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Abstract About one-fifth of all bananas harvested become
culls that are normally disposed of improperly. However, ripe
banana pulp contains significant amounts of fibre and poly-
phenol compounds as well as a high content of simple sugars
(61.06 g/100 g), making it suitable for sucrose replacement in
bakery products. This work studied the feasibility of incorpo-
rating ripe banana flour (20 and 40% of replacement) in cake
formulation. Physical, nutritional and sensory attributes of
sponge and layer cakes were evaluated. The inclusion of ripe
banana flour generally led to an increased batter consistency
that hindered cake expansion, resulting in a slightly lower
specific volume and higher hardness. This effect was
minimised in layer cakes where differences in volume were
only evident with the higher level of replacement. The lower
volume and higher hardness contributed to the decline of the
acceptability observed in the sensory test. Unlike physical
attributes, the banana flour inclusion significantly improved
the nutritional properties of the cakes, bringing about an en-
hancement in dietary fibre, polyphenols and antioxidant ca-
pacity (up to a three-fold improvement in antioxidant capacity
performance). Therefore, results showed that sugar replace-
ment by ripe banana flour enhanced the nutritional properties
of cakes, but attention should be paid to its inclusion level.
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Introduction

The fruit obtained from banana trees is one of the most con-
sumed tropical fruits in the world. The global production of
banana in 2014 was 10.4 × 107 tons [1]. Since in the producer
countries the loss of a part of the annual harvest is common
(about one-fifth of all bananas harvested become culls) due to
a lack of adequate infrastructure and poor marketing, new uses
for the banana fruit need to be investigated to reduce the waste
it generates [2]. The flour obtained from green banana is rich
in starch (61–76.5%) and fibre (6–15.5%) while it presents a
low protein (less than 4%) and lipid (less than 1%) content [3].
In green banana flour, soluble sugars are presented in small
amounts (1.81%) and most of the total starch consists of re-
sistant starch, with available starch only accounting for a low
percentage (~36.18%) [4]. Meanwhile, as the banana ripening
process takes place there is an increase in sugars [5] as well as
in protein content, and a decrease in starch fraction [6]. Ripe
banana is also rich in fructooligosaccharides [7], potassium,
polyphenols, as catechin and tannins, and demonstrates an
important antioxidant activity [8, 9]. Experimental studies
support a role of polyphenols in the prevention of cardiovas-
cular diseases, cancers, neurodegenerative diseases, or diabe-
tes [10].

Several studies have been done on the application of green
banana flour to the production of bakery products [11–14].
However, studies on the application of ripe banana flour are
scarce and limited to its inclusion in the formulation of gluten-
free breads [15]. The high content of simple sugars in ripe
banana flour could make this flour suitable for sugar replace-
ment in some bakery products. In the case of cakes, sugar has

* Manuel Gómez
pallares@iaf.uva.es

1 Facultad de Ingeniería, CIT Jujuy, Universidad nacional de Jujuy,
CONYCET, Avenida Italo Palanca, 4600 Salvador de Jujuy, Jujuy,
Argentina

2 Food Technology Area, College of Agricultural Engineering,
University of Valladolid, 34004 Palencia, Spain

3 Whistler Center for Carbohydrate Research, Department of Food
Science, Purdue University, West Lafayette, IN 47907, USA

Plant Foods Hum Nutr
DOI 10.1007/s11130-017-0630-5

http://orcid.org/0000-0003-2650-4082
mailto:pallares@iaf.uva.es
http://crossmark.crossref.org/dialog/?doi=10.1007/s11130-017-0630-5&domain=pdf


a multiple function, acting as a sweetener but also being in-
volved in the formation of the emulsion structure which can
increase the gelatinisation temperature of starch, allowing the
increase in the volume of the products. Sugar is also involved
in Maillard reactions and caramelisation, changing the exter-
nal colour of the cake [16].

