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Effects of Sodium Alginate, Gum Karaya, and Gum Arabic
on the Foaming Properties of Sodium Caseinate
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Department of Food and Technology, Kyungsung University
*Department of Life Culture, Pusan Women's Junior College

Abstract

To investigate the effects of sodium alginate, gum karaya and gum arabic on the foaming properties
of sodium caseinate, surface tension, specific viscosity, turbidity, foaming ability and foam stability
of the caseinate solution with added gums were examined. Surface tensions of the 5%(w/v) protein
solutions containing gums at pH 7.0 and 8.0 were 43.7~44.7 dyne/cm and 43.6~44.0 dyne/cm, respec-
tively. Specific viscosities of the solutions with 0.2 and 0.3% sodium alginates were 15.6 and 39.1
at pH 7.0 (control, 2.8), and 12.1 and 8.2 at pH 8.0 (control, 2.6), respectively. Turbidities were 69.5~
74.0 at pH 7.0 and 68.0~72.5 at pH 8.0. The optimum conditions for foaming ability of the solutions
were 0.1% conc. and 15 min whipping in addition of sodium alginates; 0.2% conc. and 20 min whipping
in gum karaya; 0.1% conc. and 10 min whipping in gum arabic. For foam stability optimal concentrations
were 0.3% in sodium alginate and gum karaya at pH 7.0 and 02% at pH 8.0. Addition of sodium
alginates was most effective to increase foam stability of the solution, but was not effective to increase
foaming ability. At same pH, surface tensions and turbidity of the solutions were related to foaming
ability and specific viscosities were related to foam stability.

Key words: sodium caseinate, gums, surface tension, specific viscosity, foaming properties
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& Agel A" AL sodium caseinate(Milk
Protein, Spray Bland, De Melkindustrie Veghel, Hol-
land 5 ¥ 52%, Y82 89.6%, A% 0.8%, 3E 4.%
2 g 31E 0.2%)01d 20, 254 F A sodium alginate
(high viscosity), gum karaya % gum arabic& v]Z Si-
gmait AlES ARk

CHHE AR 8%2| XA

Sodium caseinate £4[5%(w/v)]°ll sodium alginate,
gum karaya ¥ gum arabic 59| 32 Z54& 2% 0.1,
0.2 % 03%(w/v)e] sxde 2z 378 o AR
ub7)oll 4 wRkshd A pHE 7.0 ¥ 8002 =435k 308
ok 733l A2 89S ZA sk

EHHaEe &3
ZA A A5 gde) FwAE du Nuoy

ringS ©]-43¥ Fisher tensiometer(Model 20, Fisher
Scientific, USA)E& AH&-3}o] 25T (&5, 7245 dyne/
cm)ell A A3t

HIEEZS| £H

ZAF A Alg S99 YT 254 01T oA F
79| flow timee] 248 %2l Cannon-Fenske Viscometer
(No.50, Cannon, USA)Z 4 2A3lglom izl g
S vARM)E thE Al 2ste] kit

Nep= (te— to)/t,

t0 259 flow time
cxbAl Alg B9 flow time
BEITO &F
<Al Al g 8ol Fetx = Phillips £®2 ubel
slod & sbqiv) = Zalg gl A X g Qo0 27
9] A% = spectrophotometer& ©]-23}o] 500 nmel] A &
sasol ot Astolom b Ao elale] Fet
=& Atsldnh E5E=(1-500 nmell 4 2] F3F5)X
100. £5= gte] 100 d= hdspA E=g S4(F
35 O)ell Adgich

HEHMSS £
whly 2| ggele] AERAEE Phillips $9
ol F&le] Mixmaster Mixer(No.01400, Sunbeam,

USAZH Zssich & 2 B0 A28 50

miE 7}x 3 1502 whipping® £7]o] deol double
beater 24 98 rpmol| A 5% 7HAG, 10, 15 ¥ 20¥)o.2
7 2048 %<} whippingslgl. e zhzhe) 53 As)
it} AR AF 100mie FAE SHsAnk AEY
e oy Aol dsle % overrune 24 vehiigich
% overrun=
(A 254 100m/e]
—71F 100ml9] FA)
(A% 100 mie] FA)

