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Abstract

The production and consumption of dulce de leche is one of the most important sweets in the Mercosul Region.
However, recent studies have shown consumers’ interest for healthier food and no lactose products, hence creating
a demand for this study aims to develop a more nutritional lactose-free dulce de leche with less calories and higher
yielding by adding green banana biomass. Five lactose-free dulce de leche formulas have been elaborated in which
four were added 5%, 10%, 15% and 20% of green banana biomass and one of them received a standard 0.5% of
commercial starch addition. The samples were evaluated regarding its microbiological, physicochemical and
sensorial quality. The different lactose-free dulce de leche formulas attended the microbiological standards and
demonstrated an increased yield of the green banana biomass concentration. The results indicated that the rise of
the green banana biomass concentration has increased moisture and decreased protein, lipids and calories levels.
In regards of acceptance, all samples evaluated received grades between 7.23 to 8.72, that is, above 6 which is the
minimum value accepted to all the evaluated attributes hence demonstrating the acceptance on behalf of
evaluators. All samples presented high ratios of intent to purchase therefore confirming the acceptance results
found. It has been observed that the use of green banana biomass aggregated positive characteristics to the product
and did not influence the sensorial quality of the sweets, seeing that all of them could improve their yield and thus
demonstrating to be a good option to the development of healthier products.
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Resumo

O doce de leite esta entre os mais importantes doces consumidos na regido do Mercosul, o que estimula o estudo
de sua producdo. Estudos recentes tém mostrado o interesse dos consumidores por alimentos mais saudaveis,
demandando o presente estudo, que teve como objetivo desenvolver um doce de leite mais nutritivo, menos
calérico e com maior rendimento, por meio da adicdo da biomassa de banana verde. Foram elaboradas cinco
formulacdes de doce de leite, sendo quatro delas com adicdo de 5%, 10%, 15% e 20% de biomassa de banana verde
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e uma formulagéo padrao adicionada de 0,5% de amido comercial. As amostras foram avaliadas quanto a qualidade
microbiolégica e aos parametros fisico-quimico e sensorial. As diferentes formulagdes de doce de leite atenderam
aos padrdes microbioldgicos e apresentaram aumento no rendimento com a adicdo da biomassa. Os resultados
indicaram que o aumento da concentracdo de biomassa de banana verde aumentou o teor de umidade e diminuiu
o teor de proteinas, lipideos e calorias. Em relacdo a aceitabilidade, todas as amostras avaliadas apresentaram notas
entre 7,23 e 8,72, ou seja, acima do minimo aceitavel, que é 6, para todos os atributos avaliados, indicando aceitacdo
por parte dos julgadores. Todas as amostras apresentaram alto indice de inten¢do de compra, o que comprova os
resultados encontrados de aceitabilidade. Observou-se que a utilizacdo da biomassa de banana verde agregou
caracteristicas positivas ao produto, ndo influenciando na qualidade sensorial dos doces, e ainda melhorou seu
rendimento, sendo uma boa opgao para o desenvolvimento de produtos mais saudaveis.

Palavras-chave: Doce de leite; Biomassa; Sensorial; Microbiologia; Fisico-quimica; Rendimento.

1 Introduction

Dulce de leche is a dairy product typical from Argentina being produced and consumed in large scales in
Brazil and Argentina (Silva et al., 2015a). This product results basically from milk and sugar cooking until
desired concentration (Konkel et al., 2004). However, for Gaze et al. (2015), dulce de leche is composed of
milk, sucrose, sodium bicarbonate and other additives, it may exhibit distinct characteristics that vary greatly
among industries and production areas.

According to Brazilian legislation, it is allowed the addition of 0.5% of starch or modified starch and from
5 to 30% of other isolated or mixed food products in dulce de leche composition (Brasil, 1978).

Many consumers have increased interest in products released into the market and that makes food industry
dedicate even more in this area so as to attend this demand. An example of this is associated with the zero
lactose products.

Lactose intolerance is correlated with the body incapacity to digest lactose, the main carbohydrate from
milk, and it is related to the lactase enzyme deficiency or absence, which is produced in the intestines
(Koblitz, 2012). This enzyme is responsible for the lactose molecule brake into monosaccharides allowing
its absorption by the intestines (Robert, 2017). For Mauricio & Trentinalha (2010), in a high part of the world
population, after weaning, there was a gradual or total decline in the lactase enzyme activity hence an
observance in the increase in the cases where people are intolerant to this sugar.

