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Effects of Some Natural and Synthetic Gums on the Foaming
Properties of Sodium Caseinate
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Abstract

To elucidate the effects of natural gums, i.e. carrageenan, locust bean gum and xanthan gum and synthetic
gums, i.e. carboxymethyl cellulose (CMC) and methyl cellulose (MC) on the foaming properties of sodium cas-
ginate, surface tension, absolute viscosity, turbidity, foaming ability, foam stability, and heat stability of the
foams of the caseinate solutions with added gums were examined. The surface tension of sodium caseinate
solution (5%) adding to gums at pH 4.0 and 5.0 were higher than those at pH 7.6 and 8.0. The viscosities of
the solutions adding to gums (0.1, 0.2, 0.3 and 0.5%) at pH 4.0, 5.0, 7.0 and 8.0 were 2.4~170.0, 2.5~198.0, 5.
3~180.0 and 5.3~99.0 cps, respectively. Especially xanthan gums predominantly increased the viscasity.
Turbidities were 97.3~98.2 at pH 4.0 and 5.0 and 93.0~95.8 at pH 7.0 and 8.0. Foaming abilities of the
solution adding to xanthan gum, carrageenan and locust bean gum were increased, while those of CMC and
MC were decreased. Additions cf xanthan gum, CMC and MC increased the foam stability, especially xanthan
gum did predominantly. Xanthan gum, MC and locust bean gum were more effective than CMC and
carrageenan for heat stability. For improving the foaming properties of sodium caseinate xanthan gum were
best of five kinds of gums. Surface tensions and turbidities of the solution were related to foaming ability, and
the viscosities were related to foam stability and heat stability.
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Table 1, Fffects of natural and synthetic gums on the surface
tension, viscesity and turbidity of sodium caseinate

7t Hd "

A 2Eale] Sodium Caseinate®] 71 EA o] wlale i

{5%) at different pH
Surface tension Viscosity Turbidity
1t

pH Treatment {dyne/cm) (cps;  at 500nm

4.0 5C 49.7 0.2 98.0
SC +0.1% Car 51.2 2.4 98.0
5C +0.2% Car 51.6 2.6 98.2
SC + 0.3% Car 52.4 2.8 a98.2
SC + 0.5% Car 52.6 3.9 38.0
SC +0.1% Loc 50.2 3.5 97.8
SC +0.2% Loc 50.0 4.5 98.1
SC + 0.3% Loc 5413 4.9 97.7
5C + 0.5% Loc 50.8 9.1 97.9
SC+ 83.1% Xan 50.9 8.9 98.0
5C + 0.2% Xan 51.1 21.8 98.1
SC +0.3% Xan 51.3 59.0 98.0
SC + 0.5% Xan 53.0 170.0 98.2
SC+ 0.1% CMC 50.4 2.8 98.0
5C + .2% CMC 51.2 4.0 98.0
SC + 0.3% CMC 50.7 7.1 98.0
SC + 0.5% CMC 50.5 15.0 97.8
SC + 0.1% MC 50.7 i3 98.1
S5C + 0.2% MC 52.1 2.5 97.9
SC +0.3% MC 53.0 2.4 97.7
SC + 0.5% MC 53.2 4.5 98.2

5.0 SC 48.9 0.3 98.2
SC +8.1% Car 48.3 2.5 97.7
SC+0.2% Car 50.0 33 98.1
SC + 0.3% Car 499 31 98.1
5C + 0.5% Car "50.1 2.9 97.9
SC 4 0.1% Loc 500 3.2 97.5
SC + 0.2% loc 48.3 4.4 98.0
SC + 0.3% Loc 50.0 7.8 97.5
SC +0.5% Loc 5Q.1 128 97.3
SC + 0.1% Xan 49.9 9.1 97.9
5C + 0.2% Xan 495 25.5 98.0
SC+.3% Xan 50.0 65.0 98.0
SC + 0.5% Xan 52.0 190.0 98.1
SC + 0.1% CMC 50.0 4.2 97.9
SC + 0.2% CMC 50.3 4.9 95.0
SC +0.3% CMC 499 89 97.9
5C + 0.5% CMC 50.9 17.8 97.7
SC + 0.1% MC 49.9 3.0 98.0
SC + 0.2% MC 51.0 27 97.8
SC + 0.3% MC 527 2.8 97.5
SC + 0.5% MC 51.83 4.0 98.0

