?SG%“-ATN ISSN 1981-6723 a

OF FOOD Online version
| TECHNOLOGY

ORIGINAL ARTICLE

Polyphenols, carotenoids and flavonoids in
an antioxidant probiotic yogurt made with
tumbo pulp (Passiflora tripartita Kunth)

Polifendis, carotenoides e flavonoides em um iogurte probidtico
antioxidante feito com polpa de tumbo (Passiflora tripartita
Kunth)

Miguel Angel Inocente-Camones'* ), Gladys Constanza Arias-Arroyo’! @,
Saby Marisol Mauricio-Alza? @, Gloria Tula Bravo-Araujo?, Marleny Flor Capcha-Siccha3,
Emely Cabanillas-Alvitrez®

'Universidad Nacional Mayor de San Marcos (UNMSM), Facultad de Farmacia y Bioquimica, Lima - Perd
2Universidad Norbert Wiener (UNW), Escuela de Nutricion Humana, Lima - Peru

3Instituto de Investigacion Traslacional y Biotransversal Ayru (IITBA), Centro de Investigacion en Estrés Oxidativo e
Innovacion en Antioxidantes, Huaraz - Peru

*Corresponding Author: Miguel Angel Inocente Camones, Universidad Nacional Mayor de San Marcos (UNMSM),
Facultad de Farmacia y Bioquimica, Jiron Puno, 1002, Jardin Botanico, Cercado de Lima 15001 - Peru, e-mail:
miguel.inocente@unmsm.edu.pe

Cite as: Inocente-Camones, M.A., Arias-Arroyo, G. C., Mauricio-Alza, S. M., Bravo-Araujo, G. T., Capcha-Siccha,
M. F., & Cabanillas-Alvitrez, E. (2022). Polyphenols, carotenoids and flavonoids in an antioxidant probiotic yogurt
made with tumbo pulp (Passiflora tripartita Kunth). Brazilian Journal of Food Technology, 25, €2021175.
https://doi.org/10.1590/1981-6723.17521

Abstract

The species Passiflora tripartita Kunth (tumbo) is endemic to South America, whose edible fruits are a rich source
of antioxidant metabolites. This study aimed to develop a probiotic yogurt with tumbo fruit pulp, consisting of
an adequate antioxidant capacity related to its content in phenolic compounds, flavonoids, and carotenoids, and
with good acceptability. Antioxidant capacity was determined by radical scavenging capacity test (DPPHe) and
cation radical scavenging capacity test (ABTS+e), total phenol content by Folin Ciocalteu method, total
flavonoids, and carotenoids by spectrophotometric method, on days 1, 7, 14 and 21 of storage. The surface plate
count method quantified Lactic Acid Bacteria (LAB). The results evidenced that at day 21 of the analysis, the
antioxidant capacity presented high values (DPPHe: 8.774 mg GAE/g, 3.386 mg TAE/g, 6.159 mg AAE/g; ABTS+e:
11.630 mg GAE/g, 7.018 mg TAE/g, 9.218 mg AAE/qg), the content of phenolic compounds presented high values
(3746.389 mg TPGAE/g; 2355.933 mg TPTAE/g), as well as total flavonoids (52.421 mg Quercetin/g) and
carotenoids (72.109 ug B-carotene/g). Yogurt presents a value of 3.4 x 108 CFU/g of LAB and it is therefore
considered a probiotic. High values were determined as the sensory characteristics such as odor (6.89), color
(6.97), texture (6.94), flavor (6.97), and acceptability (6.94), thus being analyzed according to the hedonic scale in
200 panelists. The physicochemical and microbiological quality of the yogurt complies with current regulations.
In conclusion, the probiotic yogurt developed with tumbo fruit pulp had a high amount of LAB. It presented high
antioxidant capacity correlated with its high content of phenolic compounds, flavonoids and carotenoids, which
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remained high during the 21 days of storage. Furthermore, it showed high acceptability and had adequate
physicochemical and microbiological quality.

