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Salty Taste Enhancing Effect of Enzymatically Hydrolyzed Anchovy Protein
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Abstract Sodium chloride is known to contribute to the quality and safety of foods. However, there is an increasing
interest in reducing the sodium content in foodstuffs, owing to health-related concerns related to its overconsumption.
Therefore, the possible use of enzymatically hydrolyzed anchovy protein (eHAP) in enhancing the intensity of the salty
taste in model broth was investigated in this study. The sodium chloride content of eHAP was 67.7 g/L. The lightness (L)
and yellowness (b) of the model broth increased with increasing eHAP concentration. Additionally, the perceived intensity
of the salty taste of eHAP solutions increased with increasing amounts of eHAP at a given NaCl concentration in the
model broth. The intensity of the salty taste was enhanced by 0.37-35.58% as eHAP was added. The results suggest that
it may be possible to reduce the sodium chloride content in foods by enhancing the salty taste with eHAP.
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2> (NaCl, sodium chloride)= °]Zﬂ WellM Aejarg-2 <13k 2 e RAew 2 5 sl fevete] Afele el T
T F7IReIH, S0 Bk e 71 xr] aAjola, AF2 wAS FAER sk AR, TEAL) oS dES FARR
vt 57001] g %S VA= UX'EH JAAY 2ol st AZF 59 TR AFEC] YEet £49 s e =
E7HAS B2oltk(12). ZEy aws Aok HHAE A AEH HE2Ae] 98-S 3 gorm Td sieRaEol oF gt F
Al é‘%‘ro]b} S, WAE A3 5 7 Aoy 2 wrgEst e g 7|7 F2F AAEE MSG (monosodium glutamte), IMP
o] fgle] & # 1:}(3) Ut A &7 T AFE E (inosine monophosphate), GMP (guanosine monophophate)<}

o2 B o &F9 AT 199800 4581.6 mg/day, 20053 NaCle] 2§72l zHgo] 93] o]Foixe Aoz A ok
o= 5260.2 mg/day = F7FFATHF 20139l 4012.0 mg/day= (15,16). ©]& &&3to] H2olle EAE o83 Td s3]
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3ol AM-E A4 (Kwang Dong Pharm. Co., Jeju, Korea)=
A% R uEANA FYste] ARl oH, HsliEFNaCl) (Sam-
chun Pure Chemical Co., Pyeongtack, Korea), SFE U AF (A
499) (monosodium L-glutamate monohydrate) (Sigma-Aldrich Co.,
St. Louis, MO, USA), ZEH2E d(matodextrin) (MD-1520,
Eden Town F&B Co., Incheon, korea), yeast extract (ICFOOD
Co., Daejeon, Korea)= 2| &H7HE8-& FY3to] ARE-sITh. 2
2] ez FATRRRE S| Aol AMEH WX (Engraulis japoni-
cus)= 38 2 AFE HAHolA g3 F dFE dHe AL
&3ll57AH(Pohang, Korea)>ZHE] 7390, 473l
A3 Lz o] 2 (alcalase)2t flavourzyme T thEAFAKSeoul,
Korea)ZFE Al3doith Wad HAE 204 des & g
et E2E 15 R SekaL21,25), 291e] Eo 34 o
<, @& 7](homogenizer) (IKA T25, IKA-Werke GmbH, Staufen,
Germany)Z #33}sly, TFRALE I THF tiv] 2%E H7t
st} EAVFFESES A3 Y T 79, 75 MPa,
50°0C A2l ZAA 2t A 3}7)(TFS-20, Dimapuretech Co.,
Incheon, Korea)s ©]-&3lo] 12A17F &<t 7HeRalsldon, Az

