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Effect of pH, Electrolytes, and Molecular Weights of Sodium Alginate
(Prepared from Sacchrina japonicas) on Gluten Surface Hydrophobicity

Yeong-seon Lim and Byung-jin Yoo*

Department of Food and Nutrition, Gangneung-Wonju National University, Gangneung 25457, Korea

Changes in gluten surface hydrophobicity, which play an important role in the functional characteristics of protein,
were measured according to various protein concentrations, pH levels, electrolytes concentrations, and alginate mo-
lecular weights using 8-anilino-1-naphthalene sulfonic acid (ANS) as a fluorescent probe. Gluten surface hydropho-
bicity decreased as gluten concentration increased, reaching a maximum pH of 7.0. The effects of alginate molecular
weights and alginate concentration on the surface hydrophobicity, emulsifying activity index (EAI), and emulsion
stability index (ESI) of gluten-sodium alginate dispersion (GAD) were measured. Gluten surface hydrophobicity
rapidly increased the asl NaCl concentration of gluten solution up to 300 mM and showed no significant increase
above 300 mM. However, gluten surface hydrophobicity notably decreased until the concentration of CaCl, and
MgCl, reached 30 mM, indicating no significant variations above 30 mM. GAD surface hydrophobicity increased as
the concentration and molecular weight of sodium alginate increased, however, gluten concentration increased as the
GAD surface hydrophobicity decreased. The EAI and ESI of GAD increased as both molecular weight and concen-
tration of sodium alginate increased.

Keywords: 8-anilino-1-naphthalene sulfonic acid, Emulsifying activity index, Emulsion stability index, Gluten-algi-
nate dispersion, Surface hydrophobicity
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ol A= Fagh At Fok= g A et

U7 ARl glutene polypeptide chain®] disulfide
bondol| &JaiA] F/dE A EAtoln], vlaA] G2 Heo] &£
AeFE 71A] a1 1tk Gliading EAFU o disulfide bonde]] 2]
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gluten®] =125 FA5HH of 2t 27} W3 noodles
o Hetdoll FaFe mIxH At E412l glutenin gluten®] &
A& 1 Wb gliadine gluten?] 4 of] Tl gH(Gianibelli
etal., 2001). 22| 1 gluten, glutenin, gliadin 257 &ZH2] o] 2
S aed] ARSI SRR AR 2Rg
T R8I 910 B2 (Han et al., 2020), pH7} W7HE: chag
o] Zejalela Aol & FaF nlHrh

o] o] daFe mlAl= 80l o= pH, the oo 4
SHES, Tl o) 4] gl FHASE Fo] YA 9lof(Hay-
akawa and Nakai, 1985; Gennadios et al., 1993; Frederick,
1994), gluten®] 715743} 4o FFE nlAl= o8 2=
% 22240 048 2. g A o] TRz o
A g3 TSz o WA Rk #h o] 9l e w(Dickinson and
Stainsby, 1988; Damodaran, 1996), thil| 21 o] JLx0} chul 2l
o2 AR AT Hhgol G nAE WA T
A o] it YAIAQl 2l o] m(Nakai, 1983), Thal 2 2212
AR P Aol P WA= 8QleE = pH, &5, o]
Z7A 9 disulfide bond 522 R i1E o] §] © = 2 (Harwalker
and Ma, 1989; Koning and Visser, 1992) Tha 2 o] A=Al 2
o] A 25 PAlskE JAIA ™, AH71A A
A T S| A 52 A Y] Ao FRkE 1)
Am] o] AapAd- S R Th A o of g 7|5/ ol Y vA=
Ao g delA Qlrh(Nakai,1983).

T ER T 254 S 2ok AL FH A
2 ghuio] 418 o5a 4 e Fa3 aslolt, th
of £ge A& ZASHE AFTH] o) Rolx FHE Yt 2
Z1?1 ANS (8-anilino-1-naphthalene sulfonic acid)E 7}5}o
chal o] 41 2ol whel u gk o] WSSt geb
L g HEE 2she Wilo] AR Q] thalo)
EAASA] B 2ok §89 Ao Ruwolr)
(Bonomii et al., 2004).
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ANSE o] 510} 2459002 B usH= Holc.

