Food Industry and Nutrition

The Functionality of Anchovy Sauce
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(nonfradlcal)i sty B84 A7l FAAEE
] AHEaksle] QlojA] B A A ok FEA] A
S Z7MAIIE AsA B AE EHMLAE A
B} singlet oxygen quencher 5.2 ¥ 5 %E} (16). o]
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10 2 4 g
o] A4S} 482 YAH o R AEY FHFA E AgA %08 §&39 280 nmol M FF=E S43AT EF
o Hitsiab Ao A3 B Wyt ol e} o8 A B E AL FHAEE 2H8h= FEY fractione FHTE 84
g g4 53], g dEdAdiold 1ea 9 o] FAEE ST 2 IS E F9 FEE X
214 o] Yutn BaEa JokE0). Wb " AR ABHETh Ho FF =9 50% o] 49 fractiong pooling
I 2 fEivel 1f9 4E A Fo] sy 2 ato] AF o AHESHATH
A4 Y3 o, XA Ao] zte dFAF T 7154
o ojo] 2% 7|54 AF0l E & Ue AR AZ Peptide-nitrogen &zt
7l wj o HX AR g4 ey g4S FHE F Peptide—nitrogen & #9 =4& Umemotod 7%
27t Ao biuret' (40)2.2 FHa At £ A 8E F /e NdH
Fe oEP THR U0t YRR BTHD AT o 22 05 mLA AT R4 45 mLAS He U,
el AHE A¥ste FAE EAH R 4HA dn g Aol e biuret A% 100.4% CuSO4, 8% NaOH,
Qbo] bl of 75%7F T3 AFE E 1RE Aygo] 1 0.2% glycerin)& 5 mL #7}8ted A Wb T2, U2 A g
TE 9o Adyelztn & g AL T FHl Bl biuret 11(8% NaOH, 0.2% glycerin) 5 mLE 7}
ATHED. g L 7HAE 42 s gy 3le] B Bk 2 34T} Blanks A2 EY Al SF
3H;§i inhibitor(32,33), phytic acid(34,35), isoflavone 5 mLE AFEEI AT, ALdA] 2A17F HLAI 7 & 545
(36), F=G7), AFFAAF3R) & T2 g2l T8 nmoll X T3 EE 548t peptide-nitrogen & &g 73}
5101 Aon FabEol = S EF(39)9 gt a o] L= A},
Polu 77k Yot |
weta] B Afo e Ha 54 2AGAY 54 717 NaCl &zt
2 AdHT T FHe) 7154 biocompound (pep- X2 NaCl 8% 242 Mohr D2 243}
tide)& ®¢] - AA S &, 43 % ACE Al ad e
Aoy, w3 v Al ] & 54 539 9A AE S MBI B A
o FisEde 728 oA Linoleic acidE A}&-3}<] Hayase and Kato ¥ (5)2
2 239t = linoleic acid 1 g& ethanol 20 mLel
Mz 3 ey gt 4 ¥E2 2HH A8 1 mL 2 02 M po-
tassium phosphate buffer (pH 7.0) 25 mLE 378 &
e 37°Col M 24413t W8tk o §AL 25 mL chloro-
2 Ao A A" A3 AEe FUAEER) A form2. & 231 3(2~33]) acetic acid 25 mLZ &85}
Axd BAAA AFe2 BA 20 ton°ﬂ TFL 0% ok o] gl T KI 49 1 mLE HsbSn 183
AL 7}ahod 15+3"C0ﬂ?~1 7Z+zy 1,3 2 5 4% AL g T 58 Ao HAZ} s S/ 50 mL 2
Ao ez AT $48 L F4 tank AR 196 R Ak 238 HIFSEI 001 N NawS030.
EAAE 71ge 1402 AASALH, 4 19 & 2 AAste ggsgds A
e ZAE AAT BXAAE B tankE &H &4 59 &4 dAAA ] gitgEd FA F FREA
3. Biocompound “gAlo| A}&H 4A = Bio-Rad AHg3h ek 44 F4 & 1,1-diphenyl-2-picrylhydrazyl