In this context people are showing a higher level of interest for healthier food which then leads the food
industry to develop products that go beyond the delivery of basic nutrients and palate satisfaction of
consumers. Among the food from which health allegations have been disclosed by media and scientific
papers published, the green banana biomass stands out (Rabbani et al., 2004; Ranieri & Delani, 2014;
Silva et al., 2015b). Brigadeiro, cheese bread, and energy juice are among the products currently developed
demonstrating that the green banana biomass has a potential to be applied in different formulations, thus
enhancing their nutritional characteristics without loss of sensory acceptance (Marques et al., 2017).

The banana Brazilian production is of 8 million tons a year, although 60% of national crop gets lost before
even getting to final consumers, for the fruit presents a very short lifetime and needs to be consumed fast in
order to avoid a significant waste. For all of these the use of the green fruit as biomass is an excellent
alternative to its usage (Lajolo & Menezes, 2008).

The green banana biomass acts as a powerful thickener having as one of its attributes the tasteless flavor
and therefore not altering the taste of food in which it is being added. Not only it increases volume as well as
it also adds vitamins B and C and minerals such as potassium and calcium. Aside from its thickening effect,
the green banana biomass stands out for the presence of resistant starch, phytosterol and phenolic compounds
(Mellor, 1984; Alkarkhi et al., 2011, Sarawong et al., 2014).
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In regards of the search for no lactose food and studies about green banana biomass effects, the following
study aimed to develop a lactose-free dulce de leche with green banana biomassa, as well as identifying its
acceptability and buying intentions and characterizing it with respect to its physicochemical and
microbiological characteristics.

2 Material and methods

2.1 Green banana biomass elaboration

The green bananas of the caturra variety were cleaned in running water and sanitized with 200 ppm
chlorinated water for 15 min. After sanitizing, the bananas were cooked under pressure in a pan for
20 minutes with sufficient water to cover them. After cooked the bananas were peeled and grinded in a
blender until homogeneous mass consistency. The adding of 1% of water to this could assist in this process.
In addtion, they were stored in polypropylene containers and preserved at -18 °C.

2.2 Dulce de leche elaboration

To make the sweets it was used: whole fat milk UHT without lactose from the same batch; green banana
biomass; demerara sugar; glucose; sodium PA bicarbonate; and corn starch. Five formulations of dulce de
leche without lactose were made, from which four had addition of 5, 10, 15 and 20% of green banana biomass
and one formulation had the standard adding of 0.5% of commercial starch. The other ingredients were added
in the same proportion.

Firstly, the milk was poured into a stainless steel double-walled pan, added 2% of bicarbonate to correct
acidity from 18° Dornic to 13° Dornic. In addition, the other ingredients were added, i.e., demerara sugar
(20%), corn starch (standard formulation) and green banana biomass according to desired formulation. The
ingredients were mixed and concentrated using heating and constant stirring until reaching perfect cooking
for the dulce de leche. The brix varied from 50 to 58° brix, measured in triplicates with a table refractometer.
After reaching desired concentration, 2% of glucose was added to the dulce de leche and then it was cooled
under stirring until 70 °C, envased in glass containers previously sanitized and stored at room temperature
for further analyses.

2.3 Chemical analyses

Moisture, total ash, lipid, and crude protein (N x 6.25) were determined through Association of Official
Analytical Chemists (AOAC) methods (Association Offficial Analytical Chemistis, 2005). Titratable acidity,
pH, refractometric method (Brix) and water activity (Aw) were determined through Instituto Adolfo Lutz
methods (Instituto Adolfo Lutz, 2008). Total carbohydrate was calculated by the difference. Energy values
(kilocalories) were obtained by applying factors 4, 9, and 4 for each gram of protein, lipid, and carbohydrate,
respectively.