>

H 7R ES 80°ColA] 208 FRF B, 4°CelA 12
AIZE o} A8t S4S AR TRl ES dE52] YA
2]7](Tubular Centrifuge A-V10675G, Tomoe Engineering Co. Ltd.,
Tokyo, Japan)Z ©]-&3}o] 17,000 rpmoll A YAl &2 stgon
(2627), FE=NE HAFE £7](11x11 ecm)ol] 250g8 AHZoz
Fo}l —35°C ZA2Y57](deep freezer) (Dic 200A. Operon. Co.
Ltd., Kimpo, Korea)oll 24x17F &<t 543 & %724 A%7]|(Alpha
24 LDplus, Martin Christ Geftiertrocknungsanlagen GmbH, Osterode
am Harz, Germany)S ©|-&3lo] 524 A1, A% 78
ES A & AEE ARSI
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eHAPS] ABtERaxs ERIsh] $s ANsE Axstr] Sl
eHAP 59 A3} 35 wjAl 4= U= model broths AME-31%]
o, H7IFE2 eHAP H7FFE 0.1, 1.0, 1.5, 2.0%, eHAP 1]
NaCl =5 A & 2F NaCl %= 30, 40, 50 mmol/L7}
He2 HAEE Az B RS Ak Aeg el
7] %131 model brotholl NaCl FX 20°ColA] 80 mmol/L7}A] 5
mmol/Le] THASE AZS 12712 ANEE A=t vw As)
Ath14). Bt A= FHI Ayl 7]Fo] EHe vwAIE Al
A3 By Ee A8 Table 1, 29+ 2t
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AF A4S 9% B4 A EE AxE A% AEE HPLCH
% (Honeywell Brudick & Jackson Chemicals, Muskegon, MI,
USA)Z 33t T syringe filter (PTFE 0.2 pm, Tokyo Roshi
Kaisha Ltd., Tokyo, Japan)Z oI3}sliom, AL8¥ HHe & 4
H(Dionex lonPac CGI2A RFIC Analytical, Thermo Scientific
Inc., Waltham, MA, USA)#} 7}= Z ¥ (Dionex lonPac CGI2A
RFIC Guar, Thermo Scientific Inc.)°]%1. 2™, Dionex ion chroma-

Table 1. Preparation recipe of reference NaCl solution for salty intensity test

NaCl concentration (mmol/L)

Ingredients (g)
25 30 35 40 50 55 60 65 70 75 80

Na-glutamate 1.90 1.90 1.90 1.90 1.90 1.90 1.90 1.90 1.90 1.90 1.90 1.90
Maltodextrin 6.38 6.38 6.38 6.38 6.38 6.38 6.38 6.38 6.38 6.38 6.38 6.38
Yeast extract 2.10 2.10 2.10 2.10 2.10 2.10 2.10 2.10 2.10 2.10 2.10 2.10
NaCl 1.46 1.75 2.05 2.34 2.63 2.92 321 3.05 3.80 4.09 4.38 4.67
Water 088.16 987.87 987.57 98728 986.99 986.7 98641 986.57 985.82 985.53 98524 984.95
Total 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00

Table 2. Preparation recipes of eHAP solution for salty intensity test

NaCl Conc. (mmol/L) 30 40 50
eHAP (%) 0.1 1.0 1.5 2.0 1.0 1.5 2.0 0.1 1.0 1.5 2.0
Ingredients (g)
Model broth 99725 98825 98325 37828 996.66 987.66 982.66 977.66 996.08 987.08 982.08 977.08
Na-glutamate 189 188 187 186 189 188 187 18 189 188 187 186
Maltodextrin 636 631 627 624 636 630 627 624 635 630 627 623
Yeast extract 209 208 206 205 209 207 206 205 209 207 206 205
Water 98691 97798 973.05 968.10 98632 97741 97246 967.51 98575 976.83 971.88 966.94
NaCl 175 175 175 175 234 234 234 234 292 292 292 292
eHAP 1.00 1000 1500 2000  1.00 10.00 1500 2000  1.00 10.00 1500  20.00

Total 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00 1000.00
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tography (ICS-900, Thermo Scientific Inc)E ©]&3to] &3} T}
B E58- 9 (Dionex Six Cation-II Standard, Thermo Sci-

entific Inc.)S ©]-&3le] 23T

ME=H

A=R7F A5 Mz RS 3cme] 9E HIPHA] (petridish)
o] 10mL® ©o} MXFA(CM-5, Minolta Co., Tokyo, Japan)S ©]
4381 LZH(H=, lightness), a@t(BA %=, redness), b (EA%, yel-
lownessye S48t oM, 33 RHE S35t HAL=E A8}
Ak eolul, EF WIFS 1=96.50, a=-0.10, b=-0.35°]Ac}.

