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Introduction
This research focuses on studying the influence of pectin as a wall 

material for the microencapsulation of oils rich in carotenoids by 
using the spray drying technique. The basic materials for this research 
were oils from Palm (Elaeis guineensis) and Urucum (Bixa orellana), 
for which literature report high levels of carotenoids.Besides the 
various applicaitons of palm oil for food industry, it is also useful 
for making soaps, candles, detergents, pharmaceuticals, cosmetics 
and natural dyes.1,2 This oil is considered as an important source 
of antioxidants, topherols, tocotrienols, carotenoids, phytosterols, 
phenolic compounds and other phyto-nutrients.2Urucum peas are used 
to extract a pigment used for human and animal feeding.3–5Urucum 
seeds has two colorants, the bixin (red), oil-soluble, representing 
more than 80% of the total carotenoids, and the norbixin (yellow), 
water-soluble.4,6Microencapsulation is defined as the process by 
which the encapsulating material covers small particles of a target 
compound (active material), which is integrated into a homogeneous 
or heterogeneous matrix that creates a physical barrier between the 
active material and the environment.7–9Spray drying is an unitary 
operation that aims to transform a fluid-state raw material to dry 
particles.10

This is one of the most complex multiphaseconvection drying 
processes that involves different stages such as particle atomization, 
bedding transport, evaporation and others.8This operation produces 
high quality powders, low water activity and good storage capacity, 
and is one of the most used operations for drying emulsions and 
suspensions that contains oils and flavors.11,12

During spray drying microencapsulation process, the wall system is 
designed to protect the core material from factors causing deterioration, 
prevent the premature interaction between the core material and 
other ingredients and limit the volatile losses.13Criteria to select a 
wall material mainly rely on physical-chemical properties such as 

solubility, molecular weight, glass transition temperature, crystallinity, 
diffusivity, layer formation and emulsifyingproperties.7For oils, and 
efficient microencapsulation requires a encapsulation material with a 
highemulsifying activity, a high sensitivity, a tendency to form a thin 
and dense wall during drying, and it must not allow the separation 
of lipids from the emulsion during dehydration.13–15 Biopolymers, 
proteins and maltodextrins from different sources are frequently 
used for microencapsulation (e.g, arabic gum, alginates, carrageenan, 
milkproteins, jelly, dextrose and waxes).16,17The objective of this 
research was to study the microencapsulation process of rich-
carotenoid oils by spray drying, when using different formulations 
of wall materials (one andtwo layers). Furthermore, it aimed at 
investigating the effect of these formulations on the stability of 
carotenoids during the storage of microcapsules.

Materials and methods
Stage 1: Formulation of stable emulsions

Emulsions of oil in water were composed by oil, soy protein 
isolates (SPI), pectin (PEC) and maltodextrin (MDX). PEC and MDX 
had variable formulations of emulsions. Treatments for PEC factor 
were a control no-PEC addition (formulations A-C) and PEC addition 
with 0.9 g (formulations B-D) (Table 1). An ultra-turrax stirrer (T-25 
IKA Germany) was used for the formulation of emulsions at 1400 
rpm. The oil was dispersed over the SPI and shaken during 4 minutes. 
The high-methoxylation PEC solution was added to the SPI and 
shaken during 3 minutes. Finally MTX was added and shaken during 
2 minutes. The resulting emulsion was subjected tosonication (30 Hz 
frequency) during 1 minute according to the methods proposed by 
Kaltsa et al.,18with some modifications.

