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WHO body mass index for age charts overestimate thinness
and overweight compared to international and US charts
applied to indigenous and non-indigenous Mexican children.

Erik Ramirez, Juan E. Ramos Salas, Martha Barrera Bustillos, Luis Ricardo Gonzalez Franco,
Elena Flores Guillen, Alfredo Pérez Jacome, Mauro E. Valencia.

Universidad Auténoma de Nuevo Leon, UANL, Facultad de Salud Publica y Nutricion,
San Nicolas de los Garza, México. Centro de Investigacion en Alimentacion y Desarrollo,
A. C. Hermosillo, Sonora, México. Universidad Anahuac Mayab, Mérida, Yucatan, México.
Universidad de Ciencias y Artes de Chiapas, Tuxtla Gutiérrez, Chiapas, México.

SUMMARY: Assessments of whether children are thin
(low body mass index for age) or overweight are based on
body mass index (BMI for age and sex) charts published
by the World Health Organization (WHO), the International
Obesity Task Force (IOTF), and the US Centers for Disease
Control and Prevention (CDC). We aimed to determine
whether these charts indicated different prevalence of
thinness and overweight (obesity included) in indigenous
and non-indigenous school aged children from different
regions and ethnic groups in Mexico. A probability
proportional to size, cluster sampling method was employed
in four regions of the country. We recruited 1,731 children
aged 7.0-9.9 (507 indigenous from six ethnic groups and
1,224 non-indigenous). BMI was calculated according
to age, and thinness and overweight classifications were
compared according to cutoff values in the WHO, IOTF, and
CDC references. The WHO reference generated the highest
rates for thinness (12.5%) and overweight (30%) in children
across regions and ethnic groups. The CDC reference
estimated the lowest rates of thinness in children (5.5%), and
the IOTF reference estimated the lowest rates of overweight
(24.7%). Estimates of both thinness (8.3%) and overweight
(13.4%) rates were lower in indigenous than non-indigenous
groups (14.3% and 37.5%, respectively). The WHO BMI for
age chart estimated higher rates of thinness and overweight
in children compared to the CDC and IOTF charts. Because
thinness as indicator of undernutrition status is relatively
new, differences in body composition among indigenous
and non-indigenous children may justify the need for more

appropriate screening criteria to compare the growth status.
Key words: Overweight, references, Mexican

indigenous, Mexican mestizos, children.

RESUMEN. La referencia de IMC para la edad
de OMS sobreestima la delgadez y el sobrepeso
en comparacién con las referencias IOTF y CDC
en nifios indigenas y no indigenas mexicanos. La
clasificacion del estado nutricio de los nifios con
delgadez o con sobrepeso se realiza empleando el indice
de masa corporal (IMC para la edad y el sexo) con las
tablas de la OMS, IOTF y CDC. El objetivo de esta
investigacion fue determinar si estas referencias resultan
en diferentes prevalencias de delgadez y sobrepeso
(obesidad incluida) en nifios escolares indigenas y no
indigenas de diferentes regiones de México. Se empled
un muestreo por conglomerados en cuatro regiones del
pais. Se reclutaron 1,731 nifios con edades entre 7,0-
9,9 (507 indigenas de cinco grupos étnicos y 1,224 no
indigenas) durante 2006 y 2008. El IMC se calculo y
se clasificod como delgadez y sobrepeso con los puntos
de corte sugeridos por las referencias internacionales.
Cuando se compararon las clasificaciones, la referencia
de OMS gener6 la prevalencia mas alta de delgadez
(12,5%) y sobrepeso (30%) en nifios de todas las
regiones y grupos étnicos. La referencia de los CDC
estimo las prevalencias mas bajas de delgadez (5,5%) y
la referencia IOTF produjo las proporciones mas bajas
de sobrepeso (24,7%). Las proporciones de delgadez
(8,3%) y sobrepeso (13,4%) fueron mas bajas en nifios
indigenas que en los no indigenas (14.3% y 37.5%,
respectivamente). La referencia de la OMS del IMC para
la edad produjo las prevalencias mas altas de delgadez
y sobrepeso en comparacion con los estdndares de
CDC y IOTF. Dado que la delgadez como indicador de
desnutricion en niflos es de uso reciente, las diferencias
encontradas entre indigenas y mestizos pueden justificar
el contar con mejores herramientas de tamizaje en
estudios de crecimiento.

Palabras clave: Sobrepeso, delgadez, referencias, nifios
indigenas, mestizos, México
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INTRODUCTION

Developing countries and regions are currently
facing a twofold burden of malnutrition; at the
same time, the prevalence of underweight and
obesity has risen in different regions. Nationally
aggregated data hide disparities among regions
and among different ethnic and socioeconomic
groups. For example, in Mexico, stunting affects
more than 30 percent of children aged one to
four years in rural areas of southern regions (1).
In contrast, the overall prevalence of overweight
status has risen in school children of the northern
and central regions (2).

Recently, many countries have assessed
overweight status in children and adolescents
based on the body mass index (BMI), which is
classified as high or low compared to normal
ranges for a given sex and age, according to
national or international standard references.
Likewise, BMI has been used to assess thinness
(low BMI for a given age) with specific references
and cutoff points (3-6). In 2007, the WHO
recommended a new growth reference chart for
school aged children (aged 5-19y) (3). Previously,
in 2000, the IOTF had published reference tables
based on BMI, age, and sex to define overweight
and obesity classifications (4). In 2007, IOTF
released complementary reference data to define
thinness (5). In 2000, the CDC recommended
new growth charts for US children aged > 2 y
(6); these continue to be used in some developing
countries (7, 8). The use of three references
(WHO, IOTF, and CDC charts) may generate
different prevalence rates of overweight status
in preschool and school aged children, which
implies that they are not necessarily equivalent.

Studies in school-aged children have rarely
compared different prevalences of thinness
estimated with WHO, IOTF, and CDC references.
Arecent review and meta-analysis only compared
the prevalence of overweight and obesity in
children among those references (9). In particular,
some countries, like Mexico, have broad
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socioeconomic, geographic and ethnic diversities;
thus, it is important to test the estimations derived
from these three references to determine whether
they are adequate for use in public health policies.
The IOTF has been reported to produce a lower
rate of overweight children than that estimated
with CDC reference (9, 10). This suggested that
the prevalences of overweight and thinness in
children may be underestimated or overestimated
compared to the latest WHO reference.

Thus, this study aimed to determine whether
the WHO reference might produce different
estimates of thinness and overweight prevalences
compared to the IOTF and CDC charts. We studied
school aged children within four geographic
regions and different ethnic groups in Mexico.
The study assessed the BMI in Mexican children
aged 7.0 -9.9 y, and determined the prevalence of
overweight and thinness according to the WHO,
IOTF, and CDC references.

MATERIALS AND METHODS
Design and subjects

This study was conducted according to the
guidelines laid down by the Declaration of
Helsinki; the Ethical Committee of the (Centro
de Investigacion en Alimentacion y Desarrollo,
A.C), approved all procedures involving human
subjects. Written, informed consent was obtained
from all subjects and/or their parents. Only there
were included children who agreed to participate
in the study and those without physical disabilities.
This study was adapted from the cross-sectional
protocol proposed by the European Childhood
Obesity Group (11). We assessed 1,731 children,
aged 7.0-9.9 y during 2006—-2008. This age range
was chosen for practical and physiological reasons.
At this age, schooling is usually obligatory; thus,
confounding factors, like variations in the age of
puberty, did not affect selection.

Selection of the Sample

We analyzed data from the main geographic
and socioeconomic areas of Mexico (northern,
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central, and southern regions) (12). The term
“indigenous” was defined as a community with
a strong cultural identity that spoke a language
different from Spanish. The term “ethnic group”
could be applied to either an indigenous or non-
indigenous population (13). Each geographic area
comprised two states that represented the majority
of two indigenous populations. The states were
Sonoraand Chihuahua (north), Pueblaand Hidalgo
(central), and Chiapas and Yucatan (south). Due
to its population and its unique demographic and
socioeconomic conditions, Mexico City (District
of Coyoacan) was considered a separate region

(14).

In each state, we selected municipalities with
indigenous people that comprised at least 40%
of the population. We studied six indigenous
populations, including Mayo and Tarahumaras
(north); Nahuas-Otomies (central), and Mayas
and Tzotziles (south). Near the municipalities with
high proportions (40%) of indigenous populations,
we selected a second group of municipalities
with populations that predominantly comprised
non-indigenous Mexican people. These included
capital cities and other towns. A total of 308
municipalities (80 with high proportions of
indigenous people) were considered for the study.

After selection of geographic areas and
municipalities, in each region, a probability
proportionate to size, multistage cluster sampling
method was used to select the participants. The
sample size was determined based on census
data obtained from the Ministry of Education,
which indicated 567,106 children aged 7.0-9.9
years enrolled in the schools of selected areas.
The overall prevalence of obesity was estimated
to be 15% (11) with a 95% confidence level and
an error of = 4%. The rate of homogeneity was
set at 0.02 for proportions of illness in general.
For the present study, the cluster size was set at
a minimum of 45 subjects per day. Each cluster
corresponded to one school, and there were
39 schools (sampling units); this gave a total
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sample of 1,755 children. The municipalities
were stratified by the proportion of indigenous
or non-indigenous populations. Depending
on the size of the schools and the age group,
classrooms were randomly selected to form the
clusters. The selection of subjects in each cluster
was performed with random sampling. Random
numbers were generated using Excel. Ethnicity
was confirmed with the schoolteachers and the
children’s parents. We finally assessed 1,731
children from different regions and ethnic groups
of Mexico. Twenty-four children were excluded
because of missing values.

Anthropometric measurements

The anthropometric assessment was conducted
from 07:30 to 10:30 AM in a classroom, library,
or other suitable area. In each state, two trained
technicians made all measurements according
to standardized techniques (15). Height was
measured with a stadiometer (Seca 225; Seca,
Hamburg, Germany). Body weight was measured
with a digital electronic scale (Seca 882; Seca).
The technical error of measurement was 0.11 g
for body weight and 0.12 cm for height, assessed
as described by de Onis et al (15).

Analysis and cutoff points

Statistical analysis was performed with
the statistical program NCSS 8 (NCSS 2012,
LLC. Kaysville, Utah, USA). Characteristics of
subjects were reported as the mean and standard
deviation (SD). Prevalence data were expressed
as percentages with a 95% confidence interval
(95% CI). Both thinness and overweight status
(obesity included) between indigenous and non-
indigenous children were compared with a Chi-
squared test. BMI was calculated as the ratio of
weight to height squared (kg/m2). Z scores of BMI
for age were computed for all children with WHO
AthroPlus software (16). Percentiles of BMI for
age were calculated with CDC Epi Info, Version
6 software (17). BMIs that corresponded to the
adult cutoff points were calculated with the [OTF
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LmsGrowth software (18). We used equivalent
classifications to compare the three references,
defined as thinness and overweight (obesity
included). For school aged children, according
to the WHO reference, thinness was defined as
< -2 Z score from the mean value of the reference
population. The IOTF criteria defined thinness
(level 1) asa BMI < 18.5 kg/m?. The CDC reference
classified underweight as a BMI for age below
the 5th percentile of the reference population.
Overweight was defined by the WHO as > 1 Z
score and obesity was defined as > 2 Z score from
the mean value of the reference population. The
IOTF criterion defined overweight as > 25 kg/m?
and obesity as > 30 kg/m?. The CDC classified
risk of overweight as > 85th percentile and
overweight as > 95th percentile of the reference
population. Crosstabs test for related samples was
used for differences between the three matched
sets of frequencies.

ERIK RAMIREZ et al.

RESULTS

Descriptive data (Table 1) showed that, with
the WHO reference, the mean height for age Z
score was < -1.0 in indigenous children from
southern and central regions. In general, the
rates of stunting (height for age Z score < -2.0)
were higher in indigenous children than in non-
indigenous children (22.8% vs. 4.1%). The mean
BMI for age Z score was above the median (>0;
WHO reference) in all ethnic groups.

Overall, the highest rates of thinness and obese
children were generated with the WHO reference
in both ethnic groups across all regions (p < 0.05;
Tables 2 and 3). The largest difference between
assessments of thinness was observed with the
WHO and CDC references, in both indigenous
and non-indigenous children (4% and 8.2%,
respectively). The largest difference between
overweight assessments was observed with the

TABLE 1. Basic characteristics of Mexican school-aged children
of indigenous and non-indigenous populations

North Central South Mexico city
Variable Mayo- Non- Nahua- Non- Maya- Non- Non-
Tarahumara  indigenous Otomie indigenous Tzotzil indigenous  Indigenous
N 153 285 176 318 178 273 348
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
Age,y 85 09 84 0.9 8.4 0.7 8.5 0.8 8.3 0.8 8.4 0.8 8.6 0.8
Height/age,
Z-score* -0.60 1.05 0.09 098 -1.04 1.00 -029 1.03 -1.70 098 -0.55 098 0.11 1.02
BMI/age,
Z-score* 002 09 044 145 010 099 067 143 0.13 097 051 154 077 156
BMI, kg/m? 6.1 1.7 173 35 163 20 177 34 163 2.0 174 34 184 39
Females, % 49.7 46.0 51.1 51.9 47.8 50.6 51.6
Height/age
Z score <-2.0,
% (n)* 8.5 (13) 2.8(8) 19.9 (35) 5.4 (17) 39.9 (71) 5.9 (16) 2.3(8)

Abbreviations: SD; standard deviation.
* WHO Growth Child Standards.
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TABLE 2. Prevalence (%) of thinness in children,
assessed by CDC, IOTFE, and WHO criteria

Non-indigenous All

% (CI)

% (CI)

Region and referencet Indigenous
% (CI)

All Regions

WHO 8.3 (2.0-21.0)

IOTF 7.1 (1.2-20.8)

CDC 3.9 (0.1-23.2)
North

WHO 9.2 (0.5-36.6)

IOTF 8.5 (0.3-37.1)

CDC 3.3 (0.1-56)
Center

WHO 8.5 (0.4-34.4)

IOTF 6.8 (0.1-36.5)

CDC 4.0 (0.1-46.3)
South

WHO 7.3 (0.2 -35.5)

IOTF 6.2 (0.1-37.5)

CDC 4.5 (0.0-43.2)
Mexico City

WHO

IOTF

CDC

14.4 (9.6 - 20.5)
12.2 (7.4 - 18.6)
6.2 (2.0-14.2)

14.7 (5.7 - 29.0)
11.9 (3.4-27.6)
5.6 (0.1-29.3)

12.0 (3.8-26.7)
9.1 (1.7-25.7)
4.7 (0.03 -29.2)

16.1 (6.8 -30.3)
15.8 (6.5-30.1)
8.4 (1.0 - 27.6)

14.9 (6.5 -27.5)
12.4 (4.3 -26.0)
6.3 (0.4 -25.4)

12.6 (8.5-17.8)
10.7 (6.6 - 16.1)
55 (1.9-12.1)

12.8 (5.4 -24.4)
10.7 (3.5-23.2)
4.8 (0.1-23.9)

10.7 (3.9-22.3)
83 (2.0-21.2)
4.5 (0.1-22.8)

12.6 (5.3 -24.1)
12.0 (4.8 -23.7)
6.8 (0.9 -21.9)

Categorical variables are presented as percentages and confidence interval (CI). P values among ethnic

groups were calculated using Chi square test: p <0.001.
+ Comparisons between references were analyzed with a crosstabs test for related samples: p <0.05.

WHO and IOTF references, in both indigenous
and non-indigenous children (4.9% and 5.4%,
respectively). Therefore, the lowest prevalence
of thinness in children was estimated with the
CDC reference (p < 0.05). On the other hand, the
lowest prevalence of overweight children was
estimated with the IOTF reference.

Based on the WHO growth reference, both
thinness and overweight status were more
prevalent among non-indigenous than among
indigenous children (thinness: non-indigenous
14.4%, indigenous 8.3%; p < 0.001; overweight:
non-indigenous  38.2%, indigenous 13.4%;
p <0.001; Tables 2 and 3).
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TABLE 3. Prevalence (%) of overweight (obesity included) children,

assessed by CDC, IOTFE, and WHO criteria

Non-indigenous
% (CID)

All
% (CI)

38.2 (33.8 - 42.8)
32.8 (28.2 - 37.6)
34.8 (30.3 - 39.5)

31.6 (22.2 - 42.3)
24.6 (15.1 - 36.4)
27.7 (18.2 - 38.9)

39.3 (30.7 - 48.4)
33.7 (24.8 - 43.5)
34.6 (25.8 - 44.3)

34.4 (24.9 - 44.9)
28.9 (19.2 - 40.2)
31.9 (22.3 - 42.8)

31.0 (27.1 - 35.1)
25.7 (21.7 - 30.0)
27.3(23.3-31.6)

24.2 (16.4 - 33.5)
18.5 (10.1 - 28.7)
21.0 (13.2 - 30.7)

31.2(24.0 - 39.2)
25.3 (18.0 - 33.9)
26.1 (18.8 - 34.6)

25.9 (18.2 - 34.8)
20.6 (12.9 - 30.2)
22.6 (14.9 - 31.9)

Region and referencet Indigenous
% (CI)

All Regions

WHO 13.4 (6.4 - 23.8)

IOTF 8.5(2.2-21.1)

CDC 9.3(123-21.4)
North

WHO 10.5 (1.0 - 35.9)

IOTF 7.2 (0.1 -38.9)

CDC 8.5(0.3-37.1)
Center

WHO 16.5 (0.3 -37.1)

IOTF 10.2 (1.1 - 33.6)

CDC 10.8 (1.4 - 33.5)
South

WHO 12.9 (2.7 -33.4)

IOTF 7.9 (0.3 -34.9)

CDC 8.4(0.4-343)
Mexico City

WHO

IOTF

CDC

45.7 (37.8 - 53.8)
42.0 (33.4 - 50.4)
43.1 (35.1-51.4)

Categorical variables are presented as percentages and confidence interval (CI). P values among ethnic
groups were calculated using Chi square test: p <0.001.
T Comparisons between references were analyzed with a crosstabs test for related samples: p <0.05.

DICUSSION

This study showed that the WHO BMI for age
reference estimated higher rates of thinness and
overweight status than IOTF and CDC charts
between 1,731 indigenous and non-indigenous
from different geographic regions.

Comparison of the prevalence of thinness

Few studies have compared other references
with the WHO reference for estimating thinness

in school children from developing countries.
It has been reported that the WHO reference
estimated higher rates of low BMI for age than
either the CDC (7, 10) or IOTF reference in
children of Seychelles (19). Even compared with
weight for height NCHS (National Center for
Health Statistics) reference, the WHO BMI for
age yielded twice the rate of thinness in 11 low
income countries (7). In the present study, we
found that indigenous children had low rates of
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underweight status compared to non-indigenous
children (BMI for age < -2 Z score: 8.3%
vs.14.4%, respectively). This prevalence was
similar to that reported for children in Burkina
Faso (8.7%) and Mali (8.6%) (7). For centuries,
regions with large indigenous populations have
had the worst socioeconomic, educational, and
health conditions in Mexico. Therefore, it might
be expected to find that indigenous children would
have the highest rates of low BMI for age. To
stablish the clinical implication about using one
or the other standard of reference, it is necessary
to evaluate in prospective studies children that
are thin, but not wasted, compared to those that
are both thin and wasted (7). BMI differences
among thin children can be due to differences in
body composition. Therefore, BMI values among
children should be interpreted with caution
(20). In Mexico, like other countries, the use of
thinness as an indicator of undernutrition status
in children is relatively new. In addition, the use
of terms like “wasting” (low weight for height)
and “underweight” (low weight for age) should
not be confused by adopting the term “thinness”
(low body mass index for age) (21).

Comparison of the prevalence of overweight

As have other researchers, WHO reference
yielded the highest rates of overweight status
in children from developing and developed. In
children from Nigeria, Canada, and the Czech
Republic, the WHO reference produced the
highest estimates of overweight status when
compared to either CDC or IOTF references.
In those studies, the prevalences of overweight
children were different by 8.6% to 1%, when
comparing WHO and CDC references (8, 22)
and by 10.7% to 3.9%, when comparing WHO
and IOTF references (8,23). In addition, the
IOTF criteria always produced the lowest rates
of overweight status. However, few studies have
reported interethnic comparisons within a single
country. We observed the greatest differences in
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overweight prevalence between WHO and IOTF
in non-indigenous children (5.4%). Cut offs for
overweight and obesity were analyzed separately,
and in all cases (data not shown), the direction of
the estimates were similar when comparing the
three references for different regions or different
ethnic groups (indigenous or non-indigenous
children). Previous evidence indicated that
the prevalence of overweight children varied
according to region in Mexico (24, 25). However,
that data was not consistent, because different
references were used in different studies. The
National Health Survey (ENSANUT) in Mexico
and other research groups adopted the IOTF
reference in 2006 and retained the CDC reference
to assess stunting (24). A recent review and meta-
analysis of the role of standard references suggest
that a given reference may be more suitable for
one country than others. The IOTF reference
is used by researchers and policy makers for
descriptive and comparative purposes. The 2000
CDC Growth Charts, and the WHO charts are
used for clinical use in monitoring children’s
growth (9).

The differences in the prevalence of thinness
and overweight estimates made with different
references may have arisen due to differences in
the datasets, smoothing methods, and analytical
approaches (3, 5, 6). Although the WHO and
IOTF references may be more useful than the
CDC reference for international comparisons,
it is uncertain whether their cut-off points are
appropriate in non-represented countries. [OTF
used Brazil to represent Latino children, but
Brazil is probably the least representative of
the ethnic diversity found in Latin America.
Nevertheless, any country would not be the
perfect representation of the region.

When the IOTF and CDC databases and
cutoffs were used to detect overweight status
and obesity in Swiss children, the IOTF system
showed lower sensitivity, but higher specificity,
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than the CDC reference (26). According to Cole
et al (27), the IOTF obesity cutoffs had lower
sensitivity (and high specificity) than the CDC
cutoffs, because the cutoffs were closer to the
high extreme of the distribution, which logically
led to a lower prevalence of obesity. There are
no well-established BMI cutoffs for assessing
thinness in school children. Nevertheless, WHO
and IOTF references have proposed different
categories for evaluating thinness. The WHO
reference defines thinness as < -2 Z score and
severe thinness as <-3 Z score; the IOTF criteria
defines thinness level 1 as < 18.5 kg/m2, thinness
level 2 as < 17 kg/m2, and thinness level 3 as <
16 kg/m2. Further studies are necessary to clarify
the health significance of the different definitions
of underweight status proposed by the WHO and
IOTF references.

It may be that, in Mexico, the adoption of the
WHO reference for research could increase the
prevalence of overweight and thinness, which
may prematurely alarm the national health system.
Evidence shows that the WHO reference produced
higher rates of overweight and thinness than
native growth charts (23). This was exemplified
in a study in Hong Kong, which suggested that it
was necessary to retain local references to prevent
overdiagnosis and a probable increase in clinical
workload (28). If the WHO 2007 reference were
applied in China, there would be increases in
the prevalence of short stature and underweight
status, and 5.8 million additional children would
be diagnosed as affected with both conditions
(28). The CDC and IOTF references have been the
most widely used in Mexico, but no standardized
reference has been adopted. Since indigenous
population represents almost twelve million
people, the current inclusion of indigenous
children in the national nutrition surveys could
produce a misleading interpretation of the overall
prevalence of overweight and underweight
status; therefore, one of the most important issues
in Mexico is to provide the best data reference
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system and the highest possible consistency over
time for proper evaluations of nutritional status
and intervention programs. We recommend that
future studies analyze the prevalence of thinness
and obesity using the WHO and IOTF references.
Because thinness as indicator of undernutrition
status in children is relatively new, differences
in body composition among indigenous and non-
indigenous children may justify the need for more
appropriate screening criteria to compare the
growth status. Future studies should clarify the
health significance of the different categories of
underweight and overweight status in both ethnic
groups. In addition, further studies are necessary
to test the sensitivity and specificity of the growth
references regarding ethnicity and biomarkers.

