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Abstract: Brazil is a major producer of bananas, being the world's fourth-largest producer. The fruit is a source 
of minerals and vitamins and, when green, has a high content of resistant starch. Among the possibilities of 
processing, green banana flour has gained prominence due to its physical, nutritional, and functional 
characteristics, which can be used for the making of different food products. However, the raw material and 
the processing steps can influence these characteristics. Thus, this study aimed to provide information 
ranging from the choice of raw material to the sensory acceptance of consumers. The present work discussed 
the influence of ripening on fruit characteristics, processing stages and flour characteristics as a result of the 
different used fruits part or cultivar/variety of banana, and the possibilities of products with good technological 
quality and sensory acceptance of products made with green bananas flours by Brazilian consumers. One of 
the main differences provided by the cultivar is the flour yield, which is higher in banana cultivars with lower 
moisture content and selected for frying. There is little information regarding the whole green banana flour, 
which could reduce waste and contribute nutritionally to preparations. New products having green banana 
flours as an ingredient show wide possibilities for a partial or total replacement to other flours, as well as good 
sensory acceptance, which has led to a growing interest in banana processing and its growing market. 

HIGHLIGHTS 
 

• In Brazil, many banana cultivars can be used in the making of flour. 

• Flours can be prepared from the pulp, peel, or whole (pulp and peel). 

• Staged I and II of maturation should be prioritized due to starch content. 

• The sensory analysis supports the possibility of industrial use of flours. 
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INTRODUCTION 

Brazil is a major producer of bananas, being the world's fourth-largest producer, with an over 6.9 million 
tons production [1]. The distribution of production occurs in all states [2], however, each region produces 
different cultivars. In general, banana cultivars Prata, Nanica, Terra and Maçã are predominant [3]. 

From a nutritional point of view, bananas are a source of vitamins and minerals. The main minerals found 
in these fruits are potassium, phosphorus, magnesium, iron, and zinc. These nutrients stand out for their 
importance for health and fighting hidden hunger, defined by insufficient intake of essential vitamins and 
minerals [4]. 

Besides the presence of minerals, bioactive compounds are also present, such as vitamin C, carotenoids, 
phenolic acids, and flavonoids, with high antioxidant potential [5,6]. Banana consumption has been 
associated with a reduced risk of major chronic-degenerative diseases. The consumption of fruits with 
antioxidant compounds reduces the risk of neurodegenerative diseases, delays the aging process, and helps 
to reduce the incidence of degenerative diseases, heart disease, arteriosclerosis, arthritis, cancer, and brain 
dysfunction [7]. 

The high resistant starch (AR) content of unripe banana fruits shows health benefits through their 
prebiotic function. AR is not absorbed in the intestine, but it is metabolized by the bacteria of the intestinal 
flora, producing chain fatty acids, resulting in a decrease in colonic pH, leading to beneficial effects on glucose 
and lipid metabolism [8,9]. 

The fruit can be processed for the manufacture of beverages, sweets, raisins, flour, and chips [10]. 
Among these products, green banana flour has stood out for its technological, nutritional, and functional 
characteristics and can be used in a wide range of food products [11]. The banana flour can be made from 
different cultivars or varieties of bananas [12], parts of the fruit (peel, pulp or peel and pulp) [13,14], and 
different stages of maturation [15], that along with the used methods in the manufacturing process, it can 
influence the characteristics of the product. 

Thus, due to the importance of the fruit in the world scenario and the different types of bananas existing 
in Brazil, this study aims to provide information ranging from the choice of raw material to the sensory 
acceptance of products made with green bananas flours. In this sense, the following themes will be 
addressed: the influence of ripening on the characteristics of the fruit, which is important for the manufacture 
of flour; processing steps; characteristics of the flour as a result of the chosen raw material (cultivar/variety 
and pulp or peel) and possibilities of baking preparations with good technological quality and sensory 
acceptance, mainly by Brazilian consumers. It is hoped that this information will help those who wish to start 
producing green banana flour or products made from it. 

Main transformations during banana ripening and its importance for the production of flours: visual, 
nutritional, and technological 

After harvest, the bananas undergo a maturation process, which from a sensory point of view occurs 
mainly from the color change in/of their peel, from green to yellow, decreasing firmness and increasingly 
characteristic odor, aroma, and flavor, due to increased acidity and soluble solids content [17]. From a visual 
point of view, the change in peel color is currently the most used way to classify the fruit, to which Von 
Loesecke proposed a maturation scale (Figure 1), which is divided into seven stages [18]. 

 
Figure 1. Banana ripening stages. Photo: First author. Stages of maturation from left to right: 1° (completely green), 2° 
(green with yellow streaks), 3° (greener than yellow), 4° (more yellow than green), 5° (yellow with green tips), 6° 
(yellow) and 7° (yellow with brown spots). 
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From the point of view of flours production, maturation will mainly influence the processes of transforming 
starch into sugars and flour yield. The flour yield is mainly related to the pulp to peel ratio, accumulation of 
dry matter in the material, cultivars, and its moisture content. 

The starch and the resistant starch contents decrease as the fruit matures, which is important, as it gives 
adequate characteristics to the flour [15,20,21], while the sugar, sucrose, glucose, and fructose contents 
increase [19]. On the other hand, protein and lipid contents increase at more advanced stages of maturation. 
Thus, due to the higher starch and resistant starch contents, the first stages of maturation (1st and 2nd) are 
preferable for the production flours intended to replace wheat in baking preparations, pasta, and food flours 
[15]. 

The pulp/peel ratio increases as the fruit mature, however, this increase is due to the transfer of water 
from the peel to the pulp, promoted by an osmotic gradient [17,22]. Thus, it is expected that the flour yield 
decreases in the pulp throughout maturation and increases in the peel, which can present gains up to 19% 
in dry matter mass [22]. In this way, by opting for bananas at more advanced stages of maturation, the flour 
processor will be investing more financial resources, when actually the water will be lost in the drying process. 

