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Processing and Quality Characteristics of Rapidly Fermented Anchovy
Engraulis japonicus Sauce with Radish Raphanus sativus L.

Kwang-Soo Oh*

Department of Seafood Science and Technology/Institute of Marine Industry, Gyeongsang National University, Tongyeong 53064,
Republic of Korea

To develop a value-added anchovy Engraulis japonicus sauce, the processing conditions and quality characteristics of
a rapidly fermented and high-purity anchovy sauce (RRAS) were examined by adding 5-10% (w/w) radish Raphanus
sativus L. RRAS exhibited higher yield, total nitrogen content, and amino nitrogen and calcium contents as well as
lower salinity than those of conventional anchovy sauce (control). The salinity, yield, and total amino acid contents of
RRAS and control were 17.2—17.7% and 19.6%, 81.2—88.7% and 61.0%, and 13,117.8-14,174.9 mg/100 g and 10,041.1
mg/100 g, respectively. The major amino acids recorded were aspartic acid, glutamic acid, alanine, valine, isoleucine,
leucine, phenylalanine, ornithine, lysine, and histidine. The histamine contents of RRAS and control were 8.3-8.6
mg/100 g and 19.2 mg/100 g, respectively, while the protease activity levels were 0.901-0.958 unit/mg and 0.695 unit/
mg, respectively. Overall, this study establishes that RRAS can not only significantly shorten the salt fermentation peri-
od, but can also serve as an anchovy sauce with superior nutritional quality and higher levels of amino acid and calcium.
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Table 1. Proximate composition, yield and salinity of the rapidly fermented, high purity anchovy Engraulis japonicus sauces with radish

Anchovy Proximate composition (g/100 g) Yield Salinity

sauce' Moisture Crude protein Ash (mL/100 g) (9/100 g)
Control 66.7+0.22 8.6+0.4¢ 20.740.1° 61.0+1.5° 19.6+0.1°
RRAS-5 62.9+0.2° 15.6£0.2° 18.84£0.3¢° 81.242.5° 17.7£0.2°
RRAS-10 63.5£0.2° 17.0£0.32 18.6£0.1° 88.7+2.12 17.2+0.1¢
CAS 66.0+0.12 10.8+0.2° 21.940.52 - 21.140.22

'Control, the conventional anchovy E. japonicus sauce with 0.0% radish; RRAS-5, the rapidly fermented, high purity anchovy E. japonicus
sauce with 5.0% radish; RRAS-10, the rapidly fermented, high purity anchovy E. japonicus sauce with 10.0% radish; CAS, the commercial
anchovy E. japonicus sauce on the market. *Means within each column followed by the same letter are statistically different (P<0.05).
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HCI 892 ¢ 9] heating block (HF 100; Yamato Co., Tokyo,
Japan) 2. 2 24A|17F B A1 7] & A 235kA 0.20 M lithium
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Table 2. pH, amino nitrogen (NH,-N) and volatile basic nitrogen
(VBN) contents of the rapidly fermented, high purity anchovy
Engraulis japonicus sauces with radish

Anchovy NH,-N VBN
sauce' PH (mg/100 mg)  (mg/100 mg)
Control 6.91+0.012  1,072.8+35.4>  294.0+1.8°
RRAS-5 6.15+0.00°  1,590.4+30.22  301.04.8°
RRAS-10 5.85£0.02°  1,638.0+40.8°  312.0+2.0°
CAS 5.79+0.00¢ 822.6+14.6°  214.7+3.3¢

!Control, the conventional anchovy E. japonicus sauce with 0.0%
radish; RRAS-5, the rapidly fermented, high purity anchovy E.
Japonicus sauce with 5.0% radish; RRAS-10, the rapidly ferment-
ed, high purity anchovy E. japonicus sauce with 10.0% radish;
CAS, the commercial anchovy E. japonicus sauce on the market.
*dMeans within each column followed by the same letter are statis-
tically different (P<0.05).
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Table 3. Color values of the rapidly fermented, high purity ancho-
vy Engraulis japonicus sauces with radish