X100

HESHE e &3

#&2] A A, & drainaget= Phillips 2] uho)
F3}o] whila Alg49-8 1587 whipping® ¥ =4
slgic). 1572 whipping$ £7]¢ 217 0.6 cme] 79&
B, 43 AES A2 XS 9 Az A
ol wel 1 FHE Fsle] AFelA EEe] g
A A o] FA-E digital balance(PC 400, Mettler, Switzer-
land) 24 ZAstedr}. o] of &2 )2 o] whipping
AL AA AE FA9 50%7F HEd A8FHE A7
%59}

SAAMz|

tlo] Bl 2] F-4].e SAS/PCH o 7 GLM(General Linear
Mode)& AF2-3l9 2™ Duncan®) tbEHARH o g2
2] 3te] LSD(F-ol+5 0.05)8 T3hain).

ot o nF
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Table 1-& sodium alginate, gum karaya % gum ara-
bicZ 0.1, 0.2 2 0.3%2] FE=¥=Z sodium caseinate(5%)
oA #71-S o pH70 2 8004 ZHAH, vjd=e 3
=8 A Aol

S v pH7.09 7S Holgr 53y £
W v we} 43.7~44.7 dyne/cmi’vﬂ sodium algmate
0.3%, gum karaya 0.2 ¥ 0.3%, gum arabic 0.3% %719
A4S Asdshd 2T f-9371 9ddcip>0.05). pH
oo AE THAHE £F 9 T Aries o 436
~44.0 dyne/cmZ4] | 27(42.7 dyne/cm)ell A 2t} t}
2 Z71skeci(p<0.05).

Table 2+ sodium alginate, gum karaya % gum ara-
bic & 3 aF-Auke] 0.1, 0.2 2 0.3%(w/v) T x| W&
o s 8 EFEE ebd slold. A

254 Wl we} B e TR i

oty zﬁa;wv%, MEES FREE o bk

g BolF 7 gjrt Table 13} 28 £z o 2 By
Table 16 4] %8 744] ol 7ol Hlshel Ege )

HAY Frbslhe FAld diste] Table 29 A
a7 Sdukg A0S W TR i 3a
sh= 7o o2 Hol o]= Hrlgl 1F-Ao]
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Table 1. Effects of sodium alginate, gum karaya and gum arabic on the surface tension, specific viscosity and
turbidity of 5%(w/v) sodium caseinate solution at pH 7.0 and 8.0

. e
PH Treatment! Suface tension? - Speelfic gy
7.0 Sod cas(control) 439+ 0.26 2.8 69.0
Sod cas & 0.1% sod alg 44.1+0.38 6.5 69.5
Sod cas & 0.2% sod alg 444+ 044 156 71.0
Sod cas & 0.3% sod alg 44,7+ 0.159 39.1 74.0
Sod cas & 0.1% gum kar 439+ 0.31 33 73.0
Sod cas & 0.2% gum Kkar 446+ 0.36Y 89 74.0
Sod cas & 0.3% gum kar 44,6+ 0.30¢ 10.7 73.0
Sod cas & 0.1% gum ara 43.70.38 25 70.0
Sod cas & 0.2% gum ara 44,0+ 040 2.9 710
Sod cas & 0.3% gum ara 445+ 0.46Y 3.0 71.0
8.0 Sod cas(control) 427+ 0.14 2.6 67.0
Sod cas & 0.1% sod alg 43,6+ 0.38Y 6.5 68.0
Sod cas & 0.2% sod alg 440+ 0.36Y 12.1 71.0
Sod cas & 0.3% sod alg 44,0+ 0.15% 18.2 725
Sod cas & 0.1% gum kar 43.8+ 0.60° 34 715
Sod cas & 0.2% gum kar 439+ 0.15Y 42 72.5
Sod cas & 0.3% gum Kkar 440+ 0.35Y 44 71.0
Sod cas & 0.1% gum ara 437+ 0.55% 3.0 67.7
Sod cas & 0.2% gum ara 436+ 0.31% 2.7 69.0
Sod cas & 0.3% gum ara 43.7+ 0.15% 33 68.7

PSod cas=sodium caseinate; sod alg=sodium alginate; gum kar=gum karaya; gum ara=gum arabic

YSurface tension values are meanz standard deviation
ITurbidity = (1 — Ts) X 100
PStatistically significance compared with control (p<0.05).

