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Changes of Components in Salt-Fermented Sardine,
Sardinops melanostictus Sauce during Fermentation
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Gangneung 210-702, Korea
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To investigate changes of components in salt-fermented sardine, Sardinops melanostictus sauce during 18 months fermentation,
various chemical properties were examined at 2~3 months intervals. The degree of hydrolysis increased sharply until 5 months of
fermentation and showed the gentle increasement after that. On the other hand, the contents of total and amino nitrogens, total ATP
related compounds increased gradually during 18 months of fermentation. The hypoxanthine and uric acid were abundant in ATP
related compounds, ranging from 75% to 87%. The contents of inosine+hypoxanthine and uric acid were crossed at 13.9 months
of fermentation. After 18 months of fermentation, sauce was rich in free amino acids, glutamic acid, aspartic acid, lysine, alanine,

threonine in that order.

Key words: Salt-fermented sardine sauce, Degree of hydrolysis, Total and amino nitrogen, ATP related compounds, Free amino
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A =

Fetet A2 A Ao dFoz o s = HolE] (Sardi-
nops melanostictus) = 3%, FolFd] &3 i GEH G
N 9%5% &1 Bo] g9 Base AF 54 oJFot (NF-
RDI, 1999). Fojgle HERY 5 F2 Yoz A9 oy
A2 AARAEAY 2o R AR F§Fo] AT (Cha et al,
1983; Lee et al, 1988; Koo et al, 1990), ol#7} Zz w7} @
olX 713S A8 NAZez Addrlde 2AYE APS A
Y1 90t} (Ahn et al, 1986), 183 A7tAa3a s 0] Alof Eo}
A7t gy A3Ho A oJgF F ulR o] AR o] §Hm
(Fujii, 1984; Haard, 1992; Lee, et al, 1993), Umx gy Egto]
A4 (Hef, 329, A2 2 93 o= o]$HI gl dFelt

dxe wEse B¢ & duide] & 2 WA BEEHE O
N2 B Ehe oA o] Euldle AYELY FEo 3 £
d=o] fejolrid AEA HE=g YHFoEA oo 4F
S A, AR gte F2 Folvji 244 o FLET
(Beddow, 1985). $-glvetelA= F2 23 43 ¢ 7hjel 4R
S A2HFT gle utd, FgoldlAe o, 150 5 449
482 o) o]&33 glo] (Cho et al, 2000b), |5 AFEE
WTO &% wig} 2 o] TUE £ A 437 &
e A wuEa glonz ARANGE EFNFn Ytk A
2 Aoz AR EPE AYH EA (Lee et al, 1984; Bae et
al, 1990a; 1990b), koji (Lee et. al, 1988; Kim et al, 1990; Koo
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et al, 1990) 2 143 FA (Ryu et al, 1992; Kim et al, 1993)
L o438 &4 B AF 2YL gou AYdhies I
71 RANEA $A4 F9 AEFAEHSE A8 2AG =
22 njuig dAold,

E d7dNe 439 FARZEIE 98 949 97, F9
g 4L AUy ez 18719 54 $AHANIUA shgE
E, & 32 o oulce) A2, ATP BHEF, Feopnxt
e g A w3 23

Mz ooy

HRH =
Aol 19989 3¢ FARGA ZF2sHAA olgE AL §
AZFANZAN FFRHE FU P42 SR (A
A 136~146cm, AF 249~306g). ABHNA I8 FF o
3t 25% (ww)d HYde A7sta & &t Eg2Y &
471 (WXLXH, 200cmX135ecmX120cm)ol 1kgd £33
F AL (15~240)9 ¢aldlA 18708 53 $48AFS $4 6
MY FRE 2~3049 tF o2 d3td 44 d4E8 (4000X
g, 30 min) 32 ¢ (pore size 1 ym)3te] 1 EH YHFES
AAG 4FE -20C 089 FA BAFAAM 44 A52

AHE 3Tt

HEEY
YHEH F A2TFL A0ACH (1990), 7HFE3EE &4
27|28 Hoyle and Merritt (1994)¢] 3-& <43 W3F Cho
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et al. (2000a)9] el wel pasted ) AL 2ALGFH] B
10% TCA (trichloroacetic acid) 7H&A A4 ¥3Fo] vl &
(%)2 Jepddoh obvlxe) AAgae §EE (Spies and Cha-
mber, 1951), AL G/ A2¥F L Conway unitE ©]-43f= 1
Z&2H (Conway, 1950), pHE pH meter (Orion model 410A,
USA)E AMgste 2433t ATP BHEEH L Iwamoto et al.
(19879 ol we} &3t 98 |& HPLCH (Park, 1995),
A& Cho et al. (1999a)¢] AAIF AAHOZ ENIYD, &
2lo}u] 4k Cho et al. (2000a) 3 22 W, 4TE Lim et al.
(200003 2& Wyo g Pagh 2z, ZE 43247 §A
#2)E Duncan’s multiple range test (Duncan, 1955) 2 A 23+
a1, 3 AL 4L SPSS program (SPSS Inc, 1997)& Arg-3te]
Aagd,