To avoid ripening, it was found a study, in which the fruits were frozen after harvest, for subsequent 
drying and production of green banana flour [23]. Another way to delay ripening is to store the fruit in a cold 
room at a temperature of 12-13 ºC, where it can remain for up to 40 days in green stages (first, second and 
third stages), as shown in Figure 1. In addition to these methods, control of the atmosphere (humidity, 
temperature, O2, CO2, and ethylene) and the use of modified atmosphere through active packaging are other 
methods to increase the green life of bananas [24]. For more information on ripening control methods, we 
recommend reading the review article published by Brat, Bugaund, Guillermet, and Salmon [24]. 

Choice of raw material: characteristics of green bananas 

To know the moisture of the raw material is important to estimate the flour yield, which can be adequate 
from the initial moisture of the raw material in natura and the expected final moisture of the flour since the 
removal of water during the drying process is the biggest influencing factor in yield [23]. Table 1 presents 
expected moisture contents for peel and pulp of green banana genotypes. In addition to these values, a study 
with 15 banana cultivars revealed that pulp moisture ranged from 66-74 g 100 g-1[5]. 

 
                     Table 1. Characteristics of raw material for the production of green banana flour. 

Ref 
Banana MS Moisture (%) 

Pulp (in natura) 

[25] Cavendish 2 71 
[26] São Domingos ns 75 
[27] Prata-Zulu¹ 1 64 
[27] FHIA-18 1 76 
[27] Caipira¹ 1 73 
[28] Prata 2 70 

 Peel (in natura) 

[25] Cavendish 2 88 
[26] São Domingos ns 89 
[29] Maçã ns 87 
[29] Nanica ns 87 
[29] Terra ns 86 
[29] Prata ns 91 

                      MS: maturation stages. ¹Adapted name [30]; ns: not specified. 

 
The genotype is a factor of great influence on the flours yield. It is expected that fried plantains have 

higher yields since these cultivars have a greater accumulation of dry matter in comparison to dessert banana 
cultivars. This can be confirmed in a study in Brazil, where the plantains presented an average dry matter 
accumulation of 40% (in natura pulp), while, for dessert bananas, the average was 28.5 % (in natura pulp), 
which resulted in a flour yield of 19.6%-27.2% (plantains) and 14.7%-20.3% (dessert bananas) [12]. Similar 
results were found in a study with 19 banana cultivars, where cooking and frying banana cultivars had higher 
accumulated dry matter content [17], on average, and among other 14 genotypes, the 'Terrinha' plantain 
presented the highest percentage of pulp dry matter [22]. 

The lowest yield of the peels (Table 2) is related to the characteristic of the fruit, where the green and 
fresh ones present values of 60%-70% of pulp [22], with a pulp/peel ratio of 1.18 up to 2.82 [11,22,27]. 
Moreover, it is expected the yield of fresh green banana pulp to be higher, not only because of its higher 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4
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proportion in the fruit but also because of its water content, approximately between 10 and 20% lower than 
that presented by the peel [12,25,26]. 

Table 2. Flour yield (wet basis) is based on the weight of the whole fruit (in natura) or about the initial weight (in natura) 
of the used material (peel or pulp)¹. 

Ref Banana Material MS Yield % 

[23] ns GBPeF ns 13 
[31] Pacovan GBPuF 1 20,9¹ 
[31] Prata GBPuF 1 25,2¹ 
[31] Williams GBPuF 1 19,3¹ 
[32] ns GBPuF ns 26¹ 
[32] ns GBPuF ns 24¹ 
[33] Terra Maranhão GBPuF 1 25 
[27] Prata-Zulu² GBPuF 1 36 
[27] FHIA-18 GBPuF 1 27 
[27] Caipira² GBPuF 1 27 
[34] Nanica GBPuF 1 19¹ 
[34] Prata GBPuF 1 26¹ 
[35] Prata GBPuF 1 18 
[35] Prata GBPeF 1 4 
[28] Prata GBPuF 2 30 
[13] Nanicão GBPuF 1 28¹ 
[13] Nanicão GBPuF 1 30¹ 
[13] Nanicão GBPeF 1 12¹ 
[13] Nanicão GBPeF 1 14¹ 
[36] Nanica GBPuF ns 34¹ 

¹Weight/weight ratio of the material (peel or pulp) in natura; ²Adapted name [30]; GBPuF: Green banana pulp flour; 
GBPeF: Green banana peel flour; ns: not specified; MS: Maturation stages.  

The processing of green banana flours 

For the preparation of the flour, the fruits must be sanitized first/initially. The process consists of three 
steps: washing it in running water, immersion it in chlorinated water, and final rinsing it. The second stage, 
immersion in chlorinated water, presents variations in the immersion time and the chlorine concentration of 
the solution, according to studies [33,34,35,37]. However, a simple way to do it is by immersing the fruits in 
a solution with a concentration of 20 drops L-1 of sodium hypochlorite for 15 minutes [38]. 

After cleaning the fruits and cutting them into slices, the treatment against enzymatic browning can 
be carried out (Table 3), which will provide lighter flours [39]. At this stage, to prepare the solution, citric acid, 
ascorbic acid, or both can be used [12,39]. However, there is a large number of studies in which the treatment 
has not been cited [29,32,40,41,42]. The most recent works published by researchers from the Brazilian 
Agricultural Research Corporation (Embrapa) use the two acids for the treatment, ascorbic and citric acids, 
(Table 3). 

Other studies also mention the use of bleaching in the treatment of raw material [15,28,32,38,43]. 
Research that used bleaching after peeling and slicing the fruits, placing them for 1 min in boiling water, 
followed by cold-water immersion (4 ºC), obtained a lighter flour without the need to use organic acids [32]. 
Thus, as shown, the acid and thermal treatments provide lighter flours, however, flours of good nutritional 
and technological quality can be prepared without the need to use these treatments [29,32,40,41,42]. 

 
Table 3. Acid concentration and time used in the treatment against enzymatic browning of sliced fruits. 