2.4 Physical characteristics of dulce de leche

The yield of dulce de leche was estimated by difference between the weight results of the dulce de leche
before and after cooking. Color measurements of dulce de leche were carried out using a colorimeter Minolta
Chroma Meter CR-400 (Konica Minolta) with D65 illuminant and 10° angle of vision. The mean values for
L* (lightness), a* (redness to greenness), b* (yellowness to blueness), chroma [(a*2+ b*2)1/2] and hue angle
[tan-1 (b*/a*)] were determined according to the CIE Laboratory system. The mean values of the top and
bottom surface color of each dulce de leche were evaluated. Color parameters were determined in triplicate,
and 10 measurements were carried out for each sample.
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2.5 Microbiological analyses

The microbiological analyses were developed according to Instructive Norm 62/2003 — MAPA (Brasil,
2003) for 45 °C thermotolerant coliforms, coagulase reactive Staphylococcus, Salmonella sp., molds and
yeasts. The results obtained were compared to limits of current legislation — Resolu¢do de Diretoria
Colegiada (RDC) n° 331, December 2019 (Brasil, 2019a) and Normative Instruction no® 60, December 2019
(Brasil, 2019b).

2.6 Consumer acceptance and purchase intent of dulce de leche

A total of 52 volunteers, habitual dulce de leche consumers (men and women, between 17 and 62 years
old), were recruited. Consumer acceptance test was performed according to the methods described by
Meilgaard et al. (2007) to evaluate the overall acceptability of dulce de leche samples that had been stored
for 24 hours in glass packaging room temperature (25 = 2 °C). A nine-point hedonic scale ranking from
“dislike it extremely” to “like it extremely” was used, corresponding to the lowest and highest scores of “1”
and “9”, respectively. The purchase intent was also evaluated on a five-point scale from “definitely would
not buy it” to “definitely would buy it” corresponding to the lower and higher scores of “1” and “5”,
respectively (Meilgaard et al., 2007).

Protocol number 27312/2017 was approved by Human Research Ethics Committee at the Universssidade
Comunitaria da Regido de Chapecé (UNOCHAPECO) and subjects signed an informed consent document
prior to participation.

2.7 Statistical analysis.

All analytical determinations were carried out in triplicate. Mean + SD values were calculated, and the
data were subjected to Analysis of Variance (ANOVA). Tukey’s test for multiple comparisons of average
was performed to determine differences (p <0.05) between treatments.

3 Results and discussion

3.1 Yield of dulce de leche

The amounts of dulce de leche with and without the addition of different green banana biomass
concentration may be observed in Figure 1. There was an increase in yield without lactose after adding the
green banana biomass. The standard lactose-free dulce de leche had the lowest yield of 39%, and the lactose-
free dulce de leche in which 20% of green banana biomass had been added demonstrated the highest yield of
74%. This yield increase was observed even when using a high moisture green banana biomass, which
possesses a lower level of starch when compared to the biomass flour and commercial starch.

With such yield gain from the addition of green banana biomass, raw material rich in resistant starch, the
dulce de leche increased its resistant starch concentration and proportionally reduced it sugar and other
components levels, which comes to demonstrate that the addition is a great nutritional benefit of a sweet
commonly so full of sugar.
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Figure 1. Yield of standard lactose-free dulce de leche and of lactose-free dulce de leche added of 5%, 10%, 15% and

20% of green banana biomass.

3.2 Physicochemical analysis

Table 1 shows the average obtained to the studied variables. According to Ordinance n°® 354 from
September 4 of 1997 (Brasil, 1997), creamy dulce de leche must contain a 30% of moisture and 2%
of ashes (p/p) maximum levels. Minimum level of protein must be of 5% (p/p) and content of fat must

be between 6.0% — 9.0% (p/p).

It was observed that all samples showed an elevated moisture level, above the stated by law,
indicating that the added green banana biomass rich in resistant starch allowed a more adequate
consistency to the dulce de leche. This resistant starch capacity to retain water justifies the yield
enhancement and higher moisture. Regarding the protein content, lipids and ashes, all samples

demonstrated results within legislation standards.

Supplementing the dulce de leche with the green banana biomass in rising levels reduced
significantly (p < 0.05) the protein, lipids, carbohydrates and energy content as it can be observed in
Table 1. Similar results was obtained by Ferreira et al. (2012) when whey and coffee were added to

the dulce de leche.

Values of pH and acidity of this study were superior and carbohydrates were similar to the ones
found by Gaze et al. (2015), which in its research characterized commercial dulces de leche and
obtained pH values that varied from 6.14 to 6.37, acidity from 0.23 to 0.50 (lactic acid g/100 g) and

carbohydrates values from 43.67 to 61.08 (g/100 g).