Table 1. Continued

45

Surface tension  Viscosity Turbidity

pH  Treatment® (dyne/cm) {cps)  at500nm

7.0 SC 467 5.0 94.2
SC +0.1% Car 46.0 7.1 94.7
SC + 0.2% Car 46.4 10.9 95.0
SC 4+ 0.3% Car 46.8 31.8 95.0
SC + 0.5% Car 475 73.0 95.2
SC + 0.1% Loc 47.9 5.3 94.0
SC + 0.2% Loc 48.0 8.7 94.3
SC + 0.3% Loc 48.0 10.0 94.7
$C + 0.5% Loc 49.7 16.5 947
SC + 0.1% Xan 46.4 23.0 94.0
SC + 0.2% Xan 474 58.0 94.9
SC + 0.3% Xan 293 90.0 95.0
SC + 0.5% Xan 52.4 180.0 95.8
§C + 0.1% CMC 48.1 7.5 94.1
SC + 0.2% CMC 48.4 101 94.2
SC + 0.3% CMC 286 15.9 94.0
SC + 0.5% CMC 48.5 28.0 94.0
SC + 0.1% MC 45.1 5.7 94.3
SC + 0.2% MC 46.0 8.4 94.2
SC 4 0.3% MC 475 9.9 94.5
SC + 0.5% MC 47.3 18.0 94.0

80 SC 47.1 5.1 93.2
SC + 0.1% Car 46.4 6.9 94.1
SC + 0.2% Car 45.9 10.0 94.6
SC + 0.3% Car 27.0 18.8 94.3
SC + 0.5% Cay 480 62.0 95.0
SC +0.1% Loc 474 6.3 93.7
SC +0.2% Loc 47.8 9.1 94.G
€+ 0.3% Loc 47.8 10.2 94.2
SC + (1.5% Loc 50.0 17.6 94.2
SC + 0.1% Xan 46.1 17.0 93.5
$C + 0.2% Xan 47.0 46.0 93.9
$C + 0.3% Xan 48.1 81.0 94.8
SC + 0.5% Xan 50.5 99.0 95.0
SC + 0.1% CMC 48.1 7.9 93.9
SC + 0.2% CMC 475 1.5 916
SC + 0.3% CMC 48.7 15.9 93.0
5C + 0.5% CMC 48.0 280 93.3
SC +0.1% MC 451 6.3 93.8
SC + 0.2% MC 46.2 8.0 94.0
SC + 0.3% MC 47.1 10.3 93.9
5C +0.5% MC 47.0 20.0 93.6

u§C=sadium caseinate ; Car=carrageenan ; Loc=locust bean
gum ; Xan=xanthan gum ; CMCs=carboxymethyl ceilulose ;
MC=methyl cellulose
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Table 2. Effects of natural and synthetic gums on the foaming properties of sodium caseinate (5%) at different pk{

pH

4.0

5.0

Treatment"

