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Abstract

Excessive salt intake in body induces health risks resulting in high blood pressure or heart diseases. Therefore, the
low salt concentration and salt-tasted food is needed by means of the modification of the manufacturing process.
The purpose of this study is to study the effect of inhomogeneous salt localization in bread to enhance the saltiness
of encapsulated salt. 0, 0.5, 1.0, 1.5, and 2.0% of liposome encapsulated salt (LS) was added into the baking of
white pan bread. The final salt concentration was adjusted to 2.0% by addition of salt. After baking the bread, mois-
ture content, loaf volume, fermentation rate, color, texture analysis, salt release rate, and sensory test were measured.
From this study, moisture content had no significant difference in control and treatments (»p>0.05), except for 2.0%
LS. The lightness in all treatments was higher than the control’s (»<0.05), whereas there was no significant differ-
ence in hardness (p>0.05). From the sensory test, the bread added 2.0% LS showed the highest value from the salty
taste. Moreover, it is related to the highest release rate of salt represented at 2.0% LS. In conclusion, the salty inten-
sity of bread can be enhanced by the salt localization using the encapsulation of salt.
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o2 AARAZIFH(WHO)NA A7g 2,000 mgE Tt °F 2
Hj o] A st AS= YERITHWHO, 2012; KCDCP,
2013; Kim & Kim, 2015). ©]<} 7Fo] o] M F s}
A =, A AA AR, HRE T AW JFS mzith
(Moon et al., 2008; Kwak et al., 2010). °]& 3t o|F=Z 1}
EFS FEE 7] Hs e B2 A7Ee] 1
=3 )t} KCl, calcium ascorbate, sodium citrate, MgCl,,
CaCL%} & NaCl thA A & ©]-&-3t] YEFS AMHE-S =
= "9 (Gimeno et al,, 2001; Lee et al., 20053 &%
£ &, MSG (monosodium glutamate), ©}v]=4e] #uk
FAE AR3Ee], 23%9] sk Ak SXIAA UE
S A3l sk W el ) oh(Israr et al., 2016).

AdskE s thFst AT 7 e e] MskE F
3 Ad AFS Al AMZE A7 Itk Noort et al.
(2012)2] AFolA st | ngo] AFoNM 2T B
dS FEste] guke] g SXAZITAL BAsgon,
Holm et al. (2009)2} Mosca et al. (2010y= A&o] #d3a}
Al wiAE A EddsiA M Ao ASHALE W
SRS A5, Bt wixE Ao BS st =7
#AZE AT BREA=H, ole HE HE B AS5S

Lo
1=

g o v 2
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Aol v A, A =
o} A st th

SHellM e 2l xE " B

o] T FAAT A5t AEe o A == 4

7 7‘_3_,47} 27 5 91 TH(Lee et al., 2016).

AT E age] FFe 2o Aute] QXS wh

Eﬂl o2 JEF AsE A £ ol8E & e

ﬂ 1st7] flal M= on, Paglez I

S A FAel Hrste], A WielA B

Z =3 7, e A A4s B8 5y

9 s

A e=A] Gotr 7] ffste] &

SR

B Qo)A ALg T
Ltd, Seoul, Korea), &=
Korea), =(Samdasoo, Jeju special self-governing province
development, Jeju, Korea), A% (Beksul, CJ Cheiljedang,
Seoul, Korea), & X (instant dry yeast, Incheon, Korea), 5=
EY(Ottogi, Anyang, Korea), % =X -f(skim milk
powder, SM, Maeil, Seoul, Korea)= AlZ oA T3l
ARSI AL, ZEAIQ] FAIRI(LIPOID S 75, fat free soybean
phospholipids with 70% phosphatidylcholine)< Lipoids GmbH
(Ludwigshafen, Switzerland)| 4 %1531t}

4 71(DAEHAN Flour Mills Co.
A= (solar salt, Jeung Island, Shinan,

«] Xﬂ 0% NaClZ} 2% lecithin
Y3 400 pml & 30f7& wHkste] 410530
t}. Z ¥, high speed homogenizer (Homogenizer Ultra-
Turrax T18 basic, IKA, Konigswinter, Germany)= ©]-8-3}<]
11,000 rpmS-2 587+ 12} 2 3}, ultrasonicator (Model
HD-2200, BANDELIN electronix-GmbH & Co. KG Berlin,
Germany)E ©|-83}4 40% power (80 W, 20 kHz)Z 3%
7k 2z #Aste] A FHO B xF Y awS Axs)
Aot AFe] BEEFS -80°Ce] deep freezer (NS-400SF,
Nihon Freezer Co. Ltd, Tokyo, Japan)ollA] 12A]7+ W& 3k
T -80°CE HAH TZAAZ7|(FD-8518, lishinbiobase Co.