Keywords: Acceptability; Antioxidant capacity; Lactic acid bacteria; Passiflora tripartita Kunth; Physicochemical
quality; Sensory analysis

Resumo

A espécie Passiflora tripartita Kunth conhecida popularmente como tumbo, é endémica da América do Sul. Seus
frutos comestiveis sdo uma rica fonte de metabdlitos antioxidantes. O objetivo do estudo foi desenvolver um iogurte
probidtico com polpa de fruta tumbo, com capacidade antioxidante adequada, relacionada ao seu conteido em
compostos fendlicos, flavonoides e carotenoides, e com boa aceitabilidade. A capacidade antioxidante foi
determinada pelo teste de capacidade de absorcdo do radical DPPH (DPPHe) e pelo teste de capacidade de
absorcdo de cation-radical (ABTS+e); o conteldo fendlico total foi determinado pelo método Folin Ciocalteu e os
flavonoides totais e carotenoides, pelo método espectrofotométrico, nos dias 1, 7, 14 e 21 de armazenamento. As
Bactérias Acido-Laticas (BAL) foram quantificadas pelo método de contagem de placas de superficie. Os resultados
evidenciaram que, no dia 21 da andlise, a capacidade antioxidante apresentou valores elevados (DPPHe: 8.774 mg
GAE/g, 3.386 mg TAE/g, 6.159 mg AAE/g; ABTS+e: 11.630 mg GAE/g, 7.018 mg TAE/g, 9.218 mg AAE/g) e o
conteldo de compostos fendlicos apresentou valores também expressivos (3746.389 mg TPGAE/g; 2355.933 mg
TPTAE/g), bem como flavonoides totais (52.421 mg Quercetina/g) e carotenoides (72.109 ug B-caroteno/g). O
iogurte apresentou um valor de 3,4 x 108 CFU/g de BAL e foi, portanto, considerado um probidtico. Valores altos
foram determinados em caracteristicas sensoriais, tais como odor (6,89), cor (6,97), textura (6,94), sabor (6,97) e
aceitabilidade (6,94), que foram analisados de acordo com a escala hedénica por 200 provadores. A qualidade fisico-
quimica e microbioldgica do iogurte estad em conformidade com os regulamentos atuais. Em conclusdo, o iogurte
probidtico desenvolvido com polpa de fruto tumbo teve uma alta quantidade de BAL. Esse iogurte teve uma alta
capacidade antioxidante correlacionada com seu alto contetido de compostos fendlicos, flavonoides e carotenoides,
que permaneceram elevados durante os 21 dias de armazenamento. Além disso, esse iogurte mostrou uma alta
aceitabilidade e teve também uma qualidade fisico-quimica e microbioldgica adequada.

Palavras-chave: Aceitabilidade; Capacidade antioxidante; Bactérias acido-laticas; Passiflora tripartita Kunth;
Qualidade fisico-quimica; Analise sensorial.

Highlights
e  Theme 1: Probiotic yogurt made with tumbo fruit pulp (Passiflora tripartita Kunth)
e  Theme 2: Wide general acceptance of probiotic yogurt with tumbo Pulp

e  Theme 3: Probiotic food product with quantified antioxidant metabolites

1 Introduction

Oxidative stress is associated with the risk of activation of Reactive Oxygen Species (ROS) sources,
aiming at generating toxic free radicals (Carvajal, 2019; Viada et al., 2017) at the level of essential organs to
maintain homeostasis (Ortiz & Medina, 2020), and decreasing the intestinal microbiota generating a poor
absorption of nutrients which does not allow absorption of the required antioxidants (Dumitrescu et al., 2018;
Sun et al., 2019).

The excess of these free radicals uncontrolled over time in addition to risk factors of malnutrition such as
obesity associated with developing Cardiovascular Diseases (CVD) (Hernandez et al., 2020), lipid alterations
(Suarez et al., 2021), and Endothelial Dysfunction (ED) may lead to an uncontrollable cycle as part of the
Metabolic Syndrome process (Carvajal, 2017; Cavalcante-Silva et al., 2015; Raya-Farias et al., 2018).
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A plant species native to South America is Passiflora tripartita Kunth, whose edible fruit is called “tumbo”
and is consumed by the Andean communities of Peru. The fruit pulp showed higher antioxidant capacity
against free radicals than several traditional fruits (Chaparro et al., 2014; Giambanelli et al, 2020; Lopa et al.,
2021; Muioz et al., 2007) due to its high content of phenolic compounds, flavonoids, and carotenoids
(Ruiz et al., 2018; Troya et al., 2018).