In this study, different municipalities
represented different geographic regions and
different ethnic groups in Mexico. However,
the sample was not representative of the school
children, regions, or indigenous groups for all of
Mexico. In addition, due to logistic constraints,
information about the socioeconomic status of
the families was not included. This study did
provide new information about the importance of
considering the reference criteria, the classification
systems, the ethnicity, and the environments in a
sample when reporting the overall prevalence of
thinness and overweight status in children.

CONCLUSIONS

In conclusion, the WHO BMI for age reference
generated higher rates of overweight and thinness
than those found with the CDC and IOTF charts
indigenous and non-indigenous school aged
children from different regions and ethnic groups
in Mexico. The IOTF reference generated the
lowest prevalence of overweight status and the
CDC reference generated the lowest prevalence
of underweight status. Care must be taken when
the WHO reference is used to estimate the growth
status in indigenous and non-indigenous Mexican
school children.
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RESUMEN: La caquexia, un sindrome multifactorial
caracterizado por la pérdida de masa muscular con
o sin pérdida de tejido adiposo que no puede ser
revertido con soporte nutricional convencional, es
frecuente en pacientes con enfermedades cronicas
como cancer, en quienes empeora notablemente su
estado de salud. El objetivo de esta revision fue estudiar
el impacto que tienen los suplementos nutricionales
en la morbimortalidad de los pacientes con caquexia
secundaria a cancer. Se realiz6 una busqueda de literatura
en las bases de datos Embase y Medline (Pubmed), sobre
los suplementos y desenlaces clinicos en pacientes con
caquexia secundaria a cancer. Se excluyeron revisiones
de literatura no sistematicas, y aquellos que se centraran
en otros desenlaces. Se seleccionaron 42 articulos,
y se revisd su version en texto completo. Se encontro
que los acidos grasos poliinsaturados aumentan el peso
corporal; los antioxidantes podrian reducir la progresion
del cancer; selenio, zinc, hierro y cobre mejorarian el
sistema inmunoldgico; y las proteinas y suplementos
caloricos podrian reducir la lipolisis y protedlisis. Dentro
de las limitaciones del estudio se encuentra la referencia
a multiples tipos de cancer, con diferencias significativas
en el tratamiento y el prondstico de los pacientes. Se
concluye que el soporte con suplementos nutricionales
que contengan acidos grasos poliinsaturados (EPA
y DHA), micronutrientes (Fe, Cu, Zn, Se, vitamina
E y C) y aminoacidos (l-arginina, l-glutamina, y b
hidrometilbutirato), puede mejorar la morbimortalidad y
por lo tanto la calidad de vida en pacientes con caquexia
secundaria a cancer.

Palabras clave: Cancer, suplementos nutricionales,
caquexia.

SUMMARY: Nutritional supplements as modifiers of
morbidity and mortality in cancer patients. Cachexia,
a multifactorial syndrome characterized by the loss of
skeletal muscle mass with or without loss of fat mass that
cannot be reversed by conventional nutrition support,
is frequently present in patients with chronic diseases
such as cancer, in whom the health status deteriorates
markedly. The objective of this review was to study
the impact of nutritional supplements on morbidity
and mortality of patients with cachexia secondary to
cancer. A literature search was conducted (Embase and
Medline-Pubmed) looking for references that described
associations between supplements and morbidity or
mortality in patients with cachexia secondary to cancer.
Non-systematic literature reviews, or studies with other
non-clinical outcomes were excluded. A total of 42
articles were selected, and their full text version reviewed.
We found that polyunsaturated fatty acids increase
body weight; antioxidants reduce cancer progression;
selenium, zinc, iron and copper improve the immune
system and proteins and caloric supplements prevent
lipolysis and proteolysis. Within the limitations of the
study is the reference to multiple types of cancer, which
in themselves present significant differences in treatment
and prognosis of patients. As a conclusion, nutritional
support with nutritional supplements containing
polyunsaturated fatty acids (EPA-DHA), micronutrients
(Zn, Se, Cu, Fe, vitamins C and E) and amino acids
(l-arginine, l-glutamine and b hidroxymethylbutyrate) ,
can improve morbimortality and therefore quality of life
in patients with cachexia secondary to cancer.

Key words: Cancer, nutritional supplements, cachexia.

INTRODUCCION

La caquexia es un sindrome multifactorial
asociado a wuna enfermedad subyacente,

caracterizado por la pérdida de masa muscular
con o sin pérdida de masa grasa que no
puede ser revertido con soporte nutricional
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convencional. Involucra un balance energético
y proteico negativo producto de la combinacion
de disminucidon en la ingesta de alimentos y
metabolismo anormal. En pacientes con cancer
como enfermedad de base se encuentra una
afeccion del desempeno habitual y calidad de
vida, e incluso una mayor tasa de mortalidad
cuando se asocia a anorexia y pérdida
involuntaria de peso de hasta un 30% (1,2).

Este proceso metabdlico se asocia a carencia
de componentes nutricionales, déficit anabolico
para la formacion de tejidos, resistencia a la
insulina y aceleracion catabdlica secundaria a
citoquinas inflamatorias como IL-1 e IL-6 y a
factores tumorales como TNF alfa (1,3-5).

El estado caquéctico requiere de una
terapia nutricional adecuada, por lo tanto se ha
evaluado el uso de suplementos nutricionales
para este fin. Entre los nutrientes estudiados se
encuentran los acidos grasos poliinsaturados
como acido eicosapentaendico (EPA) y 4acido
docosahexaendico (DHA) que ayudan a
disminuir dichos componentes inflamatorios
(6,7); el zinc (Zn), selenio (Se), cobre (Cu)
y hierro (Fe) que actian como cofactores
para mejorar el metabolismo y a su vez el
sistema inmune del huésped; los antioxidantes
como las vitaminas C y E que disminuyen la
concentracion de los componentes tumorales,
y los suplementos proteicos que revierten la
marcada protedlisis que sufren los pacientes
con caquexia (8,9).

El tratamiento que ha demostrado mejores
resultados es el uso de suplementos proteicos
haciendo énfasis en los aminoacidos esenciales
como glutamina, la administracion de lipidos y
el uso de micronutrientes antioxidantes como
Se, Cu, Fe, Zn y vitaminas C y E (10).

La caquexia se presenta con alta frecuencia
en los pacientes con cancer, con una prevalencia
de aproximadamente 20 a 40% al momento de
diagndstico, y que aumenta con la progresion
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de la enfermedad hasta afectar a un 80% de los
pacientes (9). El presente estudio busca revisar
la evidencia en la literatura sobre el papel de los
suplementos nutricionales mencionados para
disminuir o revertir el deterioro nutricional.

MATERIALES Y METODOS

Se hizo una busqueda en la literatura de
estudios clinicos que relacionaran los éacidos
grasos Omega-3 (EPA y DHA), Se, Zn, Fe, Cu,
suplementos energéticos y antioxidantes, con
estado nutricional y caquéctico, pérdida de peso
y morbimortalidad de los pacientes con caquexia
secundaria a cancer. Para ello, se emplearon las
bases de datos Pubmed y Embase.

Los términos empleados en la busqueda
de Pubmed fueron: (“cachexia” OR “dietary
supplements”) AND (“neoplasms/therapy”).
En Embase, las busquedas se hicieron con los
siguientes términos: dietary supplements’/exp
OR ‘dietary supplements’ AND ‘cancer’ AND
‘cachexia> AND (‘article’/it OR ‘article in
press’/it OR ‘review’/it).

Losarticulos encontrados, fueron transferidos
al programa de manejo de referencias Mendeley.
Se excluyeron las revisiones de literatura
no sistematicas, y aquellos cuyo contenido
no evaluara la relacion entre suplementos
nutricionales y caquexia.

Se seleccionaron ensayos clinicos, revisiones
sistematicas de la literatura, metanalisis,
estudios de cohortes, estudios de casos y
controles y estudios transversales. Se obtuvo
la version de texto completo de los articulos
seleccionados, y se recogio la informacion
sobre la intervencion/exposicion, el desenlace
medido, la forma en que se midi6 el desenlace y
el resultado principal de cada estudio.

RESULTADOS

Del total de 725 referencias filtradas, se
encontraron 10 duplicadas, 3 fueron excluidas
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por no encontrarse en texto completo y 670
por su contenido, finalmente se selecciond un
total de 42 articulos y se adquirid la versién en
texto completo de los mismos. Los articulos
encontrados exponen coémo los suplementos
nutricionales influyen en la mejoria de la
morbimortalidad y estado general y nutricional
de los pacientes con caquexia secundaria a
cancer.

Dentro de los ensayos clinicos aleatorizados
revisados se encontraron beneficios del
suplemento con Zn 'y Se en pacientes con cancer,
mejorando el estado general y desacelerando
en cierto modo la evolucion de la enfermedad.
El estudio de Federico et al (11) realizado en
Italia suministré 200 mcg/dia de Zn y 21 mg/
dia de Se, por un periodo de 50 dias a un
grupo 60 pacientes con diagndstico de cancer
de tracto digestivo y reportd una mejoria en el
estado general de la totalidad de pacientes, con
aumento del apetito y disminucion de la astenia,
mientras en los no tratados la caquexia aumento
en un 80%.

En cuanto al efecto de este suplemento en la
morbilidad asociada al tratamiento de cancer, el
estudio de Sieja et al (12) en Polonia, evalu6 31
pacientes con cancer de ovario en suministro de
Se en dosis de 200 mcg/dia con disminucidn de
la caida del cabello, astenia y dolor abdominal,
aumento del apetito y del recuento leucocitario.
De la misma manera el estudio de Muecke et al
(13) en Alemania, con 81 pacientes con cancer
de cuello uterino suplementados con Se (300-
500 mcg/dia) encontrd una posible mejoria de
los efectos adversos de la radioterapia, con
presencia de diarrea secundaria en el 20,5% de
los pacientes tratados, comparado con un 44,5%
en los pacientes de control, lo que concuerda
con lo reportado por el estudio de Lin (14), en
un estudio realizado en China con 100 pacientes
con cancer de cabeza y cuello con disminuciéon
considerable de la mucositis tras el suministro
de Zinc (100 mg/dia).
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El uso de los antioxidantes también tiene un
papel relevante, el estudio de Hanson (15)
realizado en Suecia, report6 la ayuda de éstos
en la inmunomodulacién con aumento de
linfocitos Natural Killer (NK) e interferon gama
en 13 pacientes suplementados con 750 mg/
dia de Vitamina E. Por otro lado, los estudios
de Joniau et al (16) y Grainger et al (17) con
100 y 41 pacientes respectivamente, incluyen
el suplemento con vitamina E (25-30 mg/dia)
en pacientes con cancer prostatico, obteniendo
disminucion del antigeno prostatico (PSA) hasta
en un 35% (16-18)

Con respecto al suplemento con &cidos
grasos (EPA/DHA) se ha descrito mejoria en el
gasto energético basal de pacientes con cancer,
con regulacion de la respuesta metabdlica;
adicionalmente se plante6 que puede haber
cierta influencia de los mismos en los factores
de crecimiento tumoral, contribuyendo al
prondstico de la entidad (18-20). Barber (21),
Read (22), Bauer (23), Weed (24), y Mantovanni
(25) en sus estudios de 23, 200, 32, 20 y 332
pacientes respectivamente, determinaron que
estos suplementos mejoran el estado nutricional
de los pacientes con caquexia al aumentar el
apetito, ganancia y estabilidad en peso, energia
y masa corporal, aportados a una dosis promedio
de 1 g/dia, similar a lo reportado por Barber
(26) y Yoshii (27) quienes indican que el uso
de 4cidos grasos contribuye al anabolismo y la
modulacion de sintesis de proteinas.

El estudio de Barber (28) realizado en el
Reino Unido con 16 pacientes con cancer de
pancreas y caquexia asociada, sugiere que a
pesar de los efectos benéficos que puede tener
el EPA (2 g/dia), el uso de este componente por
si solo no tiene un impacto significativo sobre la
progresion de la enfermedad de estos pacientes .

Van der Meij (29), Mocellin (Brazil, 30),
Finocchiaro (31) y Gomez (32) en sus estudios
acerca del efecto de los suplementos con acidos
grasos (EPA) con una dosis minima de 600 mg
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y maxima de 1,5 g/dia, en pacientes con cancer
de pulmén y colorrectal respectivamente,
concluyeron que el grupo tratado tuvo una
disminucion en marcadores inflamatorios
mejorando asi su estado general. A su vez,
Senkal (33), en su estudio llevado a cabo en
Alemania, con 40 pacientes llegd a concluir
que los suplementos con 4cidos grasos a
3,7 g/dia en pacientes con cancer gastrointestinal
mejoraban la incorporacion de los lipidos a los
tejidos (higado 1.3% vs 0,4%, colon 0,8% vs
0,3%), y se asociaba con una mejor modulacién
inmunologica.

El estudio de Trabal (34), en Espaia, evaluo la
tolerabilidad a la quimioterapia en 13 pacientes
con cancer colo-rectal que recibian suplementos
con acidos grasos (6,1 g/dia), demostrando que
aquellos que recibian los suplementos tenian
menos interrupciones en las quimioterapias por
la disminucion de los efectos adversos (0/6 vs
4/7 en grupo no tratado) y adicionalmente mayor
ganancia de peso (aumento de 4.94 Kg vs pérdida
de 1.17 Kg); lo anterior medido indirectamente a
través encuestas de calidad de vida, con diferencia
hasta de 10 puntos en el grupo tratado y haciendo
énfasis en el control del dolor y disminucion de la
fatiga.

El estudio de Murphy (35,36), en Canada,
con 45 pacientes en quimioterapia, concluyd
que el suplemento con aceite de pescado (2,5 g
EPA+DHA) mejora la respuesta al tratamiento
siendo esta de 60% en pacientes suplementados y
25,8 % en controles. El estudio de Pastore (37) en
Brasil, evalud el mismo efecto en pacientes con
cancer de pulmon y gastrointestinal y determind
que administrar 2,2 g al dia de EPA en las primeras
72 horas posteriores a quimioterapia durante 4
semanas, no tenia un gran efecto y que al parecer
el momento ideal para hacerlo no es antes de la
quimioterapia, debido posiblemente a fallas en la
adherencia.

A pesar de los estudios que sugieren los efectos
benéficos de los suplementos nutricionales con
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acidos grasos Omega-3, los estudios de Bruera
(38) y Zuidjgeest (39), con 60 y 17 pacientes,
sugieren que los suplementos con acidos grasos
tienen poco efecto en el estado nutricional y en la
lipdlisis de los pacientes con cancer

Otros estudios evaluaron el efecto de los
suplementos con aminoacidos esenciales como
arginina, glutamina y el cuerpo ceténico b hidroxi
butirato (40). El estudio de May (41), realizado
en Estados Unidos con 33 pacientes concluyo
que la administracion de aminoacidos esenciales
Hidroximetilbutirato (3 g/dia), L-arginina (14
g/dia), L-glutamina (14 g/dia) en los pacientes
con cancer aumenta el peso corporal secundario
a sintesis de grasa y disminucion de proteolisis
(aumento promedio de 0,95 Kg comparado con
pérdida de 0,26 Kg).

Akutsu et al (42) en un estudio de casos y
controles en Japon evaluaron el suplemento con
Zn 'y Se en adicion de Fe y Cu a dosis variables
en 18 pacientes con cancer esofagico, obteniendo
buenos resultados en la homeostasis nutricional.

Inoue (43) en un estudio de cohortes en Estados
Unidos con 2218 pacientes establecio que el uso
de la vitamina E se asocia con menor riesgo
de muerte por sus propiedades antioxidantes,
con un 85% de los supervivientes en el grupo
suplementado.

Kazi et al (44) en un estudio transversal en
Pakistan, compararon los niveles de elementos
de traza y toxicos (arsénico y cadmio) en
pacientes sanos y con cancer hepatico (n=144)
antes y después del tratamiento con Se y Zn y
concluyeron que el tratamiento es benéfico para
la homeostasis metabolica en ambos casos (44).

Las revisiones sistematicas revisadas acerca
del uso de 4cidos grasos arrojan resultados simi-
lares a los descritos anteriormente, recalcando
efectos positivos de los suplementos nutriciona-
les en la ganancia o mantenimiento del peso, se
recomendo una dosis de acidos grasos mayor a
1,5 g/dia (45-46).
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DISCUSION

Los resultados obtenidos sugieren que los
suplementos nutricionales tienen un impacto
positivo en los pacientes con cancer caquécticos
y en no caquécticos, pues contribuye a mejorar
su condicion clinica, pronostico y calidad de
vida, haciendo énfasis en estabilidad en el peso
e indice de masa corporal, mejoria de gasto
energético, aumento del apetito, mejores niveles
plasmaticos de proteinas y elementos de traza
e incluso mejoria en efectos secundarios de la
quimioterapia, dolor y fatiga.

Al analizar cada componente por separado,
se observd que los suplementos con acidos
grasos poliinsaturados (EPA y DHA), los
cuales son uno de los mas utilizados en los
estudios, mejoran las reservas energéticas de los
pacientes con cancer, asi como su metabolismo
evitando la disminucidn de peso y por lo tanto
de masa corporal (18,19). Adicionalmente
tienen efectos importantes en reducir el avance
de las enfermedades neoplasicas al disminuir
los factores proinflamatorios como IL-1 e
IL-6 e interferir con la producciéon del factor
potenciador de cadenas ligeras kappa de las
células B (NF-kB), promotor de neoplasia
(20,29-32,41). Sin embargo, una minoria de
estudios no reportaron beneficios significativos
de esta conducta, lo que sugiere la necesidad de
ampliar la informacion acerca de la utilidad de
los suplementos con acidos grasos teniendo en
cuenta el estadio de la enfermedad y el tipo de
cancer (39,47).

Otros suplementos incluidos en el analisis
son los elementos de traza como zinc, selenio
hierro, cobre y las vitaminas que actian
como catalizadores de procesos enzimaticos,

especificamente el sistema antioxidante,
reduciendo de esa manera las lesiones
oxidativas de procesos inflamatorios que

conducen a carcinogénesis. Multiples estudios
determinaron que estos componentes influyen
positivamente en el sistema inmunoldgico y
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por lo tanto en la pronta recuperacion de los
pacientes. Se sustentd que la deficiencia de
zinc y selenio estd implicada en la patogénesis
y progreso de esta enfermedad, y por lo tanto
este tratamiento representaria una mejoria del
estado general, asi como una mayor tolerancia
de los efectos adversos asociados al tratamiento
de cancer (11-13,44,48). Adicionalmente, se
observo que el uso de hierro y cobre también
tiene efectos positivos sobre los pacientes pues
ayudan a establecer la homeostasis nutricional,
evitando una desnutricion severa; lo anterior
abriria campo al uso de micronutrientes desde
el momento del diagndstico de la enfermedad
y en lo posible, su suministro simultaneo al
tratamiento planteado (42).

Con respecto a vitaminas antioxidantes
como la vitamina E y la C, se evidenci6 un
rol importante de los mismos al disminuir
la expresién de radicales libres y modular el
sistema inmunologico, lo cual podria impactar
positivamente el curso de la enfermedad, haria
falta la realizacién de estudios que impliquen
un seguimiento a largo plazo para estandarizar
esta conducta (15,48).

Por ultimo, se analizaron los beneficios
de los aminoacidos esenciales como
Hidroximetilbutirato, L-argininay L-glutamina.
Se infiere que estos suplementos promueven la
sintesis proteica, aumentando la masa corporal
que es lo que pierden esencialmente los
pacientes con caquexia (40,42).

De manera general, en los estudios
revisados se observd que cada elemento
contenido en los suplementos tiene un efecto
relevante en la salud de los pacientes con
estas condiciones, evidenciandose mejoria en
peso corporal, reservas energéticas, reduccion
de la progresion de la enfermedad, mejoria
del sistema inmunolégico, recuperacion del
estado nutricional y tolerancia al tratamiento
complejo que requieren las personas con estas
enfermedades; sin embargo, cabe mencionar
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que muchas veces las dosis suprafisiologicas
de estos suplementos pueden tener efectos
contrarios. Dentro de las limitaciones del estudio
se encuentra la referencia a multiples tipos
de cancer, los cuales por si mismos presentan
diferencias significativas en el tratamiento y el
pronodstico de los pacientes.

Cabe resaltar que la variabilidad en los
resultados obtenidos tras el andlisis de la
informacion podria atribuirse a las diferentes
posologias manejadas en los estudios, ademas
de la diferencia en el tiempo de seguimiento,
tamafio de muestra y en la medicién de gasto
energético y medidas ponderales.

CONCLUSIONES

Los resultados observados en esta revision
de la literatura sugieren un beneficio con el uso
de suplementos nutricionales como Vitamina Cy
E, elementos traza (Cu, Zn, Se, Fe), aminoacidos
esenciales y 4cidos grasos poliinsaturados
como modificadores de la morbimortalidad en
pacientes con caquexia secundaria a cancer. Sin
embargo, no se tiene suficiente informacion para
definir en qué momento de la enfermedad deben
admnistrarse. Estos suplementos no sélo ayudan
en los aspectos nutricionales, sino que ademas
influyen positivamente en la calidad de vida, se
asocian con menor cantidad y severidad de efectos
adversos en el tratamiento, especificamente
quimioterapia y al parecer podrian retrasar la
progresion de la enfermedad.
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SUMMARY: The Objective this study is to compare the
consumption ofartificial sweeteners by sex and BMI status
among university students in Peru, Chile, Guatemala and
Panama. Survey of consumption of artificial sweeteners
containing foods was designed and applied, adapted for
each country with pictures of surveyed foods. After the
survey application, a total of 1,229 participants male and
female both university students from 4 different Latin
American countries: Chile (n=473); Panama (n=300);
Guatemala (n=253); Peru (n=204) were submitted to a
anthropometry measeurement. Over 80% of students
ate at least 1 food that contained artificial sweeteners,
acesulphame-k, sucralose, and aspartame had the
highest levels of consumption. Females in Chile and
Guatemala ate the most sucralose (25.7 (6.6-50.9),
p<0.05; 38.3 (15.1-82.5). Males in Panama ate the most
acesulphame-k, (35.3 (11.5-91.5), p<0,05). Females
had a positive correlation between artificial sweetener
consumption and BMI for: acesulphame-k, aspartame
and cyclamate. Males had a negative relationship
between acesulphame-k, aspartame and BMI (p<0.05).
We found a high consumption of artificial sweeteners
among both male and female Latin Americ an university
students, with differences by country, sex and BMI
status.

Key words: Artificial sweeteners, estimated intake,
nutritional status, acesulphame-k, saccharin.

RESUMEN: Comparacién en el consumo de edul-
corantes no nutritivos en estudiantes universitarios
latinoamericanos: Estudio Multicéntrico. El objetivo
del estudio es comparar el consumo de edulcorantes arti-
ficiales no nutritivos por sexo y estado nutricional (IMC)
entre los estudiantes universitarios en Perua, Chile, Gua-
temala y Panama. Se disefi6 y aplicé una encuesta de
consumo de alimentos que contienen edulcorantes arti-
ficiales no nutritivos, adaptado para cada pais con fotos
de alimentos encuestas. Posteriormente se aplico la en-
cuesta y una evaluacion antropometrica entre 1.229 estu-
diantes universitarios en 4 diferentes paises de América
Latina: Chile (n = 473); Panama (n = 300); Guatemala
(n=253); Pera (n = 204). Mas del 80% de los estudian-
tes comia al menos 1 alimento que contiene edulcorantes
artificiales, acesulfamo-K, sucralosa, aspartame y tenian
los niveles mas altos de consumo. Las mujeres en Chi-
le y Guatemala comsumieron mas sucralosa (25,7 (6,6-
50,9), p <0,05; 38,3 (15,1-82,5). Los hombres de Pana-
ma comsumian mas acesulfamo-K, (35,3 (11,5-91,5), p
<0,05) Las mujeres tenian una correlacion positiva entre
el consume de edulcorante artificial y el IMC para: ace-
sulfamo-K, aspartamo y ciclamato hombres tenian una
relacion negativa entre el acesulfamo K, aspartamo y el
IMC (p <0,05). Encontramos un alto consumo de edul-
corantes artificiales entre los estudiantes de ambos sexos
en las universidades de América Latina, con diferencias
por pais, sexo e IMC.

