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In plants, waxes cover the epidermal cells of fruits, petals and leaves, the cuticle
act as a physical barrier and signaling trigger against pathogens (i.e., bacteria,
yeasts, fungi, virus) and environmental conditions (i.e., wind and rain) [1,2].
Hydrocarbons, wax esters, fatty alcohols, ketones, sterols but also triglycerides
[1] have a deep impact in the physicochemical properties of waxes and therefore
determine its commercial applications (i.e. foods, cosmetic, lubricant, coatings,
polymers) [2]. However, most of those compounds contain double bonds that
can affect their quality [3] such as polyunsaturated lipids that are prone to
autoxidation [4].

The present research work aims to study the possible alterations during an
accelerated stability test of carnauba wax (one of the most widely commercially
used) and sugarcane wax (recently attracting attention since it is obtained from
plant by-products). Accordingly, samples were placed in an incubator with
controlled temperature (50 ºC) and humidity (75%) and the physicochemical
profile was evaluated by FTIR-ATR, Gas Chromatography-Mass Spectrometry (GC-
MS) and Differential Scanning Calorimetry (DSC).

Concerning both waxes, fatty alcohols content decreased throughout time from T0 to T3, probably indicating degradation by oxidation. After FTIR-ATR analysis (Figure 5) it
was possible to identify, in both waxes, vibrational bands associated to the presence of fatty alcohols in samples, which was furthermore confirmed by GC-MS analysis
(Figure 2). The Oxidation Induction Temperature (OIT) values were 256.9 ºC for Carnauba and 228.7 ºC for Sugarcane wax (Figure 3) and relating the heating rates using the
Dynamic DSC analysis with the determined OIT values it was possible to determine the Effective Activation Energy (Ea), 241.0 kJ/mol and 67.2 kJ/mol for Carnauba and
Sugarcane, respectively. These results indicates that both waxes can undergo degradation of fatty alcohols during storage, mainly in carnauba. This seems to be the main
feature related to the stability of these waxes

Results

 Fatty alcohols content decreased
throughout the assayed time;

 The most likely decomposition
reaction is scission (either α or β),
that results in a complex mixture of
secondary oxidation products (e.g.
ketones and aldehydes).

DSC Sugarcane

Figure 3. DSC of Sugarcane (A) and Carnauba (B) waxes analyzed using O2 and N2.
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As oxidation and thermal-oxidative
decomposition of oils and fats are
exothermal reactions, measurements of
enthalpy changes by calorimetry or
thermal analysis can be applied for the
determination of oxidative stabilities or
thermal-oxidative resistance [5].

Figure 2. CG-MS QqQ quantification of Fatty
Alcohols through the stability analysis (T0
and T3).

Prediction of thermal-oxidative resistance.

1176-1166 cm-1 –C-O asymmetric stretching vibration, characteristic of
alcoholic groups;

1737 cm-1 vibrational band associated to the -C=O;

2917-2849 cm-1 (-CH stretching) and at 1463 cm-1 (-CH deformation), are
related to aliphatic chains, are in agreement with the presence of
hydrocarbons on both waxes, being some of them of high aliphatic
chain (rotational deformation of CH2 in chain vibration at 730-719 cm-1).

Through FTIR-ATR analysis (Figure 5) it was possible to identify, in both
waxes, vibrational bands associated to the presence of fatty alcohols in
samples, which was furthermore confirmed by GC-MS analysis (Figure
2).

Oxidation Effective Activation 
Energy and Kinetic Parameters

Effective Activation Energy (Ea)

Ea Carnauba = 241.0 kJ/mol

Ea Sugarcane = 67.2 kJ/mol
Figure 4. DSC dynamic kinetic parameters
using different heating rates.

Figure 1. Experimental design.
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Figure 5. FTIR spectra of Sugarcane (A) and Carnauba (B) waxes.
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