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Abstract

The consumption of  foods high in natural antioxidants, like fruits and vegetables, 
is associated with a lower risk of  oxidative stress-related diseases. The aim of  this 
study was to establish the relationship between the plasma antioxidant capacity in 
adults over fifty and their intake of  vitamin A, C, and E. We evaluated 118 24-hour 
recalls of  intake of  foods. The intake of  vitamin A, C, and E was quantified using 
food composition tables. We quantified plasma phenols using the Folin-Ciocalteu 
method. The antioxidant capacity was determined using the Trolox Equivalent 
Antioxidant Capacity (TEAC) and Oxygen Radical Absorption Capacity (ORAC) 
methods. Correlation analyses were performed between the studied variables and 
a positive correlation was found in most cases. However, none of  the correlations 
was statistically significant. In all cases p-value was >0.05. The quantification of  
nutrient intake is not an adequate predictor of  plasma antioxidant capacity in 
individuals over fifty.

Keywords: Oxidative stress; free radicals; phenolic compounds; Carotene; 
Tocopherol. 
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Introduction

Current scientific evidence indicates that oxidative stress is directly involved in the 
onset and development of  chronic, non-communicable diseases such as cardiovascular 
disease, rheumatoid arthritis, and some neurodegenerative diseases like Alzheimer's 
and Parkinson’s (Luc & Fruchart 1991, Darlington et al. 2001, Pulido et al. 2005, 
Sharma et al. 2008). The oxidative stress involved in the pathogenesis of  these 
diseases is a consequence of  the increased production of  free radicals (FR) and the 
inability of  the human body’s antioxidant systems to counteract the negative effects 
(Rao et al. 2011) leading to tissue damage, a product of  the oxidative alteration of  
macromolecules such as lipids and DNA (Diplock et al. 1998).

Relationship between vitamin intake and total  
antioxidant capacity in elderly adults
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These antioxidants systems are made up of  both endogenous molecules in the 
body such as superoxide dismutase and glutathione reductase enzymes, bilirubin 
and uric acid (Sen et al. 2010), and substances of  exogenous origin present in foods 
such as vitamins, minerals, and polyphenols (Diplock et al. 1998). Together, these 
substances are the defense mechanisms against FR attacks.

Among the different antioxidants of  exogenous origin is vitamin A. This vitamin 
was first labeled as a suppressor of  the effect of  linoleic acid on the oxidation 
processes (Monaghan et al. 1932). Currently, vitamin A and carotenoids are known 
for their antioxidant activity based on their ability to interact with radicals and prevent 
lipid peroxidation of  the cell (Palace et al. 1999). Ascorbic acid is both a reducing 
agent that loses an electron to generate a relatively stable radical (Gil 2010) and a 
regenerator of  vitamin E that after oxidation produces tocopherol (Jayachandran 
et al. 1996). Tocopherol is a primary lipophilic antioxidant that inactivates peroxyl 
radicals through the direct transfer of  a hydrogen atom (Niki 2014) and protects 
tissue lipids from the damage produced by free radicals (Febles et al. 2009).

Various studies suggest that increased consumption of  fruits and vegetables 
reduces the risk of  oxidative stress-related diseases, attributing this benefit to the high 
content of  antioxidant compounds in these foods (Steinmetz et al. 1996, Knekt et al. 
2002). Moreover, an increase in the consumption of  foods rich in antioxidants such 
as vitamins and polyphenols increases the total antioxidant capacity (TAC) (Vieira et 
al. 2012) and reflects the joint action of  the various individual antioxidants in plasma 
(Ghiselli et al. 2000).

While recognizing the importance of  antioxidant compounds of  exogenous origin 
and their function against the harmful effects of  FR, the objective of  this study is to 
determine whether taking vitamins A, C, and E is associated with antioxidant levels in 
a group of  individuals over fifty.

Materials and methods
Population
The population of  this study was 118 adults over the age of  50 (108 women and ten 
men) and all participate named Healthy and Active Individuals of  the Departmental 
Institute of  Recreation and Sports Seniors Program (DIRS) located in Usme, in the 
city of  Bogotá, Colombia. The data of  the participant were obtained in the initial 
phases of  the "Effects of  the Consumption of  Hybrid Palm Oil and Extra Virgin 
Olive Oil on Emerging and Traditional Cardiovascular Risk Factors” study (Mozzon 
et al. 2013, Lucci et al. 2016). This study was conducted in compliance with the 
guidelines of  the Declaration of  Helsinki. The institutional ethics committee of  the 
Universidad Pontificia Javeriana in Bogotá approved all of  the procedures involving 
human subjects (Law No. 11, 21-06- 2011).
Consumption Evaluation 
To determine the consumption of  vitamins A, C, and E, each of  the study participants 
had two 24-hour recalls and a food frequency recall obtained from the previously 
mentioned research study in which all the participants partook.