SC

SC+0.1% Car
SC+0.2% Car
SC +0.3% Car
SC +0.5% Car

SC+0.1% Loc
SC+0.2% Loc
SC +0.3% Loc
SC + 0.5% Loc

SC + 0.1% Xan
SC + 0.2% Xan
SC + 0.3% Xan
SC + 0.5% Xan

SC+0.1% CMC
SC +0.2% CMC
SC +0.3% CMC
SC+0.5% CMC

SC+0.1% MC
SC + 0.2% MC
SC + 0.3% MC
SC + 0.5% MC

SC

SC +0.1% Car
SC +0.2% Car
SC -+ 0.3% Car
SC + 0.5% Car

SC +0.1% Loc
SC +0.2% Loc
SC +0.3% Loc
S5C +0.5% toc

SC + 0.1% Xan
SC + 0.2% Xan
5C +0.3% Xan
SC +0.5% Xan

5C +0.1% CMC
5C +0.2% CMC
SC +0.3% CMC
$C + 0.5% CMC

SC + 0.1% MC
5C + 0.2% MC
5C + 0.3% MC
SC +0.5% MC

Overrun (%) at whipping time

smin

2788
262.3
234.1
142.4
3147

122.4
24153
153.7
143.4

281.5
2785
218.0
190.5

3318
295.0
186.6
196.3

123.2
232.6
212.3
226.6

399.2
344.8
297.2
299.3
300.6

2234
259.5
195.2
208.1

148.3
269.1
206.0
187.1

277.6
2469
2232
2354

275.6
270.8
253.8
251.5

T0min
288.5
296.2
247 .6
156.3
338.8

146.9
21208
173.5
178.2

3913
343.0
301.5
2774

316.6
339.9
240.7
262.0

130.6
2565
230.6
248.0

424.3
394.3
332.0
2999
235.7

240.5
295.9
181.8
230.1

176.9
3102
288.2
2946

3375
288.3
2756
273.6

2876
280.7
292.8
262.6

15min

20rin

2992
324.3
2529
169.7
37438

164.2
2334
208.0
164.7

4249
363.4
3343
307.1

3240
362.7
279.3
304.2

142.8
268.1
259.0
239.5

458.1
449.8
355.0
3427
340.5

242.8
3i7.2
229.8
267.9

2151
347.7
3387
296.7

408.0
321.2
309.2
305.5

2964
288.7
3441
277.4

298.0
332.0
260.4
176.2
3920

170.3
241.5
222.7
219.3

4379
364.0
3444
317.3

3157
370.7
295.4
326.6

162.8
301.2
275.2
2621

478.6
4746
375.3
2508
361.1

249,2
338.0
264.4
280.6

295.0
364.1
353.7
3137

4223
3432
255.3
3498

299.8
294.6
3520
280.0

Foarn stzbility(min)

32
1.3
a.5
1.0
50

3.7
1.7
1.7
2.0

11.2
>120.0
>120.0
>120.0

14
2.0
1.4
2.5

0.1
1.3
325
21.2

31.2
36.5
30.0
35.5
44.0

24.2
42.5
36.0
340

>120.0
>120.0
>120.0
>120.0

41.8
43.3
49.8
56.7

10
20
47.1
40.6
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Table 2. Continued

Overrun (%) at whipping time

pH Treatment — " Foam stability{min;
5min T0min 15min 20min

70 5C 549.6 5533 626.9 6724 8¢
SC+0.1% Car 704.6 801.0 921.7 1127.6 6.3
SC+0.2% Car 650.2 7145 §21.5 1009.4 6.7
SC+0.3% Car 584.6 679.2 B855.4 1161.7 17.3
SC +0.5% Car 4933 592.8 726.6 1086.8 0.1
SC+0.1% Loc 636.8 684.7 7239 776.8 8.3
5C +0.2% tLoc 590.6 648.8 701.5 771.2 6.4
S5C + 0.3% Loc 5431 603.8 648.1 705.3 6.3
5C + 0.5% Log 431.0 555.2 587.5 624.4 164
SC + 0.1% Xan 637.1 750.3 8378 1035.5 135
SC +0.2% Xan 582.4 704.2 863.8 1068.0 368
SC + 0.3% Xan 504.3 618.0 738.7 348.9 309
SC +0.5% Xan 460.7 540.0 7343 1040.1 27.8
SC + 0.1% CMC 536.7 575.8 608.0 641.4 7.7
SC + 0.2% CMC 476.2 514.4 555.7 590.3 31.3
SC +0.3% CMC 4214 465.1 5109 5734 299
SC +0.5% CMC 395.2 453.2 494.6 5519 38.2
SC+0.1% MC 564.5 606.7 629.5 652.1 5.9
SC +0.2% MC 597.2 594.5 595.4 600.0 9.8
SC+0.3% MC 542.5 5671.1 568.4 581.1 8.5
SC+0.5% MC 436.7 484.2 484.5 474.5 21.7