Silva et al. (2015a) evaluated the effect of adding five types of modified starch in the creamy dulce
de leche characteristics and obtained soluble solids values (°Brix), moisture (g/100 g), lipids (g/100 g), protein
(g/100 g), ashes (g/100 g) and carbohydrates (g/100 g) that varied respectively from 66.7 to 69.5,
30.12 to 33.74, 6.1 to 7.4, 6.9 to 7.2, 1.74 to 1.80 and from 50.92 to 53.74. The results of this work
were similar to these, except the soluble solids, inferring that the green banana biomass had effects
similar to the ones from starch in physical-chemical characteristics but can stand out by aggregating
higher nutritional and functional value to the product due to the peculiar composition of this

ingredient.
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Table 1. Soluble solids values (°Brix), pH, acidity, moisture, ashes, lipids, protein, carbohydrates and energy of dif-
ferent samples of standard lactose-free dulce de leche and of different added concentrations of green banana biomass

lactose-free dulce de leche.

Type of dulce de leche (%)

Analysis 0 5 10 15 20
°Brix S8+ la 57+ la 55+ 0b 53+ 0b 50 + Oc
pH 8.04 + 0.03a 798+0.01a 7.92 +0,04a 725+0,01b 7.15+0,01b
(100 g‘“{fﬁ;ﬁic acid) 6.41 +0.0d 7.25+0.0¢ 7.72 + 0,04b 7.93+0,01a 8.04 = 0,03a
Moisture 212 +1.25a 23.4 +0.60a 27.140,35b 31.3+0,57b 35.4 +0,25¢
(2/100 g)
Total ash 1.97+0.01a 1.90 + 0,02a 138+ 0,01a 1.33+0,01a 1240,01a
(g/100 g)
Crude protein 8.5+0.01a 8.0+ 0,08a 7.5+0,02b 7.2+ 0,09b 6.8+0,01b
(2/100 g)
Lipid
8.0+ 0.20a 7.740,25a 7.04021ab 6.67 +0,25b 6.13+0,23b
(2/100 g)
Carbohydrate®
6026+12la  5893+05la  5693+067a  53.47+052b 50,43 =0,32b
(g/100 g)
Energy 347.5+53a  337.6+£3,65a  321.1+£1.39b  302.7+3.19b 284.1 £ 2b
(kcal/100 g)

Mean values + SD of triplicate determinations; Mean values in the same line followed by different letters are significantly different
(»p < 0.05). “ By difference.

3.3 Microbiological analyses

Table 2 demonstrates the samples microbiological results. Based in the results, dulce de leche samples
added of different green banana biomass formulations showed counting < 1,0 x 10> CFU/g for coagulase-
positive Staphylococcus, as well as for mould and yeast, coliforms counting inferior to 3 PWN/g and absence
of Salmonella spp, attending then food microbiological standards according to RDC n® 12 resolution from
the Agéncia Nacional de Vigildncia Sanitaria (ANVISA) (Brasil, 2001).

Table 2. Microbiological analyses results from standard dulce de leche and with different green banana biomass con-
centration.

Samples with different green banana biomass concentration

Analysis
0% 5% 10% 15% 20%
Coagulase-positive staphylococcus (CFU/g) <1x10? <1x10? <1x 10? <1x 10? <1x 10?
Salmonella spp (em 25g) Absence Absence Absence Absence Absence
Mold and Yeast (CFU/g) <1,0x10*> <1,0x10> <1,0x10> <1,0x10> <1,0x10°
Total Coliforms (PWN/g) <3 <3 <3 <3 <3

Pieretti et al. (2012) obtained similar results to this study with all samples in accordance with Brazilian
legislation (Brasil, 2001). Pereira et al. (2018) have also found dulce de leche fit for consumption coming
from Argentina and Uruguai, commercialized in border region of Rio Grande do Sul, although the same result
does not apply to other analyzed products.

The obtained microbiological results can be explained by the barrier concept. According to Leistner, from
Germany, many factors and technics are simultaneously applied to control micro-organisms in food. This
practice has been applied in food for over a century (Jay, 2005). Applying the theory to the present study, the
combination of the cooking temperature with elevated osmotic pressure by the sugar addition during the
dulce de leche cooking along with disinfection and the cooking englobing the green banana biomass
sterilization, diminishes drastically the possibility for the existence of any live micro-organism in the food.
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Besides, recipients boiling process for product storage also reduces the product contamination possibilities
by non-sporulating micro-organisms.

