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Salt reduction in foods using protein hydrolysates
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Abstract

As excessive intake of salt is regarded as a reason
for health problems, the tendency of people to attempt
to reduce intake of salt in their everyday lives is on
the rise. In Korea, where many people have a higher
intake of salt compared to those in other countries,
there have been diverse efforts to improve on this
eating habit. Protein hydrolysates are chemically,
physically hydrolyzed protein that have been widely
utilized as a material for not only regular food but
health functional food due to have diverse biological
effects such as anti—oxidation, anti—inflammation,

prevention of diabetes, and regulation of blood

pressure. Various amino acids such as glutamic acid,
arginine and arginine dipeptides, which exist in the
components of protein hydrolysates, have also been
recently recognized as being helpful in decreasing
the use of salt in foods as they can greatly enhance
salty taste when used concurrently with salt due to
having both salty and palatable flavors. In the case
of protein hydrolysates that decompose soy protein
or fish protein such as anchovy, they could reduce
consumption of salt by as much as 50% without
affecting people’s food preferences when applied to
food as they boost salty taste by approximately 10%
to 70%. Although there are only a few studies on

protein hydrolysates as a salty taste enhancer or salt
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substitute, the results of several studies are indicative
of the potential of protein hydrolysates as a salty taste
enhancing ingredient.
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Axg(salt) > AukS U= dj# 2421 S8l
QA el el 282 flsl B4 FlE 5
SR A, FA4E-L NaCl (sodium chloride)o] ] =
A F A (sodium, Na)-2 A Yol A= A2 4
A-gof T3 EERA, AFAe FHA D
spo =L 23 Z2o]7]% shcMan, 2007). &
ol eln Hgont HEojololxe] AR 2
A, A-719] #9, A7 A, A 7)s, A7

= ZAE o= 52 2457 % sl (Liem et al.,
201D), AjFl A= Aote] S7F 25te] 14, ©
o] A, Y 23 52 % IEA 7|ax
P, RS w(water activity, a )o] #31E F3F

S S oA, AEY] B4 Fof 59 9T
2 3}7]% 3cH(Corbion, 2018; Dotsch 5, 2009;
Hutton, 2002; Keast¥} Breslin, 2003). &1} o|&]
@ 239 $71500E 2T £29] Thef 43

of g HEFS #})2 FYS T7HI7IAL, AE
A Agke] Fa3F Ulo] 7% b, ZHE
s, viek /-, QoS 2Rt ofy Ade] gl
o2 2&xE 3 QtiBrown %, 2009; McNeely 5,
2008; Weinsiner, 1976).

AWl 2B AT 259 S 150-
230 mg/day= dHbA oz HF M= 2|04
WHO:= 3}% &% AF =L 2,000 mg Na/day ({5
g NaCl/day) o|3}2 @AsLL QJTHWHO, 2012).
v PR AJEof Apol= QLo AlA tfF

Ir o
2
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;ta A9 1293 (2018)

=9 Y= WHOS| S HolAl= a8 4
HeFS B, u]=2 3,200-3,600 mg NaCl/day, <
=2 3,600 mg Na/day, o}A|o} =271=-& 4,700 mg
Na/day2] A5 AF|5H= Ao RiEal 9lom
(Brown =-. 2009; Cordain %, 2005; WHO, 2009),
P2 20179 A7 Y G EAFE T} 3,669 mg
Na/day= 104 H]3l] 30% F=7} F48H S
LHKCDC, 2017), WHO7} A A|8LaL ¢l dAFeke)
1587} H= = AdFskar Sl

olof Wt AJA| Zh=ol A= A e
= E0|7] 913 =8E 7|20l qlom, W ﬁ:rl
A= 2w AHSE sl okt A+4E A=
SkaL itk A& W a5 Fol7] iR A W
Moz I AF oA A|(salt replacer/substitute),
Ao ZZA|(salt  enhancer), 3F0]ZZIA|(flavor
enhancer), “12]3L A2 30| =¢8] Fo] AE
11 9JtHAlbarracine %, 2011; Grummer %, 2013;
Rodrigues 5, 2016; Schilling -5-, 2008; Verma -5,
2012). A FE] A2 Age] &g th4le] 2E
% (potassium, K), 7} 14| (Magnesium, Mg), Zr