8.0 5C 546.1 580.1 6383 661.5 9.3
SC + 0.1% Car 665.7 706.7 7373 796.7 6.4
5C + 0.2% Car 5998 o046 6 673.9 7359 4.7
SC +0.3% Car 553.9 616.3 661.8 711.8 14.2
SC +0.5% Car 480.1 553.5 617.2 7229 3
SC+0.1% Loc 637.1 698.4 7447 798.5 7.3
5C + 0.2% Loc 576.5 616.9 650.7 681.1 15.4
SC+0.3% loc 5449 591.0 619.1 637.6 11.5
SC + 0.5% Loc 462.5 540.9 579.8 619.6 18.9
SC + 0.1% Xan 599.6 712.3 80¢.3 955.0 254
SC+ (.2% Xan 552.4 654.1 753.8 856.7 32.2
SC + 0.3% Xan 493.8 601.1 705.9 8044 36.9
5C + 0.5% Xan 400.2 508.0 660.1 906.1 285
SC + 0.1% CMC 505.3 511.2 527.0 534.7 13.3
SC+0.2% CMC 468.0 5149 567.2 593.5 24.4
SC + 0.3% CMC 442.8 474.1 1563 5100 31.9
SC + 0.5% CMC 388.8 437.8 4702 500.0 32.7
SO+ 015 MC 577.1 608.3 634.8 666.2 8.1
SC + 0.2% MC 587.8 574.8 566.7 575.9 15.¢
SC + 0.3% MC 545.9 565.6 572.0 578.7 15.3
SC + 0.5% MC 400.8 465.8 4719 484.7 239

"SC=sodium caseinate ; Car=carrageenan ; Loc=locust bean gum ; Xan=xanthan gum ; CMC=carboxymethyl cellulose ;
MC=methyl cellulose
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Table 3. Effects of natural and synthetic gums on the heat stabiiity of the foam of sodium caseinate (5% at different pH

Treatment”

5.0

sC

SC+0.1% Car
SC+0.2% Car
SC +0.3% Car
SC +0.5% Car

SC+0.0% Loc
SC +0.2% Loc
5C +0.3% Loc
SC + 0.5% Loc

SC + 0.1% Xan
SC +0.2% Xan
SC + 0.3% Xan
5C + 0.5% Xan

SC + 0.1% CMC
SC + 0.2% CMC
SC +0.3% CMC
SC + D.5% CMC

SC+ 0.1% MC
SC+0.2% MC
SC + 0.2% MC
SC+0.5% MC

SC

SC+8.1% Car
SC +0.2% Car
SC +0.3% Car
S5C + 0.5% Car

SC+0.1% Loc
SC+0.2% Loc
SC +0.3% Loc
5C + 0.5% Loc

5C +0.7% Xan
SC +0.2% Xan
SC +0.3% Xan
5C +0.5% Xan

SC +0.1% CMC
SC + 0.2% CMC
SC +0.3% CMC
SC + 0.5% CMC

SC + 0.1% MC
SC+0.2% MC
5C +0.3% MC
SC+0.5% MC

309
115.5

ND
ND
N
ND

ND
ND
ND

8.9
711
76.6
63.0
77.8

9.5
6.3
12.7
ND
6.4
50.9
57.2
117.6

6.4
5.3
6.2
6.3

156
28.6
216
30,2

Heat stability of the foam (%) at whipﬁing time

i 15min 20min
ND ND ND
ND ND ND
ND NO ND
ND ND ND
ND ND ND
ND ND ND
ND ND ND
ND NI ND
ND ND ND
ND ND ND
ND ND ND

19.1 32 3.2
76.3 54.1 15.7
ND ND ND
ND ND ND
ND ND ND
ND ND ND
ND ND ND
ND ND ND
ND ND ND
ND ND ND
5.9 59 89
54.9 57.7 57.4
50.8 59.7 66.6
39.4 34.2 34.4
53.9 34.4 47.4
12.7 57 12.2
11.7 6.4 6.4
6.3 3.1 6.3
ND 3.2 ND
3.9 3.2 6.4
477 46. 38.3
445 54.9 62.9