Stage 2: Spray drying

A spray drying bench (B-290, Buchi Suiza) was used for 
microencapsulation. This was equipped with a dual fluid spray nozzle 
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Abstract

Carotenoids are bioactive compounds that can be found in different food matrices. However, 
these compounds are easily degradable at high temperatures, light and oxygen. Therefore, 
it is necessary to search for an alternative that avoids such deterioration. Objective: The 
present study aimed at evaluating the storage stability of microencapsulated palm (Elaeis 
guineensis) and urucum (Bixa orellana) oil carotenoids by spray drying, depending on the 
composition of the encapsulation matrix. Methodology: a comparison was made between 
two types of formulations, a layer composed of isolated soy protein and a double layer 
composed of isolated soy protein and pectin. The procedure was split into three stages: 1) 
formulation of stable emulsions; 2) spray drying and 3) characterization of the microcapsules 
by evaluation of parameters such as encapsulation efficiency, color, humidity and stability 
of carotenoids over a period of 45 days. Conclusion: the addition of pectin as a double-layer 
encapsulation material is favorable for all the evaluated parameters except humidity, for 
which it was not possible to analyze its response during drying.
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and a peristaltic pump for microcapsule input. Parameters for drying 
were: input flow of 3 ml/min, atomization air flow of 500 l/h, air input 
temperature of 180°C and suction of 90%.

Stage 3: Characterization of microcapsules

Response variables to evaluate the effect of PEC addition on 
microcapsules were color, humidity, drying performance, carotenoid 
stability and microencapsulation efficiency. Color measurements 
were performed in a colorimeter (CR-S Konica Minolta, Japan) by 
extracting the luminosity parameter (L) and chromatic coordinates a 
(+a: red and -a: green) and b (+b:yellow and -b:blue). These parameters 
were used to calculate chroma (C) and pitch angle(h) according to 
Konica Minolta.19Humidity of microcapsules were gravimetrically 
measured by drying 1.5 g of sample in a vacuum over at 70°C and 
constant weight. This process was repeated three times according to 
AOAC 20. Drying performance was determined by the relationship 
between the solid mass in the powder (dryer output) and the solid 
mass in the feeding solution of the dryer (dryer input).

Microencapsulation efficiency was determined by the relationship 
between the amount of non-encapsulated oil on the surface (Os) and 
the total amount of oil in the formulation (Ot). Os was determined 
according to the method described by Tono et al.,21with minor 
modifications. 15 ml of hexane were added to 1.5 g of microcapsule 
powder in a covered

glass. This mixture was shaken during 2 minutes at 25°C and 
filtered through a What mean No1 paper filter. The resulting powder 
was washed three times with 20 ml of hexane. The filtered solution 
was allowed to evaporate at 25°C until constant weight. Finally, 
Os was determined by mass difference.Water content analysis and 
carotenoid quantification were performed to determine the stability of 
microencapsulated carotenoids. To achieve this, microcapsule samples 
were distributed in petri boxes during 45 days and the analysis were 
performed every seven days. Storage conditions were temperature of 
35°C and relative humidity of 34%.k Carotenoid analysis and humidity 
quantification were performed according to Tono et al.21Water content 
was determined gravimetrically according to AOAC 20 by drying in a 
vacuum oven at 60°C until constant weight.23

Table 1 Formulation of emulsions of palm oil and urucum oleoresin with varying wall materials (100 g sample) 

Sample Oil (g) MDX (g) PEC (g) SPI (g) Distilled 
water (g)

A (urucum oleoresin) 10 34 0 2 54

B (urucum oleoresin) 10 33,1 0,9 2 54

C (Palm oil) 10 34 0 2 54

D (Palm oil) 10 33,1 0,9 2 54

Statistical analysis

The results were analyzed with simple Analysis of Variance 
(ANOVA) and post-hoc pairwise Tukey comparisons. 
Colorimetry, humidity, drying performance, carotenoid stability an 
microencapsulation efficiency were considered as dependent variables 
as a function of factors PEC and time.Significance level was set to 
0.05 and confidence level to 95% R-studio 21 software was used for 
the analyzes.

