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Abstract

Thermal processing treatment of a roasted purple maize beverage was shown to be effective for reducing the microbiological
growth since, after thermal treatment, microbial development was not detected. Physicochemical parameters, soluble solids,
pH, and titratable acidity were not affected by the treatment, while L', a", b", C", and h chromatic parameters showed
statistical differences. However, the visual aspects were not affected by the different thermal processing treatments. In terms
of mineral content, the main effects were observed on Na, Mn, Cu and Zn concentrations. The thermal processing treatments
resulted in higher contents of total phenols, total flavonoids, and total anthocyanins, while condensed tannins were not
detected following any of the treatments. HPLC analysis detected ferulic acid in all treatments. On the other hand,
chlorogenic acid was detected only in the control, while caffeic acid was detected in all thermal treatments, which means that
caffeic acid is released from chlorogenic acid by thermal processing. The DPPH and FRAP antioxidant capacity levels were
higher following thermal processing treatment, while the ABTS assay showed a contrasting behaviour.

Rezumat

Procesarea termica a bauturilor pe baza de porumb este cunoscut a fi eficientd din punct de vedere microbiologic. Parametrii
fizico-chimici, pH-ul si aciditatea nu au fost afectate de procesul tehnologic, in timp ce parametrii cromatici ai L, a”, b”, C’si
h au prezentat diferente statistice. Cu toate acestea, aspectele vizuale nu au fost afectate de diferite tratamente termice de
procesare. in ceea ce priveste continutul mineral, efectele principale au fost observate pentru Na, Mn, Cu si Zn. Tratamentul
termic a condus la cresterea fenolului, a flavonoidelor si a antocianilor totali, in timp ce taninurile condensate nu au fost
detectate. Analiza HPLC a identificat acidul ferulic. Pe de altd parte, acidul clorogenic a fost detectat numai in probele
martor, in timp ce acidul cafeic a fost identificat in toate probele analizate, ceea ce releva ca acidul clorhidric este eliberat din
acid clorogenic prin procesare termica. Nivelurile antioxidante DPPH si FRAP au fost mai mari dupa tratamentul termic, in
timp ce analiza ABTS a prezentat un comportament contrastant.
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Introduction minerals and antioxidants. Cereals are now employed
in the preparation of foods that are similar in
appearance to conventional foods. These foods are
used in the normal diet but have an added advantage
of aiding physiological functions along with providing
nutrition [10].

Maize (Zea mays L.) is one of the most commonly
consumed cereals in the world, and Mexico is the
centre of origin, domestication, and diversification of
this crop. Because of this, it is important for the diet,
society, culture, and economy of this country [15].

Beverages are by far the most active functional food
category because of their convenience and ability to
meet consumer demands in terms of container contents,
size, shape, and appearance, as well as their ease of
distribution and storage, including refrigerated and
shelf-stable products. In addition, they are excellent
delivery matrices for nutrients and bioactive compounds
[8]. Cereals and their ingredients have been accepted
as functional foods as they provide several health-
promoting components such as dietary fibre, proteins,
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Some Mexican maize types are native genotypes that
produce yellow, black, purple, blue, red, and orange
grains. Due to their contents of phenolic compounds
and their antioxidant capacity levels, they have been
suggested to have nutraceutical properties [11].
Also, the outer tissues of cereals are rich in phenolic
acids [38], and in particular, the bran of maize has
been shown to be one of the most abundant sources
of ferulic acid [40]. In addition, pigmented maize
genotypes are rich in flavonoid compounds, especially
anthocyanins [34] which give them their particular
pigmentation and have beneficial effects on human
health [4]. In Mexico, there are diverse native pigmented
maize genotypes, and generally, they are grown for
self-supply of the rural communities where they are
produced; thus, their nutritional and nutraceutical
properties are unknown. The aim of this work was to
evaluate the thermal processing effect on the micro-
biological, physicochemical, mineral and nutraceutical
properties of a roasted purple maize beverage.

Materials and Methods

Beverage formulation

Maize grains of “Morado La Soledad” purple geno-
type were roasted at 145°C for 30 min. After that,
the roasted grains were milled and sieved to obtain a
flour with particle size < 0.5 mm (using standard mesh
size 35). In the first step of the beverage formulation,
two phases were prepared separately. In phase one,
maize flour was mixed with sugar, cinnamon, stevia,
xanthan gum and carboxymethyl cellulose. In phase
two, water and vanilla extract were mixed. The
beverage was obtained by mixing vigorously the two
phases for 5 min and finally submitted to thermal
treatments. The composition of the maize beverage
is shown in Table I.