Palabras clave: Edulcorantes no nutritivos, ingesta esti-
mada, estado nutricional, acesulfame-k, sacarina.

INTRODUCTION

Artificial sweeteners are food additives that
have the ability to simulate the presence of

sugar in food (1). These sweeteners are available
across the primary food markets of the world
and are added to many different types of foods.
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Additionally, because these sweeteners have
little or no calories they have high consumer
acceptance, as many consider them to be healthy
and help maintain weight (2). Artificial sweeteners
have been available since the late 1800s. More
recently the consumption of these types of
sweeteners has increased in many countries.
Saccharin, cyclamate, aspartame, acesulphame-k
(or acesulphame potassium), sucralose, neotame,
alitame and stevia are among the most common
artificial sweeteners.

The first three substances: saccharin,
cyclamate, aspartame are known as first generation
sweeteners. After which came second generation
sweeteners , which include acesulphame-k,
sucralose, neotame, alitame that have different
market inflection points(3).

Cyclamate was discovered in the United States
in 1937. This sweetener is sodium and calcium
cyclamic acid and has high water solubility.
It is 30-50 times sweeter than sugar. As it is a
less intense sweetener, it is mixed with sodium
saccharin in order to increase its sweetening
effect (3).

Saccharin is the oldest artificial sweetener.
Saccharin is a sulphonamide, whose hydrogen
atom is somewhat acidic and readily forms salts.
Sacchairne is approximately 300 times sweeter
than sugar and has zero calories (1).

Aspartame was discovered in 1965. It is an
artificial sweetener comprised of a methyl ester
of a dipeptide formed by the L - aspartic acid and
L - phenylalanine. It is 180 to 200 sweeter than
sugar and has 4 calories per gram (4).

Acesulphame-k is 200 times sweeter than
sugar. It was discovered in 1967 and chemically
composed of the potassium salt of 6-methyl-
1,2,3-oxathiazine-4 (3H)-one 2,2-dioxide. It is a
stable sweetener that has good water solvability,
although at high concentrations it has a bitter taste.
It cannot be metabolized and is thus secreted,
without any change, in the urine (4).
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Sucralose is an artificial sweetener discovered
in 1976 composed of 1.6 dichloro - 1,6 dideoxy
- B-D-fructofuranosyl - 4 - chloro - 4 deoxy -
aD - galactopyranoside obtained by selective
halogenation of the sucrose molecule. It is 600
times sweeter than sugar and has no calories (4).

Stevia is a subtropical jungle plant from
the highlands of Parand is also native to the
northeast region of Misiones, Paraguay where the
indigenous people use it for medicinal purposes.
The stevia plant produces a natural sweetener, 300
times stronger than sucrose with no calories. Its
leaves can be used in a natural form and because
of its strength as a sweetener only a small amount
is needed (5, 6).

The use of artificial sweeteners has been
associated with health lifestyles, including
maintaining weight within the normal range.
Advertisements for healthy foods that contain
artificial sweeteners have increased and have the
power to influence young consumers, who use
these sweeteners for weight maintenance and
because of family environment (7).

Despite the increase in use of artificial
sweeteners in food, little or nothing is known
about the consumption of artificial sweeteners
among young people in Latin America. The aim
of the study was to compare the consumption of
artificial sweeteners among a sample of university
students in Peru, Chile, Guatemala and Panama.

MATERIAL AND METHODS

Cross-sectional studies. We studied 1,229,
male and female university students (public
and private universities) between the ages of
18-26; among which 472 were from Chile
(private), 300 from Panama (private), 253 from
Guatemala (public) and 204 from Peru (public),
the implementation of the surveys was between
June and November 2014. The sample size for
each country was calculated based on a study by
Arcella (8) with a 95% confidence interval and
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90% power and precision calculated as observed
sample size — recommended value. The study had
a non-probabilistic.

The criteria of inclusion used in the study
were; being a university student with metabolic
diseases and type 1 diabetes and those who did
not complete the data entry forms were excluded
(were excluded students for not having completed
all information). Students were asked to sign
an informed consent and over 27 years old. The
study protocol was reviewed and approved by the
IRBs at the different university sites. The study
was developed following the Helsinki Declaration
with respect to studies conducted with human
subjects and was approved by the local ethics
committee beings. Finally the compliance with
STROBE has been addressed in this study.

Foods that contain artificial sweeteners and
liquid and powdered sugar substitutes were
sampled in each country through visits to markets.
Each product was photographed and numbered.
The survey contained sweetener a)milk products
(yogurt, milk, etc), b)breakfast cereals, granola
bars, ¢) liquid and powdered juices, d) carbonated
beverages and energy drinks, e)cookies, f) flan/

custard, jello, and g) sugar substitutes used to
sweeten coffee and tea (tablet and liquid forms).
A total of 122 products were sampled in Chile,
109 in Panama, 29 in Guatemala, and 124 in Peru.

To determine the consumption of artificial
sweeteners, a survey of weekly food consumption
was adapted for each country (only foods that
contain artificial sweeteners were asked).

The survey was analysed using Excel. For the
analysis of the survey, we considered type and
amount of each artificial sweetener determined
by the additives listed on the nutritional label per
100 g or ml.

Weight was measured using an electronic
precision scale (GAMMA ®) with sensitivity of
0.1 kg, which allowed consumption per kilo of
weight to be calculated. Height was measured
with a stadiometer attached to the scale.
Nutritional status was determined using body
mass index (BMI), calculated as weight (kg) /
height’ . Normal BMI was defined as 18.5-24.9;
overweight 25.0-29.9; and obesity >= 30 kg/m>.

Data were analysed using an Excel spreadsheet
and SPSS 19.0. To evaluate the normality of

TABLE 1. Comparison of anthropometric variables

in Latin American university students

Chile Peru Guatemala Panama

Mean + SD Mean + SD Mean + SD Mean + SD
Females n=317 n=140 n=217 n=216
Age (years) 209 +25 220+ 2.2 22.3+3.2 24.8+79
Weight (k) 58.8 £ 7,7° 57.1 £9,0* 57.3 +9.5¢ 61.5 £ 11.6%b¢
Height (m) 1.61 £ 0.05° 1.57 +0.06*>¢ 1.59 + 0.06° 1.60 + 0.06¢
BMI (k/m?) 22.6 +2.5° 22.8+3.2 223 +3.6° 23.7 £ 4.2%
Males n=155 n=64 n=36 n=84
Age (years) 21.2+2,6 22,6 £2,9 223+32 23.6 £6.5
Weight (k) 735+ 11.1 69.1 +12.3° 742 +12.6 77.1 +16.4°
Height (m) 1.73 £ 0.07 1.70 £ 0.08° 1.74 £ 0.07° 1.72 £0.08
BMI (k/m?) 244 +29 23.8+2.8 242 +3.2 25.7 £4.9%

Anova and Bonferroni post-hoc test. A,b,c, same letters indicate significant differences (p<0,05)
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continuous variables (age, weight, height, and
consumption of artificial sweeteners) we used the
Shapiro Wilk goodness of fit test. For comparisons
by sex we used Student t or Mann-Whitney
for normally and non-normally distributed
variables, respectively. To compare by country
we used either ANOVA or Kruskal-Wallis tests.
For correlations we used Pearson or Spearman
correlations depending on the normality of the
variable. For all tests p<0.05 was considered
statistically significant.

RESULTS

The sample consisted of 1,229 university male
and female students of different majors: health,
education, engineering, law. Over 80% of the
sample consumed at least 1 food per day that
contained an artificial sweetener. The sweeteners
with the highest intake were acesulphame-k,
sucralose, and aspartame (Figure 1,2 and 3), 9.3%
of students in Peru consumed stevia, compared to
1.9% in both Panama and Chile. Cyclamate and
saccharin were only consumed in Chile, among
23% and 25.8% of students, respectively.

Comparing consumption (Table 2,3) between
countries (kilos of weight), we found significant
differences women in Guatemala have the
highest consumption of acesulphame-k (p<0.05),
Chile women show the highest consumption of
sucralose (p<0.05), Panama women show the
highest consumption of aspartame (p<0.05). For
Panama men have the highest consumption of
acesulphame-k and aspartame (p<0.05).

We found differences by sex and country
only between Chile and Guatemala, with Chilean
females consuming the most acesulphame-k,
sucralose, and cyclamate (p<0.05) and
Guatemalan females consumed more aspartame,
acesulphame-k and sucralose (p<0.05).

We found no significant correlation among
males in Chile and Panama between consumption
(per kilo of weight) and BMI. Among males in
Peru and Guatemala, however, consumption
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TABLE 2. Comparison of artificial sweeteners consumption by sex

Mean + SD P-value
Chile Males Females
Acesulphame-k Kg/ wt 0.3 (0.03-0.8) 0.8 (0.1-1.03) 0.018
Aspartame kg/ wt 0.7 (0.07-1.8) 1.0 (0.9-2.3) 0.108
Sucralose kg/wt 0.3 (0.09-0.8) 0.6 (0.2-1.5) 0.001
Cyclamate kg/wt 0.0 (0.0-0.0) 0.0 (0.0-0.02) 0.009
Saccharin kg/wt 0.0 (0.0-0.0) 0.0 (0.0-0.01) 0.046
Peru
Acesulphame-k Kg/ wt 0.2 (0.0-1.4) 0.1 (0.0-1,1) 0.58
Aspartame kg/ wt 0.6 (0.0-3.7) 0.3 (0.01-3.3) 0.886
Sucralose kg/wt 0.3 (0.0-0.9) 0.3 (0.0-1.2) 0.63
Guatemala
Acesulphame-k Kg/ wt 0.1 (0.04-0.6) 0.8 (0.1-1.8) 0.001
Aspartame kg/ wt 0.4 (0.1-1.7) 2.1(0.1-4.7) 0.014
Sucralose kg/wt 0.04 (0.1-0.6) 0.5 (0.2-1.1) 0.017
Panama
Acesulphame-k Kg/ wt 0.4 (0.1-0.9) 0.3 (0.1-0.9) 0.729
Aspartame kg/ wt 0.9 (0.3-2.3) 0.9 (0.3-2.8) 0.579
Sucralose kg/wt 0.09 (0.01-0.4) 0.1 (0.04-0.4) 0.065

Mann Whitney test

TABLE 3.Comparison of artificial sweeteners consumption by countries

Mens Chile Peru Guatemala Panama
Mean + SD Mean + SD Mean + SD Mean + SD
Acesulphame-k Kg/ wt 0.3 (0.03-0.8) 0.2 (0.0-1.4) 0.1 (0.04-0.6) 0.4 (0.1-0.9)#
Aspartame kg/ wt 0.7 (0.07-1.8) 0.6 (0.0-3.7) 0.4 (0.1-1.7) 0.9 (0.3-2.3)#
Sucralose kg/wt 0.3 (0.09-0.8) 0.3 (0.0-0.9) 0.04 (0.1-0.6) 0.09 (0.01-0.4)
Cyclamate kg/wt 0.0 (0.0-0.0) - -
Saccharin kg/wt 0.0 (0.0-0.0) - -
Women Chile Pera Guatemala Panama
Mean £+ SD Mean £+ SD Mean £+ SD Mean £+ SD
Acesulphame-k Kg/ wt 0.8 (0.1-1.03) 0.1 (0.0-1,1) 0.8 (0.1-1.8)# 0.3 (0.1-0.9)
Aspartame kg/ wt 1.0 (0.9-2.3) 0.3 (0.01-3.3) 2.1(0.1-4.7) 0.9 (0.3-2.8)#
Sucralose kg/wt 0.6 (0.2-1.5)# 0.3 (0.0-1.2) 0.5 (0.2-1.1) 0.1 (0.04-0.4)
Cyclamate kg/wt 0.0 (0.0-0.02)
Saccharin kg/wt 0.0 (0.0-0.01)

# different from other county (p<0.05), test used Anova post hoc Bonferroni
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of aspartame and acesulphame-k and BMI
were negatively correlated. We found positive
correlations among females in Peru, Chile and
Guatemala between BMI and total consumption,
consumption per kilo of weight of acesulphame-k,
aspartame and cyclamate (only in Chile).

Acceptable daily intake of sucralose is between
0-15, 0-40 for aspartame, 0-7 for cyclamate, 0-5
of saccharin, 0-15 of acesulphame-k and (11). For
acesulfame-k, no student surpassed this amount,
with the highest consumption being 58.7%
of acceptable daily intake. Consumption of
cyclamate beyond daily acceptable intake levels
was reported by 1 Chilean student and 2 Chileans
reported consuming above acceptable levels of
sucralose.

DISCUSSION

The intake of artificial sweeteners has greatly
increased across Latin America, as was shown
in our study and other research conducted
in Latin America. Among a sample children
and adolescents in Chile report that 99.6% of
elementary school children sampled ate food
with artificial sweeteners (9), attributed mostly
to consumption of zero calorie, inexpensive,
carbonated drinks, whereas a multicenter study
which was carried out on Latin American
University Students which evaluated the intake
of sugarless beverages showed that 80% of the
students consumed at least 1 cup of a beverage
without sugar per day (10).

In a study conducted among Brazilian adults,
Zanini et al (11) found 22.7% of females and
13.9% of males ate foods with non-nutritive
sweeteners. A study conducted in the U.S. thatused
the National Health and Nutrition Examination
Survey (NHANES) (12), found that 15% of the
population consumed artificial sweeteners present
in food and drinks. It is important to mention
that comparisons between countries should be
evaluated with caution because of differences in
methods, instruments used, study populations and
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time period evaluated.

The high levels of artificial sweeteners
consumed in our study can be attributed to the
intake of carbonated beverages, juices (ready-
made and powder forms), and sweetened milk
products (i.e. flavour yogurt).

Artificial sweeteners are typically used as
a nutritional aid to those who need to reduce
their consumption of sugar or calories or need to
manage their weight (13). Our differing results for
men and women related to BMI and consumption
of artificial sweetener is important to highlight,
where BMI was positively related to sweetener
intake in women, but not men. This may be related
to advertisement that focuses primarily on the
female consumer. Higher education level is also
related to higher artificial sweetener intake, which
may be related to an increased concern among
persons of higher education levels to maintain a
healthy weight. Another explanation may be that
foods containing nonnutritive sweeteners (light
or diet foods) are considered healthy products and
that persons with greater education have higher
access to these foods which are generally more
expensive.

Among the surveyed countries, Chile was
the only one in which cyclamate and saccharin
were consumed on a daily basis. Very little was
consumed or these particular sweeteners are not
available in the other countries surveyed. There
is a tendency to replace cyclamate and saccharin
for other no nutritive sweeteners (9) included
sucralose, aspartame, acesulfame-k and stevia
(natural sweetener), possibly because of studies
conducted in animal models showing an increased
risk of bladder cancer (14) indicating that
cyclamate and saccharin may negatively affect
health. The role of artificial sweeteners in cancer
risk has been widely debated since 1970, when
researchers found an increased risk of bladder
cancer among rodents given extremely high
doses of saccharin (14). Later epidemiological
studies also found increased risk among humans
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(14), although more recent studies do not find
such association (15). Boselli and colleagues
(16), for example, found no association between
consumption of saccharin and risk of mouth,
pharynx, oesophagus, larynx, breast, colon,
rectal, kidney, ovarian, or prostate cancer. Later is
was shown that the carcigenic effect of saccharin
was specific to certain species (17). Despite these
findings, consumer groups are against the use
of saccharin and especially cyclamate in food
products.

Traditionally it is thought that substituting
artificial sweeteners for sugar can be an effective
strategy to control weight, although findings are
mixed (13). A modelling study recently published
shows that a decrease of 40% of free sugars added
to sweetened beverages for more than 5 years
would result in an average reduction in energy
consumption of 38.4 kcal per day (95% CI: 36.3-
40.7) at the end of the fifth year. This would lead
to an average reduction of 1.20 kg (1.12-1.28) in
steady-state body weight in adults, which would
result in a decrease of 1.0 percent(from 35.5% to
34.5%) in overweight and 2.1 percent in obesity
(from 27.8% to 25.7%) (18).

That artificial sweeteners do not satisfy
appetite as well as sugar does is another issue
under debate. It is even suggested that artificial
sweeteners stimulate hunger and activate pleasure
receptors, leading to eating in excess and an
addiction to sweet foods (19).

Recent findings demonstrate an increase in the
expression of transporters utilized in the intestinal
absorption of glucose (SGLT1) and the induction
and translocation of glucose transporters
(GLUT2) in the membrane border when
consuming artificial sweeteners. The increase
of these changes could facilitate absorption and
metabolism of ingested sugars (20). In the case
of consumption of artificial sweeteners, however,
since these changes are not accompanied by sugar
intake, they may increase energy consumption.
Additionally, a recent study has shown changes
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in the microbiota when consuming sweeteners.
This is the case with a consumption equivalent
to the IDA, favoring glucose intolerance (21).
However, other studies show inconsistent results
(22).

Studies in humans have documented the
activation of different neural pathways in the
hypothalamus when caloric sweeteners are
consumed compared to artificial sweeteners,
indicating that differences in sweeteners can be
detected (23). Taken as a whole, these findings
advance the hypothesis that the consumption of
sweet, but non-caloric, foods produce significantly
different effects compared to the consumption of
sugar sweetened foods. These effects could, over
time, contribute to a positive energy balance and
an increase in body weight.

It is important that artificial sweeteners—the
amount of each sweetner per serving size and for
each 100 g or mls of prepared food—be listed
on nutritional labels. Additionally, the daily
recommended amount in mg/kg of body weight
per WHO/FAO recommendations should also be
noted.

The consumption of artificial sweeteners
may be increased in Latin America, due to an
increment in taxes on sugary drinks as is currently
happening in Mexico, Ecuador and Chile as well
as the new food labeling standards for foods high
in sugars and other nutrients associated to health
risks, conducted in Chile, which has lead to the
change from sugar to artificial sweeteners in food
and beverages by the food industry.

Within the limitations is possible to name
the sample y not aleatory and is a transversal
study, in no possibility to name of causality
only association. It is neither possible to realize
sensibility and specificity analysis of the survey,
and can mention this the a low sample of men,
since in general the majority of the students was
of the area of the health. The strength we canis a
first study in different countries in Latin America,
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use a validate food survey and in not a secondary
data.

The current study demonstrated heterogeneous
behaviour among the countries surveyed. Overall
we observed high consumption of artificial
sweeteners, especially among females. We also
found that increased BMI was related to increase
consumption among females, with the opposite
being true in males. And finally, findings indicate
consumption of artificial sweeteners within the
daily recommended levels according to WHO/
FAO standards. New products that contain
artificial sweeteners arrive to markets daily,
making the task of monitoring appropriate levels
of consumption of these sweeteners difficult.
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SUMMARY: Low-acid mayonnaise produced with
raw egg is a product rich in oil, almost a home-made
product, but it is susceptible to lipid oxidation and
microbial contamination by Sal/monella Enteritidis,
which results in deterioration of the product and
forms undesirable components such as free radicals
and reactive aldehydes. A better understanding of
the factors that affect and can prevent lipid oxidation
and microbial growth is essential to improve the
product’s lifetime. This review presents information
on the factors that influence lipid oxidation and
can accelerate the proliferation of microorganisms.
Monitoring these possible factors can reduce the
induction period that accelerates rancidity and ensure
microbiological safety of the product, possibly
increasing shelf life. The most effective means to slow
lipid oxidation in mayonnaise and ensure its safety is
the use of antioxidants and antimicrobials. Currently,
several synthetic additives are being replaced by
natural products such as essential oils. Therefore,
to provide a better base for the food industry, an
effective antioxidant and antimicrobial system must
be designed for mayonnaise.

Key words: Mayonnaise; oil autoxidation, Salmonella,
natural antioxidants, natural antimicrobials, essential
oils.

Rio de Janeiro, RJ, Brazil.

RESUMO: Ingredientes para maionese: perspectiva
do uso de dleos essenciais para reducio da oxidacao
e da contaminacio microbiana. A maionese de baixa
acidez ¢ um produto similar a maionese caseira, produzida
com ovo in natura ¢ um produto rico em 6leo, susceptivel
a oxidagdo lipidica e contamina¢do microbiana por
Salmonella Enteritidis, o que resulta em deterioragdo
do produto e a formacdo de componentes indesejaveis,
tais como os radicais livres e aldeidos reativos. Uma
melhor compreensdo dos fatores que afetam e que
podem prevenir a oxidacdo de lipidios e multiplicagdo
microbiana € essencial para melhorar o tempo de vida
do produto. Esta revisdo apresenta o conhecimento
dos fatores que influenciam a oxidagdo lipidica e que
podem acelerar a multiplicagdo de microrganismos. O
acompanhamento destes fatores possiveis pode reduzir
o periodo de indu¢do que aceleram o rango e garantir
a seguranca microbioldgica do produto o que poderia
aumentar o tempo de prateleira da maionese. Os meios
mais eficazes para retardar a oxidacdo lipidica na
maionese e garantir a sua seguranga ¢ a utilizacdo de
antioxidantes e antimicrobianos. Atualmente, diversos
aditivos sintéticos estao sendo substituidos por produtos
naturais, como os Oleos essenciais. Portanto, para
proporcionar uma melhor base para a industria alimentar
um sistema antioxidante e antimicrobiano eficaz deve
ser concebido para maionese.

Palavras-chave: Maionese; auto-oxidagdo de 6leos;
Salmonella; antioxidantes naturais; antimicrobianos
naturais; 6leo essencial.

INTRODUCTION

Mayonnaise is a semisolid sauce formed
by mixing vegetable oil, egg yolk, vinegar
and salt and other optional seasonings (1). In
the past 100 years it has been considered the
most used sauce in the world (2). Its structure,
creaminess, appearance, rheological behavior

and stability parameters are of great importance
for its sensory properties and texture, and hence
consumers’ choice and satisfaction (3).

From a colloidal point of view, mayonnaise
is an oil-in-water emulsion with low pH,
characterized by having very high oil content,
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ranging from 65 to 85%, depending on the
formulation (3).

Because of its acid taste, conventional
manufactured mayonnaise has started to be
rejected by some consumers and is being
replaced by home-made mayonnaise, prepared
with raw eggs and generally mixed with boiled
potatoes and other vegetables, also known as
low-acid mayonnaise (LAM) (4). However, the
low acidity, consumption of this mayonnaise
can pose a risk of microbial contamination.
Nevertheless, many people choose to consume
it because of its sensory characteristics (5).

The vegetable oil in the formulation of low-
acid mayonnaise has nutritional and economic
importance. Its unsaturated and saturated fatty
acid composition will determine the oxidative
stability of the final product. Soybean oil, for
example, is more susceptible to oxidation than
many other vegetable oils due to its high linoleic
acid content, so the presence of antioxidants is
necessary to ensure its oxidative stability (6).

There are several factors that can accelerate
the lipid oxidation process of low-acid
mayonnaise: the presence of transition metals
(even in small amounts), which can accelerate
oxidation, reducing the oil induction period and
making it more susceptible to oxidation; storage
temperature (higher temperatures accelerate
the oxidation process); exposure to light,
which can cause photolytic self-oxidation; pH;
composition (oil concentration); and the use or
not of antioxidants (1).

In all segments of the food industry,
conservation of food is extremely important and
mainly involves controlling the multiplication
of microorganisms, which are responsible
for the generation of risks to health and food
spoilage. Microbial contamination has a
significant influence on the quality of food. It
can compromise safety due to the presence of
pathogenic bacteria as well as conservation
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status by the multiplication of spoilage bacteria
that reduce shelf life (7). Mayonnaise is
particularly subject to microbial contamination
by Salmonella spp.