The biggest part of pathogens micro-organisms like Salmonella sp., positive-coagulase staphylococcus,
coliforms and even fungus and yeasts were destroyed by simple food pasteurization (Franco & Landgraf,
2008). According to Timm et al. (2007), mould and yeast provide information on general hygiene conditions
of processing, storage and transportation of food working as important indicators of food deterioration.

One of the product contamination possibilities is the environmental, specifically during filling procedures
for it is possible to find fungus spores in the air. When such spores are able to carry out secondary
contamination for not having local competitors and being the dulce de leche a nutritionally rich product, with
favorable microbial growth physicochemical characteristics (Table 2), they can then develop and deteriorate
the product.

Since the dulce de leche is not manipulated by hands, contamination possibility by staphylococcus and
coliforms are practically null unless utensils are appropriately sterilized. Hentges et al. (2010) contaminated
artificially dulce de leche samples with Salmonella typhimurium, listeria monocytogenes, Escherichia coli
O157:H7 and S. aureus and verified that the pathogens were able to survive in the product for 30 days. Hence
the importance of good manipulation practices of food avoiding microbial contamination.

3.4 Sensorial analyses

The results obtained in sensorial analyses of the five lactose-free dulce de leche formulation to each
sensorial attribute and for the buying intention are presented in Table 3. Regarding acceptance it is observed
grades varying from 7.23 to 8.72, that is, above the minimum accepted, six (6).

All attributes evaluated obtained values above the ones found in several similar published works, as the
dulce de leche added with mascavo sugar (Pieretti et al., 2012), dulce de leche added with commercial starch
(Konkel et al., 2004), dulce de leche added with whey cheese and coffee (Ferreira et al., 2012).

In attributes of appearance, viscosity, flavor and general impression with the addition of up to 15% of
biomass the samples did not show significant difference. When adding 20% of biomass, the dulce de leche
demonstrated a lower acceptance in regards of other samples in level of 5% significance to all evaluated
attributes. To attributes of color and odor, they showed a reduction of its acceptance as the added biomass
increased. Thus to mask these two attributes the industry could add natural caramel food coloring.

Nevertheless, it was observed that using green banana biomass not only did not influence in the dulce de
leche sensorial quality but also enhanced it nutritional quality, then according to Ranieri & Delani (2014),
the green banana biomass contains resistant starch quantities that assist in preventing intestine infections and
the development of colon inflammatory diseases like diverticulitis and even intestine cancer.

Table 3. Results of acceptance sensorial analyses of lactose-free dulce de leche added with different concentrations of
green banana biomass and standard lactose-free dulce de leche.

Lactose-free dulce de leche added with different concentrations of green banana biomass and

Analyzed attributes standard lactose-free dulce de leche
0% 5% 10% 15% 20%

Appearance” 8,5+0,59° 8,43 + 0,652 8,04+ 1,322 8,26 + 0,642 7,35 + 1,36
Color* 8,63 +0,512 8,46 £0,72% 7,96 £ 1,65° 8,22 £ 0,84 7,25 +1,72¢
Odor* 8,48 + 0,632 8,35 +0,74® 7,88 £ 1,392be 7,83 £1,07% 7,52 +1,38°
Viscosity* 8,44 + 0,622 8,3+0,81° 7,88 £ 1,43% 8,11 +0,90* 7,23 £1,62°
Flavor* 8,72 +£0,422 8,48 +£0,67% 831+1,19% 8,45+0,77% 7,48 £1,53°
General impression* 8,71+041? 8,42 +£ 0,622 8,3+0,97° 8,24 +0,76* 7,56 = 1,39
Buying_intention™ 4,89 +£0,31? 4,54 + 0,81 4,29 + 1,89° 4,66 = 0,58 3,63+ 1,12°

Average values = SD of determinations by 52 judges; The average values in the same line, followed by distinct letters are significantly
different (p < 0,05) according to Tukey’s test. *Attributes evaluated for acceptability using hedonic scale of 9 points. ** Buying intention
evaluated using scale of 5 points.
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As it can be observed in Table 3, all dulce de leche samples demonstrated high level of buying intention.
Except for the 20% addition of green banana biomass, all samples were classified between four (4) (“possibly
would buy it*) and five (5) (“would definitely buy it*) which meets results verified in regards of acceptability.

