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The first memory I recall from 
my PhD studies was working to 
obtain the solid colorants needed 
for doing my experiments. This 
happened during the worst 
drought in the last twenty-
five years of the history of my 
hometown city, La Paz, Bolivia. 
The water stopped running 
through the pipes. Official 
sources say it was because of 
climate change, and some others 
suggested problems during the 

administration too. The point was that we had very limited access to water 
for drinking or working for almost 6 months. I was using an equipment that 
needed running water to dry the solvents from the colorant extract. So, you 
ask me – was I able to finish my work on time to go back to Sweden? Luckily, 
the building where I used to work had a water storage container that made 
our access to water easier. Then, with the help of my friends and colleagues, 
we managed to put a container on top of a laboratory shelf to feed water to 
the equipment. Moreover, we put in the freezer water bottles every night to 
cool down the water that we manually recirculated. This way, we managed 
to operate the equipment and obtain sufficient solid colorant for my future 
experiments in Sweden. My PhD journey was not always easy, but certainly, 
the support and collaboration of my family, friends, and colleagues encouraged 
me to endure the process. One day, the results from these studies came out 
together and feelings of satisfaction and happiness arrived… Why did I keep 
spending these years doing applied science? Because during this process I 
learned that we have important challenges that need to be addressed for our 
loved ones to come; anything is possible if we have purpose and a little of 
creativity; life is beautiful through the eyes of love and gratitude; willingness 
is necessary to find solutions; and that we all can have a bit of luck if we learn 
to recognize and take the opportunities that may arise.
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To those who are passioned about life and science 





Bixa orellana,
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Bixa 
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Paper I. 

Paper II. 

Paper III. 

Paper IV. 







Multilayer Bixin Microcapsules: The Impact of 
Native Carbohydrates on the Microencapsulation Efficiency and Dispersion 
Stability. 17th Food Colloids Conference: Application of Soft 
Matter Concepts at the University of Leeds

Model for measuring light stability of photolabile substances in 
powder beds using spray dried bixin microcapsules.

Food Colloids conference: Structure, dynamics and 
function

Morphological and phytochemical characterization 
of annatto samples (Bixa orellana) from Los Yungas of La Paz, Bolivia

2° Congreso Internacional de Biotecnología
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Table 1:  Extraction methods of bixin and annatto extracts. The table shows the type of extract that 
can be obtained, and the product to which this formulation may be applied. 





Figure 1: Graphical representation of a simple and a multicore microcapsule. Representations taken 
from Gharsallaoui et al. [68] 

Bixa orellana



Table 2: Differet techniques applied for microencapsulation of natural active compounds for food 
applications. The advantages, disadvantages and applications are presented for each. 
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Figure 2: Morphometric fruit measurements, in frontal (left) and lateral (right) plane of fruits of 
. : Length, : Width, : Thickness, --- Dashed line denotes the surface of the fruit that was 

used to calculate its area and perimeter. : Bristle density as the number of bristles intercepting a 
diagonal line. Alfa  and beta  are angles. : apex length. Note that  angles higher than 
180° correspond to cordate fruits. In contrast, angles lower than 180° correspond to truncate or 
attenuate fruit base shape, among others. 



Figure 3: Extraction process of Carbohydrate rich bixin extract (CRB) using solvents for extraction 
and further purification.  

Figure 4: Schematic extraction process of Carbohydrate rich bixin, CRB and bixin crystals. 



Figure 5: Annatto mild alkaline aqueous extraction   





Figure 6: Schematic representation of Bixin or CRB microcapsule. The orange particles represent the 
colorant particles encapsulated with a wall material. The solvent extractable bixin is present on the 
particle’s surface. 

















Figure 7: Diagram of a production process of the annatto colorant. It schematizes the most important 
outcomes of each of the operational units developed in this thesis.   
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Figure 8: Morphological and phytochemical characteristics of samples collected in Los Yungas of La 
Paz, Bolivia. Samples were classified into 3 groups. Group A has 2 subgroups, group B has 2 
subgroups and group C has 4 subgroups. The most important characteristics of each group of the 
fruits are summarized to the right of the figure. The * symbol represents samples of managed cultivars. 
From Paper I.     
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Figure 9: Encapsulation efficiency of colorant particles that have comparable particle sizes. The 
figure shows encapsulation efficiencies of colorant particles encapsulated with native carbohydrates 
(CRB-encap, D3,4 = 7.7 μm), sucrose (D3,4  7 μm), maltodextrin (MD, D3,4   4.4 μm) and a mixture 
of maltodextrin and gum arabic (MD-GA, D3,4   4.4 μm). Bixin particles (yellow) and CRB particles 
(green). Higher encapsulation efficiencies are obtained for colorant particles containing the native 
carbohydrates (CRB systems). From Paper II. 



