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ABSTRACT 

This study aimed was to determine the optimal ratio, duration, and temperature reaction to form the astaxanthin-
metal ions complex based on the UV-Vis spectrum profile and confirmation of complex formation using FTIR. The 
method used consists of the synthesis of the astaxanthin-metal ions (Cu2+ and Zn2+) and the determination of 
complex formation based on the UV-Vis spectrum profile which is evaluated at a wavelength of 190–790 nm. Then 
the selected complexes were analyzed for their functional groups using FTIR at wavenumbers of 400-4000 cm-1. 
Astaxanthin-metal ions complex was successfully synthesized and characterized by UV-Vis and FTIR. The optimal 
ratio, temperature, and stirrer time for astaxanthin-Cu2+ are (3:1), 78oC, and 5 minutes, while astaxanthin-Zn2+ is 
(1:1), 78oC, and 15 minutes, respectively.          
Keywords: Astaxanthin, Cu2+, FTIR, Metal Ions, UV-Vis, Zn2+. 
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INTRODUCTION 
Oxidative stress is one of the contributing factors to the emergence of various problems in the cellular 
environment.1 Oxidative stress occurs because free radicals number exceed the number of antioxidants 
that become cell defense capacity.2 Free radicals are defined as compounds, molecules, or atoms that have 
unpaired electrons in their outermost orbitals.3 These electrons are unstable, tend to be reactive and attract 
electrons from nearby molecules.4 Antioxidants are necessary to balance the condition. One antioxidant 
that has high levels of radical scavenger is astaxanthin. Astaxanthin is a terpene lipophilic compound that 
has polyene chains capable of stabilizing free radicals.5 The radical scavenger mechanism performed by 
astaxanthin is carried out in three ways namely SET (single electron transfer), radical adduct formation, 
and HAT (hydrogen atom transfer).6 In addition to being a radical scavenger, astaxanthin has also been 
proven to play a role in the stability of human serum albumin protein and glycated human serum albumin 
by preventing protein unfolding.7 Astaxanthin bioinorganic complexes with metal cations were known to 
produce chelating metal ions as antioxidants due to the useful properties of metal cations in donors and 
electron acceptors referred to as Lewis acid-base.8,9 Metal ions play an essential role in many biological 
processes due to the specific role that only those metals have.10 It can improve the ability of astaxanthin as 
a radical scavenger of free radicals. Some metal ions that can be coordinated with astaxanthin are Cu2+ 
and Zn2+. Cu is one of the essential metals required in various catalytic processes. Cu in the form of metal 
ions (Cu2+) can form coordination bonds with oxygen atomic donors. This makes Cu2+ metal ions capable 
of binding with four oxygen atoms of astaxanthin.11 Zn has a fully charged d10 valence atomic orbital 
making it more stable.12 Also, Zn is an essential component involved in almost all functional aspects of 
the body, such as in the human proteome, Lewis acid-base with proteins, and maintaining the structure of 
catalysis enzymes.13  
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The aim of this study was to determine the optimal ratio, duration and temperature reaction to form the 
astaxanthin-essential metal ions (Cu2+ and Zn2+) complex and determine the physicochemical 
characteristics of the astaxanthin-essential metal ions complex based on UV-Vis and FTIR analysis. 
 

EXPERIMENTAL 
Materials 
Astaxanthin (SML0982, CAS No 472-61-7) from Sigma-Aldrich, Ethanol Absolute, Aquades, Zn2+ and 
Cu2+. 
 

Synthesis of Astaxanthin-Essential Metal Ions Complex 
Astaxanthin stock solution, according to Polyakov, is made by weighting as much as 10 mg then 
dissolved in 100 mL ethanol (0.167 mM) and after that was diluted, which results in variations of 
astaxanthin concentration between Cu2+ (1 µM, 2 µM, and 3 µM) and Zn2+ (2 µM and 20 µM).14 These 
variations are based on the characteristics of each metal. For stock solution, Cu2+ is made with 
CuCl2.2H2O (2.56 mg) in 15 ml aquades then used as a working solution with a concentration of 1 μM. 
As for Zn2+ made by dissolving ZnCl2 (4,32 gr) in 100 ml aquades, then diluted into working solutions 
with concentrations of 20 μM and 40 μM. In the formation of complex, treatment given includes stirrer 
time (5 and 15 minutes), temperature (20oC, 37 oC and 78 oC) and complex ratio of (astaxanthin : metal 
ions) such as for Cu2+ (1:1, 2:1 and 3:1) then Zn2+ (1:1, 1:2, 0,1:1 and 0,1:2). Temperature conditioning is 
carried out on a water bath placed on top of magnetic stirrers (Cimarec Thermom SP-88850105) at a 
speed of 110 rpm. 
 
