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1 Introduction
Ripe bananas preferred but over ripe bananas are less 

favored. As an unwanted, the over ripen bananas become 
discarded (Segundo  et  al., 2017). The way to diminish this 
disposal is by making it as flour. Banana flour is a suitable form 
not only to minimize postharvest losses but also to obtain the 
nutritive value of fresh bananas (Pragati et al., 2014). Banana 
flour technology generally use green bananas as raw materials. 
Drying ripe bananas into flour has certain matter which must 
have considered. The effect of external factors during processing 
and the existence of bioactive component require exact drying 
technologies.

Foam mat drying is one technique used for the production 
of fruit powders. It can produce high quality and stable particles 
which can protect natural components and the integrity of the 
organoleptic characteristics. The foam mat drying method 
compatible to apply on component with heat sensitive, viscous 
and high sugar content foods that cannot be dried using other 
forms of drying methods. This method was invented to a powder 
that is simply rehydrated and provide organoleptic characteristics 
such as color, flavor, texture and nutritional contexture which 
is resembling to the crude material (Fernandes  et  al., 2013). 
In this drying method, liquid is transformed into a stable foam 
by being whipped after addition of an edible foaming agent. 
The stable foam is dried by applying hot air (Raharitsifa et al., 
2006; Rajkumar et al., 2007; Hardy & Jideani, 2015).

The nutritional characteristic of egg white make them 
ideal for use as a foaming agent. Egg white, or so-called as 
an albumin contains about 9.7-10.6% protein. There are 
ovalbumin, conalbumin, ovomucoid, ovomucin and lysozyme a 
glycoprotein, representing about 3.4% of the egg white’s proteins 

as a major egg white protein. Ovoglobulins G2 and G3, avidin, 
ovoinhibitor, cystatin, ovoglycoprotein, ovomaroglobulin and 
ovoflavoprotein were the other minor egg white proteins (Alleoni, 
2006). Lysozyme is a glycoprotein and widely being used as 
food preservative, as naturally bacteriolytic enzyme (Hui & 
Al‑Holy, 2007). Foaming ability of white egg was determined by 
globulin, lysozyme, ovomucoid and ovomucin (Damodaran et al., 
1998). Globulins are the most surface active egg white protein 
for foaming ability (Lau & Dickinson, 2004). It has capability 
to quickly adsorb the air-water interface during whipping or 
bubbling and the ability to form a cohesive viscoelastic film 
by intermolecular interactions between proteins (Mine, 1995; 
Lomakina & Mikova, 2016).

2 Materials and methods
2.1 Instrumentation and procedure

Three varieties of bananas (Kepok Lumajang, Ambon 
Probolinggo, and Agung Lumajang) at level 5 up to 7 of maturity. 
The bananas were prepared through washing and peeling them 
then soaked them for 10 minutes in an aqueous solution containing 
5 mL lime juice. Bananas then are cut into slices and steamed 
for 10 minutes. Banana juice was made through blending three 
varieties mix in different proportion 45%, 35% and 20% (w/v) 
with 50 °C distilled water, which was then filtered to separate 
the solution and the impurities.

Egg albumen used as a foaming agent. About 500 mL of 
banana juice was poured into a mixing bowl added with 3% 
(w/w) egg albumen whipped using a hand blender (Philips 
HR 2116 Hand Blender, Bogor, Indonesia) at speed level 2 
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for 5 minutes. The banana juice foam was poured into trays, 
dimension 22 × 12 × 10 cm, with a thickness 2 mm then dried 
at a temperature from 60 °C to 80 °C in a cabinet dryer to a 
brittle solid, which was amenable to grind.

Selected properties such as rendement, moisture content 
using AOAC method (Association of Official Analytical 
Chemists, 2007), and the water solubility rate of the powder 
were determined. The rendement was calculated as a percentage 
by dividing weight of the final product produced with the 
weight of the processed material. Water solubility rate on 
banana powder known as duration time for banana powder 
dissolves completely. 1 g of material was added to 20 mL of 
distilled water and stirred with a magnetic stirrer at 892 rpm 
(Goula & Adamopoulos, 2010).

2.2 Experimental design and statistical analysis

This experiment used Complete Randomized Design (CRD). 
Three level combination of varieties banana were used. Details 
of the experimental design are given in Table 1.

Descriptive statistics were determined for each variable 
recorded. Data are presented as mean. Normality test measured 
whether data obtained has a normal distribution so it can be 
used in parametric statistics. One-way Anova and LSD were 
applied for statistical evaluation of the data generated using SPSS 
Version 22. The significance level was put at ‘p’ value < 0.05 with 
95% Confidence Interval (CI).

3 Results
The calculation of variance analysis (ANOVA) to the water 

content, solubility and rendement of banana flour shows that 
the comparison of three varieties banana in different proportion 

(45%, 35% and 20%) alternately showed significant at p < 0.05 
(Table 2).