In this way, our hypothesis was that the use of flour obtain-
ed from ripe bananas could: (1) demonstrate a similar func-
tionality to sucrose in cake making while improving its nutri-
tional properties with the inclusion of non-starch polysaccha-
rides and polyphenols, and (2) minimise the waste of banana
culls. Therefore, the aim of this research was to study the
effect of ripe banana flour as a sucrose replacement in layer
and sponge cakes. The characteristics of the batter in terms of
batter density and rheology were determined. The quality of
the final cakes was also evaluated in terms of specific volume,
texture, dietary fibre, polyphenol content, antioxidant capaci-
ty, and acceptability.

Materials and Methods

Materials

Wheat flour was supplied by Harinera la Castellana S.A.
(Medina de Campo, Valladolid, Spain) whilst sugar, sunflow-
er oil, whole liquid milk, powdered milk and liquid pasteur-
ized egg were purchased from the local market. The baking
powder B2 × 1^ and the emulsifier BSuperMixo T500^ were
provided by Puratos (Gerona, Spain). Bananas (Musa
Cavendish var. Nanica) were purchased ripe (state 7: yellow
with black spots) [17].

Methods

Processing of Banana Flour from Ripe Bananas

Ripe bananas were peeled and ground in a Liliana AM523
juicer (Cheffy, Argentina) at 1 speed for 3 min. The paste
obtained was placed in a tray and dried in an oven with forced
convective flow at 60 °C for 48 h. The dried paste was ground
in a Numak FW 100 laboratory mill (Ojalvo, Argentina). This
flour was sift in a Bühler MLI 300B siever (Uzwil,
Switzerland) for 15 min and the fraction with particle size
under 80 μm was selected and stored in sealed plastic bags.

Proximate Analysis of Banana Flour

Ripe banana flour had the following composition (wet basis):
11.53 g/100 g of moisture content, 3.76 g/100 g of protein,
3.05 g/100 g of ash, 0.65 g/100 g of lipids and 81.01 g/100 g
of carbohydrates, of which 61.06 g /100 g are simple sugars
(glucose, fructose, sucrose and maltose) and 6.59 g/100 g are

fibre (5.24 g/100 g of each is insoluble fibre). Total phenolic
compounds were 283.90 mg GA/100 g flour. Banana flour
was characterised following AACC [18] methods for mois-
ture content (44.15.02), proteins (46.11.02), lipids
(30.25.01), dietary fibre (32.05.01) and ash (08.12.01).
Carbohydrates content was obtained by weight difference
with the other flour components. Simple sugars content
were measured by HPAEC-PAD method [19]. Phenolic
compounds were determined following the method de-
scribed in BPhenolic Content^ section.

Cake Making

Two kinds of cake, layer cake and sponge cake, were made.
Layer cakes had the following formula: 350 g flour, 315 g
sucrose, 210 g whole milk, 175 g liquid pasteurized egg,
105 g sunflower oil and 10.5 g baking powder. All ingredients
were mixed in the Kitchen-Aid Professional mixer KPM5 (St.
Joseph, Michigan, USA) for 1 min at speed 4 and 9 min at
speed 6. Cake batter (185 g) was placed into disposable oil-
coated aluminium pans (109x159x38mm) and the cakes were
baked in an electric oven for 25 min at 185 °C. The sponge
cake formula was as follows: 245 g flour, 240.5 g sucrose,
344 g liquid pasteurised egg, 55 g water, 14 g emulsifier, and
25 g powdered milk. A creaming-mixing procedure was used.
All ingredients, except for the flour and milk, were mixed for
2 min at speed 6 using the Kitchen-Aid Professional mixer
KPM5. After the addition of the milk and flour, the mixing
process was continued for 3 min at speed 8. Cake batter
(125 g) was placed into oil-coated aluminium pans and baked
as above.

After baking, the cakes were removed from the pans and
left to cool for 60 min before being placed in coded plastic
bags that were sealed to prevent them from drying. For each
type of cake, layer or sponge, three formulations, performed in
duplicate, were obtained. A control cake for each type of cake
with the total sucrose content was made, (i.e., 315 and 240.5 g
of sucrose for layer and sponge cakes, respectively). For these
layer and sponge cakes, sucrose was substituted by ripe ba-
nana flour at levels of 20 and 40% (named as S20 and S40,
respectively).

