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Abstract

Nutritional quality of accelerated salt-fermented anchovy sauce using shrimp processing byproduct as
fermenting aids was characterized and compared with commercial anchovy sauce. Four types of sauces were
fermented with 0 and 10% addition of shrimp byproducts (24+2°C, for 270 days), and 20 and 30% addition
of those (24+2°C, for 180 days), respectively. Extractive nitrogen content (1,431 to 1,569 mg/100 g) of anchovy
sauces increased as additional ratios of shrimp byproduct increased. According to the results of ommission
test, the taste of all anchovy sauces was influenced by the content of free amino acids, such as mainly glutamic
acid and aspartic acid. Regardless of additional ratios of shrimp byproducts, all sauces were similar in total
amino acid content (9,848 10,324 mg/100 g), which were 2 times higher compared to that of the commercial
sauce. Proline, valine and histidine contents of sauces tend to decrease as the additional ratios of shrimp
byproducts increased, whereas methionine, isoleucine, leucine, phenylalanine and lysine contents increased.
Increase of some amino acids and mineral content of sauces by increasing of additional ratios was due to
release from shrimp byproducts. Sensory evaluation showed that scores of color, flavor and taste of the sauce
added with 20% shrimp byproducts were significantly higher than those of other sauces (p<0.05). In the useful
utilization aspects of seafood processing byproducts, shrimp byproducts were good resource for accelerated
fermentation and nutritional improvement in preparation of fish sauce.
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Fig. 1. Extractive nitrogen contents of salt-fermented anchovy
sauces added with various ratios of shrimp byproducts and
commercial anchovy sauce (CS).
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Table 1. Results of omission test of salt-fermented anchovy
sauces added with and .without shrimp byproducts

Anchovy sauce

Sag‘plff Without With 20%
codes shrimp byproducts shrimp byproducts
C 5.0+0.0% 501007
A 1.4+05° 1.6+05
N 41+06> 41%+04°
0 4405 47105
AN 12+0.4° 1.4%0.7°
NO 38+0.4° 40%05°
0OA 16+05° 2.01+05°
ANO 124049 14x0.7¢

l)C, original broth; A, broth from which amino acids were
eliminated; N, broth from which ATP-related compounds
were eliminated; O, broth from which organic acids were
eliminated; AN, broth from which amino acids and ATP-
related compounds were eliminated; NO, broth from which
ATP-related compounds and organic acids were eliminated;
OA, broth from which organic acids and amino acids were
eliminated; ANQ, broth from which amino acids, ATP-related
compounds and organic acids were eliminated.

“Means with different letters within the same column are
significantly different ( a =0.05).

odl,
id
=,
N
N
foi

QA £FEE AL AR A} 3

bo
ok
2
ol
od,
=
>
o‘}
fitnA
EL
r.‘l
P

A,
b
"
-,
2
=
_0,1'4
e
>
==
o
N
)
oid
e
o>
o
a
o
N
il
i)
et
N
)
1H
S
R

ic)
>
o or
e
ﬁ
2
sl
2
£
_(|){_|‘
£
%
ot
N,
N
o
o y
E
ki
e
i
Ao

= Table 294 2ot A$7F23AHE H7b 4
HA YA FA ] Felolr] wARE v F 30F 0]
At frefopvlmate] F FeFd Al erhg At g

2] 74 6,160 mg/100 go] Wz, A$-7FEFAFE-
AL A AT IALE Hobge] Zotgs
sHAI R F7bebe 2 g vehed, 30% A7b oA

o ¥
o

N
e

0
S

W
Lo g o
o,

>

Mo
o
N
2
o
N
2
I
o
o,

N
)
td,
2 i
S

1 L
e eh(10). &E, 7 HERAHE EA
frefobvleal ghake Alg da] e £ Felojn
u]slo] ofF 2ufR = =9t} o]

o
(@)
a
>
3
10}
~.
~
<
o
0
o
2
£
o
Py
)
N
N,
o
ol
o
rlo
g
2
e
2
o,
2 o ol o B opd 42