P-2 gel (Bio-Rad Co., California, USA)E AF&-38}3H 0.1,
gasl 28 48 AW linoleic acid (Sigma
Chemical Co., St Louis, MO)o] ¥ 2o AL&% 1} x]
Aleke B AHE-3F T
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B A& sulfosalicylic acid® A e o}2 4°Co| A
PM10 (MWCO 3,000) membrane filter (Amicon, Bedford,
MA)E AME-38le ®2H% 3,000 daltons ©)3t2 2389
o 28" A 40°CAM At 55T thd Bio-Rad P-2
gel& F A3 column (26 X70 ecm)ol A 0.5 mL/ming] 5
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(M&, oA Fhste] 2ol AFE3IA A E
SNU-1<- 100 unit/mL 9 penicillin-streptomycin 2 10%
fatal bovine serum (FBS)o| ¥ RPMI 1640 Wi X &
ALg-8te] 37°C, 5% CO: incubatorol| A wj) &3} 53 o}, vl ok
H Azte]l dMEE €F Y 2~38 wjA g wgsFy
75 mL cell culture flaskoll 5 mL® E&3dleo] F3tn
6~74wtth Al wjetHA APl A&t FEA
Zo g A5 o FAE ZFANERE Z317] A8t
o] Carmichael 5(4)2] Wl weg} FITAAL 3-(45-
dimethylthiazol-2-yl)  2,5-diphenyltetrazoliumbromide
EAMTT assay) P o2 2435190, = FEHIE
96 well plateol] 1x104 cell/welle] HAHF EFsly 47
TR Alg 20 pLE F7Fst 37°C, 5% CO: incubatorell
23 9641 7+ v kst Tk o3 7)ol 5 mg/mL MTT-&9 20 uL
& HUhsla tA] 4719t 22 2o A 417 o Hj&ka)
At )AL IAEE(8000xg, 10 min)dte] A5 AL
11]7-] &t 7-} well‘;L dlmethylsulfomde(D\/ISO) 150 pL
o 3 Wye & ELISA readerZ 550 nmoll
FE 5}04 gadds Fatdo.
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Angiotensin converting enzyme (ACE) Xsiig4
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ACE A &4 242 Cushman$®} Cheung ] W (42)
o2 234391} & lung acetone powder(Sigma Chem-
ical Co., St Louis, MO) 1 g9l 400 mM sodium borate
buffer(pH 8.3) 10 mLE 7}3F U 5°Coll A 24413t L nkgh
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T AARF(8000% g, 30 min)st] & A5 AL ACER
L3l ue- = A& 100 uLoll ACE &4 20 ul

S 743k ohg 37°Cell A 587t preincubation 312 ™, o
Z+2 0.1 M sodium borate buffer(pH 8.3) 200 UL & A}-&-
algch o719 0.3 M NaClg 532 0.1 M sodium
borate buffer(pH 8.3)e 7] &<l hippury-L-histidyl-L-
leucine(HHL) 0.5 M& =91 &9 200 uL& &3t 37°C
o] A} 3087+ HFL- A1 7] 22 1 N HCI 250 uLE 7}8be] Hh-8-&
Z2 A7 9 2 mL9 ethylacetate 3225 E &0 & &
FAZ FAbe] 1 M NaCl 3 mLE #7}ste] %49 hi-
ppuric acid ¥ 52 228 nmollA EFE=E =45t A
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= . A& 2 biocompound & & A Aol A g A
Gl slelod mt W Bio-Rad P-2 gel permeation chroma-
tography 2 AAT AA AlsolA Fibstego] 2
peak+= High Performance Liquid Chromatography (HPLC)

2 28 - AARAY &, AlA £ - BA = Vydac Cis
column(7.5%250 mm, Shiseido, Japan)2 & & - A |
Ao Fexde s34 2t 5 A &7:0.1% TFA
2 233t HO(pH 2.2), B £1: 0.1% TFAE ¥ &3l=
100% CH:CN, B €99 5 =48] 0— 20%(40 min), #
£ 20mL/min, % 220 nm, =%: 40°CE £ 83194,
44 vebd peake tHA] Capeell Pak Cis column(7.5
250 mm, Shiseido, Japan) .2 t}&-3 #& Bz A R
AAsA &0, 75, 38 13 FAd Y, B
Lol FEFulE 00— 15% 45 min) & 3t 232 A
oA &Ao] UEME peakE THA] Capcell Pak Ciscolumn
(4.6 % 250 mm, Shiseido, Japan) 2. 2 -3 #& 522

o2 HAsAd. & 2 442 13 FA $Y, B
fdol sl 0—10%(30 min), 4% 1.0 mL/ min&

2 stk AA o AFE3 HPLCE Waters Model 486
(Waters Associates, Miliford, MA, USA)S AFE3l9 &
1 HPLC-grade® water$} acetonitrilee TEDIA Co.
(Ohio, USA) AFE AHE&sHH -

ofo|-pt B2 EX

o}u| = A glutamic acid 2 lysine) $H&#2 EFE(Sigma
Co., St. Louis, MO, USA)S.8 A48 EEFA(FE vs
garsigAd) o 2 1Y Y Th

ofoj it Mg AE
HPLCOIA #F FAS A|89 ojr|=
protein sequencer(Shimadzu PSQ-1 Protein Sequencer,

