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Abstract

In recent years, the Butterfly pea flower has been increasingly interested in
its color and function. However, the preservation of the extract faced many
difficulties; therefore, foam drying technology was applied to solve this
problem. The study was conducted to determine the effect of foaming con-
ditions, including albumin ratio, carboxymethyl cellulose (CMC) ratio, and
whipping time on foam characteristics. At the same time, the multi-
dimensional regression method was also used to determine the most suita-
ble foaming conditions for the following process. The research results
showed that all 3 factors strongly influenced the foaming process of pea
flower extract. It could be concluded that the most suitable condition for
foaming is to use 9.3% albumin, 0.79% CMC and stir for 19 min. Under these
conditions, the foam expansion and stability were 584.79% and 96.44% re-
spectively. The powder obtained from the foam drying of Butterfly pea flow-
er extract was also analyzed for quality. The temperature of 65 °C for 4 hrs
gave relatively high-quality powder with protein content, anthocyanin and
antioxidant activity of 9.89 g/100g, 1.15 mg/g and 87.34% respectively. In
conclusion, the foam-mat dried powder from butterfly pea flower extract is
suitable for other processing processes, especially in the processing of folk
cakes, pasta and bread industry.
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Introduction

The Butterfly pea flower (Clitoria ternatea) is considered a medicinal herb
(1), playing an essential role in neuro medicine as well as improving the
brain system and memory when incorporated with other parts (2) and sup-
porting treatment for people with mental illness (3). The primary color of
butterfly pea flowers is blue, traditionally used as a food colorant. The blue
pigment of Butterfly pea flower is anthocyanin, which has the great poten-
tial to be used as a natural blue colorant for foods, cosmetics and pharma-
ceuticals at neutral pH. Anthocyanins are compounds belonging to the fla-
vonoid family, standard water-soluble pigments in plants and stored in
plant cell vacuoles (4). Anthocyanins have a higher antioxidant capacity
than vitamins C and E (5). Besides antioxidant properties, anthocyanins also
act as an anti-inflammatory (6), cardioprotective (7), anti-diabetic (8) and
anti-obesity (7, 8).

The technique of extracting color from butterfly pea flowers was
performed and optimized (9). The anthocyanin compounds in the extract
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were also identified with five anthocyanin derivatives (10).
Using natural colorants, of which blue is rare, tends to be
sensitive to processing and storage conditions (11).
Anthocyanin compounds are usually unstable and degrade
by heat exposure during several processes such as
extraction, pasteurization, sterilization and blanching (12).
The stability of anthocyanins is also affected by light, pH,
oxygen and enzymes (13). In addition, the extract is often in
a liquid state, making it difficult to use, store and transport.
To overcome the above disadvantages, the foam-mat
drying method is applied, which is a process of drying liquid
-solid foods by mixing with stabilizers or other foaming
substances to produce stable foam before drying through a
relatively low-temperature dry air ranging from 50-80 °C
(14). Foam drying is one of the simpler forms compared to
other methods such as spray drying and freeze-drying
because it is less expensive, complicated and time-
consuming (15). The foam drying method with significant
advantages helps remove water when drying at low
temperatures and short drying time, easily applied to
products with high sugar content, high viscosity and highly
sensitive compounds (15). The product obtained from
drying with foam mat is better quality, porous and retains
its original properties when reconstituted. This drying
technique is very efficient and suitable for heat-sensitive
food ingredients due to its relatively fast drying, high quality
and ease of product reconstitution (16). Research on
creating a color powder of butterfly pea flowers by foam
drying method has not been studied yet. Studying the effect
of processing on the quality of butterfly pea flower powder
is interesting to create high-quality butterfly pea flower
powder which meets consumers' nutritional value and
sensory properties. Besides, the application in noodle
processing also contributes to the diversity of products
from butterfly pea flower powder, creating convenient and
quick use for further processed products. Therefore, this
study aimed to investigate the effect of foaming conditions
on foam properties of butterfly pea flower extract, creating
good conditions for the subsequent drying process. The
powder quality under different drying conditions was ana-
lyzed to select the appropriate drying temperature and time
for this product.