Ref 
Ascorbic acid Citric acid Time 

min g L-1 

[12] 0,1 0,3 15 
[33] 0,1 0,3 10-15 
[43] 1,0 1,0 30 
[34] 0,35 5,0 15 
[14] nu 5,0 10 
[20] nu 1,0 ns 
[28] nu 10 5 

nu: not used; ns: not specified. 

 

https://www.google.com/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&ved=2ahUKEwjY_IyMpJjfAhXBqZAKHdazDawQFjAAegQIAxAC&url=http%3A%2F%2Fwww.scielo.br%2Fbabt&usg=AOvVaw08BojU0LuZNEI4C434jTD4
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Most researchers utilize forced air drying ovens (Table 4). In addition to the methods shown in Table 4, 
green banana flour can also be obtained by drying in a rotary dryer and spray drying. However, there is a 
large loss (greater than 90%) in the resistant starch content of the flour, when it is obtained in a rotary dryer 
in comparison to other drying methods. In this same study, the drying methods influenced the water activity 
of the food, but in all cases, the water activity was within the limit considered safe about the growth of 
microorganisms [44], which is below 0.6 [45]. The water activity will be explained in more detail in the topic: 
Physicochemical and Technological Characteristics of Flours. 

There is also dehydration by freeze-drying, which provides better physical and physicochemical 
characteristics, and less loss of resistant starch, however, due to the high acquisition and operating costs 
[46], it was not included in this study.  

Despite the range of temperature for drying the material (Table 4), for starch preservation, it is 
recommended temperatures below its gelatinization temperature, 68 ºC [20]. Other studies suggest different 
gelatinization temperatures, which may be influenced by the cultivar, part of the fruit, drying method and time 
used [16]. In a spouted bed, for example, the temperature of 80 ºC did not interfere with the gelatinization of 
the starch, in which the banana flour had the same resistant starch content as the fresh fruit [14]. Another 
study showed that oven drying with forced air at 50 °C provides a better quality green banana flour with a 
higher resistant starch content compared to other drying temperatures (80 °C and 110 °C), and a scenario 
that most came close to the characteristics of the freeze-dried flour [46]. 

The grinding of dehydrated material can be performed in knife mills [12,33], hammer mills [28,37] and 
knives/hammer [40], or in a blender [14,29,32,34,41]. 

After milling, the flour can be sieved in a 30 mash mesh (595 µm) [33]. In roll-knife mills, for example, a 
set of sieves with different mesh sizes is already included with the equipment. 

The particle size can interfere with the physical, physicochemical, and biochemical characteristics of the 
flour. Green banana flours with smaller particles are lighter and present a higher whiteness index. However, 
particle size appears to have little influence on pH and does not influence moisture content. A study with four 
granulometries of green banana flour, from 212 µm - 700 µm, showed that the water activity (from 0.41-0.45) 
was influenced by the particle size, however, in all cases, the values were within safe limits for storage [47]. 

Ordinance nº 354, July 18, 1996, determines that 98% of wheat flour must pass through a 250 µm mesh 
sieve [48]. A study that evaluated the granulometry of banana flour showed all fractions below 149 µm [49], 
which shows that banana flour could be used in future studies to determine the percentage of green banana 
flour that can be added in wheat flour for a mixture that fits within the specificity of the legislation. 

Table 4. Drying methods to obtain green banana flour. 

Ref Material Drying MT (mm) T ºC Time (h) 

[38] WGBF Forced air drying ovens 4 60 16 
[12] GBPuF Forced air drying ovens 4-5 50  - 
[41] GBPuF Oven 5 180 1,5 
[32] GBPuF Forced air drying ovens 10 50 12 
[29] GBPeF Room temperature ns 35 72 
[33] GBPuF Forced air drying ovens 2-3 50  - 
[27] GBPuF Tray dryer 3-4 60 18 
[34] GBPuF Forced air convection ovens 3 50 7 
[35] GBPeF and GBPuF Ventilated dryer 5 60  20 
[50] SRBPF Forced air drying ovens 20 60  12 
[14] GBPuF and WGBF Conical spouted bed ns 80  - 
[20] GBPuF Forced air drying ovens 4  55 6 
[28] GBPuF Tray dryer 5 40  24 
[40] WGBF Forced air drying ovens 5 70  12 
[37] GBPuF Forced air drying ovens 5 70  12 
[51] GBPuF Tray dryer ns 80  4 

GBPeF: green banana peel flour; GBPuF: Green banana pulp flour; WGBF: Whole green banana flour (peel and pulp, 
without separation); SRBPF: Semi-ripe banana pulp flour; MT: Material thickness; T ºC: Drying temperature in Celsius 
degrees; ns: not specified. 

Physicochemical and technological characteristics of flours 

The water activity represents the free water present in the food for the action of enzymes, 
microorganisms, and chemical changes. Thus, it is related to food degradation. Its value ranges from 0 to 
1.0. The closer to 1.0, the greater the amount of free water, therefore, the more perishable the food is going 
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to be, where foods with Aw values below 0.6 are considered safe [45]. Thus, as shown by different studies 
(Table 5), green banana flours can be considered safe. 

The water activity found in the studies is mostly in the range of 0.2 to 0.4 (Table 5), which provides less 
oxidation. Furthermore, these values provide low enzymatic activity and browning [45]. 

There is a study that shows the influence of cultivars on Aw values in green banana flours obtained from 
the cultivars Pacovan, Prata, and Williams, however, all of them are considered safe [31]. Another study 
showed higher water activity (Aw) in flour obtained from ripe bananas (0.350) than in green banana flour 
(0.276) [32]. The storage conditions can also affect the water activity of the flour, where the storage of green 
banana flour in polyethylene terephthalate packaging at room temperature of 26ºC for 90 days, provided an 
increase in water activity from 0.14 to 0.34 [28]. But still below 0.6. 

