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1 Introduction
Fruit pomace is a by-product of the juice extraction industry 

and has little or no economic value. It is used mainly as organic 
fertilizer on farms or as animal feed (Paraman et al., 2015). Apple 
pomace is composed of the solids remaining after extraction of 
juice, mostly peel, core, seeds and pulp; it is used for extraction 
of citric acid, pectin, alcohol and biofuels (Reis et al., 2014). 
Apple pomace is a good source of dietary fiber (60 g/100 g) and 
polyphenols (350 mg /100g) (Paraman et al., 2015). Conventional 
apple juice production results in a juice that is poor in phenolic 
compounds with only 3–10% of the antioxidant activity of the 
fruit they are produced from. Most of the compounds remain in 
the apple pomace (Cao et al., 2009), making it a good source of 
antioxidants. For this reason, it can be used to formulate various 
food products with beneficial properties for the consumer. In the 
formulation of these products, it is essential to use techniques that 
allow quantification of polyphenolic compounds and antioxidant 
activity to identify the effect of adding apple pomace and of 
process conditions in the formulation. There are two groups of 
techniques to evaluate the antioxidant capacity in plant extracts. 
These techniques are classified in tests by electron transfer (ET) 
and by hydrogen atom transfer (HAT). Among the electron transfer 
methods are the ABTS/TEAC, CUPRAC, DPPH, Folin-Ciocalteu 

and FRAP (Apak et al., 2007). The DPPH radical produces an 
intense purple solution, reacts with the antioxidants present in 
the sample of interest, and its color is reduced. Loss of color 
correlates with the antioxidant activity in the sample of interest 
(Miller et al., 2000). The reagent 2,2-Diphenyl-1-picrilhidrazil 
(DPPH) is reduced to its hydrazine form (DPPHH), while the 
radical ABTS produces a green or blue solution, and when it 
reacts with the antioxidant compounds in the sample, color 
intensity decreases (Floegel et al., 2011).

Extrusion cooking is one of the technologies widely used in 
the preparation of ready-to-eat breakfast cereals, snack foods, 
pasta, pet food and baby food (Brennan et al., 2011). Mixtures of 
cereals with fruit by-products, legumes with vegetables, cereals 
with vegetable by-products, and legumes with tubers have been 
processed by extrusion in order to increase the phenolic content 
and antioxidant activity (Altan et al., 2008; Karkle et al., 2012; 
Paraman et al., 2015; Nayak et al., 2011).

This study aimed to assess the total phenolic content, 
flavonols, flavanols, total flavonoids and antioxidant activity by 
DPPH and ABTS in ready-to-eat extruded products made from 
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Abstract
The aimed of this study was quantified total phenols content, total flavonoids, and antioxidant activity in extruded ready-to-eat 
products made from yellow corn added with apple pomace powder. A central composite rotatable experimental design was used. 
The variables tested were exit die temperature (140-180 °C), feed moisture (14-20 g/100 g) and apple pomace concentration 
(0-30 g/100 g). The effect of the process variables on the total contents of phenols, flavonols, flavanols and flavonoids and 
antioxidant activity was evaluated using the response surface methodology. The data of each response were fitted to a second-order 
model with determination coefficients ≥ 0.71. The extruded product with no added apple bagasse showed the lowest values 
of the evaluated phytochemicals but had higher antioxidant activity by DPPH. The addition of apple pomace increased the 
phytochemical content and antioxidant activity in extruded ready-to-eat products made with yellow corn. This makes it possible 
to obtain a formulation of an extruded food rich in phenolic compounds with potential to contribute to prevention of oxidative 
stress, while making use of agro-industrial waste from apple juice extraction.
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Practical application: The addition of apple pomace into extruded products ready to eat increase the phytochemical content 
and antioxidant activity.

Original Article

https://creativecommons.org/licenses/by/4.0/
https://orcid.org/0000-0003-3351-6583


Food Sci. Technol, Campinas,      v42, e91221, 20222

Yellow corn extruded with antioxidant activity 

yellow corn and different proportions of apple pomace using 
response surface methodology.

2 Materials and methods

2.1 Raw materials and flour

Yellow corn was obtained from a market in Tulancingo de 
Bravo, Hidalgo, Mexico. The apple pomace was provided by 
the juice company Yemila, located in Acaxochitlán, Hidalgo, 
Mexico. The yellow corn grains were ground in a pulvex turbine 
mill (Model p200, Mexico City, Mexico). The apple bagasse was 
spread on a tray and dehydrated in an oven (Shel-Lab, model 
1380FX, Cornelius, USA) at 60 °C; subsequently, it was ground 
to a particle size of 120 μm.