113.0 68.4 101.7
6.3 6.4 ND
6.4 3.2 3.2
3.1 1.1 3.1
3.2 31 6.3

24.4 19,1 15.8
27.1 18.9 20.6
24.4 221 23.5
26.8 26.5 23.1
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Table 3. Continued

o @ F4 m5Ae] Sodium Caseinated] EAlo] v)2& <3
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Heat stability of the foam (%) at whipping time

pH Treatment” - - -
Smin 10min 15min 20min

7.0 SC ND ND ND NI
SC +0.1% Car ND ND ND ND
SC +0.2% Car ND ND ND ND
SC+0.3% Car ND ND ND ND
5C + 0.5% Car ND ND ND ND
SC +0.1% Loc 16.9 16.8 14,1 16.4
SC +0.2% Loc 12.6 14.2 17.9 6.1
SC + 0.3% Loc 11.5 11.8 226 24.9
SC +0.5% Loc 21.3 301 16.8 214
5C +0.1% Xan 21.4 18.4 16.8 17.0
SC + 0.2% Xan 45.5 19.6 28.2 17.0
SC +0.3% Xan 921 57.8 37.0 27.7
SC +0.5% Xan 71.9 87.5 78.5 54.2
SC+0.19% CMC ND ND ND ND
SC +0.2% CMC ND ND ND ND
SC +0.3% CMC ND ND ND ND
SC+ 0.5% CMC 25.6 29.6 19.8 29.2
SC +0.1% MC ND ND ND ND
SC+0.2% MC 271 50.9 51.8 439
SC +0.3% MC 49.6 42.7 47.8 28.6
S5C + 0.5% MC 51.3 724 65.4 63.6
8.0 SC ND ND ND ND
SC + 0.1% Car 17.2 15.6 15.3 14.0
SC + 0.2% Car ND ND 12.8 11.2
5C +0.3% Car 6.4 ND ND NI
SC + 0.5% Car 12.5 6.4 3.3 ND
SC+0.1% Loc 16.0 19.6 19.2 6.4
SC +0.2% loc 9.5 16.4 17.9 14.4
SC+ 0.3% Loc 6.4 20.4 231 239
5C + 0.5% Loc 223 40.6 41.0 35.6
SC + 0.1% Xan 19.1 27.7 236 18.6
SC + 0.2% Xan 61.9 241 38.0 303
SC + 0.3% Xan 91.8 61.7 65.5 35.6
SC + 0.5% Xan 78.2 92.2 83.1 91.6
S5C + 0.1% CMC 16.3 16.5 29.0 19.4
SC + 0.2% CMC 26.3 295 21.4 21.5
SC + 0.3% CMC 256 26.7 27.4 27.2
SC +.0.5% CMC 34.2 350 30.7 34.3
SC +0.1% MC 34.9 8.1 45.4 28.3
SC + 0.2% MC 27.3 438 29.4 49.9
SC +0.3% MC 28.0 39.5 50.7 45.1
SC + 0.5% MC 40.3 49 4 67.4 62.3

"SC=sodium caseinate ; Car=carrageenan ; Loc=locust bean gum ; Xan=xanthan gum ; CMC=carboxymethyl cellulose ;
MC=methyl cellulose ; ND=Non detected



752 ’ : oF

2 of

FAAHL 55 384y £5 9 e wel pH
440, 5.0, 7.0 B 8.0 Z+z} 56.0~53.2, 48.1~52.7,
45.1~52.4 ¥ 45.9~50.5dyne/cmZ# pH 7.0 2 8.0
A7 pH 4.0 % 5.0 i} vha okl FEe
pH 4.0, 5.0, 7.0 B 8.0e 4 22 2.4~170.0, 2.5~190.
0, 5.3~180.0 ¥ 6.3~99.0cpso] 41 2=, B3] xanthan
gum A7bel A "E55 Fuck E95e pH 40 ¥
5.0 &3 & £d)ed 97.3~98.2, pH 7.0 F 8.02 E5}4
93.0~95.824] pH 4.0 & 5.001417} pH 7.0 2 8.04]
AR oha yghel AFEA4E S
carrageenan H locust bean gum FH 7oA = &3
ErF el 2ot CMC B MC ol A 288 4
25937, pH 7.0 R 8.6 A7} pH 4.0 & 5.0 41 2.k
ekFalel o yEAS ArlET e 0.1~0.2%7) Aok
sledct. M EaA AL xanthan gum F7lfollad 92
A Fastgon A Ao FEi= 0.3«0.5%7}
Faaelgdct, AFe dA A2 xanthan gum, MC
2 locust bean gum A }FolA L& oFEslgdct 5%

