - 56 61
Methionine 44 225 308 309 263 342 348
Cystathionine 1 10 29 19 - 28 21
Isoleucine 41 280 427 500 455 502 428
Leucine 92 555 760 813 678 703 592
Tyrosine 22 199 183 125 117 148 59
Phenylalanine 47 188 288 324 336 353 343
[-Alanine - 1 - - - - - -
[B-Aminoisobutyric acid 13 - - - - - -
y-Amino-n-butyric acid 3 - - - - - -
Ethanolamine 2 8 5 - 11 12 15
Ornithine 6 42 88 258 243 351 309
Lysine 53 691 831 1,054 1,090 1,198 1,007
Histidine 279 386 389 483 504 539 461
7-Methylhistidine 1 - - - - - -
Anserine 5 43 38 47 25 23 48
Carnosine 4 28 35 34 52 44 45
Arginine ’ 35 249 25 11 - 18 18
Total 1,345 6,262 8,433 8,976 9,163 9,845 9414

1) Whole anchovy adding 17% NaCl.

(#=06012) SoI%lth (Tatle 7V A ATF BolA &4
717k 1509 7HA) AdAde] L FElomate 2y
alanine (r=0,9740), glycine(r>=0.9685), glutamic
acid(P=08484), isdleucine(*=08580), valine (*=08023),
leucine(r2=07864), phenylalanine(r’=06472) So|%3,
180 7} Al = glutamic acid(r®=0.8958), glycine
(£ =08003), lysine(r*=06872), ornithine(r*=06583),

aspartic acid (Z=06153), threonine(P=05811) 5%tk
(Table 82 AIFTF CollM &4 1504744 Aol
2o 9goln)mAO TN glycine(rP=09403), alanine
(2=08556), ornithine(r2=08407), valine(r’=0.8354),
glutamic acid(£=07694), lysine(?=0,7435), histidine
(’=05051) Folgdvh. 232 A 180d7HA &
threonine(r? =08237), serine(r>=06485), aspartic acid
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<Table 6> Coefficient of determination between individual
free amino acid and fermentation periods in the
fermented liquefaction of anchovy extracts of
experimental sample A"

Free amino- | Fermentation | Coefficient of | ~Significant
- acid | period(day) [determination(?)| level(p)®
Alanine 15-120 0.7979 ok
Tyrosine 15-150 0.9033 ok
Glutamic acid 15-150 0.8742 ok
Valine 15-150 0.8722 rk
Glycine 15-150 0.8628 ok
Isoleucine 15-150 0.8622 ok
Leucine 15-150 0.8339 ok
Proline 15-180 0.9606 ok
Histidine 15-180 0.6725 ok
Valine 15-180 0.6437 *k
Glutaric acid 15-180 0.6406 ok
Phenylalanine 15-180 0.6012 *

1 Chopped whole anchovy, adding 20% water, heating at 50C
for 9 hrs and then adding 10% NaCl.
D #% 50,001, **; p<0.01, *; p<0.05

<Table 7> Coefficient of determination between individual
free amino acid and fermentation periods in the
fermented liquefaction of anchovy extracts of
experimental sample B"

Free ‘amino: | Fermentation | Coefficient of | Significant
cacid . | “period(day) - |determination(®)| level(p)?
Alanine 15-150 0.9740 Hok
Glycine 15150 0.9685 ok
Glutamic acid 15-150 0.8484 K
Isoleucine 15-150 0.8580 ok
Valine 15-150 0.8023 ok
Leucine 15-150 0.7864 ok
Phenylalanine 15-150 0.6472 *
Glutarnic acid 15-180 0.8958 Fkk
Glycine 15-180 0.8003 *k
Lysine 15-180 0.6872 ok
Ornithine 15-180 0.6583 ko
Aspartic acid 15-180 0.6153 *
Threonine 15-180 0.5811 *

