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Abstract

Xanthophyll carotenoids (lutein and zeaxanthin) from pigmented
maize offer a good source of dietary antioxidants. However, during
storage and processing, carotenoids can degrade, giving rise to
smaller compounds without antioxidant properties. Therefore, this
study was aimed at investigating the impact of traditional processing
techniques on the retention of carotenoids with antioxidant proper-
ties in orange maize farmed in Malawi. Standard spectrophotomet-
ric methods determined the Total Carotenoid Content (TCC), while
High-Pressure Liquid Chromatography (HPLC) identified individual
carotenoids within the samples. Independent t-tests were used to
compare carotenoid content and concentration between unpro-
cessed maize flours and processed maize products. The analysis of
carotenoid content in flour and food products (nsima and porridge)
derived from orange maize revealed a substantial retention of carot-
enoids, even after 10 months of storage under uncontrolled conditions
and after undergoing milling and cooking processing techniques. Lu-
tein and zeaxanthin, carotenoids with antioxidant properties, were
identified in these samples. Milled flour contained higher levels of
lutein (2.94+0.1ug/g) and zeaxanthin (21.4+0.6ug/g) compared to the
derived food products (2.6+0.2ug/g and 12.9+1.1ug/g respective-
ly). This study demonstrates the notable retention of antioxidative
carotenoids including those with antioxidant properties, in orange
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maize throughout storage and traditional processing. These findings
demonstrate the potential of orange maize as a valuable source of
carotenoids, highlighting the importance of preserving these com-
pounds in staple foods. Further research is necessary to explore
strategies for improving carotenoid preservation.

Keywords: Antioxidants; Malawi; Orange maize; Retention; Xantho-
phyll carotenoids

Introduction

Pigmented maize grains are rich dietary sources of bioactive
compounds, such as carotenoids [1]. These carotenoids possess an-
tioxidant activities with a wide variety of biological attributes, such
as anti-ageing, anti-inflammatory, anti-viral, anti-microbial, and an-
ti-cancer properties [2]. Antioxidant carotenoids scavenge free radi-
cals including Reactive Oxygen Species (ROS) and help to decrease
the incidence of oxidative stress-induced damage [3]. One source of
free radical formation is aerobic biochemical processes that happen in
the mitochondrion of a cell [4].

The inhibitory effect of carotenoids on superoxide is related to
the number of conjugate double bonds in the structure of Reactive
Oxygen Species (ROS) and free radicals [5]. The carotenoids with
more conjugated double bonds provide more antioxidant protection as
compared to those with less [6]. The proposed inhibitory mechanisms
are through the transfer of excitation energy through electron trans-
fer, donation of hydrogen atoms to radicals, or attachment to radicals
total a low concentration to give a triplet-state carotenoid and triplet
ground-state oxygen [5,6]. Additionally, carotenoids as antioxidants
inhibit the expression of genes of certain types of cancers [5].

Humans cannot synthesize most of the carotenoids as such and it
is very important to include them in the daily diet. Therefore, main-
tenance of carotenoid content in agronomic practices and reduction
in post-harvest losses during storage and processing are essential [7].
The contents of carotenoids in carotenoid-containing foods including
pigmented maize might be lost due to unsuitable storage conditions
before consumption, and temperature during processing [7]. It has
been shown that changes in the temperature during dry milling of
orange maize can cause isomerization and degradation of carotenoids.
Thermal degradation destroys as much as 10% of carotenoid content
when the pericarp and germ are removed and an additional 15% when
maize flour fractions are separated Ortiz et al. [8].

Research in Malawi has determined that producing orange maize
has the potential as a sustainable food-based approach to improve the
intake of carotenoids for optimal nutrition and overall health of the
population [9-11]. Preliminary results have shown that orange maize
produced in Malawi has high levels of naturally occurring carotenoids
that include lutein, zeaxanthin, beta-carotene and beta-cryptoxanthin
[9]. However, studies on the effect of storage and processing on the
retention of carotenoids with antioxidant properties are limited. This
study aimed to investigate the effects of uncontrolled storage condi-
tions on orange maize and traditional processing techniques on the
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retention of carotenoids with antioxidant properties, particularly lu-
tein and zeaxanthin.

Methodology

The methodology used in this study followed the research ap-
proach outlined by Katola et al. [11].

Preparation of Maize Flour Samples

All the maize used in this study was cultivated in Dedza district
(central region of Malawi) by farmers of the Pro Farmer project during
the 2017-2018 season and was harvested in April 2018. The orange
maize was stored indoors in white polythene sacks under conditions
that replicated those used by the local population. No attempt was
made to control temperature, light or oxygen exposure. The maize
was processed in February 2019 after 10 months of storage. Some of
the grains of maize were dehulled and some were not dehulled be-
fore being dry-milled into flours of both the grand mill (dehulled) and
whole grain. The whole grain orange maize flour was used to prepare
porridge and the grand mill flour was used to prepare nsima. After
milling, the flours were kept for 24 hours at room temperature before
being used to produce the orange maize foods. These flours together
with the prepared food products were also sampled for carotenoid
analysis.