Table I
Maize beverage formulation
Ingredient %

Water 94.83
Maize flour 2.37
Sugar 1.90
Vanilla extract 0.47
Cinnamon 0.14
Stevia 0.14
Xanthan gum 0.09
Carboxymethyl cellulose 0.05

Thermal treatments

The treatments included a control (no thermal treatment)
and three thermal processes: 63°C for 30 min, 73°C
for 15 min and 85°C for 5 min. Control and thermal
treatments were placed in 200 mL threaded glass
bottles and sealed with aluminium bottle caps and left
to cool down at room temperature. Twelve hours after
their preparation the microbiological, physicochemical
parameters, mineral composition and nutraceutical
properties of the beverages were measured.
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Microbiological analysis

Microbiological analysis was carried out according to
Suarez-Jacobo et al. [35] with minor modifications.
Decimal dilution in peptone water solution was used
for microbial counting. Aerobic mesophilic were
incubated on plate count agar (PCA, Oxoid Ltd.,
Basingstoke, UK) incubated at 36°C for 48 h. Lacto-
bacilli were incubated on non-acidified Man-Rogosa-
Sharpe agar (MRS, Oxoid) at 37°C for 48 h with
5% CO, injection. Enterobacteriaceae were incubated
on violet red bile glucose agar (VRBG, Oxoid) at
37°C for 24 h. Moulds and yeasts were incubated
on potato dextrose agar (PDA, Oxoid) with 10%
tartaric acid (Oxoid) at 25°C for 5 days. For counting
of total spores, maize beverage was heated at 95°C for
5 min, cooled in ice and pours plated on plate count
agar (PCA, Oxoid) and incubated for 48 h at 37°C.
Physicochemical parameters

The soluble solids were measured placing two drops
of sample in the prism of an Atago Master-M 2313
refractometer (Tokyo, Japan). For the measurement
of pH and titratable acidity, 10 mL of sample was
diluted with 40 mL of distilled water. The pH was
read in a Corning, 440 pH meter (Woburn, USA) and
after that, samples were titrated with 0.1 M NaOH to
a pH of 8.2 (malic acid as predominant) according
to the Association of Official Analytical Chemists
(AOAC) [3]. For colour determination, a 1.5 mL
spectrophotometric cuvette was filled with sample,
and colour was determined using a CR-20 Konica
Minolta Color Reader (Tokyo, Japan). Chromatic
parameters were obtained using CIELAB (L*, a, b*)
and CIELCH (L", C”, h) colour systems according to
Commission Internationale De L’ecleirage (CIE) [7].
L" defines lightness (0 = black, 100 = white), a’
indicates red (positive a’) or green value (negative a)
and b" indicates yellow (positive b") or blue value
(negative b*), c (chroma; saturation level of 4) and
h (hue angle: 0° = red, 90° = yellow, 180° = green,
270° = blue). Colour view was obtained by online
software ColorHexa colour converter using L*, a*,
and b” values [6].

Mineral content

Mineral analysis was performed based on AOAC [3]
methods using an Agilent Atomic Absorption 240FS
spectrometer (Santa Clara, United States). Briefly,
5 mL of 3 M HCI was added to 50 mL of sample
and digested-evaporated at boiling temperature until
20 mL of sample was obtained. Afterwards, samples
were filtered and used for mineral analysis. Potassium
and sodium were detected by emission at wavelengths
of 589.6 and 769.9 nm, respectively, while calcium,
magnesium, iron, zinc, copper, and manganese were
determined by absorption at wavelengths of 422.7,
285.2,248.3,213.9, 324.7, and 279.5 nm, respectively.
The results were expressed as milligrams per liter of
sample (mg/L) based on calibration curves prepared
with standards of each mineral (0 to 100 mg/L for
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sodium and potassium; 0 to 10 mg/L for calcium,
magnesium, iron and manganese; and 0 to 5 mg/L
for zinc and copper).

