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Antioxidative Activity of Low Molecular Weight Biocompounds
Purified from Anchovy (Engraulis japonicus) Sauce
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Antioxidative activities of low molecular weight biocompounds purified from anchovy (Engraulis japonicus) sauce
fermented at 15+ 3C for 5 years were investigated. The fermented anchovy sauce showed 5 peaks on gel chromatography
pattern. Antioxidant activity of peak 2 was 82.7% followed by 42.6% of peak 1. Main antioxidant compounds of
peak 1 were glutamic acid and lysine, but those of peak 2 were not confirmed by amino acid sequence analysis.
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A A AT (Ames et al.,, 1993). T3 oxygen free radicale
AR AN AGED I HAAE vES FA0 A
o= Bdgivty ¢eld 912H (Burdon, 1995), o] &
oxygen free radicaloll= 0,+7, -OH, RO;+, RO- 5°] 1t} (Lim
and Shim, 1997). F}sHA& 2H3HE WA SEAY A A=
222 235 Aog 1 g7 ulel 2 EAske] 34
Hk-2-& A|oSl= free radical A2ARHS-A|, IHAHELE-S- Bl(3k)2}
t]Z} (non-radical) 2 E-3)5}e] ESAIA) 7= H4H3EE el A,
Agakstol] lojal iAo} FFEA] Gt Es F
AT e D BT SN EAE LASE singlet
oxygen quencher $22 EF HC} (Ahmael, 1995). o] Ei gk
FAIA e 7hE AR &5 ?skg WF AR Sof TR
flavonoid ¥+ phenolZ| ﬂi}ﬁi ZA4 ¥} (Lee and Chelgh,
1997). ShatslAls HA FskA o Az iEEE
dl, @8 FAstAle SEAWAA EH Z4F E4F Tl
&4 39, 53] butylated hydroxyanisole (BHA) 2 butylated
hydroxytoluence (BHT) 22 phenold] 34 A3kl = 718
EE ¢ A BodEtE AOE BT ¥ 3 Ut} (Doll and
Pet, 1981). T=3F P SFALSLAl= ot dFAkslA| Aol uls)
H2-802 Q3| AFANA IHAG FA7F A =L Qo
Z NE2E A A 53], 21F AA a8 FiisEE
9] galo} g FE T Qe HA o)t (Yamaguch et al., 1979).
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peptides WEZ A F&Hol2FHT
(Fujimoto et al., 1984; Chen et al., 1995) 3 hydroperoxides=
imine (Zaleska, 2000)2.2 H¥5-& 717 d4taEdoly, &
AEA] TS 47 Badle] dojx|= AEA} peptided]]
Ae garstgAde] ot dEA Ak (Kim et al., 1996).
FARA 0] BT o) ST A (Kim et al, 1989), ThT
Y] (Kim et al., 2000a), H7FEF-AHE (Kim et al., 2000b),
ZEAE] ) (Kim et al., 1996), capelin (Amarow1cz and Shadihi,
1997) 59 ;@i7l~?5’~6Hg°ﬂ o] A, EAAA 2 5§
AEE (Park et al., 1999 T 43 a77} vk A77}
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AAo] A18-% Bio-Rad P-2 gele Bio-Rad (California, USA)A}
AN FAsIA L, A AMEH Y] AL BF EFS
A&kt