(
‘r"

d

(calcium, Ca) 5-&

potassium sorbate, ca1c1um ascorbate 52 7|5}
of Aok ASHA7|1A] oA Aw] HHE =
o]= Z(Charlton %, 2007; Desmond, 2006; Gou
5, 1996 Lee &, 2005)0]™, Zgt ZX1A= 33
Frumami)z} #gke] zsto] o ATkE FFIA
7= avs 83 Aoz MSG (monosodium
glutamate), HX FZ&, ofu|leAl Fo| AL
a1 QtH(Kim3} Yang, 2015; Schindler 5, 2011;
Tamura 5, 1989). StH 7Hgolu; o7k 5o &
o9l ARA} WOl L) ofulieat S| Aol
T T2 ol Aok 7RIt ik Q)
CHChlalmaiah %, 2012; Festring@} Hofmann, 2010;
Yun =, 2015).

ozl 7t Bl E(protein hydrolysates)-& A&



2] (hydrolyzed vegetable protein, HVP)¥} tf &
ol 72} FFE ol8sto] AxT =4 Tl
chal 2] (hydrolyzed animal protein, HAP)2 g},
Tl 7Rl e diiEo] Eajjklo] 22 &
AFS 712 #HEfo] = (peptides)2} ©Fv| =AHamino
acids) 59 HEIHER o] Fo|A glo] 47t w2
487} golstol A1Eo] Arbslo] o SEE A}
|3l 9lom, fEo]| =9 FiRof wet 11 7|50]

Mt e FPols 71ed BdEAY die &
| A8 =]31 ¢JcHLiceaga?} Hall, 2018; Ozuna
. 2015). ERE FHZoll= T TeEsiEe] Al
T HEto| =7 5419 Tl E =AY Ak
Z7M7)1= Aoz w HuE1 QrHKim¥}t Shin,
2017; Youn¥} Shin, 2016).
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Frl 7o) ARG E79 oS 7 AR ARE
F= 5ol Wi E vt E WHY g0 AR
A A (sausage), =3
(soups), 2 (sauces) e} -2 A|&of| A-8=11 Q)
om, 2|2} Zro] gFo| oFgt AlFol= 48ol =
7Hssth 7199 AR g AR = A KCl
2 ALg5H= ZA(Klaauw?} Smith, 1995;
= 201D)e 2 7 de] AFRE3 9o, NaCl
T 22 S 7HA AL QA TH(Bidlas, 2008), ¢
P o, 25w 22 7t Qlo] A
&oll A7} Sl &dlo] drt shA|HE NaCl} &
FO 2 YAIsHH E= 7hdet AR e R o

Murphy

7149, MSG, &1 FZE(yeast

=1
T ’
extract) S AF&3Fo] KClo| 22mbu} Z4uks Zol

Ao 5ol Bl ko 4= 9lo] B8] A
%37 ¢J=1] sodium phosphates®] A~F©] NaCle]
A

F2 gAste] 4F W 47 AHES EY 4 9
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Table 1, Type and products of company for salt reduction in foods

Type Product Name or ingredients Company Application
SaltPrint® 4D and 5D Firmenich soups, sauces
MSG Cambrian Chemicals meat, soups, sauces, prepared foods savory food
Enhancer HVP Sensient meat, soups, sauces, prepared foods savory food
Salt Enhancer Natural Taste Consulting ~ meat, bakery, dairy
Sante Lycored meat, meat analogues, soups, seasoning
Smart salt® SmartSalt meat, bakery, cheese, snack
Superbind™ HB-CT Innophos meats
KUDOS Potassium bicarbonate ~ Kudos Blends bakery
Replacer — i
Suprasel® Loso OneGrainTM Akzonobel bakery
Glycine Essentia fine ingredients ~ meat
Mycoscent Marlow foods meat, soups, sauces, prepared foods savory food
Yeast extract DSM soup, sauces, RTE, meat, seasoning
Veepro Sensient soup, sauces, savory food
Yeast extract Sori Sori food
ringer ringer , sauces, sa
(flavor enhancer) pring , pring soup, sauces, savory foo
Provesta® ABF ingredients all foods