[
o X

O, W,
o to

AL

Ab7)Eell whE7] wiFolel gedE 9l h40). fre]obr] At
Z FE7E 6% o] 4l ofvl At o B E Al ST RALE
A7} A2 9] 7§ glutamic acid, valine, arginine, threonine
2 proline®] o], A7 FAME A7 AL glu-
tamic acid, valine, arginine @ threonine?] o]l o, A|
Z A 9] A9+ glutamic acid, valine, arginine, histidine,
leucine, threonine @ proline?] <22 zAu| A thi 2}
o]F Hylrh ASIIFEAEL Hrlb]go) FlEeE
proline(6.8~4.3%), valine(7.7~6.1%) ¥ histidine(5.8~1.3%)
9] ghekyt FAdW)7) 7FAsle A gkl wbd e, methionine
(3.2~4.6%), isoleucine(5.2~6.696), leucine(5.8~7.194), phen-
ylalanine(4.6~5.5%) ¥ lysine(5.4~6.4%)< Z7}3t= 7 3
oldch A% HA A3 A 7bgHAE Ao BA AR b
o] frefotul e Abe] ZAdn]ol gleix e A9 Abolr} dlgle
w, AR A A o A= 3hstrm g o) of gkolz)l s glu-
tamic acid®] FAW1(17.6%)7} 712348 7 AA
(11.6~12.7%)°l B]3}o] AN 7} 5%014 kel 7} who
ol ok =] Al Bl A7t AA 9 histidine?] FAJ o] 2+t
6.3%9F 5.8%<l Wk o), A 47} HAHE A ia]go] F

4% histidine®] 24017} 4.1%014 1.3% 2 74 Ao
viebwieh gk, A7 Ab R0l Ho)eke] Zobek

2= =c)

T =

Al Ae] felopricare BAsh L 544 AAg ol F
] owm = =

o]_

Fo] thepo 2 X3 oA $35S ey % 3
histidine, "85 ol &= EASHE A3 53} 3 3ol = 7
=)

9} Za38}=] 9+ dipeptide$®-<l carnosined} anserine 5
T Aok A S e @), A S5 e
el = 33 o}v] 4ke) methionine(42)3} 35 A gho}n]
FALO R SHE FA LR st T Sk AbEl ol
o] ZF 7] 4 lysine® A Fbske A4S Jehilgd
=}(13).

frefetul mAate] ek 2 24dn)(Table 2)ol di3le] Kato
S(35)0] A AEE o}m] Ak} whol] gl A X (taste thresh-
old)E FAtgt A7 RAE v dA A 5 g B



ASTHERALES ol 8% S4 BAAAY FASA a1

N9 taste value(f2]o}v]zite] Al 2] slof] e} 7] 3} ghe}, felobr] Ak Bre] A= aspartic acid7} 7+
oIt =A 5 zeidle] vebd 3HE AR Z3}= Table 3 32 0.003 g/dLe] g 22, ©F& 2 & glutamic acid(0.005 mg/