Peeled or unpeeled green banana flours have a pH equal or above to 5.0 and less than 6.0 (Table 5). 
Other studies corroborate these values, ranging pH values from 5.14 to 5.46 in four flours obtained from 
Prata banana in the first stage of maturation [39], and from 5.6 to 5.7 in four flours obtained from Nanicão 
banana in the first stage of maturation [47]. Although the cultivars can influence the pH of the flours [11.31], 
researches show that the values are in the same range (5.0-6.0), such as, for example, pH of 5.0 – 5.78 in 
green banana flours obtained from five different cultivars [11] and another work with flours obtained from 
three cultivars, Pacovan (pH 5.6), Prata (pH 5.9) and Williams (pH 6.0) [31]. 

Despite the low acidity presented by the flours (Table 5), studies prove its microbiological stability for 
three months [28], and four months when used in replacement of 60% in premix for cake [52]. 

Table 5. pH and water activity (Aw) in green banana flours (wet basis). 

Ref Banana Material MS pH Aw 

[38] Prata WGBF 1 5,4 ne 
[38] Nanica WGBF 1 5,8 ne 
[32] ns GBPuF ns 5,7 0,28 
[32] ns GBPuF ns 5,7 0,37 
[53] Nanicão GBPuF 1-2 5,0 ne 
[53] Prata GBPuF 1-2 5,3 ne 
[50] Nanicão SRBPF 4 na 0,29 
[28] Prata GBPuF 2 5,2 0,14 
[37] Prata GBPuF ns 5,3 ne 
[44] Nanicão GBPuF 1 - 0,38 
[44] Nanicão GBPuF 1 - 0,39 
[44] Nanicão GBPuF 1 - 0,43 

GBPuF: Green banana pulp flour; WGBF: Whole green banana flour (peel and pulp, without separation); SRBPF: Semi-
ripe banana pulp flour; MS: Maturation stages; ns: not specified; ne: not evaluated; Aw: water activity. 

Also, from a technological point of view, green banana flour has high oil absorption, satisfactory water 
absorption index (higher than that found in whole and white wheat flours), and emulsifying activity of interest 
to the food industry, characteristics that can be exploited in the preparation of meat or emulsified products 
(mayonnaise, cake batters and salad dressings, for example) [54]. 

The water absorption capacity, 3.38 g water g-1 fresh fiber-1 and 3.94 g water g-1 fresh fiber-1, and the oil 
absorption capacity 1.42 g oil g-1 fresh fiber-1 and 1.27 g oil g-1 fresh fiber-1 between the flours obtained from 
the Prata and Nanica cultivars, respectively, did not differ statistically [38]. 

As well as, without bleaching influence, results from 2.51 to 2.56 g water g-1 fresh fiber-1 and from 1.03 
to 1.37 g oil g-1 fresh fiber-1, with and without application of bleaching [32]. In a study with commercial green 
banana flour, the researchers found 3.02% oil absorption capacity [54]. Other research has shown that the 
water retention and binding capacities, as well as the water absorption index, show a decrease in flours 
obtained from bananas at more advanced stages of ripening, unlike oil absorption, which increases in flours 
obtained from bananas in more advanced stages [15]. 

These parameters are a representation of the CIELAB color space, which is the most accurate 
concerning human perception. In this space, L values range from 0 (black) to 100 (white), so foods with 
higher L values are lighter. The a* coordinates from -60 (green) to 60 (red) and the b* coordinates from -60 
(blue) to 60 (yellow), which can be transformed into hue and chroma to facilitate understanding [55]. In a 
study with 20 banana cultivars, the chroma values ranged from 11.25 to 21.87 and hue from 87.84 to 92.35 
(without a statistical difference). These results classified all flours as 'yellow', and the plantain flours as a 
more intense yellow [12]. 
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Nutritional and functional characteristics of flours 

Green banana flour, regardless of the choice of the raw material (cultivar or parts of the fruit: pulp, peel, 
or whole), has a low moisture content (Table 6), which is below the maximum value allowed 15 g 100g-1, 
amount stipulated by RDC nº 263, of January 22, 2005 [56].  

Peel flours have higher levels of 'gray' minerals (Table 6), and not removing the peel can contribute to 
the increase of these levels, in green banana flours [14,57]. There seems to be higher ash content in cultivars 
from the Cavendish subgroup concerning the Prata subgroup [12,31,34]. Only one study, among the others 
reviewed, did not show this difference [53]. In another study, according to the authors, the means were 
statistically equal for the cultivars Prata and Nanica, however, the content presented by banana flour Nanica 
4.09 g 100g-1 was about 40% higher than that presented by banana flour Prata, 2.94 g 100g-1, with no 
intersections between standard deviations [38]. Another study presented the most elucidating shreds of 
evidence concerning the influence of cultivars, where the AAA banana flours had the highest ash contents, 
followed by the flours from the Prata subgroup and, finally, the cultivars from the subgroup Terra. There were 
no significant differences between cultivars of the same subgroup, in all of these cases [12]. 

The fiber content showed great variation in the flours obtained from the pulp, ranging from 0.5 g 100g-1 

to 18.8 g 100g-1 (Table 6), which makes it difficult to establish statements. However, in 61% of them, the flour 
obtained from the pulp can be characterized as flour with high fiber content, as they present values greater 
than 5.0 g per 50 g portion [58]. In general, bark flours have higher fiber content (Table 6). Although it is not 
clear in Table 6, another study showed that not removing the peel provides a higher fiber content flour [14]. 

Regarding the lipid fraction, green banana pulp flours and green banana whole flours are almost 
exclusively below 1.0 g 100g-1, while the peel flours present higher values, on average, 4, 3g 100g-1 (Table 
6). Thus, considering a portion of 50 g, the total fat content of whole banana flours and most pulp flours (Table 
6) can be classified as 'zero' or 'does not contain', according to RDC nº 360, December 23, 2003 [59]. 