Ltd., Dongducheon, Korea)E ©]-&-3le] £ Fe2 2|
& ZYHE &7 A3

2AX 7| A MEt MY FE

A Z2E Ao ﬂii‘:‘*} e B EE IHE 4o

20 g 100mlo] SFrel A3 Al ok, YAk 27]9) Al
E} A ] (Epotential)= Zeta-Sizer (ZS90, Malvern Instruments
Ltd., Worcestershire, UK)E ©]-&-3}o] =735t}

2] £ Table 13} 72t} vt
%——& AACC 10-10b (1995)—.3: #Zé stom, REYS A9
3k A ABEE HEE7](5KSSS, KitchenAid, Benton Harbor,
Michigan, USA)E ©]-&3}4] #5200 rpm)°llA] 1—1—7P =5
(400 rpm)ol| Al 227k 4o S FEiZEA] s &, &
EYS #7rskal AE300 rpm)oll A 387, 54400 rpm)
oA 7HEZE WISt 12 R = 5% 37°C TR 7|A
607F HEal L, Hart vd WE2 F287] st
oA 1587 SRR A7 v RS & W Sl 31
ofg]¥ sMdste] 37°C] warlelA 507 234 Wa skl
t}. 22 HEE vzl WSS 180°CE AlEE LE(M4207,
Simfer, Istanbul, Turkey)ollA 20%7F T2 & A4 24]
7F @zbek oy EEjolddl W] Wegste] 24417 whA| g
T 25 A ARg-stith

Az Aol FETEHS AOAC H(AOAC, 1990)
SA8 o, 105°C St 7HEH & AHgete] &4

2Jwo] H]-8-Z (loaf volume) Kim & Lee (2013)2] W
Holl mEt dAstlen, 35 FAR Urol U s
H] 3t ). & & (fermentation rate)S

L4 (em/g) HOE
Z73387] S5t wiso] 9k ¥ A Q] FAE Z7FAR

sted, Wk A 20gS wo] 40ml ¥ A FHs XHS
WA o the 37°Ce] daxe] waxoNA 1At
LEAA 1 FolE S5, W] wad =olo wa
= &

Table 1. Formulation of white pan bread with liposome encapsulated salt

Flour (g Water (g) Sugar(g) Skim milk powder (g) Yeast(g) Salt (g) Liposome encapsulated salt (g)
LS 0 100 64 6 7 1.2 2.0 -
LS 0.5 100 64 6 7 1.2 1.5 0.5
LS 1.0 100 64 6 7 1.2 1.0 1.0
LS 1.5 100 64 6 7 1.2 0.5 1.5
LS 2.0 100 64 6 7 1.2 - 2.0

*The percentage of liposome encapsulated salt per total flour amount.
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2ol crust (2)We] A B3} crumb (2wl £ F
)9] A== chromameter (CR-200, KONICA MINOLTA,
Osaka, Japan)E A8-3}o] Huntere] ARl B17]E UER
= "X (lightness, CIE L'-value), 552 A=E YE=
A = (redness, CIE a'-value) ¥ =do] =& ehy
A = (yellowness, CIE b'-value)E AH&-3Fo] LYERSL
colu) ARS-E WAlgke] CIE L'-gto] 94.49, CIE a™-%ko]
-0.66, CIE b™-%}o] 3.3221 calibration plate® ¥FO 2 A}

¢

S Oorr o

g3 2% A3ke 33 oY wE Sl 1 P
gt EEAAE LeRR .

e
EE FYT 2T I Ao 247 WskE U

H7] 918+, crust?} crumb ZHZE 1x5x1 (7FExA| 2xE=0])
cmZ FASS F texture analyzer (CT3-1000, Brookfield,
Middleboro, MA, USA)E A18-3}], compression 215 Ab
&3ted Zgaitt. o o, AA T 50% HPo] Lol

=% trigger load 70 g, test speed 2.5 mm/se] £E=2 =
392 ™, TA3/100 probes} TA-SBA fixtureS AHE-3}S
ok 919 2UES ARgste] AR 3he SAslen, 53]
o] vhE Addste] A3 ghs VeI

=

YEE FPY 279 FEst thesl) PoE Awe] a7
2% £52 234317] 9)4l Frash-Melnik et al. (2010)9]
M-S 43 3lo] conductivity meter (Seven Compact™ S230
Conductivity meter, METTLER TOLEDO International Inc.,