UV-Vis Spectroscopic Characterization 
Compound profiling using a UV-Vis Spectrophotometer (Genesys 10 UV). Each sample was reviewed 
for UV-Vis spectrum profile with a wavelength of 190-790 nm, using a turbo scan survey mode (accuracy 
of 5 nm). The spectrophotometer calibration was performed using absolute ethanol. 
 
FTIR Spectroscopic Characterization 
Confirmation is carried out by FTIR because it can determine changes in functional groups in a 
biomolecule.15-18 Functional groups and confirmation of complex formation using FTIR (Shimadzu 
8400S). Samples were previously freeze-dried to increase the translucency of the samples for FTIR 
analysis.19 Freeze dry of the sample is done by placing the sample into the freezer at a temperature of -
25oC. The frozen sample was then transferred to a freeze dryer at -50oC with a vacuum pressure of 5 mpa. 
Freeze-dried samples are then added to the KBr compound before being put into the FTIR device. The 
data read from FTIR is a wavenumber in the range of 400-4000 cm-1. Confirmation of the complex 
formation based on peaks at the wavenumber 600-400 cm-1, which indicates the presence of metal bond 
groups in astaxanthin. 

RESULTS AND DISCUSSION 
UV-Vis Profile of Astaxanthin 
In this study, astaxanthin was divided into two groups, which are complexed with Cu2+ and Zn2+. 
Astaxanthin profiling to be complexed with Cu2+ begins with duration treatment, and the reaction 
temperature is given at concentrations of 1, 2, 3 and 20 μM at temperatures of  20oC, 37oC, and 78oC for 5 
and 15 minutes. A temperature of 20°C is used to create a complex to determine how complex conditions 
are at room temperature. A temperature of 37°C is the body temperature as a reaction condition when the 
complex has been consumed. An increased temperature of 78°C is applied to achieve sufficient activation 
energy.20 All astaxanthin samples have a peak at wavelengths of 475-480 nm. The astaxanthin code 
begins with Ax for astaxanthin and followed by the sample concentration (Ax(1) for 1 μM, Ax(2) for 2 
μM, Ax(3) for 3 μM and Ax(4) for 20 μM, then the amount of stirrer time (5 minutes and 15 minutes) and 
ends with an incubation temperature value of 20, 37 or 78 (oC). Astaxanthin (1 µM) with  Ax(1).15.20, 
Ax(1).5.20, dan Ax(1).5.37 codes have absorbance in the range of 0,256-0,277 Å. Ax(1).15.37, 
Ax(1).5.78, dan Ax(1).15.78 samples have higher absorbance of 0.313-0.457 Å. The astaxanthin 2 μM 
sample at various durations and reaction temperatures had a slightly different absorbance peak of  0.370, 
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0.371, 0.391, 0.417, 0.425 Å and at Ax(2).15.78 had a high-rise absorbance peak of 0.772 Å. The 
Ax(3).5.78 sample had the highest absorbance peak of 0.705 Å and Ax(3).15.78 at 0.247 Å resulting in 
the lowest absorbance (Fig.-1).  
 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Fig.-1: UV-Vis Spectrum Profile of Astaxanthin at Various Reaction Duration and Temperature 
 