2.2 Extruded products

The yellow corn flour and the apple pomace powder were 
mixed according to the experimental design (Table 1). Once 
obtained, the mixtures were conditioned with purified water to 
obtain different moisture conditions (Table 1). The mixtures were 
placed in polyethylene bags, sealed tightly and allowed to rest 
for 12 h until they reached the moisture balance. The mixtures 
were fed into a single screw laboratory extruder (Brabender, 
model 19/25, Duisburg, Germany) actuated with a drive unit lab-
station (Brabender, Duisburg, Germany). The barrel of extruder 
was grooved and had three heating zones, which were kept at 
constant temperatures: 80, 110, 140 °C. Temperature of the exit 
die was varied according to the design of experiments (Table1). 
The exit hole of the die was 3 mm. A screw with 3:1 compression 
ratio was used. The screw speed was constant at 170 rpm, and 
the feed rate was 1.5 kg/h.

2.3 Obtaining extracts from raw materials and extruded 
products

For each 0.2 g of sample with a particle size smaller than 
250 μm, 1 mL of 40% ethanol was added. The solution was shaken 
in a vortex (model LabDancer, IKA, Staufen, Germany) for 1 min 
and allowed to stand for 5 min, then centrifuged at 12,000 rpm 
for 15 min using a microcentrifuge (model Xc-MiniSpin plus, 
Eppedorf, Hamburgo, Germany). The procedure was repeated 
3 times to obtain 3 mL of extract of each treatment. The 3 mL 
of extract was placed in a 10 mL volumetric flask, gauging the 
missing volume with 40% ethanol.

2.4 Quantification of total phenolic content

Quantification of total phenolic compounds was carried 
out according to the methodology of Pękal & Pyrzynska (2014). 

First, 125 μL of extract, 125 μL of aqueous ethanol (50:50 v/v), 
625 μL of folin reagent (10%, v/v), and 500 μL of Na2CO3 (7%, 
w/v) were reacted for 2 h in the dark at room temperature. After 
the reaction time, absorbance was measured at 760 nm in a 
spectrophotometer (model Genesys 10s UV-vis, Thermo Fisher 
Scientific, Massachusset, USA). The results were expressed as 
mg gallic acid equivalents/100 g dry sample.

2.5 Quantification of flavonoids

The first assay consisted of reacting 1 mL of extract with 
100 μL of NaNO2 (5%, w/v) and 100 μL of AlCl3 (10%, w/v) in 
an alkaline medium for 5 min. Absorbance was read at 510 nm, 
and the results were expressed as mg catechin equivalents (mg 
CE / 100g dry sample) . The second assay consisted of reacting 
1mL of extract with 100 μL of AlCl3 (10%, w/v) for 5 min; 
absorbance was read at 425 nm. The results were expressed as 
mg quercetin equivalents (mg QE /100 g dry sample) (Pękal & 
Pyrzynska, 2014).

2.6 Antioxidant activity by DPPH

Total antioxidant capacity was determined following the method 
proposed by Brand-Williams et al. (1995). Fifty μL of extract 
was reacted with 1050 μL of the 2,2-diphenyl-1-picrylhydrazine 
radical (DPPH) for 30 min in the dark. Absorbance was measured 
at 515 nm, and results were expressed as milligrams ascorbic 
acid equivalent/100 g dry sample (mg AAE/100 g).

2.7 Antioxidant activity by ABTS

This determination was made according to Re et al. (1999). 
The radical 2,2-azino-bis (3-ethylbezothiazoline-6 sulfonic acid) 
(ABTS) (7 mM) reacted with K2S2O8 (2.45 mM) for 16 h in the 
dark at room temperature (24 ± 1 ºC). Subsequently, 1050 μL 
of the formed radical was mixed with 50 μL of extract, and the 
mixture was allowed to react for 30 min in the dark. Absorbance 
was measured at 732 nm; the results were expressed as milligrams 
of trolox equivalent /100 g dry sample (mg TE/100 g).