Batter Measurements

All the analyses performed on the batter were carried out in
duplicate immediately after mixing the batters. Batter density
was determined with a standard container (100 cm3) of known
weight filled with batter. Rheological measurements were per-
formed with a rheometer (Haake RheoStress 1, Thermo
Fischer Scientific, Scheverte, Germany). Shear stress versus
shear rate data were recorded using a concentric cylinder ge-
ometry programmed to increase the shear rate from 1 to
100 s−1 for 400 s (up curve), then to maintain this shear rate
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for 300 s and immediately followed by a reduction from 100
to 1 s−1 for 100 s (down curve). Data from the up curve of the
shear cycle were fitted to Ostwald-deWaele model (σ =K.γn),
where σ is the shear stress (Pa), γ is the shear rate (s−1), K is
the consistency coefficient (Pa.sn), and n is the flow behaviour
index.

Cake Characteristics

Cake characteristics were analysed 24 h after baking. Cake
volume was determined with the Volscan Profiler volume
analyser (Stable Mycrosystems, Surrey, UK). The cake-
specific volume was calculated as the ratio between the vol-
ume of the cake and its weight. Measurements were run in
duplicate. Crumb texture was determined using a TA-XT2
texture analyser (Stable Microsystems, Surrey, UK). A 25-
mm-diameter cylindrical aluminium probe was used in a ‘tex-
ture profile analysis’ (TPA) double compression test to pene-
trate to 50% depth, with a test speed of 2 mm/s and a 30s delay
between the first and second compressions. Hardness (N),
cohesiveness and springiness were obtained from the TPA
graphic. Measurements were made on two central slices
(20 mm thickness) from two cakes for each formulation.

Hedonic sensory evaluation of cakes was conducted with
72 volunteers, regular cake eaters, between 18 and 64 years of
age and from various socioeconomic backgrounds. Cakes
were evaluated one day after baking on the basis of acceptance
of their appearance, odour, taste, texture, and overall liking on
a 9-point hedonic scale. The scale of values ranged from
Bextremely like^ to Bextremely dislike^ corresponding these
scores to B9^ and B1^, respectively.

Phenolic Content

Phenolic compounds were extracted with methanol-water
acidified with HCl (50:50 v/v, pH 2, 50 mL g−1 sample,
16 h) and acetone-water (70:30 v/v, 50 mL g−1 sample,
60 min) at room temperature (25 °C) under constant stirring.
After centrifugation (15 min, 25 °C, 3000×g), supernatants
were pooled and used to determine extractable polyphenols
content and antioxidant capacity. Extractable polyphenols
were determined by the Folin-Ciocalteu procedure [20].
Determination was performed at a wavelength of 765 nm in
a spectrophotometer (UV/VIS Spectronic 4001/4, Spectronic
Instrument, USA), and total polyphenol content was
expressed as mg of gallic acid equivalents (GA)/100 g dry
matter. All analyses were carried out in duplicate.

Free Radical-Scavenging Assay (DPPH)

The antioxidant activity of the extracts of the cakes was de-
termined by DPPH free radical elimination. Three aliquots
(100, 300 and 500 μl) of each sample extract were taken and

added to 3 mL of methanolic DPPH solution. The decrease in
absorbance at 517 nm was determined spectrophotometrically
during 300 s. The inhibition activity of the DPPH radical by
the samples was calculated according to the Eq. 1.

Inhibition activity %ð Þ ¼ 100� 1− Ass

.
A0

� �� �
ð1Þ

where Ass is the absorbance of the solution in a steady state
and A0 is the absorbance of DPPH without the sample.

IC50 value (mg extract/ml) is the effective concentration at
which the antioxidant activity was 50%, i.e., the amount of
sample required for 50% of free radical scavenging activity.
IC50 value was obtained by interpolation from linear regres-
sion analysis. Each antioxidant attribute of ethanolic extracts
from cakes was averaged out from two replications.