1 Chopped whole anchovy, adding 20% water, heating at 50°C
for 9 hrs and then adding 13% NaCl.
D k% 50,001, *#; p<0.01, *; p<0.05

<Table 8> Coefficient of determination between individual
free amino acid and fermentation periods in the
fermented liquefaction of anchovy extracts of
experimental sample CV

Free amino | Fermentation | Coefficient of | Significant
acid period(day) (determipation(?){ level(p)?
Glycine 15-150 0.9403 ok
Alanine 15-150 0.8556 ok
Ornithine 15-150 0.8407 5
Valine 15-150 0.8354 o
Glutamic acid 15-150 0.7694 o
Lysine 15-150 0.7435 o
Histidine 15-150 0.5051 *
Threonine 15-180 0.8237 ok
Serine 15-180 0.6485 o
Aspartic acid 15-180 0.5927 *

1 Chopped whole anchovy adding 13% NaCl.
2wk 50,001, *¥; p<0.01, *; p<0.05

<Table 9> Coefficient of determination between individual
free amino acid and fermentation periods in the
fermented liquefaction of anchovy extracts of
experimental sample D"

Free amino | Fermentation | Coefficient of | Significant
acid period(day) |determination(®) level(p)z)

Valine 30-150 0.9632 ok
Lysine 30-150 0.9501 hokok
Histidine 30-150 0.9220 Hk
Ornithine 30-150 09129 ok
Threonine 30-150 0.8447 *k
Phenylalanine 30-150 0.8238 ok
Glutamic acid 30-150 0.6781 *

Isoleucine 30-150 0.6715 *

Glycine 30-180 0.8570 ok
Ornithine 30-180 0.8358 ok
Valine 30-180 0.7989 ok
Alanine 30-180 0.7522 ok
Tyrosine 30-180 0.7438 *k
Threonine 30-180 0.7369 o
Phenylalanine 30-180 0.7233 ok
Glutamic acid 30-180 0.7083 ok
Arginine 30-180 0.6964 *k
Lysine 30-180 0.6148 *

Histidine 30-180 0.5319 *

1) Whole anchovy adding 17% NaCl.
2wk 0,001, **, p<0.01, *; p<0.03
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(#=05927) So|gith, (Table O A/FF Dol &A
1508717 AaAdel L& folmk Ao zA
valine(?=09632), lysine(r?=09501), histidine(Z=09220),
omithine (#=09129), threonine(r> =08447), phenylalanine
(r=0.8238), glutamic acid(r*=0.6781), iscleucine
(#=06715) oItk E& £A 180U7HXE glycine
(?=08570), omnithine (r*=0.8358), valine(r*=07989),
alanine(r=07522), tyrosine(r®=0.7438), threonine
(r=0.7369), phenylalanine(r?=0.7233), glutamic
acid(?=07083), arginine (Z=06964), lysine(#=05148),
histidine(?=05319) So|th

oldel ARZRY wx LREANES A7
N fou| At FFa= ABFA T Ao, Al
T A B C ¥ DM FEHoz A@AAN B2
N fElolul AL glutamic acid, valine, glycine,
lysine ¥ aanineo| Rtk Wt o]EL FEolr| At
T I BA 2EARE 4 5 FAAEZ
£ 7153 Aoz Azkhr)

6. Fo(Ot| =t Z=EHETL Stofl D|X|= &

0

HX BEAIEY Faolu At A o] "ol W
© 9L AEIN] 95 FElotv s FATA
(aspartic acid, glutamic acid)®} T3HA| (threonine, serine,
glutamine, proline, glycine, alanine, lysine), 18] 3. & 9tHA|

J
=

{(valine, methionine, isoleuine, leucine, phenylalanine,
histidine, arginine)o}® - AtSE 7o) I Adg
{Table 10pol] VER) ez