Materials and Methods
Preparation of butterfly pea flower extract

Butterfly pea flowers are grown and harvested at the
College of Agriculture, Can Tho University (10°01'49.1"N
105°46'06.0"E). Flowers were collected, dried, and extracted
according to the described method selected conditions (9,
17). After extraction, the extract was immediately used for
the foaming process.

Effect of concentration of albumin, CMC and whipping
time on characteristics of butterfly pea flower foam

The above-prepared butterfly pea flower extract (500 ml)
was supplemented with albumin (6-10% w/v, 2% interval)
and CMC (0.3-0.9% w/v, 0.2% interval). The mixture was
then stirred at a speed of 1000 rpm (Philips HR3705/20) for
5-20 min (5 min intervals). The randomized block design
with 3 replications was used. The multiple regression anal-

ysis was also applied to study the effect of foaming condi-
tions on foam characteristics. Foam characteristics, such
as foam stability and expansion, were determined to iden-
tify the optimum level of foaming conditions. After drying
at 65 °C for 4 hrs, the powder was obtained and the protein
content, solubility index, anthocyanin content and antioxi-
dant activity were analyzed.

Foam stability

Foam stability was assessed by pouring 100 ml of foam
into a beaker and allowing it to sit at room temperature for
3 hrs. Every 30 min, the volume reduction was measured.
Equation 1 was used to calculate the foam stability (18).

Foam stability = Vo, x At/V; (Eqn. 1)

where: I, is the initial volume of foam; At/V;is the recipro-
cal slope from the graph plotted between foam volume
versus time.

Foam expansion

The ability of foam to cooperate with air in its structure
was determined using the standard method (19) in the
following Eq. 2.

Foam expansion = [(Vi-Vo) x 100]/V, (Egn. 2)

where: Vi is the final volume of foam (cm?), and V, is the
initial volume of extract (cm?3).

Quality of foam-mat dried powder

The Kjeldahl method determined the protein content us-
ing a nitrogen conversion factor of 6.38, according to
method No. 988.05 (20). The anthocyanin content and an-
tioxidant activity were determined by the pH differential
method and 2,2-diphenyl-1-picrylhydrazyl (DPPH) as de-
scribed in an earlier study (21). The solubility index of pow-
der was investigated (22).

Statistical analysis

The mean comparisons were determined by using Dun-
can's multiple-range tests. Statgraphics centurion XV.I
application was used to fitting the model to the observed
data using the response surface methodology method.
The effect of the independent variable on the model for
response (Y) is shown in Equation 3.

Y= by +bA+ byB + bsC+ bAB+ bAC + beBC +b;A% + bgB? + by
(Eqn.3)

Where A, B, C are independent variables, bo.3, bas, b7e are
offset, interaction and squared effects. The selection mod-
el was mainly based on the R? value obtained from the re-
gression.

Results and Discussion

Albumin concentration, CMC concentration, and whipping
time greatly influence the foam characteristics (Table 1).
The advantage of foam drying is only practical when the
foam's expansion is high, especially when the foam layer is
mechanically and thermodynamically stable. The surface
area of the dried product is increased, leading to the time
required to dry the foamed product being reduced
compared with the non-foam dried product (23). However,
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the foam system is not stable, resulting in difficulty in dry-
ing and removing water from the drying surface (24) and
led to the dried powder product having poor color,

ent emulsifiers. A blender or a constructed instrument is
used to whip mixtures into stable foams. The foam is then
spread thinly as a sheet or mat and dried with a hot air

Table 1. Effect of supplemental albumin & CMC ratio and foaming time on foam expansion and stability

Foam stability

Foam expansion Foam stability

Xa (%) Xz (%) Xc (min) Foam expansion (%) (%) Xa (%) Xs (%) Xc (min) (%) (%)

