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Abstract

Experiments were conducted to elucidate the effects of pH change and sodium alginate, gum karaya
and gum arabic on the foaming properties of soy protein isolate (SPI). The surface tensions of SPI
solution (5%) adding to gums at pH 4.0 and 5.0, near the isoelectric point (pH 4.5) were higher than
those at pH 7.0 and 8.0. Specific viscosity of the solutions adding to gums (0.1, 0.2 and 0.3%) at
pH7.0 and 80 were 3.6~51.8 and 4.0~51.2, respectively. In cases of addition of sodium alginates
specific viscosity were predominantly increased, while those of gum arabic did not almost increase.
Addition of gums reduced the overrun, but it stabilized the foams, especially those of sodium alginates
(0.2%) increased the foam stability at pH 5.0, 7.0 and 8.0 by 57, 413 and 315%, respectively. Foaming
ability, foam stability and heat stability of the foam were significantly (p<0.05) affected by changing
pH. There was a tendency to increase the foaming ability according to the decrease of surface tension.
Specific viscosity was also important in foam stability and heat stability.
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sodium alginate(high viscosity), gum karaya % gum
arabicg Sigma(USA)ol 4] 73l3te] A}1-8-3tedc)

EWEHo £

SPI(5% FX%)o] 322 0.1,02 %
A7kt ¥ 2 mubr)el 4] wrkslw A pHE 4.0, 5.0, 7.0
7 8002 FAsla 3087} —.—§}6P°4 }_Xﬂ?‘{} SPI A8
S} AL dqu Nuoy ring ©]23F Fisher ten-
siometer(Model 20, Fisher Scientific, Pittsburg, Pa) &

1 0.3%9] s

AH8-8}o] 25 C (77, 72.45 dyne/cm) o) A ZA &} ).
Mol £
Hxol £ w548 H7g F pHE z4sln

H7y 3}8ho] Z:ﬂ] gk SPI(5% §%) A|8&HS 7}1]_17_
5+ 0.1C elA] ZF2 flow timeo] 248 secql Ost-
wald3 A3 %A (Cannon-Fenske No. 50) 24 2
Hate] whld Ll(5%)2 wHE(n,)E ohe —1°ﬂ
osle ahodche,

Nep = (tx- tn) /tn

DN

t, . =579 flow time
t, o gkl 2l gl flow time
HESHNES =X

Ag9 7E3AEL Phillips 59 o] Fs)o]
Sunbeam Deluxe Mixmaster Mixer: ”H Z A shedc)
01, 02 % 03%9 F=x¥Z sodium alginate, gum ka-
raya 9l gum arabicg 7z 78l pHE 4.0, 5.0, 7.0
i 80°o 2 zﬂg}oq _T_L]r,ﬂ_‘_ L}uull_&ou(sq =L)8
b7 50 i ZA|shedc) oAl 24 A g 8-S 15
191 whipping$ %7]o 2o] double beater=+ 98
rpmell A 58 7FA(5, 10, 15 ¥ 20%-) o2 Al 203
&<t whippingstsd ©.vf wj 53 4} Alwjc} HAd8 A
100m/et FAE A7 FAH3ch AFEd5e s
A3 o] % overruno. 24 vielygivh

% overrun=
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A% 100me] ¥

X100

HEHEM 5F
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F8lod gl A g-ol-& 1587 whippingdt ¥+ &Y sheict
1.572] whippingg £71ol 47 06cme] 95 %ol
ARg-stel o] o] &vlel HAE A¥-g Al whaa)
& d Alzke]l Azl whi} e Ealo] 4ol 4]
FelEe] vk A FAE digital balance(Mettler
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71%2) et AL Phillips 579 ulel F3lo] =
Aslodn) 53 HAC.2 34 20% =<k whippingshs 4]
vl 5% wlc} petri dish(107.5mi)ol] whl 2l 2 geo] #
- R é{{ A EE7E 2= 90 T 9] ovene &
3027k 7hdgh & Aoy Aol 30873 Jzhstgnh
o] wf petri dishel] 2o} 9l 7%%" % 194 A7&