‘:'éf = ‘/—]-%»‘B‘JA'L‘:- 0}-24}«1 ‘3‘ 7% _,] g“:}z-l

T B5 ERA7 4 9l E 253 xanthan gume]
vk =g Zeidtea Edes) ohh G pH 70 B
8.0 417} oht & pH 4.0 ® 50004 B} A& A
ol g en, £42 Hurl 3 AEAYA

B el Ao] Foxl e A el 9ok

B xanthan gum,

gl -

bt
-}

ZEA}

=

1o

=t
=

B P 19928 ® e x| 9l S w E A
o AfFE GRS 2 A sl A v o
ofsod alE] gl e v ofef A1AIRE AR =R,

i

Mo
0]

1. Bikerman, J. J.:
{1973)

2. Poole, 5., West, 5. and Fry, ). : High-performance

protein foaming and gelation system. In “Develop-

Foams. Springer-Verlag, Berlin

ofr
£

10.

i1,

i2.

14.

15.

16.

. Stainsby, G

. Gliksman, M. @

ments in food proteins-5" . Hudson, B. J. F.(ed.), Else-
vier Applied Science, p.257 (1987}

: Foaming and emulsification. In “Funct-
ional properties of food macromolecules” Mitchll, J.
R. and Ledward, D. A.{eds.), Eisevier Applied
Science Publishers, p.315(1986)

Toistoguzov, V. B. : Functional properties of protein-
polysaccharides mixture. in “Functional properties of
food macromolecules” Mitchell, §. R. and Ledward,
D. A, {eds.}, Applied Science Publishers, p.385(1986)
Konstance, R. P. and Strange, E. D. : Solubility and
viscous properties of casein and caseinate. J. Food
Sci., 56, 556{(1991)

Philtips, L. G., Yang, S. T., Schulman, W. and Kin-
sella, J. E. : Effects of lysozyme, clupeine, and sucro-
se on the feaming properties of whey protein isolate
and §-lactoglobulin. f. Food Sci., 54, 743(1989)

SAS : SAS user's guide. SAS Institute, inc., Cary, NC
(1985)

Mitchell, ], R. : Foaming and emulsifying properties
of proteins. In “Development in food proteins-4"
Hudson, B. ). F.{ed.), Elsevier Applied Science Publ-
ishers, p.291{1986)

Kato, A., Tsutsui, N., Matsudomi, N., Kobayashi, K
and Nakai, S. : Effects of partial denaturation on
surface properties of ovalbumin and lysozyme. Agric.
Biol. Chem., 45, 2755 (1981)

Kitabatake, N. and Doi, E. : Surface tension and foam-
ing of protein solution. f. Food Sci., 47, 1218(1982)
Halling, P. J. : Protein-stabilized foams and emulsio-
ns. CRC Critical Reviews in Food Science and Nutrit-
fon, 13, 155(1981)

Johnson, T. and Zabik, M. : Egg albumin proteins
interaction in an angel food cake system. /. Food Sci.,
46, 1231 (1981)

Functional properties of hydrocoltoids.
in “Food hydroceolloids’ Gliksman, M.(ed.), CRC
Press, Inc., Boca Raton, Florida, Vol.1, p.47(1982)
Poole, 5., West, S, and Fry, J. : Effects of basic prote-
ins on the denaturation and heat gelation of acidic
proteins. Food Hydrocalloids, 1, 301 (1987)

Mita, T., Nikai, K., Hiraoka, T., Matsuo, S. and Mat-
sumoto, H. : Physicochemical studies on wheat prot-
ein foams. J. Colloid Interface Sci., 59, 172(1977)
Sajjan, S. U. and Rao, M. R, R, : Functional proper-
ties of native and carboxymethyl guar gum. J. Sci.
food Agric. 48, 377 (1989}

. Scharma, $. C. : Gum and hydrocoiloids in oil-water

emulsion. Food Technol., 35 (1), 59(1981)
(1993 84 44 )