Currently, phenolic compounds with high antioxidant potential are incorporated in dairy derivatives such
as yogurt that add Lactic Acid Bacteria (LAB) in milk, such as Lactobacillus strains that favor the
maintenance of the intestinal microbiota, and these strains are being studied (Sanchez et al., 2019). Likewise,
in various yogurt formulations, a set of probiotic bacteria are added to improve the absorption of the
incorporated antioxidant compounds (Castro et al., 2016; World Gastroenterology Organisation, 2017).

However, one of the drawbacks in the formulation of probiotic yogurts with bioactive compounds derived
from fruit pulps is related to the permanence of antioxidant metabolites during storage time (Santos et al.,
2019).

For the aforementioned reasons, this study aimed to develop a probiotic yogurt with tumbo fruit pulp with
adequate antioxidant capacity related to its content in phenolic compounds, flavonoids and carotenoids, and
with good acceptance.

2 Materials and methods

2.1 Materials

Raw cow's milk was obtained from a local dairy farm in the district of Lurin (Lima, Peru) during morning
hours. The color, odor, flavor, and textura were analyzed to determine the quality of raw milk (Lépez et al.,
2015). In addition, the physicochemical characterization by evaluating pH, acidity, density and alcohol test
was conducted (Instituto Nacional de Defensa de la Competencia y de la Proteccion de la Propiedad
Intelectual, 2003). Instant whole milk powder for milk standardization was purchased from a Peruvian dairy
industry company. The commercial lactic cultures Nu-trish Lactobacillus casei 431 from Chr. Hansen
(Denmark), Dri-Set yogurt 438 and Dri-Set Bioflora ABY 424 from Vivolac Cultures Corporation (USA)
were used for milk inoculation. The fruits of tumbo (P. tripartita Kunth) were collected in Ancash (Peru),
whose species was identified, classified and a voucher specimen was deposited with the registration number
USM 281623.

2.2 Obtaining the tumbo pulp

The tumbo fruits were washed, peeled, and the epicarp and mesocarp were removed. Then, it was
distributed homogeneously in a polyethylene bag, vacuum sealed and stored at 3 °C before use.

2.3 Yogurt preparation

Milk was pasteurized (90.0 °C, 10 minutes) (Castro Albarranetal., 2017), cooled and filtered
(48.0 £ 2.0 °C, 180 um). Dehydrated sugar cane juice (panela) and instant whole milk powder were added,
concentrated (85.0 = 2.0 °C, 10 minutes), cooled and filtered (45.0 = 2.0 °C, 180 pm). The lactic culture
mixture was inoculated (1.0 pg/mL, constant agitation), and tumbo pulp (50.0 mg/mL) was added. It was
incubated in a fermenter tank with a temperature regulator (42.0 = 2.0 °C, 8 hours). It was churned, bottled
and cooled to 3.0°C for physicochemical, microbiological and sensory analysis.

The yogurt made with the tumbo pulp (Yt) was stored for 21 days in glass containers with airtight lids,

under refrigerated conditions (5.0=1.0°C), taking samples in a sterile environment for the determination of
antioxidant capacity, total phenol, flavonoid and carotenoid content, after 1, 7, 14 and 21 days. Yogurt made
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with the same formulation, but without tumbo pulp, control (Yc) was also stored for 21 days and evaluated
with the same determinations and the same period.

2.4 Analysis of the physicochemical and microbiological quality of the yogurt

The physicochemical quality was determined by evaluating pH (potentiometric method), milk fat (IDF,
1987), protein (Instituto Nacional de Defensa de la Competencia y de la Proteccion de la Propiedad
Intelectual, 1998a), relative density (Instituto Nacional de Defensa de la Competencia y de la Proteccion de
la Propiedad Intelectual, 1998Db), titratable acidity (Instituto Nacional de Defensa de la Competencia y de la
Proteccion de la Propiedad Intelectual, 2008), syneresis (Wang et al., 2010), total solids (International
Diabetes Federation, 1991) and non-fat solids by calculating the difference between total solids and fat.

Microbiological quality was determined by evaluating total coliforms (Instituto Nacional de Defensa de la
Competencia y de la Proteccion de la Propiedad Intelectual, 2014), molds and yeasts according to ICMSF
(International Commission on Microbiological Specifications for Foods, 2000); and LAB count on MRS agar
(Azefor et al., 2015).