Results and discussion
Colorimetry

As shown in Table 2, data showed significant differences for all 
the evaluated colorimetry variables. Samples A and C (no-PEC) 
showed less clarity and higher values for chromatic coordinates b*, 
which suggests a higher yellow intensity. Theses results suggest that 
PEC addition produces a darker color in microcapsules and generates 
a double layer wall that helps to conserve the oil carotenoids by 
protecting them from light. Most of the microcapsules showed a 
significant difference for h (p&lt;0.05). However, variance among 
microcapsules were less than two degrees, suggesting a minimum 
difference indicating yellow hues (Figure 1). Humidity, drying 
performance, encapsulation efficiency and carotenoid retention. Data 
shown in table 3 did not provide relevant information to guarantee 
that microcapsules with added PEC increase water losses during the 
drying process. Water loss was higher for palm oil and lower for 
urucum oleoresin. Therefore, more research is needed to achieve a 
better conclusion about this phenomenon. However, it is important to 

consider that humidity levels were statistically similar among samples 
without PEC addition (A and C).

Drying performance was statistically different between samples 
with different wall materials.As expected, formulations with PEC 
addition (B and D) showed higher drying performances, suggesting 
that PEC facilitates the spray drying process. These results indicate 
that PEC helps MXT to easily adhere to the microcapsules which 
were previously formed by SPI. As shown in table 3, PEC addition 
produced a higher encapsulation efficiency. PEC helps

microcapsules to prevent their collapse due to temperature and 
pressure during spray drying. As shown in table 3, microcapsules with 
PEC (B and D) had a higher carotenoid retention, suggesting a lower 
exposition of oils to high temperatures during spray drying. Hence, 
the function of PEC as a component of the encapsulating matrix was 
as expected.

Stability of microencapsulated carotenoids during 
storage

As shown in figures 2A and 2B, the gain of humidity across 
days was significantly higher in A and C. This means that PEC 
addition helps to prevent humidity gains in microcapsules across 
time. The dates show a considerable deterioration of these bioactive 
compounds for all the formulations, specially during the first three 
weeks of storing. However, it was also evident that the losses of these 
components in PEC-added microcapsules were lower for both palm 
oil and urucum oleoresin.
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Table 2 Color variable results clarity (L*), chromatic coordinates (a* and b*), Chroma (C) and Hue angle (h) of the microcapsules 

Sample L* a* b* C h

A 84,54(0,50)c 10,26(0,04)b 38,89(0,05)a 40,22(0,052)a 75,22(0,04)c

B 87,08(0,19)b 8,67(0,0,05)e 30,21(0,03)b 31,45(0,017)b 73,99(0,10)d

C 84,47(0,52)d 9,41(0,06)d 60,00(0,61)c 60,74(0,598)c 81,09(0,14)e

D 84,78(0,37)c 9,65(0,06)d 63,89(0,47)d 64,61(0,387)d 81,41(0,04)e

Table 3 Humidity, Performance, Encapsulation efficiency, Carotenoidretention

Sample Humidity (%) Performance (%) Encapsulation 
efficiency (%p/p) Carotenoidretention (%)

A 7,130 (0,141)a 49,519 23,94 (3,32)b 38,267(0,66)c

B 9,528 (0,344)b 53,757 37,16(2,02)d 47,854(0,83)d

C 6,1760,606)a 37,917 23,62(3,14)b 57,240(0,672)e

D 4,642(0,344)c 49,216 46,87(4,11)f 67,947(0,43)f

Figure 1CIE XYZ, CIE * a *b *c color spaces including CIE *c*h used for communicate and expressthe color of objects.19
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Figure 2 A) Humidity gain of formulations A, B, C and D across storage time, 
B) Carotenoid loss offormulationsA, B, C and D acrossstorage time. Vertical 
bars represent 2 standard deviations.

Conclusions
Using PEC as a second component of microcapsule walls helped to 

a considerable increase in drying performance and microencapsulation 
efficiency. This increased the conservation of carotenoids. PEC 
addition did not affected the perception of yellow hues typical in 
oils. The behaviour of sample with double wall material during the 
45-days storage period was favourable for all the evaluated response 
variables. Using PEC as an encapsulating material decreased the gain 
of humidity and conserved carotenoids with higher efficiency than 
non-PEC microcapsules during all the storage period.
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