There have been several reports in the
international literature of health problems caused
by homemade mayonnaise produced with raw
egg (8). The composition of the mayonnaise
and the pH are the factors that most influence its
microbiological safety. Therefore, the industry
has been using additional barriers to ensure the
microbiological quality of mayonnaise as well
as its stability. However, the additives used as
“barriers” are not pleasing to many consumers,
who prefer foods without artificial chemicals,
generating a strong demand for products with
fewer additives as well as natural substitutes

).

Mayonnaise consumers are increasingly
concerned about synthetic or artificial additives,
so “healthier” versions have been developed
(10). Butyl hydroxyanisole (BHA) and butylated
hydroxytoluene (BHT), are the most commonly
used synthetic antioxidants, and show high
efficacy, but their use in food has been partially
restricted due to their adverse effect on the
enzymes in human organs. Accordingly, there
is currently great interest throughout the world
in finding new antimicrobials and antioxidants
from natural sources (11). The main alternatives
that have been studied include plant extracts
(12). Since the middle ages, essential oils have
been widely used in medicinal and cosmetic
applications due to their bactericidal, virucidal,
fungicidal and insecticidal activities. With
the growing preference of consumers for
“natural” products, interest in these oils in the
pharmaceutical, agricultural and food sectors is
growing (13).

Essential oils (EO) are liquid mixtures of
volatile compounds derived from aromatic
plants, usually by steam distillation. They
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constitute what is called the “essence” of
plants and usually have pleasant fragrances.
Essential oils have been used for millennia
because of their perceived health benefits and
beneficial cosmetic effects, well documented
in ancient literature. Some of the beneficial
properties described are antiseptic, antioxidant,
antimicrobial and anti-inflammatory (14).

Essential oils are complex mixtures of
individual compounds. Each of these compounds
contributes to the beneficial and adverse
effects of these oils. Therefore, knowledge
of the essential oil composition allows better
applications (15).

Regarding antimicrobial and antioxidant
properties, several studies have been performed
using different bacteria and fungi. The chemical
activity is caused by the presence of terpenes and
their oxygenated compounds. Each compound
contributes to the biological activity of the
essential oil (16). The antimicrobial activity
of phenolic compounds present in essential
oils increases with acid pH, which makes it
essential to find oils suitable for use in low-acid
mayonnaise (17,18).

Thus, it is relevant to investigate the
possibility of replacing synthetic antioxidants
and antimicrobials with essential oils in
formulating mayonnaise.

This article focuses on knowledge of the
physico-chemical parameters of low-acid
mayonnaise, showing the influence of these
parameters on the start of lipid oxidation, and
the effect of essential oils on lipid oxidation
and microbial growth, as well as the causes of
deterioration if low-acid mayonnaise, by means
of a review of the literature in the SciELO and
ScienceDirect databases.

LIPID OXIDATION

Oxidation of unsaturated fatty acids has been
the main focus of research into the instability

189

of emulsions. Like all high-fat foods, low-acid
mayonnaise is susceptible to deterioration due to
self-oxidation of unsaturated fats in the oil (1).

Lipid oxidation is responsible for the
development of unpleasant tastes and odors,
making improper for consumption. It also causes
other changes that affect not only the nutritional
quality due to degradation of fat-soluble vitamins
and essential fatty acids, but also integrity and
food safety, through the formation of potentially
toxic polymeric compounds (18).

Autoxidation is the main mechanism of
oxidation of oils and fats. There is a sequence of
interrelated reactions to explain the autoxidation
process of lipids (19). This autoxidation is
associated with the reaction of oxygen with
unsaturated fatty acids and occurs in three
stages: initiation, propagation and termination.
During initiation, the formation of free radicals
of fatty acid occurs due to the withdrawal
of an allyl carbon hydrogen in the fatty acid
molecule in favorable conditions of light and
heat. In propagation, free radicals, which are
readily susceptible to atmospheric oxygen attack,
are converted into other radicals, producing
the primary oxidation products (peroxides and
hydroperoxides), whose structure depends on the
nature of the fatty acids present. The free radicals
formed act as reaction propagators, resulting in an
autocatalytic process. At the end, the two radicals
combine with the formation of stable products
(secondary oxidation products) obtained by
scission and rearrangement of peroxides (volatile
and non-volatile epoxides) (18).

This lowers the nutritional value of food
products as well as changes the color, texture
and other sensory and physiological properties.
The resulting lipid peroxidation from the
reaction between the unsaturated fatty acids and
molecular oxygen is a serious problem for the
oil and fat industry. It not only deteriorates the
quality of fatty foods and fatty acids, causing
chemical damage, but also produces free and
reactive oxygen radicals that are associated with
carcinogenesis, mutagenesis, inflammation,
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aging and cardiovascular disease. Because of this,
consumers do not accept oxidized foods, causing
losses to food producers (20).

For the purpose of inhibiting or retarding lipid
oxidation of oils, fats and fatty foods, chemical
compounds known as antioxidants are employed.
However, although hundreds of compounds have
been proposed to inhibit oxidative deterioration
of oxidizable substances, only some can be used
in products for human consumption (18).

FACTORS THAT INFLUENCE LIPID
OXIDATION AND MICROBIAL GROWTH

Mayonnaise composition

Since 1756, various mayonnaise formulations
have been described. Although the basic
ingredients have always been the same, many
other lesser ingredients can be used (2).

Mayonnaise can be divided according to the
function of its components into three phases:
oil phase, spice phase and egg yolk phase. The
oil phase comprises the vegetable oil used
in mayonnaise preparation. Among the most
common oils used to make mayonnaise are
soybean oil and sunflower oil. The spice phase
consists of various seasonings, together with
water-soluble food additives and water. The egg
yolk phase acts as the emulsifier (21). Table 1
summarizes the various mayonnaise compositions
found in the literature. The preparation is carried
out with the mixture of egg, vinegar and then
all other ingredients except the oil in a mixer
or blender until they are homogeneous. Then
the oil is gradually added until the sauce begins
to thicken (22). Some formulations include
ingredients such as mustard, pepper and corn
starch. Brazilian law allows other ingredients to
be added, provided there is no adulteration of the
product (23). U.S. law (21 CFR §169,140) allows
the use of spices and monosodium glutamate as
long as mayonnaise color is not modified (24).

The use of vinegar in mayonnaise preparation
is recommended since, in the pH range observed
in this food, acetic acid presents a greater
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TABLA 1. Mayonnaise composition

Ingredients Quantity References
(%)

Water 44

Soy oil 20

Dried egg 9

Vinegar 9 21

Corn starch 9

Sugar 4

Salt 3

Modified corn starch 2

Corn oil 70

Whole egg 19.1

Salt 1.0

Sugar 0.6 22

Lemon juice 1.6

Vinegar 5.6

Mustard 1.8

White pepper 0.3

Salt

Sugar 1

Mustard 1 25

Potassium sorbate 0.1

Sodium benzoate 0.1

Lemon juice 0.1

Soy oil 76

Egg yolk 7.7

NaCl solution (10%) 3.95 26

EDTA solution 1% 0.54

Vinegar 4% (acetic acid) 10.9

number of molecules than coupled citric acid.
Furthermore, the addition is suggested of mustard
in a concentration from 0.30 to 1.50%, along with
garlic, due to the antimicrobial effect of the allyl
isothiocyanate and allicin present in these spices,
respectively. Vegetables such as carrots can also
be added, resulting in absorption of acetic acid by
the plant and, consequently, reduced bactericidal
effect (27).



INGREDIENTS OF MAYONNAISE: FUTURE PERSPECTIVES FOCUSING ON

Egg yolk is the most problematic ingredient
of mayonnaise formulation, since eggs and
egg-based products are often associated with
outbreaks of food poisoning by Salmonella. The
foods most often involved are mayonnaise, ice
cream and other cold desserts that are prepared
and consumed after addition of raw egg (28).

The yolks have a more favorable environment
for bacteria than the whites due to pH and lipid
content. Fresh egg yolk has pH values around
6.0, varying very little even in prolonged storage
conditions. The physical and chemical changes
in the viscosity of the white and permeability of
the vitelline membrane is exacerbated by aging.
Increased permeability allows Salmonella to
reach the yolk. The penetration through the yolk
vitelline membrane in experimentally infected
eggs can occur after 24 hours at 25 °C. Once in
the yolk, Salmonella can multiply at temperatures
between 10 to 25 °C, and the number of bacteria
increases rapidly at 25 °C (27).

Vertical ~ transmission  and  horizontal
transmission are possible routes by which
Salmonella spp. can contaminate intact eggs.
Several authors have reported that in birds, the
serotype enteritidis can be transmitted vertically.
Contamination of eggs by vertical transmission
occurs when Salmonella Enteritidis bacteria
enter the eggshell during or after oviposition,
and contaminate the internal contents (27). It is
difficult to completely avoid contact between
the egg shell and chicken feces. The extent of
fecal contamination of the shell determines the
contamination level. Externally contaminated
eggs have a risk of internal contamination through
horizontal transmission and can cause cross-
contamination of other foods in the kitchen (28).

Vinegar is one of the ingredients most often
used to form an antimicrobial barrier. It is the
most common acid used in the preservation of
mayonnaise because it has antiseptic value and
also helps prevent deterioration and rancidity
(21). Vinegar is usually added together with other
acids such as lactic acid to keep the pH of the
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mayonnaise low (between 3.3 and 3.8). The use
of other acids avoids an overly strong acid taste
caused by vinegar (29).

Salt improves the taste of the mayonnaise and
acts as a preservative. Because salt is dissolved
only in the aqueous phase, which is much
smaller than the oil phase, it ends up having high
concentration, and thus hinders microbial growth
(30).

Water activity (Aw)

One of the main components of most foods
is water. Water activity (Aw) is a parameter that
measures the amount of free water in the food,
being defined as the ratio between the partial
water vapor pressure contained in the solution or
in the food and the standard-state partial vapor
pressure of water at a given temperature (31).
Just like water activity, the moisture content of
a food is very important because it is related to
its stability, quality and composition, and can
be affected during storage (32). Foods with
excessive moisture or water activity near 1 are
subject to rapid deterioration. This is the case of
low-acid mayonnaise, which has water activity
~ (.97, where the emulsion formed is not sufficient
to ensure low water activity, making this an
essential parameter to determine the survival and
growth of pathogens. Control of water activity is
one of the oldest techniques of food preservation
(33).

The temperature x Aw binomial is also
extremely important to control microbial growth,
since the exposure of S. Enteritidis to water
activity of 0.95 at 21 °C increases the thermal
resistance of this bacterium (27).

Hydrogen potential (pH) and acidity

The pH of low-acid mayonnaise varies from
3.6 to 4.0. The best viscoelasticity and stability
are observed when the pH is near the isoelectric
point of the egg yolk (34). Monitoring pH is
essential to ensure the quality of mayonnaise,
since a decrease in pH can have pro-oxidant effect,
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breaking the existing bonds between the proteins
of the egg yolk and iron. Subsequently, the iron
becomes more accessible to oxidation. Also,
the distribution of secondary oxidation products
is pH-dependent (35). Low-acid mayonnaise,
despite a better taste, degrades quickly at low pH
(21). The main risk of low pH is multiplication
of Salmonella, since the yolk is a natural culture
medium, facilitating survival of the pathogen.

In the refining process, the acidity of vegetable
oils is reduced as a quality control measure. With
the occurrence of the non-enzymatic oxidation,
oil acidity increases. The decrease in mayonnaise
pH (increased acidity) during storage can be
attributed mainly to the activity of microorganisms
that are tolerant to acids, such as the lactic acid
bacteria that are present in the aqueous phase in
mayonnaise. In addition, these increases can be
also be caused by the activity of hydrolytic and
oxidative enzymes present in eggs (2).

ESSENCIAL OILS

Antioxidant activity of essential oils

Spices and herbs are excellent sources of
antioxidants and have a long history of use. More
than 5,000 years ago, the ancient Egyptians used
spices and herbs (cumin, cinnamon and onions,
among others) in their food, for medicinal
purposes and for mummification. Several
studies have shown that spices and herbs such
as rosemary, sage and oregano, with their high
content of phenolic compounds, serve as strong
antioxidants (36).

Antioxidants are compounds that inhibit or
delay the onset of oxidation and can be classified
as natural or synthetic. Due to their components,
spices and herbs are excellent sources of
antioxidants for food preservation (36).

Due to market requirements, the use of
synthetic antioxidants is being replaced more and
more by natural antioxidants from plant sources.
Many sources of antioxidants of vegetable origin
have been studied in recent years, and numerous
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types of plants have been identified with various
antioxidant activities (37).

It has been clearly demonstrated that plant-
derived phenolic compounds have antioxidant
properties. Research has demonstrated the strong
phenolic character of essential oils from oregano
(Origanum vulgare), thyme (Thymus vulgaris
L.), wild thyme (Thymus serpyllum L.), rosemary
(Rosmarinus officinalis), sage (Salvia officinalis),
nutmeg  (Myristica  fragrans),  cinnamon
(Cinnamomum  verum), clove  (Syzygium
aromaticum), allspice (Pimenta dioica), ginger
(Zingiber officinale), turmeric (Curcuma longa)
and paprika (Capsicum annuum) (10,37).

Even essential oils with low antioxidant
activity can serve as intermediates in forming
other compounds with antioxidant activity, such
as linalool, which can be obtained from the
essential oil of ho-sho. Linalool can be employed
as an intermediate in synthesis of vitamin E,
which has high antioxidant activity (38).

The antioxidant mechanism of phenolic
compounds in lipids has not yet been fully
explained (37).

Rosmarinic acid, caffeic acid, coumaric acid,
quercetin, thymol and carvacrol are some of the
compounds responsible for antioxidant activity of
various essential oils (19). Laguori and Boskou
(39) concluded that inhibition of oxidation
of essential oils of oregano species is highly
dependent on carvacrol and thymol content.

Table 2 presents some studies of antioxidant
activity in the DPPH test, showing the IC50
(which is the concentration of essential oil
required to reach 50% antioxidant activity) of
some plants of interest. The larger the IC50,
the lower the antioxidant activity of the oil is.
In the DPPH test, the essential oil’s ability to
act as a donor of hydrogen atoms or electrons
in the transformation of DPPH in the reduced
form of DPPH - H (diphenyl picryl hydrazine) is
measured spectrophotometrically. The DPPH is a
free radical stable at room temperature, producing
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TABLE 2. Main essential oils with antioxidant activity properties

Common name

Scientific name

of the essential oil of the plant source IC,, ng.mL-1 References
Garlic Allium sativum. L. 88.14 36
Araticum Annona crassiflora Mart 49.18 40
Cagaita Eugenia dysenterica DC. 14.15 40
Lemon balm Melissa officinalis L. 7.58 41
Guava Psidium guajava L. 33.57 42
Guaco Mikania glomerata Spreng. 1283.88 42
Basil Ocimum basilicum L. 0.39 43
Oregano Origanum vulgare L. 0.17 36,43
Capsicum Capsicum annuum L. 906.08 42
Thyme Thymus vulgaris L. 0.19 43

a violet solution in ethanol. In the presence of
antioxidant compounds, the DPPH is reduced,
producing a clear ethanol solution.

Table 3 summarizes the antioxidant
compounds isolated from herbs and spices
and their mode of action to inhibit or delay
the oxidation of fats and oils in foods. Some
antioxidants derived from spices and herbs react
with the free radicals created during the early
autoxidation stage. Others form complexes with
metal ions (36).

Antimicrobial activity of essential oils
The antimicrobial effects of essential oils

have been investigated against a wide range of
microorganisms over the years, but the mechanism
of action is still not completely understood (44).
Essential oils typically contain many bioactive
molecules and can consist of up to 45 different
compounds. This structural diversity allows the
presence of different modes of action that are
responsible for acting in different cellular targets.
Essential oils have various modes of action
that can result in cell death, including cell wall
disorders of bacteria by forming pores that result
in increased permeability of the membrane and
allow the release of cell components, reduction of
intracellular pH and changes in the intracellular

TABLE 3. Antioxidants isolated from herbs and spices (36)

Spice/herb Scientific name Mode of action

Rosemary Rosemarinus officinalis Scavenge superoxide radicals, lipid
antioxidant and metal chelator

Clove Eugenia caryophyllata

Cumin Cumimum cymimum Free radical scavenger, metal chelator

Sage Salvia officinalis L.

Oregano Origanum vulgaris

Thyme Thymus vulgaris L. Free radical scavenger

Ginger Zingiber officinale

Turmeric Curcuma domestica L.

Black pepper  Piper nigrum L.

Capsicum frutescens L.

Chili pepper
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concentration of adenosine  triphosphate
(ATP) (7, 44). The presence of oxygenated
monoterpenes, monoterpene hydrocarbons and
aldehyde essential oils has the ability to inhibit
the process of breathing and movement of ions
and consequently leads to destruction of the
bacterial cell (45).

The antimicrobial activity of an essential oil
is due to the interaction effect between the major
and minor compounds of the oil (15). Therefore,
one of the most important factors in the study of
their applicability is the chemical composition,
which can vary within the same plant due
to biological factors (genetics, nutrition and
development stage) and edaphoclimatic factors
(local climate and soil type) (46).

Antimicrobial agents such as essential oils
and most antibiotics have hydrophobic character
and can easily penetrate Gram-positive bacteria
cell walls because this type of bacterium is rich
in mucopolysaccharides and protein and low in
phospholipids (15,38). The lipopolysaccharides
(LPS) present on the surface ofthe outer membrane
of Gram-negative bacteria have a repellent effect
on the hydrophobic components of EO, hindering
its entry through the cell wall. However, in a study
by Dorman and Deans (47), carvacrol and thymol
were able to cause disintegration of the outer
membrane of Gram-negative bacteria, releasing
lipopolysaccharides (LPS) and increasing the
permeability of the cytoplasmic membrane to
ATP (48).

The presence of divalent ions such as Mg*
in LPS will increase the crosslink between
molecules, thereby reducing the pore size
and further limiting the passage of bioactive
compounds (7). Table 4 shows the principal
essential oils with microbial activity described in
the literature.

The inappropriate use of antimicrobials results
in the selection and the consequent spread of
resistant strains of various microorganisms (27).
The emergence of resistance of microorganisms
such as Salmonella to antimicrobial drugs
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constitutes a double threat to humans and animals,
due to the intense use of antimicrobials in human
and veterinary medicine, requiring the use of
other products that prevent the multiplication of
microorganisms. The essential oils from oregano,
thyme and cinnamon, among others, have
significant antimicrobial potential (11).

In low-acid mayonnaise, the use of essential
oils can be regarded as an additional obstacle
to the survival and proliferation of Salmonella.
However, their use in foods for preservation is
limited due to the intense flavor and odor they
give when used at effective doses. The addition of
oregano essential oils (thymol and isotimol) at a
sensorially acceptable concentration of 0.70% is a
natural alternative that contributes to the intrinsic
safety of mayonnaise, acting synergistically with
low pH and low storage temperature (27).

CONCLUSION AND FUTURE
PERSPECTIVES

Lipid oxidation in food products, along with
the growth of undesirable microorganisms,
results in the development of rancidity and
spoilage, making the products unacceptable
for human consumption. This review analyzed
important factors affecting lipid oxidation and
microbial growth in mayonnaise. With the
monitoring of these parameters, it is possible to
slow the lipid oxidation and increase the shelf
life of low-acid mayonnaise. Other strategies to
prevent oxidation should also be considered, such
as reducing the concentration of oxygen in food
(vacuum packaging) and decreasing the storage
temperature. However, the exclusion of oxygen
in a food is difficult, so one of the most effective
means of delaying lipid oxidation in mayonnaise
is to incorporate antioxidants.

Parallel to this, to prevent microbial
contamination of low-acid mayonnaise, effective
measures are the use of pasteurized egg yolk,
refrigerated storage, modified atmosphere
(carbon dioxide), control of acidity in the aqueous
phase, proper choice of acid used, control of pH,
type and quantity of used, and educational and
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TABLE 4. Main essential oils with antimicrobial activity

Common name Scientific name Major Composition
of the essential oil of the plant source components (%) References
Rosemary Rosmarinus officinalis 1,8-cineol 3-89 49
o-pinene 2-25
Acetate bornila 0-17
Camphor 2-14
Anise 1llicium verum (E)-anetol 90.4 46
Limonene 2.6
Methyl-chavicol 1.3
o —pinene Traces
Cinnamon Cinnamomum zeylandicum Trans-cinnamaldehyde 65 11, 50
Shin-sassafras Ocotea Methyl eugenol 81.2 46
odorifera Safrole 10.6
Camphor 5.87
1,8-cineol 0.64
Lemongrass Cymbopogon Citronelal limonene 5-48 51
citratus mirceno 2-16
1-8
Coriander Coriandrum sativum Linalool 26 52
(immature leaves) E-2-decanal 20
Coriander (seeds) Coriandrum sativum Linalool 70 52
Clove Syzygium aromaticum Eugenol 75-85 53
Acetate eugenila 8-15
Mentrasto Ageratum conyzoides precocene 87 44
(E)-caryophyllene 7.10
B-cubebeno, Traces
o-humuleno Traces
Ho-Sho Cinnamomum Linalool 91.98 39
camphora Ness Caryophyllene Oxide 2.11
Linalool oxide (trans) 1.51
- caryphyllene 1.43
Oxide linalool (cis) 1.36
Oregano Origanum vulgare Carvacrol 80 9, 46
Thimol 64
o-Terpinene 52
p-Cimene 52
Long pepper Piper hispidinervum Safrole 82.4 44
a-terpinolene 13.38
3-carene 1.30
Sage Salvia officinalis L. Camphor 6-15 54
1,8-cineool 6-14
B-pinene 2-10
a-pinene 4-5
Thyme Thymus vulgaris Thimol 10-64 55
p- Cimene 10-56
a-Terpineno 2-31
Carvacrol 2-11

195
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informational measures directed to the preparation
of the product, among others.

Similarly, the sale of mayonnaise at
room temperature is an aspect that needs
to be reviewed in Brazil by the National
Health Surveillance Agency. Refrigeration
would minimize the possible occurrence of
contamination of egg yolks by Salmonella

spp.-

The use of essential oils in phytotherapy is
related to activities of secondary metabolites,
which have antimicrobial, spasmolytic, anti-
viral and anti-carcinogenic activities, among
others. In addition, many essential oils and
isolated compounds of them have recently been
recognized as powerful natural antioxidants,
which could be used as potential substitutes for
synthetic antioxidants.

In relation to conventional control methods
employing synthetic antimicrobials and
antioxidants with broad spectrum of action, the
use of natural products such as essential oils
stands out by showing good results.

As people become more concerned with
their health, there is a global trend of using
natural antioxidants and antimicrobials in food
products. Several species can be used as sources
of natural antioxidants and antimicrobials.

However, more studies need to be
performed to evaluate the efficacy and safety
of these products. In the particular case
of mayonnaise, since contains a variety of
different components, there is still a lack
of knowledge about the influence of these
components on the effectiveness of natural
resources with antioxidant and antimicrobial
activity. In addition, the elucidation of the
mechanism of oxidation in mayonnaise and
a better understanding of action and efficacy
of such natural products with antioxidant and
antimicrobial activity is of great technological
importance to the food industry.
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RESUMEN: El objetivo de este estudio fue determinar el
impacto de la variacion de distintas mediciones antropo-
métricas en la evolucion del sindrome metabdlico (SM).
El estudio fue prospectivo en 178 sujetos que asistieron
a un programa de salud cardiovascular entre el afio 2013
y 2016. Se recolectaron datos demograficos, historia mé-
dica, factores de riesgo cardiovascular, y se midi6 perfil
lipidico, glicemia de ayuno, presion arterial y medidas
antropométricas (IMC, perimetro de cintura y cadera y
% de grasa corporal). Se consider6 la agregacion de 2 o
mas componentes de sindrome metabdlico (SM), exclu-
yendo cintura y se determind la probabilidad de rever-
sion del SM, considerandose como la reduccion desde 2
0 mas componentes a 1 o ninguno. El tiempo de segui-
miento promedio fue de 2 afios. La edad promedio fue de
40 afios y 37% eran mujeres. Segtin los modelos de odds
proporcionales, ajustados por edad, sexo y tiempo de se-
guimiento, aquellos sujetos con 2 0 mas componentes de
SM triplicaron su probabilidad de revertir el SM por cada
reduccion de 1 Kg/m? de IMC por ano (OR IMC = 3,03;
1,74-5,28; p<0,001). En el caso de cintura, esta probabi-
lidad aument6 en 52% por la reduccion de 1 cm por afio
(ORcintura =1,52; 1,28-1,81; p<0,001). Finalmente una
reduccion de 0,01 en el indice cintura/cadera aumento en
26% la probabilidad de revertir el SM (ORcintura/cadera
=1,26; 1,06-1,491; p<0,01); sin embargo, el % de grasa
corporal no tuvo un efecto significativo Los cambios en
IMC y circunferencia de cintura serian los parametros
antropométricos mas confiables para monitorear la evo-
lucién del SM.

