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Astaxanthin (ASX) is a natural biological antioxidant acceptable as a dietary 
supplement and food colorant. ASX has unique molecular characteristics which form 
stable formations in the presence of metal ions. This study aims to analyze the 
astaxanthin-Cu complex using FTIR, SEM-EDS, and XRD. The synthesis of the 
complex carried on ratios 1:1, 1:2, and 2:1. Complex formation was determined using 
UV-Vis spectrum and then confirmed using FTIR. Although the profile spectrum UV-
Vis has no differences between ratios, FTIR analysis showed an interaction between 
ASX with Cu. The SEM-EDS microstructure analysis showed that the ASX-Cu 
complex is a more regular form than astaxanthin alone. The analysis results based on 
X-ray diffraction showed that the crystal of astaxanthin, Cu, and each complex had 
different structures, asymmetric, and atomic arrangements. In conclusion, the ASX-Cu 
complex with a ratio of 1:1, 1:2, and 2:1 has been successfully made at the incubation 
time of 5 minutes at 20oC. 
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INTRODUCTION 
 
Astaxanthin (3,3'-dihydroxy-â, â'-carotene-4,4'-dione) 
(ASX), a red carotenoid pigment that does not have pro-
vitamin A activity, is a natural biological antioxidant found 
in various types of plant, algae, and biota of the sea [1]. ASX 
is considered the second most important carotenoid in the 
global market, with an income of around USD 288.7 million 
in 2017, and it is anticipated that it might be doubled by 2022 
[2]. ASX has been approved for its safety application either 
as a dietary supplement or food colorant by the European 
Commission and The United States Food and Drug 
Administration (USFDA) in the food and beverages 
industries [3,4]. ASX has gained much interest in recent 
years as a human dietary supplement due to its antioxidative 
properties, which are ten times higher than β-carotene and 
100-times higher than α-tocopherol [5,6]. Besides, ASX has 
multiple pharmacological benefits, such as antioxidant, anti-
inflammatory, immunomodulatory, anticancer, and 
antidiabetic activities [7–11].  

Free radicals and reactive oxygen species (ROS) will 
initiate cell oxidative damage. Both molecules have high 
reactivity, and their excessive production may damage the 
cellular machinery such as proteins, lipids, and DNA via 
radical chain reaction [12]. ASX can effectively protect fatty 
acids and biological membranes due to oxidative damage 
through its conjugated double bonds. The conjugated double 
bonds counteract the free radicals by donating its electron to 
produce a more stable output and terminate the free radical 
chain reactions [1]. Further, by reducing lipid peroxidation, 
ASX can reduce the cytotoxicity caused by glycated proteins 
[13,14]. During the reaction with O2, energy is transferred 
from O2 to the ASX molecule, turning it into an energy-rich 
triplet state. ASX in the triplet state can return to its basic 
state by releasing energy in heat, allowing the ASX molecule 
to accept oxygen. Interestingly, ASX demonstrated the best 
scavenging activity for peroxyl, and hydroxyl radicals than 
other carotenoids, with the scavenging activity of HO• 
reaching 66% and 17% greater than Trolox and quercetin, 
consecutively [15].  
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The unique molecular structure of ASX may enable the 
stable complexes formation with metal ions, such as Ca2+, 
Cu2+, Pb2+, Zn2+, Cd2+, and Hg2+ [16,17]. Instead, the 
presence of metal cations induces the maximum absorption 
of ASX and gives a more red color [16]. In contrast, another 
study reported that ASX does not form chelate complexes 
with Cu2+ ions, but the electron transfer was still occurred 
[18]. Interestingly, ASX in a complex form with metals has 
shown better electron donor and electron acceptor properties 
than ASX alone [16]. A previous study reported that 
complexation ASX with copper chloride might improve and 
stabilize its antioxidant properties [19]. Despite the fact that 
transition metals such as Cu, Fe, and Zn are needed in small 
amounts in the diet as micronutrients, the complexes 
synthesis of ASX with metal ions may be expected to have a 
beneficial impact on the ASX action mechanism [20]. 
Subsequently, our current study is trying to analyze the 
physicochemical properties of ASX interact with Cu2+ as 
complexes that would add the new insight of ASX 
biofunction. 

