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1 Introduction
Carotenoids are indispensable for human nutrition and 

health (Zhou et al., 2011). Interest in dietary carotenoids comes 
from their precursors of vitamin A, antioxidant properties 
and the association between carotenoid deficiencies and many 
chronic human diseases (Burt et al., 2011, 2013). Breeding to 
increase β-carotene levels in cereal grains, termed provitamin 
A biofortification, is an economical approach to address dietary 
vitamin A deficiency in the developing world (Owens et al., 2014).

Maize is considered a source of carotenoids, substances 
that are important for human health, given the capability as 
antioxidant and the activity as vitamin A precursor of some of 
these compounds (Rodriguez-Amaya, 2001; Vallabhaneni & 
Wurtzel, 2009). The variability in the concentration of carotenoids 
in grains have been observed in maize cultivars and inbred lines, 
making the increase of concentration these compounds in the 
edible part of the plant possible by genetic improvement, especially 
of those of biological significance, provitamin A carotenoids 
(pVAC), precursors of vitamin A (Janick-Buckner et al., 1999; 
Kurilich & Juvik, 1999; Cardoso et al., 2009).

The main carotenoids found in the chromoplasts of maize 
endosperm are classified as xanthophylls (lutein, zeaxanthin and 
β-cryptoxanthin) and carotenes (β-carotene, α-carotene, and 
β-zeacarotene) (Janick-Buckner et al., 1999). The xanthophylls 
lutein and zeaxanthin were major carotenoid species in maize 
milled fractions, accounting for 70% of total carotenoid content 

(Kean et al., 2008). In the kernel most of the carotenoids are associated 
with endosperm tissue. Total carotenoid concentration in corn 
belt dent (CBD) germplasm ranges from 0.15 to 51.4 μg g–1 dry 
weight (DW), with β-carotene ranging from 0.07 to 7.64 μg g–1 DW, 
β-cryptoxanthin from 0.07 to 4.9 μg g–1 DW, lutein from 0.00 to 
27.59 μg g–1 DW, and zeaxanthin from 0.01 to 30.7 μg g–1 DW 
(Kurilich & Juvik, 1999; Egesel et al., 2003). The distribution of 
carotenoids in the grain of dry dent corn is 74% to 86% in the 
vitreous endosperm, 9% to 23% in the farinaceous endosperm, 
2% to 4% in the germ and 1% in the pericarp (Blessin et al., 1963).

The light absorption properties of carotenoids derive 
from the presence of its chromophore group, the polienic 
chain (Britton et al., 1995). A chromophore of seven or more 
conjugated double bonds grants the ability to absorb light in 
the visible region, giving them a colouration from yellow to red. 
The polienic system also gives the molecule a high susceptibility 
to oxidative degradation and to geometrical isomerization caused 
by light, heat or acids. Thus, the strong antioxidant power of 
carotenoids is the main responsible for its easy degradation 
by temperature, light or oxygen (Rodriguez-Amaya, 2001; 
Ambrósio et al., 2006; Boon et al., 2010). This is a challenge for 
an improvement program for biofortification (Bouis et al., 2011), 
which, in addition to the seed, must generate biofortified derived 
products, overcoming the losses that may occur in the processes 
of harvest and postharvest.
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There are few reports quantifying the possible losses related to 
carotenoid pigments, despite factors such as oxygen, temperature 
and light, present in the harvest and in the drying of seeds and 
grains of maize (Burt et al., 2010; Moura et al., 2015). More 
research is needed to recommend the best drying method for 
maize (Moura et al., 2015).

Therefore, the objective of this study was to evaluate the 
influence of different levels of moisture in the harvest and of 
the type of drying on the concentration of the main carotenoids 
present in grains of yellow maize.