2.8 Statistical analysis

The experimental data were analyzed with response surface 
methodology, using the Design Expert 7.1.5 statistical package 
(Stat-ease INC., Minneapolis, USA). The experimental data were 
fitted to a quadratic model and the regression coefficients were 
obtained. The statistical significance of the regression terms for 
each evaluated response was obtained through of an analysis 
of variance (ANOVA). The model obtained was the following 
Equation 1:

Table 1. Central composite rotatable experimental design with three factors (α=1.682) and coded levels used in the extrusion process.

Variables Coded
Levels

-α -1 0 +1 +α
Temperature of die (°C) X1 140 148 160 172 180
Moisture fed (g/100g) X2 14 15.2 17.0 18.8 20

Concentration of apple pomace (g/100g) X3 0 6 10 14 30
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3 Results and discussion

3.1 Total phenols content, total flavonoids and antioxidant 
activity in raw mixtures from yellow corn and apple pomace

Table 2 shows that apple pomace has the highest content 
of phytochemicals analyzed, as well as the highest antioxidant 
activity by ABTS; while, yellow corn flour has highest value for 
DPPH. In the mixtures, the addition of apple pomace increases 
the phytochemical content. The mixture with 30 g/100 g of apple 
pomace presented the highest total phenolic content (TPC) and 
total flavonoid content (TFC). The mixture 94:6 YC:AP presented 
the highest antioxidant activity by DPPH, while the mixture 
76:24 YC:AP presented the highest antioxidant activity by ABTS. 
Apple pomace had three times more TPC and eleven times more 
TFC than yellow corn. The content of phenols in apple pomace 
found in our study was lower than that reported by Drożdż et al. 
(2014) and Lohani et al. (2016); however, antioxidant activity 
was higher than that reported by the authors mentioned. With 
respect to the content of total phenols in yellow corn, the values 
obtained are lower than those reported by Parra et al. (2007) and 
by Mora-Rochin et al. (2010), but total flavonoid content and 
antioxidant activity were higher by ABTS than those reported 
by Žilić et al. (2012). The differences in the content of phenolic 
compounds between our findings and those of other authors can 
be attributed to the genetic background, the relation of structural 
components of the grain (Parra et al., 2007), since the pericarp 
and layer of the aleurone have the highest contents of phenolic 
compounds in cereals (López-Martínez  et  al., 2009; Lopez-
Martínez et al., 2011). The antioxidant activity of all samples 
using the ABTS assay was higher than that determined with the 
DPPH method (Table 2) because ABTS can react with a wider 
range of antioxidant compounds including both hydrophilic 
and lipophilic compounds, and it is also reduced by aromatic 
OH-groups that do not significantly contribute to antioxidant 
activity. In contrast, DPPH is more selective to hydrogen-donor 
compounds and does not react with aromatic acids containing 
only one OH group (Vázquez-Carrillo et al., 2018). Quercetin 
has been reported to have structural advantages as an antioxidant 
because the O-dihydroxy moiety in the B ring confers stability 
to the resulting free radical form. Quercetin is mainly present 
in apple peel, and in apple pomace the peel makes up a high 
percentage. In various studies, this compound has shown the 

highest antioxidant capacity in the ABTS radical scavenging 
assay (Lee et al., 2003).

3.2 Total phenols content in extruded products

Figure 1a shows the effect of die temperature and feed moisture 
at an apple bagasse concentration of 15 g/100 g of sample on 
TPC, while Figure 1b shows the effect of die temperature and 
concentration of apple pomace on the TPC at 17 g/100 g d.b. feed 
moisture. In Figure 1a, the highest content of TPC was obtained 
when the extrusion temperature reached 180 °C with 20 g/100 g 
feed moisture, while in Figure 1b the content of total phenols 
increases with increasing apple bagasse concentrations at any 
exit die temperature tested. Phenolic content of the extruded 
products was in a range of 61.25 ± 1.67 to 187.65 ± 10.40 mg 
GAE/100 g of sample.

Retention of TPC in the extruded product without apple 
pomace was 62%, while retention was 100% for the extrudate 
with higher apple pomace content. These percentages were 
calculated with respect to the mixture before the extrusion process 
and are superior to those reported by Paraman et al. (2015) in 
extruded products obtained from pregelatinized corn starch and 
whey concentrate with apple pomace added at concentrations 
of 22 and 28 g/100 g. The higher retention and stability of the 
bioactive phenolics in extruded products from cereals and fruits 
is probably attributed to the short thermal processing time of 
raw materials; moreover, during the extrusion cooking process, 
there are no physical losses of the anatomical components of 
maize grain. This is important since the health benefits of whole 
grains over refined ones are mainly attributed to the presence 
of higher levels of various bioactive phytochemicals in the bran 
(Okarter et al., 2010; Aguayo-Rojas et al., 2012).