Astaxanthin 20 µM (Fig.-1) with a reaction duration of 5 and 15 minutes at 20 and 37°C has a peak at a 
wavelength of 475-480 nm with an absorbance of 1.018-1.238 Å. Different results were shown for the 
reaction duration of 5 and 15 minutes at 78°C. Astaxanthin 20 μM with a reaction duration of 5 minutes at 
78°C (Ax(4).5.78) produced a peak at a wavelength of 485 nm with an absorbance of 2.586 Å while for a 
reaction duration of 15 minutes at the same temperature, the absorbance increased to 3.004 Å at the same 
wavelength. Ax(4).15.78 appears to peak in the UV spectrum with a wavelength of 220 nm absorbance of 
1.321 Å. From Fig.-1, it can be concluded that astaxanthin with higher concentration has higher 
absorbance. Also, the reaction temperature of 20°C and 37°C produced different spectral profiles, but it 
was not significant at the reaction time of 5 minutes and 15 minutes at both temperatures. In contrast, the 
reaction temperature of 78°C resulted in a significant increase in absorbance compared to the reaction 
temperatures of 20°C and 37°C, especially at the reaction duration of 15 minutes. Thoen stated that 
astaxanthin's peak is at a wavelength of 480 nm. The UV-Vis spectrum profile of the astaxanthin sample 
shows peaks in both UV and visible areas.21 The peak astaxanthin in the UV spectrum shows cis-
astaxanthin, while the peaks in the visible area show the structure of the trans-astaxanthin structure.22 The 
UV-Vis spectrum profile of the astaxanthin sample at a typical treatment temperature of 78oC is shown by 
the absorbance of the peak, which is much different from the treatment at 20oC and 37oC. It is possible 
because of the isomerization of the astaxanthin structure. At a temperature of 70 oC, astaxanthin 
undergoes isomerization from All-E-astaxanthin's structure to 9Z-astaxanthin and 13Z-astaxanthin. E-
astaxanthin and Z-astaxanthin's structure is a structure based on the nomenclature E-Z notation.23 E stands 
for entgegen, which means the opposite, while z stands for zusammen that means together. E notation is a 
trans structure, named after the astaxanthin structure, which has a pair of OH and O groups located on 
opposite sides of the polyene chain. In comparison, z notation is a cis structure, namely for astaxanthin 
with OH and O groups located on the same side. 
 
UV-Vis Profile of Metal Ions (Cu2+ and Zn2+) 
A UV-Vis spectrum profile characterized Cu2+ metal ion samples at various reaction durations and 
temperatures. The Cu2+ metal ion sample used had a concentration of 1 µM. Treatment of reaction 
duration and temperature used is the same as astaxanthin. The Cu2+ metal ion used is in the form of a 
CuCl2.2H2O salt solution. All Cu2+ samples in various treatments of reaction duration and temperature had 
a peak at a wavelength of 205 nm (Fig.-2A). The absorbance peak of each Cu2+ sample also has a minimal 
difference, so that it can be said to be almost the same. The location of the peak and the absorbance is the 
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same because they have the same concentration. Besides, the temperature and reaction time does not 
affect the difference in the UV-Vis spectrum profile of Cu2+ metal ions. This metal ions sample peak lies 
at a wavelength of 205 nm, which is the UV region. The characterization of the UV-Vis spectrum profile 
of CuCl2.2H2O was also carried out by Ong, CuCl2.2H2O which was stirred for 14 hours at room 
temperature had a peak at 235 nm.24 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.-2: UV-Vis Spectrum Profile of (A) Cu2+ and (B) Zn2+ at Various Reaction Duration and Temperature 
 

Furthermore, the Zn2+ metal ion was divided into two concentrations, which are code A for 20 μM and D 
for 40 μM (Fig.-2B). The UV-Vis Zn2+ spectrum profile with a concentration of 20 μM with a reaction 
duration of 5 and 15 minutes at 20, 37, or 78 (oC) has similarities to the spectrum profile. It can be seen 
from the peak at a wavelength of 195 nm with an absorbance of 0.472-0.514 Å. The UV-Vis spectrum 
profile of Zn2+ with a concentration of 40 μM has the character of a peak at 195 nm for the reaction 
duration of 5 and 15 minutes at a temperature of 20 and 37°C with an absorbance of 0.634-0.657 Å. The 
reaction temperature treatment of 78°C showed different results with the treatment at 20 and 37°C. The 
peaks were at a wavelength of 200 nm for both reaction durations with absorbances for reaction durations 
of 5 and 15 minutes of 0.752 and 0.725 Å, respectively. Based on the UV-Vis profile of the single Zn2+ 
compound, it can be determined that the Zn2+ solution with a concentration of 20 μM has a peak at a 
wavelength of 195 nm at all duration and temperature of the reaction and the absorbance difference is 
insignificant. Meanwhile, a single Zn2+ compound with a concentration of 40 μM has a peak at a 
wavelength of 195 nm, which occurs only at a reaction temperature of 20°C and 37°C for both reaction 
durations. Whereas at a temperature of 78°C, it has a peak at a wavelength of 200 nm in both duration of 
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the reaction with an absorbance of 0.725-0.752 Å. Trivedi stated that the maximum absorbance of ZnCl2 
is in the UV region at a wavelength of 197.6 nm. The shifting of Zn2+ spectrum profile is possible due to 
the influence of temperature and different solvents from the literature.25 