2 Materials and methods
2.1 Corn growing conditions

Grains of the simple hybrid BRS 1001 produced in the 
experimental fields of Embrapa Maize and Sorghum – CNPMS, 
in the city of Sete Lagoas, Minas Gerais (19° 28’ south latitude, 
44°15’ 8” west longitude from Greenwich and altitude of 
732 m) were utilized. The cultivation was carried out using the 
system of tillage, with mechanized fertilization in the seeding 
of 300 kg.ha–1 NPK (formulated 8:28:16 + 0.3 Zinc) and in the 
top‑dressing fertilization with 80 kg.ha–1 of urea. The management 
of the soil’s top-dressing was performed using application of the 
desiccant glyphosate at a dose of 3 L.ha-1. In the post-emergence, 
the herbicide Nicosulfuram was used for weed control. The pest 
control obeyed the integrated management recommended for the 
culture. The hybrid BRS 1001 was chosen because it is a cultivar 
with high levels of carotenes (Cardoso et al., 2009).

2.2 Sample preparation

Maize ears were collected in a single experimental portion 
of 1,000 m2, with a space of 70 cm between rows and seven 
plants per meter, in a total of approximately 60,000 plants. ha-1. 
The physiological maturity and grain moisture were monitored 
weekly. To start the daily monitoring of the percentage of moisture 
in the maize at the field, a rate of 50% of ears at the peak of 
maturation (50–60 days after flowering) was used, characterized 
by the formation of a black layer between the grains and its 
insertion in the ears.

The experiment was conducted in a completely randomized 
design in a 2 × 4 factorial scheme, with two levels of grain 
moisture in the harvest (19 and 22%) and four types of drying: 
(1) control without drying; (2) drying in the sun; (3) drying in 
the shade (80% of shading); (4) drying in a dryer of the type 
“fixed bed”, with three repetitions of 8 ears.

The monitoring of the grain moisture up to 22% and then 
19% was made daily, where 10 ears were taken at random in 
the field and after the withdrawal and randomization of grain 
was preparing a sample, which had verification of its moisture 
through the apparatus Moisture Meter Dickey John MULTIGRAIN 
(Minneapolis – USA). When the humidity of 22% was achieved, 
were harvested 60 ears randomly throughout the field. This part 
was separated for moisture confirmation analysis and the other 
followed for drying treatments. The same procedure was repeated 
when the humidity reached 19%.

The drying in the sun was performed arranging the 
ears on iron screens suspended 5 cm from the soil, under a 
minimum photoperiod of 10 hours. The drying in the shade 
was performed using the same procedures of the drying in the 
sun, with a netshade providing 80% of shading. At night, the 
screens were kept in a warehouse for protection against rain, 
dew and animals. The drying in an oven was conducted in an 
air-circulating equipment model 420/7D (Nova Ética – Vargem 
Grande Paulista – São Paulo, Brazil) at a temperature of 35°C. 
All types of drying were applied to husked ears.

Controlled position rearrangements were carried out 
in order to homogenize the drying conditions. Moreover, 
monitoring of the ambient temperature of the three types of 
drying was performed, with three to four daily measurements 
with thermometers to identify possible temperature variations 
throughout the day. Additionally, the relative humidity and 
maximum and minimum temperatures at the Embrapa Maize 
and Sorghum in Sete Lagoas - MG were registered daily.

For the monitoring of grain moisture during the drying, 
two rows of grains from three ears, randomly selected within the 
experimental portion, were used. The monitoring of the grain 
moisture was through the apparatus Moisture Meter Dickey John 
MULTIGRAIN (Minneapolis – USA). The moisture content 
was yet confirmed using a 103°C convection oven method 
(Approved Method 44-15A – American Association of Cereal 
Chemists, 2000). When humidity reached 12%, the drying process 
was interrupted and the material threshed in a semi-manual 
thresher (HÄDRICH – Montenegro/Rio Grande do Sul), which 
generated a sample composed of grains from the eight ears per 
repetition. To this sample, quartering was applied to obtain a 
final mass of 60g, which was sent for subsequent grinding and 
chemical analysis. The quartering procedure was performed 
to the total sample of homogenized grains arranged in a clean, 
round surface. From the circle divided into quarters, two opposite 
quarters were selected, whose grains were again homogenized 
and quartered, repeating the procedure until reaching a final, 
predetermined amount of sample. These samples were ground in 
a cyclone micro-mill, model MA 020, connected, with a 0.5 mm 
screen (MARCONI – Piracicaba – SP). Then the samples were 
kept in glass flasks with protection from light and stored in a 
freezer at -18°C for further chemical analysis.