5 307%49.43** 83.7+0.34 5 437+9.43 88.8+0.65

10 343+12.47 84.1+0.66 10 507+9.43 91.9+0.66

- 15 433+12.47 87.2+0.65 o 15 553+4.71 96.5+0.38

20 437+12.47 86.8+0.33 20 557+4.71 96.5+0.50

5 337+9.43 84.3+0.38 ° 5 427+9.43 89.5+0.47

10 410+8.16 88.5+0.38 10 500+8.16 92.9+0.57

02 15 463+12.47 94.4+0.65 09 15 577+12.47 95.5+0.38

20 460+8.16 94.4+0.33 20 573+£12.47 95.3+0.38

° 5 323+4.71 88.5+0.38 5 447+4.71 86.9+0.38
10 42749.43 92.5+0.38 10 447+9.43 87.7+0.75

o 15 487+9.43 96.3£0.38 o3 15 537+12.47 91.2+0.65

20 47349.43 95.7+0.34 20 533+9.43 91.2+0.33

5 30749.43 87.7+0.41 5 447+4.71 87.5+0.38

10 40749.43 91.6+0.28 10 463+12.47 91.2+0.00

oe 15 467+9.43 94.1+0.19 o5 15 550+8.16 93.3+0.38

20 44749.43 94.0+0.28 20 543+9.43 93.3+0.19

5 390*+8.16** 81.1+0.38 10 5 407+9.43 93.1+0.38

10 473+4.71 87.5+0.38 10 473+12.47 94.4+0.65

o3 15 557+9.43 91.1+0.57 o 15 600+0.00 97.1+0.38

20 543+9.43 91.2+0.33 20 590+8.16 96.7+0.19

’ 5 447+4.71 88.0+0.65 5 437+12.47 92.8+0.65
10 47349.43 91.1+0.54 10 527+9.43 92.7+0.66

oo 15 533+9.43 93.5+0.57 oe 15 587+4.71 96.3+0.38

20 523+12.47 93.6+0.33 20 567+9.43 96.1+0.09

Xa is albumin concentration (%), Xsis CMC concentration (%), and Xc is whipping time (min); Values are expressed as meansstandard deviation.

texture, taste and nutritional value (24-26).

Proteins, as known as albumin, be used as stabi-
lizers. To be a good stabilizer, it must be able to reduce the
surface energy levels between the bubbles as they are con-
tinuously generated during foaming (27). With the pres-
ence of proteins in the foaming agent, when the foam is
dislodged, the denatured proteins in the middle stage
might interact with each other to form an elastic mem-
brane recovery and stability, thus leading to foam for-
mation and increased foam volume (28). The % of albumin
greatly influenced foam stability and expansion. When the
% of albumin increased from 6-10%, the foam stability and
expansion also increased from 90.23-92.59% and
453.89-509.58%. A similar trend was observed in the foam-
ing of egg whites and modified soy protein (29). Recent
studies showed that albumins' properties contributed to
an increase in foam volume and stability (27). The main
requirement for successful foam drying is stable gas-liquid
foam. Foaming agents include proteins, gums and differ-

stream until it reaches the correct moisture content. Dry-
ing occurs at low temperatures to create a porous honey-
comb sheet or mat, which is then decomposed into a free-
flowing powder (15). Proteins contribute to good foam
ability and high foam stability by allowing quick adsorp-
tion at the air-water interface, creating a coherent elastic
adsorbed layer (27, 28) (Table 2).

Foam stabilizers are substances that make foams
less unstable. Stabilizers are usually polysaccharides. Poly-
saccharides do not adsorb at contact because they are
hydrophilic. By thickening or gelling the aqueous solution,
they have been shown to improve the stability of foam
proteins (15, 27). Many researchers utilize CMC as their
foam stabilizer. Foam expansion increased gradually from
453.89 to 486.11% when CMC used increased from 0.3% to
0.7% but CMC used to 0.9%, expansion tended to decrease
to 485% but the no significant difference compared with
the sample was used 0.7% CMC (Table 3). This decrease in
foam swelling may be due to the increased liquid viscosity
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Table 2. Effect of concentration of albumin on foam characteristics

Albumin concentration Foam expansion Foam stability

(%) (%) (%)
6 407.922 90.23°
8 504.38° 91.51°
10 509.58¢ 92.59¢

of the foam stabilizer at higher levels. At higher concentra-
tions, the solution becomes too viscous. The highly viscous
liquid will prevent the air from being trapped during the
whipping process, leading to foam expansion (25). In addi-
tion, the rate of addition of CMC is a factor that significant-
ly affects the stability of the foam system. Surfactants help
prevent bubbles' agglomeration, resulting in a longer-