HE 8o MEEY

Table 13 2o} AAA o] AHFE Folg] 9 IR L £¥
T 738+04%, S EEF 274£03%, TERAEHF 181+03%,
a3 ZAYEFEL 51+06% 01028, Table 221419} Zeo]
AATEL 2896+ 48 mg/100g2 2 HX & (Lim et al, 2002b) 2]
F42%% (2752mg/100g)9l F LI1M F= BT, obv=H
AATES 19114121 mg/100g2 2 % A2FeES o 66%019
. 48 f9A ATPE AEHA 4ker, ADPS AMPE 44
0.2 ymole/g® 0.6 ymole/g2 2% AEEHAR, gt AEA IMP/}
7b4 #& 58 umole/gel Tt Inosine (HxR)# hypoxanthine
(HO)E 27t 09 pmole/g™ 2.6 umole/gZ BEHol 98 &9 A
& YelE K3t 347%, pHSF 2471848 F (Table 1)
& 77 649 173 mg/100 g2 AE7} 534 ATP BEE
A F%E 101 pmole/gE FA &9 FF (9.6 pmole/g) BTk 4T
gt

Table 1. The contents of proximate composition, VBN and pH
in raw sardine

Moisture (%) 73.8 £ 04*
Ash (%) 27203
Crude protein (%) 181403
Crude fat (%) 5106
VBN (mg/100 g) 173+1.1.

pH 64

*Mean + S.E. (n=5)

Table 2. The contents of total nitrogen, amino nitrogen and
ATP related compounds in raw sardine

TotalN  Amino-N ATP related compounds (gmole/g)
(mg/100g) (mg/l00g) ATP ADP AMP IMP HxR Hx Total
2806+48° 19114121 ND2® 02 06 S8 09 26 101

YMean + SE. (n=5)
IN.D.; not detected.

IS

Aoy §9 MR E (Fig DE $4 sHL7A 439%2 &
Zo 2718 B9 98 & (105%)9 < 429 A=gen, £4
A9 FRHe B4z gisA £4 1819 Fole 637%
€ Yehiid olAL Folg § 2 WRo B¥de uHd £
HEAS) v o] Ruldte HYEA EHA HEQY AR
Agd, 2e £AZA4M Rolg &9 & (17507 2
x % (Lim et al, 20026)8) £= (1855)8t =8 &4 1871
Fo AArEee BA & (7146%)9 85%AEL
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Fig. 1. Degree of hydrolysis in salt-fermented sardine paste
during fermentation.

& A o olo|Ef HAEE

Holg AR £4 F F B2 (TN) 2 ofvjxe) FAEF
(AN), 283 F AL FFo| U opvlee] F42TF %4 (AN
/TN)9] ¥ale Fig. 29} 2tk F 24 2 ojvlxe] AAFF BF
§4717k0] Aol we} ddse Hoz YA SIS
o, 4 19709 F Rolg AR F ALTFLE 1,707 mg/100 mL
o2 AX (Lim et al, 2002b)2 X AR 3 (2,271 mg/100 mL)
9 75% A=A ole Aol §9 ¥HEE (Fig V7 BA &
o Bil&rrc by S02 N Ao ALAFEY off ol
A7 Yoz #ad £4 1848 F ojrjxg) ALHFE
9157 mg/100 mLe 2 Fx 4R #F (13231 mg/100mL)e] &
9% 2, 4R F2 ot AEQN ARAYEHE G opmlieit FF
(Beddow, 1985)°] A& Ro2 FAHEY. A7z g F 2
28%9 F1E5E (5384571 opuE) FATFY &% (400.57)
29 & AL 4R EAYE I ARAYEE @ opned
02 ¥ide xR Ko2Ry Joz IRAYHEY o|F
£57} 9 BE¢ gmdch 182 AN/TNY $74EE ¥ 24
2 obuce) AAFTF) FUME T G ol thFFr s Hd
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1800 60 o] wet ATP BEEA o) P ATP~Hx #3F9] ¥ &2
= | A BEo) 20 HEe S, AR 2ol )2 2
£ 1w} BN ABANE 24%0] o= AN FohEe RelFo
= = 17 44 1719 ¥ ATP BAEF 33L& 76umole/mLE VRS
E o S (01mole/pd o 75% A7 olgHgon, BA AAY £
| |, 5 G8molemDut 2e Re 9 sHpEaRst ot ol 9ol
3 F A Agoz gedd.
g oot o Z. 182, Fig. 3% 2o £4 139719 A7AE HxR+Hx 8ol
S les S 24%ud 5l 2 oFele a0%o] HxR+Hx $3UT &
2wl < A deon, HxR+Hx B3% 220 aAdte 44 1390
S o 4 ¥2L61%9 £ $HES Boe Aoz FAZY 23
£ {40 NEeE 33T 22 $4 2AA HxR+Hx $3% 24%
z wof o) aAshe AFol FXAAY ReAYRY 1348 = =¥
b 0 L A& 98 %o BEse 997 2HEL ¥ Ao g2
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Fig. 2. Changes of total nitrogen (TN), amino nitrogen (AN)
contents, and AN/TN ratio in salt-fermented sardine
sauce during fermentation.