otstE2el Fx
PR A0 2 HE AEA FasEA o] FA ”4% o
N A S sulfosalicylic acid® A sle] IAH2lg
&, 4T A PMI0 (cut off, 3,000 daltons) membrane filter
(Amicon, Bedford, MAYS AM8-3l¢] shejoix) st §holy
3 g AfHG 40T T4FHS §, Bio-Rad P-2 gel
(Bio-Rad, CA)Z 3Z3g column (2.6X70cm)olA] 0.5
mL/ming] F&£0® G&3l9on, £292 smLy o}
280 nmoN A FRF=E F4sAch Fatst#do] £ peak
£ High Performance Liquid Chromatography (HPLC)Z +-2]-
AAsE . &, Azt 2 -AA = column Vydac Cis (7.5 X
250 mm, Shiseido, Japan)E H-&-AAglg o, Eelz2Hde
o2 2t & A £9; 0.1% TFAS ¥ 3= H0 (pH 2.2),
B &ull; 0.1% TFAE E338H= 100% CH:CN, B §99] 55
Tl 0 — 20% (40 min), 7+%; 2.0 mL/min, ¥7&; 220 nm, &
T; 40CE §ejste 238tk 248 UER peaks T
Capcell Pak Cjs (7.5 X250 mm, Shiseido, Japan) column® =
O 2 BeERpo FASI &, #&, 3L
12} FA 9} L3, B 849 FE=74); 0~ 15% (45 min)
2 3Hh 23F AA A Zdo] e peakE THA] Capeell
Pak Ci5 (4.6 X250 mm, Shiseido, Japan) column®. 2 T2}
2o FElxne s FASA &9 2 e 12 A
59, B §99 FH=FHl; 0—10% (30 min), 35 1.0
mL/min® 2 3}Ych AA|o A&t HPLC Waters Model
486 (Waters Associates, Miliford, MA, USA)S A-2-3131 o™
HPLC-grade-8 water®} acetonitrile-> TEDIA Co. (Ohio, USA)
A Fh3te AHg-stAT

Peptide-nitrogen &t 2F

Peptide-nitrogen®] 2742 Umemotod] 71 biuretH (1966)°
ojate] ST F, ARE F e AlFde] 242 05
mLA FH3T FRG 45 mLA S 7H o, & Al dels
biuret A}2F 1 (0.4% CuSOs, 8% NaOH, 0.2% glycerin)—% SmL
HA7Vsle A W72, BE AP ol = biuret I (8% NaOH,
0.2% glycerin) S mLE 37k3te] B ¥h-&-72 &3 ch. Blank=

AE & B FHS SmLE ST ARG A e
207 R O 545 nmol X FHES SAa olglel
2)of] o]&te] peptide-nitrogen WS TF3H3Th

Peptide-nitrogen T3 (mg/mL)
=(A 9379 FEE-B &7 FHE)X0.94

] FE
B W7ol FHE =B W7 A8 FIE-B T
FAY FRE

o

FAREAE R
NaCl| &gk

AlE9] NaCl & 232 Mohr ¥ (AOAC International,
1995)2. 2 =439}

ghitstat
Zt A18.9] 1,1-diphenyl-2-picrythydrazyl (DPPH) radical®]|
et 2AET 2L Blois WH (1958) 2.2 43t Pats)
59 AEZ AUt =, methanolE TEE ZAH3I AlH 4
mLE #3}3, 0.15mM DPPH 1 mLo} E§3te] A4 308
Z7F W3 o 520 nmoliA] S EE 431, DPPH radical

AA&A [Reduction of DPPH (%) = (A& AHET9 3%

JHETE] FFE)X100]s TSR

Amino acid &H&f

o}n =4t (glutamic acid E lysine) THaF2
Co., St. Louis, MO, USA)2.2 243} THIA (
e 2RH 3ttt 34tksgd& DPPH
(Blois, 1958)0.2 &43}% T}
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Peptide2] MY Z%
HPLCOAl A 2E A3 A E2 peptide D AL protein
sequencer (Shimadzu PSQ-1 Protein Sequencer, Japan)& Alg-3}

of ojmlngt HAL B4
3 ¢ o
gasiEzel HH % SA

20ton91 tﬁsﬂ S (15i3C)0ﬂH sd 5L 847 2A
o A& sulfosalicylic acidZ AT a3, 4T oAl membrane
ﬁlter PMI0 (cut-off, 3,000 daltons) -2 &+jod }ated 2| E2}2)
E22S Ak AEAEAL gel chromatography Aol A 571
9] peakE WEFH AT (Fig. 1). ’é]a"ﬂ AH8-8F Bio-Rad P-2
gel 2 100-1,800 daltons Abo] o] Ex12-S FAT 4= e Y
< XY 9o Fig. 19 peaksE2 ?:7\]'301 AHoE g
EAY Ao 2 A A} 1EF 513 <Ag UIAA 9
peptide-nitrogen F&o] WF Gol (270 pg/ml) FAAEE
T (10,825 pg/mLyste] AF e AMgst o, B4 a8
5.10%% T4 $9ich (Table 1), AEHo g X AL s
(25-30%)2) 2B AHEsH7] wiitol] A S8l =59
FEg g A Ao} gt 2 Ao AHE-3F Bio-Rad
P2 gel& AH AT FHE oF 2604 0.003%2 EHH S
wio] Aeldge] tigh &gl AR FAISIT (Table