Some studies show that peel flour has a higher protein content compared to pulp flour [35,57]. However, 
this content does not seem to be sufficient to provide a difference in the protein content of the whole flour 
compared to pulp flour [14]. Unlike other nutrients and functional components, such as ash, fiber, and 
resistant starch, in which banana flours stand out concerning wheat flour, the protein content is lower [11,60] 
and presents low biological value [14]. Thus, some studies suggest the insertion of some other raw material 
for the production of mixed banana flour with higher and better quality protein content [5,14]. 

The 'total energy value', presented in Table 6, is mainly due to the high levels of carbohydrates present 
in the flours (Table 6). However, these values would be better represented by 'available carbohydrates', as a 
large part of the carbohydrates present in green banana flours is resistant starch, which acts as fibers, thus 
the carbohydrate value substantially decreases, as well as the total energy value, as a consequence [20]. 
For example, Table 6 shows the carbohydrate content in green banana peel flour for 'Nanicão' banana, 
calculated as 72 g 100g-1. However, its authors [57] present as 'available carbohydrates' the content of 32.46 
g 100g-1, as the resistant starch content was deducted from carbohydrates. Thus, the total energy value 
would be 52% lower than that shown in Table 6, of 320 kcal 100g-1. 

Table 6. Proximate composition (g 100g-1) and total energy value (TEV) (kcal 100g-1) in green banana flours (wet basis). 

Ref Banana 
MS Moister Ash Fiber Protein Fat Carbohydrate TEV 

Pulp flour 

[31] Pacovan 1 4,3 4,1 0,8 4,0 ne ne ne 
[31] Prata 1 5,3 3,6 0,7 4,0 ne ne ne 
[31] Williams 1 6,0 4,0 0,7 3,9 ne ne ne 
[12] BRS SCS Belluna 1 ne 3,3 18,8 4,2 1,1 67,5 296,5 
[12] BRS Platina 1 ne 2,4 7,6 3,5 0,7 76,7 327,1 
[12] Grande Naine 1 ne 3,2 8,4 4,3 0,8 77,6 334,3 
[12] Pacovan 1 ne 2,4 8,1 2,8 0,6 77,3 326,3 
[12] Prata Anã 1 ne 2,5 5,5 3,7 0,7 81,4 346,8 
[12] Terra Maranhão 1 ne 1,9 4,2 3,3 0,8 84,1 356,6 
[12] D’Angola 1 ne 1,5 6,4 2,7 0,7 83,0 349,2 
[12] Terrinha 1 ne 1,8 11,8 3,1 0,5 78,2 329,6 
[34] Nanica 1 6,6 3 0,6 5,2 0,4 91,4 391** 
[34] Prata 1 6,3 2,2 0,6 3,0 0,3 94,5 393** 
[33] Terra Maranhão 1 6,7 1,6 ne 2,7 0,6 88,4 369,9 
[53] Nanicão 1-2 5,8 2,5 3,8 4,9 0,8 61,7 274** 
[50] Nanicão 4 7,8 2,7 ne 3,8 0,6 ne ne 
[53] Prata 1-2 4,2 2,5 0,5 4,9 0,9 76,5 334** 
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[35] Prata 1 3,2 2,5 4,8 4,6 0,5 84,4 361** 
[14] Cavendish 2 ne 1,1 8,5 4,1 0,4 86,9 368** 
[13] Nanicão 1 9,5 3,1 ne 0,6 4,1 ne ne 
[13] Nanicão 1 7,8 3,2 ne 0,6 3,5 ne ne 
[37] Prata ns 3,3 2,6 1,0 4,5 0,7 87,9 373 
[36] Nanica ns 7,6 2,6 ne 4,5 1,9 ne ne 

Mean 6,0 2,6 5,2 3,6 1,0 81,1 345,6 

  Peel flour 

[23] ne ns 4,6 9,6 38,7 5,9 3,6 76 361 
[25] Cavendish 1 5,4 11,7 30,3 6,9 4,7 41* 234** 
[25] Cavendish 1 5,7 10,4 29 4,7 3,4 47* 237** 
[35] Prata 1 2,2 2,3 8,9 7,5 9,0 70 391** 
[57] Nanicão 1 7,1 4,3 9,3¹ 5,5 1,2 72* 320** 
[13] Nanicão 1 9,1 9,1 ne 0,9 4,2 ne ne 
[13] Nanicão 1 8,3 8,3 ne 0,9 3,8 ne ne 

Mean 6,1 8,0 23,2 4,6 4,3 61 308,6 

 Whole flour (pulp and peel) 

[38]  Prata 1 6,4 2,9 1,0 8,8 0,8 80 362** 
[38] Nanica 1 6,6 4,1 1,0 4,6 0,7 83 357** 
[14] Cavendish 2 ne 2,7 15,5 4,3 0,7 83,9 359** 
[40] Terra 1 ne 2,3 0,5 3,9 0,9 83,3 356,6 

Mean 6,5 3,0 4,5 5,4 0,8 82,6 358,8 

MS: maturation stages; ne: not evaluated; ns: not specified; *Calculated by this author, Carbohydrates = 100 – (moisture 
+ ash + fiber + fat + protein) [59]; ** Calculated by this author, TEV = 4 x carbohydrates + 4 x protein + 9 x fat [59]; 
¹Discounted the resistant starch value presented by the authors [57]. 

From a functional point of view, the high content of resistant starch presented by green banana flours is 
perhaps its main characteristic, due to its performance as dietary fiber, which provides a decrease in the 
glycemic peak and an increase in satiety [20,61]. The content of this starch in green banana flours is much 
higher than that presented by wheat flour [11,60], and in most studies, it makes up most of the total starch 
presented in flours (Table 7). 

The resistant starch content is highly influenced by the cultivar, however, it seems to have little influence 
over the subgroup/subgenotype [6,12]. The BRS SCS Belluna genotype (registered from the Thai genotype 
'Nam') has shown the highest resistant starch level, according to publications [12,62]. Despite the difference 
in resistant starch content, the total starch content did not show a statistical difference in a study that 
evaluated flours obtained from 20 different cultivars [12]. In another study with 22 banana cultivars, the total 
starch content in pulp fluctuated less than the resistant starch content, where for the first (total starch), the 
means were grouped into 3 (having 15 cultivars belonging to the same group), while for the second variable 
(resistant starch), the means were grouped into six categories [6]. 