4 Conclusion

All lactose-free dulce de leche samples were accepted by tasters independently of added biomass quantity.
Therefore, the following study has proven that green banana biomass can be used to enrich the nutritional
value of dulce de leche when compared to traditional ones as well as demonstrating a yield and hence showing
itself as an alternative for the industry.

It is suggested for future studies the evaluation of these dulce de leche stability through the evaluation of
its shelf-life as well as the use of higher proportions of green banana biomass.

Acknowledgements

To the Instituto Federal de Santa Catarina for financing the Project.

References

Alkarkhi, A. F., Ramli, S. B, Yong, Y. S., & Easa, A. M. (2011). Comparing physicochemical properties of banana pulp and peel
flour prepared from green and ripe fruits. Food Chemistry, 129(2), 312-318. http://dx.doi.org/10.1016/j.foodchem.2011.04.060.
PMid:30634232.

Association Offficial Analytical Chemistis — AOAC. (2005). AOAC Official Methods of Analysis of the AOAC. (18th ed.).
Gaithersburg: AOAC International.

Brasil. Agéncia Nacional de Vigilancia Sanitaria — ANVISA. (2019a, dezembro 23). Resolugédo - RDC n° 331, de 23 de
dezembro de 2019. Dispde sobre os padrdes microbiolégicos de alimentos e sua aplicagéo. Diario Oficial [da] Republica
Federativa do Brasil, Brasilia. Retrieved in 2021, February 22, from https://www.in.gov.br/en/web/dou/-/resolucao-rdc-n-331-de-
23-de-dezembro-de-2019-235332272.

Brasil. Agéncia Nacional de Vigilancia Sanitaria — ANVISA. (2019b, dezembro 23). Instrugdo Normativa n° 60, de 23 de
dezembro de 2019. Estabelece as listas de padrées microbiolégicos para alimentos. Diario Oficial [da] Republica Federativa do
Brasil, Brasilia. Retrieved in 2021, February 22, from https://alimentusconsultoria.com.br/instrucao-normativa-n-60-de-23-de-
dezembro-de-2019-235332356.

Brasil. Agéncia Nacional de Vigilancia Sanitaria. (1978, julho 24). Resolugéo - CNNPA n° 12, de 24 de julho de 1978. Dispde sobre
regulamento de normas técnicas especiais de alimentos e bebidas. Diario Oficial [da] Republica Federativa do Brasil, Brasilia.

Brasil. Ministério da Agricultura Pecuaria e Abastecimento. (2001, janeiro 02). Instrugdo Normativa n°12, de 02 de janeiro de 2001.
Regulamento técnico sobre padrées microbioldgicos para alimentos. Diario Oficial [da] Republica Federativa do Brasil, Brasilia.

Brasil. Ministério da Agricultura Pecuaria e Abastecimento. (2003, agosto 26). Instrugdo Normativa n° 62, de 26 de agosto de
2003. Métodos Analiticos Oficiais para analises microbiolégicas para controle de produtos de origem animal e agua. Diario
Oficial [da] Republica Federativa do Brasil, Brasilia.

Brasil. Ministério da Agricultura, Pecuaria e Abastecimento. (1997, setembro 04). Portaria n° 354, de 04 de setembro de 1997.
Aprova o regulamento técnico para fixagao de identidade e qualidade de doce de leite. Diario Oficial [da] Republica Federativa
do Brasil, Brasilia, segéo 1, p. 19685.

Ferreira, L. O., Pimenta, C. J., Santos, G., Ramos, T. M., Pereira, P. A. P., & Pinheiro, A. C. M. (2012). Adigao de soro de leite
e café na qualidade dodoce de leite pastoso. Ciéncia Rural, 42(7), 1314-1319. http://dx.doi.org/10.1590/S0103-
84782012000700028

Franco, B. D. G. M., & Landgraf, M. (2008). Microbiologia dos alimentos. Sdo Paulo: Atheneu.

Gaze, L. V., Costa, M. P., Monteiro, M. L. G., Lavorato, J. A. A., Conte Junior, C. A,, Raices, R. S. L., Cruz, A. G., & Freitas, M.
Q. (2015). Dulce de Leche, a typical product of Latin America: characterization by physicochemical, optical and instrumental
methods. Food Chemistry, 169, 471-477. http://dx.doi.org/10.1016/j.foodchem.2014.08.017. PMid:25236253.