Schwerzenbach, Switzerland)E ©]-&3ted Z43I T A==E
A 2g9 AEE 100ml FRFrl ¥ol 400 pmO= wyk

s91, 1022 24 3ke] vehpgieh.
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Table 2. The particle size and (-potential of liposome and
rehydration solution

Liposome solution

202.03£25.55
3.63+2.75

Rehydration solution

215.10+2.84
6.27+1.39

Particle size (nm)
C-potential (mV)

o} oA WztE 2 Q) A= et Al
2= A w2t £32] H(color), F(flavor), 7152l
(porosity), ZZ%Hmoisture), U] 711 (saltiness), X
71%.%(overall acceptability)E H7}slR o™, AS =7}
Auto] 7 Zbek 2R H w2 A}, 52 8

9 gubo] oFst A8 ke ), 17HA] A E

=
3he =99 (Kramer et al., 1974; Luckow et al., 2006)
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SHEN

FAEAL SPSS FAI =2 13 (Statistical Package for the
Social Science, Ver. 22.0 IBM., Chicago, IL, USA)S &3}
o ey} BFUAE AHE3F 2, ANOVA (analysis of
variation) ¥4 %, Duncan's multiple range testE ©]-&5}¢]
|7k 43S p<0.05 oA AAst 7} Alg 7t
o] frelAQl ztol & AFSFAT

=}

a4 % 03

2|ZE Xt Z7(2F MEl M2
2E IAYHE 27 YA 2719 A A9 gk
gk A3 Table 20 YeERATE A0
HE AF A7]E 202.03+25.55nmo| 2, AEF A=
3.63+2.75 mVe R AFAEACE AGste BrE AES
o] =719} Ae AYE 215.10+2.84 nme} 6.27+1.39 mV
Z7vet A3t A3E JepdT o] o, Aler Al 7
YAFRe] vbdE-S Jehlie, AEr A9 3ke] A7t
S5 YR} A o] =oAL SFATHLim et al., 2010).
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Table 3. The effect of liposome encapsulated salt concentrations on moisture content, loaf volume, and fermentation rate

LS'0 LS 0.5 LS 1.0 LS 1.5 LS 2.0
Water content (%) 67.31£0.43% 65.50+2.84 69.03+1.19* 65.67+1.02* 65.35+2.49°
Loaf volume (cm®/g) 2.50 3.09 241 3.01 2.81
Fermentation rate (%) 25.00 22.92 28.13 23.40 26.09

"The percentage of liposome encapsulated salt per total flour amount.

*bSame alphabet in a row are not significantly different at p<0.05 using Duncan's multiple range test.
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FS Yeien, gz} LS 2.0 A9 thE A
1A el o g xpolE YERA] e %THp>0.05). H]

A3 Hage] A, hx7e AFlA FARE 3
YERRATE Noort et al. (2012)¢] AFolM A<E3 & &
T2 WEOA B2 ol R 84S oA|ste 280
Aof, iz Hlste] &t € AFo] H7HE oA
Bggo] ¥A Ao HAded, B A LS 1.0 LS

OIDEOE
X
2

0— 2839 u) thFTo] HEte] BFggo] =4 =4
49} ‘rr"}é}‘:} aiu AYE LS HUtst® A

5 =43 A= Table 49} 2t} Crust’} crumboll
H|sto] HE7p Wi Azl sl s o] Zho] =] ]
A=, o= crust7} L EoA FHE o, dol| o5t
maillard ¥H-§-0] doju} ZAo] Fojxl A 7]Q1gk A=
AT E (Yoo et al.,, 2014). Crumb®] BEe| 739, &=+
oA 703082 FojFow U L}E]‘M_Eq@<0.05), LS
1014 75712 7P =3kow A2 ApelolM = o4
o2 Aol YERNA S3UtHp>0.05). S22 M) A,
dwkA o 7 Ru7} 7HAaghol| whel 7] go] s A A ofF
AA = o] dom, dago] 7P =4 YERE LS 1.0
oA 7MY w2 HEe S YERd Ao ® AFSETHKIm
et al., 2011).