Table 3. Effect of concentration of CMC on foam characteristics

CMC concentration (%) Foam expansion (%) Foam stability (%)

0.3 453.89* 87.47°
0.5 470.83° 91.10°
0.7 486.11° 94.00¢
0.9 485.00¢ 93.21¢

lasting foam (30). Stabilizers have been shown to enhance
the stability of foam proteins by thickening or creating the
foaming effect of aqueous solutions (31). Statistical results
in Table 3 also showed that when increasing the ratio of
CMC from 0.3% to 0.7%, the stability of the foam system
also increased from 87.47% to 94%, which shows the abil-
ity to support reducing the surface tension on the air bub-
bles of the CMC. The agent acts by increasing the viscosity
of the continuous phase or by forming a three-dimensional
lattice that slows the movement of components inside the
foam (32). Foams are more stable at high viscosity because
increasing the viscosity of the aqueous phase leads to the
creation of a structure that will keep the network walls
from breaking, improving foam stability (31).

Foaming or whipping time is one of the factors
affecting the foam system. The expansion and stability of
foam are presented in Table 4. During foaming time from 5
to 15 min, the swelling gradually increased from 392.50%
to 528.61%, but by 20 min, there was a decrease in
swelling to 520.56%. The increase in foam is due to thinner
liquid film, more mechanical deformation and more bub-
ble bursting during prolonged whipping (33). The increase
in foaming time causes more modification of the albumin
proteins leading to the formation of a stable foam. Similar
results were reported earlier (34). The foam expansion
drop due to the high whipping time may be related to the
deflation caused by increasing temperature (35). Besides,

Table 4. Effect of foaming time on foam characteristics

Foaming time (min) Foam expansion (%) Foam stability (%)

5 392.50° 87.667
10 454.17° 90.51°
15 528.61¢ 93.87¢
20 520.56¢ 93.74¢

whipping time is also one of the factors affecting foam du-
rability. Foam stability increased from 87.66 to 93.87%
when foaming time increased from 5 to 15 min; however,
after 20 min whipped, stability tended to be decreased
slightly. During whipping, the albumin proteins interact to
form a stable, elastic interface film (35). However, after
long whipping, the foam might not be stable and weak
binding between compounds in foam leads to a decrease
in foam expansion and stability.

Multiple regression analysis of the effect of foaming con-
ditions on foam characteristics

Multiple regression analysis was applied to find the appro-
priate parameters for the foaming process, which helps
the foam produced with high swelling and stability. This
method successfully predicted and overlapped the multi-
response to get the optimal conditions (21, 36-38). The
influence of each independent variable (Xa, Xs, Xc) on the
parameters (expansion and stability) of the foam is shown
in Table 5. The regression model describing the relation-
ship between the parameters of the foaming process and
the independent variables (albumin ratio, CMC ratio, whip-
ping time) was established and shown in Equations 4 & 5.

Foam expansion (%) = -680.247 +207.917Xa+ 159.583Xs +
25.156Xc- 11.406Xa2 - 112.847Xg? + 2.411XpXc - 0.697Xc2
(Eqn. 4)

R?=91.46; R?,4j=90.89; P-value of Lack-of-fit = 0.2805

Foam stability (%)= 56.64 + 1.282Xa+ 47.099Xg + 1.566Xc -
0.317XaXz- 0.04XaXc - 27.622Xs? - 0.109XpXc - 0.03Xc?
(Eqn. 5)

R? = 89.68; R%,¢;=88.98; p-value of Lack-of-fit =0.1242

where Xa is albumin concentration (%), Xsis CMC concen-
tration (%), Xc is whipping time (min)

The results show that the established equations all
have high correlation coefficient R?* (89.68 to 91.46%),
greater than 80% and P value of Lack-of-fit greater than
0.05. Therefore, applying these equations to predict the
change in product quality parameters with high accuracy
is possible. Reports are on the determination of a good
correlation between the models when the coefficient of
determination of correlation (R?) is more significant than
0.8 (39). Besides, the models were built with the Lack-of-fit
test, which was not statistically significant. High compati-
bility between experimental data and predictive data for
the parameters for foaming was also found (R*=0.91) (Fig. 1
&2).