Table 2. Surface tension, specific viscosity and turbi-
dity of 0.1, 0.2 and 0.3%(w/v) sodium alginate, gum
karaya and gum arabic solutions at pH 7.0 and 8.0

Concen-  Surface  Specific
pH Gums tration tension  viscosity Turbidity
(%) (dyne/cm)
70 D.W.Y(control) 72.5 0.0 0.0
Sodium alginate 0.1 71.7 70 0.9
0.2 72.0 254 2.0
0.3 71.6 37.9 2.5
Gum karaya 0.1 72.0 0.2 3.0
0.2 70.2 0.2 7.8
0.3 66.3 04 11.5
Gum arabic 0.1 72.2 0.1 0.3
02 66.6 0.1 08
0.3 65.8 0.1 0.7
8.0 D.W.D(control) 72.6 0.0 0.0
Sodium alginate 0.1 71.6 8.2 0.6
0.2 71.7 139 15
0.3 715 22.6 29
Gum karaya 0.1 714 0.1 5.5
0.2 65.0 0.3 8.0
0.3 61.5 0.3 120
Gum arabic 0.1 717 0.1 0.2
0.2 66.6 01 1.0
0.3 65.3 0.2 0.7

UD.W.=Distilled water
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Table 3. Effects of sodium alginate, gum karaya and gum arabic on the foaming properties of 50 m/ of 5%(w/v)

sodium caseinate solution at pH 7.0 and 8.0

Overrun(%) Foam
pH Treatment? stability
5% 10% 15% 20% (min)
7.0 Sod cas 876.0 1052.3 1087.7 1123.0 269
Sod cas & 0.1% sod alg 548.7 820.0 1038.7 1097.0 286
Sod cas & 0.2% sod alg 481.0 639.7 959.7 1124.3 28.6
Sod cas & 0.3% sod alg 446.7 549.0 844.7 1074.3 335
Sod cas & 0.1% gum kar 446.7 549.0 8447 1074.3 335
Sod cas & 0.2% gum Kkar 8343 1024.3 1110.0 1207.0 318
Sod cas & 0.3% gum Kkar 790.0 1009.7 1096.7 1190.7 337
Sod cas & 0.1% gum ara 849.7 1041.3 1077.7 1105.7 239
Sod cas & 0.2% gum ara 879.0 1070.0 11035 1143.0 217
Sod cas & 0.3% gum ara 872.7 1067.0 1095.3 1116.3 202
8.0 Sod cas 778.0 944.7 981.7 992.0 12.5
Sod cas & 0.1% sod alg 580.7 837.7 996.3 1039.3 135
Sod cas & 0.2% sod alg 375.7 560.3 7153 885.7 30.0
Sod cas & 0.3% sod alg 397.0 520.7 598.0 802.7 232
Sod cas & 0.1% gum kar 823.3 1010.3 1044.3 1086.3 133
Sod cas & 0.2% gum Kar 700.0 912.7 962.3 997.3 16.7
Sod cas & 0.3% gum Kkar 717.0 908.7 956.3 988.7 139
Sod cas & 0.1% gum ara 756.7 967.3 1019.7 1044.0 13.2
Sod cas & 02% gum ara 768.0 961.0 997.0 1015.7 11.6
Sod cas & 0.3% gum ara 752.0 924.3 967.7 991.7 13.7
bSod cas=sodium caseinate; sod alg=sodium alginate; gum kar=gum karava; gum ara=gum arabic
2909Whipping time (min)
karayaZ 0.1, 02 % 03%9] ¥x¥HZ H7}E W o9} 7ol Huy} Z7lsbH AFGA Al Frish=

ztzk 33, 89 % 10724 sodium alginate %7} Hr}h
Z7}Ee Ao thET26) A Bk A F718k
c}. 22} gum arabics 7S wWe ALl FrteiA|
¢rokch. pH 8.0¢] 7%= sodium alginates 0.1, 0.2 %
0.3% A 7}A] z+7+ 6.5, 12.1 2 8224 pH 7.00 4 =
Z7VEo] Ao} t)E2A26)0l A Kl 2A Frbetdc)
Gum karaya 7} % i F7bshe Ao viebyt

E A A7) sodium alginate #H7}A] BlHEF ZA|
Z718t e FE sodium alginate A2l THE2%
4o 14,000 cps) wiF-ol=zbx A ZHEIch