]

o}
s
=
=

Mz H L

Gluten

B Ao A3 glutend W7FE25E =531 Sigma-Al-
drich (No. G5004; St. Louis, MO, USA) Al &S A8-51$ T

LMUHERS =&, X, MEXs # =218 £
=X
-1 O

B A TR0 A 20141 8ol A F 5o} AxEE )

AlRES 40 mesh® #£45}o] UMW ERES| 5807 AMS-
stk A7AEES] 52 You et al. (1997)2] B of u}
2t 7k ohAle 2ol 1081%9] 3% Na,CO, 2 7Fsto] 60°C
ol A SAIZE Fet &% T e E olsith folRl A4S
ofl 95% o/d9] oleh-E& 7toke] kAL thA] LAl EE] sk
Lol HAES TFTE 7I6to] 50]3L 95% o]4F9] ofgh&
= 7hsto] AAsl= 2442 23] T REEsto] AR 3 X%
FA7xS o] YUIHER] A2 ANl SR E
B2 AwAtetet EAEE £l Lim and Yoo (2005)¢] ®t
ol wheh Axg HAHESS Fol2of =] 1% &4
o7 A %812 77 Ol 94 8o 2 pH 0.5-5.08 %
A3 3 20-121°COll A 10-1208 53t 7 Efj5t i), 7h2
3ot 4ANYEFES MW cut-off 500, 300, 100 2 50 kDa
9] 52| o I Amicon model UF Membranes; Millipore Co.,
St. Louis, MO, USA)2 A& N, gasE ©|-§-5h= X[t &=
75 psi (5.3 kg/cm?)2] g+2] o3 3}7](Amicon Stirred Cell 8200,
Millipore Co., St. Louis, MO, USA)& 77} B3l5}3ic). 7t
Foll o] - E =¥ (average molecular weight, AMW)-2 53+
It (degree of polymerization, DP)2} 2= (molecular weight,
MW)Z}e] #41E LERA You and Lim (2003)2] MW=0.194
(DP) 46| e} Atskeon, DPE eHIARFES] uronic
acid ol tig el gge] |2 2As)gch,
ERASNO| £

Lim and Yoo (2016)2] W5 of ule} gluten®] 5= 7} gluten-
alginate {4 (GAD) 9| Ao WA= e Lot
7] 918to] gluten®] 55 ol 217t 1, 3,5, 7 10%
2 3)4slo] AlzsF AL, EAEF 973, 513, 245 2 161 kDa9]
A EE-L 0.1 M sodium phosphate $+5-8-ljof =0 Z}
+0,0.1,0.5 9 1.0%9] E=7} ¥ 2 A %3519 o1, gluteny}
NAHEF SHS 5% HE 2315kl pH 7.00. & 245}
& §Hor ANt GADS| s ado] v]A|= pH

kS ol 7] 95}o] 1% gluten €42 1 M HCIZH 1 M
NaOH 8940 & pH 2-128 2As}o] A7 Goloa sholct
Aol F7e} w9 FFE 1% gluten &-Hof| 22} NaCl
9] %7} 0-1,000 mM, CaClL 2} MgCL 9| %7} 0-100 mM
o] H=5 A8k pH 7.00.2 277t & AR G402 513
o} A 2E AR g0 FHASAS 242 Kato and Nakai
(1980)2] Wi ok g ste] A5kl 5, pH 7.0 phos-
phate buffer -§-Hof] A|=Z-&H2 SIMA71 & A=k 514 &
oS 3 mL¥ 5} 20 mM&] 8-anilino-1-naphthalene sulfonic
acid (ANS; A1028; St. Louis, MO, USA) 25 uLE 3713t &
QYT =A(RF-5301PC; Shimadzu Co., Tokyo, Japan)=
ARESEeo] E=0k4) 375, 390 nm, S5314 470 nm, slit width
3,03 15 nmell A 9974 =2 S5k 24 3o
X ANSE H7}5HA] 98- gluten A| & 4] 3 == 715}
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O/W Emulsion2| =X