Japan)E AH&3te] ojvit AMEE EAEH.
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Biocompounde| A ¥ &4
1,3 2 54 #4471 X AA 9 gel chromatography
ZA1-Z Fig. 1~-3] YR Aok 149 <4 22 4AHL 370
9] peak, 3 ¥ 59 4417 BA A AL 27 4 2 5709
peakZ e 4 1d E XA 31(Fig. 1)9] peak 1
B (252} biocompound)2 %4 5

ERA 54 (Fig. 3)° 4]
A7)} Zrasko) FukR(peak 3-5)9] AE A} biocom-
pound9] 402 APHALZES & T Yot 1Y EE gel
chromatography Aol A £ 7)7t0] 242 HE A bio-

compound(peptide)7} &o] A H olff& 45 &2

A o] 2l gl AR A} peptidert A7kt E A R VA E
o] Eulsts i F L] o) FaEo] HEA
AAsAT T Rtk 1,32 59 <4
Z+7k 2.98,

biocompound&
AR @ biocompound?] A A&
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B ] " peak 3 1,32 5d 54 FAAA A&2 biocompound®] &3
2 NEEPE 27} 564, 903 B 1853%2 $47)7k0] BE
§ ‘1 E Z7letg o, 53] 513 w4 XA A biocompound
: P03 1R 3d SR 24233 2 210 A=
g E}THTable 1). <4 7]{9] 27}l W& biocompound
° ko] Frte AA g2 HlE gk Adel A St
g o]l fr= AEA} blocompound 52 & g s
3
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Fig. 1. Gel permeation chromatography pattern of biocom-
pounds purified from anchovy sauce fermented at 15+3°C
for 1 year.
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Fig. 2. Gel permeation chromatography pattern of biocom—
pound purified from anchovy sauce fermented at 15+3°C
for 3 years.
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Fig. 3. Gel permeation chromatography pattern of biocom-
pound purified from anchovy sauce fermented at 15+3°C
for 5 years.
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435 2 510% 2 44 717+o] 442 hiocompound?) 2§ 4
gol =R HTable 1). WF A2 BXARL 15 (25

~309u)91 A BE AP ol AR A FH &

o] FFg Hg A As ok s} B g0 /\}35}

Bio-Rad P2 gel& A 589 A d3taFs ¢F 26/011/‘? 0.22%

oj3tE ATH o PFFo AT I 2T 4

& FAFdE 2A7)F gttt BoHTable 1).

A& & & Uth Peak ¥ 3A1sl&4 L 5 4
peak 2(84.7%), 3@ %449 peak 3(62.9%),
peak 1(42.6%), 1d =49 peak 2(38.7%)
F2& Jepd ok 23y ¥4 (specific activity)2 3
d ZA4 peak 3(14628 % - mL/mg), 53 <A peak 2
(1,283.3), 1A =4 peak 2(624.2) £ 2 313 %A 9] peak
30] 7} =2 &g JeER At} Yamaguchi 5(43)2 df
FoHAS FAE VAR BE Tl EAH
2.5~3 kDa Aol 9] peptide] &4tstggdo] 74 Holwt
o3 B3std e, Kim 5(26)2 7FAH] gelating <)
o} e} o] &3od 10kDa, 5kDa % 1 kDagl & 23| 2
ERAA A2 7hREAE Fol A B2} 500~1,000 Da
o] 7} R 81 E o] @ -tocopherolB.th datstE o] 10% A
T o vty B ustgoh w3 Tl A $F casein
g ) albumin A7 ES] G EAF L vita-
min BI2(MW 1,350 Da)®.t} okt & B3¢ 71 4%
A 7} T o (43), gelatin 7HrHs| B AeE
Hoh o & a3t gEdA ditstddo] ot Ba
=31 QH26). Park $(44)-& Symphycladia latiuscula®)
FZEo U Gt g o i A7 FE2E ICx
& 3.14~1544 pg/mLol At it tHen, 53] AAF
BHA| (L-ascorbic acid @ @ -tocophenol) 2 $F41 3} 2+ 3} A)
(BHA ¥ BHT)Y ICs2 Zr7F 1.22 % 1.28,1.06 2 321
pg/mLE SR EATHY B3t £ Ao EX A
2] biocompound®] ICxS 34 ng/mL(3'3 44 peak 3),
66 ng/mL(5d %A peak 2), 80 tg/mL(1d €4 peak 2)E
A4 ?E}G‘}i}xﬂ 3 g EhatatAlel v e G B4 S
VrER 1A g A2 AR 7L 100% S ZAE R ofy
7] o) o] A A A H hiocompounds R tF ¥ IC5%
S Ve Ao g 2=t} oF 10,000 daltons 719 o)
T frame EA7}EESEL ¢ -tocophenold} H] S35 3
AbEH A S JEA 1 QLo (45), Y] AV RS E
91 7% 1,000 daltons ©)&te] Eapeko A gakslghA] o)
=ortha SHoh(25). “"Zl A BuOH= ¥ F#8d95 %
T g o] st 6‘*}5}%728 E242 1,000
daltons ©]3}9] peptide ‘.’—a‘ Ao 7 FA3 YA TH29), 0] =
FolXe A Ee d3Fs 5’—343}74 %2 o] et of &
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Table 1. Bioactivity of low molecular weight biocompounds from anchovy sauce fermented at 15£37T for 1, 3 and 5