Table 2. Free amino acid contents of salt-fermented anchovy sauce added with shrimp byproducts (mg/100 g)
Ami i - Additional ratios of shrimp byproducts Commercial
Tino. Acids 0% . 10% 20% 30% sauce
Phosphoserine 246 (04" . 25.5 (0.4) 13.0 (0.2) 13.1 (0.2) 16.0 (0.5)
Taurine 160.2 (2.6) 166.0 (2.6) 181.7 (2.8) 150.2 (2.9) 79.9 (2.5)
Aspartic acid 2895 (47) 306.5 (4.8) 3115 (4.8) 3280 (5.0) 1055 (3.3)
Hydroxyproline 55.4 (0.9) 575 (0.9 51.9 (0.8) 32.8 (0.5) 22.4 (0.7)
Threonine 425.1 (6.9) 453.3 (7.1) 467.3 (7.2) 478.8 (7.3) 1836 (5.9)
Serine 3204 (5.2) 338.4 (5.3) 344.0 (5.3) 360.8 (5.5) 108.7 (3.4)
Asparagine 123 (0.2) 38.3 (0.6) 45.4 (0.7) 459 (0.7) 3.2 (0.1)
Glutamic acid 680.7 (11.0) 759.8 (11.9) 752.8 (11.6) 833.1 (12.7) 562.6 (17.6)
Sarcosine 185 (0.3) 44.7 (0.7) 51.9 (0.8) 656 (1.0) 9.6 (0.3)
a —Aminodipic acid 49.3 (0.8) 575 (0.9) 19.5 (0.3) 19.7 (0.3) 22.4 (0.7)
Proline 4189 (6.8) 415.0 (6.5) 3634 (5.6) 282.1 (4.3) 195.0 (6.1)
Glycine 197.1 (3.2) 2235 (3.5) 240.1 (3.7) 249.3 (3.8) 111.9 (3.5)
Alanine 283.4 (4.6) 306.5 (4.8) 318.0 (4.9) 321.4 (4.9) 153.4 (4.8)
Citrulline 55.4 (0.9) 57.5 (0.9) 454 (0.7) 39.4 (0.6) 256 (0.8)
Valine 4744 (1.7) 4789 (7.5) 441.3 (6.8) 400.1 (6.1) 2525 (7.9)
Cysteine 92.4 (1.5) 102.2 (1.6) 1103 (1.7) 1115 (1.7) 384 (1.2)
Methionine 197.1 (3.2) 242.6 (3.8) 285.5 (4.4) 301.7 (4.6) 57.5 (1.8)
Isoleucine 3204 (5.2) 319.2 (5.0 3829 (5.9 432.9 (6.6) 172.6 (5.4)
Leucine 345.0 (5.8) 363.9 (5.7) 441.3 (6.8) 465.7 (7.1) 198.2 (6.2)
Tyrosine 123.2 (2.0) 1149 (1.8) 103.8 (1.6) 91.8 ( 4) 70.3 (2.2)
B-Alanine 6.2 (0.1) 12.8 ( 2) 6.5 (0.1) 13.1 (0.2) 6.4 (0.2)
Phenylalanine 283.6 (4.6) 300.1 (4.7) 3375 (5.2) 360.8 (5.5) 143.9 (4.5)
Ethanolamine 12.3 (0.2 12.8 (0 2) 6.5 (0.1) 6.6 (0.1) 4 (0.2)
DL -allohydroxylysine 24.6 (0.4) 19.2 (0.3) 19.5 (0.3) 19.7 (0.3) 12.8 (0.4)
Ornithine 12.3 (0.2) 12.8 (0.2) 19.5 (0.3} 13.1 (0.2) 3.2 (0.1)
Lysine 335.7 (5.4) 3384 (5.3) 376.4 (5.8) 419.8 (6.4) 156.6 (4.9)
Histidine 360.3 (5.8) 261.8 (4.1) 181.7 (2.8) 85.3 (1.3) 201.4 (6.3)
Anserine 98.8 (1.6) 766 (1.2) 51.9 (0.8) 52.5 (0.8) 416 (1.3)
Carnosine 30.8 (0.5) 12.8 (0.2) 6.5 (0.1) 6.6 (0.1) 12.8 (0.4)
Arginine 452.7 (71.3) 4659 (7.3) 512.7 (7.9) 518.1 (7.9) 217.3 (6.8)
Total 6,160.6 (100) 6,384.9 (100) 6,439.7 (100) 6,559.5 (100) 3,196.7 (100)

"Values in parentheses represent free amino acid concentration based on 100 g of sample.