Emulsion tj5(CJ cheiljedang Co., Incheon, Korea) 10
mL®} gluten €-24(10 mg/mL in 1/100 M sodium phosphate
buffer, pH 7.0) 30 mL, ¢ EE &M 30 mLE & 236
o] 25°C, 24,000 rpm 2.2 90%7F 2 7|(T-25 apparatus and
S25N10G device; IKA Labortechnik, Karlsruhe, Germany)&
Abgato] A 2kt
GAD 0l2%o| B3ty

ot 1 G-310Hg 412 Pearce and Kinsella (1978)2] W
of| &3] A3kt =, 53 F SA O/W (oil/water) emul-
sion 5 YRS sl 0.1% SDS SH 02 3|4 ste] Bt
L= A(UV-1800; Shimadzu Co., Tokyo, Japan) 500 nmoj|A]
SHEE =450 3 A E(emulsifying activity index,
EADE HA|5}9] 01, 25°Col|A] 3004 52t |5 HA] 105
A 02 500 nmoj| A F3EE S7g5to] AR B = &
st 9] 7127] 9k ol dolrl fretd ol e s
3t A R] 3 (emulsifying stability index, EST)2 A5}

al
=

S 50LE A

Z4%F e A¥AT= IBM SPSS statistics pro-
gram 23 (IBM Co., New York, NY, USA)2] one-way ANOVA
tests AA|5to] FAREAS Soll Wt = RELARE A5
o, Fat7he] 72432 95% §-2l5=(P<0.05)°] 4] Duncan's
multiple range test= 7445} tt.
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Glutenel sZ7t gluten EHALMO| O|X|= e

Gluten?] == H3lo]| w2 3 H &3 % (relative fluorescence
intensity, RFT) 4]7]2] #15}5 Fig. 1o]) Ureb 2ck. NaCI2 3
718HA] 9ke- aE| =5 W gluten =7} 1.0%0) 4] RFI gto|
205.60|0E Ao 10.0%04+= 46.4% 724 S 2 (P<0.05)
278 @asgch Gluen w9t RFI gre] BAAS
y=16.971x+223.2292 YEl} gluten 5 =7} S71e<== RFI
e AL A A o' Zaskelet & Aol A glutend] =
7F10%7HA] Z7Fe 7 -0l = gluten®] 3EH AR O] HAEHS
o = oleh. &, Rl S71eHH gluten®] EHAGA]0] S7t
3HS- HojZ&r} RFIGHS fluorescence probes E2AFAL Q=
uA] 28 9 =/ UEh gluten®] EHASA Y] HrE o
Efi= Zo]ul(Winnick, 1993), AlZelufel @7} chize)
Ftgo] SRl wheh =] Al7|7F STkt o] A&
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Fig. 1. Effect of gluten concentration on the front-surface hydro-
phobicity of gluten dispersion at pH 7.0. All data (mean+standard
deviation of 5 replications) with difference superscripts were sig-
nificantly difference at P<0.05. The relative fluorescence intensity
(RFI) for the gluten concentration are given in equation of
y=-16.971x+223.229, 1>=0.983.

cha o] Stto] ofa) goshlo] 7xH 02 Tl A
o] golsp Hmz 244 Fojo] HHOR Sl
© 2 oA 9JthBonomi et al., 2004). T3} thal 2o 25) v
7} Zrashd il A o] g AarAo] 715k (Li-Chen et al.,
1984), ovalbumin¥}- lysozyme 53 72 Th A Q] 31 Ao
Aol st A+ A (Nakai, 1983)%} soy protein isolate (SPI)
o] #HASA d54(Lim and Yoo, 2016)o] 4= 2 HekS
w1stelr o|ejh Al7E ejshel 3 A1Eo) Aol ek
0] gluten 357} $HE FoIARE 10%744 Z7Hle] v
gluten®] RFI gto] Zhasgt 212 2.0 gfo] Fi3t e ol A=
gluten T FA}o] Bujslrt S26] dojuf Tl 39
4ol S7tsto] T A EAF Y il 2Ash= 2 99
o] FHOZ YEARE =59] gl Zraxshd whd L
O] fr/gdo] wopA B R chul Jap Y Rof] ERske a4
FYo] FHORE Eefif= Ao| AAE7| o2 & 4= ot