Preparation of the Food Products

Food products from maize were freshly prepared by local women
at both the Dedza and Thyolo sites. The women were requested to
prepare the orange maize products as they would at home. All the
women were given: 3kg of the grand mill and 2kg of whole grain flour
(orange maize) and bottled water (4.5 litres). Three different recipes
were used to prepare the orange maize products. They included: (1)
orange maize porridge with no added sugar (2) orange maize porridge
with added sugar (3) orange maize nsima. In the sweetened recipe,
sugar, approximately 6 table spoons per 4.5 litre, was used.

Porridge and nsima were prepared by cleaning a pot and filling it
with bottled water. The water was heated on an open flame and orange
flour or white flour was added to make porridge. Additional flour was
added to the porridge to achieve the appropriate consistency. Nsima
was prepared similarly to the porridge but using grand mill flours.
When the porridge/nsima had cooked for an average of 30 min it was
ready to be served.

Carotenoid Analyses

Immediately following food preparation, samples of the porridge
and nsima were collected using zip lock bags and put in tightly closed
dark containers and placed in a mobile cooler box. Samples were
transported from the field to Chancellor College Chemistry Labora-
tory and stored at (-80°C). Before analysis, all food and flour sam-
ples were freeze-dried for 48 hours in containers covered with tin foil
to avoid exposure to light. In a dark room, dried samples were then
ground using a mortar and pestle.

Carotenoids were extracted according to the method of Ndolo and
Beta [12], with some modifications. Briefly, 500mg samples (flour
and foods) were prepared by freeze-drying, powdering and sifting
(250-micron sieve). Samples were then mixed with 10ml of water-sat-
urated butanol in tubes covered with black caps and aluminium foil
in a fume hood. Each sample was then homogenized for 5 min us-
ing a 10mm diameter vortex. Tubes stood in the fume hood at room

temperature for 60 min. Samples were then homogenized for a sec-
ond time and let stand for another 60 min. About 10mL of extract
was centrifuged (5,000g, 25°C, 5 min) (Labtech, Mumbai, India). All
the procedures were done in the dark and each tube was wrapped
in aluminium foil to avoid degradation of the carotenoids during the
extraction.

Determination of Total Carotenoid Content (TCC)

Total carotenoid content was analysed using a spectrophotometric
method. Supernatants of extracted samples were transferred from the
centrifuge tubes into a semi-micro quartz cuvette and absorbance was
measured at 450 nm using a PG instrument T90+UV/Visible spectro-
photometer (Alma Park, Wibtoft Leicestershire, England). Total Ca-
rotenoid Content (TCC) was calculated using the following equation
and expressed as pg lutein equivalent/g sample.

C=(10x A)/S x W(ng/g)

Where C=lutein content, g/g; A=absorbance reading, S=regres-
sion coefficient (the number that expressed the relationship which is
created based on the concentration of lutein standard solutions in pg/
mL and the absorbance); 10=dilution factor (the dilution factor of
10 is based on the total extracted volume of 10ml) and W=sample
weight, g [12].

For calorimetric determination, a standard curve based on lutein
concentrations was used in figure 1.

Figure 1: Lutein standard curve.

Determination of Carotenoid Composition

High-Performance Liquid Chromatography (HPLC) was used to
separate and identify the individual carotenoids. Supernatants from
the calorimetric determination of total carotenoids were used for
HPLC analyses. Samples were put in brown vials and kept at -18°C
for analysis on the following day. Stored supernatants were filtered
through a 0.45pum nylon disc filter and underwent analysis. The deter-
mination of carotenoid composition was done according to the method
described by Ndolo and Beta [12], with some modifications. Briefly,
the chromatographic separation and quantification of carotenoids was
carried out by HPLC (Agilent,1200 Infinity Series) equipped with a
Diode Array detector, Mumbai, India) and autosampler (Waters 717
Plus, Waters, Milford, MA) using YMC™ carotenoid S-3, 3um pack-
ing, 4.6x100mm column (Waters, Milford, MA). The column was op-
erated at 35°C. Twenty pL of the sample was injected by the autosam-
pler and eluted with a gradient system consisting of (A) methanol/
methyl tert-butyl ether/Milli-Q water (81:15:4, v/v/v) and (B) methyl
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tert-butyl ether/methanol (90:10, v/v). The flow rate was set at 1mL/
min. The gradient was programmed as follows: 0-9min, 100-75% A,
10-12 min 0% A; 12-13 min, 0-100% A; and 13-15 min, 100% A.
The separated carotenoids were detected and measured at 450nm. The
carotenoids under study were identified based on the similar retention
time of commercial standards which included beta-cryptoxanthin and
beta-carotene.