Table 3. Taste values of free amino acids of salt-fermented anchovy sauce added with shrimp byproducts

) . Taste threshold Additional ratio of shrimp byproducts Commercial
Amino acids (g/dL)” 0% 10% 20% 30% sauce
Aspartic acid 0.003 96.57 1022 1038 109.3 35.1
Threonine 0.260 16 1.7 1.8 1.8 0.7
Serine 0.150 2.1 23 23 2.4 0.7
Asparagine 0.100 =¥ - - .- -
Glutamic acid 0.005 136.1 152.0 150.6 166.6 112.5
Proline 0.300 14 14 1.2 0.9 0.7
Glycine 0.130 15 1.7 1.8 0.8 04
Alanine 0.060 4.7 51 53 54 2.6
Valine 0.140 34 34 3.2 29 1.8
Methionine 0.030 6.6 8.1 95 10.1 19
Isoleucine 0.090 36 35 43 48 19
Leucine 0.190 1.8 1.9 2.3 25 1.0
Phenylalanine 0.090 3.2 3.3 3.8 4.0 1.6
Lysine 0.050 6.7 6.8 75 84 3.1
Histidine 0.020 18.0 13.1 9.1 43 10.1
Arginine 0.050 9.0 93 10.3 104 4.3

PThese data were quoted by Kato et al. (35).
YTaste values represent free amino acid contents of Table 2 divided by taste threshold.
FNot detected.
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dL)olgl o, o] 5& o} 2 frelotr|nAte] u|&Ele] 10~100
WA % ghell o} 5 wlzbEldc) ko] A E wel g Aot

FAE T2 10% AH7F 2R AR A H x| f A ¢
100]4+9] taste value® “teble obvliAkS glutamic
acid, aspartic acid ¥ histidineq! ¥t ol 20% A7} 4 A&
glutamic acid, aspartic acid ¥ arginine®] %l 2, 304 A7)
N A L glutamic acid, aspartic acid, methionine 2 arginine
2.2 tha Aol F Vet o RA, o] F ofn e AtEo] A A9
skol] kb ZA| Zleq & Bk ohe}, Al $otEAbE B A
7F X AR R Tl % ot 9 ate] xlo]lE B 7o 3
wEch &E Heu 5(10)2 A-¢7F- 482 fre]oln]
Ar9] taste value® A# ¥ vtol| 7]od3t= -4 o}w|x4F
glutamic acid, aspartic acid, arginine 2 histidine®] 2} 3.
for, Kim $(13)0& A$7tatAtEs Alxd A3
taste value= 7 E3} stol] F & v A= felobriab-S
glutamic acid, aspartic acid, lysine ¥ alanine®]g}x ¥ 3.
s}o:] :{:A}ul;@_ou ;-]3] Z[i_g_ qu 3}2‘:_]6‘]- (] a]o].u 4_}{’_ -y
E2 0 2 glutamic acid®} aspartic acid% (39)= & 5 U
v} ob-ge, ArlEAtEe] Arlske] Z71E4E gluta-
mic acid(136.1 ~166.6)¢} aspartic acid(96.5~109.3)2] taste
valueZ} ol 224 uhe] Zlolw Wt ZhsA H ez o

A Gl A4 HH A Ao g B 9,847~10,323 mg/100
g ol gle] 714 Zpol7t dalch. ek Al E A A9
7% % obnleAbe] ke 5021 mg/100 g2 &, A A €A

Table 4. Total amino acid contents of salt-fermented anchovy sauce added with shrimp byproducts

EXP

AW - ASA - HS

fie

SEL)
el A o

n|ated eF 50%0) B ste] zpojrt Wgkewl, ol
gk ute} zho] Algh Wi AR o] AL AFx F 5
gzv|g 2 A£FEY AHrbel o ggela} #dE gl
(36,40). Al B x| QA o] 9 FAobw] Ak agpartic acid
(7.6%), glutaml_c acid(17.3%), alanine(7.4%) ¥ leucine
(74%)old om, NETOZA AP7tEFAtE FAHE 2
] NA L. agpartic acid(9.8%), glutamic acid(12.1%), ala-
nme(7 49%), proline(8.3%) 2 arginine(7.6%)°] %l 37, Ai-$-7}
FTRAE Ao A AR 2] A& aspartic acid(10.4~10.8
%), glutamic acid(12.2~12.9), prolme(9.2~9 7%) 2 argi-
nine(76~78y) S02 olF Wil F8 FAlolu|x
RS A2 dRst o Al AR E A A G2 AR
of vl &tod A}9-7FF AL A AR ) alanine V)51
o