Palabras clave: Antropometria, sindrome metabdlico,
cintura, relacion cintura-cadera.

SUMMARY: Waist and body mass index: The best
anthropometric predictors in the reduction and pro-
gression of the aggregation of cardiometabolic risk
factors The objective of this study was to determine the
impact of variation of different anthropometric parameters
at follow-up in the evolution of the metabolic syndrome
(MetS). Prospective study in 178 subjects who attended
a cardiovascular health program between 2013 and 2016.
Demographical data, medical history and cardiovascular
(CV) risk factors (RFs) were collected. In addition, fasting
lipid profile, blood glucose, blood pressure and anthropo-
metrical parameters (BMI, WC, hip, and fat percentage)
were measured. To determine the evolution of MetS, the
clustering of 2 or more of the MetS components were
considered, excluding WC. Odds proportional models ad-
justed by age, sex and time of follow-up were built to de-
termine the probability of reverting the MetS. MetS rever-
sion was considered as the reduction to 1 or 0 components
in subjects with 2 or more. Mean follow-up time was 2
years. Mean age was 40 years old and 37% were women.
According to the odds proportional models, subjects tri-
pled their chance of reverting MetS for each 1 kg/m?* of
BMI reduction (ORBMI=3.03; 1.74-5.28; p<0.001). For
WG, the chance of reverting MetS increased 52% for each
reduction of 1 cm of waist (ORwaist =1.52; 1.28-1.81;
p<0.001). A reduction of 0.01 in the waist to hip ratio in-
creased in 26% the chance of reverting MetS (ORwaist/
hip=1.26; 1.06-1.491; p<0.01); however, fat percentage
did not have a significant effect on the evolution of the
MetS. BMI and WC are the most reliable anthropometri-
cal parameters for monitoring the evolution of MetS ag-
gregation in the out-patient clinical setting.

Key words: Anthropometry, metabolic syndrome, waist,
waist to hip ratio.

INTRODUCCION
El sindrome metabodlico (SM) es definido

como la agregacion de factores de riesgo (FR)
cardiometabolicos que aumentan el riesgo de
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enfermedad cardiovascular (CV) y diabetes.
Segin el criterio ATP III armonizado, el
diagnostico se realiza con la presencia de 3 o
mas de los siguientes componentes: obesidad
abdominal, hipertrigliceridemia, HDL bajo,
hiperglicemia de ayuno o diabetes y, presion
arterial >130/85 o hipertension en tratamiento (1).
Asi mismo, los sujetos con SM presentan niveles
elevados de marcadores inflamatorios, lo cual
acelera el proceso aterosclerético (2, 3). Como
resultado, estos pacientes presentan 2 veces mas
riesgo de eventos CV y un riesgo de mortalidad
50% mayor comparado con sujetos sanos (4).
En Chile, las cifras son alarmantes. Segin la
ultima encuesta nacional de salud (ENS) 2009, la
prevalencia de SM fue de 35% y la prevalencia de
diabetes aument6 en un 50% (desde 6% a 9%) en
6 afios en la poblacion adulta (5,6).

La fisiopatologia del sindrome metaboélico es
complejo con resistencia a la insulina y regulacion
anormal del metabolismo de lipidos, los cuales
juegan un papel central en la patogénesis (7,8). La
predisposicion genética es un factor en el sindrome
metabolico, y la prevalencia difiere entre los
grupos étnicos (9,10). Sin embargo, la obesidad
juega un papel central en la fisiopatologia ya que
el tejido adiposo visceral favorece la liberacion de
adipoquinas, la mayoria pro-inflamatorias, tales
como interleucina-6, factor de necrosis tumoral
alfa (TNF-a), angiotensinogeno y acidos grasos
no esterificados, entre otros (11). Estos factores
son etiologicos en el desarrollo de hipertension,
dislipidemia aterogénica, resistencia a la insulina
y posterior intolerancia a la glucosa en los
pacientes obesos.

Por ello, tanto la obesidad junto a un estilo de
vida sedentario son los principales responsables
del SM en la poblaciébn general, siendo la
modificacion de la dieta y el ejercicio, los pilares
fundamentales del tratamiento. Sin embargo,
en los ultimos afios ha existido un aumento
alarmante en el consumo de bebidas azucaradas:
Chile es el pais con mayor consumo per capita a
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nivel mundial (12). A esto se suman los resultados
del ultimo Sistema de Medicion de la Calidad
de la Educacion (SIMCE) de actividad fisica en
alumnos de 8vo basico, en el cual destacan el
aumento de obesidad y el empeoramiento de la
capacidad aerdbica en nuestros adolescentes (13),
es decir, no hay indicios que la prevalencia de SM
vaya a revertirse en el futuro.

Segin la ENS 2009, 64% de la poblacion
adulta en Chile presenta malnutricion por exceso,
en concordancia con la elevada prevalencia de
SM y diabetes reportadas. Trabajos previos han
demostrado que diversos indicadores de obesidad,
como indice de masa corporal (IMC), cintura y
porcentaje de grasa, se asocian en forma directa
y significativa con triglicéridos, presion arterial
y glicemia y, en forma inversa, con colesterol
HDL (14-16). Sin embargo, la cintura o el indice
cintura/talla han demostrado ser los indicadores
mas sensibles en el diagndstico de SM, debido a
su directa relacion con adiposidad visceral (15). El
ultimo consenso presentado por el Ministerio de
Salud de Chile sugiere la utilizacion de los puntos
de corte propuestos por el ATP III armonizado
para poblacién asiatica y Latinoamericana: 90 cm
para el hombre y 80 cm para la mujer. Estudios
previos realizados en nuestro pais han reportado
que valores por “sobre” estas cifras, ya muestran
un aumento significativo de los componentes
cardiometabolicos, respaldando la sugerencia del
ATP III armonizado (15, 16).

Existe escasa evidencia sobre el efecto de la
variacion de estos parametros antropométricos,
especificamente cintura, relacion cintura-cadera y
porcentaje de grasa, en la regresion o progresion
del SM. Esto tiene especial relevancia en el
planteamiento de qué metas se propondran en
el tratamiento. Por ello, el principal objetivo de
este estudio fue determinar los cambios en los
diferentes parametros antropométricos, después
de al menos 1 afio en un programa de salud CV, y
medir su impacto en la reduccion o progresion de
la agregacion de los componentes del SM.
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MATERIALES Y METODOS

Estudio longitudinal. 178 sujetos jovenes, sin
antecedentes de enfermedad aterosclerotica, asis-
tieron en forma voluntaria a un programa de pre-
vencion primaria cardiovascular, entre los afios
2013 y 2016. Todos firmaron un consentimiento
informado que autorizaba a utilizar sus datos en
forma an6nima para fines académicos.

Protocolo general:

Todos los sujetos se entrevistaron con la en-
fermera del programa. Esta recolectd los datos
demograficos, antecedentes médicos, medica-
mentos y antecedentes de factores de riesgo car-
diovascular (FRCV) tradicionales: dislipidemia-
DLP (colesterol total > 200 mg/dL y/o colesterol
HDL < 40/50 mg/dL y/o triglicéridos > 150 mg/
dL y/o colesterol LDL > 130 mg/dL y/o uso de
hipolipemiantes), hipertension-HTA (PAS y/o
PAD > 140/90 mmHg y/o tratamiento antihiper-
tensivo), diabetes (glicemia > 126 mg/dl y/o tra-
tamiento hipoglicemiante), tabaquismo activo,
sedentarismo y obesidad.

En todos los sujetos, se tomd perfil lipidico,
glicemia de ayuno, creatininemia y TSH. La pre-
sion arterial sistolica (PAS) y diastolica (PAD) se
midieron en tres ocasiones distintas y se calculo
el promedio6 segln las guias de “Seventh Report
of the Joint National Committee”(17). También
se midio cintura e indice de masa corporal (IMC).
La cintura se midi6 en el punto medio entre la
cresta iliaca y la ultima costilla y el IMC se cla-
sificd segin los estandares de la Organizacion
Mundial de la Salud (OMS). Se midi6 cadera para
calcular relaciéon cintura/cadera (ICC) y 4 plie-
gues cutaneos (triceps, biceps, cresta iliaca y sub-
escapular) para determinar el porcentaje de grasa
(%Grasa) segiin ha sido descrito por Durnin &
Womersley (18). El protocolo de medicion para
estas variables antropométricas se basé en los es-
tandares propuestos por Sociedad Internacional
para la Cine-antropometria (ISAK) (19). Todas
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las mediciones antropométricas fueron realizadas
por la misma nutricionista certificada por ISAK.

Muestras de Sangre:

El perfil lipidico y la glicemia de ayuno se de-
terminaron en laboratorio con las siguientes
técnicas:

a) Colesterol total, colesterol HDL, y triglicéri-
dos se determinaron con métodos enzimati-
cos estandar (analizador Hitachi).

b) ElI LDL se calculdé con la formula de Frie-
dewald

c¢) Glicemia se determin6 con el método de glu-
cosa oxidasa.

Las muestras de sangre periférica se extrajeron
entre las 08:00 y las 10:30 de la mafiana: bioqui-
mica: 5 ml de sangre en tubo BD Vacutainer® SST
II advance. Se empleo el analizador automatico
de quimica clinica Roche/ Hitachi, y los reacti-
vos correspondientes. Todas las determinaciones
se realizaron en el laboratorio clinico central de
la universidad ejecutora, acreditado por la CDC,
Center for Diseases Control, de Estados Unidos.

Agregacion de factores de riesgo cardiometa-
boélicos:

Se consider6 regresion del SM, cuando un su-
jeto con 2 0 mas componentes, reducia la agrega-
cion de ellos a 0 o 1 componente del SM, es decir
se reducia al menos 1 FR cardiometabdlico. Para
ello, se consideraron los siguientes componentes
del SM, excluyendo cintura ya que ésta se consi-
der6 como variable independiente y predictor de
la evolucion del SM:

1. Hipertrigliceridemia: Se consideraron aque-
llos sujetos con triglicéridos >150 mg/dL y/o
en tratamiento hipolipemiante.

2. Colesterol HDL bajo: <40 mg/dL en hombres
y <50 mg/dL en mujeres

3. Presion arterial elevada: Se consideraron



CINTURA E INDICE DE MASA CORPORAL: LOS MEJORES PREDICTORES

aquellos sujetos con diagnodstico previo de
HTA con tratamiento medicamentoso o que
durante el estudio presentaran PAS> 130
mmHg y/o PAD>85 mmHg.

4. Alteracion del metabolismo de la glucosa: Se
consideraron aquellos sujetos con un diag-
nostico previo de diabetes con o sin trata-
miento medicamentoso y aquellos sujetos
con una glicemia de ayuno >100 mg/dL.

Analisis estadistico:

El analisis estadistico se realizd6 en R w.
3.4.1. Los resultados se presentan en términos
de promedio, desviacidn estandar o frecuencia,
porcentaje. Se considerd significancia estadis-
tica con p<0.05. Las comparaciones pareadas
para un mismo sujeto se realizaron mediante
pruebas t pareadas para variables continuas y
prueba de Mcnemar para prevalencias. Para la
agregacion de factores de riesgo cardiometa-
bolicos se considerd como respuesta el nimero
de componentes del sindrome metabdlico en el
segundo control, categorizado como 2+, 1 0 0,
lo que significa que la distribucién de probabi-
lidad de esta respuesta para el total de sujetos
sigue una distribucion multinomial. La asocia-
cion entre la respuesta y las variables predic-
toras se modeld6 mediante un modelo de odds
proporcionales. Esto significa que, en la escala
logistica (logit(p)=logpl—plogit(p)=logpl—p),
es decir, las odds de tener o no un determinado
numero de componentes del sindrome metabo-
lico en escala logaritmica, la asociacion con
los distintos niveles de cada factor de riesgo
se supone en términos proporcionales, es de-
cir, rectas paralelas. El odds ratio representa,
entonces, el aumento o disminucidn relativa en
términos de odds de la probabilidad de dismi-
nuir en una categoria la agregacion de factores
de riesgo cardiometabdlico. Para cada modelo
de odds proporcionales se ajustd por el nimero
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de factores de riesgo en el primer control, sexo
y edad (20, 21).

RESULTADOS

En el control inicial, la edad promedio del
grupo fue de 40 afios; 37% eran mujeres, y
80% tenia >12 afios de educacion. La preva-
lencia de SM fue de 21% segun criterio ATP 111
armonizado, siendo mayor en hombres que en
mujeres (29 vs 8%, p<0.01). El tiempo de se-
guimiento promedio fue de 2 afios. La Tabla 1
describe las variables demograficas, antropo-
métricas y bioquimicas del grupo total y segun
sexo en el primer control. La tabla 2 compara
las variables antropométricas y bioquimicas
del grupo total en el primer y segundo control
segun sexo.

Los resultados de los modelos de odds pro-
porcionales, ajustados por edad, sexo y tiempo
de seguimiento (2 a) en los participantes con
2 0 mas componentes de SM se presentan en
la tabla 3. Estos demuestran la probabilidad
de reducir a 0 o a 1 componentes del SM, se-
gin los cambios en las variables antropomé-
tricas. Los cambios en el IMC, cintura o ICC
demostraron ser predictores significativos de
la evolucidon del SM. Aquellos sujetos con 2 o
mas componentes del SM aumentaron 3 veces
su probabilidad de reducir a 0 6 1 FR del SM
por cada reduccion de 1 kg/m? de IMC por afo
(OR IMC = 3.03; 1.74-5.28; p<0.0001; Figu-
ra 1). En el caso de cintura, esta probabilidad
aumento en 52% por la reduccidén de 1 cm por
afio en la cintura (ORcintura =1.52; 1.28-1.81;
p<0.0001; Figura 2). En el caso de ICC, se ob-
servd una probabilidad de reversion del 26%
por cada reduccion de 0.01 cm/cm por afio de
ICC (ORICC =1.26; 1.06-1.491; p<0.01)

El % de grasa no tuvo un efecto significati-
vo en la probabilidad de reduccion de compo-
nentes cardiometabdlicos.
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TABLA 1. Promedio de variables de demografia general, variables antropométricas,
y factores de riesgo cardiovascular en el primer control seglin sexo.

Grupo Total Mujeres Hombres
(n=178) (n=66) (n=112) P

Edad (afios) 40 =11 38+9 42+ 13 <0.01
Tiempo de seguimiento (afios) - 21+04 21+04 NS
Variables Antropométricas
Cintura (cm) 89+ 11 82+ 12 93+9 <0.0001
IMC (Kg/m?) 264+3 25.6+4 27+3 <0.01
Porcentaje de grasa (%) 29+ 7 35+5 26+ 5 <0.0001
indice cintura/cadera 0.88 +0.08 0.83+0.08 0.92+0.08 <0.0001
Variables Bioquimicas
Colesterol LDL (mg/dL) 109 £ 30 103 £27 112 +30 0.03
Colesterol HDL (mg/dL) 54 +15 62+ 14 48 +12 <0.0001
Triglicéridos (mg/dL) 121+ 60 104 £ 52 132+ 67 <0.01
Glicemia (mg/dL) 8911 86 £ 14 92 +20 0.06
Presion Arterial
Presion arterial sistolica (mmHg) 113 +15 108 + 13 117+ 17 <0.001
Presion arterial diastélica (mmHg) 71+£9 68 £7 73£9 <0.01
Factores de Riesgo Cardiovascular
Obesidad abdominal (%) 58 52 62 NS
Sobrepeso/Obesidad (%) 63 47 73 <0.01
Hipertension (%) 15 2 22 <0.01
Dislipidemia (%) 58 56 60 <0.0001
Diabetes (%) 2 2 4 NS
Tabaquismo (%) 21.5 24 20 0.03

Sindrome Metabolico (%) 21 8 29 <0.01
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TABLA 2. Promedio de variables de demografia general, variables antropométricas,
y factores de riesgo cardiovascular en el primer control y al seguimiento para grupo total.

Mujeres Hombres
Inicial Final P Inicial Final P

Edad (afios) 38+£9 40+ 9 42 +13 44 + 13
Variables Antropométricas
Cintura (cm) 82+12 8311 NS 93+9 94+ 10 NS
IMC (Kg/m?) 25.6+4 257+4 NS 27+3 27.1+£32 NS
Porcentaje de grasa (%) 35+£5 36 +4 <0.01 26«5 28£5 <0.0001
indice cintura/cadera 0.83£0.08 0.83+£0.07 NS 0.92+0.08 0.92+0.06 NS
Variables Bioquimicas
Colesterol LDL (mg/dL) 103 £27 107 £32 0.01 112+30 115+ 32 NS
Colesterol HDL (mg/dL) 62+ 14 62+ 13 NS 48 £12 48 £12 NS
Triglicéridos (mg/dL) 104 £52 102 £ 50 NS 132+67 138 £79 NS
Glicemia (mg/dL) 86+ 14 86+ 14 NS 92 +£20 93 +18 <0.01
Presion Arterial (mmHg)
Presion arterial sistélica 108 + 13 109 + 11 NS 11717 11812 NS
Presion arterial diastolica 68+ 7 69 +8 NS 73+9 75+9 <0.001
Factores de Riesgo Cardiovascular
Obesidad abdominal (%) 52 56 NS 62 63 NS
Sobrepeso/Obesidad (%) 47 53 0.08 73 72 NS
Hipertension (%) 2 2 NS 22 23 NS
Dislipidemia (%) 60 55 <0.01 56 72 NS
Diabetes (%) 2 4 NS 4 2 NS
Tabaquismo (%) 24 24 NS 20 18 NS
Sindrome Metabdlico (%) 8 12 NS 29 38 <0.01
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TABLA 3. Probabilidad de reducir a 0-1 componente del sindrome metabdlico segun la reduccion
de una unidad en cada parametro antropométrico, por afio de seguimiento, en sujetos con 2 0 mas
componentes de sindrome metabodlico (ajustado por edad, sexo y tiempo de seguimiento).

Pardmetro antropométrico Odds Ratio (I.C. 95%) P
IMC ([1 kg/m?] / afio) 3.03 (1.74 - 5.28) <0.0001
Cintura (1 cm/ afo) 1.52 (1.28 - 1.81) <0.0001
fndice Cintura/Cadera (0.01 / afio) 1.26 (1.06 - 1.49) <0.01
% Grasa (1 % / aio) 1.09 (0.88 - 1.34) NS

Ejemplo: La reduccion de 1 punto de IMC / afio representa un O.R. de 3.03, es decir, se triplica la
probabilidad de reducir el nimero de componentes de SM a 1 o ninguno.

Mujeres Hombres

0.75-

0.50 -

0.25-

0.00

0 1 2 0 1 2
Reduccion IMC ((Kg/m?) / (T.Seg. (afios)))
Or=3.03 (1.74 - 5.28); P<0.0001
En el grafico se muestra especificamente la probabilidad de reducir el niimero de
componentes de SM de 2 o mas a 1 o ningiin componente, separado por sexo. Por ejemplo,
una mujer que inicialmente tenia 2 o mas componentes de SM y baja 1.5 puntos de
IMC / afio, tiene una probabilidad estimada de 50% de revertir el SM, es decir, reducir a

1 6 ningin componente del SM. Para conseguir lo mismo, un hombre tiene que reducir el
IMC en 2 puntos / afio.

FIGURA 1. Modelo de Odds Proporcionales que muestran la probabilidad de
revertir el sindrome metabolico en hombres y mujeres segiin reduccion de IMC
(ajustado por edad y tiempo de seguimiento).
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Mujeres Hombres
1.00 4
0.754
0.50+
0.25+
0.00+ . . . . . - -
0.0 2.5 5.0 7.5 0.0 2.5 5.0 7.5

Reduccion Cintura (cm / (T.Seg. (afios))
OR=1.52 (1.28 - 1.81); p<0.0001

FIGURA 2. Modelo de Odds Proporcionales que muestran la probabilidad
de revertir el sindrome metabolico en hombres y mujeres segun reduccion de
cintura (ajustado por edad y tiempo de seguimiento).

DISCUSION

El principal resultado del estudio demuestra
que los cambios en la circunferencia de cintura e
IMC fueron los mejores predictores de la evolu-
cion en el tiempo del SM, es decir, en la regresion
o progresion de los componentes cardio-metabo-
licos del SM. La modificacion del % de grasa no
demostrd un efecto significativo en la evolucion
de los FR, y el ICC, no fue superior a la cintura.

Los resultados obtenidos en este estudio confir-
marian 2 hipdtesis: la primera es que la variacion
de la adiposidad central determina con mayor pre-
cision la evolucion de los componentes del SM; la
segunda es que el exceso de grasa subcutanea no
predice la evolucion del SM. Lo ultimo, estaria
fundamentado en que el % de grasa fue estimado
a través de la medicion de pliegues cutaneos, es
decir, grasa subcutdnea, y en la superioridad del
parametro cintura por sobre el ICC, este ultimo
que corrige el valor de cintura por grasa periféri-
ca, que también es subcutanea (cadera). Ademas,
es importante destacar que el IMC, al menos en
esta poblacidon no deportista, tendria relacion di-

recta con la masa adiposa total, lo cual incluiria la
adiposidad visceral.

Estos resultados tienen mucha importancia
en clinica y en el sistema de salud, ya que seglin
ellos, no se justificaria en términos de costo-efec-
tividad, la utilizacidén de otras mediciones antro-
pométricas mas sofisticadas y caras, o de compo-
sicion corporal (ej: grasa visceral por tomografia
computada) para monitorizar la evolucion del
SM. Medidas tan simples como el IMC y la cin-
tura, son muy buenos predictores. Esto también
habia sido confirmado por el estudio INTER-
HEART, que reportd que la obesidad central, de-
terminada por la cintura, era uno de los FR que se
asociaba con mayor fuerza a eventos coronarios.
Este mismo grupo reportd que la cintura seria el
parametro mas sensible para predecir la presencia
de FR CV(16).

En la literatura no existe evidencia en cuanto
al impacto de la variacion de la cintura en el tiem-
po sobre la agregacion de FR cardio-metabdlicos:
esto es lo que se tratd de determinar en nuestro
estudio.
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Tal como ha sido publicado en las ultimas
guias del manejo de obesidad del Colegio y Aso-
ciacion Americanas de Endocrin6logos, es sabido
que una reduccion de al menos un 5% del peso
corporal tiene un impacto significativo en la re-
duccion de lipidos y presion arterial, y por ello es
una recomendacion con un grado de evidencia IA
(22). Lo mismo ha sido avalado por las guias de
manejo de la obesidad de la Asociacion America-
na del Corazén (23). Incluso estos ultimos refie-
ren que pérdidas mas modestas, pero sostenidas,
del 3% al 5% del peso, ya tendrian un impacto en
los niveles de lipidos y glicemia, pero no en la
presion arterial. Sin embargo, para la prevencion
de diabetes en sujetos con SM, se recomienda una
reduccion de peso de al menos un 10% (Grado de
evidencia II B)(22). Segun nuestros resultados,
un sujeto con presencia de 2 o mas FR cardio-
metabolicos, que reduce en un 10% el peso (~3
kg/m2 en su IMC) tendria una probabilidad de
75% de reducir a 0 o 1 componente si es mujer,
y 65% si es hombre. Esto equivaldria a reducir el
IMC de este grupo de sujetos de 28 a 25, pasando
del sobrepeso a la normalidad. El peso promedio
de las mujeres con 2 o mas FR en este estudio
fue de 72 kg. En estas mujeres, el 10% del peso
serian ~7 kg, o sea, debieran bajar a < 65 kg. En
el caso de los hombres, el peso promedio fue 81
kg y debieran bajar a 72 kg. El llegar a estos pesos
los llevaria a dejar el grupo de pacientes con mas
riesgo cardio-metabdlico.

