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ARTICLE INFO  ABSTRACT 
 
 

Lyophilization is a preservation technique that preserves the characteristics of the product in a 
particular way, a fact that is not always the case in other techniques. The objective was to produce 
the lyophilized powdered extract of moringa seeds and to determine their physical and 
physicochemical characteristics. The work was conducted at the Laboratory of Storage and 
Processing of Agricultural Products, Federal University of Campina Grande, Paraíba. The 
experimental design was completely randomized, composed of four treatments and three 
replicates; using a Liotop® L101 benchtop freeze drier, in which the apparent and actual density, 
porosity, compacted density, compressibility index, Hausner factor, solubility, color, water 
content and activity, ashes, titratable total acidity, pH, proteins, lipids and carbohydrates. The 
results showed, for the dilutions studied, the formulation of the pulp for the production of the 
lyophilized powder, the dilution of 50 mL as the best, because it presented higher yield, real 
density, porosity, lower compressibility index, Hausner factor, water, higher amounts of proteins, 
lipids and lower darkening index. 
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INTRODUCTION 
 
Moringa oleifera Lam is the most cultivated tropical species of 
the Moringaceae family, native to northwest India (Bichi 
2013); developing better in tropical and subtropical countries 
(Kumar et al., 2014, Leone et al., 2015). Unlike other 
vegetables, it is a perennial species of fast growth. Tolerant to 
severe climatic conditions such as high temperatures and light 
frosts, grown in several areas of the world (Gupta et al., 2012). 
In Brazil the moringa is found in greater numbers in the 
Northeast region, mainly in the states of Maranhão, Piauí and 
Ceará (Cysne 2006). Moringa pods, leaves, flowers and seeds 
can be used in the pharmaceutical, cosmetic and food 
industries, as well as in the production of lubricants and 
biofuels (Lilliehöök 2005). In Brazil, programs for the 
cultivation and use of moringa have been carried out due to 
their nutritional potential (Ferreira 2008) and several                
authors, such as: Madrona et al. (2011), Pereira et al. (2011),  
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Bergamasco et al. (2011) have studied its use in the 
purification and clarification of surface waters. For the better 
use of moringa seeds, it is necessary to develop technologies 
for the preservation of their constituents, especially when used 
in water treatment, since the active principle of the proteins 
(lectins) responsible for the coagulation / flocculation of the 
water loses its effect in a short time. In this aspect, drying has 
been used because it presents greater chemical stability, due to 
the interruption of metabolic processes that occur even after 
the material is collected (Pimentel et al., 2008). Among the 
drying processes, lyophilization stands out for maintaining the 
constituents of the material, preserving also the sensorial and 
nutritional characteristics, have a longer shelf life when 
properly packed, depending on the material, it is possible to 
stay at room temperature (Vieira et al., 2012). Lyophilized 
materials are products with high added value by retaining a 
large part of their original constituents, since it uses low 
temperatures in their processing. Drying by freeze drying is 
efficient compared to other drying media, due to 
characteristics such as product contraction, loss of volatiles, 
thermal decomposition, enzymatic actions and denaturation of 
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proteins (Garcia 2009). Based on the above, the objective was 
to produce the lyophilized powder extract of moringa seeds 
and to determine their physical and physicochemical 
characteristics. 
 