YE LS HP enhancer

Food source international

soup, sauces, prepared foods

PuraQ Arome NA4

Purac

cook meat, bakery, sauces

Savory enhancer Salt TRIM Wild Flavors soups, sauces, salad dressing, meat, bakery
Magnifique Mimic Wixon Inc. all foods except meat
PTX intense 101 arome PTX food Corp meat, soup, sauces, prepared foods
KCL Wild Flavours all foods
Mineral substitutc SaltWiset%’ Cargill all foods
Sub4salt® Jungbunzlauer all foods
Light salt® Morton Salt all foods
Salt Soda-Lo® Eminate bakery
Coarse topping flake salt Cargill all foods
Size variable of salt Fine flake improved salt Cargill all foods
Star Flake® Dendritic Morton Salt all foods
Oat fiber 770 SunOpta meat, prepared foods
Dairy-LO 34 Parmalat meat
He Transglutaminase Ajinomoto meat
100—-M40, 100-FD Fiber Star meat, bakery
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References: CTAC (2018) ; Food & Nutrition Delta (2010);

Inguglia 5 (2017); Wilson 5 (2012)



Table 2, Functional and bioactive properties of protein hydrolysates derived from different protein sources

Protein source Fuctional properties Bioactive properties Reference

Marine protein
Round scad (D. maruadsi) ~ Solubility, Emulsifying, Foaming ~ Antioxidant Thiansilakul et al. (2007)
Rainbow trout (O. Mykiss) ~ Solubility, Emulsifying, Foaming ~Antioxidant, Allergenicity Ketnawa and Liceaga (2017);
frames Nguyen et al. (2017)
Silver carp (H. molitrix) Solubility Antioxidant, DPP-1V inhibition Dong et al. (2008); Zhang et al.

(2016)

Sardine (S. aurita) head and Solubility Bmulsifying, Foaming, ~Antioxidant Soussi et al. (2017); Bougatef et
visera Fat absroption al. (2010)

Plant protein
Chickpea Solubility, Oil adsorption, Antioxidant Li et al. (2008); del Mar Yaust et

Emulsifying, Foaming al. (2010)

Peanut Solubility, Emulsifying, Foaming Antioxidant, ACE inhibition Jamdar et al. (2010)

Animal protein

Bovine whey Water absorption, Foaming, DPP-IV inhibition, ACE inhibition Sinha et al. (2007)
Emulsifying
Egg Solubility, Emulsifying, Foaming ~ Antioxidant, ACE inhibition, Yu et al. (2011); Chen et al.
o~glucosidase, a—amylase inhibition ~ (2012)
Other protein
Cricket (G. sigillatus) Solubility, Emulsifying, Foaming Hall et al. (2017)
Algae Anticancer, Antioxidant, Antiproliferate Sheih et al. (2009)

Al gt BuE SRA = A5 7RO A= %
A9 g3t 4 AR-E o AokS ST = =
Z 2 A opu]=Ak(amino acids), MGS, lactate, yeast
products. flavoring products 5©| AREEIl QiTh
(Carter 5, 2011). E3F umami= $-2jg=2 72 dF
(savory taste) 0 & FH T gro 2 Ao »uks
FSAA a7 AMHEEFE EY 4 AL, ok AlAL

A}, F2ERA MSGQ} qr?jﬂoi JeAem H

, HAL 7& 3 701 %‘\E}(Kremer =, 2009).

ofm|icAito] A=, AEALF HEfol= A, =
3ol F7toll W oo St A ¥
3} 5ol <3l 7]‘8*3:3_ ZrA| Ech(Severin} Xia,
2006) 2] TR EL A/ YT TR OH A
Tsf ol —JOH DS 4 Y=t VA7) 7

oH——— MAYEO] =g oJoFsha] LA 7)Ao %A
o] Oﬁﬂﬂrt l%@(Smha 5. 2007)0] Q1O1} H|g-o]
Ho| A4 0] Z0EBAS) Aol e o)
9] © (Pasupuleti®} Braun, 2010), & 4~2] 7}4H
= AL vjgo] AtjF o g Br|= SRuF &
o] Bolgow sk BAS AT 4 9)
AEE 7T o] AR o] o]
tH(Haard, 2001).