(=1
A
7t

EXXz|

dlole] #+4-& SAS/PC® & GLM(General Linear
Model)-& A}%E}”PD% Duncan®| cv}zH7Ae =z
2] sto] LSD(f-25% 0.05)& Faleict

o #H7telg o pH, 354 F# % %ol o x4
AeE-g ebd Aol

Fuiges mol Rejdfghiale) SHH(pH 45)
H-tel pH4.0 % 5004 2] A 717k 396 %
40.2 dyne/cmEX pH 7.0 2 8004 737k 41.8 % 40.8
dyne/cmir} vha Woral R4S YolgS W o4
pH40 5 50 odolel A7t pH7.0 2 80 ddell {4t
Sefon] wRAEES 01 02 % 03%E Z7hghe)
wpeh vhi Fbekis e LPEHH dck A iﬂ o2 Ho}
sodium alginate, gum karaya @ gum arabic 5 %% &
H7gk 71(39.9~46.9 dyne/cm) o) BH,L'[L(39.6 dyne/cm)
wopb oha 9 soE viepylch

Mita " % Grahama} Ph1 l1ps "= zbzh glutens}
bovine serum albumin®) 2% 7 43 H-ZolA] A4
o) i g vlepic) bkcﬁt}. Grahamﬂ} Phillips 'V
T oshalel e L S e 4 7] Hel bebe)
Hav) weo| puigeds 7t 4“1'717] uf-ofl gl Ao
71 A whEA FaEe A7) ke A g
wae] Aliir A o“o“o‘f} "—/l 1714 =
skeivt. Kitabadake 9} Doit''3= sl 2l goi o) S‘ifﬁ'“i
& A AL glont a7
S A Ak Al7E glean sbedch

Cooney' " = whey protein concentrate2] 7384+
O A Nt pHS.0el ARt 81 pH 8.000 A 7}
Mo drtal shojom o] 718 o] pH ododel 4 thiol-di-
sulphide wlghubk-g-o] alejii?] wiitolu}al slgicth

Woaglell a5 HEel pH 4.0 3 5.0 47} pH
7.0 5 800l MRt dEuiabedo] vhi whAl thebytow
sEAree] Woyrl 2 Al A (Table 3)o] £7}3s}
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Table 1. Effects of pH and natural polysaccharide gums
on the surface tension of SPI (5%)

Table 2. Effects of pH and natural polysaccharide gums
on the specific viscosity of SPI (5%)

pH Treatment Surface tension
(dyne/cm)
40 SPI 396
SPI & 0.1% sodium alginate 441
SPI & 0.2% sodium alginate 437
SPI & 0.3% sodium alginate 42.6
SPI & 0.1% gum karaya 40.0
SPI & 0.2% gum karaya 40.8
SP1 & 0.3% gum karaya 40.9
SPI & 0.1% gum arabic 399
SPI & 0.2% gum arabic 40.2
SPI & 0.3% gum arabic 40).1
50 SPI 40.2
SPI & 0.1% sodium alginate 43.6
SPI & 0.2% sodium alginate 435
SPI & 0.3% sodium alginate 43.5
SPI & 0.1% gum karaya 43.1
SPI & 0.2% gum karaya 43.8
SPI & 0.3% gum karaya 44.5
SPl & 0.1% gum arabic 41.7
SPl & 0.2% gum arabic 42.8
SPI & 0.3% gum arabic 448
7.0 SP1 41.8
SPI & 0.1% sodium alginate 43.9
SPI & 0.2% sodium alginate 44.2
SPI & 0.3% sodium alginate 445
SPI & 0.1% gum karaya 449
SPI & 0.2% gum karava 45.8
SPI & 0.3% gum karaya 46.4
SPI & 0.1% gum arabic 44.2
SP1 & 0.2% gum arabic 448
SPI & 0.3% gum arabic 445
8.0 SPI 40.8
SPI & 0.1% sodium alginate 44.6
SPI & 0.2% sodium alginate 455
SPI & 0.3% sodium alginate 45.9
SPI & 0.1% gum karava 45.2
SPI & 0.2% gum karava 46.2
SPI & 0.3% gum karaya 46.9
SPI & 0.1% gum arabic 46.5
SPI & 0.2% gum arabic 46.1
SPI & 0.3% gum arabic 46.2