MATERIALS AND METHODS 
 
The work was conducted at the Laboratory of Storage and 
Processing of Agricultural Products (LAPPA), Federal 
University of Campina Grande (UFCG), Campina Grande, 
Paraíba, from July to August 2017. The moringa seeds used in 
the research belong to the cultivation of the UFCG, Campus of 
Cajazeiras. In the LAPPA, these were selected, peeled and 
macerated manually with the aid of mortar and pistil. 
Lyophilization was done in a Liotop® L101 benchtop freeze 
dryer. The experimental design was completely randomized, 
with four treatments and three replicates, composed of the 
addition of 20, 30, 40 and 50 mL of distilled water to form the 
pulp to be lyophilized. The pulps were plastic shaped and 
subjected to freezing in a freezer at -18 °C for 24 h. Then, the 
frozen samples were lyophilized at -50 °C for 25 h (Santos 
2016). After dehydration the samples were disintegrated and 
the extract yield was obtained following Rodrigues et al. 
(2011), where: Yield% = Mass of extract / Initial mass of 
sample x 100. The physicochemical analyzes determined were 
apparent density, according to the method adapted from 
Caparino et al. (2012), in which 3 g of the powdered extract 
were weighed in a 10 mL graduated cylinder, without 
compaction, to determine the total volume occupied by the 
solid; for the actual density, 1 g of the powder was weighed 
into a 10 mL graduated beaker, completing the volume of the 
beaker with oil, determining the amount of oil needed to 
complete the 10 mL beaker; the porosity was determined by 
the method of Krokida and Maroulis (1997); the determination 
of the compacted density was made from the mass contained in 
a 10 mL beaker after being manually tapped 50 times on the 
surface of a bench according to Tonon et al. (2013); the 
compressibility index was determined by comparing the 
apparent density with the compacted density of the powder; 
the Hausner factor was determined from the apparent density 
and compaction (Hausner 1967); the solubility was determined 
according to the methodology adapted from Durigon (2016); 
the following determinations were performed according to the 
methodology proposed by Brasil (2008): the water content was 
determined by drying the samples in an oven at 105 °C; the 
ashes were obtained by incineration of the samples in muffle; 
the titratable total acidity was obtained by titra- metry and the 
pH by direct reading of the homogenized samples in digital pH 
meter; the total protein content was quantified by the Micro-
Kjeldahl method, which consists in the determination of the 
total nitrogen; water activity was determined by direct reading 
on the "Aqua-Lab" equipment; the quantity of lipids was 
obtained by the modified method of Bligh and Dyer (1959); 
carbohydrates were quantified by taking the sum of water, 
lipids, proteins and ashes up to 100; already the color was 
obtained in colorimeter, according to methodology adapted 
from Palou et al. (1999) where the parameters L*, a* and b* 
were obtained. With the data of a* and b* the Chroma (C*) 
were calculated, and with the parameters L*, a* and b* the 
darkening index was obtained.  
 
The results were submitted to analysis of variance and the 
means were compared by the Tukey test at 5% probability, 
using the statistical software Assistat 7.7 (Silva and Azevedo 
2016). 

RESULTS AND DISCUSSION 
 
Table 1 shows the data obtained for yield, physical 
characteristics and color parameters of the freeze-dried powder 
of moringa seeds, in which a higher yield for the 50 mL 
dilution was observed, followed by the 40 mL dilution, which 
were statistically higher than the yield of the 20 and 30 mL 
dilutions that matched. These results are partially supported by 
Ribeiro (2014) in a lyophilization drying process with acerola 
powder, in which Ribeiro obtained yields in the range of 92.1 
to 97.4%. 
 
Table 1. Mean values of yield, physical characteristics and color 

parameters of the freeze-dried powdered extract of moringa seeds 
 

 
Characteristics 

 Concentrations   

20 mL 30 mL 40 mL 50 mL 
Yield (%) 90.04c 90.29c 91.16b 99.02a 
Apparently density (g/cm3) 0.34a 0.32a 0.31a 0.30a 
Actual density (g/cm3) 0.42a 0.40a 0.46a 0.49a 
Porosity (%) 17.81a 18.29a 32.80b 37.40c 
Compressed density (g/cm3)  0.55a 0.52b 0.49c 0.41d 
Index of compressibility (%) 37.19a 37.44a 37.15a 25,40b 
Factor of Hausner 1.59a 1.61a 1.50a 1.34a 
Solubility (%) 75.43a 74.65a 76.21a 73.89a 
L* 73,14c 75,56a 75,36a 75,00b 
Chroma, C* 19,56 18,85 17,94 17,02 
Dimming index 11,66 10,64 10,06 9,47 

 
The averages in the row followed by the same letter do not 
differ statistically from each other by the Tukey test at 5% 
probability. 
 