Total phenols, total flavonoids, condensed tannins,
and total anthocyanins

Total phenols, total flavonoids and condensed tannins
were carried out according to Lopez-Contreras et al.
[19], while total anthocyanins content was measured
according to Abdel-Aal and Hucl [1], all the assays
were performed at room temperature. The content
of total phenols was determined based on the f
Folin-Ciocalteu reaction. Briefly, 0.2 mL of sample
was placed in 2.6 mL of distilled water, oxidized with
0.2 mL of Folin-Ciocalteu reagent and after 5 min
neutralized with 2 mL of 7% Na,COj; solution. The
reaction was left for 90 min in darkness and finally the
absorbance of the sample was measured at 750 nm.
Gallic acid was used as the standard (0 to 200 mg/L)
and the results were expressed as milligrams of gallic
acid equivalent per litre of sample (mg GAE/L).
The content of total flavonoids was evaluated based on
the reaction of aluminium chloride. Briefly, 0.2 mL
of sample extract was placed in 3.5 mL of distilled
water, followed by 0.15 mL of 5% NaNO,. After 5
min, 0.15 mL of 10% AICl; was added and 5 min
later 1.0 mL of 1 M NaOH was added. Samples
were left for 15 min in darkness and finally their
absorbance was measured at 510 nm. Catechin was
used as standard (0 to 200 mg/L) and the results were
expressed as milligrams of catechin equivalents per
litre of sample (mg CatE/L).

The content of condensed tannins was determined
based on the reaction of vanillin-H,SO,. Briefly,
0.25 mL of sample extract was mixed with 0.65 mL
of 1% vanillin solution and 0.65 mL of 25% H,SO,
(both dissolved in methanol). The samples were
incubated 15 min at 30°C in darkness and finally
the absorbance was measured at 500 nm. Catechin
was used as standard (0 to 200 mg/L) and the results
were expressed as milligrams of catechin equivalents
per litre of sample (mg CatE/L).

For total anthocyanins content, 200 pL of sample were
mixed with 10 mL of ethanol-HCI (85:15 v/v, pH 1,
4°C) and shaken at 200 rpm for 30 min. Afterwards,
the sample was centrifuged at 1000 rpm for 15 min
and finally the absorbance of 3.5 mL of sample was
measured at 535 nm. The content of anthocyanins
was reported as milligrams of cyanidin-3-glucoside
(C3G) equivalents per litre of sample (mg C3GE/L)
using the following formula:

C=(A/e) * (V/1000) * MW * (1/weight of sample) * 10°,
where: C = concentration in mg C3GE/L', A =
absorbance of sample, ¢ = molar absorptivity (mg
C3GE = 26965/cm x mol), V = volume of sample,
MW = molecular weight of C3G (449.2 g/mol).
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High Performance Liquid Chromatography (HPLC)
Analysis of Phenolics

The content of individual phenolics by HPLC were
analysed according to Santos ef al. [32]. The phenolic
compounds were identified in an Agilent 1260 Infinity
chromatograph equipped with autosampler (G1329B),
quaternary pump (G1311C), thermostated column
compartment (G1316A) and diode array detector
(G4212B) (Agilent, Santa Clara, United States). The
separation was carried out in an Agilent Zorbax Eclipse
Plus C18 (5 um, 100 mm x 3 mm) and the mobile
phase consisted of a gradient mixture of water (1%
HCI, solvent A) and methanol (1% HCI, solvent B).
The gradient used was: 0 min, 95% A; 4 min, 95% A;
20 min, 73% A; 50 min, 5% A; 57 min, 99%A; 58
min, 99% A; 60 min, 95% A. The flow rate was 0.7
mL/min, the injection volume of sample used was
10 uL and all the samples were run at 25°C. The
detection of the phenolic compounds was recorded
at 280 nm and the spectrum of each compound was
recorded by a diode array from 200 to 400 nm. Levels
of phenolic compounds were calculated based on a
calibration curve obtained with standards of caffeic
acid, catechin, chlorogenic acid, coumaric acid,
ferulic acid, gallic acid, quercetin and sinapic acid
in concentrations from 0 to 160 mg/L. The results
were expressed as milligrams per litre of sample
(mg/L) of each phenolic compound.