\

RERIZF

MO

YxE IHE Ago] Hrkd Awe] 2A7S 4%
A3E Fig. 19 JERATE Crust 7 = (hardness)= LS 0
oA 7HE e S JER O, tiFok X Aol

Table 4. Effect of liposome encapsulated salt concentrations on
color values of crust and crumb

L a' b’
Crumb LSY0  48.93+0.12°  14.10+0.04° 21.96+0.10"
Crumb LS 0.5 68.80+£0.20° 6.18+0.24°  26.82+0.03"
Crumb LS1.0 42.72£0.21¢  12.26+0.01° 18.1440.08°
Crumb LS 1.5 4555+4.55° 15.14+0.36" 28.72+2.62%
Crumb LS2.0 3858+1.25° 15.21£0.20° 24.01£1.51°
Crust LSO 70.304£3.86°  -1.7340.08" 13.29+0.60°
Crust LS 0.5  73.9242.13® -1.94+0.16™  18.45+0.93"
Crust LS 1.0  75.71£3.10° -1.93+0.20"  17.27+1.09°
Crust LS 1.5 7435£2.77" -2.13+022°  17.9240.64"
Crust LS2.0 74.84%1.25" -1.90+0.12"  18.09+0.70°

UThe percentage of liposome encapsulated salt per total flour amount.
**Same alphabet in a column are not significantly different at p<0.05
using Duncan's multiple range test.
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Fig. 1. Texture analysis of white pan bread added different
concentration of liposome encapsulated salt; A) hardness and
B) adhesiveness. ““Means with same alphabet are not significantly
different at p<0.05 using Duncan’s multiple range test. *®Means
with same alphabet are not significantly different at p<0.05 using
Duncan’s multiple range test. LS is the percentage of liposome
encapsulated salt per total flour amount.

oAl fre]H oz zpol7p IFEA 2 THp>0.05). Crumb
HAEe ﬂﬂ:ﬁ"ﬂ"i ZEXE IHE hgo] S7HESTE Fhol
7&5\- = A%S vUeidler, glxE 29" &5v At
1 735 dizoF o Aol Hlste] feojAog e

25 YER A ohp<0.05). 7 23 (adhesiveness)S crustot
crumbell A H]S28 &S vERol e, LS 034 LS 0.5

N, i,

A TE NIRRT fFoFow 2o s Yl
(»<0.05).
a7 BF 5 ¢ s8It
YEE AYE Lgo] HUFE Aol Ago] §EH
e A7 HA=E7E Srteke ARE S48k vepd 23
£ Fig. 201 YRS 27] &3¢ &5 S5 FAKE
43S YER e, FAF LS 20004 7HE wE §& &
=8 HYA, LS 1594 M =2 85 £58 #Es)
th B 2E ZHE 2w HUHES GElste] Alxzg 2w
H7}= Fig. 30 YR AT 2e] A2 LS 0

1o
N
fols

N m

olA 71 Fokou LS 155 Asial o Ao} &
ojH oz 2ol YEhHA] &om(p>0.05), F 71573
o] F7telM = BE A TiteM o AR Aol S HER
A A THp>0.05). &ste] el A3, LS 2.09 LS 1.0



i)
]
iy
Ky
o,
!
i)
N
[
>,
)

H

0.30
—e—L5*0 —0—LS03
R -—&=-1510 — 2= L5153
025 | g 18520 -

Release rate (psu)
=) =)
= o

=
(=3
[

0.00

0 600 1200 1800 2400 3000 3600 4200 4800 5400 6000 6600 7200
Time (sec)

Fig. 2. Changes salt release rate of white pan bread added

different concentration of liposome encapsulated salt. “The

percentage of liposome encapsulated salt per total flour amount.
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Crumb color
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Fig. 3. Sensory test of white pan bread added different
concentration of liposome encapsulated salt. *The percentage of
liposome encapsulated salt per total flour amount.

oA dE2TET F2 7S YeER o, o] Afol=
UERRA] 2 9th(p>0.05). T3 AR F e 7|5z 2 ;Jr
LS 2.0°] 7P 2 3 WERHAS, LS 0, LS 1.0 &

2 Yepiglen, fFo)Hd Aole yERA %—;9}5}
(»>0.05). 44T =9 YEF IHE LFS HUlsk
FRE W QAA Q] Zo|7p Hom, Aute] 7}57} =7
ﬁxﬂﬁ?} 7];31:_7} =0 Aw-S ulE 0] Ao
Hr} ol ZYE AF Bt AvtEW, wox BFds)
Al B o] salty spot (A7 FE/F LS FE)S A5l
s B7F Al A A=rF B w4 YERE TS Noort
et al. (2012)°] A7+ AR} FARE AFE UERAUTE &
St 2l XE FHE 2FE F5o HUrskds w, B4 tﬁ
She Ao, Age Baddt BXR sty Ayt %
7b oA THE Lee et al. (2016)9] Aot Al Z:iﬂr
JeERNQITH 2 A& gare] sl Az el 713w}
E4E 1% B EF AHH LTS ARREl, FHH R &
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Q¥Stth(data not shown). 2| 2F ZHE &
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