years
Fermenta- Biocompound NaCl Antioxidative S.pe.c1f1c. Antitumor Specnﬁc ACE  Specific ACE
. . - . . . antioxidative . antitumor .. ..
tion period und concentration (%) concentration activity activity activity activity activity activity
, 9% [ 0 0 o/ .
(year) (mg/mL) (%) (%) (% - mL/mg) (%) (% - mL/mg) (%) (% - mL/mg)
Raw 5.238 100 26.0
Peak 1 0.048 092 0.002 2.7 56.3 0.38 79 66.2 1,378.3
1 Peak 2 0.062 1.18 0.100 387 624.2 10.76 1736 485 7816
Peak 3 0.046 0.87 0.016 150 326.1 452 98.3 978 2,126.3
Total 298 6.4 15.66 2125
Raw 2.718 100 26.1
Peak 1 0.053 093 0.005 32 575 0.00 0.0 91.8 1,7325
3 Peak 2 0.074 1.29 0.187 19.2 259.5 493 66.6 71.9 9715
Peak 3 0.043 0.7 0.220 62.9 1,462.8 49.16 1,143.3 62.7 1,458.1
Peak 4 0.079 1.38 0.0o8 4.7 99.5 0.00 0.0 236 2989
Total 4.35 90.3 54.09 250.0
Raw 10.825 100 26.2
Peak 1 0112 1.03 0.003 426 380.4 10.27 1363 93.2 832.1
Peak 2 0.066 061 0.003 84.7 1,283.3 24.80 830.3 849 1,287.0
2 Peak 3 0.172 1.39 0.003 26.2 152.3 11.15 64.8 84.3 489.9
Peak 4 0.042 0.39 0.003 138 3286 6.68 139.0 234 508.1
Peak 5 0.160 1.48 0.003 121 7.6 0.00 0.0 234 146.5
Total 2.10 185.3 88.70 309.3
AL 5E Tl BT FAEY S el 471338 | T56.2 pg/mLol AL H(38), BE FEAEL
Wi, F50]2 B4 58 F&Hol29 7 uel 2}o)r} 225 5% 10~100 pg/mL Ateloll A dFobaA S vERY
doh(24). Capelin®] Ea7teEafEolA A 4712 Az FHTH4S). B A g 9] F U biocompound?] I1C502
peptide E & FollA st e] &AM & FisE4S 39 %4 peak 3°] 44 pg/mLE B L ASF FEER
Ul T, 2719 FRoME ol o3k gikated-s o} ol AR 3 a3 S YeEh o FAsA mx]
Yehem, U] 172 &)X prooxidant 24 AR 435 FLBAE 71 E A (peptide)o] EA
< Yehigita s @, B APAMNE o9k §4  Ste A2 APHAT Lee TU6)E 7HtE] B EA] o
3} 7 biocompound F ol wiel datsl gL 3o & 1} o = 8% % peptide”t EA) ekl st o, Al 7)<
o 9o obu) .= AH Asp, Asn, Phe) 2. & o] Z01A dipeptideZ}t F &
. & peptidegtil P ot 71 A8 2 AAS A3
aved & ok AN A gn glek T3 A9 ether FFE
G B Ao A A S A E2}F biocompound(peptide) ] T oA AT W WA o)A Lo ZA g Y
SIRAE SR Lol SAVIL) AES T ) welN e RelE 59E dehle ol EAY
S 5 1,3 % 5 548 BA NS A& A biocompound  thz apale] Bl A o} FEe 2 7FHL o) 20)A]
o GAFAE 247} 1566, 5400 B 8BT0%E 44710l 4 er 9k,
A& Z718gled, &3 €4 53d9 FdLEHL &
A1 9 3dRt 2tz k57 T 168 A% ig}q Pealk Angiotensin converting enzyme (ACE) X4
3 g3l 84 & 59 443 9 peak 2(54.80%). 3§49 HT oy AF o258 ACE A3l peptide’t 3 2
peak 3(49.16%), 59 &7 €] peak 1(15.27%), m 432 AAE L 2oy o] ACE A3 peptide= 254 2 W
peak 2(10.76%) £o2 mqrow w3 A (specific g o) ks Ff-etn o] Sl =) vl gk sk
antitumor activity)< 3Lﬂ 2=419] peak 3(1,143.3% - &g