Gluten?e EHALMO O|X|l= pHe| HEt

o
Fig. 2= pH7} gluten®] W A42/d0l| v]2]= 43S vebd
Zlo]th. pH 2.09 ] RFI 7to] 67.30] 9% Zio] pH7} 5718
2 Z7}5}0] pH 7.001 4= 205,608 HtizrS Yepygickrt
pH7} 7.0 o/¢0.2 Z7gtol whet RFI gfo] xsto] pH 12.0
ol 77.1& YR I, 0|9} o] gluteno] EH 45410
pH 7.0014 23S Yeb ekt pH7F 7.0 71222 57t
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Fig. 2. Effects of pH on the front-surface hydrophobicity of 1%
gluten dispersion. All data (mean+standard deviation of 5 replica-
tions) with difference superscripts were significantly difference at
P<0.05. RF], relative fluorescence intensity.

S adtol| whet 3 /o] Fashe AR UEhd A
2 gluten®] oF-&2 UERIE A4 2H7]1E0] pH7F 7.000 4
i 52 7kt AMd B2 g Yoo olEdlol wf
2} gluten T2 B2} 7ol HhE = ofn|ieAke] 27|59
oaff = A7 A Aol A Bm eh SLxTh
sho] el R o] sERof Uehd® A XS0l il i
2 EE7] flmo 2 A7k pH7F SPIS] s/ of| w
A& el gt Ao A e vt RS sfat Lo w(Lim
and Yoo, 2016), Wang et al. (2017)2 U7} chal 291 gluten
o] pH 7.0014] 717 g-slj =7} Sekar whieste] pH 7.0 4
Hagdo] 71 A vehd 2 A7l ) AuE Szlsta
o, b Fo] S AS 7FY HAJAI S ol pH 5.6904] 2
thel 4442 Lk gieth of it ZashA 371ohe
ZhaskeHWinnick, 19931 2ok 2 Alglo] 4 ekt 5%
& pHoll 4 2] 5 444 ek slehh 1 pHE 7%
o2 27} 5.8 7haglol sk Zao] 28-S Ueict.
Glutene| #H Adof 0[X|= HMollE sz &

pH 7.0914 NaCl9] 57} gluten®] 3T ApAdof t]x]+=
e Fig. 30 Ut det o] ZLgoflA & 4= 9l%ze] NaCl
o] 5smM¢¥ o RFI gte] 296.8°11E A o] 100 mME o 965.0
2, NaCl9] %7} 300 mMe]| o] & w712 54 3] F71s13e
L}, NaCle] ==7} 500 mMeof o]22] 2 a1x]e] 1133.39] =
23T} 1,000 mMoj| o] 2 24+ RFI gfo] 1055.52 e}

= 1 O

B30
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Fig. 3. Effects of NaCl concentrations on the front-surface
hydrophobicity of 1% gluten dispersion at pH 7.0. All data
(meandstandard deviation of 5 replications) with difference super-
scripts were significantly difference at P<0.05. RFI, relative fluo-
rescence intensity.

Y 5214 (P<0.05) 0.2 oF7t YobAl Tl 12| 1 gluten®] RFI 7k
T} NaCl9] ‘s=29F2] HA AL y=18.000 Inx+65.282% L}E}
Wtk ANSE whfal o] & 7 7] oks dedshAl ¢t
2/ Z7159] th (P o) Zdeeitkal gk Z(Kundu
and Guptasarma, 2002)x} Tl Al B2}-0] = ds}eko] chalzal
9 galitof Y vlAl= S ast alo|ekar 519l o w(Wolf,
1970), 3 T JRA7 = AebA 91eF 72 A7 9l
O w(Chan et al., 1982), AA| A= t}2 of2] T/ childs
TAE AlES T o] FH o] Tl o] 7]5A] Aol
& A= Ast avbe AL =4 Uetl = Zlo] -85t
o 3 A AL A7) = Al 91700l 7= STt
B chfE o] 28642 Alekd $17F sk S7kshe Al
2 B35}l QIt(Hayakawa and Nakai, 1985). Z18] a7 thal 2]
of stoll Y2 |A| Aol o] ufe) v ae]
of Thelsti gl 714 Aol Wsle] Bad Hate] vh
B2 oj3o] ZAISHE A% 7]} Golo] 1d He FHEY
B 7hse} Eejghu o) 1 2440 WicHUruakpa and
Amtfield, 2006)11 H3gh AFAIE w|Fo] B, glutend]
FH A o] NaCle] 5271 200 mM7HA] 7hgto] whet
#3] Z71Hs ol gluten T Baizbe] 34 A 33
718 A%, 32 522 2J5hA foldinglo] el T o]
A543 NaClo] 71lo] Aebag]7h wstm s chil 21
7k olefgt Ao A 7|4 A& o] Wsto] o] Agto] oA ALt
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Fig. 4. Effects of CaCl, (a) and MgCl, (b) concentrations on the front-surface hydrophobicity of 1% gluten dispersion at pH 7.0. All data
(mean-+tstandard deviation of 5 replications) with difference superscripts were significantly difference at P<0.05. The RFI for the CaCl, (a)
and MgCL (b) conc. (mM) are given in equation of (a) y=125.490exp(-0.111x)+80.691, 1’=0.995 and (b) y=144.855exp(-0.116x)+58.632,