AP A 2R, GobA g &3tA oh]imito]
A= BlEL 93, 252 D 40%°)9Uth (Tabe 10)
2 ANET AdA $4 T ALA L @5tAl obve
Abo] AA|3= vl go| W 1429 338%2A AEA| o
v 5273 1% Z7HEQe, %A oAt
B 04% 2 105%74H Tk (Table 1> A 8T
BolA A4RA = A ©RtA ofulinAte] 3}
Aste v&ol it 1383 U5%EA YA vl§
4849} 369%% 7HE AT, £8tA ofn| it He
374%2 A 150% 7H2E Atk (Table 12)& Al8T Co
A &4 F AAGAY duA olulibe] A=
v &o] B 1699 BI%EXA HiE 8173} 393% =7}
HAoW, &9 o4t HTF B2BEA 245%
742891tk (Table 13)& AlET DoM< v ERA 2
AQA Y oA olv| Ak H 1987 363%EA
11299} 440%° 3t T2 ANPTRG 7 ol F
YR T &9 ofu Ak BT 319%EA 275%0
gale] o2 Algyel v 7t gol ZAFHAT

{Table 1) ME o]42] A3KTable 10~13)F ZHA]
P7FEE v 23tk AT+ A B,C 2D EF §4
717ve] Ayl wit Z-E kA 9 datA] ofe| At b
&2 QPR "8 F7 Y, 5] ofn| kit H]

<Table 10> The amount of total umami, sweet, and bitter free amino acids(FAA) in the fermented liquefaction of
anchovy exiracts by fermentation periods of experimental sample A

(mg/100g extracts)

Total FAAD 1,3 6,41 7,22 927 7,176 10,2 10,711 ,369
(100%) (100%) (100%) (100%) (100%) (100%) (100%) (100%)

Umami® 125 762 896 1,165 1,068 1,397 1,781 1,253
©3) (11.9) (124) 147) (149) (13.6) (16.6) (15.0)
Sweet) 339 1,968 2,464 2,681 2,331 4,122 3,250 2,922
25.2) (30.7) (34.1) (33.8) (32.5) 40.4) (30.3) (34.9)
Bitter® 592 2,502 2,988 3,101 2,826 3,613 4,553 3,279
(44.0) (39.0) @414) (39.1) (39.4) (354) @25) (392)

Others 289 1,184 878 980 951 1,074 1,127 915
215) (185) 122) (124) (133) (10.5) (105) 109)

1) Refer to Table 2.

2) Umami : aspartic acid + glutamic acid.

3) Sweet : threonine + serine + glutamine + proline + glycine + alanine + lysine.
4) Bitter : valine + methionine + isoleucine + leucine + phenylalanine + histidine + arginine.
Amino acids were classified according to Fuke?” with slight modification.



<Table 11> The amount of total umami, sweet, and bitter free amino acids(FAA) in the fermented liquefaction of
anchovy extracts by fermentation periods of experimental sample B

(mg/100g extracts)

s  Fermentation petiod(day) SR

30 60 90 120 150 180
Total FAAD 1,345 8,086 8,368 7,548 8,081 - 8,630 10,832 9,031
(100%) (100%) (100%) (100%) (100%) (100%) (100%) (100%)
Umnami® 125 1,054 1,175 940 1,047 1,090 1,577 1,527

marni’
9.3) 13.0) (14.0) (12.5) (13.0) (12.6) (14.6) (16.9)
Sweet 339 2,660 2,625 2,465 2,738 3,231 3,690 3,544
(252) (32.9) (314 (327 (33.9) (374 (34.1) (39.2)
Bitter 592 2,840 3211 3,067 3,198 3,348 4,266 2,732
(44.0) 35 . (383 (40.6) (39.6) (38.8) (39.4) (30.2)
Others 289 1,532 1,357 1,076 1,098 961 1,299 1,228
(21.5) (18.9) (16.2) 14.3) (13.6) (111 (12.0) (13.6)
1 Refer to Table 3.