AZo| 2= HIt

AFta szt AT sl 5 TEE o
gS glide 2 3ted NaCl (Samchun Pure Chemical Co., Pyeong-
taek, Korea)g 25°ColA] 80 mmol/L7FA] 5mmol F%& ZHHo 2
Azg 12719 NES =AM (ranking tes)O 2 B7Iehs &
A5 olld T IBT & JAHEC] 80% o3 =HE 138
Aukste] eHAPY T2 A8t 4= H7He AAIBIATh AlE
oA AdE Al Ao dE -r’_% sto A Fsta e,
AE9} AlRALOlY S AF T UEF 7Hed Aot Aws
Azt F7HE AlFekr] Az ’\LEL% gt % Ars A+

5 3tom, shte] AlRE Hlw HrHe & SeAH RS F2
A ol 8¢ E3) A4S HaslelEE }M‘:}.

AR At A== 25°ColA 80 mmol/L7FA] 5 mmol/L 7}
o7 AxH vIANFEE FFYE 9S BT [5cm line 9ol
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Ut w2 718 3 & eHAPZF H7HE Wy R Aue
= X8l 1o, 2 FE mmol/L NaCl oz 3Hits
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SAEN

s M AR 7F gl e zjele) ¥ Ao o]
S Yolrr] st EAHEA(ANOVA) 5 JujX|EAEA &
Fston, Fo88 AAs] st ‘?ﬂ J
(Duncan’s multiple range testys =33}t &
o] $FL p<0.05%2m, SPSS Version 21.0 package program
(SPSS Inc., Chicago, IL, USAYS AF&-3Th.
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gol] AL Afoll= olHE Ak F7HHQ] FAol ded
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HIWAIE 2 H7 R J=rt 2
ol 3+ A= Fig 19 YeRRUT HlZA 89 %5%7}91
A#HE Fig 1904 B9 J7P@)e Hds0] 25°ColA 80
mmol/L7FA] 5 mmol/L 7+4¢] /\]E% O1A3F ZkC & model broth
o] 12719 Mz g A% Aes FasA 72 =0.997)8 W
I A= AS G F U 7&5 71 9% AR 12715 Al
Alste] B BA @ T eHAPS 713 HI/MEE AAlES
H|S=5E =2 A E+= WSS 15em lined] X715 Sl=% o}
H3L 2 HA4E mmolL NaCl #Hog 3bst A3E Fig 1534
Table 4°] JERAATE eHAP A 89 7% H7} A3} NaCl 55
30 mmol/Loll A eHAP 7} (0.1, 1.0, 1.5, 2.0%)° wa}, 2kt
30.11, 3620, 38.80, 40.79 mmol/LZ-2H, NaCl 40 mmol/LollA &
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Table 3. Effect of eHAP on color value of model broth containing various NaCl

NaCl cone of samples Added amount of eHAP

(mmol/L) (%) L a b
0.1 7.85+0.11' -0.36+0.06 -1.19+0.07¢
30 1.0 12.65+0.55¢ -1.7240.10° 2.81+0.28°
1.5 15.16+0.48° -1.81+0.06¢ 5.64:+0.23"
2.0 16.9240.12* -1.55+0.04° 8.55+0.09°
0.1 8.66+0.08¢ -0.55+0.07* -1.44+0.81¢
20 1.0 13.8440.03¢ -1.69+0.04° 3.43+0.05¢
1.5 17.66£0.25° -1.650.04< 7.6440.12°
2.0 16.810.04° -1.52+0.01° 8.71£0.07°
0.1 9.33+0.12° -0.52+0.07* -1.03+0.03¢
5 1.0 13.2140.08° -1.63+0.02 3.21+0.10°
1.5 15.30+0.07° -1.71£0.03¢ 6.56+0.05°
2.0 17.36+0.05¢ -1.44+0.03° 8.42+0.20°
"Mean+SD

*Means are significantly different within the same column at p<0.05 by Duncan’s multiple range test
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Perceived salty intensity (mmol/L. NaCl)

20 25 30 35 40 45 50 55 60 65 70 75 80 85
Concentraton of NaCl (mmol/L)

Fig. 1. Effect of eHAP on the salty intensity of model broth
containing various NaCl. eHAP concentration 0.1% (), 1.0% (@),

1.5% (<), and 2.0% (O). The squares () indicate the perceived
salt intensity of the NaCl reference solutions, and dashed lines

display the 95% confidence interval. The error bars represent the
standard deviation of the perceived salty intensity.