For the physical characteristics of apparent density and real 
density, statistical equality is observed for the studied dilutions 
with higher (absolute) values for the actual density, due to the 
fact that the apparent density takes into account the 
intergranular voids existing in the mass of the powder. There 
was also a tendency to reduce bulk density with increasing 
dilution. According to Ceballos et al. (2012), the density is one 
of the factors that interferes in the wettability of the powder, an 
important characteristic as it affects the first phase of the 
reconstitution of a powder product. For the porosity data, the 
highest values were obtained with the dilution of the powder in 
50 mL of distilled water, followed by the dilution of 40 mL 
that supplanted the dilutions of 20 and 30 mL, not statistically 
deferred. This behavior is due to the amount of voids in the 
powder, which can also be associated with the resistance that 
the product layer offers to the air movement, being used in the 
choice of packaging and storage. There was a reduction in the 
compacted density as the amount of distilled water in the 
dilutions increased. The compressibility indexes obtained were 
below the values established in the classification of (Wells 
2005), where values <10% indicate excellent flow; 11 to 15% 
show good flow; 16 to 20% weak flow; 21 to 31% poor flow; 
and >32% very poor flow, where in the present study the 
lyophilized powder of the moringa presented poor flow for the 
dilution with 50 mL of distilled water and very poor flow> 
32% for the other dilutions; a fact that may be related to the 
high percentage of lipids in the powder, hindering its fluidity. 
Different results (15.89 to 25.02%) were obtained by Caliskan 
and Dirim (2016) when studying lyophilized powder of Rhus 
coriaria. For the Hausner factor, the powder at the different 
dilutions showed intermediate cohesiveness for the dilution 
with 50 mL of distilled water and high cohesiveness for the 
other dilutions, according to Wells's classification (2005), 
where values less than 1.2 are classified as low cohesiveness; 
between 1.2 and 1.4 are of intermediate cohesiveness; and >1.4 

18241                                                       Semirames do Nascimento Silva et al. Production of freeze-dried moringa extract 



are considered highly cohesive. The post-lyophilates of the 
moringa showed high solubility in water. A promising result 
for the proposition of the research to play a fundamental role 
in the dissolution of substances, especially organic compounds 
and are in harmony as those obtained by similar Liaotrakoon et 
al. (2012), who worked with lyophilization dried dehydrated 
red pita. This attribute is desirable for powdered products 
since, in general, they are easily rehydratable because of their 
porous structure. 
 
As shown in the table, there was a difference between the 
dilutions for the luminosity (L*), however the lyophilized 
powder of the moringa revealed a light color, close to white, 
with a luminosity greater than 73. This result is important for 
the industry, since which is a parameter of quality capable of 
influencing the acceptance of products by consumers. By 
Chroma, the color intensity is low, indicating that the higher its 
value, the greater the perceived color intensity (Pathare et al., 
2013). The darkening index of the powder was low, indicating 
no occurrence of enzymatic or non-enzymatic browning. The 
color of the powder can be affected by numerous variables 
such as: genotype, grinding process, storage, among others. 
Table 2 shows the data obtained from the physicochemical 
analyzes of the freeze-dried powdered extract of moringa 
seeds. 
 

Table 2. Mean values of the physico-chemical characteristics of 
the freeze-dried powdered extract of moringa seeds 

 
 

Characteristics 
 Concentrations   

20 mL 30 mL 40 mL 50 mL 
Water content (%) 1.74a 1.82a 1.68a 1.76a 
Water activity (Aw) 0.52a 0.53a 0.51a 0.51a 
Ashes (%) 2.90bc 2.82c 3.03ab 3.19a 
Acidity (%) 0.46a 0.51a 0.61a 0.61a 
pH 5.93a 5.89a 5.40a 5.34a 
Proteins (%) 33.97 a 33.80a 34.23a 34.31a 
Lipids (%) 27.33 a 27.14a 29.64a 36.94b 
Carbohydrates (%) 34.06a 34.20a 31.83a 23.80b 

 
The averages in the row followed by the same letter do not 
differ statistically from each other by the Tukey test at 5% 
probability. 
 
The powder had values lower than 2% for water content, these 
values are in accordance with current legislation that stipulates 
a maximum of 5% (Brasil 2005). In lyophilized products, the 
final moisture content varies between 1 and 5%, which makes 
it possible to preserve the products for a longer period of time, 
but since it is properly stored, stored and handled. The shelf 
life of freeze-dried foods can reach up to one year at room 
temperature (Theodorovski et al., 2014). According to Oliveira 
(2012), the values of water activity vary from 0 to 1, and are 
classified as a function of water activity in low humidity (Aw 
up to 0.6); (Aw between 0.6 and 0.9) and high Aw with values 
above 0.9. The values of water activity did not statistically 
defer with the increase of the dilution, but showed a tendency 
of reduction with the increase of these, being that the powder 
presented low water activity, which can make impossible the 
growth of microorganisms and the possible occurrence of 
chemical reactions and enzymatic. Lower values (Aw 0.414) 
were obtained by Souza (2011) for the lyophilized powder of 
the cupuaçu pulp. The ash presented a distinct behavior, with 
the lowest percentage being the 30 mL dilution. This result, as 
well as those of the other dilutions studied in the present study, 
are lower (4.02) than that found by Passos et al. (2012) for 
non-lyophilized moringa. However, these same authors 