Carotenoid retention was calculated using the formula labelled
Equation 1 below [13]. Carotenoid concentration retention after 10
months of storage to that found during the harvest period [9], was
compared using the formula labelled Equation 2 below.

Equation 1

Total TCC/Concentration Retention = (Processed products TCC/
concentrations) / (Unprocessed flours TCC/concentrations) x100

Equation 2

Carotenoid retention after storage = (Carotenoid concentration at
10 months) / (Carotenoid concentration at harvest) x100

A mixed plot of standard lutein and zeaxanthin against their peak
areas was used in figure 2.

Figure 2: A mixed plot of standard lutein and zeaxanthin carotenoids against their
peak areas.

Statistical Analysis

Analysis was carried out using IBM SPSS statistics for Windows,
version 25.0 (Armonk, New York, 2017). Descriptive statistics were
expressed as Mean + Standard Deviation. Independent t-test was used
to compare means for significant differences in HPLC between the
cooked samples and raw samples; and between the two districts.

Results

Findings in table 1 show that orange maize products had measur-
able amounts of xanthophyll carotenoids. The orange maize products
from Dedza had overall significantly higher xanthophyll carotenoid
concentrations than the orange maize products from Thyolo district.
Overall, orange maize Nsima from Dedza District had significant
amounts of lutein (3.4+0.2ug/g) and zeaxanthin (24.9+0.5pg/g).

Results in table 2, show that unprocessed orange maize and grand
mill flour had the highest concentrations of carotenoids with antiox-
idant properties (lutein, 3.6+0.0ug/g and zeaxanthin 25.3+0.0png/g).
Furthermore, a reduction in carotenoid concentration was observed

Product Carotenoids District Concentrations
(ng/g)
Dedza 2.8+0.1*
Lutein
Thyolo 2.740.2°
Plain Porridge
Dedza 22.9+1.7*
Zeaxanthin
Thyolo 20.5+1.1°
Dedza 2.240.7*
Lutein Thyolo 2.1£0.9°
Sugar Porridge Dedza 17.74.2¢
Zeaxanthin
Thyolo 16.7+5.2°
Dedza 3.4+0.2%
Lutein Thyolo 3.120.6°
Nsima Dedza 24.9+0.5
Zeaxanthin
Thyolo 22.3+3.2°
Table 1: Xanthophyll carotenoid concentrations in orange maize products by district.
Note: Each value is expressed as mean + SD of triplicate samples. a, b, = Same col-
umn values with different superscript letters are significantly different at p<0.05.n=3

L

for both lutein and zeaxanthin in all processed products except for
plain porridge’s zeaxanthin concentration which increased. However,
despite this reduction, there was an average of 73.4% retention of
lutein and an average of 83.4% retention of Zeaxanthin. Overall, the
orange maize and orange maize products were found to have retained
significant amounts of carotenoids with antioxidant properties despite
long-term storage, milling and cooking.

Lutein Zeaxanthin
Products Carotenoid Concentration Carotenoid Concentration
(ng/g) (ng/g)
‘Whole Flour 2.9+0.1° 21.4+0.6
Plain Porridge 2.6+0.2° 22.0+£2.6
‘Whole Flour 2.9+0.1° 21.4+0.6°
Sugar Porridge 1.4+0.1° 12.9+1.1°
Grand Mill Flour 3.6+0.0° 25.3+0.0°
Nsima 2.9+0.4° 21.9+2.8°
Table 2: Xanthophyll carotenoid concentrations in flours and products.
Note: Each value is expressed as mean + SD of triplicate samples. a, b, = Same col-
umn values with different superscript letters are significantly different at p<0.05.n=3

Discussion

The study has demonstrated a substantial retention of carotenoids
with antioxidant properties even after subjecting the orange maize to
10 months of uncontrolled storage conditions, followed by milling
and cooking. A comparative analysis with the investigation conducted
by Hwang et al. [9], on orange maize carotenoid content and concen-
tration conducted close to the time of harvest followed by milling
and cooking, revealed reduced content and concentrations in maize
stored for an extended 10-month period [9,14]. This degradation may
be influenced by various factors that were not measured in the current
study. These potential factors include exposure to light, heat, and ox-
ygen Schieber and Weber [15]. Notably, there was a location effect on
concentrations of carotenoids with antioxidant properties in cooked
food products made from orange maize. Products prepared in Dedza
had higher concentrations than the orange maize products processed
in Thyolo. This could be attributed to differences in cooking methods
and thermal exposure period of the products [16].
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Despite the susceptibility of antioxidant carotenoids in orange
maize to degradation during storage and processing, the individual
carotenoids present in orange maize showed an average retention of
73% for lutein and 83% for zeaxanthin. These findings were found to
be higher than those reported by other studies [17,18]. This discrep-
ancy is likely attributable to variations in the maize varieties and agri-
cultural practices as suggested in other studies [19,20], where varied
agronomic practices and plant genotypes influenced the content of
phytochemicals. It could also be because of the diversity in accuracy
and sensitivity of the analytical methods utilized in this study, a con-
cern similarly raised in the previous study [11].