DPPH, ABTS, and FRAP antioxidant capacity
DPPH (2,2-diphenyl-1-picrylhydrazyl), ABTS (3-
ethyl-benzothiazoline-6-sulfonic acid) and FRAP
(Ferric Reducing Antioxidant Power) antioxidant
capacity assays were carried out according to Lopez-
Contreras et al. [19]. The DPPH antioxidant capacity
was evaluated using a working solution of 60 uM (in
80% methanol) with the absorbance adjusted to 0.7 at
517 nm. The assay was carried out by mixing 0.2 mL
of sample with 3.3 mL of the DPPH working solution
at room temperature, the reaction was left for 30 min
in darkness and the absorbance was determined.
The ABTS (3-ethyl-benzothiazoline-6-sulfonic acid)
antioxidant capacity was carried out using a working
solution obtained by mixing one mL 7.4 mM of ABTS
and one mL of 2.6 mM of K,S,0g4 and allowing
them to react for 12 h in darkness. After that, the
absorbance of the working solution was adjusted to
0.7 at 734 nm by diluting with methanol. The ABTS
assay was performed by mixing 0.2 mL of sample
with 3.3 mL of ABTS working solution at room
temperature, reaction was left for 30 min in darkness
and the absorbance of the sample was measured. The
FRAP (Ferric Reducing Antioxidant Power) anti-
oxidant capacity was determined using a working
solution prepared by mixing 300 mM C,H;NaO, *
3 H,O (pH 3.6), 10 mM TPTZ (2,4,6-tripyridyl-s-
triazine, in 40 mM HCI) and 20 mM FeCl; * 6 H,O in
10:1:1 (V:V:V:) proportion. The FRAP assay was
prepared by mixing 0.2 mL of sample with 3.3 mL
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of FRAP working solution, the samples were left Microbiological analysis

for 30 min in darkness at 37°C and their absorbance The microbiological analysis of the control maize
were registered at 593 nm. Trolox (6-hydroxy-2,5,7,8- beverage (Table II) showed values of 7.31, 1.58, and
tetramethylchroman-2-carboxylic acid) was used as 7.07 log CFU/mL for aerobic mesophiles, lactobacilli
standard (0 to 200 pmol/L) for DPPH, ABTS and and enterobacteria, respectively. All of the thermal
FRAP assays and the results were expressed as micro- samples treatments used showed a total inactivation of
moles of Trolox equivalent per litre of sample (umol the microorganisms detected in the control treatment
TE/L). obtaining a lethality equal to and/or greater than that

of aerobic mesophiles, lactobacilli, and enterobacteria.
Results and Discussion

Table 11
Microbiological analysis of maize beverage samples
Microbial group (log CFU/mL)

Treatment Aerobic mesophiles  Lactobacilli ~ Enterobacteria ~ Moulds and yeasts Spores
Control 7.31 £0.04* 1.58 =0.02° 7.07 £ 0.04° ND ND
63°C, 30 min ND ND ND ND ND
73°C, 15 min ND ND ND ND ND
85°C, 5 min ND ND ND ND ND

The different letters in the columns indicate statistical difference (p < 0.05, n = 3). ND = not detected

Moulds, yeasts, and spores were not detected in any treatments; the only observed difference was for the
treatment. These results show that all heat treatment treatments at 85°C and 63°C, which showed values
conditions had a lethal effect on the microorganisms of 2.03 and 2.23, respectively. The pH values varied
in the beverage, and Suarez-Jacobo et al. [35] and from 6.21 to 6.31, and the titratable acidity value in all
Rico et al. [30] mentioned that the thermal treatment samples was 0.033% (Table III). Measured variables
is effective for the beverage conservation due to the showed no difference (p > 0.05) related to the thermal
inactivation of pathogenic microorganisms and micro- process applied. Our results show that the thermal
organisms responsible for the deterioration of food. processes do not significantly modify soluble solids,
Physicochemical parameters the pH, or the titratable acidity, as observed previously
The soluble solid value (Table III) in the maize by Yusof and Chiong [39], Suarez-Jacobo ef al., [35]
beverages was statistically similar after the thermal and Zulueta et al. [41].