KR
-
=

gitst #d o =el g

XA F ol A Bio-Rad P-2 gl #8]-AAT BFEY 3
31845 DPPH radicalo] W3t AAGW=E A3l Table
19 JeERA AT} Free radical scavenger 7152 523t §4k3}
E4 a919] dfrio}r DPPHA= free radical® dHAFShA|9} vE-S-

A 7122 3231 A 9] free radical scavenger %Fﬁ.ﬂ% 4%
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Fig. 1. Gel permeation chromatography pattern of biocom-
pounds purified from anchovy sauce fermented at 15+3C
for 5 years.

P

= 9Jt}. DPPHE ascorbic acid, tocopherol, polyhydroxy WHaFs:
SIHE, WESRIF T ItsEA o5 gdso] e
Aajo] gralo] gom Weldh wHo oA AT (Blois
1958). Peak 1-57}A12) F3H4rs}E23-2 185.3%°1 2™ peak
2 (84.7%), peak 1 (42.6%), peak 3 (26.2%), peak 4 (13.8%),
peak 5 (12.1%) 0.2 gt aIE Yeplich 3 @9
g HIZA (specific activity) &2 F243L A} peak 27}
1,283%-mL/mg=. peak 1 (380.4% mL/mg) X peak 4 (328.6%:
mL/mg) Bt o}F =& 3§ vEllo], 348808 peak
27} 71 e A2 vt o) de] 23t Table 19
peptide- nitrogen A3 Hlwsl B w) WXYA -F2 HEAE
Fe] ikals1t peptide-nitrogen] A #I = HIEA] AT
A7} Xk AL opln] AN T A0 v A )3
el # JoBEo) o me} spidslanyt dysEe o=
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A ZFEH, Yeum et al. (1997)2] BX]S T A o] gi7pis|
Eo] gutsld Aot fAke A#AE e §4
Yamaguchi et al. (1980)2 tFHYAS a4 2 7I5E3|AIZ
s FTolAe Fitstdde BEAH 2.53kDa Abo]Y
peptide”} 7F4 oWt B 3199 21 Kim et al. (1996)2
742 gelating 10, 5 2 1 kDa®] $+9]olute- A2 B3
A DLe IEEEE Tl BAF 5-10kDad 7HEEEE o]
a-tocopherot .t} 84kt 0] 10% J= O] ¥UTkal B3
o} rd ) FE A 5 casein 2 W albumin EATEE
#AEo] 34518792 vitamin B12 (MW 1,350 Da) BT} 2F7t
& BAEg 717 R4 7P 252 ™ (Yamaguchi et al,,
1980), gelatin 7}-i-3ll &9 A5 280 o & £t g&
oA Fakzlg o] Ehtka ) (Kim et al., 1996). Park
et al. (1998)8 X} (Symphycladia latiuscula)®} 259
ek ksl SAlo] gk Aqtol| A FEE2] [CS 3.14-15.44
pug/mL ©1%1 o™, &3] HAG23HA L-ascorbic acid¥] ICs
1.22 g/mL, a-tocopherol®] 1Cso 1.28 pg/mL, 373 3H4F3HA]
BHAY] ICsp 1.06 g/mL, BHT] ICsoS 321 pg/mlLE S35
Rt Basigich £ A7 A4 F2A biocompoundl
A 7 =& keS8 UERA peak 29] ICse2 66 pg/mLE
AA gatsiAl 2 FaaataAel vsiae v 848 Ve
AR5, A5 2 7E 100% 98 FAE A o] o 7] wiel
SH AAE ERL2 olng R =& ICso@t S 71 Rog
FA 9}t ¢F 10,000 daltons A2 T frame EA7FFEE
E-2 e-tocopherold} BIS:d kst EAS 7442 9l o}
(Jeon et al., 1999), 7Y EA75=EES % 1,000
daltons ©]3}8] At A FakelEado] Eokthal $H} (Kim
et al, 20002). BX|AA19] BuOH ¥ F&AZ w5 ghatslsia
o] $-=akar GALEE-E -2 B2} 1,000 daltons ©]5}F2] peptide
4 Ao FASAAT (Iwamoto et al., 1997), ©] ==
Adle] e 1edhA] g2 o] St oS A L F4
ol &850l 23l FirHEES Y, BEl BT
& F&0l 29 T/l wet A7k Gt (Yamaguchi et al,