Figure 10: Physical stability of bixin and annatto (CRB) colorant particles aqueous dispersions 
obtained by dissolving the colorants’ microcapsules. Turbiscan Stability Index is graphed as a function 
of time (Days). Higher indexes are observed for bixin particles compared to annatto (CRB) particles 
for the same particle sizes. The systems presented are: Annatto (A), A-encap, B-MD, B-MD-GA, A-
MD and A-MD-GA in 0.3 mg/ml. From Paper II. 





Figure 11: Photobleaching modeling on powder bed microcapsules. Optical geometrics are used to 
describe the absorption and scattering characteristics of the powder beds under a total irradiation 
dose. a) Iq is the light intensity of the lamp, and z axis describes the depth of the powder bed. The total 
Bixin surface load B(t) is the integration of the local concentration of bixin b(z,t) over the depth of the 
powder bed. B(t) decreases with the total irradiation dose Q. b) The graphs show exponential 
degradation of bixin B(t) in a liquid exposed to a radiation dose Q; local concentration b(z,t) as a 
function of depth (z) and time (t); and the local light intensity Iq as a function of depth at time t(0) and 
t(1) (Model 1). c) Linear decay of the bixin load as a function of irradiating dose, with only absorbance 
and no light scattering of the powder bed (Model 2). d) Exponential degradation of bixin load as a 
function of the irradiation dose, with absorbance and light scattering of the powder bed (Model 3). 
From Paper III. 







Figure 12: Total content of bixin, , in a sample as a function of accumulated 
total exposure, . The slope of the curve corresponds to bixin quantum yield, 
which is the same in all curves, . The curves are constructed based on the numerical solution 
of the modeled equations in paper III. In graph the scattering of the full sample, S, is varied.   
(no light scattering is assumed, Model 2),    ,  ,   (  
corresponds to Model 3, . The total bixin load  for a 
powder bed of 70 g/m2and about   From Paper III. 



Figure 13: a) Light degradation of colorant microcapsules applied in candies.  The graphs present 
bixin fraction B/B(0) as a function of absorbed irradiation dose . Extracted 
from Paper IV. b) Light degradation curves of the powder beds of unprotected colorants and colorant 
microcapsules. Extracted from Paper III and IV. 





Figure 14: Quantum yields of unprotected colorants Bixin (B), Annatto (A) and spray-dried Annatto 
(A-encap) in solid state (blue markers), as well as quantum yields of bixin microcapsules (orange 
markers) and annatto microcapsules (green markers). Purple dots are quantum yields of A-encap, A-
Sucrose and A-MD dispersed in candy (C) matrix.  The error bars observed were calculated from the 
standard deviation of the slope of the degradation process of each system. Degradation processes 
monitored by UV-vis spectroscopy are denoted by circles and processes monitored by HPLC are 
denoted by triangles. The y axis is presented in logarithmic scale. From Papers III and IV.  





Figure 15: Quantum yield of bixin and annatto microcapsules as a function of their 
microencapsulation efficiency EE, obtained from Curi-Borda et al. (20). A significant correlation with 
F2,9 = 18.6, P < 0.05 and R2 = 0.67 is observed. The label subscripts are the sample’s colorant 
particle size diameter D4,3. Error bars of the quantum yield represent the standard deviation of the 
slope of each degradation process. Error bars for the encapsulation efficiency represent the standard 
deviation of several measurements of EE. Extracted from Paper II and III.  



Figure 16: a) Fraction of panelits who perceived a color difference between pairs of candy systems 
containing A-encap, A-Sucrose and A-MD as coloring agents. The concentration of the colorants in 
the candies were 3, 1.3, and 0.6  for A-encap, (A), A-Sucrose (Suc) and A-MD (MD), 
respectively. The numbers represent the replicate. b) Differences in color C(a*,b*) as a function of 
absorbed irradiation dose  for candies containing A-encap, A-Sucrose and A-MD 
as coloring agents. Extracted from Paper IV. 
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