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Abstract Vitamin PP includes two vitamers, niacin and
niacinamide which are essential for energy production.
Vitamins are sensitive and losses can occur during shelf
life and heating processes. Thermal analysis can provide
information about thermal behavior of each vitamer relat-
ing them with time and/or temperature exposure. The vi-
tamers thermal behavior were studied by TG/DTG and
DSC under air and nitrogen atmosphere and the results
showed that niacin is more stable than the niacinamide and
the decomposition happens by volatilization at 238 °C
while niacinamide melts at 129 °C and volatilize at 254 °C
when there is the total mass loss in the TG/DTG curves.
Keywords DSC - Niacin - Niacinamide - TG/DTG -
Vitamin PP

Introduction

Vitamins are essential organic compounds for human
metabolism. They are in most of the foods in low con-
centrations. Several compounds have vitamin activity and
can be divided in two groups according to their solubility:
lipossoluble vitamins (A, D, E and K) and hydrossoluble
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vitamins (C, By, B,, Bs or panthotenic acid, Bg, B, PP or
niacin, folic acid, biotin, inositol and choline). The bio-
logical activity of each vitamin can be due to one or more
compounds called vitamers [1, 2].

Vitamin PP includes two vitamers, niacin or nicotinic
acid and niacinamide or nicotinamide. Both compounds
have basic properties and are converted to nicotinamide
adenine dinucleotides (NAD) and nicotinamide adenine
dinucleotides phosphate (NADP) in the organism. NAD
and NADP have essential participation in the energy pro-
duction from carbohydrates, fatty acids and amino acids as
well in the synthesis and repair of DNA [1, 3, 4].

High concentration of vitamin PP is found in meat,
chicken, fish, vegetables and whole cereals. In this kind of
food, about 85% of the vitamin is bounded to polysac-
charides and peptides and are not bioavailable [1, 3, 4].

Most of the vitamins are extremely sensitive and its
stability is influenced by many factors like temperature,
moisture, oxygen, light and pH. The vitamin losses can
occur during food or product shelf life and processing steps
mainly thermal treatments [3].

Niacin and niacinamide have similar molecular weigh
(123.11 and 122.12, respectively), are odorless and trans-
parent needle shape. The melting point for niacin is within
235-237 °C and for niacinamide, 130-133 °C [4]. The
structural formulas of all these compounds are showed on
Fig. 1.

Many steps of food processing can lead to thermal
degradation of vitamins due to exposition to high temper-
ature. The thermal analysis can provide information about
thermal behavior of each vitamer relating them with time
and/or temperature exposure. Thermal analysis is a group
of analytical techniques that can measure physical prop-
erties of a sample and/or their reaction products submitted
to a controlled program of temperature [5].
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Fig. 1 Structural formulas of niacin and niacinamide

Thermogravimetry/derivative thermogravimetry (TG/
DTG) and differential scanning calorimetry (DSC) are used
together to provide information that can characterize sub-
stances like thermal stability, melting point, phase transi-
tions and thermal decomposition [6].

TG/DTG results show mass variation against time or
temperature giving information about composition and
thermal stability of the sample, intermediate products and
formed residues [5]. The kinetics studies of isothermal and
non-isothermal events can provide the parameters such as
activation energy, frequency factor and shelf life. DSC
can detect events related or not to mass losses, indicate
the substance purity from the fusion endothermic phe-
nomenon [7].

Thermoanalyical techniques have been used to charac-
terize drugs and interaction among formulation com-
pounds. The thermal stability study of drugs and
information related to storage effects due to temperature
and time can be obtained. So, the use of TG/DTG and DSC
can provide relevant information about thermal stability of
the vitamins, possible interactions among them and the
behavior in a complex matrix as food [8—11].

When a sample is submitted to a controlled program of
temperature there is a variation in the sample mass. This
variation is showed in a TG/DTG curves ad the DSC
curves give information about first order transitions
(enthalpy) and second order transitions (calorific capacity).
The analysis of both curves provides information about the
compound fusion, loss of mass, desorption and reduction
reactions.

The objective of this paper was to study the thermal
behavior of the vitamin PP vitamers, niacin and niacin-
amide by TG/DTG and DSC.