Statistical Analysis

Analysis of variance was used to study the differences be-
tween batters and cakes. Fisher’s least significant difference
(LSD) test was used to describe means with 95% confidence.
The analysis was carried out with Statgraphics PlusV5.1 soft-
ware (Statpoint Technologies, Warrenton, USA).

Results and Discussion

Batters Characteristics

The properties of batters are summarized in Table 1. Results
showed that for sponge batters, when sucrose was replaced by
ripe banana flour, an increase in density was accompanied by
an increase in consistency (K) as well as by a stronger
pseudoplastic behaviour (lower flow behaviour index, n), es-
pecially with the higher level of replacement. This stronger
structure may be promoted by the water-binding capacity of
the ripe banana flour components and related, in particular, to
their carbohydrates composition (see BProximate Analysis of
Banana Flour^ section). Added to simple sugars, these carbo-
hydrates are composed of a small amount of starch and fibre,
mainly insoluble, which increases with the maturation of the
banana [21]. In this way, Gómez et al. [22] already found that
insoluble fibre incorporation incremented the consistency and
decreased the n value of the batters. In this sense, higher batter
consistency may reduce the movement of the air bubbles and
avoids the coalescence phenomena, generating batters with a
structure of smaller bubbles [23].

Contrary to the results for sponge cakes, in layer cakes,
replacement of sucrose by ripe banana flour improved the air
incorporation by reducing the batter density, which, in turn,
modified the rheological properties, increasing the consisten-
cy and pseudoplastic character. Such modifications, as previ-
ously reported for sponge batters, can be related to the
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presence of carbohydrates different to simple sugars, but the
higher air incorporation in the batter may also influence these
results. In actual fact, Chesterton et al. [24] reported that the
viscosity increased as the air content was enhanced in the
batter. In general, a high consistency is related to a high ca-
pacity of batters to retain air, resulting in a high volume of the
cakes. However, the increase of K should be achieved consid-
ering that a very high consistency could also diminish cake
quality since it would impede the correct batter dosing and air
expansion [14]. Differences between both types of cakes may
be related to the greater air incorporation in form of small
bubbles and to the lack of a superficial oil film able to stabilize
these bubbles in sponge cakes [25]. Therefore, the structure in
sponge cakes compared with that of layer cakes is more sen-
sitive to changes in the ingredients or processing.

Cake Characteristics

In order to assess the effect of ripe banana flour incorporation
on the physical properties of cakes, specific volume and
crumb texture were analysed (Table 1). The sucrose replace-
ment by ripe banana flour, for sponge cakes, slightly reduced
the specific volume. Yang and Foegeding [23] reported the
importance of sucrose in obtaining appropriate volumes in

angel cakes. Furthermore, it is common knowledge that sugars
play a pivotal role in delaying starch gelatinisation, allowing
for a greater expansion during cooking [16]. In our study, the
greater consistency in batters made with ripe banana flour
could have hampered the expansion of the air bubbles, nega-
tively affecting the final volume of the cake.

Regarding textural properties of sponge cakes, crumb hard-
ness was increased as the level of inclusion of ripe banana was
greater. A negative relationship, therefore, between hardness
and the specific volume of the cakes can be seen, which agrees
with observations in other studies [22, 26]. The replacement of
sugar by ripe banana flour reduced the cohesiveness, although
no effect on the springiness of the cakes was noticed. This
lower cohesiveness may be related to the fibre content, and
especially insoluble fibre, found for ripe banana flour.
Actually, a reduction in cohesiveness was also reported when
incorporating fibres in other cakes [27]. The more limited
amount of free water in banana cakes may impede intermo-
lecular interaction among ingredients, increasing the suscep-
tibility of cake crumb to fracture or crumble.