Depending on the type of product and how it was prepared, this
study reported varied retention rates for concentrations of carotenoids
with antioxidant properties. For instance, the sugar-added porridge
demonstrated retention concentrations of 48% for lutein and 60%
for zeaxanthin. Nsima mirrored this pattern, showing lutein and zea-
xanthin retention of 60% and 86%, respectively. Plain porridge had
a lutein retention concentration of 90%. Other studies have also re-
ported significant retention of lutein and zeaxanthin [17,18]. In the
current study, the most abundant and retained antioxidant carotenoid
was zeaxanthin despite both lutein and zeaxanthin belonging to the
xanthophylls group of carotenoids.

Lutein and zeaxanthin are the only dietary carotenoids that accu-
mulate in the retina, specifically the macula, and are called macular
pigments [21]. Maintaining macular health is critical to maintaining
normal visual function. [21]. Lutein, zeaxanthin, and are absorbers of
blue visible light and thus protect the eye structures from dangerous
doses of this radiation [22]. The abundance of zeaxanthin reported in
the current study is significant because the zeaxanthin is highly con-
centrated in the mid-peripheral and at the epic entre of the macula and
it is more efficient in eliminating ROS that could affect the health of
the macular than lutein leading to an improvement in vision for both
normal and abnormal retinas [23].

Contrary to sugar-added porridge and Nsima in which lutein and
Zeaxanthin concentrations degraded to considerable amounts, plain
porridge’s concentrations for zeaxanthin increased when compared
to the whole flour. This could be because plain porridge took a short
period to cook when compared to sugar-added porridge and Nsima
which had high exposure to heat and led to degradation as suggested
by a similar study done on the same maize Katola et al. [11]. The
suggested mechanism observed on plain porridge is that short-period
cooking results in higher extraction efficiency since the heat treatment
inactivates oxidative enzymes and denatures the complex between
carotenoid and protein that exists in plant cells Moreira et al. [24].
The current study’s findings mirror what was reported by Drini¢ et al.
[25], where after cooking there was an increase in the total carotenoid
content, lutein and zeaxanthin concentrations that was observed in all
hybrids of sweet corn of their study. Similarly, there was an observed
increase of total carotenoids in all samples of varieties of Cucurbita
moschata Duch fruits after being subjected to a short period of cook-
ing Mat'ova et al. [26].

The current study findings are important since porridge and nsima
are staples widely consumed across both rural and urban settings in
Malawi [27]. The observed retention of carotenoids with antioxidant
properties in sugar porridge and nsima and an increase in carotenoids
observed in plain porridge presents a compelling opportunity for pop-
ularizing orange maize as a product that could play an important role

in mitigating an increasing prevalence of chronic diseases in Malawi.
These are diabetes, cancer and cardiovascular diseases which might
be caused by oxidative stress [28]. These products would also serve as
complementary food in school feeding programs across Malawi, aim-
ing to protect students’ eyes from harmful high-energy light waves
such as ultraviolet rays in sunlight, which could lead to Macular De-
generation (AMD) at a later age. Di Carlo and Augustin [29].

In addressing the challenge of carotenoid degradation in orange
maize, it is important to promote the adoption of improved storage
and processing techniques. Ekpa et al. [18], affirm that the use of im-
proved storage materials and practices plays an important role in re-
taining the total carotenoid content and concentrations. They reported
that biofortified maize stored in laminated paper bags, characterized
by the highest oxygen permeability, exhibited the lowest retention
of total carotenoid content when compared to maize stored in dou-
ble-layered polyethene bags.

Conclusion

In conclusion, the study highlights the substantial retention of
carotenoids with antioxidant properties in orange maize, even after
long-term uncontrolled storage conditions, milling, and cooking. De-
spite some degradation, the overall retention rates, particularly for
lutein and zeaxanthin, remained significant. This study suggests that
variations in agricultural practices, storage techniques, maize variet-
ies, and cooking methods significantly influence carotenoid retention.
The observed retention of carotenoids in staple foods like porridge
and Nsima, widely consumed in both rural and urban settings in Ma-
lawi, presents an opportunity to promote orange maize as a product
that could contribute to mitigating varied health problems including
eye-related problems like macular degeneration in later years.
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