Table 1. Antioxidative activity of low molecular weight biocompounds purified from anchovy sauce fermented at 15+ 3T

for 5 years
. Peptide concentration Yield NaCl . Antioxidative activity Specific apt_mmdatwe
Biocompound (mg/mL) (%) concentration (%) activity
9 ° (%) ’ (% mL/mg)
Raw 10.825(0.270)* 100.00 26.200
Peak 1 0.112 1.03 0.003 42.6 380.4
Peak 2 0.066 0.61 0.003 84.7 1283.3
Peak 3 0.172 1.59 0.003 26.2 152.3
Peak 4 0.042 0.39 0.003 13.8 328.6
Peak 5 0.160 1.48 0.003 121 75.6
Total 5.10 185.3

* The value in the parenthesis is peptide-nitrogen concentration of raw (not concentrated) anchovy sauce
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1980). Capelin®] EA7t=E& 24 AA 3 4782 peptide
i FollA Sl FENA =2 FiElRAES Ve,
27 9) oM ol gt FatadAd-E Yehdlon,
2] 1702] BE-o)| 4= prooxidant 432 VERY AT )
£ (Amarowicz and Shahidi, 1997), & 4@ E o9} FA}
Al B8l ule} dstEgde 2 e ghe YERIE

A G A EAste P EAY] F2E B3] 9
3}o] Bio-Rad P-2 gelZ ®E g & F ditstd o] 714
EL peak 1 ¥ 28 HPLCE ©AEE AHASgon, 1
% WEA< 23 HPLC A £4 HAE Fig. 201 Ve
AT E =FoAA= EA SkARE 12F HPLC A Aol
A peak 1-& 57] (peak 1-A-E), peak 2 970 (2-A-J)&] A%
FIE& YAtk 1 3 sl 2 1A B S
HPLCE 23 AAEle 119 8 (-XDE ¥e, 2-B
o9 28 (-1X)S VeI AT (Fig. 2). ©15 34k3ta
o] =L [.A-NIEEL HPLCE 32} AA St 4709 peak
(1-A-T-a-d) S ¥Re™, 2 & 1-A-II-d £3589 2584
2 9%E YEhRAT. ®F 1-A B8 64%S VEI
. 2-B-VI-b 2 e ZH 3 2 82%, 2-B-VHI-d B 2-B-IX

SO
e
H
t.oor
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8 247 23 B/ 5% P3RS et dd
&4 BAYA Y F Fdst o] 1L 1-Adeh
1-A-IIIE sequence analyzer® B3 ZH3 Z+d glutamic
acid & lysine®] ©¥ opv|4to 2 yelydtl HPLCERH
BAG AR de Fulgolold ofnlieil AL H
Aoz WisHt THne BiHoR T2EAL @
s Y BEFLE 2T REFHNOERY ofpxi)
o] g FAsta ot opv|et FEge] mE FibstE
o) FETZ AL glutamic acidQ! A% y=0.18x + 101.1 (R
=0.8526) ©1 2™, lysineQ! 73-F y=4.9x+5 (R’= 0.9471)
ojt. HEFUAM B 9 3 64%el s FEe
glutamic acid & lysine®] ¥ 6.11 Z 1.20 g/mL o] ATH
(Table 2). $+A Park et al. (1999)2 B AR 8- Zofl A
GitstEd-E B2 A A5 methionine FEANZ FH 3}
9.9 ™, Yamaguchi et al. (1975)2 H-Eolu=4it 3H4ts}
ol ot fgobulimitelnt tripeptide R T} dipeptide”t
o $stthal e N—2ehe] FAgoju]istel uhet
rabgo) @btk Ptk 12yt peak 25 A H A