The moisture content for foam mat dried banana flour, were 
at range 11.15% to 14.68%. Figure 1 shows that banana flour 
produced by a combination of 45% Kepok, 20% Ambon and 
35% Agung has the lowest moisture content. LSD analysis at 
Table 3 shows that the combination of each treatment showed 
a marked difference significantly.

Water soluble rate (WSR) of banana flour was from 
217-259 second. Figure  1 showed the WSR increased as the 
moisture content also increased. The LSD analysis combination 
of P1 and P2 showed that was not significant difference between 
two group.

The rendement of banana flour produced ranges between 
6.7-7.7% (Figure 2). The LSD results showed that there was not 
significant difference between P1 with P3.

Table 1. Level combination of banana.

Treatment Combination of banana
(kepok: ambon: agung)

Foam Agent
(egg albumen)

Water
(gr/mL)

P1 45%: 35%: 20% 3% 1:2
P2 35%: 20%: 45% 3% 1:2
P3 20%: 45%: 35% 3% 1:2

P1: first banana composition, P2: second banana composition, P3: third banana 
composition.

Table 2. Analysis of variance of responses for foam mat dried banana flour.

Variable of Response F pvalue

Moisture content 99.8 0.00
Water Solubility Rate 34.75 0.01
Rendement 13.19 0.06
F: variation between sample means, pvalue: mean significance at p ˂ 0.05.

Figure 1. The relevance of moisture content and water solubility rate.
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4 Discussion
Moisture content is an important parameter and should be 

minimized during the drying process as it relates to product 
stability. It determines the acceptability, freshness and durability 
of product. A high level of amylose causes the starch is less 
adhesive and tends to absorb more water (hygroscopic) and 
gel formed is sturdy.

The water solubility rate (WSR) is a variable to measure 
the speed of powder dissolution. The soluble or dispersible 
powder without clump formation is one of the quality 
parameters of the product in the form of powder. Powders 
with high porosity have a larger surface area, so that the 
contact area between the powder and water become bigger 
(Pua et al., 2010).

Table 3. Least Significant Difference (LSD) of foam mat dried banana flour.

Dependent Variable Treatment (I) Treatment (J) Mean 
Difference  (I-J) pvalue

Moisture content Kepok 45%: Ambon 35%: Agung 20% (P1) Kepok 35%: Ambon 20%: Agung 45% -0.85 0.00*
Kepok 20%: Ambon 45%: Agung 35% -1.67 0.00*

Kepok 35%: Ambon 20%: Agung 45% (P2) Kepok 45%: Ambon 35%: Agung 20% 0.85 0.00*
Kepok 20%: Ambon 45%: Agung 35% -0.82 0.00*

Kepok 20%: Ambon 45%: Agung 35% (P3) Kepok 45%: Ambon 35%: Agung 20% 1.67 0.00*
Kepok 35%: Ambon 20%: Agung 45% 0.82 0.00*

Water Solubility Rate Kepok 45%: Ambon 35%: Agung 20% (P1) Kepok 35%: Ambon 20%: Agung 45% -3.33 0.44
Kepok 20%: Ambon 45%: Agung 35% -31.00 0.00*

Kepok 35%: Ambon 20%: Agung 45% (p2) Kepok 45%: Ambon 35%: Agung 20% 3.33 0.44
Kepok 20%: Ambon 45%: Agung 35% -27.6 0.00*

Kepok 20%: Ambon 45%: Agung 35% (P3) Kepok 45%: Ambon 35%: Agung 20% 31.00 0.00*
Kepok 35%: Ambon 20%: Agung 45% 27.67 0.00*

Rendement Kepok 45%: Ambon 35%: Agung 20% (P1) Kepok 35%: Ambon 20%: Agung 45% -0.70 0.00*
Kepok 20%: Ambon 45%: Agung 35% -2.33 0.14

Kepok 35%: Ambon 20%: Agung 45% (P2) Kepok 45%: Ambon 35%: Agung 20% 0.70 0.00*
Kepok 20%: Ambon 45%: Agung 35% 0.47 0.01*

Kepok 20%: Ambon 45%: Agung 35% (P3) Kepok 45%: Ambon 35%: Agung 20% 0.23 0.14
Kepok 35%: Ambon 20%: Agung 45% -0.46 0.01*

Significant: *,  mean significance at p ˂ 0.05. 

Figure 2. Characteristics of average values of banana combination treatment on rendement, speed and moisture.
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5 Conclusion
Ripe bananas can be made into powder through the method 

of foam mat drying using an egg whitening agent. The highest 
result was from combination of 20% of Kepok bananas, 45% of 
Ambon bananas and 35% of Agung bananas. The lowest water 
content and the rate of resolubility were obtained from a mixture 
of 45% of Kepok banana, 35% of Ambon bananas, and 20% of 
Agung bananas.
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