2.5 Sensory analysis of the probiotic yogurt

Yogurt sensory characteristics such as odor, color, texture, flavor and acceptability were evaluated using
a seven-point hedonic scale according to Greis et al. (2020) and ICONTEC (Instituto Nacional de Defensa
de la Competencia y de la Proteccion de la Propiedad Intelectual, 2013), with a hedonic scale from “strongly
dislike it (1) to “strongly like it (7)”. The tests were conducted with a sample of 200 panelists consumers of
probiotic yogurts, in the districts of Ate Vitarte and San Juan de Lurigancho in Lima, Peru.

2.6 Chemical analysis of probiotic yogurt

The sample and the control (Yt, Yc) were divided into two treatments to analyze the antioxidant capacity
and determine the total phenols and flavonoid content. The first treatment was a dilution (1:10) with double
distilled water (Ytw, Ycw) and the second treatment was a dilution (1:10) with 96% ethanol (Yte, Yce). Both
treatments were centrifuged (2500 rpm, 5 minutes), and the supernatant was filtered through Whatman No.
4 paper (Maidstone, UK).

2.6.1 Antioxidant capacity

Antioxidant capacity was evaluated by radical scavenging capacity assay and cation radical scavenging
capacity test.

The radical scavenging capacity estimation of each sample was performed using 2,2-diphenyl-1-
picrylhydrazyl radical (DPPH e, Sigma Aldrich) according to the method of Brand-Williams et al. (1995),
Noh et al. (2020) and Ganoza-Yupanqui et al. (2021). From each sample, 500 pL was taken, mixed with
DPPHe reagent (0.1 mM, 1000 pL) for 30 min. Each mixture was read at 517 nm in a double-beam
Ultraviolet-Visible (UV-Vis) spectrophotometer (Thermo Scientific, AQ8000, USA).

Estimation of the cation radical scavenging capacity of each sample was performed using the cation radical
2,2'-azinobis (3-ethyl benzothiazoline 6-sulfonic acid) (ABTS+e) according to the method of Re et al.
(1999), Noh et al. (2020) and Ganoza-Yupanqui et al. (2021). From each sample, 30 pL was taken, mixed
with the reagent ABTS+e (AA-754: 0.7, 1470 pL) for 5 min. Each mixture was read at 754 nm in the
spectrophotometer.

From a stock solution (10 mg/mL) with standards (Sigma-Aldrich) of Gallic Acid (GA) using different
types of calibration solutions (5.0-15.0 mg/mL), of Tannic Acid (TA) (2.0-10.0 mg/mL) and Ascorbic Acid
(AA) (2.5-12.5 mg/mL) were prepared and evaluated as described above. The radical scavenging capacity
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and cation radical scavenging capacity (related to antioxidant capacity) of each sample were expressed as mg
GA, TA and AA equivalent per gram of yogurt (mg GAE, TAE, AAE/g).

2.6.2 Qualitative screening for phenolic compounds

A qualitative screening was performed to identify compounds potentially responsible for the antioxidant
power in the samples. Chemical reactions were performed with FeCls;, AlCl3/NaOH, vanillin/H2SOs,
HCI/NaOH and Mg/HCI to determine the presence of flavonoids, phenols, anthocyanins and/or betalains
(Lock, 2016).

2.6.3 Total Phenolic Content (TPC)

The evaluation of the Total Phenolic Content (TPC) in each sample was carried out according to the
procedure described by Sanchez-Rangel et al. (2013), Hernandez-Carranza et al. (2019) and Kim et al.
(2019), using Folin Ciocalteu's reagent and UV-visible spectrophotometry.

500 pL of each sample was taken, placed and shaken with Folin-Ciocalteu reagent (0.1 M, 500 pL), at
45°C for 10 min. After this time, Na;CO3 (0.5%, 500 uL) was added, and the mixture was allowed to stand
for 30 min at room temperature. After incubation, it was read at 765 nm. The results were expressed as mg
Total Phenols Gallic Acid Equivalent (TPGAE) and Total Phenols Tannic Acid Equivalent (TPTAE) per
gram of yogurt (mg TPGAE/g, mg TPTAE/g). A calibration curve for GA and TA (0.1-1.0 mg/mL) was
prepared and processed in the same way as the samples.