3.3 Quantification of flavonoids in extruded products

Figures 2a, 2b and 2c show the effect of exit die temperature, 
apple pomace concentration and

The Figure  2a graph is saddle-shaped, indicating that 
flavonoid content is affected by feed moisture, as well as by 
the exit die temperature. The maximum flavonoid content was 
obtained at the exit die temperature of 160 °C and feed moisture 
of 14 g/100 g. The contents of flavonoids in the extruded 
products range from 42.84 ± 3.85 to 96.14 ± 0.57 mg/100 g. 
Figures 2b and 2c show an increase in the content of flavonoids 
when the concentration of apple bagasse increases at any exit 

Table 2. Total phenolic content (TPC), total flavonoids content (TFC), antioxidant activity by DPPH and ABTS of mixtures of yellow corn (YC) 
and apple pomace (AP) before being processed by extrusion cooking.

Mixture TPC
(mg GAE/100g)

TFC
(mg/100g)

DDPH
(µM AAE/100g)

ABTS
(µM TE/ 100g)

AP 327.60  ±  3.33 75.59 ± 3.31 906.92 ± 40.24 3829.39 ± 11.30
100:0 YC:AP 98.58 ± 2.79 6.73 ± 0.39 1346.64 ± 49.94 3239.95 ± 38.45
94:6 YC:AP 77.54 ± 2.60 8.10 ± 0.04 1415.16 ± 30.60 2174.52 ± 39.15

85:15 YC:AP 145.72 ± 4.77 19.89 ± 0.38 1254.45 ± 21.10 3210.35 ± 82.39
76:24 YC:AP 167.59 ± 7.53 27.00 ± 0.75 1281.37 ± 47.35 3789.93 ± 61.61
70:30 YC:AP 185.69 ± 2.29 29.30 ± 0.83 1300.95 ± 22.07 3755.40 ± 82.50
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die temperature and feed moisture tested. Figure  2b shows 
that the highest TFC was obtained at exit die temperatures 
between 170 and 180 °C and a concentration of apple pomace 
of 30 g/100 g, while Figure 2c shows that the highest TFC was 
obtained at a feed moisture of 20 g/100 g and an apple pomace 
concentration of 30 g/100 g. Flavonoids are heat sensitive and 
susceptible to thermal destruction. Thermal stability (retention/ 
degradation) of flavonoids is affected by different factors such 
as the nature of the matrix, type of processing, or temperatures 
used (Moussa-Ayoub et al., 2015).

3.4 Evaluation of antioxidant activity by DPPH in extruded 
products

Antioxidant activity and antiradical activity of extruded 
products is dependent not only on the level of bioactive 
compounds but also on their composition. Pigmented maize has 
been reported to be a valuable source of phytochemicals, mainly 
phenolic acids, anthocyanins, and carotenoids (Brennan et al., 
2011; Corrales-Bañuelos et al., 2016). Apple pomace contains 
several phytochemicals such as catechin, procyanidin, 
phloridzine, phloretin, ferulic acid, caffeic acid, quercetin-
glucoside and cyanidin-glucoside (Leyva-Corral et al., 2016). 
Figures 3a, 3b and 3c show the effect of exit die temperature, feed 
moisture and apple pomace concentration on antioxidant activity 
by DPPH. Figure 3a shows the saddle-shaped behavior, where 
the highest antioxidant activity is found at low temperatures 
(140 °C) and feed moisture of 17 g/100 g, as well as at high 
temperatures (180 °C) and feed moisture of 17 g/100 g. 
The lowest antioxidant activity was obtained at a temperature 
of 160 °C and feed moisture of 14 g/100 g. Figure 3b shows that 