obtained a much higher value (25.44%) than the one found in 
the present study for acidity. This result is probably due to the 
product in natura versus the lyophilized product. Despite the 
low value presented, the powder under study is within the 
Identity and Quality Standard that establishes a minimum 
acidity of 0.90% (Brasil 2000). Low pH values were observed, 
thus being acidic. Different result (4.07) was found by Passos 
et al. (2012) in work done with drying in a greenhouse of 
moringa seeds. In powders, low pH values are desirable, as 
they favor the preservation of products due to inhibition of the 
development of microorganisms such as yeast. According to 
Machado and Carneiro (2000), the moringa seeds are rich in 
proteins (33.9%) and lipids (37.2%), a fact proven in this work 
when lyophilizing the powder obtained from the seeds. The 
values found in this work and those of Machado and Carneiro 
(2000) differ from those obtained by Passos et al. (2012), 
23.29 and 17.37%, respectively, due to the drying method, 
since these latter authors worked with drying in an oven. There 
was a reduction in the amount of carbohydrate for the dilution 
of 50 mL in comparison to the other dilutions that were 
statistically equal, yet the powder showed adequate 
carbohydrate content as defined in the food legislation (Brasil 
2005). Higher values (42.53%) were found in lyophilized açaí 
pulp by Menezes et al. (2008). This work is one of the 
pioneers in the production, study and physical and physical-
chemical characterization of the lyophilized powder of 
moringa seeds. For this reason there are still not many sources 
of comparison in these aspects. 
 
Conclusion 
 
The dilution with 50 mL of distilled water showed the best 
results for lyophilized powder yield (99.02%); actual density 
(0.49 g / cm 3); porosity (37.40%); compacted density (0.41 g / 
cm 3); compressibility index (25.40%); Hausner's factor 
(1.34); pH (5.34); proteins (34.34%); lipids (36.94%); and 
darkening index (9.47). The results obtained from physico-
chemical analyzes of water content, acidity, pH, proteins, 
lipids and carbohydrates are within the range of what is 
established by the Brazilian legislation for food. 
 

REFERENCES 
 
Bergamasco, R., Araújo, A. A., Madrona, G. S., Vieira, A. M. 

S., Siqueira, M. E. T., Lourenço, B. (Org.). 2011. Estudo 
da Utilização da Moringa Oleifera em uma Estação de 
Tratamento de Água Piloto (ETA-piloto). In: 
Potencialidades da Moringa oleifera Lam. São Cristóvão: 
v. 1, p. 271-284.  

Bichi, M. H. A review of the applications of Moringa oleifera 
seeds extract in water treatment. 2013. Civil and 
Environmental Research, v. 3, n 8, p. 1-10. 

Bligh, E. G., Dyer, W. J. 1959. A rapid method of total lipid 
extraction and purification. Canadian Journal 
Biochemistry Physiology, v. 37, n. 8, p. 911-917. 

BRASIL. Agência Nacional de Vigilância Sanitária. 2000. 
Instrução Normativa Nº 1 de janeiro de 2000, que dispõe 
sobre o Regulamento Técnico geral para fixação dos 
padrões de identidade e qualidade para polpa de fruta. 
Diário Oficial da República Federativa do Brasil, Brasília, 
DF. 

BRASIL. Agência Nacional de Vigilância Sanitária. 2005. 
Resolução RDC nº 272, de 22 de setembro de 2005, que 
dispõe sobre o Regulamento Técnico para produtos de 
vegetais, produtos de frutas e cogumelos comestíveis. 

18242                                    International Journal of Development Research, Vol. 08, Issue, 01, pp.18240-18244, January, 2018 



Diário Oficial da República Federativa do Brasil, Brasília, 
DF. 

BRASIL. Métodos químicos e físicos para análise de 
alimentos. 2008. Instituto Adolfo Lutz. 4. ed. Normas 
analíticas do instituto Adolfo Lutz. São Paulo. v. 1, p. 
1020. 

Caliskan, G., Dirim, N. S. 2016. The effect of different drying 
processes and the amounts of maltodextrin addition on the 
powder properties of sumac extract powders. Powder 
Technology, v. 287, n. 1, p. 308-314. 

Caparino, O. A., Tang, J., Nindo, C. I., Sablani, S. S., Powers, 
J. R., Fellman, J. K.. 2012. Effect of drying methods on the 
physical properties and microstructures of mango 
(Philippine ‘Carabao’ var.) powder. Journal of Food 
Engineering, v. 111, n. 1, p. 135-148. 