chl o] WA ZFR|e 43 (digestibility), 427
Woll 4 §42 4= 9= oful ek, Wefo|=o] £re)

fr

g

a9l
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AL, opu|ieAl 24 SOl os A %] wZel &
3l =] 2] k-2 Tl 2 (intact protein) H Th= T & 7}
TaoflEe] dYTHoR B2 VHHE A= AL
2 42 chBilsborough?} Mann, 2006). A1A|
2 A 100737 T E ZhEaia A Gl
2] (food allergies)S 7Rl AU FUa L
237 1A A& 7 EAEA AlEE t
= YeR %25 (Clemente, 2000), 2~ = %A=
O HFA|2A E-gEo] 255 4 W o
AR 0] 4Tk o] 5 BHanabolism)
=5 T 5 Sk Y2 UH Ao R HilE]
¢JtH(Manninen, 2009). T3t ALR S £ thal 2l 7}
Faofl=e g7t e’ ALY S 45
A T A ABHE FAdfels AE Hoj
A Aol SlojAe 3784 o] AtE Ky
AJAFslaL ). m (Kobayashi 5, 2016), 1A
Aol A= Tl Thaeisl=o] thE
13} Bl g of AW oAl o]-8s0] ot
23}9} 54271 £k (Hall 5, 2017; Nguyen 5,
2017), o] & Isff w IS ofu|ieAl ko] F7F
7F A Ackal B 3= Itk Morifuji 5, 2010).

ch Al S SHemulsification), 27 (viscosity
enhancement), 737/ (foaming), 74<:SHencapsulation),
A5k (gelation) 5-2] 3tst, Ao, A1F F7GollA] AL
|E= Sd2A AEe & 22, A, o
oo WAl 28Ea Qltk(Kristinsson Tt
Rasco, 2000). TH2l-e & BEajapa} ol uf 4
T/ Aol &alde B0l AlE WollA 84
wH mhE = @ ¢l(Foegeding, 2015)0] =)=t], T+
Zhr ol ol AR HWete| =7t
3, =4, ol&3t IF Foll F3s FA Hol
—& Ato]9] AT A8-S F7HA17] AL (Wilding
, 2014), F*Iul/g (amphiphilic)e ZEA] ¥o] &
oF, AT, B9 A T FIAIA AEAE
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Nguyen 5, 2017; Zhao %5, 2013).

il VhpieiEe] 254, ofv|iedt 24,
Heto| E i Fofl ok A=A Z/dof tigk 4
T o|Fojx|a1 9JtHHartmanny} Meisel, 2007;
Chalamaiah %5, 2012; Udenigwe?} Aluko, 2012).
chl A TheEelE kol B 0 Wt L
o YRS 7ML Utk HalE Al Qi)
(Table 2) (Bougatef 5, 2010; Dong 5-, 2008; Li %,
2008; Sheih %, 2009; Sinha %, 2007), angiotensin
converting enzyme (ACE)2] #3[& E3F &9 %
A, Al2d Fiery 2] oA, chelating agentZ 4] &FAF
3} 2 59 of e AgA Aol tigt A7 KAl
Il glom, Ao g Zlo] A&t o] of
2 AF 2= o]-85 L itk

mpar

x
(L ES Py

i

el B

ol

X E

rir

NE U 23 MY

g VeEslES A A AEOlA +
2= HVP (hydrolyzed vegetable protein)x} 54
A)1Zof| A G2f= HAP (hydrolyzed animal protein)
© 2 s 4 9Jth. HVP= W(wheat germ protein),
L2-=42(comn), F(soy), Th=(garlic), 7]2](oat), 54
(cowpea) =, HAP= S-F(meats), S~AH=(fish, ma-
rine protein), @ Z(egg white), -3-A|Z(dairy prod-
ucts, milk), $£Z(insect) 52 THMAS A ¥7],
A EBe 08 259 59 =84 Aol sy
A de o ook 34, E9A Ao o o
o X e ThpeEeES ofnleal, tgEolE
(dipeptide), #]2A ] HEbo| =, TLEAFFo] HE}
ol 5& tfd el E=dl ol EdES
7y Z4lof| A7)0 wpet Aejshs], oo s 7t
7t 8 SAZA B8 4tk Ao B
of oJafjA] ¥Fa]x] L 9)tH(Ozuna -5, 2015).