234 See footnote of Table 10.
Amino acids were classified according to Fuke?” with slight modification.

<Table 12> The amount of total umami, sweet, and bitter free amino acids(FAA) in the fermented liquefaction of
anchovy extracts by fermentation periods of experimental sample C

(mg/100g extracts)
-+ Fermentation period(day) R
60 90 120 150 180
Total FAAD 1,345 7173 9,391 9,483 9,661 9,000 12,083 7,843
(100%) (100%) (100%) (100%) (100%) (100%) (100%) (100%)
Umami® 125 1,331 1,520 1491 1,798 1475 2,249 1,128
9.3) (18.6) (16.2) (15.7) (18.6) (16.4) (18.6) (14.4)
SweetD) 339 2,085 2,985 3379 3,592 3,479 4,461 2,854
(252) (29.1) (31.8) (35.6) (372) (38.7) (36.9) (364)
Bitter? 592 2,353 3,204 3,155 3,093 2,854 3,702 2,981
(44.0) (32.8) (34.3) (33.3) (32.0) ) (30.6) (38.0)
Others 289 1,404 1,662 1,458 1,178 1,192 1,671 880
(21.5) (19.6) 177 (154) (12.2) (13.2) (13.8) (11.2)
1) Refer to Table 4.
2.3).9 See footnote of Table 10.
Amino acids were classified according to Fuke?” with slight modification.
&2 ZAHYh o9} o] HFASEL A 2HEE 9A L}E}‘;}{-E]— & A 471708 BHA &
Z AAA G G olu b FHE I T A AL FAHAF-LS A A El vE) kA det
off &otA| opwiAt FHeke ZAF O 2 A gho] Fopx A otu st Jaﬂl = ;‘% e utA] obr| At

£ 02 yehtg. 1o, SyuEg 2Hez v
Aelstel 48 AT A B 2 C= AU wHe  F
2 S48 NPT D sl ZARAG QA o A

A Z7hlge] we B ohid 29 oy B ¥
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<Table 13> The amount of total umami, sweet, and bitter free amino acids(FAA) in the fermented liquefaction of
anchovy extracts by fermentation periods of experimental sample D

(mg/100g extracts)
: S Raw
o Lanchovy 30
Total FAAD 1,345 6,262 8,433 8,976 9,163 9,845 9,414
(100%) (100%) (100%) (100%) (100%) (100%) (100%)
U 2) 125 1,230 1,545 1,586 1,949 2,105 1,930
mami
9.3) (19.6) (18.3) 7.7 (21.3) 21.4) (20.5)
Sweet) 339 1,910 2,730 3,663 3,504 3,631 3,649
252) (30.5) (324) (40.8) (382) (36.9) (38.8)
Bitter” 592 2,199 2,866 3,002 2,856 3,153 2,387
(44.0) (35.1) (34.0) 334) (31.2) (32.0) (25.4)
Others 289 923 1,292 725 854 956 1,448
(@L.5) 14.7) (15.3) 8.1 ©9.3) ©.7) (15.4)
D) Refer to Table 5.
2,3)4) See footnote of Table 10.
Amino acids were classified according to Fuke®” with slight modification.
<T: > j f i i i i = = -
e T e uguns w5 BeU
fermented liquefaction of anchovy extracts during
fermentation in each experimental sample Hx] wEgdsiEe A = AEF A B C 2 D9
7 AEL AANHLZ B WA, —ﬂ’&%%— g =
Taste | o et A AT (Tave 155 2tk ALeIA 18087 54
e chovy (@) [luefachor )| @ 2B dsel FIL 5 kS A A9
A 9.3 142+1.69 527 2 DAIZOAN Edo] 7P $43 AoT HrHge
oL ge | eeny | wg S LUBEAURCASTE Y AT A &
D 93 19.8;1.5 1129 olgith, oY AAE 7 ANPTER FA A 2
A 252 B8134 a1 3, NET AAEH /‘]?HL BAIEZ o= - #el
B 259 345428 369 2t 9d 2Ev AETE AAEI AP Cxﬂ% ¥4a
Sweet C 252 151434 | 393 JZ ANET BAEH AIET CAZLAE £ 2
D 252 363140 | 440 7b 9 EE AR AAES NI DAIET A
A 440 394422 | -105 P BAEA AET DAET, 18 AET CAEH
Bitter B 440 374436 | -150 ANBT DAELE ZEZ F942l kel7t UATh
C 440 332424 | 245 g9y =7 A3 w72 AFFEE ZHA
D 440 319435 | 275 SAI0E AES B, ART ANBAME oF 60