2.3 Carotenoid analysis

The analysis of the composition of carotenoids in maize 
was performed by the spectrophotometric-chromatographic 
method described by Rodriguez-Amaya & Kimura (2004). 
The analyses were conducted in doubles, with the obtention of 
the concentrations of total carotenoids and carotenes fractions 
(α + β-carotene), xanthophylls (lutein + zeaxanthin), and 
monohydroxilated (β-cryptoxanthin), expressed in μg.g-1. 
In addition, the percentage of reduction of carotenoids in relation 
to the control without drying was quantified as well, with the 
following formula: %reduction = (median of control treatment 
fraction – median of drying treatment fraction)* 100 / (median 
of control treatment fraction).
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2.4 Statistical analysis

The data obtained were subjected to analysis of variance 
(ANOVA), followed by an application of the Tukey’s test for 
the comparison of medians, when detected significance for the 
F-test at 5% probability, using the statistical program SAEG/9.1 
(Fundação Arthur Bernardes, 2007).

3 Results and discussion
The median concentrations of total carotenoids, carotenes 

and xanthophylls in harvested grains with 22% moisture were 
significantly higher than those of grains with 19% moisture 
(p<0.05) (Table  1). This tendency was not observed for the 
concentration of beta-cryptoxanthin (monohydroxilated 
carotenoid). Possibly, heat exposure during the stay of the ears in 
the field, until reaching the optimal harvest moisture (18–20%) 
(Mantovani, 2010), favored the reduction in the concentration 
of carotenoids in the grains of maize.

These results are in agreement with the findings of Xu et al. 
(2010), where total carotenoids first decreased, then increased, 
and then decreased to minimum at maturity stage. Analysis of the 
main carotenoid compounds showed that lutein first increased 
and then decreased (p < 0.05), whereas the reverse was found 
for β-cryptoxanthin. The change in zeaxanthin was consistent 
with total carotenoids.

The accumulation of carotenoids in maize grains occurs 
during the endosperm’s development (Bartley & Scolnik, 1995) 
and starts 10 to 15 days after pollination (DAP) with the maximum 
concentration of 20 to 25 DAP, depending on the variety and 
environmental conditions (Wurtzel, 2004). Nevertheless, Kurilich 
& Juvik (1999) suggested that the concentration of carotenoids 
depends on the maturity of the endosperm, and that there is 
an increase mainly in the concentration of β-cryptoxanthin 
and lutein. In general, the biosynthesis of carotenoids occurs 
until the point of physiological maturation, after which there is 
a concentration of carotenoids in the grain resulting from the 

loss of water. However, the data from this experiment showed 
that there may be a reduction in the level of some carotenoids 
fractions, probably due to differences in their antioxidant capacity. 
Cantrell et al. (2003) reported an increased antioxidant efficiency 
of hydrocarbonated carotenoids in relation to xanthophylls. 
Moreover, the lowest level may be related to a decrease in the 
biosynthesis of carotenoids and not to their degradation, especially 
considering that the synthesis of these compounds is mediated 
by light (Simkin et al., 2003; Briggs et al., 2007), and that the 
ears in the field were protected by the straw.