TN (@) y=538.45Inx+133.21, ©*=0.987
AN (¥) y=400.57 Inx—247.07, *=0.996
AN/IN (O) y= 9.91Inx— 25.83, =0.939

w2t dA3A F7He o

ATP ZHEH

AR Fo) ATP HHEZF WEE Table 39 YERAAT, ATP~
IMPE 7113 HxR 9z &S o, Ao diRE (75~87%)
o] Hx# 24to|ith. ATP~IMP #32 £437]7 o wat 743}
€ vtdd HxRE A9 dAsgen, Hx, 24 2 ATP #dE3
%L s, £4 - 18940€ 39 Hxs a3 47 27
pmole/mL 2 39 ymole/mLE ATP #dE2d $%F 5 355% ¥
514% 8 ARAstgch a8 48 dde A2HA AR 54
71 FREE AR ATP #EEA F 714 22 4%E A3
gor Auel WA AA (Cho et al, 2000a; Lim et al, 2001a;
2002b), 7112 AR (Cho et al, 1999b), W] #A (Lim et al,
2001p) 2 ®lzatx A& (Lim et al, 2002a) A8} o] £417

Table 3. Changes of ATP related compounds contents in salt-
fermented sardine sauce during fermentation
(umole/mL)

Fermentation ATP~
(month) IMP
6 0.6 (1200* 07(140) 200400) 17 (340) 50(100.0)

8 05086 07020 22(380) 24(414) 58(100.0)

10 03( 48) 08(129) 23(37.) 28(452) 62(100.0)

HxR Hx  Urc acid Total

12 01(15) 080123 25085 31471 65(100.0)
15 01( 14 090125 2661 36500 7.2(100.0)
18 01(13) 09(118) 27(355 39(514) 7.6(100.0)

*Numbers (%) of parentheses expressed the ratio of each com-
ponents to total content.
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Fig. 3. Changes of HxR+Hx, uric acid and total ATP related

compounds contents in salt-fermented sardine sauce
during fermentation.

Total (O) y=2.50 Inx+0.45, r*=0.997
HxR+Hx (V) y=0.98 Inx+0.89, r*=0.992

Uric acid ((0) y=2.061nx—1.97, r*=0.996

wajojo|e At

&4 F A3y fotvite FFH 249 Wile Table 4
s} 2o Bojzl AR Y fEohnedt FFE 471300 2R
of Wt F71std 54 18718 Fole 68707 mg/100mLe g
B %9 4 30% A=W HA Euch o9} Zo} BALL §4
Azl Holg AR JteRAES 4% HTE AFE] ¥ gGe U
e AL 4R F9 o 34% AL} opuxAA EFHHA
Fe ARA A2HTRY Ro2 F2Hn o/d¥ A= Cho
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Table 4. Changes of the contents of amino acids and the ratio
of its components in salt-fermented sardine sauce dur-