In layer cakes, the substitution of sugar at a level of 20%
promoted a slight increase in the specific volume of the cakes,
which may be explained by a better air incorporation in the
batter (i.e., lower density). Conversely, when the level of sugar

Table 1 Physical properties of sponge and layer batters and cakes with reduced sugar content

Batters Cakes

ρ (g/cm3) K (Pa sn) n Specific
volume (cm3/g)

Hardness (N) Springiness Cohesiveness

Sponge cakes

Control 0.38a 44a 0.51c 4.27b 3.04a 0.86a 0.65b

S20 0.40a 57b 0.43b 3.93a 4.41b 0.91a 0.60a

S40 0.43b 98c 0.22a 3.89a 5.67c 0.89a 0.62a

Layer cakes

Control 1.11b 22a 0.61c 2.13b 5.35a 0.88a 0.61c

S20 1.06a 77b 0.42b 2.36c 6.60b 0.90a 0.54b

S40 1.06a 183c 0.28a 1.79a 14.55c 0.87a 0.44a

Mean values followed by the same letter in each column, for each cake, are not significantly different at p ≤ 0.05

S20 and S40: 20 and 40% sugar substitution by ripe banana flour, respectively

ρ, batter density; K, consistency coefficient; n, flow behaviour index

Fig. 1 Cross-section of sponge
(a) and layer cakes (b). S20 and
S40: 20 and 40% sugar
substitution by ripe banana flour,
respectively
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reduction was higher (40%) a decrease in the specific volume
occurred. In the batters made with banana flour inclusion the
air incorporation was slightly higher which could increase the
specific volume. However, an excessive increase in consisten-
cymay have also hindered the cakes expansion during baking.

Considering the hardness, this parameter also seems to be
correlated to the specific volume, with the cakes with the
lower volume being harder. Nevertheless, this trend is not
followed by the cake made with 20% banana substitution,
which had a hardness value higher compared to the control
despite its higher volume. Previous studies [22, 26] have al-
ready proven that the correlation between hardness and vol-
ume is more significant in sponge than in layer cakes. Then,
this trend for ripe banana cakes should be related to structural
changes in the crumb, as shown in Fig. 1, possibly influenced
by the different effect on starch gelatinisation and retrograda-
tion behaviour of sucrose and the simple sugars (mainly glu-
cose and maltose) found in banana flour as well as to its
additional fibre content. The effect on the springiness and
cohesiveness is similar to that previously indicated on sponge
cakes, where the inclusion of ripe banana decreased the cohe-
siveness, but without affecting the springiness.

According to the results, sponge and layer cakes with the
inclusion of ripe banana generally led to a decline in the spe-
cific volume and hardness compared to the control, but it is
important to highlight that, as Fig. 1 demonstrates, all cakes
presented an acceptable final volume, with no collapse in the
height being visible. In Fig. 1 the different colour of the cakes
can also be noted. Changes found in the colour of the crumb
and crust are similar for sponge and layer cakes, with darker
crumbs and crusts as ripe banana flour is incorporated. These
changes should be explained by the darker colour of banana
flour resulted from the browning, suffered during the drying
process of these flours.

The sensory analysis (Table 2) was performed in layer and
sponge cakes with the highest ripe banana incorporation. The
inclusion of banana flour led to a decline in overall acceptabil-
ity of the cakes. This reduction in the acceptability was mainly
due to differences in the odour and taste of the cakes made
with ripe banana flour. This seems logical accounting that
consumers are used to a certain flavour, and the inclusion of
strange ingredients in the formula tends to reduce the accept-
ability. For layer cakes, the volume reduction and the in-
creased hardness with the use of banana flour resulted in a
higher decline in appearance and texture valuation compared
to sponge cakes. Nonetheless, some of the tasters expressed
preferences for cakes made with ripe banana, so this product
could be marketed towards a niche market.