Anchovy Color value

sauce' L a b AE
Control 24.840.2° 3.0£0.1° 9.0£0.2° 70.6+0.4°
RRAS-5 25.740.2° 3.9+0.2°> 9.4+0.3* 74.1+0.5°
RRAS-10 26.4+0.22 4.3+0.2° 9.7¢0.32  73.9+0.5°
CAS 20.7£0.3¢  1.9+0.2¢ 4.7+0.1¢ 73.0£0.3°

'Control, the conventional anchovy E. japonicus sauce with 0.0%
radish; RRAS-5, the rapidly fermented, high purity anchovy E.
Japonicus sauce with 5.0% radish; RRAS-10, the rapidly ferment-
ed, high purity anchovy E. japonicus sauce with 10.0% radish;
CAS, the commercial anchovy E. japonicus sauce on the market.
*dMeans within each column followed by the same letter are statis-
tically different (P<0.05).

Table 4. Viable cell count, histamine content and protease activity
of the rapidly fermented, high purity anchovy Engraulis japonicus
sauces with radish

Anchovy  Viable cellcount  Histamine  Protease activity
sauce' (CFU/g) (mg/100 mg) (unit/mg)
Control (3.1-3.7)x102 19.2+0.3° 0.695+0.003°
RRAS-5 (2.8-3.5)x10° 8.60.1° 0.901+0.006°
RRAS-10  (2.5-4.4)x10° 8.310.2° 0.958+0.010°
CAS (0.2-2.7)x10? 24x1.2° 0.25340.003¢

!Control, the conventional anchovy E. japonicus sauce with 0.0%
radish; RRAS-5, the rapidly fermented, high purity anchovy E.
Japonicus sauce with 5.0% radish; RRAS-10, the rapidly ferment-
ed, high purity anchovy E. japonicus sauce with 10.0% radish;
CAS, the commercial anchovy E. japonicus sauce on the market.
*dMeans within each column followed by the same letter are statis-
tically different (P<0.05).

ol HES o 4 Ut FLHE/1 D0 YHS RRAS-5%
RRAS-100] 7+2} 301.0 mg/100 ¢ 2 312.0 mg/100 g© 2 ]
219 294.0 mg/100 mgol| B3] tha: Wk o, CASe] 214.7
mg/100 g Heh= 455 ot WA S99 WAt )4
o2 7J3e Bt

S 7t S4%E PRAH| BUSY
27+, RRAS-5, RRAS-10 2! CASS] &g ME Z A

A2 273 ATH= Table 37} 20}, P27, RRAS-5 9
RRAS-109] L 4}, a 4, b 4F ¥ 4E 7122 & o RRAS+ T

Table 5. Fatty acid compositions of total lipids separated from the
salt-fermented anchovy Engraulis japonicus materials with radish

(area %)
. Salt-fermented anchovy material with radish'
Fatty acid
Control RRA-5 RRA-10

14:0 6.2 6.2 6.9
16:0 21.7 20.9 21.0
17:0 0.6 0.6 0.6
18:0 43 42 4.7
22:0 0.1 0.1 0.1
14:1n-5 0.2 0.1 0.2
16:1n-7 7.6 6.7 7.9
18:1n-9 8.3 8.3 8.4
18:1n-7 3.0 3.0 29
20:1n-9 1.8 1.6 1.7
22:1n-9 29 238 27
16:2n-4 14 1.3 0.9
16:3n-4 1.2 1.1 1.1
16:3n-1 0.1 0.1 0.1
16:4n-1 1.3 1.2 1.1
18:2n-6 1.1 1.1 1.0
18:3n-3 0.9 0.8 0.9
18:4n-3 1.4 14 1.3
18:4n-1 0.1 0.1 0.1
20:2n-6 0.1 0.1 0.1
20:4n-3 21 2.3 21
20:5n-3 13.0 13.7 13.6
22:5n-3 2.0 22 2.1
22:6n-3 18.6 20.1 18.5
n-3 PUFA? 38.0 40.5 38.5