= Age vlebdiedc}.
w Ao Agardd A Table 3) % Bxl A
7 el pH40 ol 5.0l 4] 7H7} 66.8
7b7} 204 W 197
S | Q Litol| 4 LwAFE o]
HAaR =i A3 Wo*éol *IDH 2 &Luh”— Mita &'
1wl Waniska®} Kinsella 127 9] B} ol ] 8hi= 7 o)
wgk AE A% pH40 3 50004 7} pH7.0 ¥ 80
ARk A vhehdd slos mol vk Eaigely
mo 7)3EEAGoe] #Ad¥icks Kitabatake} Doi 2]
°"+ Azpelw ol a)alys Aakolrh gl il it

pH Treatment Specific viscosity
7.0 SPI 2.2
SPI & 0.1% sodium alginate 11.5
SPI & 0.2% sodium alginate 429
SPl & 0.3% sodium alginate 51.8
SPI & 0.1% gum karaya 20.1
SPI & 0.2% gum karaya 10.2
SPI & 0.3% gum karaya 94
SPI & 0.1% gum arabic 4.2
SPI & 0.2% gum arabic 3.6
SPI & 0.3% gum arabic 3.7
8.0 SPI 2.6
SPI & 0.1% sodium alginate 10.1
SPI & 0.2% sodium alginate 17.2
SPI & 0.3% sodium alginate 51.2
SPI & 0.1% gum karaya 18.2
SPI & 0.2% gum karaya 19.5
SPI & 0.3% gum karaya 20.0
SPI & 0.1% gum arabic 4.7
SPI & 0.2% gum arabic 4.0
SPI & 0.3% gum arabic 44
o n A A Eel A

H 4.0 2 5.0 417} pH 7.0
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W 03% M7bA] bz 429 2 5180144, pH 8.0 4
2}7F 172 % 51224 thx27(pH 70, 22 pH 8.0, 2.6)
of wake] =17 Z&7}sledr). Gum karayag 0.1, 02 %
0.3% 7FAlel 5 pH 7.0 4 7H7} 20.1, 10.2 2 94, pH
8004 ZH7k 18.2, 195 % 20.0°.24 sodium alginate
Yolpel 4 WMehis FrhEo] #hont el wisked
ad 78k Hew L}F/]—LLE} £3) sodium alginateZ
WAge ) Wt 24 FokshE s FE sodium
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Table 3. Effects of pH and natural polysaccharide gums on the overrun and foam stability of SP1 (5%) using
50 m/ of protein solution

Overrun (%) Foam stability
pH Treatment 5 5 5 5 .
5 10 15 20 (min)
4.0 SPl1 383.3 1449.7 1642.7 1713.0 66.8
SPI & 0.1% sodium alginate 599.0 830.3 965.7 1022.7 37.0
SPI & 0.2% sodium alginate 897.0 978.0 1036.3 1082.7 26.8
SPI & 0.3% sodium alginate 1017.0 1290.3 1359.3 1409.0 22.7
SPI & 0.1% gum karaya 1087.7 1548.0 1627.7 1694.3 354
SPI & 0.2% gum karaya 1124.7 1514.0 1630.0 1748.0 376
SPI & 0.3% gum karaya 841.7 1481.0 1614.7 1678.0 36.1
SPI & 0.1% gum arabic 1061.3 1624.7 1689.7 1760.3 336
SPI & 0.2% gum arabic 790.7 1417.0 1514.7 1633.0 41.1
SPI & 0.3% gum arabic 681.3 1494.7 1625.7 1730.7 353
5.0 SPI 958.7 1349.3 1507.7 1595.7 534
SPI & 0.1% sodium alginate 869.0 1188.3 1268.0 1318.0 794
SPI & 0.2% sodium alginate 1115.0 1252.0 1285.7 1339.7 83.8
SPI & 0.3% sodium alginate 1137.7 12727 1286.0 1329.3 76.3
SPI & 0.1% gum karaya 1028.7 1314.0 1311.0 1341.3 50.5
SPI & 0.2% gum karaya 904.7 1188.0 1213.3 1277.0 68.0
SPI & 0.3% gum karaya 951.7 1175.7 1182.0 1253.0 703
SPI & 0.1% gum arabic 1028.0 1419.3 1413.7 1479.7 415
SPI & 0.2% gum arabic 848.3 1342.7 1375.7 1392.7 482
SPI & 0.3% gum arabic 915.7 1247.3 1245.7 1276.0 48.3
7.0 SPI 9733 1030.5 1073.7 1117.3 204
SPI & 0.1% sodium alginate 753.0 941.0 1018.0 1072.0 58.9
SPI & 0.2% sodium alginate 629.0 828.0 990.0 1042.7 104.7
SPI & 0.3% sodium alginate 504.0 717.7 921.3 1002.3 104.6
SPI & 0.1% gum karaya 822.7 854.7 870.0 879.0 232
SPI & 0.2% gum karaya 7777 793.7 804.7 811.7 254
SPI & 0.3% gum karaya 762.7 782.3 795.7 807.0 28.5
SPI & 0.1% gum arabic 879.3 883.0 898.3 919.7 55.8
SPI & 0.2% gum arabic 829.3 833.0 851.7 858.0 18.2
SPI & 0.3% gum arabic 843.3 854.3 875.0 904.7 195
8.0 SPI 977.0 1011.3 1050.7 1066.7 19.7
SPI & 0.1% sodium alginate 700.0 867.7 962.3 1010.7 68.6
SPI & 0.2% sodium alginate 587.0 687.7 884.3 992.7 81.8
SPI & 0.3% sodium alginate 502.5 594.3 838.3 943.3 846
SPI & 0.1% gum karaya 820.0 852.3 866.0 880.7 235
SPI & 0.2% gum karaya 771.0 805.7 832.3 845.3 26.5
SPI & 0.3% gum karaya 749.7 777.0 795.0 813.0 28.1
SPI & 0.1% gum arabic 825.7 853.0 867.0 872.7 21.6
SPI & 0.2% gum arabic 828.0 855.0 861.0 871.5 20.7
SPI & 0.3% gum arabic 815.7 847.3 861.5 873.3 21.0
DODD Whipping time (min)
Elei= Lol A o] 7)3#3) A5 (overrun) & Hhep 7iolch Ta-