Hentges, D., Silva, D. T., Dias, P. A., Conceigéo, R. C. S., Zonta, M. N., & Timm, C. D. (2010). Pathogenic microorganism
survival in dulce de leche. Food Control, 21(9), 1291-1293. http://dx.doi.org/10.1016/j.foodcont.2010.02.014

Instituto Adolfo Lutz. (2008). Métodos fisico quimicos para analise de alimentos (Série Normas e Manuais Técnicos, 4. ed.).
Brasilia: ANVISA.

Jay, J. M. (2005). Microbiologia de alimentos. 6. ed. Porto Alegre: Artmed.

Koblitz, M. G. B. (2012). Bioquimica de alimentos: teoria e aplicagbes praticas (242 p.). Rio de Janeiro: Guanabara Koogan.

Braz. J. Food Technol., Campinas, v. 25, €2020157, 2022 | https://doi.org/10.1590/1981-6723.15720 8/9


https://doi.org/10.1016/j.foodchem.2011.04.060
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30634232&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30634232&dopt=Abstract
https://doi.org/10.1590/S0103-84782012000700028
https://doi.org/10.1590/S0103-84782012000700028
https://doi.org/10.1016/j.foodchem.2014.08.017
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25236253&dopt=Abstract
https://doi.org/10.1016/j.foodcont.2010.02.014

Lactose-free dulce de leche with different concentrations of green banana biomass
Vieira, M. A. et al.

Konkel, F. E., Oliveira, S. M. R., Simdes, D. R. S., & Demiate, I. M. (2004). Avaliagéo sensorial de doce de leite pastoso com
diferentes concentragdes de amido. Ciéncia e Tecnologia de Alimentos, Campinas, 24(2), 249-254.
http://dx.doi.org/10.1590/S0101-20612004000200015

Lajolo, F. M., & Menezes, E. W. (2008). Projeto 106P10297 - Bases cientificas e tecnologicas para produgao de alimentos
funcionais a participagdo de platano/banana verde. Sao Paulo: Universidade De S&o Paulo.

Marques, P. A. R., Oliveira, D. S., Aguiar-Oliveira, E., & Maldonado, R. R. (2017). Development and sensorial analysis of food
products using green banana biomass. Journal of Culinary Science & Technology, 15(1), 64-74.
http://dx.doi.org/10.1080/15428052.2016.1204972

Mauricio, A. A., & Trentinalha, A. S. (2010). Elaboragdo e analise sensorial de trufa isenta de lactose. Acta Scientiarum. Health
Sciences, 32(1), 85-91. http://dx.doi.org/10.4025/actascihealthsci.v32i1.5439

Meilgaard, M., Civille, G. V., & Carr, B. T. (2007) Sensory evaluation techniques (4th ed., 448 p.). Boca Raton: CRC Press.
Mellor, C. (1984). Natural remedies for common aliments (pp. 242-243). London: Panther Books Granada Publishing Ltd.

Pereira, J. G., Soares, V. M., Tadielo, L. E., Santos, E. A. R, Lopes, G. V., Pellegrini, D. C. P., Duval, L. E. H., & Silva, W. P.
(2018). Foods introduced into Brazil through the border with Argentina and Uruguay: pathogen detection and evaluation of
hygienic-sanitary quality. International Journal of Food Microbiology, 283, 22-27. PMid:29957344.
http://dx.doi.org/10.1016/j.iiffoodmicro.2018.06.013

Pieretti, G. G., Seollin, V. J., Bento, R. S., Michika, J. M., Santos, R. D., & Madrona, G. S. (2012). Dulce de leche pastoso
elaborado com aguicar mascavo: avaliagdo sensorial, fisico-quimica e microbiolégica. Instituto de Laticinios Candido Tostes,
68(390), 59-64. http://dx.doi.org/10.5935/2238-6416.20130009

Rabbani, G. H., Teka, T., Saha, S. K., Zaman, B., Majid, N., Khatun, M., Wahed, M. A., & Fuchs, G. J. (2004). Green banana
and pectin improve small intestinal permeability and reduce fluid loss in Bangladeshi children with persistent diarrhea. Digestive
Diseases and Sciences, 49(3), 475-484. PMid:15139502. http://dx.doi.org/10.1023/B:DDAS.0000020507.25910.cf

Ranieri, L. M., & Delani, T. C. O. (2014). Banana Verde (Musa spp): obteng&o da biomassa e agbes fisioldgicas do amido
resistente. Revista UNINGA, 20(3), 43-49.