D See footnote of Fig. 4.
23 Refer to Table 10~13.
9 Average +S.D.(n=6~7).

Hog AXY S9d AT A B 2 CONE A4
SHUE 2AL TPeBA0, IF Lol 18087
A AN AR AAT Dol ANA ol
g% AFAT B UL AU & GUTHBSAA
E3)

A, ABT BAEAAE o U, A87 CAFAN
= ook 12095 1T AlET DAME oF 150YH =

FRYUT. olfel 7 AYFEE ABDY FAR
A% At 1 2%
BAZZIE 9 A7t 9ich Teht AET AANE
#ol A7 e, AYT B
TEE f9 B Hol7t
gtk 127 AET ANED AGTF DAELL AR

AP CAFAE
AEH NPT CAFLE

7 BAIEH AET

A @ DAEZ

DAIE

ANFTF ANEF AET

7y, 283 AlEF CAES

2 f Hd Aot g R



<Table 15> Sensory evaluation” of the fermented liguefaction o7} Qlglon} 79 7 AR Ay
of anchovy extracts during fermentation B wWryl A3 TE AFFAA A 180474
—— - olml - o3 glo] AA &4 LEHZLER E AT
Fermentation Expetimental sample? . == =
period(day) Items ~ 18] c D ;ﬂii AAe 2R AES s AR A
Taste 312 | 315 | 300 | 311 e
30 Odor 284 | 291 | 321 | 3.00 B ) o o
Color 243 | 279 | 269 | 255 8. LT WstEel MES 7St 2 AlPs:
Overall acceptance | 2.80 | 2.95 | 297 | 2.89
Taste 382 | 3.72 | 364 | 340 B oAgoa @x gadsEy AFEs sted F
" Odor 331 | 335 | 354 | 351 A A E AES] Y] oAHAE stgH =l
Color 320 | 319 | 302 | 262 HAEE 8% 9% AFTAME FHEHIJLW, 10%°]
Overall acceptance | 344 | 342 | 340 | 3.18 e ARHoR SAFEA DX EARAAM
Taste 381 | 385 | 377 | 341 24 F ANFoR BEHIE AN B Table
% Odor 321 | 364 | 369 | 422 15) A9%% 103} 13%°199 A8 A B 2 C/t A
Color 320 | 332 | 339 | 332 oA 18097 AR 2 LA EUTE IHERE YA
Overall acceptance | 341 | 3.60 | 3.62 | 3.65 o] A A WFAFE shEol] 9o e HA
Taste 379 | 386 | 393 | 390 NAETE 10%8 AZFET U o)t 7ol e
120 Odor 328 | 362 | 3.81 | 435 47103;5501]}\15 WAoo B 249 42 dgd AL A
vl mops| 34 | 360 | 04 | 394 TVE AT A8 hedn AAEce Aayas
Taste 380 | 384 | 391 | 421 EEA S0CAH 9GS AL AH W
o & W Foz Azt ATHY,
150 Odor 317 | 352 | 380 | 4.58
Color 318 | 325 | 342 | 422
Overall acceptance | 3.38 | 3.54 | 371 | 434 we dstEel MM SMI|7t
Taste 374 | 3.82 | 392 | 427 . . ) o )
0 Odor 330 | 366 | 383 | 4.56 Rl BAE AXEAL FF, okt 32
Color 320 | 318 | 344 | 404 Ak - ohek . b ofn|ipatke] ARG, FHEHTE
Overall acceptance| 341 | 355 | 3.73 | 429 FE, A g A Fo) frEjoh it A4 ¥lE 5
N ' . | . - S ANAROE s A wENsE AY 54
o et PR IMLIIT A0 geg A% AY AdME oF @Y, N
BollME ok 90d, AR CollME oF 1209, 18I Al
T DA ¢k 15042 HorEA ubeha EA 2
o2 Jepgth FABE 712l Qo AET AdANE £4717HE A
oo AN B u, A £477H0 8 H 55 e wrel) B)E o Y ©F JHestd, AET B
A ZA7be] AFEH 18097 S AZSAFY F E60Y, 18 AT CAME 0Y A ©@F T F
ANPTE F5H7E Afdols fogFoA 7t A AR