 
UV-Vis Profile of Astaxanthin-Metal Ions (Cu2+ and Zn2+) Complex 
Astaxanthin-Cu2+ (Fig.-3), which has been reacted at various durations and temperatures is then analyzed 
by complex formation based on UV-vis spectrum profiles. The concentration of astaxanthin used is 1, 2, 
and 3 μM while Cu2+ with a concentration of 1 μM. The code for astaxanthin-Cu2+ complex begins with 
the ratio code (Astaxanthin : Cu2+) i.e. K1 (1:1), K2 (2:1) and K3 (3:1). After that followed by a stirrer 
time of 5 or 15 minutes and incubation temperatures of 20, 37 or 78 (oC). Complex profiles with code 
K1.5.20 have an absorbance peak of 0.109 Å, which is the highest at a ratio of 1:1, while K2.5.37 at 0.141 
Å, and K3.5.78 at 0.153 Å.  
 

 
 
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Fig.-3: UV-Vis Profile of the Astaxanthin-Cu2+ Complex (A) Ratio (1:1) , (B) Ratio (2:1), (C) Ratio (3:1) 
 

The absorbance peak of the complex with 3:1 ratio is 0.153 Å indicates the highest absorbance peak 
compared to the 1:1 and 2:1 ratio complexes, so the greater the concentration of astaxanthin at the 
complex ratio then the absorbance peak is also more significant. The temperature treatment affects the 
immense absorbance value of the UV-Vis spectrum profile, the higher the reaction temperature, the 
absorbance peak value is also higher. From these results, four samples were selected that had the highest 
peak of any ratio group to continue its analysis using FTIR. The selected complexes are K1.5.20, K2.5.37, 
K3.5.20 and K3.5.78. The concentrations of astaxanthin used in forming astaxanthin-Zn2+ complex were 
2 and 20 µM which would be complexed with metal ions Zn2+ with concentrations of 20 and 40 µM. 
Astaxanthin-Zn2+ complex was given a code starting with the complex ratio (Astaxanthin : Zn2+), namely 
A (1:1), B (1:2), C (0.1:1) dan D (0.1:2) (Fig.-4). Furthermore, the stirrer times are 5 and 15 minutes, and 
then the incubation temperatures are 20, 37 or 78 (oC). Complexes A, B, C, and D generally show a 
similar pattern of UV-Vis spectrum profiles, although the ratio of astaxanthin-metal concentrations in 
each sample is different. The astaxanthin-Zn2+ complex which forms a bioinorganic complex based on the 
UV-Vis spectrum are A.15.78 ratio (1:1), B.15.78 ratio (1:2), C.15.78 ratio (0.1:1), and D.5.78 ratio 
(0.1:2). Samples were selected based on the highest absorption peak, and this selection is the same as the 
previous astaxanthin-Cu2+. Overall, there is a peak shift when compared between single astaxanthin and 
complexes A, B, C or D. This condition is referred to as a blue shift. Hypsochromic shift or blue shift is a 
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shift in the maximum absorbance towards a shorter wavelength.26 Simonyi stated that the occurrence of 
hypsochromic shift indicates tight association which is often referred to as H-type or card-pack 
aggregate.27 Shuaith states that the H-type aggregate can be caused by interference from the absorption of 
copper chloride.20 It is due to the formation of a complex between the metal chlorides molecule 
astaxanthin at high temperatures. From this explanation, the peak shift towards hypsochromic occurs in 
astaxanthin-Zn2+ complex due to the presence of ZnCl2 which is a metal chlorides salt complexed with 
astaxanthin. The hypsochromic shift can also occur due to atomic conjugation removal and solvent 
polarity.26 In general, if a molecule absorbs UV or Vis radiation energy, the molecule is called a 
chromophore.28  
 
 
 
  
 
 
 
 
 
 
 
  

 
 
 
 
 
 
 
 
 
 
 