For this study, we analyzed the 24-hour recalls, which were obtained on the same 
day that blood was drawn from the participants to be subsequently evaluated for 
plasma antioxidant capacity.
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Food intake information was obtained from each participant’s 24-hour recall sheet 
and vitamin A and C consumption was determined using food composition tables 
from the Nutritional Care Center in Medellin, Colombia and the Colombian Institute 
of  Family Welfare. Vitamin A was reported in retinol equivalents and vitamin C in 
mg. Vitamin E was also reported in mg; however, its analysis considered the reported 
values in the USDA National Nutrient Data Base for Standard Reference, bearing in 
mind that the values in this database, for the same food, was similar (90-110 %) to the 
energy and nutrient supply values reported in the Medellin Nutritional Care Center’s 
food composition table.

Plasma antioxidant capacity
Blood samples from each study participant were obtained on an empty stomach to 
determine the antioxidant capacity and the plasma concentration of  phenols. These 
procedures were performed as a part of  the previously mentioned research study in 
which each of  the participants participated.

The methods used to obtain antioxidant levels were ORAC (Oxygen radical absorbance 
capacity) (Cao et al. 1995) and TEAC (Trolox Equivalent Antioxidant Capacity) (Miller et 
al. 1993). Plasma phenol quantification was achieved employing the Folin-Ciocalteu 
(Singleton et al. 1965) methodology. 

Using the data obtained in the initial phases of  the "Effects of  the Consumption 
of  Hybrid Palm Oil and Extra Virgin Olive Oil on Emerging and Traditional 
Cardiovascular Risk Factors” study, we obtained the antioxidant capacity values by 
TEAC for 118 participants. Using ORAC, we obtained values for 114 participants 
and quantified phenols for 117 individuals (Ojeda et al. 2016).

Statistic analysis
The tabulation of  information was completed using Excel 2007. The statistical 
program IBM SPSS Statistics 21 was used to analyze the variables of  vitamin A, C, 
and E antioxidant levels and the concentration of  phenols in plasma.

Normal distribution was checked using the Kolmogorov-Smirnov test. Correlation 
analysis was performed using the Spearman test for variables that did not meet the 
assumptions of  normality and the Pearson test when both variables had a normal 
distribution. The value of  p<0.05 was considered statistically significant.

Results
Quantitative analysis of  vitamin consumption 
In the end, 118 24-hour recalls were evaluated. According to the results, the average 
consumption of  both vitamin A and C met the recommendations stipulated in the 
Dietary Reference Intakes (DRI) tables for both men and women. However, in neither 
group did the consumption of  vitamin E reach the minimum recommended levels.

Antioxidant capabilities and plasma phenols quantification
Table 1 shows the means for the different measurement techniques used to gauge 
antioxidant capacity and quantify plasma concentrations of  phenols. Note that 118 
results were obtained using the TEAC method, 114 using ORAC, and 117 with RCF.
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Vitamin consumption and antioxidant capacity using the TEAC method 

Table 2 shows a positive correlation between the consumption of  vitamin A, C, 
and E and the antioxidant capacity of  plasma measured using the TEAC method. 
However, the value of  p for the three tests was greater than 0.05; these results are not 
statistically significant.

Vitamin consumption and antioxidant capacity using the ORAC method

Table 3 shows a positive correlation between the consumption of  vitamin A and C 
and antioxidant capacity measured using the ORAC method. A negative correlation is 
evidenced by the consumption of  vitamin E. However, none of  the results displayed 
was statistically significant.

Method n Media SD

TEAC 
mmol equivalent trolox/L of  plasma 118 1.85 0.34

ORAC 
µM de trolox/L of  plasma 114 2102.6 607.47

FOLIN
mg of  gallic acid/L of  plasma 117 362.39 41.07

Table 1. Average plasma antioxidant capacity in the study population

VITAMIN CORRELATION COEFFICIENT
n= 118

Vitamin A* 0.032 

Vitamin C* 0.162

Vitamin E** 0.061

Table 2. Correlation between the consumption of  vitamins A, C and E and antioxidant levels in plasma 
by the TEAC method. * Spearman, ** Pearson.