Dietary Fibre, Phenolic Compounds and Antioxidant
Capacity

Dietary fibre, phenolic compounds and antioxidant capacity
were analysed for layer and sponge cakes (Table 3). In both
types of cakes an increase in dietary fibre was observed when
sucrose was replaced by ripe banana flour according to the
fibre content of the banana flour (6.59 g/100 g). In particular,
these fibres would include pectin, cellulose, lignin and hemi-
cellulose, typically found in banana flours [28]. For layer and

Table 2 Sensory test of sponge and layer cakes with reduced sugar
content

Appearance Odour Texture Taste Overall acceptability

Sponge cakes

Control 7.71b 7.32b 7.24b 7.49b 7.65b

S40 6.31a 5.79a 6.17a 5.71a 5.64a

Layer cakes

Control 7.60b 7.07b 6.97b 7.18b 7.38b

S40 4.75a 5.26a 4.61a 4.89a 5.38a

Mean values followed by the same letter in each column, for each cake,
are not significantly different at p ≤ 0.05

S20 and S40: 20 and 40% sugar substitution by ripe banana flour,
respectively

Table 3 Effect of ripe banana
flour on the fibre and polyphenol
content and IC50 of cakes

Dietary fibre (%) Polyphenol content (mg GA/100 g) IC50 (mg/mL)

Sponge cakes

Control 0.28a 20.26a 130.78c

S20 0.56b 49.08b 89.10b

S40 0.81c 77.70c 62.23a

Layer cakes

Control 0.34a 31.51a 168.14c

S20 0.64b 42.79b 36.55a

S40 0.94c 66.99c 45.1b

Mean values followed by the same letter in each column, for each cake, are not significantly different at p ≤ 0.05

S20 and S40: 20 and 40% sugar substitution by ripe banana flour, respectively. IC50, amount of sample required
for 50% of free radical scavenging activity
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especially sponge cakes, a significant increase of the polyphe-
nol content was observed when increasing the amount of ripe
banana flours in the formula, which is also consistent with the
high polyphenol content of the initial flour (283.90 mg GA/
100 g flour). Banana flour contains high amount of phenolic
compounds such as catequin, epicatequin, lignin, anthocy-
anin and tannin with antioxidant capacities [9, 29]. The
higher increase in polyphenol content observed for sponge
cakes compared to layer counterparts can be related to the
different effect of the matrix on preserving those compo-
nents. In sponge cakes, the low density of their batters, in-
dicating a greater number of bubbles with smaller size,
could bring about a more stable (i.e., less coalescence) and
faster expansion of the batter in the oven (see higher specific
volume in Table 1) which can lead to moderating the mass
and heat transfers in the cake diminishing the loss of phe-
nolic compounds during baking. This observation was al-
ready seen by Segundo et al. [14] when preparing sponge
and layer cakes with green banana flour. Furthermore, the
higher phenolic compounds can be associated with the pres-
ence of dietary fibre in the banana flour since dietary fibre
can bind polyphenols retaining them during cake processing
and contributing to the increase in the final cake. The inter-
actions between polyphenols and fibres can occur as soon as
polyphenols come into contact with plant cell wall ana-
logues such as cellulose or cellulose/pectin [30], which are
present in ripe banana flour. Polyphenols can increase the
scavenging activity of the stable DPPH radical model, as a
consequence of the hydrogen donating ability [31]. In this
way, the addition of ripe banana flours also led to sponge
and layer cakes with lower values of IC50, i.e., lower effec-
tive concentration at which the antioxidant activity was
50%, indicating higher phytochemical activity. It is note-
worthy that the improvement in the antioxidant capacity
was more than threefold higher compared to the control.

Conclusion

In this study, it is shown that the use of banana flour obtain-
ed from ripe banana can improve the nutritional properties
of cakes bringing about a reduction in the total amount of
sugars (40% lower) and an enhancement of the phenolic
compounds compared to the control. The significant antiox-
idant capacity of cakes substituted with ripe banana flour is
an additional nutraceutical characteristic to that of the lower
content in simple sugars. Then, consumption of these cakes
could give more beneficial effects to people’s health.
Nevertheless, attention should be paid to the level of su-
crose replacement used, accounting for the fact that the
physicochemical hardness and specific volume of the cakes
can be worsened with the use of ripe banana.
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