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Factors Affecting the Foaming Power and Drainage
Ratio of Soy Milk Foam Composed of Microbubbles
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Microbubble (MB) and bamix (ba) foam samples were obtained from plain soy milk with an added thickening
agent. The relationships among the foaming power (Fp), drainage ratio ( 8), textural properties and the factors of
bubble diameter (d), bubble number (N), and foam film thickness (1) were investigated.

MB foams obtained by longer blowing time had higher hardness, adhesiveness and cohesiveness. The MB foams
increased Fp and decreased S in increasing adhesiveness. N was fewer, the kinetic constants of N decrease were
lower, d was larger and [ for the MB foams was thinner than these parameters for the ba foams. Thinner [ for the
MB foams caused higher Fp and lower 8. Fp and 3 were related to I and d with both the MB and ba foams, and
the elastic modulus and adhesiveness were related to d, N and [ by a multiple regression analysis. The values pre-
dicted by the analysis correlated well with the measured values. The equations for Fip and B are presented with

respect to the soy milk viscosity and blowing time.
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Fig. 1. Mechanical properties of texture of soy milk foams with

various apparatuses, blowing time and samples (n=3).
Thickening agents were added to soy milk. Added concentrations
were 0.00 (Sample A), 0.10 (Sample B) and 0.25 wt% (Sample C).
: MB foams blown with NANOSTAR (microbubble generator by

mechanical agitation method)

(] : ba foams blown with bamix (electric handy-food processor)
Different letters (abc) show significant difference among same
samples at p<0.05.
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Fig.2. Relationships between foaming power and
adhesiveness in soy milk foams (n=3).

Foaming power [%]=100X [volume of gas phase in foam/
volume of liquid phase in foam]

B MB3min @ MB5min A MB 10min V¥ MB 15min
Oba3min Obab5min A ballmin ¥V ba 15min

The letters A, B, C show the samples of MB foams and the

letters a, b, ¢ show the samples of ba foams.
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Fig. 3. Relationships between drainage ratio after 5 min and
adhesiveness in soy milk foams (n=3).

Drainage ratio after 5 min=[drainage weight after 5 min/foam

weight at the beginning]

B MB3min @ MB5min A MB 10min ¥ MB 15 min

Obad3min Obabmin A bal0min ¥V ba 15min

The letters A, B, C show the samples of MB foams and the let-

ters a, b, ¢ show the samples of ba foams.
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Fig. 4. Changes of bubble number in soy milk foams (n=3).
Bubble number [/1X10* um?] was measured by microscopic
observation and image analysis.
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Table 1.  Kinetic constant of bubble number decrease kx X 10? [/min] in soy milk foams: effects
of aging time, blowing time, apparatuses and samples.
agin blowing MB ba
g g time Sample Sample
time in)
(min A B C A B C
3 4.53 7.07 6.38 13.66 10.37 10.79
5 15 1.44 1.22 2.33 10.52 10.01 9.22
kn average 3.83 10.76
3 3.98 5.20 4.24 8.15 6.31 6.81
10 15 2.47 2.81 3.25 6.56 6.47 6.74
kn average 3.66 6.84
3 2.31 2.25 2.13 3.03 2.74 2.78
30 15 2.22 1.93 2.00 3.02 2.65 2.72
kn average 2.14 2.83
3 1.38 1.29 1.25 1.55 1.45 1.45
60 15 1.35 1.22 1.19 1.59 1.40 1.46
kn average 1.28 1.48

Kinetic constants of bubble number decrease kx [/min]
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Fig. 5.

were obtained by Eq. (2).

foams (n=3).
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Blowing time [min]
Bubble diameter and foam film thickness of soy milk

Bubble diameter was measured by microscopic observation and
image analysis. Foam film thickness was obtained by Eq.(8).

B A-MB @ B-MB A C-MB

O B-ba A C-ba

O A-ba
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Fig. 6. Relationships between foaming power and foam film

thickness in soy milk foams (n=3).

B MB 3min @ MB 5min ¥ MB 15 min

O ba3min O babmin ¥V ba 15min

The letters A, B, C show the samples of MB foams
and the letters a, b, ¢ show the samples of ba foams.
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Fig.7. Relationships between drainage ratio after 5 min

and foam film thickness in soy milk foams (n=3).
M MB 3min @ MB 5min ¥ MB 15 min

O ba3min O bab5min V ba 15min

The letters A, B, C show the samples of MB foams
and the letters a, b, ¢ show the samples of ba foams.
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Table 2. Results of multiple regression analysis for foaming power, drainage ratio, elastic modulus and
adhesiveness in soy milk foams.
The multiple regression equation : z=ax"y® (9)
z (dependent variable) Blowing a X b % c R? r
apparatus
Foaming power MB 10.86 l -1.06 d 1.12 0.99 0.99
gp ba 499 1 133 4 1.34  0.99  0.99
Drainage rati MB 246.70 l 1.38 d -1.71 0.90 0.94
ge ratio ba 1.21 ! 0.10 d -0.11 057 0.75
Elastic modulus MB 3.29 l -0.50 d 0.57 0.87 0.93
ba 0.37 N 0.86 0.78 0.94
Adhesiveness MB 315.37 N -0.45 l -0.42 0.98 0.99
ba 185.23 N -0.23 l -0.16 0.79 0.90

R?; coefficient determination in multiple regression

r; correlation coefficient between predicted value and measured value
1; foam film thicknesss [ #m], d:;bubble diameter [ #m], N; bubble number [/1X10* um?]

10 (268)
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