Fig.-4: UV-Vis Profile of the Astaxanthin-Zn2+ Complex (A) Ratio (1:1), (B) Ratio (1:2), (C) Ratio (0.1:1), (D) 
Ratio (0.1:2) 

Like other carotenoid groups, the astaxanthin molecule consists of polyene carbon chains, namely carbon 
chains that are single and double-bonded (conjugated) and arranged alternately. This backbone structure 
is the chromophore of astaxanthin.29 During the reading of the UV-Vis spectrum, the sample is exposed 
using UV-Vis waves, and the chromophore receives the energy appropriate for electron excitation. Some 
of the energy will be absorbed as π-bonding or n- electrons to be transferred to higher energy orbitals. 
Electron transitions usually occur from bonding or nonbonding to antibonding which is marked with an 
asterisk symbol or (*) above the transition symbol.30 Yadav stated that hypsochromic occurs when the 
electron transition occurs from n  π* and π π*. The n  π* transition is an R-Band transition while 
the π π transition is a K-Band transition.26 The maximum absorbance of astaxanthin occurs at a 
wavelength of 478 nm in ethanol solvent, at that wavelength, there is a transition from the conjugated 
molecule orbital π π* or called the K-Band.20 
 

FTIR Profile of Astaxanthin-Metal Ions (Cu2+ and Zn2+) Complex 
FTIR profile shows the functional groups and bonds present in a compound. The bond vibration between 
molecules produces peaks. The FTIR profile of a single Cu2+ has 4 peaks at wavenumber 452.07; 548.51; 
1613.14; and 3364.39 cm-1, while astaxanthin which shows a peak at wave number 1601.57 cm-1 shows 
group vibrations, namely (C=O), 718.23 cm-1 (=C-H), 3426.1 cm-1 (O-H), 1464.63 cm-1 (C=C) (Fig.-5A).  
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The FTIR profile of astaxanthin in this study is similar to that conducted by Shuaith.20 The FTIR profile 
of a complex compound has a different shape from its single compound and has a form that is a 
combination of a single astaxanthin profile and a single Cu. The profile of astaxanthin-Cu2+ based on 
FTIR results has shown the formation of a complex because there are functional groups that comprise it, 
namely the group (C = O), (OH), (C = C), and (= CH) at wavenumber 1830-1530 cm-1, 3550-3300 cm-1, 
1600-1430 cm-1, 3100-3000 cm-1 respectively (Table-1). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.-5: FTIR Profile of selected (A) Astaxanthin-Cu2+ and (B) Astaxanthin-Zn2+ Complex 
 

The Cu bond with astaxanthin is marked with a peak at the wave number  600-400 cm-1 indicating the 
group (Cu-O). The most optimal formulation of astaxanthin-Cu2+ complex is a 3: 1 ratio at 78oC for 5 
minutes because it has a UV-Vis spectrum profile which shows a peak in the visible area with the highest 
absorbance compared to other samples, namely 0.153. 
FTIR also confirmed this complex that it had indeed been formed due to the presence of Cu2+ metal bonds 
with astaxanthin's oxygen, which was marked by a peak at wavenumber 517.65 cm-1. The functional 
group characters of astaxanthin are (C-H), (C=C), (C=O), and (O-H).32 The functional groups (C-H) in 
astaxanthin are in wave numbers 666.16 and 1464.63  cm-1. The functional groups (C=C) are in the 
wavenumbers 970.89 and 1601.57 cm-1. The functional groups (C=O) are at wavenumbers 1653.64 cm-1 
dan (O-H ) and (O-H) are at wavenumbers 3032.65 cm-1 and 3491.68 cm-1. Also, bonds (C-O) and (C-N) 
were found in the astaxanthin sample. The functional group (C-O) is in wave number 1073.54; 1129,33; 
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1200,40; 1281.41 and 1391.34 cm-1. The functional group (C-N) is found at wave number 1034.54 cm -1. 

Zn2+ has the characters of functional groups (M-X), (M-H), (M = O), and (O-H) (Fig.-5B). 
 