Possible enzymatic reactions responsible for the lower 
content of carotenoids in the initial moisture of 19% could 
is on the formation of abscisic acid (ABA). The connection 
between carotenoids and ABA was supported by analysis of 
maize mutants with reduced color levels in the endosperm and 
ABA (Fong et al., 1983; Schwartz et al., 1997). Zeaxanthin is 
a precursor in the formation of epoxides carotenoids that are 
degraded by enzymes breaking, as NCED (9-cis-epoxycarotenoid 
dioxygenases), to ABA (DellaPenna & Pogson, 2006). Several 
breaking enzymes responsible for degradation of these carotenoids 
for the production of abscisic acid are isolated from maize 
(Schwartz et al., 1997).

The interaction between the factors moisture in the harvest and 
type of drying was significant for the variables total carotenoids, 
carotenes and xanthophylls in maize grains (p<0.05), which was 
not observed for the concentration of β-cryptoxanthin, influenced 
only by the type of drying. Bechoff et al. (2009) suggested that 
there is a linkage between both initial dry matter and initial 
carotenoid content and percentage loss carotenoid during drying.

In the evaluation of the effects of different types of drying, 
the greatest loss of carotenoids was observed in grains subjected 
to the drying in the sun. This result was expected, since 
carotenoids are highly susceptible to oxidative degradation and 
geometrical isomerization caused by light (Britton et al.,  1995). 
The degradation of all-trans-β-carotene during drying are 

Table 1. Concentration of total carotenoids, carotenes, monohydroxilated carotenoids and xanthophylls in maize grains ‘BRS1001’ harvested 
with different percentages of moisture (22 and 19%) and submitted to different types of drying (sun, shade, and dryer). Embrapa Maize and 
Sorghum, Sete Lagoas, Minas Gerais, 2007. 

Initial
Humidity

Control 
(without 
drying)

Types of Drying

Sun Shade Dryer CV %

µg.g–1 sample on a dry basis
% 

reduction
% 

reduction
% 

reduction
Total Carotenoids 22% 41.82 Aa 32.31 Ca 22.7 35.48 BCa 15.2 36.16 Ba 13.5 4.05

19% 33.95 Ab 32.45 Aa 4.4 32.53 Aa 4.2 33.42 Ab 1.6
Carotenes* 22% 6.41 Aa 4.78 Ca 25.4 5.61 Ba 12.5 5.63 Ba 12.2 4.87

19% 5.53 Ab 5.20 Aa 6.0 5.27 Aa 4.7 5.36 Aa 3.1
Carotenoids* 

Monohydroxilated*
22% 5.27 Aa 4.62 Ba 12.3 4.80 Aa 8.9 5.05 Aa 4.2 5.44
19% 5.28 Aa 4.70 Ba 11.0 5.07 Aa 5.3 5.24 Aa 0.8

Xanthophylls* 22% 30.14 Aa 22.90 Ba 24.0 25.07 Ba 16.8 25.48 Ba 15.5 5.36
19% 23.72 Ab 21.97 Aa 7.4 22.19 Ab 6.5 22.82 Ab 3.8

*Results expressed on a dry basis, representing the median of three field repetitions analyzed in doubles + the standard deviation. Medians followed by the same lowercase letter (column) 
and the same capital letter (line) do not differ by the Tukey’s test at 5% probability.
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probably caused by oxidative degradation which is promoted 
by the presence of oxygen, high temperature, low water activity 
and the presence of light, while isomerization appeared to have 
a minimum effect on degradation during the drying process 
(Bechoff et al., 2010). In Burt et al. (2010) the pVAC retention 
in maize after drying, showing that high heat (90°C) was not 
more detrimental than low heat (above 25C°) when maize 
was dried in the oven. Nevertheless, there was no loss in total 
carotenoids, carotenes and xanthophylls for grains harvested in 
19% moisture, which may have occurred because of the lower 
presence of water in these grains, a factor directly related to 
the degradation of carotenoids by the reduction of oxidation 
reactions (Britton,  1992; Rodriguez-Amaya, 2001), and also 
less time needed for drying them until the final moisture of 12% 

(Figure 1). As grains harvested in moisture 22% have higher 
levels of total carotenoids, carotenes and xanthophylls, this 
corroborates the observations of Bengtsson et al. (2008) that 
suggested for an equivalent drying time, cultivars with higher 
moisture content and with higher initial carotenoid content tend 
to lose more carotenoids during the drying process.