Despite the increase of other nutrient levels (Table 6), the use of peel in flour has a negative correlation 
with the total starch content and may decrease its content in whole green banana flour [14,57]. Similar to the 
total starch content, the resistant starch level is influenced by the part of the fruit used in processing, in which 
the pulp provides flour with a higher content of it. Thus, the peel flours and the whole meal flours have lower 
levels of this component [14,42,57]. 

Table 7. Resistant starch and starch contents (g100-1g) in wet base (wb) and dry base (db) of green banana flours. 

Ref Banana MS 

Starch Resistant starch 

wb db wb db 

Pulp flour 

[42] São Domingos ns ne ne 52,3 54,7 
[25] Cavendish 1 72,6 ne 54,5 ne 
[25] Cavendish 1 67,1 ne 47,8 ne 
[12] BRS SCS Belluna 1 ne 74,6 ne 59,1 
[12] BRS Platina 1 ne 78,5 ne 67,4 
[12] Grande Naine 1 ne 73,8 ne 51,4 
[12] Pacovan 1 ne 84,5 ne 70,1 
[12] Prata Anã 1 ne 79,8 ne 58,3 
[12] Terra Maranhão 1 ne 82,1 ne 62,2 
[12] D’Angola 1 ne 90,1 ne 46,3 
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[12] Terrinha 1 ne 83,5 ne 40,1 
[34] Nanica 1 ne ne ne 24,1 
[34] Prata 1 ne ne ne 13,7 
[15] Cavendish 1 ne 96,0 ne 38,3 
[33] Terra Marahão 1 67,5 72,3 56,3 60,3 
[50] Nanicão 4 47,5 ne ne ne 
[57] Nanicão 1 ne 80 ne 57,8 
[14] Cavendish 2 78,4 ne 40,1 ne 
[20] Nanicão 1 ne 76,8 ne 49,0 
[37] Prata ns 72,7 75,2 ne ne 
[36] Nanica ns 73,3 ne ne ne 

 Peel flour 

[42] São Domingos ns ne ne 27,7 28,9 
[25] Cavendish 1 26,5 ne ne ne 
[25] Cavendish 1 25,3 ne ne ne 
[57] Nanicão 1 ne 74,5 ne 42,25 

 Whole flour (pulp and peel) 

[14] Cavendish 2 68,4 ne 33,9 ne 

MS: Maturation stages; ne: not evaluated; ns: not specified. 

Potassium is the mineral with the highest level in green banana flour, regardless of the material used for 
the flour production, either peel or pulp, or cultivar (Table 8). This can be confirmed in studies with a large 
number of cultivars [5,6]. In general, it is expected that the peels have higher mineral content [6]. In a study 
with red banana flour (AAA), the peel flour stood out mainly due to the contents of K, Mg, P, and Zn, 
concerning the pulp flour [42]. 

The resolution RDC nº 360, of December 23, 2003, stipulates that when a portion of food contains a 
mineral content that is equal to or above 5% of its Recommended Daily Intake (IDR), this mineral may have 
its value shown on the packaging label [59]. A study showed that Cavendish banana peel and pulp flour in 
maturation stage 1 presented values above 5% of the RDI for almost all macro and micro minerals, except 
for calcium, in both flours obtained from pulp [25]  

Despite the high content of minerals, banana flours have a low sodium content (Table 8). Thus, according 
to Brazilian legislation, all flours shown in Table 8 could be labeled as 'zero', or 'does not contain' sodium 
levels, since a mandatory nutrition declaration must be presented in the package [59].  

Table 8. Minerals present (mg 100g-1) in green banana flours (wet basis). 

Ref Banana MS 
k P Ca Mg Fe Zn Cu Mn Na 

Pulp flour 

[42] São Domingos ns 788 64 37 67 0,7 0,4 0,4 1,5 0,7 
[31] Pacovan 1 1687 127 380 110 1,3 0,9 0,4 0,9 2,4 
[31] Prata 1 1357 85 390 110 0,8 2,5 0,3 0,7 2,2 
[31] Williams 1 1714 85 370 100 0,6 2,1 0,5 0,1 2,2 
[25] Cavendish 1 1314 110 25 140 1,7 1,0 1,3 0,5 3,5 
[25] Cavendish 1 1389 110 26 120 1,8 1,2 1,6 1,2 2,6 
[15] Cavendish 1 1.220 ne ne ne ne ne ne ne ne 
[63] Williams 2 1086 92 14 115 0,9 0,4 ne ne ne 
[37] Prata ns 1.141 97 126 68 17 515 5,3 4,4 ne 
[36] Nanica ns 186 190 158 31 3,1 0,5 0,3 0,1 0,8 

                                      Peel flour 

[42] São Domingos ns 3150 135 71 153 0,9 1,75 0,4 2,7 1,2 
[25] Cavendish 1 4370 170 230 170 2,4 1,96 1,1 1,0 1,4 
[25] Cavendish 1 2918 140 250 130 2,3 1,6 1,5 2,8 2,6 

MS: Maturation stages; ne: not evaluated; ns: not specified; K: potassium; P: phosphorus; Ca: calcium, Mg: magnesium; 
Fe: iron; Zn: zinc; Cu: copper; Mn: manganese; Na: sodium. 