2.6.4 Total Flavonoid Content (TFC)

The TPC was evaluated according to Herndndez-Carranza et al. (2016, 2019). First, 500 pL of each sample
was taken, mixed with NaNO> (1.5%, 500 pL) in a vortex and allowed to stand for 10 min. Then, AICl3 (3%,
1000 puL) was added, mixed for 2 minutes, 1000 pL NaOH 1IN was added, allowed to stand for 2 minutes
and read at 490 nm. Finally, a quercetin standard curve was performed. The result was expressed as mg
quercetin per 100 g of yogurt.

2.6.5 Carotenoid content

Carotenoid extraction was carried out according to Xavier et al. (2012) with the direct sample of yogurt
with tumbo pulp (Yto) and control (Yco). Extraction was a dilution (1:10) with 96% ethanol was also
performed for both samples (Yte, Yce).

For carotenoid quantification, B-carotene (Sigma Aldrich) was used as standard compared to a calibration
curve starting from 100 pg/mL in dilutions of 2.0-15.0 pg/mL, according to the methodology described by
Rutz et al. (2016).

2.7 Data processing

All experiments were performed in triplicate. Results were expressed as mean + standard deviation, and data
were evaluated by parametric test (one-way Analysis of Variance (ANOVA), Tukey's post hoc test) and
nonparametric test (Friedman's test, Wilcoxon signed ranks test). The value p <0.05 was considered statistically
significant. All data obtained were analyzed using IBM SPSS Statistic 26 (2021) software.

3 Results and discussion

The evaluation results of the quality of the raw milk expressed in its organoleptic and physicochemical
characteristics are within the acceptable ranges for consumption according to current regulations (Table 1).

Braz. J. Food Technol., Campinas, v. 25, €2021175, 2022 | https://doi.org/10.1590/1981-6723.17521 5/13



Polyphenols, carotenoids and flavonoids in an antioxidant probiotic yogurt made with tumbo pulp (Passiflora tripartita Kunth)
Inocente-Camones, M. A. et al.

Table 1. Organoleptic and physicochemical quality of raw milk.

Results
Organoleptic Characteristics
Color White
Odor Characteristic
Flavor Sligthtly sweet
Texture Slightly watery
Physicochemical Characteristics
pH 6.53
Acidity (g/100 g) 0.12
Density (g/mL) 1.032
Alcohol test Negative

The evaluation results of the physicochemical and microbiological quality of the yogurt project showed a
food product that combines good indicators. Furthermore, the evaluation of the microbiological quality of the
probiotic yogurt with tumbo pulp showed sanitary characteristics following current Peruvian regulations, and
within the parameters according to Codex Alimentarius (Comision del CODEX Alimentarius, 2002) (Table 2).

The physicochemical parameters determined for the probiotic yogurt with tumbo pulp to consolidate the
quality agreed with the study of Hossain etal. (2012). They evaluated these parameters in a yogurt
preparation with strawberry, orange, and grapefruits, with similar results to the yogurt with tumbo pulp. The
most notable parameter was associated with a lower acidity which favored acceptability and allowed
maintaining the organoleptic characteristics of the probiotic yogurt with tumbo pulp.

The results of the LAB count evaluation of the yogurt with tumbo pulp were 3.4 x 10% CFU/g (Table 2),
exceeding the recommended values as CFU greater than 10 is considered a probiotic (Castro et al., 2015).
However, in comparison with the yogurt with cactus pulp developed by Barat & Ozcan (2017), its vegetable
matrix did not allow adequate development of probiotics obtaining a decrease in the growth of LAB,
accompanied by competitiveness between Streptococcus thermophillus and Lactobacillus acidophilus by the
milk matrix, so the author did not achieve a yogurt with an adequate LAB count to be probiotic.

The increase of CFU in the yogurt developed with tumbo (Table 2) could be due to higher fiber content,
increasing the amount of prebiotics necessary for the selective growth of LAB probiotics. Probiotics are
considered microorganisms that provide beneficial effects on the intestinal flora, generating an adequate
balance between beneficial and pathogenic bacteria that invade the intestinal walls (Floch, 2018).

Table 2. Physicochemical and microbiological quality of probiotic yogurt.