r’=0.997, respectively. RFI, relative fluorescence intensity.

g o s chilz S27} unfolding =] o] Tl Ui o] Z4j
31 A goo] o Yeh Y] miio 3 Aol
7 ok A2 A7, 1 oo s, &, NaCle| 5%7t
500 mM o]4+o 2 Z7}sto] & gluten®] T Ao Tha 7t
28k Off= o] FE o/dollAl= Tl A HT} G Ato] 2]
AEAL17F 00l 717k] A Qlo] foldingol] 2odt whalz] Fa}
Abo] o] A1 A 714 Aol o o) A YIS wIAA] ¢
o chlz] i Eaistd 7hE A4 75 EH
EEEARE 24 759 thike T o] xR o]
LeEER] 9b7] fii o= AYZHE T Fig. 4= pH 7.0914 CaCl,
©F MgCL 9| 557} gluten FHApA 0] v A= G2 et
W o]} CaCL2] =71 0.0 mM < 1 RFI gto] 205.60] 9
& o] CaCl2] %57} 10.0 mMeo] 0] 2512 o= 118.52.
X G4 sttt 11 o] srollis A Hi
7F ehFSHA] UEbd ). R MgClL 9| 7= CaCl 2} vl gt
738 e ¢l CaCl et MgCL 9] s=7} gluten¥}9] 3
WA 1RO THA AL 7F7F y=125.490 exp (-0.111x)+80.691
2} y=144.855 exp (-0.116x)+58.6322 LtelL} CaCL 2} MgCL
O] =7t AAT FEAMA] SIFE H LA o] F43)
Hadhs 23E Yeplgleh, gl o] IS o= A
o7F el At Tl A Apo] o] 7| A AF 5 ARG op et T
W2 Apo] o] AapA Zgtol| o]t Aolekal B 11skal(Goddard,
1986), ol&f gt Tl o] Ajtuld2 thr} e At Aget o
o] ot chl A n o) 71 Zhrtolof] EAehe Tl
3 A4 AghE F4817] wiEo]2k=(Ren et al., 2006) 31
£ u|Fo] B Ca?' ot Mg = A B2 bl 7 A3 3

i
BRgsto] 2 Aol

22 gHEE m R ANSe} ZSHE glu-
(e}

o
=
1o
=5}
=
N
e
ox
of

pH 7.0014 LZAHEFS] 71 5%} glutend] F=of
w2 GADO| %¥ A4 BIskE Y7MNERS] Hd2A)
AR 32k a2 g Jepd Zlo] Fig. 5oltt. Hat Ak
o] 973 KDa?l 47I4MHEFS] FX 8 Fefste] H7He o
(Fig. 5a), gluten F%=7} 1% &Rl AN EFES H7tst
A ¢F9FE 7%- GADS| RFIgto] 205.60|909 Aol &7l4ht
ERY H7Fswrt 7iskel okt 204 0. 2(P<0.05) SVt
ato] AZIAGEES H7Fs =7t 1.0%Y ol o] g9
RFI 7}o] 1,159.0¢] o2t} o] GAD7} YE = RFI g+
7} gluten 5% W GIAEF ] 75 2 oko] A4 y=-
49.911x,+391.747x,+383.195 (y, RFI gk; x,, gluten &% x,, &
AR EE) )R Uebdh BB Aol 513,245 9 161
KDa?l 47 EF-S 72t 5 & gefsto] H7he 7 -¢-(Fig.
5b-5d)o]l &= FFEAlTFo] 973 KDadl U7 EE-S et
o e} -2 A3k UEt 9l o o] i GADZ e = RFI gk}
gluten 5= 9 YAHIEFO| M7 s Eoko] A A2 717t y=
64.503x +478.731x,+530.990,y=-90.946x +562.790x +685.005
2 y=111.324x,+630.930x,+844.7502 e} U7IAHIES
B EARFe] F71et gluten =0 AV ER %9 5
7bo wet GADS] Aol 7h4dtgitt. Uruakpa and
Amntfield (2006)°]l 2J5}H 7hzet g o] 7habrdE 7t
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(a) 973 kDa of AMW in Na-alginate