Table 4. Effect of eHAP on salty intensity of model broth
containing various NaCl

NaCl conc. of samples  added amount of perceived salty intensity

(mmol/L) eHAP (%) (mmol/L)
0.1 30.11£2.63M

30 1.0 36.20+4.89°
1.5 38.80+6.14™

2.0 40.79+5.94¢

0.1 42.38+5.26°

40 1.0 48.85+3.51°

1.5 52.82+7.47°
2.0 52.96+12.62°

0.1 52.99+3.89*

50 1.0 60.14£6.19°

1.5 61.66+7.32°

2.0 67.79+6.35¢

YMean+SD

*“*Means are significantly different within the same column at p<0.05
by Duncan’s multiple range test

eHAP®] A7}efo] w} 4238, 48.85, 52.82, 57.96 mmol/LE 37}
H9.0™, 50 mmol/LlAE 52.99, 60.14, 61.66, 67.76 mmol/LE
el eHAPZ} A3ke S0 71 a3t Je Aoz At
2 g FEolA eHAPY 7tk Hrtdkol wE "t 3
BE HH BE &FFEOA eHAPY 7ol F7HEr
st 33 23t 480z Fksks Ae €+ AthFig
. AF FE 30 mmol/Le] SN M= eHAP FH7FEe] 0.1, 1.0,
1.5, 20%2 Z71stel ueh Aulee Q4 dxed v 2z
0.11, 6.20, 8.80, 10.79 mmol/LE =A| 2AX&A ™, 40 mmol/Lell
AE 238-12.96 mmol/L, 50 mmol/LoIXE 2.99-17.79 mmol/LE
Aute A FERT A QIAERE Ao E UERsTE eHAP

O >

[
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Perceived enhance salty interwity (mmol/L. NaCl)

*
5
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0 0.5 1 15 2 25
eHAP (%)

Fig. 2. Effect of eHAP on the salty intensity enhancement of
model broth containing various NaCl. The error bars represent the
standard deviation of the perceived salty intensity. NaCl

concentration 4 30 mmol/L, O 40 mmol/L, A 50 mmol/L.

o] HrtaFe]l TYE Aede &7 Tt =
A E37F ¥ A7 YR eHAPS] 7] 2.0%Y
% 30mmol/LoAE 10.79 mmolL, 40 mmol/LoA+& 12
mmol/L, 50 mmol/LoA+= 17.79 mmol/Le] &3t =4 3= W
AthFig. 3).

Yun 521 ok AlFelA #AnjEta Q= BXE ARG
o7 AARFY fFEotu|gt S B4 A3 AFER
ZFol= ot Aol #eIdt arginyl dipeptide, L-2F¢]Al(lysine)
3} L-o}2XY (argining) 2] ]2~E]H P A H(histidine-HCL), 5
Bk F (Na-glutamic acid) 2 o}2=3}EXA (aspartic acidy’} T &
Asta glom, zHgte| #eddt= Na-glutamic acid, oF2=3ELE
ZxH(Na-aspartic acid) 2 glutamic acids°] EA|3lL 53] X
S AR o7} ARl B2 o] EAlstaL ST e
3L o] o7 AAe] AAFEE 20mmol FEE SU3H
st sl A=E Wriet Ax g@X o7 dxlo] thE Al
Foll vlsl wlard Anke] Aert £ Qo= RIS B
Schindler 5(14) fish sauceE ©Wd 42 7Es £4
2 Ag Sl digt 95 e A3 Hd] 36.6%2] A9 F
s Yepd o olgfst Ak S 8 HFEOZ arginyl
dipeptides2}aZ 3FTth $HH  Yokotsuka(30)2 Na-glutamic acidit
aspartic acid & 7 Bre] Ad¥-o] G-protein coupled receptorol]
Fodste] Aute] RIAFEE ¢ Ash w7l &3t vkl B
skt
2 AFA ARG PX] @l g4 s E At
e S AT AFHQDAAA YRt AAR TREelE

5o} U= L-lysined} L-arginine®] #uHS FXsk= &
YL oJ7]e thEFe] glutamic acid$} aspartic acid7} 25t

7l JIAAA e AgdolA 2% 7HREES A
7hel s W Hdl 3558%4 =0 Aut FXaNE Uehd Aoz
Holth B3 7R R bl BErE At 53 &9
= O A Yebster, eHAPZL A7t &9 aas=rt &
S5 O xR TPt Y & AE it 3% LS

tlo mu =
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Fig. 3. Slope of perceived salty intensity enhancement of eHAP
in model broth containing various NaCl
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