Bioactive substances, such as carotenoids and vitamins, are influenced by cultivars and parts of the 
fruit [6,17]. Frying plantains have higher carotenoid contents, while dessert and cooking cultivars may have 
higher flavonoids [17] and total phenolic compounds contents. Furthermore, to the cultivar, the part of the 
fruit used in processing also influences the results, whilst/whereas the skins have higher levels of these 
substances [6]. 
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Studies found 16.54 mg GAE 100g-1 of total phenols and 195.41 µmol Trolox equivalents of 100g-1 of 
antioxidant activity in flour, obtained from Cavendish banana pulp in the first maturation stage [15], 32.9 mg 
GAE 100g-1 and 40.3 mg GAE 100g-1 of total phenolic compound in pulp and peel flours, respectively, 
obtained from Prata banana in the first stage of maturation, without being able to detect the content in wheat 
flour [35], total phenols of 19- 31 mg GAE 100g-1, antioxidant activity (FRAP) of 2315-3683 (FeII) mmol 100g-

1, antioxidant activity (DPPH) of 174-299 mg of Equivalent Trolox 100g-1, on a dry basis of four green banana 
flours Nanica (Dwarf Cavendish) [47], 50.65 mg GAE 100g-1 of total phenols (dry basis) and antioxidant 
activity of 358.67 µmols of Equivalent Trolox 100g-1 (dry basis) in green banana flour from cultivar Nanicão 
in the first maturation stage [20]. 

Ascorbic acid and vitamin C contents are influenced by the cultivar. Studies show that the presence 
of the B allele in the genome is related to the higher content of these substances. A recent publication showed 
that frying plantains (AAB) have the highest levels of ascorbic acid and vitamin C, and among the popular 
cultivars for fresh consumption in Brazil, Prata-Anã (AAB) has the highest levels of vitamin C, standing out in 
comparison to the AAA genomic group bananas [17]. Despite the losses that can occur during the drying 
process [45], these substances can still be found in flours, as found in banana flour Prata during the first 
stage of maturation, presenting a concentration of 15.12 mg 100g-1 of vitamin C [37]. 

Banana flour preparations: technological characteristics, sensory approval, and proximate 
composition 

The researchers are important to show the percentage of green banana flour which can be used to 
manufacture a product with good technological quality, and this way results in better consumer acceptance. 
Below (Table 9) is presented some technological results found in products made with green banana flour. 

Table 9. Technological results were obtained in products made from the insertion of green banana flour. 

Ref Banana Preparation Material Conclusions 

[49] ns Biscuit GBF 
For hardness, fracturability, weight, and specific volume, the 
biscuits made with 7.5% and 15% of GBF in replacement of 
WF did not differ from those made exclusively with WF. 

[50] Nanicão Dairy-based product SRBPF 
Made with 33% of SRBF, it showed good reconstitution 
capacity (69%) and microbiological stability. 

[64] Cavendish Bread GBF 
It replaces WF up to 10% for the production of good quality 
bread. 

[60] ns Instant noddle GBF 
It enabled the production of instant noodles when used 10% 
of GBF in replacement of WF, which was considered 
functional due to the fiber and resistant starch contents. 

[52] Prata 
Premix of GBPUF 
and WF 

GBPuF 
The product can be consumed for up to 4 months when 
stored at room temperature. 

[40] Terra 
Mixed flour: green 
banana and Brazil 
nut 

WGBF 
The addition of Brazil nut flour improves the PWRP balance 
for proteins, fats, ash, and carbohydrates. 

[28] Prata Banana flour GBPuF 
Little change in flour quality after 90 days of storage, which 
maintained microbiological stability. So it can be consumed 
and used in food preparations. 

GBF: green banana flour (not specified); WF: Wheat flour; WGBF: Whole green banana flour (peel and pulp, without 
separation); SRBPF: Semi-ripe banana pulp flour; GBPuF: Green banana pulp flour; ns: not specified. 

 
Despite the focus on the green banana flour, the semi-ripe banana flour can also be used for the 

production of flours for industrial application/industrial applications of production, such as 'Nanicão' banana 
flour in stage 4 of maturation, which showed potential to be used in the formulation of dairy-based products 
[50].  

Regarding the main results of the sensory evaluation, the researchers present a great diversity of 
products that can be elaborated from/with green banana flours in partial wheat flour replacement and 
presenting a high sensorial approval. Some of these studies formulated products using up to 75% of wheat 
flour or cassava starch replacement by green banana flour. Products such as brownies, cereal bars, and 
cookie-type biscuits can be entirely made with green banana flour. Moreover, for one of the main products 
consumed by Brazilians, the bread, studies showed preparation options with up to 20% of green banana flour 
(Table 10). 
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Table 10. Possibilities for the use of green banana flour for the manufacture of products with good sensory acceptance. 

Ref Banana Material Preparation Sensory evaluation 

[23] ns GBPeF Snack 
Made with 75% of GBPeF in replacement of WF and approved 
by 85% of the tasters. 

[65] Belluna GBF 
Gluten free 
pizza dough 

Made with 31% of GBF in place of WF, it presented the best 
assessment for global acceptance, with an index above 90%. 
However, all other preparations, using 25%, 38%, and 45% GBF 
had global acceptance rates above 70%. 

[66] Belluna GBF Oatmeal Cake 
Cakes made with GBF in replacement of OF had acceptance 
rates above 80% for color, flavor, aroma, and overall impression. 

[41] Prata GBPuF Cake 

Made with 30%, 40%, and 50% of GBPuF in replacement of WF, 
they did not differ in flavor, aroma, texture, overall impression, 
and purchase intent. Furthermore, all formulations presented an 
acceptability index above 70% for all evaluated attributes.  

[34] Prata GBPuF 
Whole grain 
bread 

Made with 15% of GBPuF, it had an acceptance rate of 82%. In 
addition, more than half of the tasters would buy frequently 
(41.1%) or always (14.4%). 

[33] 
Terra 
Maranhão 

GBPuF Loaf bread 
High sensory acceptance when used in 15% and 20% of GBPuF 
in replacement of WF. 

[67] Belluna GBF Biscuit 
Made with 50% and 75% of GBF in replacement of cassava 
starch, they presented approval over 85%. 

[53] Prata/Nanicão GBPuF Gingerbread 
No difference for the standard product when using 30% of GBPuF 
(Prata or Nanicão), presenting an acceptance rate above 80%. 