Response surface was shown as contour plots
showing the correlation between albumin ratio, CMC ratio,
and foaming time with the foaming characteristic
presented in Fig. 3 & 4. The swelling value depends on all
three factors: albumin, CMC and foaming time. The swell-
ing value reached the optimal value (587.212%) when the
albumin ratio, CMC ratio and foaming time were 9.11%,
0.9% and 19.6 min respectively. In comparison, the
stability reached the optimum value of 96.67% when the
albumin ratio, CMC ratio and foaming time were 10%,
0.76% and 18 min respectively. It was used different
concentrations of egg albumin from 5 to 20% (w/w) as a

https://plantsciencetoday.online
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Table 5. ANOVA of the regression coefficients for foam expansion and stability

Foam expansion (%)

Foam stability (%)

Sources

Mean square F ratio P value Mean square F ratio P value

Xa 248067 1870.24 0.0000 133.482 423.28 0.0000
Xs 21233.5 160.08 0.0000 727.419 2306.72 0.0000
Xc 378583 2854.24 0.0000 840.888 2666.55 0.0000
Xa2 66612.5 502.21 0.0000 0.28125 0.89 0.3473
XaXs 520.833 3.93 0.0504 1.92533 6.11 0.0152
XaXc 30.0 0.23 0.6355 19.3603 61.39 0.0000
Xg? 2934.03 22.12 0.0000 175.783 557.43 0.0000
XeXc 1308.03 9.86 0.0022 2.69507 8.55 0.0043
X2 43750.7 329.85 0.0000 80.2517 254.49 0.0000

Xais albumin concentration (%), Xsis CMC concentration (%), X is whipping time (min)

650 -
600 -~
550 -+

y =0.914x +40.767
R2=0.914

Foam expasion (predicted) (%)
~
(=2
(=)
®

200 T T T T )
200 300 400 500 600 700
Foam expasion (experimental) (%)

Fig. 1. Correlation between predicted and experimental foam expansion

S 98-

= 91 y=1502x-52.777 > 4

£ 94 R*=0.8811 W

3 o

%

S 90 1 colisse o

£ 88 - il V)

'tzj 86 1 °%0 o PP

2 84 i

g 82

o L L N J

= 80 . , :
85 90 95 100

Foam stability (experimental) (%)

Fig. 2. Correlation between predicted and experimental foam stability

foaming agent and foaming for different times (5 to 20
min) in combination with air-stable foam (40).

Since each response was optimal at different
albumin ratios, CMC ratios and foaming time, the overall
optimal point where all the parameters simultaneously
met the requirement of high expansion and stability is
visualized by overlapping contour plots (Fig. 5). The model
predicted the best overall performance when using 9.3%
albumin, 0.79% CMC ratio and 19 min foaming time with
maximum swelling and stability of 584.79% and 96.44%
respectively. Powder generated through this procedure
has significant cost advantages over liquid counterparts,
including lower volume or weight, less storage space, easi-
er handling and transportation and substantially longer
shelf life. Besides that, under these conditions, the protein

A
&
<620 - =
= 570 ==
o =
G 520 T
g 470
% 420
= 370
g 320
=
B
< 360.0-380.0
<560 B 380.0-400.0
520 400.0-420.0
£480 420.0-440.0
gt 9 440.0-460.0
g 228 . o127 460.0-480.0
276 7 037€ [ T 480.0-500.0
~ ) ) 10 00 I 500.0-520.0
Albumin concentration (%) 00“06““ $20.0-540.0
C o B 540.0-560.0

Fig. 3. Estimated response surface for foam expansion (A. Albumin concen-
tration 8%; B. CMC concentration 0.5%; C. Whipping time 15 minutes).

content, anthocyanin content and antioxidant activity
were 9.89 g/100 g, 1.15 mg/g and 87.34%. The solubility
index of powder also was 89.45%. It could be seen that the
powder has high nutritional value and antioxidant activity.
In addition, foam-mat drying showed high maintenance of
the antioxidant compound.

Conclusion

The foam drying method is effectively applied in drying the
extract from butterfly pea flowers. Albumin and CMC sup-
ported foam stability as well as increased foam volume.
The whipping process dramatically affects the foam sys-
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