mL/mg), 53 %43 9 peak 2(830.3% -

9] peak 2(173.6%

mL/mg),
- mL/mg)8] £22 i Table 1).

14 &4

YERENEY GAZF AT AE 54 2 Ao

,q 5]11- tﬂ x%i-zl uﬂE}
of tiaiA dgdAasdE deh A=,

& 338

2 Alehe] A SNU-1
ol & ICxe

GeRio) @ e AEAAAZS A B
7 Athdg). 2 FaEe] BaMERAEE B &
AEE A AAE £5g e A %7) o Eol ACE 1
SHEHE 747 154 HAZE ol§ FFs Aol BrhUg

E2715 8% ACE AR BAwo) 24%4%
bt oniUs), B ARl B85S 2T



¥

14 2

A

]
-

ETH4R). B A A = 1,3 R 5d 4 HARA AER

biocompound¥ ACE A&fi&4L& Zzt 2125, 2500 ¥
309.3% 2 w47]3to] AFE FrtslHey, 53 4 5
de] & ACE Ajg8L 4 12 3drt &4 & 15
2128 BE o, Fatsl 2 Fag g v 4
71Zko] FIVEFE FUF R 99 FUHEL W
(Table 1). Peak ¥ &b3l&4L 1d %49 peak 3
(97.8%). 53 %49 peak 1(93.2%), 3@ %49 peak 1
(91.8%), 54 43 9] peak 2(84.9%) £ L2 o}F ¥ gtow,
U A peakEX AHEH2Z £ ACE Asi&4S et
Witk BIACE # 38} 84 (specific ACE inhibitory ac-
tivity) 2 1'd 439 peak 3(2,126.3% + mL/mg), 33 %4
9] peak 1(1,7325% - mL/mg), 1'd £ ¢} peak 1(1,378.3% -
mL/mg), 53 %5739 peak 2(1,287.0% - mL/mg)8 «£2
2 ¥4 HTable 1). 5o 2§ a7t EE9 ACE
A ZAgore e FAROE peptided] FH
(12) 2 A& 54(14)9 w2 F3o) ¥ aga g =
7o ACE A&7 AF6B0)NA g B3-S 7l55 3
Alzto] Zo]AH A peptide-nitrogen #HL Zrlslg L
W ACE 3 & 74319t =3 Fujita®} Yoshikawa(7)
T oA5aul Aol g7kl ACE A 30 peptideE £2]3t4
o1} A2 peptidedl W} 2Ho] 7} 3lem o] F LKPNM
peptide= ACEl 9]8) LKPZ £ 5AL& 4% ACE A
AE4L Uit Ekom AYE Fn¥Y NFAY
captopril®] 91% A= 9 ACE A& Yeldictz
3l ¥ . ACE A8} 848 peptide-nitrogen 44 ZF3 & 7
go] AT peptide?] F7F o & 9TE wgton
(12,15), & Aol s 2-& 9487} 4ozt 2o}
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Fig. 4. 2nd HPLC pattern of biocompounds purified from
anchovy sauce fermented at 1513°C for 5 years.

2 e gtA g 12} HPLC A Aol A peak 1-& 570 (peak 1-
A-E), peak 2& 97M(2-A-])9 A% £3& vehidct
I F FgasiEAdo) 2o 1-A 8-S HPLCE 231 A A3}
o 1174 £EI-XDES den, 2-Be 9l £
(I-1X)& YeEHAHFig. 4). o]F 2884 0] & |-
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Table 2. Antioxidative activity of low molecular weight biocompounds purified from anchovy sauces fermented at 15°C for

S years
Biocompound 1st 2nd 3rd Antioxidative Amino Concentration
P HPLC HPLC HPLC activity (%) acid (g/mL)

1-A-0O 1-A-I-d 9 Glutamic acid 6.11

Peak 1 1-A 1-A-T0 64 Lysine 1.20
2-B-VI-b 3 NA"
Peak 2 - 2BV 2-B-VI-e 82 NA
ea B 2-B-VI 2-B-VI-d 23 NA
2-B-K 5 NA

PNA: Not analyzed.
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