Table 111

Analysis of soluble solids, pH, and titratable acidity in maize beverage samples
Physiochemical parameter

Treatment = solids (%) pH Titratable acidity (%)

Control 2.17 +£0.058% 6.29 +0.081° 0.033 £ 0.001°

63°C, 30 min 2.23 £0.058" 6.22 +£0.032° 0.033 £ 0.001°

73°C, 15 min 2.13 +£0.058% 6.24 + 0.006" 0.033 £ 0.001°

85°C, 5 min 2.03 +0.058° 6.21 £ 0.036° 0.033 £ 0.001°
The different letters in the columns indicate statistical differences (p < 0.05, n = 3).
The chromatic variables in maize beverages showed treatment showed the lowest values for L*, a*, b
statistical differences (p < 0.05) among treatments and C" and the 85 °C, 15 min treatment showed the
for L", ", b", C’, and h. The chromatic property lowest value for /4. It was observed that the values of
values were as follows: L": from 33.92 to 31.10, a: chromatic properties decreased with the increasing
from 2.84 to 2.44 to 2.84, b": from 9.00 to 7.24, C": temperature, which agrees with the results obtained
from 9.42 to 7.80, and A: from 72.44 to 70.10 by Cortés et al. [9] and Zulueta et al. [41], who
(Table IV). For all chromatic properties, the control reported changes in chromatic values in beverages
showed the highest values, while the 73°C, 15 min after thermal processes.

Table IV

Chromatic properties in maize beverage samples

T Chromatic property
reatment L* a* b* C* 7 View
Control 33.92+0.13*° 2.84+0.05° 9.00+0.07* 9.42+0.04* 72.44+0.21
63 °C, 30 min 3226+£0.15°  244+0.11° 7.42+0.08° 7.84+0.11° 71.80+0.70°
73 °C, 15 min 31.10£0.68° 2.58+0.16" 7.24+025° 7.68+£028"  70.40+0.60°
85 °C, 5 min 31.20£0.19°  2.66+0.09"° 732+£0.08° 7.80+£0.10° 70.10£0.41°

The different letters in the columns indicate statistical differences (p < 0.05, n = 3).
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However, we determined that browning was not caused
by enzymatic reactions, since the thermal process
temperatures inactivate oxidizing enzymes such as
polyphenol oxidase, as described by Rico et al. [30],
Jang and Moon [14] and Rawson et al. [28]. We
attribute the browning to non-enzymatic reactions
such as the Millard reaction and caramelization of the
sugars in the sample, as reported by Ajandouz et al. [2],
Tacora et al. [36], and Pérez-Hernandez et al. [27].
Mineral content

The contents of the major minerals in the maize
beverages following different thermal treatments did
not show a statistical difference (p > 0.05): Ca (209.65
to 189.55 mg/L), Mg (41.03 to 34.84 mg/L), K
(129.60 to 97.39 mg/L), P (169.60 to 145.74 mg/L),

and S (91.73 to 83.76 mg/L). For Na, there was a
statistical difference (p < 0.05) and values ranged from
254.27 to 200.43 mg/L (Table V). For the minor
minerals, the observed values were as follows: Mn:
from 0.36 to 0.15 mg/L, Cu: from 0.34 to 0.18 mg/L
and Zn: from 0.72 to 0.25 mg/L. In addition, Fe values
ranged from 3.87 to 2.11 mg/L, and the thermal
treatment results were not statistically different (p >
0.05) (Table VI). The contents of major and minor
minerals indicate that the formulated maize beverage
is an excellent source of minerals, which are essential
for daily intake as an important part of human
nutrition. These inorganic elements are required for
the regulation of metabolic, structural and biochemical
functions in organisms [20, 22, 26].
Table V
Major mineral contents in maize beverage samples

Major elements (mg/L)

Treatment Ca Mg K Na P 3
Control 209.65+£2.29"  34.84+£0.14° 129.60 £16.70 25427 +10.41° 169.60 +8.51° 86.53 = 1.30°
63°C,30min  189.55+10.68" 38.71 £5.58* 100.52 +1.48° 226.57 +1.02° 145.74 £4.53*  91.73+0.57°
73°C, 15 min 206.15+1.51°  41.03£027° 97.89+34.02°  219.24 + 524" 14939 £7.15* 87.41+0.21°
85°C, 5 min 204.96 = 6.42°  37.58 +£1.26" 97.39 = 3.49° 200.43 £1.32°  160.97 £16.77° 83.76 + 5.08"

The different letters in the columns indicate statistical differences (p < 0.05, n = 3).
Table VI

Minor mineral contents in maize beverage samples

Minor elements (mg/L)

Treatment
Mn Cu Zn Fe
Control 0.28+£0.021®°  0.34+0.009* 0.72 +£0.095* 3.87 +0.22%
63 °C, 30 min 0.15+0.013°  0.26+0.006® 0.57 +0.048" 2.96 + 0.48°
73 °C, 15 min 0.19+0.068°  0.18 £0.060° 0.25+0.029° 3.64 £0.72°
85 °C, 5 min 0.36+0.001* 0.19+0.040° 0.56+0.016° 2.11+0.34°

The different letters in the columns indicate statistical differences (p < 0.05, n = 3).