Ceballos, A. M., Giraldo, G. I., Orrego, C. E. 2012. Effect of 
freezing rate on quality parameters of freeze dried soursop 
fruit pulp. Journal of Food Engineering, v. 111, n. 2, p. 
360-365. 

Cysne, J. R. B. Propagação in vitro de Moringa oleifera L. 
Fortaleza, 2006. 81 f. Dissertação (Mestrado em Fitotecnia) 
- Universidade Federal do Ceará, Fortaleza.  

Durigon, A. Produção e caracterização de tomate em pó por 
cast-tape drying. 2016. 162 f. Tese (Doutorado em 
Engenharia de Alimentos) - Universidade Federal de Santa 
Catarina, Santa Catarina. 

Ferreira, P. M. P., Farias, D. F., Oliveira, J. T. A, Carvalho, A. 
F. U. 2008. Moringa oleífera: compostos bioativos e 
potencialidade nutricional. Revista de Nutrição, v. 21, n. 4, 
p. 431-437. 

Garcia, L. P. Liofilização aplicada a alimentos. 2009. 45 f. 
Trabalho Acadêmico (Graduação Bacharelado em Química 
de Alimentos) - Universidade Federal de Pelotas. Pelotas, 
Rio Grande do Sul. 

Gupta, R., Mathur, M., Bajaj, V.K., Katariya, P., Yadav, S., 
Kamal, R., Gupta, R. S. 2012. Evaluation of antidiabetic 
and antioxidant activity of Moringa oleifera in 
experimental diabetes. Journal of Diabetes, v. 4, n. 2, p. 
164-171. 

Hausner, H. H. Friction conditions in a mass of metal powder. 
1967. International Journal of Powder Metallurgy, v. 3, n. 
4, p.7-13. 

Krokida, M. K., Maroulis, Z. B. 1997. Effect of drying method 
on shrinkage and porosity. Drying Technology, v. 15, n. 10, 
p. 2441-2458. 

Kumar, A. R., Prabhu, M., Ponnuswami, V., Lakshmanan, V., 
Nithyadevi, A. Scientific seed production techniques in 
moringa. 2014. Agricultural Research Communication 
Centre, v. 35, n.1, p. 69-73. 

Leone, A., Fiorillo, G., Criscuoli, F., Ravasenghi, S., 
Santagostini, L., Fico, G., PozzI, F. 2015. Nutritional 
Characterization and Phenolic Profiling of Moringa 
oleifera Leaves Grown in Chad, Sahrawi Refugee Camps, 
and Haiti. International Journal of Molecular Sciences, v. 
16, n. 8, p. 18923-18937. 

Liaotrakoon, W., De Clercq, N., Lewille, B., Dewettinck, K. 
2012. Physicochemical properties, glass transition state 
diagram and colour stability of pulp and peel of two dragon 
fruit varieties (Hylocereus spp.) as affected by freeze-
drying. International Food Research Journal, v. 19, n. 2, p. 
743-750. 

Lilliehöök, H. Use of Sand Filtration of River Water 
Flocculated with Moringa oleirefa. Master’s Thesis. 2005. 
27 f. Department of Civil and Environmental Engineering, 

Division of Sanitary Engineering, Lulea University of 
Technology, Lulea. 

Machado, L. S., Carneiro, J. G. M. 2000. Semente de moringa: 
avaliação das farinhas integral e desengordurada, 
caracterização da fração lipídica e ação coagulante da 
farinha desengordurada sobre a água turva do Rio Poti. 
Teresina: UFPI, 13 p. 

Madrona, G. S., Serpelloni G. B., Nishi, L. 2011. Avaliação do 
peso molecular de diferentes extratos obtidos da semente 
de Moringa oleifera Lam e sua aplicação para obtenção de 
água potável, Universidade Federal de Sergipe, São 
Cristóvão. 

Menezes, E. M. S., Torres, A.T., Srur, A. U. S. 2008. Valor 
nutricional da polpa de açaí (Euterpe oleracea Mart) 
liofilizada. Acta Amazônica, v. 38, n. 2, p. 311-316. 

Oliveira, G. S. Aplicação do processo de liofilização na 
obtenção de cajá em pó: avaliação das características 
físicas, físico-químicas e higroscópicas. 2012. 83 f. 
Dissertação (Mestrado em Ciência e Tecnologia de 
Alimentos) - Universidade Federal do Ceará. Fortaleza - 
CE. 