 
MATERIALS AND METHODS 
 
Materials 
 
Pure Astaxanthin was purchased from Sigma-Aldrich 
(SML0982 CAS No 472-61-7). Ethanol (absolute) and 
CuSO4.5H2O were purchased from Merck. Deionized water 
was used in all experiments. 
 
Methods 
 
Preparation of Astaxanthin Stock Solution 
 
A 0.167 mM Astaxanthin stock solution was prepared by 
weighing 10 mg of astaxanthin powder and transferred into 
100 ml volumetric flask. After adding a small volume of 
ethanol, the volumetric flask was gently swirl until the 
astaxanthin powder dissolve. As the astaxanthin is 
completely dissolved, the volume was added up to 100 mL 
with ethanol and mixed thoroughly by inverting it several 
times [18]. The astaxanthin solution is kept in the aluminium 
foil wrapped bottle and ready to use. 
 
Preparation of CuSO4.5H2O Solution 
 
A 0.04 M CuSO4.5H2O solution was prepared by weighing 
1.2 mg of CuSO4.5H2O and dissolve in a small volume of 
distilled water. Once completely dissolved, the stock  
 
 
 
 
 

solution of CuSO4.5H2O was dilute with distilled water to 
final volume of 120 ml and mixed thoroughly by gentle 
swirling.  
 
Preparation of Astaxanthin-Cu Complex Solution 
 
The astaxanthin stock solution and CuSO4.5H2O stock 
solution were diluted to concentrations of 0.04 mM and 0.02 
mM. The complex was made in ratio 1:1, 1:2, and 2:1. The 
CuSO4.5H2O solution was mixed into the astaxanthin 
solution while stirring gently for 5 minutes at a temperature 
20°C. The Astaxanthin-Cu complex solution is now ready to 
analysis. 
 
Spectrum UV-Vis Analysis 
 
Complex formation based on UV-Vis spectrum profile is 
determined using Genesys 10 UV at a wavelength of 200-
800 nm equipped with 1.0 cm quartz cells at room 
temperature. 
 
Fourier-Transform Infrared (FTIR) Spectroscopy 
Analysis  
 
All samples were lyophilized using a freeze dryer. The 
lyophilized sample (1 mg) and KBr were homogenized into 
a powder and then compacted on a disc. Samples were 
analyzed on an FTIR spectrometer (Shimadzu 8400S) in the 
range of 400–4000 cm−1 at room temperature. Pure KBr 
disks were used for zeroing. 
 
 SEM-EDS Analysis 
 
Samples in the form of freeze-dried powder were carried out 
on Al 12 mm pin stub with a carbon tape base, then air-dried 
in a chamber containing silica gel. The instrument used was 
SEM (FEI Quanta FEG 650) FE-SEM type, equipped with 
INCAx-act_80952 X-act Oxford Instrument detector and 
AztecOne EDS software. The EDS settings are performed at 
low vacuum, 10 kV, pressure 80 Pa, spot 4, dwell t 1 us, WD 
10 mm, SEM Image detector LFD (SE image). 
 
X-ray Diffractometry (XRD) Analysis  
 
The freeze-dried powders of samples were packed tightly in 
a rectangular aluminum cell. The samples were exposed to 
the X-ray beam from an X-ray generator running at 36 kV 
and 20 mA. The scanning regions of the diffraction angle, 
2θ, were 5–60°. Radiation was detected with a proportional 
detector. 
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RESULTS AND DISCUSSION 
 
Spectrum UV Profile 
 
The UV-Vis spectrum profile formed does not follow the 
astaxanthin but the Cu complex profile (Figure 1). However, 
the ASX-Cu profile has a higher absorbency intensity than 
the Cu ion peak. In the visible spectrum, the ASX-Cu 
complex has a higher absorbance than Cu ions and tends to 
increase. Based on the evaluation of the absorbance value of 
the complex in the UV-Vis spectrum, the complex is formed  

 
at a temperature of 20oC for 5 minutes, which applies to a 
ratio of 1:1, 1:2, and 2:1. However, the spectrum UV profile 
has no differences between ratios. The previous study 
reported that the peak of free ASX was observed at 486 nm 
[21]. The peak shift between ASX only and ASX complexes 
was due to a hypsochromic or blue shift, which occurred 
when the maximum absorbance moved towards a shorter 
wavelength. The CuCl2 absorption might interfere with the 
formation of the H-type aggregate, which indicates a tight 
association in hypsochromic shift [17].