Un meta-analisis reciente reportd que la re-
habilitacion cardiaca resultdé en una reduccion
significativa en el promedio de circunferencia de
cintura. Ademas, esta reduccién de la circunfe-
rencia de cintura se asoci6 significativamente con
la disminucidn en el colesterol LDL, PAS y PAD,
glucosa en ayuna, y triglicéridos y un aumento
significativo en el colesterol-HDL, en conjunto
con una tendencia no significativa para la asocia-
cion con colesterol total (24). Es sabido que la
medicidon mas sensible para hacer el diagnodstico
de SM es la cintura. Sin embargo, tanto para los
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pacientes como para los clinicos, no estan claras
las metas de reduccion de cintura para lograr re-
vertir el SM. Esto es importante, ya que al igual
que para el peso, es necesario tener metas de re-
duccidn en distintas proporciones segun el valor
inicial, para asi favorecer la auto-eficacia y adhe-
rencia de los pacientes (25). Esto, porque el al-
cance de los valores 6ptimos son muy dificiles de
lograr en el corto plazo. Asi, segiin nuestros da-
tos, una reduccion de ~7 cm de cintura en mujeres
y ~8 cm en hombres tendria efectos similares a la
reduccion del 10% del peso descrita previamente.
Con el grafico de odds proporcionales (Figura 2)
presentado en este estudio, el clinico podria esta-
blecer metas menos exigentes, mostrandole al pa-
ciente, segun cintura e IMC, cudl seria el impacto
en la agregacion de factores de SM.

Asi, los resultados de este estudio podrian ayu-
dar a motivar a los pacientes que se encuentran
en tratamiento, y podria ayudarlos a adherirse a
la terapia, incluso, pidiéndoles a ellos mismo que
monitoreen su progreso.

Este estudio presenta limitaciones. La princi-
pal limitacion es el tiempo de seguimiento. Sa-
bemos que los cambios antropométricos son muy
dificiles de lograr, por lo cual, hubiéramos visto
mas impacto si hubiéramos tenido mas tiempo de
seguimiento, o a través de una intervencion inten-
siva en sujetos con SM. Estos sujetos, sin embar-
go, continian en nuestro programa CV. Por otro
lado, la estimacion del % de grasa se realizo a
través de las ecuaciones de Durnin & Womersely
(17), las cuales consideran la edad como parte del
calculo, por lo tanto, puede influir en el % de
grasa. Sin embargo, al incluir la sumatoria de 4
pliegues en el andlisis, no se observd un efecto
significativo en la evolucion de los componentes
de SM (OR=1.00; 0.98-1.03), lo cual valida nues-
tros resultados.

CONCLUSIONES

Los cambios en IMC y circunferencia de cin-
tura serian los parametros antropométricos mas
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confiables para monitorear la evolucion del SM.
Los cambios en indicadores antropométricos que
incluyen adiposidad subcutdnea, como el % de
grasa o la sumatoria de pliegues, no se relacio-
naron con la evolucién del SM, mientras que los
cambios en el ICC presentaron una relacion mas
debil que la cintura en forma aislada.
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SUMMARY: The objective of this research was to eva-
luate the effect of extraction solvent on phenolic com-
pounds content (total phenols, total flavonoids) and an-
tioxidant capacity levels (DPPH, ABTS and FRAP) of
a commercial food supplement from Moringa oleifera
leaves. The content of total phenols, total flavonoids and
total non-flavonoids ranged from 55.98 to 226.20 mg
ChlAE/g, from 17.63 to 23.46 mg CatE/g and from 38.34
to 202.73 mg CatE/g mg/g, respectively, while conden-
sed tannins were not detected in none of the extracts.
Non-flavonoids compounds were the most abundant
group of phenolics in all the extracts ranging from 68 to
90% of the total phenols content. Levels of antioxidant
capacity ranged from 22.43 to 124.93, 101.03 to 245.25
and 77.06 to 214.17 umolTE/g in ABTS, DPPH and
FRAP, respectively. In addition, EtOH 50% and EtOH
100% extracts showed the highest and lowest content in
phenolics content and antioxidant capacity level. Finally,
data obtained in the content of phenolics and antioxidant
capacity levels of the present study are higher than most
of data of scientific literature reported previously by
other authors.

Key words: Antioxidant capacity, food supplement,
Moringa oleifera, phenolics.

RESUMEN: Influencia del solvente de extraccion en
el contenido fendlico y nivel de capacidad antioxidan-
te de un suplemento alimenticio comercial de hojas de
Moringa oleifera. El objetivo de esta investigacion fue
evaluar el efecto del solvente de extraccion en el conteni-
do de compuestos fenolicos (fenoles totales, flavonoides
totales) y los niveles de capacidad antioxidante (DPPH,
ABTS y FRAP) de un suplemento comercial de hojas de
Moringa oleifera. El contenido de fenoles totales, flavo-
noides totales, no-flavonoides totales oscilaron de 55.98
a 226.20 mg ChlAE/g, de 17.63 a 23.46 mg CatE/g y
de 38.34 a 202.73 mg/g, respectivamente, mientras que
no fue detectada la presencia de taninos condensados en
ninguno de los extractos. Los compuestos fendlicos no-
flavonoides fueron el grupo mas abundante de compues-
tos fendlicos en todos los extractos y oscilaron de 68 a
90% del total de los fenoles totales. Los niveles de capa-
cidad oscilaron de 22.43 a 124.93, de 101.03 a245.25 y
de 77.06 a 214.17 umolTE/g en ABTS, DPPH y FRAP,
respectivamente. Ademas, los extractos con EtOH 50%
y EtOH 100% mostraron el contenido mas alto y mas
bajo de fendlicos y niveles de capacidad antioxidante,
respectivamente. Finalmente, los datos obtenidos en el
contenido de compuestos fendlicos y los niveles de ca-
pacidad antioxidante del presente estudio son mas altos
que la mayoria de los datos reportados previamente en
literatura por otros autores.

Palabras clave: Capacidad antioxidante, fenolicos,
Moringa oleifera, suplemento alimenticio.

INTRODUCTION

Moringa oleifera is a plant native from the
sub-Himalayan regions and is now distributed
in many regions of the world and is used as

food and medicinal purposes. Medicinal
properties are attributed almost all parts of the
plant including root, bark, leaf, pod, flower
and seed (1). Moringa oleifera is widely
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cultivated in different zones of Mexico, it is
found in more than ten states of the country
and it has gained attention of Mexican market
because of its pharmaceutical properties (2).
The antioxidant properties of Moringa oleifera
leaves have been attributed to their content
of phenolic compounds, which are able to
decrease damage in tissues by free radical
scavenging mechanism and thus several health
benefits is related with its consume (3). The
yield of phenolic compounds extraction is
determined mainly by the extraction solvent,
extraction time and temperature. The solubility
of phenolics is governed by the chemical nature
of the plant sample, as well as the polarity of
the extraction solvent used. Solvents such as
methanol and ethanol with different proportions
of water have been used for the extraction of
phenolics from plant materials because of they
are found to be the most efficient solvents
(4). The aim of this work was to evaluate the
effect of extraction solvent on the phenolics
content and antioxidant capacity levels of a
commercial food supplement from Moringa
oleifera leaves.

MATERIALS AND METHODS
Food supplement

Commercial food supplement capsules
product from Moringa oleifera leaves were
kindly provided by PhD Emilio Olivares-Saenz,
who produce and market the product in the
Protected Agriculture Center of the Autonomous
University of Nuevo Ledn. Samples were taken
out from capsules and sieved trough 500 um
sieve (mesh 35).

Proximate composition

The methods of Association of Official
Analytical Chemists (AOAC) (5) were used to
determine moisture (method 925.09), protein (N
x 6.25) (method 960.52), ash (method 923.03), fat
(method 923.03) and crude fiber (920.86). Results
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were expressed in terms of percentage (g/100g).
The total carbohydrates content was obtained by
difference as follows: total carbohydrates = 100 —
(g of water + g of protein + g of ash + gof fat + g
of crude fiber).

Extraction of phenolics

Three hundred milligrams of samples were
mixed with 30 mL of solvent for 2 h at 200 rpm
at room temperature. After that, samples were
centrifuged at 2600 g, supernatants collected,
protected from light and stored at -20°C until they
were used for phenolics and antioxidant capacity
analysis. Extraction solvents were methanol
(MeOH) and ethanol (EtOH) at 100%, 80%
aqueous and 50% aqueous.

Phenolics and antioxidant capacity

Phenolics and antioxidant capacity assays were
carried out according to Lopez-Contreras et al. (6).
The total phenols, total flavonoids and condensed
tannins contents were evaluated by Folin-
Ciocalteu, aluminum chloride and vanillin-HCI
methods. Results were expressed as milligrams
of chlorogenic acid per gram of sample for total
phenols (mg ChlAE/g) and milligrams of catechin
equivalents per gram of sample (mg CatE/g)
for total flavonoids and condensed tannins. In
addition, percentage of flavonoids (Fla) and non-
flavonoids (Non-Fla) compounds were calculated
as follows: %Fla=((total flavonoids*100)/total
phenols), %Non-Fla=(100-%Fla).

Antioxidant capacity by DPPH (2,2-diphenyl-
l-picrylhydrazyl) and ABTS (2,2'-Azino-
bis  (3-ethylbenzothiazoline-6-sulfonic  acid)
diammonium salt) radicals was measured based
on the reduction of their absorbance, while
FRAP (Ferric Reducing Antioxidant Power)
was determined based on the reaction of ferrous
tripyridyltriazine complex. Results of ABTS,
DPPH and FRAP were expressed as micromoles
of Trolox equivalents per gram of sample
(umolTE/g)
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Statistical analysis

All of the results were expressed as mean
values of three samples + standard deviation.
Statistical significance among samples was
evaluated by analysis of variance (ANOVA)
followed by Tukey’s test using Minitab 14.0
(7). A level of probability of p<0.05(5%) was
set as statistical significance. Results were
expressed as mean values of three samples +
standard deviation.

RESULTS

The proximate composition of the commercial
food supplement from Moringa oleifera leaves
is shown in Table 1. Carbohydrates were the

213

main component followed by protein, ash, fat,
moisture and crude fiber.

There were significant differences in the
phenolics analysis (p<0.05), EtOH50% and
EtOH 100% obtained the highest and lowest
content in total phenols, total flavonoids and
total non-flavonoids respectively. EtOH 50%
was 4.0 and 1.3 and 5.2 fold-higher than EtOH
100% in total phenols, total flavonoids and
total non-flavonoids, respectively. The levels
obtained for total phenols, total flavonoids
and total non-flavonoids ranged from 55.98 to
226.20 mg ChlAE/g, 17.63 to 23.46 mgCatE/g
and from 38.34 to 202.73 mg/g, respectively,
while condensed tannins were not detected in
none of the samples (Figure 1).

TABLE 1. Proximate composition of a commercial food supplement from
Moringa oleifera leaves.

Component (g/100g)
Moisture Protein Ash Fat Crude fiber  Total Carbohydrates
5.23+0.31 22.45+0.40 7.37+£0.06 5.95+0.17 0.1+0.04 58.90+0.24
ETotal Phenols OTota Flavonosids 0OTota Non-Flavonoids
232 9 2 2
b a b a
] b ] b |
= 174 ~
B
s 116 7
= d
38 1 d
D T |_| T |-_-| T I___| T |-_-| T |—| 1

MeOH 100% MeOH 30% MeOH 50% EtOH 100% EtOH 30% EtOH 50%

FIGURE 1. Influence of extraction solvent on phenolic content of a commercial food supplement from
Moringa oleifera leaves. Different letters within the same evaluation are significantly different (p<0.05).
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Non-flavonoids compounds were the most
abundant group of phenolics in all the extracts
showing MeOH 80%, MeOH 50%, EtOH
80% and EtOH 50% values around 90% of
non-flavonoids in their phenolic composition,
followed by MeOH 100% with 86% and the
lowest value was shown by EtOH 100% with
68% on non-flavonoids compounds (Figure 2).

Also, significant differences (p<0.05)
between samples were observed in DPPH,
ABTS and FRAP antioxidant capacity assays.
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Same pattern observed in phenolics was
obtained in antioxidant capacity, being EtOH
50% and EtOH 100% the extracts that showed
highest and lowest levels of antioxidant
capacity. Results of antioxidant capacity were
from 22.43 to 124.93, from 101.03 to 245.25
and from 77.06 to 214.17 umolTE/g in ABTS,
DPPH and FRAP, respectively. EtOH 50%
was 5.5, 2.4, and 2.7 fold-higher than EtOH
100% in ABTS, DPPH and FRAP, respectively
(Figure 3).
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FIGURE 2. Influence of extraction solvent on phenolic composition of a commercial food
supplement from Moringa oleifera leaves.
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Moringa oleifera leaves. Different letters within the same evaluation are significantly different (p<0.05).
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DISCUSSION

Moringa oleifera leaves are considered a
high source of protein with high content of
essential amino acids such as methionine,
cystine, tryptophan and lysine, but also a
good source of minerals (1). The protein
content of the commercial food supplement
from Moringa oleifera leaves of our study is
higher than the content reported previously by
Valdez-Solana et al. (2), who found 10.74%
and 11.48% in Moringa oleifera leatf powder
from two Mexican cultivars, but is in the range
of the data reported by Makkar and Becker (8)
and Aye and Adegun (9) who found 25.1% and
22.2% of protein content, respectively. On the
other hand, our results are very close to the
findings reported by Moyo et al. (10) in fat
and ash with 6.50% and 7.64%, respectively.
Contrary to protein, the content of crude fiber
of our study is lower than all the data obtained
by authors mentioned before since they
reported data ranging from 7 to 30%.

The results in the content of phenolics
and antioxidant capacity of commercial food
supplement from Moringa oleifera leaves,
showed that an increasing in the polarity
of the solvent leads to an increasing in the
content of phenolics compounds and thus in
the antioxidant capacity level. This behavior
was previously described by Turkmen et al.
(11) who extracted bioactive compounds from
black tea (Camellia sinensis L.) and black
mate tea (Ilex paraguariensis) using the same
ethanol and methanol solvent mixtures and
reporting EtOH 50% and EtOH 100% as the
solvents with the highest and lowest content
of phenolics content and antioxidant capacity
level, which is similar to our observations.

Several studies have evaluated the phenolic
content of leaves from Moringa oleifera.
For instance, Vongsak et al. (12) obtained
bioactive compounds using maceration at 1:20
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(w/v) ratio sample respecting solvent by using
70% aqueous ethanol finding 377.8 and 82.9
mg/g in total phenols and total flavonoids,
respectively, which is higher than our results.
Singh et al. (13), obtained an aqueous phenolic
extract by stirring sample for 2 h at 80°C and
they found 105 and 31.28 mg/g of total phenols
and total flavonoids, respectively, being their
results in phenolics lower than most of our
data, but higher in flavonoids.

In addition, although they did not
calculate the percentage of non-flavonoids
and flavonoids compounds, we applied our
formulas to their data, obtaining 55-79% and
70% of non-flavonoids for Vongsak et al. (12)
and Singh et al. (13), respectively, which is
in the range of our observations. In addition,
our observation in condensed tannins are in
agreement with Bennet et al. (14) since they did
not detect the presence of condensed tannins
in Moringa oleifera leaves, but are contrary
to data reported by Sriwichai et al. (15) who
obtained 0.77 mg/g of this phenolic group in
this plant material.

The Antioxidant capacity has been also
evaluated in phenolic extracts from Moringa
oleifera leaves. In this regard, Surveswaran et
al. (16), extracted phenolics by 80% methanol
overnight at room temperature with occasional
shaking and they obtained antioxidant capacity
levels of 7.4, 4.7 and 0.17 umolTE/g in ABTS,
DPPH and FRAP assays, respectively, being
these results lower than our data.

Kunyanga et al. (17), extracted phenolics
by sequential ultrasonic extractions with
acidifiedmethanol, and aqueous methanol,
purified extracts with polyvinylpolypyrrolidone,
freeze-dried and finally extract was dissolved
in water-ethanol-formic acid solution and they
reported 186 micromoles of Iron Equivalents
per gram of sample (umolFeE/g) in FRAP assay.
Jaiswal et al. (18), obtained an aqueous extract at
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40-60°C for 48 h and they reported 85 pmolFeE/g
in FRAP assay. The results obtained by these two
authors are also lower than our data. On the
other hand, Pari et al. (19) obtained extracts
by soaking sample in methanol overnight and
obtained 636 umolTE/g in ABTS, which is
higher than our results.

CONCLUSIONS

Based on results obtained in the present
study, we concluded that: EtOH 50% is the best
solvent to obtained phenolics with the higher
antioxidant capacity in the commercial food
supplement from Moringa oleifera leaves.
Independently of the solvent, non-flavonoids
is the main group of phenolics present in
the methanolic and ethanolic extracts of a
commercially food supplement from Moringa
oleifera. In addition, data obtained in phenolics
and antioxidant capacity of the present study
are in most of the cases higher than data of
scientific literature reported previously by
other authors and thus the commercial food
supplement used in the present work could be
considered a nutraceutical product, although
studies on the phenolics bioavailability are
recommended.
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SUMMARY: The aim of this study was to observe the
effect of foliar fertilization with organic products on the
nutritional quality of fruits stored. The time between har-
vest and consumption of fruits and vegetables, may be up
to several weeks. In this regard, the storage capacity of
tomato fruits at three hybrids has been studied: Antalya,
Chocolat and Tiger. The culture was founded in a gre-
enhouse in the south-west of Romania. The fruits were
stored at a temperature of 15°C + 0.5°C and a relative
atmospheric humidity of 82% for a period of 42 days. In
order to assess the nutritional fruit value during storage,
biochemical analyzes were carried out at 7, 21, 35 and 42
days. Experimental results have shown that the best va-
riants of organic manure and storage time, which positive
influenced the content of carotene and vitamin C were
variants with humic acids + Vitis vinifera seeds extract
and humic acids + extract from the seeds of Vitis vinifera
+ Boro.

Key words: Tomatoes, vitamin C, total carotenes, titra-
table acidity.

RESUMEN: El efecto de la fertilizacién foliar con
productos organicos sobre el valor nutricional du-
rante el almacenamiento post-cosecha de los tomates
(Lycopersicon esculentum Mill). El objetivo de este es-
tudio fue observar el efecto de la fertilizacion foliar con
productos organicos sobre la calidad nutricional en los
frutos almacenados. En este sentido, la capacidad de al-
macenamiento de los frutos de tomates ha sido sometida a
tres hibridos: Antalya, Chocolat y Tiger. Los tomates han
sido cultivados en un invernadero, en la parte sur-oeste de
Rumania. Los frutos se han guardado a una temperatura
de 15°C £ 0.5°C y a una humedad atmosférica relativa de
82%, durante un periodo de 42 dias. Para la evaluacion
nutricional de los frutos durante el periodo de almacena-
miento, se realizaron analisis bioquimicos a los 7, 21, 35
y 42 dias. Los resultados de los experimentos mostraron
que las mejores formulas empleadas en la fertilizacion
organica, asi como el tiempo de almacenamiento, que han
influido positivamente en el contenido de carotenos y vi-
tamina C, han sido: la féormula con acidos humicos + ex-
tracto de semillas de Vitis vinifera y la formula con acidos
htimicos + extracto de semillas de Vitis vinifera + Boro.

Palabras clave: Tomates, vitamina C, carotenos totales,
acidez titulable.

INTRODUCTION

The tomatoes (Lycopersicon esculentum
Mill.) are one of the vegetable most consumed
worldwide because they are the main supplier of
several phytonutrients that provide important nu-
tritional value for the human diet (1). An average
consume of tomatoes provides 40% of the recom-
mended daily allowance of vitamin C (ascorbic
acid), 20% of the RDA of vitamin A, substantial
amounts of potassium, dietary fibbers, calcium,
and smaller amounts of iron, magnesium, thia-

mine, riboflavin, niacin, and it contains only
about 35 calories.

The regular consumption of fruits and vege-
tables was associated with the maintenance of
health and prevention of diseases. The tomatoes
are an important species due to the major contri-
bution of carotenoids, phenols, vitamin C, vita-
min E that come in daily ration of nutrition of the
world population .

The results of different studies showed that
tomatoes and products obtained from tomatoes

218



THE EFFECT OF FOLIAR FERTILIZATION WITH ORGANIC PRODUCTS ON

may have a protective effect against various
diseases such as prostate, cancer and cardio-
vascular diseases (2). Several studies have
shown that during ripening important chan-
ges occur in the synthesis of pigments (e.g. of
lycopene). Some authors like (3), reported an
increase in the content of ascorbic acid during
ripening, and argue that the main antioxidants
in tomatoes are the carotenoids, ascorbic acid
and phenolic compounds.

The entire antioxidant activity of tomatoes
varies considerably depending on the variety,
on genetic information, maturing stage and
growing conditions (4). There is a wide varia-
tion in the content of vitamin C among toma-
toes varieties. The carotene content is greatly
influenced by the type of culture (5) and by the
fertilization that is made during vegetation.

Humic acids in combination with other pro-
ducts represent an important source of natural
organic matter in agricultural fertilization. The
action of polyphenols in plants is distinguis-
hed by their role in the formation of pigments,
in growth, for their the resistance to pathogens
and for UV protection (6).

Studies in scientific literature show a va-
ried effect of applications of humic acids sim-
ple or in combination with other stimulators.
Fertilizer applications based on humic acids
on tomatoes grown in greenhouses positively
influence the qualitative and quantitative cha-
racteristics of the fruit (7). Other studies show
that humic acids applied both on the root and
foliar on a crop of peppers, determine a higher
yield and better quality fruit that can signifi-
cantly increase the content of capsaicin (8).

An important role in the development of
plants plays also the boron influencing the
synthesis of aromatic compounds, the per-
meability of protoplasmic membrans, translo-
cation of carbohydrates, division of cells, fruit
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maturation, accumulation of free auxin and
biosynthesis of nucleic acids (9, 2).

A deficit of boron in plants and soil leads
to a decline in plant vascularization, root elon-
gation, slowdown in the metabolism of carbo-
hydrates, reduction of the synthesis of nucleic
acids etc. (2). In its absence leaves become
vulnerable, begin to twist inward, flowers fall
and fruits start to smudge (starts tissue dama-
ge).

The tomatoes metabolism continues even
after the removal of fruits from the plant when
fruits are red, then reaching a point where they
become devoid of nutritional value . To extend
the life of fruits and vegetables, on the shelf,
and to slow down the respiratory metabolism
during storage, these are stored at low tem-
peratures in an atmosphere of carbon dioxide
(10).

The production quality after harvesting is
done during the growing season and could be
maintained, but not enhanced by post-harvest
technologies. This can be achieved through a
selection of genotypes with a better quality at
storage, at harvest and at optimum maturity
(11) indicated that the genetic material availa-
ble on the market allows the discrimination of
external and internal attributes of quality that
must meet the consumer demands. The aim of
this study was to observe the dynamics on days
of storage, the nutritional value of the three hy-
brids of tomatoes fertilized in vegetation with
organic products.