Probably, the drying time had greater influence on the 
loss of these compounds, despite the maximum and minimum 
temperature and relative moisture, which were similar during 
all the drying period after the harvest (Figure 2). The higher 
temperature-short time combination rather than low 
temperature‑longer time resulted in higher pVAC retention in 
sweet potato (Bengtsson et al., 2008; Bechoff et al., 2009) and 
maize (Burt et al., 2010).

As the concentration of β-cryptoxanthin was not altered by 
the grains drying, regardless of the initial moisture, there seems 
to be an influence of each carotenoid’s structure on this response.

A higher decrease of xanthophylls after the drying of grains 
was observed. When correlating it to the antioxidant properties of 
lutein, which helps fight the seed aging fighting free radicals and 
reactive oxygen species, leading to consequent reduction of this 
compound in the seed (Pinzino et al., 1999). Thus, it is suggested 
that lutein is the main carotenoid acting as an antioxidant after 
the physiological maturation of the grain.

The concentrations of total carotenoids and xanthophylls 
were significantly different and higher for the drying in the dryer, 
to grains harvested with 22% moisture (36.78 and 26 μg.g–1), 
compared with those harvested with 19% moisture (33.72 and 
23.04 μg.g–1) (p<0.05). In the shade drying, using a netshade, 
this difference was not detected for total carotenoids, with an 
overall median of  34.65 μg.g–1. However, the concentration 
of xanthophylls was higher (25.28 μg.g–1) for maize grains 
harvested with an initial 22% moisture compared with those 

Figure 2. Minimum and maximum temperatures and relative humidity of the drying period of the spikes at 22 and 19%, in tests carried out 
from March 20 to April 3, 2007.

Figure 1. Average time (+/– standard error) in hours required for drying 
maize grains to 12% moisture, under three different drying conditions 
(sun, under shade with a netshade of 80% shading, and dryer). Embrapa 
Maize and Sorghum. Sete Lagoas, Minas Gerais.
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harvested at 19% moisture (23.01 μg.g–1) (p<0.05). Sun drying 
caused no change in the concentration of total carotenoids and 
xanthophylls, independently of grain moisture in the harvest, 
with an overall median of 32.62 and 22.60 μg.g–1, respectively, 
for total carotenoids and xanthophylls.

As total carotenoids include fractions of carotenes, 
monohydroxilated carotenoids, and xanthophylls, and as 
xanthophylls present the greatest proportion of carotenoids in the 
grains, it was expected that the influence of the drying conditions 
on total carotenoids and xanthophylls were similar, which was 
confirmed by the results. However, the levels of carotenes and 
monohydroxilated carotenoids were not affected by the drying 
conditions in the shade and in the dryer, with no significant 
differences (p<0.05) among the medians of these treatments.

Considering the sun drying as the one with the highest rate of 
reduction in the concentration of carotenoids in the maize grains, 
based on the initial 22% moisture in the harvest, an inference 
can be made, by analyzing Table 1, that this process results in 
reductions of 22%, 25%, 12%, and 24% in the concentrations 
of total carotenoids, carotenes, monohydroxilated carotenoids 
and xanthophylls, respectively.

4 Conclusions
The levels of total carotenoids, carotenes and xanthophylls 

in grains of yellow maize are higher when they are harvested at 
22% moisture in relation to those at 19% moisture.

The drying applied to maize grains promotes significant 
reductions in the concentrations of total carotenoids, carotenes 
and xanthophylls in grains harvested at 22% moisture, unlike 
in those harvested at 19% moisture.

For lower losses of carotenoids in maize the harvest must 
be carried out preferably when the grains present 22% humidity, 
followed by drying in a dryer or in the shade for further use or 
storage of the material as food for animal or human consumption.
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