%) ELJ

~4.4%)% 8 ubd | proline ¥ arginine®] FAlo] Zo} <k
7k 2polz} glodeh 8k Cho £(16)3 Park(39)8- = x|

A 2] alanine dgFo] Z+7) 1,234 mg/100 mL(13.9%) = 664
mg/100 g(85/>)°l?4:11 B usle] ® A ] Al g 73}
HA o) 74%H ) =2 A2 & vielydth Heu 5(10)2 A4
7} RAME-2] alanine ¥e¢] 404 mg/100 g(5.0%) %, Kim
5(13)& A7t HAERYE A2 JA 9 alanine T
2ko] 352 ~396 mg/100 g(5.2~5.7%)et 3 R.asle], B Al
o] A7 HERALE Ao HA AAo] A gohERALES A
78] §o] Z7}84E alanine@ ko] FadtE Aa G35}
Ak o vbztrtA 2 H A KA 9 proline? arginine®] 3
22 Cho 5(16)°] 322 mg/100 g(36%) % 53 mg/100 g
(0.79%)2. 2, 718} 31 Park(39)2 162 mg/100 g(2.1%) % 374
mg/100 g (4.8%)2. 2 B 78 vk o] A7t ZRAMER A
Z8 AN A (13)2 393~415 mg/100 g(5.8~6.0%) % 410
~429 mg/100 g(6.0~6.2%) 2.2 M 35to] -7} A E

(mg/100 mL)

Additional ratios of shrimp byproducts

Commercial

Amino acids

0% 10% 20% 30% sauce
Aspartic acid 988.1 (9.8)" 1,020.2 (10.4) 1,112.6 (10.8) 1,117.9 (10.8) 380.2 (7.6)
Threonine 534.4 (5.3) 563.7 (5.7) 590.8 (56.7) 605.5 (5.9) 203.4 (4.1)
Serine 5184 (5.1) 504.5 (5.1) 524.6 (5.1) 534.3 (5.2) 124.4 (2.5)
Glutamic acid 1,220.0 (12.1) 1,201.4 (12.2) 1,305.1 (12.7) 1,331.7 (12.9) 8676 (17.3)
Proline 836.9 (8.3) 906.0 (9.2) 961.0 (9.3) 998.5 (9.7) 3276 (6.5)
Glycine 556.1 (5.5) 546.1 (5.5) 552.3 (5.4) 564.0 (5.5) 262.5 (5.2)
Alanine 746.1 (7.4) 505.5 (5.1) 536.3 (5.2) 451.3 (4.4) 3716 (7.4)
Cystine 207.1 (2.1) 192.6 (2.0) 204.4 (2.0) 172.0 (1.7) 1554 (3.1)
Valine 544.5 (5.4) 450.3 (4.6) 463.1 (4.5) 466.2 (4.5) 259.1 (5.2
Methionine 3025 (3.0) 370.2 (3.8). 356.7 (3.5) 363.7 (3.5) 156.8 (3.1)
Isoleucine 4457 (4.4) 477.0 (4.8) 4309 (4.2) 464.1 (4.5) 280.2 (5.6)
Leucine 615.0 (6.1) 617.6 (6.3) 573.3 (5.6) 5705 (5.5) 3733 (7.4)
Tyrosine 197.4 (2.0) 216.4 (2.2) 230.2 (2.2 202.6 (2.0) 114.8 (2.3)
Phenylalanine 5386 (5.3) 440.1 (4.5) 5329 (5.2) 556.7 (5.4) 295.8 (5.9)
Histidine 4776 (4.7) 453.0 (4.6) 442.8 (4.3) 423.3 (4.1) 256.4 (5.1)
Lysine 5835 (5.8) 6122 (6.2) 700.8 (6.8) 702.0 (6.8) 316.4 (6.3)
Arginine 770.8 (7.6) 770.9 (7.8) 780.4 (7.6) 799.3 (1.7) 276.1 (5.5)
Total 10,082.7 (100) 9,847.7 (100) 10,298.2 (100) 10,323.6 (100) 5,021.6 (100)