Bikerman'?-g- xtulzal fole] Hm el ciaalel g
A= A2 @A 7 9ok 89l o, Konstance 9}
Strange®+= sodium caseinate®] 2% F%7} 7% ol3td
o), Azl ladvhpe} vl Aol Frefe A A
FAA 7} gleon, wat shillale] feve M=l A
e} =2 Aa@AAv) glekx shsich

B oAge] AHEQAA =3 7A7HTable 3)E 2o o
T4 B} A7) 4 el sodium alginate 0.1,
02 2 03% W77 A% A¥el g pH 700
2, 2698)0l 4 Zhzh 286, 286 3 3351— pH 8.0(}
2, 12584 Zbz 135, 300 % 232H o024 of
ZFo| 4 ®r} =4 Jebdoh Gum karaya 0.2 % 0.3%
A7}l = pH 70904 zH2h 31.8 3 33.7%, pH8.0
ol 2 167 B 13.9%-0.24] x4 Br} Eotch

7ake Holvt pH7.0 2392 sodium alginate 3 gum
karaya A 7}oll A vrehdt wle} 3re) A o) Frlel] whet
AEFAGe] wtmA] v P o Frlshe AL ohdzt
= 4L o4 g ok

2 pH7.004 0.1, 0.2 2 0.3%¢]
718 o) sodium alginate 7}
1.0 % 74.0, gum karaya 7}l 4
73.0, 28] 3 gum arabic 7}l A
7k 700, 710 2 TLOSEM HEHE9.0)el 4 Hr}
Ao R i F7tslgch pHB0AME 274 A
Sbell A BetEs} 67.7~72. 5_@4 owu] o) Z7-(67.0)el
A o) oha stk A Foll W2 FEg
g zeo|x viehtA] La-%l-a‘% HAYHoZ Mo}
gum arabic #7}oll 4 Rl sodium alginate ® gum
karaya 7Mool M7} ohh 22 AFE HFA 9l
ojo} 7 A= HErt &L sodium alginater} gum
karaya 52| T5-"o] whll A il s A5 g v &
e g Al w44l 540 gum arabice]
7459} ch Apelr) gl7| wie|w, =& J-—‘?—’é-l 3
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Fig. 1. Effects of sodium alginate on the overrun of
5% sodium caseinate solutio whipped for 5~20 min at
pH 7.0 (with 95% confidence intervals)

C1; control, KNN; 0.1%, EA4; 02% N; 0.3%

FAg ¢ Aoty g4 gt} Johnson®} Zabik™ =
Phillips $9¢ w4 $HESe] wol G4sw Ad
a4 AES Bg WS G vAA A @
W) ¢ $E3E AFYYSE B2V B
Ach

® AYAs AFYP(Table & 27 3 7hA|
HArE Asny, WA4eR uRA F7E o)
=7 AFEAS] ga delde Agelslw, £
gre A$E T ezt el xoh
g Feke Aoz dedidl ol Re A%
ol ERHEY Fee farehaleh

HEdHMS

Sodium alginate, gum karaya % gum arabic %5 352
FARAL 25 0.1, 02 2 03%9 =x¥2 74z} sodium
caseinate 2] 5%(w/v) Aol H & ] pH7.0 % 80
Qoo AEFYAESE £ A= Table 3 H Fig
1~60] vlepd wie} 2ol

Fig. 12 5, 10, 15 % 2049 whipping A Zef] wha}
sodium alginate7} pH 7.0 234 sodium caseinate 2}
5%(w/v) 99 AFHAdTl viA+= G ek
Zojch HAZ 2 Hel whipping |7kl whzl over-
rune] #}o]7} gl Ao 2 velyton 0.1, 0.2 B! 0.3%9]
E%¥ 2 sodium alginate® 7}38S 49,5 10 2 15
¥ 59t whipping¥l 2 o =5 557} $7185E over-
runo] A48k Adelqich v} 208 F<F whip-
ping¥& W& 253 Hrle} izt Alolo §ojziql
274 $lelem(p>0.05), 3 Hriyse] Wi Ao|x
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Fig 2. Effects of sodium alginate on the overrun of
5% sodium caseinate solution whipped for 5~20 min
at pH 8.0 (with 95% confidence intervals)
[1; control, NN; 0.1%, ZA4; 0.2%, N; 0.3%

€ Aoz vehdeHp>0.05).