 

 
 

Figure 1. UV Profile of ASX-Cu complexes. (A) ASX:Cu 1:1. (B) ASX:Cu 1:2. (C) ASX:Cu 2:1. The line indicated: blue = the absorbance 
of ASX, red = the absorbance of Cu, and black = The absorbance of complex. 
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Our present result demonstrated that ASX alone followed 
J-type aggregates. These molecular excitation models 
described that the individual monomers dipole of ASX was 
aligned end to end or head to tail arrangements [22]. 
Surprisingly, as we stated before, the ASX-Cu complexes 
were followed the Cu absorbance pattern (Figure 1). The 
result can suggest that the Cu molecules were attached to the 
ASX molecule's head. Besides, a previous study 
demonstrated that the synthesis of ASX with CuCl2 at room 
temperature might attach these two molecules to form 
complexes through the carbonyl and hydroxyl groups 
interaction [19]. The appearance of a shoulder at 600 nm in 
ASX complexes  (Figure 1A-C) might be from the electron 
transfer from ASX to the metal ion, leading to the formation 
of ASX radical cation, which has high stability [18]. 

FTIR Analysis 
 
The ASX-Cu complex was characterized based on the FTIR 
profile to investigate the formed complexes between ASX 
with Cu for further observation. ASX is a large polyene chain 
terminated with singly unsaturated chiral rings. A reduction 
in the intensity at a wave number of 1664-1552 cm-1 
indicates a change in the group and the formation of bonds 
with Cu, which can be seen as vibrations at a wavenumber 
of 1000-500 cm-1. Increasing absorption of 1000-500 cm-1 in 
the three complexes compared to ASX alone indicates the 
presence of metallic bonds with donor atoms of ASX (Figure 
2).

 
 

 
 

Figure 2. FTIR profile of ASX-Cu Complexes. 
 
The typical peaks of ASX at 1651, 1552, 976, and 960 

cm−1 were assigned to the C–O, C=C, and C–H stretching 
vibration peaks of the molecular skeleton, respectively 
[23].  Figure 2 exhibits the FTIR spectra of astaxanthin, 
astaxanthin-Cu 1:1, 1:2, 2:1. The ASX characteristics 
revealed absorption bands at 3010 cm-1 for the trans 
−CH=CH, 2925 and 2855 cm-1 for asymmetric and 
symmetric stretching of the CH2, 1650 or 1654 cm-1, which 
may reflect the shift of C=O mainly to the presence of 
hydrogen bond in dimer form, 1552 cm-1 is assigned for C=C 
stretching vibration in the aromatic ring, 1280 and 1074 cm-

1 is attributable to C-O stretching vibrations, and 972 cm-1 
for the trans conjugated alkene −CH=CH− [24–26]. A 
reduction in the intensity at a wave number of 1664-1552 cm-

1 indicates a change in the group and the formation of bonds  

with Cu, which can be seen as vibrations at a wavenumber 
of 1000-500 cm-1. Increasing absorption of 1000-500 cm-1 in 
the three complexes compared to ASX alone indicates the 
presence of metallic bonds with donor atoms of ASX. A 
previous study demonstrated that the increased charge of 
metal ions was due to the weakening of C−O bonds, which 
further form an oxidation state during the transition [27]. 
ASX can form chelate complexes with metal ions such as Cu 
because of the presence of hydroxyl (–OH) and keto (C=O) 
groups at position(s) C3(C3’) and C4(C4’) symmetrically on 
both cyclohexene rings [28]. A previous study demonstrated 
that the interaction of Cu with ASX was detected in the FTIR 
by a peak at the wave number 600-400 cm-1, which indicated 
a Cu-O group bond [17]. 
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Microstructure Analysis (SEM-EDS) 
 
SEM-EDS analysis is a non-destructive analysis technique 
that uses electron radiation to produce a typical x-ray 
emission for each element. Scanning electron microscopy 
micrograph showed differences in surface microstructure in 
astaxanthin-Cu. Pure astaxanthin was an irregularly lumpy 
crystal. After synthesizing, the astaxanthin-Cu complex 
showed a regularly tubular form. The size of the complex 
reduces on ratios 1:2 and 2:1. The  

 
EDS spectrum of the ASX-Cu complex presented peaks 
corresponding to carbon, oxygen, and Cu elements that 
confirmed the elemental composition of the complex. EDS 
shows the percentage range of the elements in the complex 
astaxanthin-Cu, visualized in the adequate voltage range 
(keV), counted in seconds per electron-volt (cps/eV). The 
presence and distribution of Cu are found in the astaxanthin-
Cu complex, whereas a single ASX is not detected for the 
presence of Cu (Figure 3).