Total phenols, total flavonoids, condensed tannins,
and total anthocyanins

The total phenol content varied from 125.10 to 103.20
mg GAE/L with statistical differences among thermal
treatments. The lowest value was obtained in the
control treatment and the highest was obtained in the
thermal treatment at 63°C for 30 min. The thermal
treatments at 73°C for 15 min and 85°C for 5 min
showed values of 124.35 and 120.95 mg GAE/L,

respectively (Table VII). The increase in total phenols
was explained by Krings and Berger et al. [17] and
Oboh et al. [23], who mentioned that the Maillard
reaction causes the formation of high molecular weight
compounds, such as melanoidins, thereby increasing
the detection of total phenols [27, 36], but the thermal
treatments can also release bound phenolics which
can increase the antioxidant capacity [31].

Table VII

Content of phenolic compounds in maize beverage samples

Phenolic group (mg/L)

Treatment

Total phenols’  Total flavonoids” Condensed tannins  Total anthocyanins
Control 103.20 £2.14° 53.14+4.11b ND 1.09 £ 0.09°
63 °C, 30 min 125.10 + 1.95% 62.31 +4.59® ND 1.16 £0.11*
73 °C, 15 min 124.35 +£2.08* 62.03 +£2.55% ND 1.25+£0.17°
85 °C, 5 min 120.95 + 4.36" 70.36 +3.37% ND 1.32+0.11°

The different letters in the columns indicate statistical differences (p < 0.05). Values are shown as mean + standard deviation. ‘mg GAE/L,

ng CatE/L, mmg C3GE/L, ND = not detected.

As for the total flavonoid concentration, values varied
from 70.36 to 53.14 mg CatE/L. The lowest value was
found in the beverage without thermal treatment and
the highest value was found following the 85°C, 5 min
treatment. It should be noted that thermal processes had
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a positive effect on total flavonoid identification in
the beverage because the content increased as the
temperature of thermal treatment increased (Table VII).
This increment in total flavonoids could be explained
by results of Caristi ef al. [5] and Gattuso et al. [12]
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who mentioned that flavonoids can be found in a
glycosylated form, which prevents their detection by
common spectrophotometric methods. Condensed
tannins were not identified in any of the treatments.
The total anthocyanin content ranged from 1.32
(85°C, 5 min) to 1.09 (control) mg C3GE/L, but no
statistical differences were found among the treatments
(Table VII). The total anthocyanins results could be
attributed to the low maize flour concentration in the
prepared beverage; however, despite the dilution, they
were quantified at low concentrations. These results
differ from those reported by Harbourne ef al. [13] and
Mishra et al. [21] who mentioned that anthocyanins
present in beverages formulated from anthocyanin-rich
products degrade faster with a greater heat treatment
temperature.

High Performance Liquid Chromatography (HPLC)
Analysis of Phenolics

Regarding the phenolics analysis by HPLC, chlorogenic
acid was only detected in the control treatment with a
value of 37.14 mg/L. On the other hand, caffeic acid
was not detected in the control treatment, but it was
detected in all thermal treatments with values ranging
from 33.26 (85°C, 5 min) to 27.93 (63°C, 30 min)
mg/L, and statistical differences (p < 0.05) were found

among treatments (Table VIII) (Figure 1). The changes
in the caffeic acid content correlated with the
temperature; as the temperature increased, the caffeic
content also increased. From the results obtained, a
relationship between the loss of chlorogenic acid in
the samples and thermal treatment can be deduced,
because chlorogenic acid is the result of an esterification
of caffeic acid with quinic acid [24, 18], and the
ester linkage can be broken by thermal treatment, as
described by Variyar et al. [37].