Table-1: Identification of Functional Groups in Single Compounds and Selected Astaxanthin-metal Ions Complexes 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*Merck, **Stuart, ***Shuaith. 31, 32, 20 

Stuart stated that metals coordinated with atoms such as halogens, H, N, or O form infrared 
characteristics in the fingerprint region.32 The functional group (M-X) or metal-halogen is in the 
wavenumber 504.15 cm-1. The functional groups (M-H) are in wave numbers 1609.28 and 1935.23 cm-1 
The functional groups (M=O) are at wave number 1003.68 cm-1 and (O-H) are at wavenumbers 3518.68 
and 3590.04 cm-1 Metal bonds with oxygen and hydrogen because zinc chloride has deliquescent 
properties (becomes liquid) when there is  H2O in its anhydrous form.33 It is also supported because the 
group IIIB atoms have a higher cation potential, so they have a higher hydration tendency. The ability to 
hydrate is influenced by the ionization energy, affinity, and electronegativity of the atom. In the periodic 
table, the smallest atomic number in a group has the strongest properties, so that group IIIB produces 
hydration conditions (Zn2+ > Cd2+ > Hg2+). When ZnCl2 is exposed to water molecules, the molecular 
formula changes to (ZnCl2 [H2O]n; where n = 1, 1.5, 2.5, 3, dan 4). The n shows the number of water 
molecules bound by 1 ZnCl2 molecule.22 
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A.15.78 complex with ratio (1:1) has the most atomic functional groups compared to complex samples 
B.15.78, C.15.78, and D.5.78. A.15.78 complex has an atomic functional group (C-H) at wavenumber 
685.45 cm-1, (C=C) at 1622.79 cm-1, (C-O) at 1213.9; 1289.12; and 1177.26 cm-1, (O-H) at 3547 cm-1, (C-
N) at 1038.3 cm-1, (N-O) at 1522.49 cm-1, the last is (M-X) at 523.44 cm-1 (Table-1). B.15.78 sample has 
(C=C), (C-H), and (O-H) atomic functional groups, which are respectively in wavenumbers 1622.79 cm-1, 
1468.49 cm-1, and 3545.68 cm-1, respectively. C.15.78 sample has functional groups (C=C), (O-H), and 
(N-O) with wavenumbers 1626.64 cm-1, 1391.34 cm-1, 5326.4 cm-1 and 1520 cm-1. D.5.78 complex has 
functional groups such as (C-H), (C=C), (O-H), and (M-X) at 1468.49 cm-1 and 2934.29 cm-1, 162.79 cm-

1, 3545.68 cm-1, and 471.36 cm-1,respectively. From the atomic functional groups above, it is clear that the 
tendency for all complex samples to be similar to the ZnCl2 FTIR profile, but the complex A ratio sample 
(1:1) still has astaxanthin profile because of the large number of functional groups present in the 
fingerprint area. Alfanar & Notario stated that the interaction between astaxanthin-Zn2+ is in the 
fingerprint area at 533 cm-1.34 A.15.78 complex with ratio (1:1) contained a functional group between the 
metal-oxygen at wavenumber 523,44 cm-1 so that it was confirmed to form the bioinorganic chemical 
complex of astaxanthin-Zn2+. 

CONCLUSION 
The most optimal complex formulation to form astaxanthin-Cu2+ complex is a 3: 1 ratio with a reaction 
duration of 5 minutes at 78oC. This formulation is based on the UV-Vis spectrum profile, which has a 
high peak absorbance of 0.153 at a wavelength of 460-470 nm and is a solid bond so that this complex 
becomes the optimal formulation in forming a complex; besides that, it has been confirmed that the 
complex is formed by FTIR test. The physicochemical character of the complex tested using FTIR has a 
profile that shows the functional groups of the astaxanthin structure in the form of (C=O), (=C-H), (O-H), 
(C=C), and the presence of Cu2+ bonds with astaxanthin oxygen to form groups (Cu-O) at wavenumber 
600-400 cm-1. Meanwhile, in the astaxanthin-Zn2+ complex, it is known that the temperature and duration 
of the reaction affect complex formation. The astaxanthin-Zn2+ complex was formed at a reaction 
temperature of 78°C with a reaction duration of 15 minutes, marked by a peak as the astaxanthin character 
at a wavelength of about 480 nm. Based on the FTIR profile, the astaxanthin-Zn2+ complex's formation is 
characterized by the vibration of metal and oxygen bonds from astaxanthin as a ligand in the fingerprint 
area at 523.44 cm-1. Further laboratory experiments are now undergoing in our laboratory. 
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