E Algle] pH7.0 % 8004 sodium alginateE 0.1, ble 39) 15% whipping®] 7% pH4.0, 5.0. 7.0 ¥ 8.0 A}
02 2 03% H7tHE A H=rt A ebden o] B A7 A7 2T R overrUHO] shee Z1o R
A7}poll A AEL] b A (Table 3) = 4] ZA] vjepyt vhebytcl, Gum arabicg 0.1% #H7FlS %= over-
Ao Hol WEe} 7Eoty ks wae @A 7E A runo] 1689.7% 24 o & (1642.7%) Wt A= ohd

A o 5 ook woport kA g el fo)xbrh I E A edskek(p>
0.05) (Fig. 3).
HEHYS Whipping 1 7+¢ 5802 3% #4935 2w, pH4.0

Table 3<& whipping Al

7+ 5,10, 15 % 20Ho % ool 4] sodium alglnate 0.3% A} 7bol 4] 1017.0%, gum
& we) pH, FA 5

u Ere wE FEd karayas 0.1 9 02% A7psbede o zhzh 1087.7 %
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Fig. 1. Effects of pH and sodium alginate on the over-
run of soy protein isolate (5% conc) whipped for 15
min (with 95% confidence intervals).

15 0%, &S; 0.1%, E23; 0.2%, &N; 0.3%

1124.7%, 12} gum arabic 0.1% #7}sbsd e w) 1061.3
o2 WHZT(383.3%) ol wlslo] 1Al Zrtalei o Ay
Hog FAe i vyl FXol upel Frtsted 599.0~
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02% A7}& w 7b7h 11150 % 1137.7%% e+
(958.7%) ol w]3te] zA] Z7tslsdcl. w4 gum karaya
u1 gum arabicg 71—01% g2l 7],3}01 KX TIH = 7I—7L 1028.7
Gl 10280%1 nHmLyc} zotatelct. zeiut pH 7.0
80 M= BF dlx=7rc} Fasielch

108 Whlppmgé‘l% 3= pH4.0914 gum karayaZ
0.1, 02 % 03% H71& o 7+7h 15480, 15140
1481.0%°12 L gum arabic2 0.1 % 03% #A7}dS o
7hzb 16247 % 1494.7% 24 o] 23-(1449.7%) Rk =
7bskgdi ot 19l gkavstel ond pH5.0, 7.0 9 8.00
M ETRoh "o zhisleivt

20 whipping®] 7493t " o2 ol pH4.00) 4
gum karayag 0.2%, gum arabic® 0.1 % 03%%
718 o 1730.7~1760.3% &4 th=7-(1713.0%) Kc}