!Control, the salt-fermented anchovy E. japonicus material with
0.0% radish; RRA-5, the salt-fermented anchovy E. japonicus
material with 5.0% radish; RRA-10, the salt-fermented anchovy
E. japonicus material with 10.0% radish. ’PUFA, polyunsaturated
fatty acid.
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3 100] A= Wokeh SR AZY egojsldo] ¢ A gt
o] 22 A7)0l ZE A7} 71 Wk o, Pediococcus 2
Staphylococcus7} 722 AHA[F3ith= Zlo] defA Stk
(Park et al., 2000b). o] gF X== WAHE 2 S HY Alet4=2
Aol B A 9] %‘é‘%}ﬁ 717 S0yt ] /gl B4
51 7Hlo] Qe Ao & Ak B2, RRAS-5, RRAS-10
1 CAS ]AE}UI FeFe 217k 192 mg/100 g, 8.6 mg/100
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Table 6. Total amino acid contents of the rapidly fermented, high purity anchovy Engraulis japonicus sauces with radish

(mg/100 g)
) ) Anchovy sauce?
Amino acid'
Control RRAS-5 RRAS-10 CAS

Phser 6.6 ( 0.1) 8.6 ( 0.1) 9.5( 0.1) 82( 0.2)
Taurine 2874 ( 2.9) 4525 ( 3.5) 4934 ( 3.5) 1159 ( 2.7)
Aspartic acid 7752 ( 7.7) 1025.7 ( 7.8) 1137.2 ( 8.0) 3266 ( 7.7)
Threonine 680.6 ( 6.8) 740.7 ( 5.6) 867.0 ( 6.1) 226.3 ( 5.3)
Serine 363.8 ( 3.6) 4295 ( 3.3) 3059 ( 2.2) 130.4 ( 3.1)
Glutamic acid 1,328.0 (13.2) 2,246.1 (17.1) 2,420.6 (17.0) 1,280.6 ( 30.0)
Sarcosine 280 ( 0.3) tr ( 0.0) tr( 0.0) 15 ( 0.3)
AAAA! 171 ( 0.2) 159 ( 0.1) 16.8 ( 0.1) 129 ( 0.3)
Proline 2272 ( 2.3) 386.1 ( 2.9) 4424 (1 3.1) 134 ( 3.1)
Glycine 366.6 ( 3.7) 4874 ( 3.7) 536.5 ( 3.8) 104.3 ( 24)
Alanine 899.0 ( 9.0) 1,143.2 ( 8.7) 1,268.6 ( 8.9) 2841 ( 6.7)
AABA' 9.8 ( 0.1) 7.3( 0.1) 0( 0.0 52( 0.1)
Valine 623.5( 6.2) 858.3 ( 6.5) 957.5 ( 6.8) 2778 ( 6.5)
Cystine 1739 ( 1.7) 2413 ( 1.8) 2815 ( 2.0) 522 ( 1.2)
Methionine 253.9 ( 2.5) 3722 ( 2.8) 4295 ( 3.0) 63.3( 1.5)
Cysth! 181 ( 0.2) 8.8 ( 0.1) A( 01) 42( 0.1)
Isoleucine 503.0 ( 4.1) 622.6 ( 4.7) 703.1 ( 5.0) 189.9 ( 4.5)
Leucine 705.0 ( 5.0) 9412 ( 7.2) 1,076.8 ( 7.6) 178.4 ( 4.2)
Tyrosine 48,5 ( 0.5) 60.1 ( 0.5) 87.1( 0.6) 18.3( 0.4)
Phenylalanine 3426 ( 3.4) 456.6 ( 3.5) 564.7 ( 4.0) 129.5 ( 3.0
GABA' 3.2( 0.0) 4.2 ( 0.0) 8( 0.0 1.1( 0.0
Ethanolamine 216 ( 0.2) 172 ( 0.1) 11.0( 0.1) 6.8( 0.2)
Ornithine 507.8 ( 5.1) 626.9 ( 4.8) 704.5 ( 5.0) 1829 ( 4.3)
Lysine 987.7 ( 9.9) 1,249.7 ( 9.5) 1,375.2 ( 9.7) 2409 ( 5.7)
Histidine 768.6 ( 7.7) 596.6 ( 4.5) 337.7( 2.4) 2413 ( 5.7)
Anserine 85.0( 0.9) 108.2 ( 0.8) 1222 ( 0.9) 314 ( 0.7)
Arginine 94 ( 0.1) 109 ( 0.1) 3( 0.1) 3.7( 0.1)
Total 10,041.1 (100.0) 13,117.8 (100.0) 14,174.9 (100.0) 4,261.7 (100.0)

'Phser, phosphoserine; AAAA, a-aminoadipic acid; AABA, a-aminobutyric acid; Cysth, cystathionine; GABA: y-aminobutyric acid. 2Con-

trol, the conventional anchovy E. japonicus sauce with 0.0% radish; RRAS-5, the rapidly fermented, high purity anchovy E. japonicus

sauce with 5.0% radish; RRAS-10, the rapidly fermented, high purity anchovy E. japonicus sauce with 10.0% radish; CAS, the commercial

anchovy E. japonicus sauce on the market.