(b) 513 kDa of AMW in Na-alginate

(d) 161 kDa of AMW in Na-alginate

Fig. 5. Mesh plots showing the effects of gluten concentrations and sodium alginate AMWSs on the front-surface hydrophobic-
ity of sodium alginate- gluten dispersion at pH 7.0. The significant interaction identified by the one-way ANOVA test at P<0.05. a, y=-
49.911x,+391.747x,+383.195, 1’=0.913; b, y=-64.503x,+478.731x,+530.990, r’=0.992; ¢, y=-90.946x +562.790x,+685.005, 1>=0.919; d,

y=-111.324x +630.930x,+844.750, 1’=0.921.

S 7hseh AT 7Rty | Abo] o] HH 714 Aol ¥4
wjof ofu] 7hse} T o] Enlo] kBT sgd Folo
SHE R Al EHAGA 0] 71481, Fioramonti et al. (2014)
2 milk whey protein isolate (WPI)&} &7 A EF O] E3h8-
Hof| A WPIZF AZIAHEF Atolof 2lgto] dojut BAIE
FAsto] 2 Fo] HEA| YR EE7] el WPI
o Tyl 2440 24T sjo] thgRel el Alole] 2
THolut Bigte] Tue] vl A4 FAAITHT Shof £
e1pe] 2} vlse3t TS UePfgict. 71231 Fioramonti
etal. 2014)2 U EFS| w27t S71ehd M ER
O] R0l EAl= 4244 pre-micelle G o] S7Fot & &
WeH AR 2y Bh0) A7) o] Yelow ojgal
o] pre-micelle FAHF=E o] F517] wzof Aol gt

t}al 51137, Lim and Yoo (2018)= E7IANGEF2] EA}EF0|
Z7FetH YA E R 4424021 premicelle?] A4 57 =
o] A] 7] W&o A=A 0] 735t pyrene A7} premicelle = ©]%
Sk HE7F ZojRIthal shgitt. e A ERS] 5
%7} 27kt whek GADS] Sl 4sAo] gt A4S U714
UEFT gluten®] Abolof] 4 7] 2] Aol A= o] gluten}
UZPFEF AFo] o] 33 0. = Qlste] o|n] gluten THl 2 9] 32
Holl =2 = AE 2 F9o] SHA WiE SEE7] ta
|| Q7IARFE Bo| Eajepo] Z71ao] et GADS| i
o] dagt A GUAGER Tl EAst: THEE o]
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Fig. 6. Changes of emulsifying activity index (EAI; a) and emulsion stability index (ESI; b) of sodium alginate gluten dispersion with vari-
ous AMWs, average molecular weights of sodium alginate. All data (meantstandard deviation of 5 replications) with difference superscripts
were significantly difference at P<0.05. The slope of EAI and ESI for the sodium alginate AMW (kda) are given by the following equa-
tion, respectively. For 973 kDa (o) of AMW; y=18.165(Inx)+218.108, r>=0.958 and y=22.435(Inx)+143.319, r*=0.980. For 513 kDa ([ ])
of AMW; y=15.787(Inx)+196.068, r>=0.971 and y=15.029(Inx)+108.056, r*=0.983. For 245 kDa (0) of AMW; y=14.937(Inx)+190.373,
°=0.968 and y=9.860(Inx)+82.953, 1=0.984. For 161 kDa (1) of AMW; y=14.487(Inx)+180.275, °=0.983 and y=4.040(Inx)+54.452,

’=0.959.
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