S RS B FURY b 4




Table 3. Amino acid composition of hydrolyzed vegetable protein (HVP) and hydrolyzed animal protein

HVP HAP
Amino acid Soy protein” Pumpkin protein? Anchovy sauce® herring protein®
(g/100g) (g/100g) (mg/L) (g/100g)

Arginine 10.6 13.597 92.85 7.06
Phenylalanine 422 4.285 301.89 3.39
Histidine 1.72 1.674 144.59 1.22
Isoleucine 3.97 3.100 380.37 3.15
Leucine 6.58 5.642 571.09 8.42
Lysine 6.36 3.003 - 8.46
Methionine 1.27 2.123 208.84 4.94
Threonine 3.58 2.007 203.93 4.74
Tryptophan 1.12 - 314.76 -
Valine 423 3.466 405.18 4.34
Alanine 4.82 3.467 642.91 7.74
Aspartic acid 7.68 7.555 - 10.72
Cysteine 1.28 - - 0.30
Glycine 4.24 3.593 272.25 7.59
Glutamic acid 15.50 17.194 533.12 15.87
Proline 4.12 - 113.27 4.54
Serine 3.19 4.043 118.97 4.87
Tyrosine 3.02 2.879 54.39 2.64

1) Ospina—Salazar 5 (2016)
2) Nourmohammadi < (2017)
3) Yun 5 (2015)

4) Chalamaiah 5 (2012)

A=A Y] 7Hs/doll TRk A7t 2 S0 B
1531 9t Gohet 5, 2011; Kremer %, 2009; Lioe
5, 2007; Shimono®} Sygitama, 2009, Youn¥} Shin,
2016)). Lioe 5-(2007)> Feh S Haljate] A=
gF YA TP AEARe] glefo|=7) Ayt
umamiS 7}X]"’ Qtka ® 118} o, Schindler
Q01D TaH o] ke SAlsk= =4
o] &= %Zﬁ* A= oA Brg e, Shimo-
no®} Sugiyama (2009)+= o] ThZ o] T4 7k
Bajzo] MUk ZHsthy B shelck ol
A% Kim 5(2016)7} Kim3} Shin(2017)0] @ 2] th
WA G ARSI EHAP)Y etk a4

7Rl (HVP)E 410 A85t9S o ks

. Bon ol rR L OlN

0

ZIA|A o= HAPL} HVPol| &t} vk s =4
ZA3FS B 15t HVPU HAPS] AL &
E}%k_J o}u] 1= AHTable 3), di—peptide (Schindler
2011) T2]3 Mebo|= okeFA|(Lioe 5, 2007)

10@

2L

ABhe A & 5 9

H HVPL} HAP 5% ZF e Hglutamic

o, 53] ofn|Alo)

amd)Ol ok Z3E o] QaL, HVPS] 9ol of2
714 (arginine) 2] TFE =0 AL oF 2= ik E

3+ HVPL} HAPO| &7}k

EflEolu Tasoles

MSG, IMP (inosine monophosphate), GMP (guano-
sine monophosphate) 5] theF Z|3tcH(Halpern,
2000; Youn %, 2015) R 7} B o] 2R3}
o83l BAEL th= 0 2 AR E S = 7F
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Table 4. Effect of HVP and HAP on salt intensity of model broth containing various NaCl concentration

NaCl conc, of samples added amount of HVP/HAP

perceived salty intensity (mmol/L)

(mmol/L) (%) HVP HAP
0.1 33.86+3.11" 30.11+2.63°
30 1.0 43.00+4.68° 36.20+4.89°
1.5 47.03+4.64° 38.80+6.14
2.0 51.11+4.32 40.79+5.94°
0.1 43.26+3.86° 42.38+5.26°
20 1.0 49.49+3.57¢ 48.85+3.51°
1.5 53.88+4.08" 52.82+7.47°
2.0 60.25+5.09° 52.96+12.62°
0.1 53.02+3.91¢ 52.99+3.89
5 1.0 59.74+5.51° 60.14+6.19
1.5 64.45+5.37 61.66+7.32
2.0 70.13+5.45° 67.79+6.35
"Mean+SD

“4Means are significantly different within the same column at p< 0.05 by Duncan’s multiple range test
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Fig. 1. Effect of HAP and HVP on the salty intensity enhancement of model solution containg various NaCl concentration, The error bars
represent the standard deviation of the perceived salty taste intensity. NaCl concentration ® 30 mmol/L, ¢ 40 mmol/L and A 50 mmol/L.
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