HA| 2| ok A A2 ko Sltt. CASQ 79 471 7te]
, 34 2 FA e 5 HA Al 2gAg o] Zfolof uhet of
RRASe] H]3f| B AA HEH A 0= Ko, 5| AE

AZQ Ol N 20 a4} HEE W4 ¢
7} 91}, Selueks BAloh 78 MG o]0 6]
715 200 mg/kg ©|3}, El=-2 500 mg/kg ©]5}= 1t
SITHMFDS, 2022b). Chung et al. (1989)2 82|42
| 2Eb gheRe 24 sho] 449ukE 67 41o] 46.1 mg/100 g
7HA S7Ve ezt 2L 3 A ZHasghohar B arskQinh o 2,
RRAS-5, RRAS-10 ¥ CASoJA| F=&3F ch a4
Hammersten casein®f gt 242 212} 0.695 unit/mg, 0.901
unit/mg, 0.958 unit/mg ¥ 0.253 unit/mg © = RRAS S| T2l
Eallah gAo] g2t CASe vl A4l &9kt o] =2 u] 2
o] RRAS®] 739~ H7kek oA fefigt Wa/d el s a
a7h A S 7R E SR =N SRS
A GSAZ = S FRIskSITE ol protease S HI 3
3}o] amylase, diastase, myrosinase 5 TF%3t 47} o= $F
50 =tl, F+ 52 proteaser= AbE RO H71sE A
2472 protease] Bl B/ oLy AL o= H
o] BE frAlste] ST 7HEIE AeAl e =N &
gjofr|Ake] A/ Fxlof ofgtrial H ko] QItk(Kim et
al., 1998; Kim et al., 2007). ZL&] 3L Pyeun et al. (1995)2 4
AN A ] a5 DA 5 -2 cathepsin 72k WA -2
chymotrypsin®| w|A¥&E A ALK T §2] 7h=Eaf E 718
Slof| Zlo] Trofgtriar Mgk vl Qlct.
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o 27, RRAS-5 @ RRAS-102] oA APt asiofa] 3=
Z3 XA A A 24E B3 A3k Table 59k 2 of

%, RRAS-5 9 RRAS-10 ¢ aslof =8 g A4k
14:0 (6.2-6.9%), 16:0 (20.9-21.7%), 18:0 (4.2-4.7%), 16:1n-
7 (6.7-7.9%), 18:1n-9 (8.3-8.4%), 20:5n-3 (13.0-13.7%) &
22:6n-3 (18.5-20.1%) 502 A|& d#a Y 71o] LA 2|
Ak 24 Aol A9 Il en, n-34] LE=EZSA AR =
AU = 38.0-40.5%= A= 719] 2jol= A9 ¢iict o] o
o I SdUR & L EXIpRIE] Eafjof T tix
T2} RRAS 7ho] At 3] W zjol= A9 ¢l& Al o= B2l
th ARt o 7 o) F o] M Z IR T A 5 U
7F &l & fejobrficqtyt wRgake] WA 9l Abuf3 AY/d
of] Q&S 1A+ heterocyclic compoundsE A4 St (Park et
al., 1994).