 

 
 
Figure 3. Surface Microstructure and EDS Results of ASX-Cu Complexes. (A) ASX only; (B) ASX:Cu 1:1. (C) ASX:Cu 1:2. (D) ASX:Cu 
2:1. 
 
Table 1. The percentage range of the elements 
 

Element 
Pure Astaxanthin Astaxanthin: Cu 1:1 Astaxanthin: Cu 1:2 Astaxanthin: Cu 2:1 

Weight % Weight % 
Sigma 

Weight % Weight % 
Sigma 

Weight % Weight 
% Sigma 

Weight % Weight % 
Sigma 

C 83.10 0.96 38.08 0.93 20.08 1.30 35.40 1.07 
O 16.90 0.96 52.80 1.10 49.55 1.43 44.14 1.08 
Cu - - 38.08 1.10 29.77 1.42 20.45 1.00 
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Pure astaxanthin has a strong peak at 0,28 keV confirm 
the presence of the C element, while a low peak at 0,523 keV 
confirms the presence of the O element. Otherwise, complex 
ASX-Cu has a strong peak at the O element and a low peak 
at the C element. Most of these peaks are X-rays given off as 
electrons return to the K electron shell. Cu has a strong peak 
at 0,94 keV and a low peak at 0,80 keV on pure ASX and 
complex ASX-Cu. Most of these peaks are X-rays given off 
as electrons return to the L electron shell. The interaction of 
Cu on astaxanthin causes decreasing the cps/eV value of the 

C element but increasing one of the O elements. Based on its 
molecular structure, astaxanthin has unique properties.  
 
Results of XRD 
 
The crystalline status of ASX, Cu, and ASX-Cu was 
determined based on X-Ray diffraction analysis. The 
diffractograms results revealed that ASX has several sharp 
peaks at 2θ 10-300o while the Cu peak is at 2θ 20-800o. After 
forming the complex, the ASX-Cu peak lies at 2θ 20-800.

 

 
 

Figure 4. Diffractograms of Astaxanthin-Cu complex. (A) ASX only; (B) ASX:Cu 1:1. (C) ASX:Cu 1:2. (D) ASX:Cu 2:1. 
 
Peak XRD ASX resembles that presented by Pan et al. 

[25]. This suggests that ASX mainly exists in a crystalline 
form. Intriguingly, our present studies depicted that Cu has 
the most intense peaks compared to the ASX peaks pattern. 
In contrast, these intensity peaks were reduced in Cu-ASX 
A1-C1 (Figure 4). This suggests that Cu has shifted from a 
crystalline to an amorphous state in the complex [29]. The 
amorphous state exhibit an advantage through the higher 
solubility of the complex formed than the unprocessed 
materials [30]. 

Further, it is observed that the results of the astaxanthin-
Cu diffractogram are more similar to the Cu diffractogram 
than ASX. This is in line with the UV spectrum profile of 
ASX-Cu, which is closer to the Cu spectrum profile than 
ASX. The peak of the ASX-Cu diffractogram at a location 
greater than 300 shows a change in the crystalline structure 
of ASX after interacting with Cu. The difference in the 
position of the peak diffractogram on ASX, Cu and the 

complex shows that there are differences in crystal structure. 
The number of diffractogram peaks in ASX, Cu or the 
complex indicates that the structure of crystalline formed is 
not symmetrical. The difference in the intensity of the 
diffractogram peaks in ASX, Cu and the complex shows the 
different arrangement of atoms in the crystal. In conclusion, 
the results showed up to now are that the ASX-Cu complex 
has been successfully made with a ratio of 1:1, 1:2, and 2:1 
at the incubation time of 5 minutes at 20oC. Further research 
is required to examine the ASX-Cu complexes and their 
pharmacological properties for suitable nutraceuticals in the 
future. 
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