the highest antioxidant activity was obtained in the product 
to which apple bagasse was not added. At high temperature 
(180 °C) and increasing apple bagasse concentration, the capacity 
to neutralize the radical DPPH decreases. In the Figure  3c, 
the highest antioxidant activity by DPPH was found at feed 
moisture between 15.5 and 18 g/100 g with no added apple 
pomace. Antioxidant activity decreases when feed moisture 
is below 15.5 g/100 g and above 18 g/100 g, as well as when 
apple pomace concentration increases. Rocha-Guzmán et al. 
(2012) reported that the addition of pumpkin flour in extruded 
product made from yellow corn decreases antioxidant activity 
by DPPH. Most of the bioactive compounds are temperature 
sensitive; hence, barrel temperature plays a significant role 
in the stability of these phytochemicals. It has been inferred 
that high temperatures during extrusion are detrimental to 
the phenolic compounds and to antioxidant activity as well 
(Lopez-Martinez et al., 2011; Zeng et al., 2018). Miller et al. 
(2000) reported that whole grains possess greater antioxidant 
activity than refined grains and some fruits. Phenolic acids 
are the main compounds responsible for antioxidant activity 
in maize; hydroxycinnamic acids (ferulic and the p-coumaric 
acids) are present in corn and apple pomace (Chiremba et al., 
2012; Leyva-Corral  et  al., 2016). In some cases, the level of 
bioactive compounds in extruded products may increase, for 
example ferulic acid content is reported to triple in extruded 
cereal grains, affecting the antioxidant activity (Zieliński et al., 
2001), denaturation of grain proteins during extrusion promotes 
tannin-protein interaction, the formation of tannin-protein 
complexes retain antioxidant activity (Brennan et al., 2011).

Figure 1. Response surface plot three-dimensional of total phenolic content (y = 819.57 + 2.60X1 -112.81X2 - 0.33X3 + 0.48X1,2 + 0.04X1,3 - 0.19X2,3 
- 0.04X1,1 + 1.12X2,2 + 0.02X3,3), R2 = 0.84. Effect of exit die temperature and feed moisture (a), concentration of apple pomace = 15.0 g/100 g; and 
effect of exit die temperature and concentration of apple pomace (b), feed moisture =17.0 g/100g. 
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3.5 Evaluation of antioxidant activity by ABTS in extruded 
products

Figures 4a and 4b show the effect of exit die temperature, 
feed moisture and apple pomace concentration on antioxidant 
activity using the ABTS radical. Graph 4a shows that 
antioxidant activity decreases when the temperature is lower 

or higher than 160 ºC at a feed moisture of 20 g/100 g, and the 
lowest antioxidant activity was obtained at low temperature 
(140 °C) and high temperature (180 °C) at a feed moisture of 
17 g/100 g. In Figure 4b there are two areas where the highest 
antioxidant capacity is obtained. One of them is located at feed 
moisture of 14 g/100 g and an apple pomace concentration of 

Figure 2. Response surface plot three-dimensional of total flavonoids (y = 272.26 + 6.19X1 - 72.16X2 - 12.15X3 + 0.22X1,2 + 0.05X1,3 + 0.25X2,3 - 
0.03X1,1 + 0.92X2,2 + 0.05X3,3), R2 = 0.77. Effect of exit die temperature and feed moisture (a), concentration of apple pomace = 15.0 g/100 g; effect 
of exit die temperature and concentration of apple pomace (b), feed moisture = 17.0 g/100 g; and effect of feed moisture and concentration of 
apple pomace (c), temperature edit die = 160 °C.
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degradation of phenolic compounds may be due to complex 
formation by reaction with Maillard by-products, and high 
moisture content promotes phenolic compound polymerization 
of phenols and tannins leading to reduced extractability and 
antioxidant activity (Remy et al., 2000; Dlamini et al., 2007). 
In contrast, transformation in more easily extractable forms of 

24 g/100 g, while the other area is obtained at an apple pomace 
concentration of 6 g/100 g at feed moisture of 20 g/100 g. 
The antioxidant activity in the extruded products by ABTS is 
between 2001.88 ± 85.11 and 3871.31 ± 11.30 μm /100g. To some 
extent, higher moisture content has a protective effect on the 
bioactive compounds. Some reports have shown that thermal 

Figure 3. Response surface plot three-dimensional of antioxidant activity by DPPH (y = 140.23 + 0.27X1 + 0.10X2 + 10.80X3 + 0.35X1,2 - 0.15X1,3 
+ 0.75X2,3 - 0.01X1,1 - 1.95X2,2 - 0.01X3,3), R2 = 0.72. Effect of exit die temperature and feed moisture (a), concentration of apple pomace = 15.0 
g/100 g; effect of exit die temperature and concentration of apple pomace (b), feed moisture = 17.0 g/100 g; and effect of feed moisture and 
concentration of apple pomace (c), temperature edit die = 160 °C.
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process solubilizes the phytochemicals bound in the pericarp 
of corn and the peel in the apple pomace making them more 
available to react.
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