[35] Prata MGBF Noodles 
Made with 30% of MGBF, it tasted better than those made with 
WF and did not differ in texture. In addition, it presented 
acceptance rates above 80% for these attributes. 

[68] ns GBF Brownie 
100% made with GBF, it had higher rates for global acceptance, 
color, and texture than those made with WF. 

[69] Maçã GBPuF Cereal bars 

Made with 50% or 100% of GBPuF, it did not differ from that 
prepared with WF in the parameters evaluated. In addition, the 
overall rating was between “I liked it a lot” and “I liked it 
moderately”. 

[70] ns GBF Cookie 
It presented an acceptability index higher than 80% for 
appearance, flavor, and global acceptance and 77% for texture 
when prepared with 100% of GBF. 

[70] ns GBF Cookie 

When made with 75% of GBF and 25% of RF, it did not differ from 
the product made with WF for the evaluated parameters 
(appearance, texture, flavor, and global acceptance). In addition, 
it presented an acceptability index higher than 84% for these 
parameters. 

[36] Nanica GBPuF Cookie 
Same acceptance as the standard when prepared with 30% and 
20% GBPuF. 

[51] 
Banana-da-
terra 

GBPuF Loaf bread 

When GBPuF was used up to 7%, it did not differ from bread 
made only with WF for color and odor parameters and presented 
better evaluations for flavor and texture. Furthermore, the use of 
up to 10% of GBPuF showed adequate rheological properties for 
the manufacture of loaf loaves of bread. 

GBF: green banana flour (not specified); GBPeF: Green banana peel flour; GBPuF: Green banana pulp flour; RF: Rice 
flour; WF: Wheat flour; OF: Oatmeal flour; MGBF: Mixed green banana flour (50% peel and 50% pulp); ns: not specified. 

 
The addition of green banana flour replacing wheat flour normally provides an increase in mineral content 

(ash), fibers, and resistant starch, such as fibers and minerals in the preparation of instant noodles [60]; 
resistant starch in loaf bread [33]; resistant starch and fiber in cake [66], resistant starch and ash in wholemeal 
bread [34] and resistant starch, fiber and ash in pizza dough [65]. Resistant fiber and starch contents increase 
as the percentage of green banana flour in the preparation increases as well [65,66]. Similar results, but 
without protein losses, were found in preparations where green banana flour replaced cassava starch, in 
which green banana flour provided higher ash, fiber, protein, and resistant starch contents [67]. 

Nutritional losses resulting from the replacement of wheat flour by banana flour can occur from the 
decrease in the levels of lipids and protein in instant noodles and cake [60,66] and protein levels in sliced 
bread and pizza [33,65]. The lower lipid content shown in most recipes is because green banana pulp flour 
has lower levels of this nutrient than wheat flour [35,60], unlike green banana peel flour [35]. However, the 
lipid content can be increased depending on the type of preparation, since in some recipes a higher oil content 
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can be added to give more elasticity to the dough [65]. One way to reduce protein loss in the preparation was 
to make the bread from the mix of flour of peel (50%) and pulp (50%) of green banana, in which there was 
no loss in protein content, furthermore, it provided gains in ash and fiber contents [35]. 

Table 9 presents examples of proximate composition in prepared recipes using green banana flours. 

Table 11. Proximate composition of preparations with green banana flours that showed good acceptance in sensory 
analysis (wet basis). 

Ref Product 
GBF Moisture Ash Protein Fiber Fat Carbohydrate TEV 

% g 100g-1 kcal 100-1  

[65] Gluten-free pizza dough 31 22 2 5 5 18 48 376 
[66] Oatmeal Cake 18 33 2 7 11 9 37 252 
[66] Oatmeal Cake 14 32 2 8 10 10 36 273 
[34] Whole grain bread 15 42 2 6 1 1 49 ne 
[67] Biscuit 75 4 2 3 6 16 75 433 
[67] Biscuit 50 3 1 3 4 15 77 442 
[33] Loaf bread 20 34 2 9 ne 2 53 263 
[35] Noodles 30 16 3 12 2 9 57 ne 
[70] Cookie 100 2 1,4 3 3 24 67 580 
[70] Cookie 75 5 1,5 3 3 26 62 515 
[36] Cookie 30 3 1,9 7 ne 20 ne ne 

GBF: Green banana flour; TEV: total energetic value; ne: not evaluated. 

CONCLUSION  

The choice of raw material (peel or pulp, cultivar, and maturation stage) can influence several 
characteristics of the flour. However, the flours reviewed here, regardless of the raw material used, fall within 
the moisture content established by Brazilian legislation. The microbiological stability of the flour seems to 
be little influenced by the cultivar since the pH shows little variation and the values for water activity are 
considered safe. Thus, from a technological point of view, one of the main characteristics of the raw material 
is the flour yield, which is expected to be higher in banana cultivars for frying. Despite the possibility of 
manufacturing flours from bananas at more advanced stages of maturation, the first stage should be 
prioritized, as it has the highest levels of starch and resistant starch, in addition to lower water content in the 
pulp, therefore, higher yield.  

Sodium is mandatory for labeling, and banana flours have low levels of this mineral, which, according to 
the values presented in this review, can be classified on the label as 'zero' or 'does not contain'. All other 
minerals are present in amounts greater than 5% of the Recommended Daily Intake for an adult in a 50 g 
serving of flour, except calcium in pulp flour. 

Among the processing steps, there is a wide variety of drying and treatment methods against enzymatic 
browning. However, drying with forced air circulation at 50°C maintains a better technological and functional 
quality of the flour. Regarding the treatment against enzymatic browning, solutions prepared from ascorbic 
and citric acids have been used. However, some studies used other methods without the use of acids, and 
others did not carry out any enzymatic or thermal treatment and, even so, they obtained flours of good 
nutritional and technological quality. 

Sensory studies over more than 15 years support the possibility of using green banana flour for the 
preparation of different products. In addition, other technological studies support the possibility of industrial 
use so that green banana flour will become increasingly common in the Brazilian market. 
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