Experimental
Materials
Analytical standard of niacin and niacinamide from Merck

were used. The standards were kept in dissecator cabinet
during the study to avoid moisture absorption.
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Thermogravimetry/derivative thermogravimetry
(TG/DTG)

TG/DTG curves for the vitamers were obtained in a Shi-
madzu thermobalance, model TGA-50, under air and
nitrogen atmosphere (50 mL/min), using platinum crucible,
heating rate of 10 °C/min and samples mass of approxi-
mately 5 mg [12].

Differential scanning calorimetry (DSC)

The DSC curves were obtained using a Shimadzu DSC-50
cell under nitrogen atmosphere (50 mL/min), in the tem-
perature range from 25 to 550 °C using a heating rate of
10 °C/min and aluminum crucible partially closed using
about 2 mg of sample. The cell was calibrated and/or veri-
fied for temperature before the analyses using as standards
Indium (Tgyg0n = 156.6 °C) and zinc (Tyysi0n = 419.5 °C),
both standards with 99.9% of purity. It was used the
metallic Indium fusion AH to determine the heat quantity
(28.71 J/g) [12].

Results and discussion

Figures 2 and 3 show the TG/DTG and DSC curves for
niacin and niacinamide under N, atmosphere, inside of
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Fig. 2 TG/DTG and DSC curves obtained at 10 °C/min and under N,
atmosphere for niacin
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Fig. 3 TG/DTG and DSC curves obtained at 10 °C/min and under N,
atmosphere for niacinamide
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figures there is the overlap of TG curves obtained in air and
N, atmosphere.

The thermal behavior of niacin is showed by the TG/DTG
and DSC curves in the Fig. 2. The compound is thermally
stable until 235 °C approximately and has a unique event
of total mass loss (peak temperature = 276 °C) in the
TG/DTG curves. The DSC curve shows the sample melting
at 238 °C. The overlapping of TG curves obtained under air
atmosphere and N, show the same thermal behavior in both
atmospheres, indicating and confirming the volatilization of
the material.

Figure 3 shows the TG/DTG and DSC curves for nia-
cinamide. It is possible to visualize an endothermic in the
DSC curve between 125 and 140 °C (peak tempera-
ture = 129 °C) characterizing the material fusion because
the TG/DTG curves showed no mass loss at this temper-
ature range. From 140 and 260 °C there is another endo-
thermic (peak temperature = 236 °C) that can be due to
the material volatilization. The TG/DTG curves showed a
mass loss in a unique event similar to volatilization (peak
temperature DTG = 254 °C).

Figures 4, 5, 6, 7, 8 and 9 show the curves and graphs
registered and constructed during the cinetic triplet
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Fig. 4 TG curves obtained under air dynamic atmosphere and
different heating rate (f§) of niacinamide sample
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Fig. 5 Graph of the logarithm of the heating rate (f8) in function of
the inversion of the temperature constructed from TG curves
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Fig. 6 Graph of the function G(x) of the inverse of the temperature
for niacianamide
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Fig. 7 TG curves obtained under air dynamic atmosphere and
different heating rate (f§) of niacin sample
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Fig. 8 Graph of the logarithm of the heating ratio (f) in function of
the inverse of the temperature constructed from TG curves

obtention process, using the model proposed by OZAWA in
accordance with the kinetic analysis program developed by
Shimadzu for the two vitamers (niacinamide and niacine).
Data were obtained from heating the samples until 250-350
°C in the heating rates of 2.5; 5.0; 7.5; 10 and 15 °C/min, at
air dynamic atmosphere. The curves for determination of
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activation energy for niacinamide and niacine, has a loga-
rithmic relation between heating rate and the inversion of
the temperature. This turns possible to obtain the conver-
sions for the decomposition phenomenon of the samples.
The reaction mechanism is defined by the relationship
between sample residual mass for the reduced time.

The obtained results showed that the activation energy
values for samples volatilization of niacinamide and nia-
cine, were 66 and 86 kJ/mol respectively, indication that it
is necessary to give a larger amount of heat to initiate the
process for the two samples. The purpose for this phe-
nomenon related wit the melting process suggest an order
zero reaction for the two vitamers, as in this situation the
experimental values showed a better correlation with the
theoretical curve.

Conclusions

The TG/DTG and DSC curves for niacin and niacinamide
show different thermal behavior for the compounds. Niacin
is more stable than niacinamide and the decomposition
happens by volatilization at 238 °C while niacinamide
melts at 129 °C and volatilize at 254 °C when there is the
total mass loss in the TG/DTG curves.
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