2 F7he AL AlelEhalis pH4.0, 50, 70 % 80
TS50l A overruno] xRl 7hasliz o e}
vt

Fig. 1= pH 4.0, 5.0, 7.0 "% 8.0l ] sodium alginate
0.1, 02 = 03% #H7}ste] 1537+ whippingdlel g o
overrun®] W& vehi 7ﬂ°lLL pH 4.0, 5.0, 7.0 % 80
ol A =, elEFRch 354 Hvhtell X overruno]
Wo A= 7o vhepydon] %8 pH7.0 % 80041
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Fig. 2. Effects of pH and gum karaya on the overrun
of soy protein isolate (5% conc) whipped for 15 min
(with 95% confidence intervals).
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ol A HoR Ho} overrund H7}ro M7} g2+
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sk vhehf Alolch pH 40904 0.1% 714 1689.7%
2l o ET(1642.7%) ol M Be} HFHE ohh B4
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Fig. 3. Effects of pH and gum arabic on the overrun
of soy protein isolate (5% conc) whipped for 15 min
(with 95% confidence intervals).
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Fig. 4. Effects of pH and sodium alginate on the foam
stability of soy protein isolate (5% conc) whipped for
15 min (with 95% confidence intervals).
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Fig. 5. Effects of pH and gum karaya on the foam
stability of soy protein isolate (5% conc) whipped for
15 min (with 95% confidence intervals).
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Fig. 6. Effects of pH and gum arabic on the foam sta-
bility of soy protein isolate (5% conc) whipped for 15
min (with 95% confidence intervals).
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Table 4. Effects of pH and natural polysaccharide gums on the heat stability of the foam of SPI (5%) using
50 m/ of protein solution

Heat stability of the foam (%)

pH Treatment - o o 1= 209
40 SPI 57.8 33.8 30.2 276
SP1 & 0.1% sodium alginate 57.5 47.3 305 2.8
SPI & 0.2% sodium alginate 2.9 0.0 0.0 0.0
SPI & 0.3% sodium alginate 2.3 0.0 0.0 0.0
SPI & 0.1% gum karaya 61.8 38.1 38.0 35.0
SPI & 0.2% gum karaya 65.8 40.7 16.5 16.5
SPI & 0.3% gum karaya 60.3 13.6 6.0 5.2
SPI & 0.1% gum arabic 39.0 19.7 0.0 0.0
SPI & 0.2% gum arabic 55.4 30.3 89 8.7
SPI & 0.3% gum arabic 65.4 50.4 5.6 6.0
5.0 SPI 45.0 239 237 18.8
SPI & 0.1% sodium alginate 67.6 51.3 421 36.8
SPI & 0.2% sodium alginate 58.7 439 45.7 44.8
SPI & 0.3% sodium alginate 81.3 70.9 57.0 54.0
SPI & 0.1% gum karaya 65.0 42.4 30.0 27.9
SPI & 0.2% gum karava 55.9 48.5 279 27.2
SPI & 0.3% gum karaya 61.1 32.1 25.8 40.7
SPI & 0.1% gum arabic 39.8 258 25.0 19.6
SPI & 0.2% gum arabic 57.2 36.9 28.9 25.8
SPI & 0.3% gum arabic 44.2 20.9 0.0 0.0
7.0 SPI 42.6 439 396 335
SPI & 0.1% sodium alginate 55.3 55.8 51.1 515
SPI & 0.2% sodium alginate 60.1 60.5 57.0 56.4
SPI & 0.3% sodium alginate 62.8 99.7 594 59.6
SPl & 0.1% gum karava 40.0 419 38.7 39.0
SPI & 0.2% gum karaya 46.5 439 43.8 40.0
SPI & 0.3% gum karaya 0.0 0.0 0.0 0.0
SPI & 0.1% gum arabic 38.0 38.6 36.6 38.0
SPI & 0.2% gum arabic 36.9 404 36.0 424
SPI & 0.3% gum arabic 37.2 37.0 37.3 36.0
8.0 SPI 46.4 45.8 43.6 378
SPI & 0.1% sodium alginate 52.5 52.8 50.4 50.0
SPI & 0.2% sodium alginate 67.4 63.6 56.9 55.5
SPI & 0.3% sodium alginate 63.7 62.4 58.4 57.5
SPI & 0.1% gum karaya 43.2 459 436 434
SPI & 0.2% gum Kkaraya 45.8 46.4 46.7 431
SPI & 0.3% gum karava 43.6 41.9 43.9 39.7
SPI & 0.1% gum arabic 457 44.4 458 42.1
SPI & 0.2% gum arabic 41.0 40.4 36.6 38.0
SPI & 0.3% gum arabic 43.3 43.7 42.8 429
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Fig. 7. Effects of pH and sodium alginate on the heat
stability of soy protein isolate foam (5% conc) whipped
for 15 min (with 95% confidence intervals).
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Fig. 8. Effects of pH and gum karaya on the heat stabi-
lity of soy protein isolate foam (5% conc) whipped for
15 min (with 95% confidence intervals).
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Fig. 9. Effects of pH and gum arabic on the heat stabi-
lity of soy protein isolate foam (5% conc) whipped for
15 min (with 95% confidence intervals).
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