MATERIAL AND METHOD
Vegetal material

The experiment of the tomato crop was
created in the didactic field of Horticulture
Faculty of Craiova, Romania (44°19° North
latitude and 23°48’ East longitude), in an un-
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heated greenhouse, and the biochemical deter-
minations were performed in laboratory.

Antalya, Chocolat and Tiger tomato hy-
brids were studied. The experiment was bi-
factorial located in randomized blocks, with
five variants of 3 repetitions/each variant.
The first factor (A) was the fertilizing pro-
duct assortment with five graduations: al —
control without fertilizing; a2 - Vitis vinifera
seed extract (Vv.Se); a3 - humic acids (HA.);
a4 - humic acids + Vitis vinifera seeds extract
(HA+VvSe); a5 - humic acids + extract from
the seeds of Vitis vinifera + Boron (HA + VvSe
+ B) and the second factor (B) was the stora-
ge life with also five graduations: bl-without
storage (at harvest), b2-storage for 7 days, b3-
storage for 21 days, b4- storage for 35 days
and b5- storage for 42 days.

The bio-fertilizer was applied to foliage at
a concentration of 1% humic acids and 1.5%
for the variants with polyphenolic and boron
extract. The first foliar treatment was applied
at 2 weeks after planting, and the following
treatments at an interval of 14 days.

The fruits from three tomato hybrids that
were different between them by colour were
used in the study. Antalya hybrid has red fruits,
Chocolat hybrid has chocolate brown fruits
and Tiger hybrid has red-green fruits. The
fruits for laboratory samples were collected
manually at physiological maturity. They were
brought from the field in the laboratory where
they were washed with tap water to remove the
field heat, soil and to reduce the microbial po-
pulations on their surface and then they were
stored in ambient conditions. Each hybrid had
a sample of 90 fruits per repetition, which
were assessed throughout the storage period.
They were kept at a constant temperature of
15 + 0.5°C for 42 days. In this interval the-
re were determined the content of vitamin C,
total carotene and titratable acidity to see the
evolution of these elements during storage.
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The determination of vitamin C content

A sample of 5-10 g of tomatoes, previously
ground with quartz sand has been put into a
100 ml- balloon by using a solution of 2% hy-
drochloric acid. It has been stirred and after se-
dimenting it has been filtered into a dry glass.
A 10-ml aliquot has been passed into a Berze-
lius glass, to which 30 ml of distilled water;
5 ml of 1% potassium iodate and 1 ml solution
of starch have been added. It has been then ti-
trated with potassium iodate N/250 stirred un-
til becoming bluish (2).

The calculation of ascorbic acid concentra-
tion is made by using the equation:

Vitamin C mg % = 352. n.f/ G, Where:

n - ml used for titration; f — the factor of

the potassium iodate N/250;

G — the sample weight in grams.

The determination of total carotenoids

The weighed samples, having been put sepa-
rately in 95% in acetone (50 ml for each gram),
were homogenized with Braun MR 404 Plus
for one minute. The homogenate was filtered
and was centrifuged using the Hettich Univer-
sal 320/320R centrifuge at 2500 rpm for ten
minutes. The supernatant was separated and
the absorbencies were read at 400-700nm on
Cary 50 spectrophotometer. It was recorded
that Chlorophyll a showed the maximum ab-
sorbance at 662 nm, chlorophyll b at 646 nm
and total caroten at 470 nm and the amount of
these pigments was calculated according to the
formulas.

Ca = 11.75 A662 - 2.350 A645; Cb = 18.61
A645 - 3.960 A662

Cx+c =1000 A470 - 2.270 Ca - 81.4 Cb/227

Ca = Chlorophyll a, Cb = Chlorophyll b; Cx +
¢ = Total carotene
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The determination of titratable acidity.

From a sample of 5-10 g of tomatoes homo-
genated with a vertical blender Braun MR 404
Plus for 1 minute, 1-2 ml were taken which
were diluted in 10 ml of distilled water and ti-
trated with 0.1 N sodium hydroxide in the pre-
sence of phenolphthalein.

The acidity calculation is made using the
formula:

Where:

V - volume of NaOH solution used for titra-
tion, (ml);

m - sample weight, (grame);

N - normality of NaOH solution

Statistical Calculation

The data recorded were statistically proces-
sed by using the analysis of the variant (ANO-
VA) and the calculation of the limit differen-
ces, P <0.05.

RESULTS

In the storage room, the relative air humidity
was 82%, in accordance to what was reported
previously by (12). Therefore, the environ-
mental conditions for storage had the tempe-
rature and relative humidity that did not affect
the tomatoes during storage.

In the present study, the harvest, fertility
treatments with organic products have signi-
ficantly influenced the chemical composition
in terms of content in carotene, vitamin C and
acidity for Antalya hybrid. Thus, the best ac-
cumulation in carotene was at the version a4-
humic acids + extract from the seeds of Vitis
vinifera (HA + VvSe), in vitamin C at version
a5 humic acids + extract from the seeds of Vitis
vinifera + Boron (HA + VvSe + B) and for aci-
dity in al and a5 (Figure 1A). During storage
over a longer period of time, in tomato fruits
metabolic reactions take place forming new
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FIGURE 1.The influence of organic fertilization
(A) and storage time (B) on the chemical
composition of fruits at Antalya hybrid

acids that contribute to changing the acidity.

During storage, in the study, the storage time
significantly affects the chemical composition
of the fruit at Antalya cultivar. The highest le-
vel of content in carotene, vitamin C and aci-
dity was recorded by the variants bl-without
storage, b2-storage for seven days, b3-storage
for 21 days. For the b4 version, the values de-
creased for carotene and vitamin C while aci-
dity increased. In the b5 version, storage for
42 days, the fruits degraded (Figure 1B) and
did not have the nutritional value.

In the interaction of factors, the fertilizing
product assortment and the period of storage,
at Antalya cultivar, it appears that the best va-
riants were a4bl, a4b2, a4b3 for carotene con-
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tent and a5b1, a5b2 and a5b3 for vitamin C con-
tent (Table 1).

TABLE 1. The effect of organic fertilization
and storage time interactions on the chemical
composition of the fruits at Antalya hybrid

Treatment Total Vitamin Titratable
Carotene C acidity
(mg/100 g)*!' (mg/100 g)' (mg/100 g)
ab, 11.3%f 9.0cd 0.42
ab, 11.5¢def 9.1 0.441
ab, 11.6¢f 7.5¢ 0.6¢
ab, 5.0k 2.51 1.4
ab, 12.4b4 10.1° 0.43!
ab, 12.7% 10.2° 0.441
ab, 13.0° 9.5b¢ 0.51n
ab, 5.9 5.0% 0.9¢
ab, 8.3i 9.7b 0.43!
ab, 8.4i 9.7b 0.45!
ab, 8.3i 8.5¢ 0.65¢2
ab, 3.5 4.5 1.15°
ab, 15.22 9.9 0.441
ab, 15.32 10.0° 0.46M
a,b, 14.8° 9.0cd 0.8f
ab, 6.9 4.0" 1.0¢
ab, 10.6% 12.5 0.441
ab, 11.0¢f 13.22 0.470
a.b, 9.1h 12.5 0.9¢
ab, 9.4¢hi 5.5° 1.1°
P <0.05 1.396 0.767 0.057

“kDifferent letters indicate differences according to the proba-
bility value (P)

For the Chocolat hybrid the highest values
of vitamin C content were at a2 and a4 variants,
and for carotene a4. Acidity recorded oscilla-
tions depending on variants (Figure 2A). After
harvesting and storage for 7-21 days, these indi-
cators values increased and then they started to
decrease. Compared to Antalya, the vitamin C is
also found in 42 days from harvest, but in small
amounts (Figure 2B).

Regarding the interaction between foliar ferti-
lizer products and the storage period of fruits, the
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FIGURE 2. The influence of organic
fertilization (A) and storage time (B)
on the chemical composition of fruits at
Chocolat hybrid

C Vitamin macidity

best carotene accumulation was recorded
ata4bl; a4b2 and a4b3 variants and vita-
min C was recorded at a4b2 variants, and
for titratable acidity alb5 (Table 2).

For the Tiger hybrid the application
of organic fertilizers significantly affec-
ted the accumulation of carotene and
vitamin C, compared to the unfertilized
plant. The best accumulation was in va-
riants a5, a4 for the content in carotene,
a2 and a4 for the content in vitamin C
and for titratable acidity al (Figure 3A).
On storage period, there was a slight in-
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TABLE 2. The effect of organic fertilization
and storage time interactions on the chemical
composition of fruits at the Chocolat hybrid

al

Ocaroten m C Vitamin  m acidity

Treatment Total Vitamin Titratable
Carotene C acidity
(mg/100 g)' (mg/100 g)' (mg/100 g)
ab, 16.8¢ 6.1¢f 0.33!
ab, 17.0¢ 6.1¢f 0.4¢2hi
ab, 17.14 5.0 0.55¢h
ab, 8.4¢ 3.04 0.8¢
ab, 3.3k 1.1° 1.5
ab, 18.5¢ 6.5%¢ 0.31°
a,b, 18.8¢ 6.7%¢ 0.35M
ab, 19.0¢ 5.50%h 0.4¢hi
ab, 9.6 4,01 0.6%
ab, 5.0 2.5 1.15¢
ab, 19.0¢ 6.4% 0.34ni
ab, 19.1¢ 6.5%¢ 0.4¢2hi
ab, 19.0¢ 5.2¢ (0.4 51eni
ab, 9.4f 4.2 0.65%f
ab, 4.8 2.01m 1.2
ab, 22.5% 7.0 0.35M
ab, 22.7* 7,12 (0.4 51eni
ab, 22.8% 5,74 (. 5¢fehi
ab, 10.7¢ 4,01 0.7¢%
ab, 5.0 1.7mn 1.3
P<0.05 0.725 0.696 0.218
a-o Different letters indicate differences according to the pro-
bability value (P)
a d B
¢ b 01
15 1
. ’ . ) 10
5 |
a c b £
— . —p— r 0 -+ . =~ Ml =
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FIGURE 3. The influence of organic fertilization (A) and storage time
(B) on the chemical composition of the fruits of the Tiger hybrid
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crease in vitamin C and carotene in 7-21 days of
fruits storing and then slightly decreased (Figure
3B). The results are also confirmed by (13) who in
their study recorded the same values for a period of
10 days of tomatoes storage. In interaction the best
variants were a3b2 and a4b2 for vitamin C and for
carotene the a4b3 version (Table 3).

TABLE 3. The effect of organic fertilization and
storage time interactions on the chemical
composition of the fruits of Tiger hybrid

Treatment Total Vitamin Titratable
Carotene C acidity
(mg/100 g)!' (mg/100 g)' (mg/100 g)
ab, 14.6" 5.5b 0.39
ab, 14.6" 5.6 0.41ix
ab, 14.8" 4.0¢f 0.7¢f
ab, 7.4! 3.0¢h 0.9°
ab, 2.0° 1.1 1.32
a,b, 16.5¢ 5.8:® 0.3
a,b, 16.7% 6.1 0.35M
ab, 16.8¢f 5.0¢ 0.55¢hi
ab, 8.3k 4.5¢% 0.7¢f
ab, 3.1° 3.0¢h 1.1°
ab, 17.2dcte 5.9 0.3
ab, 17.3¢det 6.3? 0.4+
ab, 17.5bede 4.5¢% 0.55¢hi
ab, 8.5k 3.5% 0.75%
ab, 3.3m0 2.5M 1.2:®
ab, 18.02¢ 6.1 0.33%
ab, 18.2% 6.4° 0.45Mi
ab, 18.5? 5.5b 0.6
ab, 9.2i 4.5¢% 0.8
ab, 4,Qmn 2.5M 1.25°
P<0.05 0,703 0,675 0,106

»o Different letters indicate differences according to the proba-
bility value (P)

DISCUSSION

After Castro et al (14) it is generally accepted
that the mature tomatoes can be stored for relati-
vely long periods at a temperature of 10-15°C and
an atmospheric humidity of 85-95%. Therefore,

the temperature in the storage room it is
also similar to thst in our study, except
for the humidity that lower.

Generally at relatively low tempe-
ratures it is maintained the quality of
fruit and vegetables due to the effects
breathing intensity reduction, transpira-
tion, ethylene production, maturation,
aging and slime growth.

It should be noted that towards the
end of the storage period of tomato fruits,
the vitamin C content decreases because
the fruits reach the over maturation. This
trend was consistent with the results ob-
tained by Toor and Savage (13). There are
cases where there were reported increases
in vitamin C content during the final sta-
ges of the fruit maturation. For example
Brecht et al (15) found a high content of
vitamin C along with increasing maturi-
ty of fruits. The literature shows that the
tomatoes fertilized during vegetation with
organic products have a higher content
of vitamin C than the non-fertilized ones
(16). The difference between the hybrids
in terms of the content of vitamin C, for
the tomatoes for fresh consumption varied
in our study similarly to the data reported
by Toor and Savage (13).

The tomatoes grown in greenhouse re-
corded lower levels of ascorbic acid than
those grown outdoors due to the intensity
of light which is smaller in greenhouses
than in the culture on the open field (17).
This could explain the relatively lower
content of ascorbic acid at the studied hy-
brids.

The lycopene represents 60-74% of
the tomato carotenoids and of the tomato
products. The lycopene content is affected
by many factors such as maturity, variety
(2), treatments applied during vegetation,
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the influence of environmental factors and espe-
cially of the heat. Depending on the stages of de-
velopment, at the tomatoes at the immature green
fruit stage until the physiological maturity stage,
when the fruit is yellow-orange or deep red, the
carotenoid content increases and it is related to
the increased lycopene content in plastids.

Our results showed that the carotene biosynthe-
sis continues during storage, this being consistent
with the results of (18). It increased from the har-
vest of 21 days of storage and then began to de-
crease at all the three studied cultivars.

After Gyanendra et al (19) the content of ca-
rotenoids in tomatoes increases during storage
due to progressing towards full maturity when
chlorophyll degradation happens and there is
increased synthesis of carotenoids. Increased le-
vels of lycopene in tomato during storage might
be due to ripening advancements of tomato fruits
and conversion of chloroplasts to chromoplasts.
This effect was also reported by Ajlouni et al (20)
which registered increases in the content of lyco-
pene in tomato fruits during storage at 22 °C for a
period of 14 days.

The titratable acidity in the present study ran-
ged from 0.39 mg/100g at Tiger cultivar to 0.42
mg/100g at Antalya cultivar for the unfertilized
variants. The latter cultivar forms larger fruits
than the Tiger and Chocolate hybrids. This varia-
tion could be due to the difference in size of the
fruits. After Tigist et al (12) showed that large to-
mato fruits had higher acidity, which is consistent
with the results of our study. The titratable acidity
continued to grow throughout the storage period
and the results are similar to those obtained by
(10, 21). According to Tigist et al (12) in a study
on some tomatoes cultivars, stored for 32 days,
the acidity increased only in the first 4 days of
storage, and then decreased.

Application of humic acids influenced sig-
nificantly the quality of tomato fruit (7). Also,
cumulative application of humic acids with
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potassium to a cucumbers crop in greenhouse
has resulted in a significant improvement of
the fruits (22). The same results were obser-
ved when humic acid was applied to an apricot
crop which led to an increase in the content of
T.S.S and decreasing fruit acidity (23).

CONCLUSION

The best fertilizers on carotene content and
vitamin C in the hybrids studied were a4 - hu-
mic acids + Vitis vinifera seeds extract and a5
- humic acids + extract from the seeds of Vitis
vinifera + Boron.

Applying fertilizers with humic acids combi-
ned with extract from the seeds of Vitis vinifera
(a4) and extract from the seeds of Vitis vinifera
+ Boron (a5) determines a good accumulation
in nutrient substances over the retention period
up to 21 days of tomato fruits.

In the interaction of factors organic ferti-
lization during the vegetation period and sto-
ring time there were highlighted the variations
a4bl, a4b2 and a4b3 in Antalya and Chocolat
and a4b3 at Tiger, regarding the carotene accu-
mulation, For vitamin C there were emphasi-
zed variants a5Sbl, a5b2 Antalya, a4b2 at Tiger
and Chocolat.
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RESUMEN: Las galletas son actualmente productos de
gran demanda, constituyendo un sector sustancial de la
industria alimentaria. Considerando la importancia de la
buena alimentacion y la oportunidad de incorporar legu-
minosas a productos de panificacion como alternativa
saludable logrando un mejor balance proteico, se plan-
ted la propuesta de elaborar galletas a base de harina de
trigo, sorgo y frijol. El objetivo del presente trabajo fue
elaborar y evaluar galletas de harina de trigo sustituidas
al 10%, 30% y 100% de harina de sorgo y frijol. Se dise-
fiaron tres formulaciones para la elaboracion de galletas
al 10%, 30%, 100% de harina de sorgo y harina de frijol
y la muestra control 100% trigo. Se realiz6 la evaluacion
proximal y perfil instrumental de textura a cada uno de
las formulaciones; asi mismo, el andlisis sensorial para
evaluar los atributos de color, olor, sabor y textura por
medio de una escala hedonica de siete puntos. El reem-
plazo parcial de trigo por sorgo 10% - 30% vy frijol al
10% fueron las formulaciones mas acertadas con un por-
centaje promedio de proteinas de 19 a 23%, ademas de
presentar una alta puntuacion en la evaluacion sensorial.
Estas combinaciones de harinas podrian ser utilizadas
por la industria alimentaria para producir galletas de bue-
na calidad nutricional, con caracteristicas fisicas y senso-
riales aceptables para la poblacion en general.

Palabras clave: Galletas, harina compuesta, trigo, sorgo,
frijol.

SUMMARY: Nutritional, texture and sensory profile
of cookies from wheat, sorghum and bean. Nowadays,
cookies are in a real high demand, constituting a substan-
tial sector of the food industry. Considering the importan-
ce of a good nutrition and the opportunity to incorpora-
te legumes into baking products as a healthy alternative
achieving a better protein balance, it was made a propo-
sal to make cookies based on wheat flour, sorghum and
beans. The objective of the current work was to elaborate
and evaluate wheat flour cookies substituted to 10%, 30%
and a 100% of sorghum and bean flour. Three formula-
tions were prepared for the making of the cookies at 10%,
30% and a 100% of sorghum and bean flour and the con-
trol sample at a 100% of wheat. The proximal evaluation
was made to each of the treatments, as well as the senso-
rial analysis for the evaluation of color attributes, odor,
taste and texture through a hedonic scale of 7 points. The
partial replacement of wheat by sorghum 10% - 30% and
10% of bean were the most successful formulations with
a protein percentage average of 19 to 23% besides pre-
senting a high score in sensory evaluation. These flour
combinations could be used in the food industry for the
making of cookies with a well nutritional quality, with
physical and sensory qualities acceptable for the general
population.

Key words: Cookies, composite flour, wheat, sorghum,
bean.

INTRODUCCION

La alimentacion de la sociedad actual, debido
en gran parte al acelerado ritmo de vida, involu-
cra un elevado consumo de alimentos de bajo
valor nutritivo con altos porcentajes de grasas sa-
turadas, azucares refinados, aditivos, conservado-
res y elevado valor calorico (1) observandose una

creciente tendencia en el consumo de alimentos
y bebidas fuera de casa, de autoservicio, conge-
lados, precocinados y para llevar, los cuales son
de facil acceso (2). En el caso de productos de
panaderia, como las galletas, se ha registrado un
consumo importante desde edades tempranas (3),
convirtiéndose en unas de las opciones preferidas
entre todos los grupos de edad (1). Por concepto,
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las galletas se definen como bocadillos obtenidos
de pasta inica o compuesta sometidas a un proce-
so de coccion en horno (4) y se preparan general-
mente de harina de trigo, sin embargo, se ha ob-
servado que su contenido nutricional aumenta
de acuerdo a la materia prima utilizada, como
harinas de trigo combinadas con soya, germen
de maiz y leguminosa, entre otros (5).

Las ventajas de utilizar cereales, como el
sorgo, arroz, y maiz, es su fuente de protei-
na, antioxidantes, fibra y ademas estan libres
de gluten. Tomando en cuenta que México es
el cuarto productor mundial de sorgo, con una
participacion de 10% de la produccion mun-
dial, con valor nutricional promedio de 10-
15% de proteinas, 7-10% de fibra, fuente de
calcio y zinc. Sin embargo, su uso se ha des-
tinado basicamente para la elaboracion de ali-
mentos para aves de corral y ganado (6). Otra
alternativa es el uso de leguminosas, como el
frijol, el cual es una de las principales fuentes
de proteina en Latinoamérica y Africa; su con-
tenido nutricional es destacable, y de acuerdo a
la variedad los porcentajes de proteina oscilan
de 14 a 33%, 14 a 19% de fibray 2.9 a 4.5%
de minerales (7,8). Ademas, la ingesta de frijol
en la dieta tiene un efecto significativo sobre la
salud, ayudando a la prevencion de enfermeda-
des como el cancer de mama y colon, la regula-
cion del colesterol y glucosa en sangre (9). No
obstante, las proteinas de las legumbres son
deficientes en metionina, mientras que las de
cereales en lisina o cisteina; pero la mezcla de
estos alimentos proporciona proteinas de alto
valor biolégico ya que se completa el perfil de
aminiacidos esenciales (10,11). La formula-
cion de productos alimenticios aludables y la ge-
neracion de nuevas materias primas, €s una tarea
prioritaria para la seguridad alimentaria, siendo
de gran interés el grupo de los cereales, granos y
semillas, como fuente de alimentos (12). Es por
eso que el objetivo del presente estudio fue ela-
borar y evaluar galletas a base de trigo, sorgo y
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frijol, asi como determinar su aceptacion por los
consumidores; como un alimento saludable y nu-
tritivo.

MATERIALES Y METODOS
Materia prima

Se utilizé grano de sorgo blanco variedad RB-
Paloma, el cual fue proporcionado por el Centro
de Investigacion Regional del Noreste (INIFAP)-
Campo Experimental Rio Bravo. La harina de
trigo, el frijol pinto nacional (grano), manteca ve-
getal, azucar, canela y esencia de vainilla, fueron
adquiridos en centros comerciales de Reynosa,
Tamaulipas, México. Se utiliz6é una variedad de
sorgo blanco, la cual no contiene taninos a di-
ferencia de las variedades de grano rojo (6); en
cuanto al frijol se llevé a cabo una molienda sin
remojo ya que la coccion elimina los inhibidores
de tripsina y otros compuestos toxicos que pudie-
ran estar presentes (12).

Preparacion de las galletas

Las harinas de sorgo y frijol fueron obtenidas
utilizando un molino de martillos (Azteca N.
6 tipi GP100) con una criba de 0.1 mm; pos-
teriormente fueron tamizadas con mallas del
numero 40 para obtener una harina similar a
la de trigo. Se disefaron seis formulaciones
mezclando harina de trigo-frijol y harina de
sorgo-trigo, sustituyendo para ambas mezclas
en un 10 y 30% la harina de trigo (Tabla 1).
Siguiendo el mismo procedimiento se obtu-
vieron galletas de 100% harina de trigo como
control. Las formulaciones fueron nombra-
das como H100 (control), S100 (100% sor-
g0), S10 (con sustitucién de 10% sorgo), S30
(sustitucion 30% sorgo), F100 (100% frijol),
F10 (sustitucion 10% frijol) y F30 (sustituciéon
30% frijol). Para la obtencion de las galletas
se siguieron las etapas de amasado, reposo,
laminado, cortado, enfriado y empaquetado de
acuerdo a Gil, 2010 (13). Una vez que se tuvo
la masa cortada se llevd a coccion en un horno
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TABLA 1. Porcentajes de cada tipo de harina en los diferentes tratamientos
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En la prueba partici-
paron 55 jueces no

Formulacion Harina de trigo (HT)  Harina de sorgo (HS)  Harina de frijol (HF) entrenados seleccio-
T100 100 0 0 nados, de edades en-
S100 0 100 0 tre 19 y 85 afios. Se
F100 0 0 100 1 .