WA Z o2 ol TFA HrFo 47} d2TelA] B
t} overrunel 4slel T $4 H7Hs% ol A= whipping
A Zbo] Zlo AL g xFol wlsted overrun®} ZHie]
o] Foj= Ao|glew, overruno] 7HY EA o}
ehd 712 208 whipping®-2 9] 0.2% #7}Fe)dc)
e} 208 whippingl @] 0.13} 0.2% A b Apeldll+
8o)37) QA= ertrhp>005). T 155 3 203
whipping212] 0.1% H7FT-E ol feap) $ie
7102 HoHp>005) sodium alginates 0.1% H7}gt
whippingA]17+& 15808 slx 7o) Hwslohe
o gtk

Fig. 2% pH 8.0l 42} whipping Aj7}ell W& sodium
alginate®] H7}AAE et Aoluh pH 7.000 49} #el
whipping A]7bell e} overrun®] b7} 9lgl.e.m whi-
pping A|7}o] ZojAell we} overruno] F7hshe Ak
olgle}. g wFA Wrhswst FrhaE overrunol
Holzly A Yehgoh AR ¥l overrun
o] A vteld 7-& 154 2 203 whipping#l2} sodium
alginate 0.1% #H7}7Eoldct e} 158 ¥ 20%
whipping*12] 0.1% H7ITE AloldlE fox= oA
=2 9ehthp>0.05). whebd #E A58 HsiAe pH
80 <3l A% sodium alginate 0.1% #H7}3}a 15%
%ot whippingdhe 7o} Huslviy & 4 qlrh

pH70 2 80 <ddde] #AS-& Aavias 2 A
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Fig 3. Effects of gum karaya on the overrun of 5%
sodium caseinate solution whipped for 5~20 min at

pH 7.0 (with 95% confidence intervals)
1; control, BN; 0.1%, £23; 0.2%, \N; 0.3%
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Fig 5. Effects of gum arabic on the overrun of 5%
sodium caseinate solution whipped for 5~20 min at
pH 7.0 (with 95% confidence intervals)

[T}; control, NN; 0.1%, ZA4; 0.2%, N; 0.3%

A Arbgze) Z7lel wel overruno] Fhagbehe
F pH <ol M Mz ZAge] w53lsich

Fig.3 % 4+ 737} pH7.0 ¥ 80 <364 gum ka-
raya?} sodium caseinate(5%)¢] 7}E3H 5ol nwlFRE=
Aekg el Zojrh. Ao Mol sodium algi-
nate2} 7] pH7.0 49} 797} pH 8.0 4 ®r} ove-
rrune] ¥& 7aFellon, whipping 217kl ZoiHe]

PHORNCT|
rle o
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Fig 4. Effects of gum karaya on the overrun of 5%

sodium caseinate solution whipped for 5~20 min at

pH 8.0 (with 95% confidence intervals)
[C; control, &NN; 0.1%, #ZA4; 02%, N; 0.3%
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Fig 6. Effects of gum arabic on the overrun of 5%
sodium caseinate solution whipped for 5~20 min at
pH 8.0 (with 95% confidence intervals)

1: control, NN; 01%, ¥4, 02%, \N; 0.3%

utel overruno] F7hshz AdFeliek 22yt 7 whip-
ping A|7tellA] mF-Ae] Fw zole) whZ overrung
apol QA=A 9prHp>0.05). pH7.0 <ddelAE
whipping A]7to] Helxde| wizl overruno] HAL F7}
&= A3Fol, 02% 5L A7ste] whipping 3+
& Wb A w2 e® vebydeh pHB.0 e Ae
2ol Avbrwel AL, 5% whipping A1%He A 27 10,
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Fig 7. Effects of sodium alginate, gum karaya, and gum
arabic on the foam stability of 5% sodium caseinate
solution whipped for 15 min at pH 7.0 (with 95% confi-
dence intervals) .

[J; control, N\N; 0.1%, VZ4; 02%, N; 0.3%

15 3 20 whippingsll M AlZke) s wal i
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Fig 8. Effects of sodium alginate, gum karaya, and gum
arabic on the foam stability of 5% sodium caseinate
solution whipped for 15 min at pH 8.0 (with 95% confi-
dence intervals)
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