YValues in parentheses mean percentage of total amino acid content (g/100 g of total amino acid).
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Table 5. Mineral contents of salt-fermented anchovy sauce
added with shrimp byproducts (mg/100 mL)

Additional ratios of shrimp byproducts Commercial

Mineral

0% 10% 20% 30% sauce
Calcium 36.8 56.8 789 108.7 25.1
Iron 0.9 1.2 14 1.8 0.8
Potassium 204.3 389.3 4758 582.9 176.7

Phosphorus  13.6 185 36.3 482 8.4

o] o & oful Al Fabul7t Fo & % Alsdh ol 9 7
A vFe] Bo} B ArbFRALE Ay W Asl
proline (83~9.7%) ¥ arginine(7.6~7.8%)8 Z7}= A5
Y ERAE L] Aol 23k of o)l siuisigich

M7 VEFANE A7 EA AR Y Al g HAjeAle] 27
A ek Table 59 2ol Zs, &, 245 4 Ql 52 A
gx|} Ao] Z+ZF 251 mg/100 mL, 0.8 mg/100 mL, 176.7
mg/100 mL % 84 mg/100 mLZA} A $-7}&FAHE F3 7}
W x] A A o) z+zk 36.8 mg/100 mL, 0.9 mg/100 mL, 204.3
mg/100 mL ¥ 13.6 mg/100 mLel ¥]3}e] Ugt=dl, ol
Qoo £2FEH 2L EEY A dge)s} A=
(40). &9, A7 AR A7 d@x A A o] A9 A7 &
Z718 42 245 (56.8~108.7 mg/100 mL), 2 (1.2~1.8 mg/
100 mL), Z§(380.3~582.9 mg/100 mL) 8] 7 <1(185~
48.2 mg/100 mL) 2% Z7}ald . &9, Hen S5(10)2- A%
FFRRAVE 0] B7) A gheEe ZHro] 3,040 mg/100 g, A ¥-o]
563 mg/100 g, Z5°] 98.02 mg/100 g, 8] x <] 400
mg/100 gol it B 78ked oo Kim 5(13)& Aj-9-7}-3-3-4F
F AR L HA7) ko] 7 Aghel] whel ZE(205~124.2 mg/
100 mL), & %(0.2~2.8 mg/100 mL) 2 ¢1(4.1~39.7 mg/100
mL) 59§74 9 ko] Frighvha Wl vl gl o] 2

o]0} wob & Pe) AITFFFAE bl mHE 74

2 gt

o) Ake] & opw| Al ekt §r)A ShEFe] A E WA
A9 A 3A FA Kol digte] A grtFEAES H e
A9 dF7rs HelMm 2zt vk

2sAA

A7V E A7 E XA A g st g g T EA
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9 Aol g& #5744} 2= Table 62 2}, F(flavor)
o] A9 MR BALE 10% A7} A2 3340 7

N
N
2

3 S99 zxp7) AR ekgrot 209% A HATA)
3 52 {22 (p<0.05)7F VA =

200 A7 R (408)& A7} 94
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Table 6. Results of sensory evaluation of salt-fermented
anchovy sauce added with shrimp byproducts

Additional ratios of shrimp byproducts

Items

0% 10% 20% 309

Flavor 3000  33+05  47+05°  49+03°
Taste  3.0£0.0° 37+05"  40%07  27+08°
Color  3.0%0.0° 37+05° 43+05°  48+04°

“Means with different letters within the same row are sig—
nificantly different (p<0.05).
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