VITAMIN CORRELATION COEFFICIENT
n= 114

Vitamin A* 0.086 

Vitamin C* 0.048 

Vitamin E** -0.057 

Table 3. Correlation between the consumption of  vitamins A, C and E and antioxidant levels in plasma 
measured by the ORAC method. * Spearman, ** Pearson.
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Vitamin consumption and quantification of  phenolic content

According to the results presented in Table 4, there is a positive correlation between 
the consumption of  vitamin A and E and the quantification of  phenols in plasma 
measured by RFC. However, the p-value for both tests was >0.05 yielding statistically 
non-significant results. As for vitamin C, there was no correlation observed with 
plasma concentration of  phenol levels.

Discussion

Currently, efforts to understand the ability of  free radicals to directly influence the 
development of  different pathological processes, especially those related to chronic, 
non-communicable diseases such as cardiovascular disease and neurodegenerative 
diseases, have targeted a specific line of  research aimed at finding mechanisms that 
protect the body from oxidative damage (Luc & Fruchart 1991, Gale et al. 2001).

Epidemiological studies suggest that increased consumption of  antioxidant-
rich foods, such as fruits and vegetables, directly and positively influences plasma 
antioxidant capacity, while recognizing that this concept comprises the synergistic 
action of  all antioxidants in body fluids, whether endogenous or exogenous (Wang et 
al. 2012, Kolomvotsou et al. 2012).

Using the ORAC method in young and senior adults, experimental studies have 
determined that increasing the consumption of  fruits and vegetables to 5-10 servings 
per day for 15 days, positively influences the levels of  antioxidant capacity (Cao et 
al. 1998). These results show that by eating certain foods, the body benefits from 
additional antioxidants of  exogenous origin.

The results obtained in this study found that the average intake of  vitamin E 
in seniors over 50 years do not meet the recommendations stipulated in the DRI, 
for both men and women. A negative correlation was found between the intake 
of  vitamin E relative and the plasma antioxidant capacity measured by the ORAC 
method. This result is comparable to a previous study by Wang et al (2012) that also 
reported a negative correlation when analyzing antioxidant capacity versus Vitamin 
E consumption, and notably, a strong association between plasma α-tocopherol 
levels and the antioxidant capacity of  plasma. The previous underscores not only 
the importance of  consuming a nutrient, but also the importance of  complying with 

VITAMIN CORRELATION COEFFICIENT
n= 117

Vitamin A* 0.076 

Vitamin C* 0

Vitamin E** 0.038 

Table 4. Correlation between the consumption of  vitamins A, C and E and plasma concentrations of  
phenols measured by the RFC. * Spearman, ** Pearson.
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the recommendation (Recommended Dietary Allowance: 15mg vitamin E/day) to achieve 
optimal metabolism. On the other hand, the interaction between different antioxidants 
contained in food or diet must also be considered. At the time of  consumption, 
a synergy may or may not exist thus influencing the effect of  vitamin C on alpha-
tocopherol (vitamin E) absorption (Pineda et al. 1999).

Using the TEAC method, we found a statistically non-significant positive 
correlation between the consumption of  α-Tocopherol and antioxidant levels. This 
result is consistent with a study by Talegawkar et al (2009) that found no significant 
association between the two. However, the mentioned study stresses that large 
intakes of  vitamin E increased performance in antioxidant capacity; this behavior 
was observed in individuals in the study group averaging a consumption of  285mg/d 
of  α-Tocoferol. 

The low correlation reported between antioxidant capacity levels and the 
consumption of  vitamin E could be attributed to an inadequate intake of  this nutrient, 
which was lower than the recommended amounts according to age and sex; this leads 
to a long-term impairment in antioxidant capacity.

A very low correlation was observed between vitamin C consumption and the 
levels of  antioxidant capacity obtained both by TEAC and ORAC. This result is 
contrary to what is stated in a  study by Talegawkar et al (2009) in which higher levels 
of  antioxidant capacity were observed as the consumption of  vitamin C increased 
(Talegawkar et al. 2009).

However, previous studies show that the increase in antioxidant capacity after 
consuming strawberries and spinach is attributed only in 8-14% to vitamin C content 
in these foods. Therefore, it is various phenolic compounds that are primarily 
responsible for the increased plasma antioxidant capacity and not vitamin C (Cao et 
al. 1998).

With regard to vitamin A, a positive correlation was observed between the 
consumption of  this nutrient and the antioxidant capacity measured by TEAC and 
ORAC. However, none of  the results were statistically significant. This result differs 
from the findings of  an earlier study by Meydani et al (1994) that reported an increased 
antioxidant capacity in elderly women after receiving β-carotene supplements. It’s 
worth noting that the present study evaluated the antioxidant capacity based on the 
intake of  vitamin A product of  a daily diet and not accompanied by supplements as 
in the aforementioned study.