S10 90 10 0 es  proporcionaron
S30 70 30 0 muestras codificadas
F10 90 0 10 con numeros alea-
F30 70 0 30

torios de tres cifras

convencional por 30 min a 200°C; se dejaron
enfriar, se espolvorearon con azlcar y canela.

Analisis de composicion proximal

Una vez obtenidos las galletas se procedio a la
realizacion del analisis de composicion proximal
utilizando métodos oficiales de la AACC (1995),
se determind el contenido de proteina total por el
método de Kjeldhal (método oficial 950.36), fibra
(método oficial 950.37), cenizas (método oficial
930.22), grasa (método oficial 935.38) y hume-
dad (método oficial 935.36). Los carbohidratos
fueron calculados por diferencia.

Determinacion de perfil de textura (TPA)

El analisis de textura se realiz6 empleando el
método de compresion por puncion (Lloyd Ins-
truments, modelo TA plus). Para la prueba de du-
reza se utilizd una sonda cilindrica de punta es-
férica con una velocidad de descenso de 2 mm/s
y una distancia de penetracion de 5 mm, con una
fuerza de contacto de 0.5 Newton. Para cada una
de las pruebas se realizaron 10 repeticiones de
cada tratamiento, en las pruebas se emplearon
dos sondas. Para la fracturabilidad se empled una
sonda de cuchilla sin filo, con una velocidad de
descenso de 2 mm/s y una distancia de penetra-
cion de 6 mm, con una fuerza de contacto de 0.5
Newton.

Evaluacion sensorial

Para evaluar el grado de satisfaccion del
producto se realizd la prueba afectiva de nivel
de agrado de acuerdo con el método citado por
Aguilar et al., (14) con algunas modificaciones.

con 10 g de muestra,
correspondiente a dos piezas de galletas de cada
formulacion junto con un vaso de agua purificada
para enjuague bucal entre muestras. Para medir
el nivel de agrado se utiliz6 una escala hedoénica
de 7 puntos (1: me disgusta extremadamente, 4:
ni me gusta, ni me disgusta y 7: me gusta extre-
madamente), para evaluar los atributos de color,
olor, granulosidad, dureza, pegajosidad, sabor
dulce o amargo y aceptacion total.

Analisis de datos

Para evaluar las diferencias de los distintos pa-
rametros proximales y de textura en las formula-
ciones, se realizod un analisis de varianza ANOVA
de una via con el paquete estadistico Statisticav
7.0. Los resultados se presentaron como media +
la desviacion estandar de los valores obtenidos.
Para determinar si existian diferencias significati-
vas entre las muestras se realizé una comparacion
de medias por el de diferencia minima significa-
tiva de Fisher, con un valor de significancia de
p<0.05. Para el andlisis de la evaluacion sensorial
se utiliz6 prueba de Kruskal-Wallis con ayuda del
paquete Minitad 15.

RESULTADOS

Analisis de composicion proximal

En la Tabla 2 se muestra la composicion proxi-
mal de los tratamientos, la galleta de harina de
trigo (HT100%) como muestra control y para
el comparativo se realizaron galletas de harina
sorgo (HS100%) y galletas de harina de frijol
(HF100%) con sus respectivas combinaciones. El
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TABLA 2. Resultados del analisis proximal en base seca (g/100 g).

Formulacion =~ Humedad Ceniza Grasa Fibra Proteina CHO
T100 0.92 +£0.02¢ 0.44 + 0.06¢ 19.10 £ 0.65° 2.88+0.01  19.55+0.35¢ 57.11
S100 1.58 +£0.03° 1.02 +£0.03° 19.22 £ 1.30 3.03£0.27  12.04+0.89¢  63.11
F100 1.11 £0.05° 2.41 £+ 0.06 21.04 £ 1.30® 3.38°+0.01  29.81 +0.36° 42.25
S10 1.04 £0.01° 0.41 £0.01¢ 21.98 +£1.70° 3.4°4+0.01 19.17 £0.07¢ 54.00
S30 1.05+0.10° 0.43 £ 0.03¢ 22.08 +1.01® 3.36°+0.04  19.01 £0.89°  54.07
F10 1.36 £0.19? 0.62 £ 0.04¢ 22.29 + (.88 3.38+0.04 21.23+0.88" 51.12
F30 1.19 £ 0.06° 0.23 £ 0.02¢ 22.68 £ 1.632 3.540.03  2329+0.11> 49.11

HT: Harina de trigo; HS: Harina de sorgo; HF: Harina de frijol. *>*/Letras diferentes en la misma columna
indican diferencias significativas entre los tratamientos (p< 0.05). *Valores promedio de 3 repeticiones y

desviacion estandar.

contenido de grasa se presentd entre 18 y 23 %, el
porcentaje de fibra de los diferentes tratamientos
fue de 0.01 a 0.25%; siendo mas alto en el control,
y mas bajo en el tratamiento con 30% de frijol.
En lo referente al contenido proteico, estos fueron
mayores en los tratamientos con harina de frijol,

TABLA 3. Valores de dureza y fracturabilidad en los
distintos tratamientos.

Formulacion ~ Dureza (Kgf) Fracturabilidad (Kgf)
T100 0.565 +0.186b 0.488 +£0.134a
S100 0.981£0.191a 0.304 = 0.075ab
F100 0.465+0.101b 0.305+£0.115ab
S10 0.509 +0.130b 0.382 £ 0.103ab
S30 0.476 £0.110b 0.257 £0.083b
F10 0.656 +0.120b 0.459 £ 0.054a
F30 0.638 +0.191a 0.316 + 0.054ab

HT: Harina de trigo; HS: Harina de sorgo; HF: Harina de frijol.
a,bLetras diferentes en la misma columna indican diferencias
significativas entre los tratamientos (p< 0.05). *Valores prome-
dio de 3 repeticiones y desviacion estandar.

mientras que en el control se encontrd
19%. El porcentaje de carbohidratos
fue mayor en el control (66%) y me-
nor en la galletal00% frijol (45%).

La Tabla 3 muestra los resultados
del analisis de textura, se observa
que la dureza fue mayor en la galleta
de sorgo, comparada con el control;
mientras la fracturabilidad fue mayor
en el control. Los resultados obtenidos
del andlisis de nivel de agrado de las
diferentes formulaciones mostraron
diferencias significativas (p< 0.05)
solamente en los atributos de sabor y
aceptacion total. Por cada tratamiento
se obtuvo un promedio de aceptacion
de cada atributo evaluado y la desvia-
cioén estandar (Tabla 4), las galletas
con harina de trigo-sorgo mostraron
los mas altos niveles de agrado; sin
embargo ningun tratamiento tuvo di-
ferencias significativas (p< 0.05) con
respecto al control, en el pardmetro de
aceptacion general.
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TABLA 4. Resultados de evaluacion sensorial de las galletas de harinas compuestas.

Color Olor Granulosidad  Dureza  Pegajosidad  Dulce Amargo Aceptacion

total
T100  5.40+1.20 5.00£0.99 5.37+1.21  5.53°1.02 5.22%1.14 541°1.06  5.24+1.27  5.00°£1.04
S100  4.79*+1.46 4.51*+1.28 4.90*1.37 5.34*1.05 5.15*+1.33 4.86"+1.36 4.81*+£1.35 4.82%°+1.42
F100  4.34*+1.63 3.08+1.53  3.96*1.68 4.43*:1.50 3.91*+1.55 2.68°1.55  2.27°+1.32 2.44°+1.42
S10 5.43*+0.97 5.15+1.30 5.67+40.96 5.65+1.00 5.29+1.21 5.67+1.03 534**1.17  5.56*+1.12
S30 5.53*+1.06 5.18+1.06 5.47+1.07 5.58+0.93 5.13*+1.17 5.46°+1.07 5.13*£1.33  5.65%+0.96

+betras diferentes en la misma columna indican diferencias significativas entre los tratamientos (p< 0.05).

*Valores promedio de 3 repeticiones y desviacion estandar

DISCUSION

El contenido de humedad se encontro entre los
porcentajes de 0.92 % a 1.58 %; Okpalaetal., (15)
obtuvieron valores de 6.6 a 8% en galletas hechas
de guisantes, sorgo y ocumo blanco (Xanthosoma
sagittifolium); Adebowale et al., (16) reportaron
una humedad de 10.67% en galletas de trigo en-
riquecidas con 10% de sorgo; mientras que Ubbor
& Akobundu (17) encontraron en promedio 10 %
en galletas de trigo enriquecidas con 10y 15% de
harina de semillas de sandia. Estos valores son
superiores a los encontrados en el presente traba-
jo; sin embargo, las galletas generalmente son ali-
mentos con poca humedad, lo que las hace menos
deteriorables, facilitando su transporte, conser-
vacion y almacenamiento. En lo que respecta al
contenido de cenizas se encontr6 que las formula-
ciones de 100% harina de sorgo y frijol tuvieron
los valores més altos, mientras que el resto de las
formulaciones tuvieron valores similares al con-
trol. De Camargo et al., (18) reportaron valores
de 1.78 a 2.89 en galletas de trigo fortificadas con
cascara de cacahuate, encontrandose también los
valores mas altos en las formulaciones con mayor
porcentaje de cascara de cacahuate, en compara-
cion con el control.

En lo referente al contenido de grasa, se encon-
tr6 que las galletas elaboradas a base de harinas
compuestas tienen mayor contenido con respecto

a la galleta control, sin embargo, los valores se
ubican dentro del rango del contenido de lipidos
de acuerdo al valor nutricional de la galleta que
abarca del 12 al 25 % de grasas de origen vege-
tal (19). Okpala et al., (15) encontraron un 6.84%
de grasa en galletas a base de harina 100% sorgo
y 5.64 % en las realizadas con harina de trigo,
estos valores se encuentran por debajo de lo en-
contrado en el presente estudio, que puede ser por
la variedad de grano utilizado, y los ingredientes
afiadidos que aportaron nutrientes tales como el
huevo y la leche. Por otro lado, el contenido de
fibra oscilo entre 2.88 a 3.5, siendo los valores
mas bajos para la formulacion control y la galle-
ta de 100% sorgo; la galleta con sustitucion de
frijol al 30% (F30) tuvo el porcentaje mas alto,
mostrando diferencias significativas (p<0.05) con
el resto de las formulaciones. en el mismo estudio
de Okpala et al., (15) se reportdé un promedio de
2% en galletas de sorgo, trigo, garbanzo y ocumo
blanco (cocoyam). En un estudio realizado por
Ndife et al., (4) encontraron un alto contenido de
fibra, 4.67 y 6.74% para galletas de trigo y soya,
respectivamente.

En cuanto al porcentaje de proteina, se encon-
tré un aumento de 10% en las galletas de frijol,
comparado con el control, esto debido al alto con-
tenido proteico de esta leguminosa, que al com-
binarla con trigo el contenido de proteinas de la
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galleta aumenta comparativamente con la de sor-
go o trigo solo. Ndife et al., (4) reportan un 37%
de proteina en galletas a base de harina de soya,
un contenido similar al encontrado en las galletas
de frijol. Patil et al., (19) realizaron la sustitucion
de harina de trigo por harinas de chicharo, lente-
ja o garbanzo, en porcentajes de 5, 10 y 15% en
snacks extruidos; encontraron un aumento en el
contenido proteico mayor mientras mas alto fue
el porcentaje de sustitucion. En lo que respecta
al contenido de carbohidratos, en el presente es-
tudio se encontrd entre 45 y 66%. De Camargo
et al., (18) reportaron un 60-66% en galletas de
trigo enriquecidas con cascara de cacahuate, sien-
do mayor en el control que en las formulaciones.
Resultados similares se reportaron en galletas de
guisantes, sorgo y ocumo blanco donde se encon-
traron porcentajes de 57 a 72%, siendo mayores
en el control (100% trigo). Las variedades de sor-
go blanco son preferidas para consumo humano
que las de grano rojo, ya que estas no poseen tani-
nos (2); por otro lado los inhibidores enzimaticos
del frijol son eliminados a 80°C por 9 min; estas
galletas fueron cocidas a 200°C por 30 min, por
lo que este tratamiento es eficiente para eliminar
dichos compuestos toxicos y las galletas sean se-
guras para su consumo (12).

Perfil de textura

La dureza y la fracturabilidad son caracteristi-
cas importantes de la textura en este tipo de ali-
mentos (20); por ello se realizé la determinacion
de dureza y fracturabilidad de las galletas obteni-
das. Se encontr6 que la formulacion S100 y en
la que se sustituyd en un 30% de trigo con ftijol
(F30) obtuvieron la mayor dureza; en lo que res-
pecta a las demas formulaciones, no se encon-
traron diferencias significativas (p> 0.05) entre
los demas tratamientos. En lo que se refiere a la
fracturabilidad, las galletas de la formulacion con
90% de harina de trigo y 10% de harina de frijol
(F10) presentaron mayor fracturabilidad. Chung
et al., (21) reportaron una disminucion de la dure-
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za en galletas en las que se sustituyo parcialmente
la harina de trigo por arroz y arroz germinado; re-
sultados similares fueron encontrados por Chau-
han et al., (22) que encontraron una disminucioén
de 9.40 a 4.28 kilogramos-fuerza (Kgf), en ga-
lletas de trigo enriquecidas con amaranto crudo
y germinado, en comparacion con el control de
harina de trigo. Un estudio reporta una disminu-
cion de 48% en la dureza al comparar galletas
germinado de cenizo (Chenopodium album) con
galletas de trigo. Estos efectos de disminucion de
textura, principalmente de granos germinados, se
atribuyen a la degradacion estructural de las pro-
teinas y almidon, lo que lleva a una matriz mas
débil dando por resultado la textura mas suave
(20). Resultados similares se observaron en este
estudio, encontrando valores menores con res-
pecto a la dureza en todas las formulaciones, re-
sultando galletas mas suaves debido al contenido
de nutrientes.

Prueba de evaluacion sensorial

La galleta de harina de frijol fue la de menor
aceptacion, mientras que las formulaciones con
mejor aceptacion fueron los que tuvieron susti-
tucion de 10% y 30 % de sorgo (HT90-HS10%y
HT70-HS30%) vy la de 10% frijol y 90% trigo
(HT90-HF10%). Rai et al., (23) determinaron la
aceptacion de galletas de diferentes mezclas de
cereales, encontrando mejor aceptacion en las
mezclas de sorgo-arroz, sorgo-maiz y sorgo-mi-
jo; el nivel de aceptacion entre los panelistas fue
mayor en comparacion con las galletas control
hechas de trigo. Por otro lado, Cutullé et al., (1),
evaluaron galletas de trigo sustituidas al 30% de
harina de lenteja y 20% de harina de arroz; ambas
presentaron buenos valores de aceptabilidad en
cuanto a los atributos de color, crujencia y sabor.

CONCLUSIONES

Las galletas obtenidas con las diferentes com-
binaciones mostraron un alto contenido proteico;
el reemplazo parcial de trigo por sorgo o frijol
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ademas de ser una buena fuente de proteinas pre-
sentaron un buen nivel de aceptacion en la evalua-
cion sensorial con respecto al color, sabor, aroma,
textura y aceptabilidad general por los panelistas.
Estas combinaciones de harinas podrian ser uti-
lizadas por la industria alimentaria para producir
galletas de buena calidad nutricional, con carac-
teristicas fisicas y sensoriales aceptables para la
poblacion en general.
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FE DE ERRATAS

« En el Volumen 66, No 4, Diciembre 2016, en ARTICULOS GENERALES, pag. 261,
en la adscripcion de los autores, donde lee “Laboratorio de Ciencia de los Alimentos,
Facultad de Ciencias, Universidad Nacional UNAL, Medellin, Colombia”, debe leer
“Laboratorio de Ciencia de los Alimentos, Facultad de Ciencias, Universidad Nacional
de Colombia, Sede Medellin, Colombia.

* En el manuscrito “Indicadores de sindrome metabdlico en escolares mexicanos con
talla baja, sobrepeso u obesidad”, de la seccion Bioquimica Nutricional, del &rea TRA-
BAJOS DE INVESTIGACION, publicado en el Numero 4, Volumen 66, Diciembre 2016,
en la pagina 311 de la version impresa, aparte Anemia, debe leer:

“... los valores fueron ajustados por la altitud de la localidad donde habitaban los
niflos con la siguiente formula: [93,3197 (1000000251 @lind] (14) Para diagnosticar... “

* En el manuscrito “Evaluacion del contenido de amilosa en arroz mediante espectros-
copia de infrarrojo cercano-NIRS” de la seccion Ciencia de Alimentos, del area TRA-
BAJOS DE INVESTIGACION, publicado en el Numero 1, Volumen 67, Marzo 2017, en
la pagina 59 de la version impresa, la FIGURA 1 y la FIGURA 2 deben leer:

Calibracion en arroz integral para Evaluacion 2inte.eqa-Validacion Externa
de Contenido de amilosa Evaluacion Contenido de Amilosa
< o]
o 35.000 o
Q MR O 35000 |
2 30000 2 *
g 7 £ 30000 |
= & 3000 L ‘Q
S 25000 - g 25.000 N
)
= y = 0.9948x = y = 0,9939x
g 20.000 | R*=0.833 g 20.000 7 * RZ= 06857
< 15.000 | | | :
15.000 ! ! ! ! 15.000 20.000 25.000 30.000 35.000
15.000 20.000 25.000 30.000 35.000
Amilosa de referencia (Harina de arroz) Amilosa de referencia (Harina de arroz)
FIGURA 1. Correlacion de la validacion interna. FIGURA 2. Correlacion validacion externa.

* En atencion a solicitud del Fondo Nacional de Investigacion Cientifica y Tecnologia de Chile,
se hace constar que los siguientes estudios publicados en Archivos Latinoamericanos de Nu-
tricion, fueron financiados por este Fondo, con los Numeros de Proyectos que alli se indican:

“Consumo de frutas, verduras y presion arterial. Un estudio poblacional” de los autores
Pienovi L., Lara M., Bustos P. y Amigo H. Volumen 65, Numero 1, Marzo 2015, pags. 21 —
26. Proyectos No 1100414 y 1140453.

“Indice, carga glicémica y fibra dietética de los alimentos y su asociacion con resisten-

cia a la insulina en adultos chilenos” de los autores Evans J., Amigo H. y Bustos P. Volu-
men 66, Numero 4, Diciembre 2016, pags. 294 —299. Proyectos No 1100414 y 1140453.
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INFORMACION PARA LOS AUTORES

En 1950 el Instituto Nacional de Nutricion de
Venezuela edita su revista Archivos Venezolanos
de Nutricion la cual en 1966 es donada a la recién
creada Sociedad Latinoamericana de Nutricion,
SLAN, para convertirse en su organo oficial
de divulgacion Archivos Latinoamericanos de
Nutricion, ALAN.

ALAN acoge en sus paginas trabajos de
investigacion originales sobre temas relacionados
con alimentacion y nutricion, entre ellos, nutricion
humanay animal, bioquimicanutricional aplicada,
nutricion clinica y comunitaria, educacion en
nutricion, ciencia y tecnologia de alimentos,
microbiologia de alimentos, revisiones cientificas
criticas, Editoriales y Cartas al Editor.

Todos los articulos que se publican pasan
por un proceso de arbitraje externo. El Comité
Editorial no se hace responsable de los conceptos
emitidos en los articulos aceptados. No se
mantendrd correspondencia sobre aquellos que
no sean publicados.

REQUISITOS PARA LA PRESENTACION
DE MANUSCRITOS ViA ELECTRONICA

Resumen de requisitos:

* Todas las partes del manuscrito estaran
presentadas en version Word a doble espacio,
con letra Times New Roman (tamafio 12) en
paginas tamafio carta. El trabajo debe tener una
extension no mayor de 23 paginas, incluyendo
las Tablas, Figuras e ilustraciones si la
hubiere, las cuales deben estar incorporadas al
final del texto. Todas las paginas deben estar
numeradas.

* Revise la secuencia general: Titulo del
manuscrito y autores, Resumen y palabras
clave, Introduccion, Materiales y M¢todos,

Resultados, Discusion, Conclusiones,
Agradecimientos, Referencias, Tablas y
Figuras.

*  Adjunte carta de presentacion y aceptacion
de autoria firmada por los investigadores
involucrados. Los autores podran sugerir los
nombres de tres posibles arbitros con sus
respectivas direcciones electronicas.

* Envie el manuscrito junto con la carta
de presentacion, a la siguiente direccion
electronica: info@alanrevista.org

PORTADA

Debe contener: Titulo del manuscrito.
Nombres, apellidos y la afiliacion institucional
de los autores. Nombre, direccion postal, nimero
de teléfono y direccion de correo electronico del
autor encargado de la correspondencia.

RESUMEN Y PALABRAS CLAVE

Escrito en forma corrida y no en
secciones, que no sobre pasarad las 250
palabras de extension. Agréguense de 3 a 6
palabras clave que ayuden a los indizadores
a clasificar el articulo. ALAN exige que si
el trabajo original es en espafiol o en inglés,
deberd acompafarse de un resumen en inglés
o en espafiol o alternativamente en portugués
con sus palabras clave.

INTRODUCCION

Enuncie la finalidad o el objetivo de
investigacion especifico del estudio u
observaciones, o bien la hipotesis que se
ha puesto a prueba. Cite las referencias
estrictamente pertinentes.
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MATERIALES Y METODOS

Identifique los métodos, los aparatos y
equipos (nombre y direccion del fabricante) y
los procedimientos realizados. Identifique los
reactivos y productos quimicos utilizados.

Describa los métodos estadisticos con detalles
e indique el método y modelo estadistico.

RESULTADOS

Limite las Tablas y las Figuras al ntimero
necesario para explicar el argumento y resultados
de la investigacion y evaluar los datos en que se
apoya. Se sugiere un maximo de 5 Tablas y 3
Figuras.

DISCUSION

Brevey concisa, contrastada con observaciones
realizadas en otros estudios. Proponga nuevas
hipétesis cuando haya justificacion para ello, pero
identificandolas claramente como tales.

CONCLUSIONES

Refiérase a las mas relevantes y oriente sobre
posibles vias para continuar la investigacion o el
estudio emprendido.

No cite referencias bibliograficas en esta seccion.

AGRADECIMIENTOS

Mencione la procedencia del apoyo recibido
en forma de subvenciones (equipos, reactivos,
medicamentos) y a las instituciones financiadoras
del estudio, dependencia e instituciones que
apoyaron su ejecucion, asi como a personas y
colaboradores.

TABLAS Y FIGURAS

Numérelas consecutivamente en arabigos
siguiendo el orden en que se citan por primera
vez en el texto. Cerciorese de que cada Tabla y
Figura aparezca citada en el manuscrito.

237

REFERENCIAS

En el texto numere las referencias
consecutivamente siguiendo el orden en que se
mencionan por primera vez y se identificaran
mediante numeros arabigos entre paréntesis.

Las Referencias seran listadas al final del
manuscrito en orden numeérico, no en orden
alfabético. La veracidad de la informacién
contenida en ésta seccion es responsabilidad del
autor (de los autores).

COSTO POR PAGINA

Debido a los altos costos de impresion
y publicacion, ALAN ha estipulado dentro
de su politica editorial el costo de US $ 30
por concepto de pagina publicada, suma que
deberd ser agenciada por los autores a través
de sus subvenciones de investigacion o ante las
instituciones donde prestan sus servicios. Se hace
notar sin embargo, que este costo por pagina no
condicionard de manera alguna la aceptacion y
publicacion del trabajo, lo cual estard dado por
los méritos del mismo.

Debido a que no existe al presente
una traduccion oficial al espanol, se
transcribe por razones de espacio, solo
el titulo del documento que sigue:
RECOMMENDATIONS FOR
THE CONDUCT, REPORTING,
EDITING, AND PUBLICATION OF
SCHOLARLY WORK IN MEDICAL
JOURNALS Updated AUGUST 2013.
Para una lectura completa de esta
version, los autores deben acudir al
siguiente sitio: http://www.icmje.org
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