Palou, E., Barbosa-Cánovas, G. V., Welti-Chanes, J., 
Swanson, B. G. 1999. Polyphen oloxidase activity and 
color of blanched and high hydrostatic pressure treated 
banana puree. Journal Food Science, v. 64, n. 1, p. 42-45. 

Passos, R. M. dos., Santos, D. M. da C., Santos, B. S. dos., 
Souza, D. C. L., Santos, J. A. B. dos., Silva, G. F. da. 2012. 
Qualidade pós-colheita da moringa (Moringa oleifera Lam) 
utilizada na forma in natura e seca. Revista GEINTEC, v. 
3, n. 1, p.113-120. 

Pathare, P. B., Opara, U. L., Al-Said, F. A-J. 2013. Colour 
measurement and analysis in fresh and processed foods: a 
review. Food and Bioprocess Technology, v. 6, n.1, p. 36-
60. 

Pereira, D. F., Santana, C. R., Silva, G. F. da. 2011. Estudo do 
tratamento físico químico da água produzida utilizando 
Moringa oleifera Lam em comparação ao sulfato de 
alumínio. Exacta, v. 9, n. 3, p. 317-321. 

Pimentel, F. A., Morais, A. R. De., Nelson, D. L. 2008. 
Influência da temperatura de secagem sobre o rendimento e 
a composição química do óleo essencial de Tanaecium 
nocturnum. Química Nova, v. 31, n. 3, p. 523-526. 

Ribeiro, L. C. Produção de acerola em pó: métodos de 
secagem e avaliação da estabilidade. 2014. 141 f. 
Dissertação (Dissertação de Mestrado em Ciência e 
Tecnologia de Alimentos) – Universidade Federal do 
Ceará, Fortaleza-CE. 

Rodrigues, T. S., Guimarães, S. F,; Rodrigues-Das-Dôres, R. 
G., Gabriel, J. V. 2011. Métodos de secagem e rendimento 
dos extratos de folhas de Plectranthus barbatus (boldo-da-
terra) e P. ornatus (boldo-miúdo). Revista Brasileira de 
Plantas Medicinais, v. 13, n. especial, p. 587-590. 

Santos, D. C. Obtenção de umbu-cajá em pó pelo processo de 
liofilização e sua utilização no processamento de sorvetes 
prebióticos. 2016. 296 f. Tese (Doutorado em Engenharia 
Agrícola) – Universidade Federal de Campina Grande, 
Campina Grande. 

Silva, F. A. S., Azevedo, C. A. V. 2016. The Assistat Software 
Version 7.7 and its use in the analysis of experimental data. 
African Journal Agricultural Research, v. 11, n. 39, p. 
3733-3740. 

Souza, V. C. Efeito da liofilização e desidratação em leito de 
espuma sobre a qualidade do pó de polpa de cupuaçu 
(Theobroma grandiflorum). 2011. 78 f. Dissertação 

18243                                                       Semirames do Nascimento Silva et al. Production of freeze-dried moringa extract 



(Mestrado em Engenharia de Alimentos) - Universidade 
Estadual do Sudoeste da Bahia, Itapetinga. 

Theodorovski, D. C., Machado A. R., Bertolo, F., Ribeiro M. 
C. O., Prestes, R. A., Almeida, D. M. 2014. Caracterização 
de caldo de cana liofilização. Revista Brasileira de 
Produtos Agroindustriais, v. 16, n. 4, p. 369-376. 

Tonon, R. V., Brabet, C., Hubinger, M. D. 2013 Aplicação da 
secagem por atomização para a obtenção de produtos 
funcionais com alto valor agregado a partir do açaí. 
Inclusão Social, v. 6, n. 2, p. 70-76. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Vieira, A. P., Nicoleti, J. F., Telis, V. R. N. 2012. Liofilização 
de fatias de abacaxi: avaliação da cinética de secagem e da 
qualidade do produto. Brazilian Journal of Food 
Technology, v. 15, n. 1, p. 50-58. 

Wells, J. Pré-formulação farmacêutica. 2005. In: Aulton ME. 
Delineamento de formas farmacêuticas. Porto Alegre: 
Artmed, Cap. 8, p. 124-148. 

 

18244                                    International Journal of Development Research, Vol. 08, Issue, 01, pp.18240-18244, January, 2018 

******* 