This behaviour may explain why chlorogenic acid
was only detected in the control sample and caffeic
acid was detected in all the thermal treated samples.
In addition, there was a higher concentration of caffeic
acid as the temperature of the treatment increased.
Ferulic acid was detected in all treatments, with
statistical differences (p < 0.05) among treatments
(Table VIII) (Figure 1). Values were from 40.57 (85°C,
5 min) to 34.70 (73°C, 15 min) mg/L. These results
indicate that as the temperature of the sterilization
process increased, it also increased the release of ferulic
acid from the structure of the cell wall or other
glycosylated compounds, as was previously described
by Saulnier ef al. [33] and Kim et al. [16].

Table VIII

Phenolic compounds determined by HPLC analysis in maize beverage samples

Phenolic compound (mg/L)

Treatment Chlorogenic acid  Caffeic acid Ferulic acid Total
Control 37.14 +3.77° ND 36.46 = 0.55° 73.60
63°C, 30 min ND 27.93+1.98° 3572 +2.05° 63.65
73°C, 15 min ND 29.38+£0.79° 34.70 + 1.95° 64.08
85°C, 5 min ND 33.26 £ 0.44*  40.57 + 0.68° 73.83

The different letters in the columns indicate statistical differences (p < 0.05, n = 3). ND = not detected.

DPPH, ABTS, and FRAP antioxidant capacity

The antioxidant capacity, as determined by DPPH
(Table IX), in beverages ranged from 384.78 to
312.00 pmol TE/L, with the 85°C, 5 min treatment
and the control having the highest and the lowest
values, respectively, with statistical differences (p <
0.05) among treatments. These outcomes may be
explained by the results found by Tacora et al. [36]
and Pérez-Hernandez et al. [27] who mentioned that
products generated in the Maillard reaction result
from thermal treatment.

The antioxidant capacity results measured by ABTS
assay also showed statistical differences (p < 0.05)
among treatments, with values that ranged from 527.91

to 449.30 umol TE/L. The lowest value was observed
in the 85°C, 5 min treatment, and the highest value
was observed in the control treatment. The ABTS
results for the maize beverage showed that increasing
the temperature of the thermal treatment decreased the
antioxidant capacity (Table I1X). This change is the
result of several factors that affect phenolic compounds;
several authors have mentioned that phenolic compounds
are easily oxidized during food preparation processes,
as pH, light, metal ions, temperature, oxygen and sugar
might influence the content of other compounds,
including those with the ability to release electrons
[14, 25, 28, 29, 30].

Table IX
Antioxidant capacity of maize beverage samples

Antioxidant capacity (umol TE/L)

ABTS FRAP

Treatment DPPH
Control 312.00 = 11.67°
63 °C, 30 min 360.89 + 10.72°
73 °C, 15 min 313.11+9.18°
85 °C, 5 min 384.78 + 6.31°

519.30 + 5.84°
455.97 +20.68°
478.09 + 14.29%
44930 + 12.34°

1093.33 + 85.20°
1478.33 + 58.38°
1530.00 + 13.23
1566.67 + 80.36

The different letters in the columns indicate statistical differences (p < 0.05, n = 3)
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Figure 1.
Chromatograms and spectra of phenolic compounds identified by HPLC in maize beverage samples

Results for the FRAP antioxidant capacity showed
statistical differences (p < 0.05) with values that varied
from 1093 to 1566.67 umol TE/L. Lower results were
obtained in the control beverage, and higher results
were obtained in the case of heat treatments (63, 73
and 85°C); an increase of ferric ion reduction occurred
as the temperature increased (Table IX). The increase
of the antioxidant capacity detected by the FRAP
method was explained by Krings and Berger [17],
Kim et al. [16], and Oboh et al. [23], who reported
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that after a thermal process, the antioxidant capacity
increased and Fe"/Fe'? ferric ion reduction improved.
This behaviour was attributed to the synergism of
phytochemicals and the melanoidins, produced by
Maillard reaction. However, in this evaluation of anti-
oxidant capacity, the results obtained differ from those
reported by Rhim [29] and Patras et al. [25] who
stated that sugar can cause the oxidation of phenolic
compounds.



FARMACIA, 2019, Vol. 67, 4

Conclusions

The results showed that the thermal treatment has
no effect on the organoleptic characteristics, the
concentration of soluble solids, the pH, or the
titratable acidity of a roasted purple maize beverage.
The thermal treatment was efficient of eliminating
microorganisms that can accelerate the deterioration
of the beverage. The beverage developed for this
research is an excellent source of essential minerals.
Additionally, it was found that its content of phenolic
compounds and its antioxidant capacity increased
following the heat treatment.
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