o} sequence analyzer® T-FE-40] FHA| &U=d, ol

¢

4]

—

&2 ool

Absorbance at 220 nm
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Fig. 2. 2nd HPLC pattern of biocompounds purified from anchovy sauce fermented at 15+3C for 5 years. A and B,
Peak 1 and 2; Column, Capcell Pak Ciz (4.6 X250 mm); Flow rate, 2.0 mL/min.

Table 2. Antioxidative activity of low molecular weight biocompounds purified from anchovy sauces fermented at 15T

for 5 years
Biocompound ~ 1st HPLC ~ 2nd HPLC  3rd HPLC Antioxidative Amino acid Concentration
activity (%) (g/mL)
1-A-11 1-A-TI-d 9 Glutamic acid 6.11
Peak 1 1-A
1-A-1I 64 Lysine 1.20
2-B-VI-b 3 NA*
2-B-VI
2-B-Vl-e 82 NA
Peak 2 2-B
2-B-Vll 2-B-VIi-d 23 NA
2-B-IX 5 NA

* NA: Not analyzed
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5l<d imines, sulphides, thiosulphinates, sulphoxidesZ &
sto] FatslEdg 7RI AT} (Zaleska, 2000). 12 E
2 B 2y ZA A glutamic acid Z lysine2 imine-g
At PP E 7R E obnli4tolgtn Hof A
B2 5E AAS 117] o}lvleilte] gialdyd s =3
1S o, 10709 oful=ite] gabsled S JERGIe
™, Z1 % histidine, tryptophan, lysine®] 7+¢F EA4L 7}x] 3
e ¥l glutamic acid 2 alanine 52 ThA o3k 4t
31&4E& YERN AT (Marcusk, 1960). o1& o}r]=AS 4
LAY AFEEA ofdd AtstE 13 P ER
& Aoz A FislgAd S vepdT T gh (Marcusk,
1960). 53] histidine 3+l U peptide™ THET
oltyg} histidine?] imidazole ring®] AW radical®] B4
(Murase et al, 1993), =% hydroxyl radical ¥ singlet
oxygens B3l (Wade and Turker, 1998)3}o] 4ts}ghd &
HAE AoZE ¢8iA v oj&adwd R EL &
AEEA 2 ASESHFAE A RS AL
(Shahidi and Amarowicz, 1996), |5 % *Fa9 4 714
SERT Hojut it gAE AT Yt o (Kim
et al,, 1989). ¥ Cheigh et al. (1993)2 ¥=Z39 it
3}4d2 melanoidin related products (MRPs)7} free radical
scavenger 7%, &3 58 AsAle Jigd F4 Aol
EZ M9 7|5, lipoxygenase 84 Hss& 7t 34
<d 2 Ade Aol A A JER AT HEA
2 78 uk-g- (Maillard reaction) A 5L ¢4H3184S 71
251 Jo} ofF AHEoRe AAHA Xt ded
(Dworschak and Szoabo, 1986a; Dworschak et al., 1986b),
I olfre Ao R 3t AFHIIA wao] w7 &
o]t} (Yamauchi, 1991).

Ao 4¥gAaE B XN A ] kst g4 ey
T A4E A9 7HA obv|st B opu|=ibe] R 28]5L
daar £ JAE 2HEAE 5] oligopeptideE 3 o2-#
895 Yeille 2o g Azgch H2 A, 7, 43
SEviet A LE A F 5T Aelgd 2 Bl
A 2-0] &< (Cheigh et al., 1998; Cheigh et al.,, 1993)
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