) 21, RRAS-5, RRAS-10 2! CASQ] Folu| Al A1 S B
A%t A3H= Table 63 2t thz7, RRAS-5, RRAS-10 2
CAS®| Zolu|iAl 3o 7H7} 10,041 mg/100 g, 13,117.8
mg/100 g, 14,174.9 mg/100 g % 4,261.7 mg/100 g% RPAS
o] ol ti=it CASe Hlsl 4535 Wakrh e+ 4
RRASO] =8 o] ieAko 2= A7 AR 7ho] thas Zfol= 3l
O} tjA| 2 aspartic acid, glutamic acid, alanine, valine, iso-
leucine, leucine, phenyl alanine, ornithine, lysine ¥ histidine
ol go] elol Qlglom, 1 o ofnlwite 1% T4
of 9A3IL}. CASS] 79 7F ofn]ieate] gef 2jo]7} 700,
glutamic acid #]21t Lpr]%] o35 obulieAlSo] RRASH
chof s whg- 47 Shewle] Slgich RRASS] oflieit
& U B & dhil o] R F A ASka A, At
AP E A g R e el AR a4 Fofl ofsf 7Rk A e
2 o] feopu|ieito] A0 7MY F 2.3k U (Park et
al., 2000c)o]2h= & a1 ef e uf o] gt ofw|Ake] gk Afo]
+ RRASO| Audgof At J3FS njd Aoz A%,

Table 7. Mineral contents of the rapidly fermented, high purity anchovy Engraulis japonicus sauces with radish

(mg/100 g)
. Anchovy sauce’
Mineral
Control RRAS-5 RRAS-10 CAS
Na 7,543.7£155.1° 7,142.3+122.5¢ 7,006.0+£109.9° 8,986.0+88.42
Ca 21.343.3° 70.7+8.5° 93.4+10.02 5.2+3.4¢
Mg 151.4£10.1° 195.7+11.7° 253.1£10.5° 43.4+5.1¢
K 440.5+22.72 446.5+20.9° 452.6+23.0° 178.5£10.2°
Fe 4.910.5° 5.3+0.3° 7.8+0.5° 1.90.0°
Cu tr 0.1+0.0 tr tr
Zn 1.0£0.12 1.1£0.12 1.2£0.22 0.1+0.0°
P 45.347.0° 124.9+9.8° 145.6+10.0° 18.314.4¢
S 679.5+31.12 683.1+38.8° 691.7+40.22 67.416.0°

!Control, the conventional anchovy E. japonicus sauce with 0.0% radish; RRAS-5, the rapidly fermented, high purity anchovy E. japonicus

sauce with 5.0% radish; RRAS-10, the rapidly fermented, high purity anchovy E. japonicus sauce with 10.0% radish; CAS, the commercial

anchovy E. japonicus sauce on the market. ““Means within each row followed by the same letter are statistically different (P<0.05).



SRR AZA T 1719 fEAS ela 4 A5l
EHZ:?—, RRAS-5, RRAS-10 & CAS9] F713 24L& 2451
¥}=Table 73} 2t} tf =%, RRAS-5, RRAS-10 ¥ CAS §+
71;_ 24© Naz} 242+ 7,543.7 mg/100 g, 7,142.3 mg/100 g,
7 006.6 mg/100 g & 8,986.0 mg/100 g&. = 7}AF Wkl o] Q]
o S (67.4-691.7 mg/100 g), K (178.5-452.6 mg/100 g), Mg
(43.4-253.1 mg/100 g) ¥ P (18.3-145.6 mg/100 g) 5= H|
WA ol ehfE o] Utk 7)ol o] ofufj 7o FH Agud
Ao, 53] Na'et Cl& AAsH S of Bte] Wyt 7}
4 AlEks 49} PO, Asisiel o) 45 fslalrt 4
& nE U] o5 $714 Fare] Aol RRAS Ure] Wlol
L} 23}of ohg U] A 710 2 W RItk(Park et al., 2000c). 3]
3 RRASE 9j270] ¥]3] Nao] o] cha w2 whlo] Ca,
Mg & P 5] gago] ohz7o] ula) 253 ol F4lo] 9l
1= o] 54 Ho)3ck, o)z o] THElo] Y= AR 7]
ol 4 5 A0 502 §FED, Eat o] e 7}
% protease”} HA] fish frame 22| 2] 71482315 ZXIA|A o]

o f-2]% Ca, Mg 5 P-5-0] B A zoiﬂ =57 wieol
tH(Kim et al., 1998; Kim et al., 2007; Oh et al., 2019). ©]A+9]
Aol A] WA AZA| G 5% ol Wrketo] HAME
AL 2H 7]E 24 o4 %‘é‘z‘éﬁ/\]{ AsBA A3 T4
4, ofu| 1 AR A Wl ofn] 1 Ab fﬂak(Park et al., 2022) tiH| <
AP ZIZHE 12 ol §EA1Z 4 91 Bk obleh 8, of
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