Lastly, we observed a non-statistically significant positive correlation between 
vitamin A and E and the results obtained using the RFC methodology. Additionally, 
the null relationship between these results and the levels of  vitamin C consumed. 
This finding is easily explained by the nature of  the method used. This methodology 
is exclusively for the measurement of  phenolic compounds, which are essential 
in determining antioxidant capacity; however, none of  the nutrients analyzed are 
substances of  phenolic nature (Miniati 2007).

The intake of  vitamin A, C, and E did not show a statistically significant correlation 
with regard to the levels of  plasma antioxidant capacity as observed in the present 
study. This result is consistent with previous studies as published by Pellegrini et al. 
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in 2000 in which it was concluded that after eating tomatoes, a food high in lycopene, 
the antioxidant capacity of  plasma of  these individuals was not affected. Likewise in 
another study, Li L et al. (2010) concluded that after giving lutein supplementation 
to healthy adults between 50 and 70 years, these showed no change in markers of  
antioxidant activity and lipid peroxidation, indicating that increase of  antioxidant 
concentrations in a healthful diet does not affect the levels of  plasma antioxidant 
capacity in normal healthy subjects when the amounts of  antioxidants already are 
adequate. These helps support the claim that intake levels not directly related to the 
levels of  antioxidant capacity in healthy adults.

We can conclude that quantifying intake is perhaps not an adequate predictor 
of  levels of  plasma antioxidant capacity; this does not however mean that it has 
no influence. It is important to emphasize that existing literature reports a positive 
relationship between the antioxidant capacity and plasma levels of  nutrients (Wang 
et al. 2012, Meydani et al. 1994) as well as between their intake and their plasma 
concentration levels (Mitmesser et al. 2000). Thus, the consumption is an adequate 
predictor of  nutrient serum levels, which, in turn, are a reflection of  the antioxidant 
capacity of  plasma, when the vitamins (A, E and C) are measured directly in plasma.
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Relación entre ingesta de vitaminas y capacidad atnioxidante total en adultos mayores

Resumen. El consumo de alimentos ricos en antioxidantes naturales, como frutas y vegetales, está 
asociado con un menor riesgo de enfermedades relacionadas con el estrés oxidativo. El objetivo de 
este trabajo fue establecer la relación entre capacidad antioxidante del plasma en adultos mayores de 
cincuenta años y su consumo de vitamina A, C y E. Se evaluaron 118 recordatorios de ingesta de 
alimentos de 24 horas. La ingesta de vitamina A, C y E fue cuantificada usando tablas de composición 
de alimentos. Se cuantificaron los fenoles en plasma usando el método Folin-Ciocalteu, y la capacidad 
antioxidante se determinó con base en los métodos de Capacidad Antioxidante Equivalente a Trolox 
(TEAC) y de Capacidad de Absorción de Radicales de Oxígeno (ORAC). Se realizaron análisis de 
correlación entre las variables estudiadas y se encontró una correlación positiva en la mayoría de los 
casos. Sin embargo, ninguna de las correlaciones resultó  estadísticamente significativa. En todos 
los casos, p > 0.05. La cuantificación de ingesta de nutrientes no es un predictor adecuado de la 
capacidad antioxidante del plasma en adultos mayores de 50 años.

Palabras clave: estrés oxidativo; radicales libres; compuestos fenólicos; caroteno; tocoferol.

Relação entre a ingestão de vitaminas e a capacidade antioxidante total em idosos

Resumo. O consumo de alimentos ricos em antioxidantes naturais, como frutas e vegetais, é 
associado a um baixo risco de doenças relacionadas ao estresse oxidativo. O objetivo do trabalho foi 
determinar a relação entre a capacidade antioxidante plasmática em adultos acima de cinquenta anos 
e sua ingestão de vitamina A, C e E. Foram avaliados 118 lembretes de consumo de alimentos de 24 
horas. A ingestão de vitamina A, C e E foi quantificada usando tabelas de composição de alimentos. 
Foram quantificados fenóis plasmáticos usando método Folin-Ciocalteu baseado na base de dados 
de um estúdio prévio e obtivemos a capacidade antioxidante utilizando os métodos de Capacidade 
Antioxidante Equivalente de Trolox (TEAC) e Capacidade de Absorção de Radical Oxigênio (ORAC). 
Análises de correlação foram realizadas para cada variável estudada e uma correlação positiva foi 
obtida na maioria dos casos. Entretanto, nenhuma das relações mostrou resultados estatisticamente 
significativos. Em todos os casos, o valor de p > 0,05. A quantificação da ingestão de nutrientes não é 
um preditor adequado da capacidade antioxidante plasmática em indivíduos acima de cinquenta anos.

Palavras-chave: estresse oxidativo; radicais livres; compostos fenólicos; caroteno; tocoferol.
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