Robert, N. F. (2017). Dossié técnico: fabricagédo de iogurtes. Retrieved in 2020, July 07, from http://sbrt.ibict.br/dossie-
tecnico/downloadsDT/Mzlw.

Sarawong, C., Schoenlechner, R., Sekiguchi, K., Berghofer, E., & Ng, P. K. W. (2014). Effect of extrusion cooking on the
physicochemical properties, resistant starch, phenolic content and antioxidant capacities of green banana flour. Food
Chemistry, 143, 33-39. PMid:24054209. http://dx.doi.org/10.1016/j.foodchem.2013.07.081

Silva, A. A., Barbosa Junior, J. L., & Barbosa, M. I. M. J.. (2015b). Farinha de banana verde como ingrediente funcional em
produtos alimenticios. Ciéncia Rural, 45(12), 2252-2258. http://dx.doi.org/10.1590/0103-8478cr20140332

Silva, F. L., Ferreira, H. A. L., Souza, A. B., Almeida, D. F., Stephani, R., Pirozi, M. R., Carvalho, A. F., & Perrone, I. T. (2015a).
Production of dulce de leche: the effect of starch addition. LWT — Food Science and Technology, 62(1), 417-423.

Timm, C. D., Conceigéo, R. C. S., Coelho, F. J. O., Ross, T. B, Tejada, T. S., Quevedo, P. S., Hentges, A., & Brasil, N. T. A.
(2007). Avaliagdo microbiolégica de doce de leite pastoso. Revista do Instituto Adolfo Lutz, 66(3), 275-277.
http://dx.doi.org/10.5935/2238-6416.20130009

Funding: Instituto Federal de Santa Catarina

Received: July 07, 2020; Accepted: Nov. 19, 2021

Associate Editor: Eliana Paula Ribeiro.

Braz. J. Food Technol., Campinas, v. 25, €2020157, 2022 | https://doi.org/10.1590/1981-6723.15720 9/9


https://doi.org/10.1590/S0101-20612004000200015
https://doi.org/10.1080/15428052.2016.1204972
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29957344&dopt=Abstract
https://doi.org/10.1016/j.ijfoodmicro.2018.06.013
https://doi.org/10.5935/2238-6416.20130009
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15139502&dopt=Abstract
https://doi.org/10.1023/B:DDAS.0000020507.25910.cf
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24054209&dopt=Abstract
https://doi.org/10.1016/j.foodchem.2013.07.081
https://doi.org/10.1590/0103-8478cr20140332

	Lactose-free dulce de leche with different concentrations of green banana biomass
	Doce de leite sem lactose com diferentes concentrações de  biomassa de banana verde
	Abstract
	Resumo
	1 Introduction
	2 Material and methods
	2.1 Green banana biomass elaboration
	2.2 Dulce de leche elaboration
	2.3 Chemical analyses
	2.4 Physical characteristics of dulce de leche
	2.5 Microbiological analyses
	2.6 Consumer acceptance and purchase intent of dulce de leche
	2.7 Statistical analysis.

	3 Results and discussion
	3.1 Yield of dulce de leche
	3.2 Physicochemical analysis

	Table 1. Soluble solids values ( Brix), pH, acidity, moisture, ashes, lipids, protein, carbohydrates and energy of different samples of standard lactose-free dulce de leche and of different added concentrations of green banana biomass lactose-free dul...
	Table 1. Soluble solids values ( Brix), pH, acidity, moisture, ashes, lipids, protein, carbohydrates and energy of different samples of standard lactose-free dulce de leche and of different added concentrations of green banana biomass lactose-free dul...
	3.3 Microbiological analyses

	Table 2. Microbiological analyses results from standard dulce de leche and with different green banana biomass concentration.
	Table 2. Microbiological analyses results from standard dulce de leche and with different green banana biomass concentration.
	3.4 Sensorial analyses

	Table 3. Results of acceptance sensorial analyses of lactose-free dulce de leche added with different concentrations of green banana biomass and standard lactose-free dulce de leche.
	Table 3. Results of acceptance sensorial analyses of lactose-free dulce de leche added with different concentrations of green banana biomass and standard lactose-free dulce de leche.
	4 Conclusion
	Acknowledgements
	References