ing fermentation (mg/100 mL)
o Fermentation (month)
Amino acid
6 10 15 18

Aspattic acid ~ 4701( 103)* 70103 e670C 108 7148( 104)
Threonine m2( 60) 30 6 a2 6D 4158( 61)
Serine B88( 52 ol sy w354 w2l s4)
Glutamic acid 8158 ( 177) 56 178)  LInSC180) 1475018
Proline 1884 ( 41 m70 44 120470 383( 49)
Glycine 1396( 30 18400 38 2620 38 w11 3
Alanine M0( 80) 4750 81 st04( 82 se43( 83)
Cysteine 2598( 57) w0 5D 36s( 5D 3s44( 52
Valine B8 50 I 40 w67 40 9l 49
Methionine 1694 ( 37 269 44 5070 400 2%63( 39)
Isoleucine 450 30 1950 30 1e61( 2D 1810( 28)
Leucine %68( 62) 2690 51 m3( 60 41200 60)
Tyrosine 1039( 23) 43 22 1400 200 1383 20)
Phenylalanine ~ 415( 09) 463( 09) 533( 09) 7410 10)
Histidine 1944( 42) mat 4 w20 40 31620 46)
Lysine 3959( 87) #5630 88) 5300 87 s977( 87
Arginine 2693( 59) w740 58 2986( 48)  3108( 45)
Total 45972 (1000) 51868 (1000) 62295010000 68707 (1000)

*Values in parenthesis expressed the percent ratio of each
amino acid content to total free amino acid content.

et al. (1998)°] 24704zt $A4A2 FX AR ARAHE =S
SDS 71953 BAe v Aok £4 18719 F ol o
Ao frEotulcdt £FLE 98 9 B&E7 =9 #AR 9
AYA FF (87697 mg/100mL) ) o 78% A=do] HA 4t
. ZAzte] fEolu|eAtE e &47|7ko] ZojHe ma} FFe)
S7tatg e, 1 F AR Frg b4 #Aol F& glutamic
acide 477t} mel 714 & Eog Zulhstd &4 18719
Folle ZAH7F 182% < 1,247.5 mg/100 mLol Tk I th&o]
aspartic acid (104%), lysine (8.7%), alanine (8.5%), threonine
(61%) 59 o2 BA AR FQ oju|kit 24T FAI3Y
on, o] opNAEL frEolvrledt FHY o 52%8 AAF}
3 QAT o F glutamic acid, lysine, alanine2 AEA 4y
2 37T £4842 2X 43 (Cho et al, 2000a; Lim et al,
2001a; 2002b), 7hvte] 43 (Cho et al, 1999b), WHo] o3
(Lim et al, 2001b) 2 WEZA 43 (Lim et al, 20022) NN E
F8 o5 i} AR FQ oo FAH UL,
a2la B A8 39 Koo et al. (1990)2] &AL A9 Al
A 8 opr4t (glutamic acid, lysine, aspartic acid, leucine,
valine)o] & AL &4 z7A0 W &9 7|AB4 o
HEo g AR, & M (3YA £, 71 koji B)LE
S4%EE Y K9 BI&xr) Wil AR FA0e @2
AAAE gt e AFHA A I Pnc oA By

Al

=

=
g AR A= (Fig 4)€ 47120 we} dF3A F718
3

A
o &4 18719 Fo] 4xE 2058 23 A (Lim et al, 2002b)
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Fig. 4. Changes of color value at the 453 nm in salt-fermented
sardine sauce during fermentation.

9 087H T} Fof 248 A& Ago] ¢ AFon 4704 &
Aeol W3l T AHole] dA (128)0 BA AA (0352 37
W AR o & Ao e, ddo] g AAAFo] ¥r=A tt
AEA A&z HE = D feoln it FFo] A 2L ¢ £
ATk AH (Cho et al, 20000) A Fdolit fAlo] At o
A g o7 ARG gt AR ol TS B
dre o AES o B 439 438 A Fan

ojAe] AT RE e £AZZANA Holg] dAle] WX AR
Bt 98 %9 F AL ATP BHEA £ 9 2 ofni
o] BA, &9 Ri&Es 29 A2 43y F A 9
ofpl ] AAEH ATP FHEA 2% 233 faoreit
ZF& woken 23 Ade o AP

O ot
I =

Aol AR A Wgo 1830E B¢ £4A719A 2~3
Mg THoz AEA3 tdte zAIHT Foje §9) 7h4
B £4 sALMAE 4%2 & Fo8 Fvlegou, 1
olFow EH&Erl E5tHol 54 1819 Fole F 4% B
&SR0 §o2RE doz o PH AR F9 F A4 P
opme] A4 T8 ATP BEER 32 £4713) 4]
#ate Frtatglen, 54 /1Y ol F ATP FEEEL A 4
HE (75~87%)°] Hx9 S4to)ith. HxR+Hx 3% 84kaFo]
2aE £4 139719 2L 6129 =2 2HE&E B AA
HQ E3AMoz AdRd 18AYE 447 FHolg HA9
Tt it FFL 68707 my/100mLE 9E & F oinjxi
3 (23249 mg/100g) ) OF 30% FEFon, FQ ojuAte
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glutamic acid (182% ), aspartic acid (10.4%), lysine (8.7%), ala-
nine (8.5%), threonine (6.1%) %9 <o)t
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