<Table 16> Changes of nitrogen distribution of free amino acids to the extractive nitrogen in fermented
liquefaction of anchovy during fermentation period at room temperature

(%)
Experimental Raw After Fermentation period (day)
samplel) anchovy  heating 15 30 60 90 120 150 180
A 40.0 43.0 539 57.1 59.6 54.0 68.7 70.9 68.8
B 40.0 42 56.8 61.5 58.7 56.4 69.8 76.4 69.6
C 40.0 - 524 63.9 55.9 62.9 66.5 79.5 576
D 40.0 - - 584 614 63.9 658 706 69.8

D See footote of Fig. 4.
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10. 45 H3lE9| dAR HA F F2|ohd| =it &
A~ dlg

(Table 16y oA RAE HA] L3 AE 7} A
B AAE A & FEolu)iit ALHS At
%E eG4 & 2 AgPdA fEoteie
AL AAFE H &L Aubgog Z71Eglon,
A 15044 BT HIXE YUtk 24717 2
AT AdA FeEloluieit A4t ARt vl
539~709%(H 7 619%)°| UL, Al BT BolA = 568~
764% (R 642%)°1 ATk 1T AET Co DA E
524~795% (BT 627%)$F 584~706%(BF 650%)°)
Ach mEbA Bx) BadgEe AR Ah F &

obplinit A7t ARAstE HlE2 AYT DM 743

EL, AET AdA 7HF EUTh Pak®2 Alg BA -

AR AA T B GAGA AAE AL F Geo}
it A&7 AR S 1 &2 505~758% (W 685%)
% 678%2M 7 F2% FL ARG
By& b} 9k

Iv. 8¢k 9l AZ

=
R4 2Ak AN BF AgHUe o AQE
BEAYAE Aol ZEE T3 ANY &4 wao
329 715 Aokl BA WgELY B4l HAE
2w 9% AAY 24, 4RIV 52 Y
shel WE AL AXH THE, AN 10U &
HAANEA B BRE WAL Y= AxeAL o
Felobli gt e BASAT BX YEse 3
APYLEE 0CoIYT, BX TRAIE 71FL 9
A AGAIFL 10%019Th SALEE 93
HBAE okl -k ke AAY B wge 23

A obr]izakel aspartic acid9 VA olm| AR serine
9 threonined FX HaAFEY] THS HrE &
T FAANEE g8o] Jdidy. 2adHE &4
S4712b3 B fElolv oAt Fatel AR S
ES A3 7+ NETF 3EHoE ARAFYG 9
FE0] EL olu AR gutamic acid, valine, glycine,
lysine, alanine FolATh &4 REASAEZH A
WEoE WEAZ AZFd lolA mld Rojrt =
AAL SLEAEL A A Fo] H)s) 7oA 9}
DA opu kAt 24 w)go] W whd 2w ofn|
A 2 HEL E7) Y20t LaYsIEY 3
A 5247170 AET AlA 604, BollA 90, Coll A

1204 137 DAA 150U E H E QT BX) SEy
29 A A T fEotn it A4t AR EE
Hg-2 AlPF A, B, C ¥ DellA HF 619, 642, 627
2 650%°]th
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