Results
Physicochemical Quality
Milk fat (*) 3.51
Non-fat solids (*) 19.45
Total solids (*) 22.96
Proteins (*), factor: 6.38 4.86
Acidity (*) 0.79
pH 3.94
Density (g/mL) 1.06
Syneresis (*) 8.81
Microbiological Quality
Lactic Acid Bacteria (LAB) count 3.4x 108 CFU/g
Mold and yeast count <10 CFU/g
Total coliforms Absent

(#) = expressed in g/100 g; CFU = Colony Forming Units for grame.
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In the sensory evaluation of the probiotic yogurt with tumbo regarding its acceptability, color, flavor,
smell, and texture, carried out by the panelists, results were obtained, with a score higher than 6.8, which
guarantees an acceptable product and conforming quality. The hedonic scale applied to the panelists showed
a score concordant with the description “strongly like it”, valuing the acceptance of the probiotic with tumbo
pulp (Figure 1). The yogurt with tumbo obtained a higher score scale, compared to the score of 6.0 of the
fermented beverage from buttermilk with L. acidophilus and S. thermophilus elaborated by Miranda et al.
(2014), in addition to the LAB count of the buttermilk beverage (1.2 x 107 CFU/mL) that was lower than the
yogurt with tumbo.

FLAVOR
7.00
6.97

ACCEPTABILITY COLOR

6.94

TEXTURE ODOR

Figure 1. Sensory analysis of the probiotic yogurt. Values are calculated as mean (n = 200). Seven-point hedonic
scale: strongly dislike it, dislike it, slightly dislike it, neither like nor dislike it, like it slightly, like it, strongly like it.

The sample was treated with two solvents, bidistilled water that extracts polar chemical compounds and
96% ethanol that extracts medium polar chemical compounds due to its carbon chain to evaluate the
antioxidant capacity and determine the TPC and total flavonoids of the probiotic yogurt with tumbo pulp.
The developed procedure is established in the study owing to a diversity of polar and medium polar phenolic
compounds available (Abarca-Vargas & Petricevich, 2020; Gharaati Jahromi, 2019).

Then, the antioxidant capacity of the probiotic yogurt with tumbo pulp was evaluated by radical
scavenging capacity assay (DPPHe) and cation radical scavenging capacity test (ABTS+e), comparing the
results with three standards, TA, GA, and AA related to the presence of phenolic compounds contained in
tumbo pulp (Giambanelli et al, 2020; Lopa et al., 2021; Ruiz et al., 2018).

The antioxidant capacity was evaluated considering the median inhibitory concentration (ICsp) of the
calibration curve of GA (DPPHe: 11.123 mg/mL; ABTS+e: 9.282 mg/mL), TA (DPPHe: 5.323 mg/mL;
ABTS+e: 4.939 mg/mL) and AA (DPPHe: 8.229 mg/mL; ABTS+e: 6.892 mg/mL) that was also obtained
by mathematical and statistical calculations and the results are shown in Table 3. Several studies evaluated
the antioxidant activity of yogurts by radical scavenging capacity assay using the Trolox standard or
expressing in percentage inhibition (Silva et al., 2022; Nguyen & Hwang, 2016; Zapata et al., 2015).
However, it was not considered applicable in the present study because Trolox is an analog of vitamin E that
has not been found in tumbo pulp. Moreover, its prooxidant activity is described due to the stability and
concentration of the reagent (Giordano et al., 2020).
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Table 3. Antioxidant capacity of the probiotic yogurt.

Polyphenols, carotenoids and flavonoids in an antioxidant probiotic yogurt made with tumbo pulp (Passiflora tripartita Kunth)

Treated Probiotic

DAYS OF STORAGE

Yogurt 1 7 14 21

Ytw 11.129+0.017*  10.133 +0.035" 9.438 + 0.089¢ 8.774 +0.070¢

DPPH Yew 5.407 £0.034° 5351 £0.051° 5.586 + 0.054° 5.401 + 0.086°
(mg GAE/g) Yte 10.989 +£0.108*  10.139 + 0.044° 9.451 £ 0.045¢ 8.511 £0.061¢
Yce 5.049 £ 0.064° 5.066 = 0.054° 5.105 + 0.060° 4.697 +0.051°

Ytw 13.748 £0.085*  12.965+0.046° 12309 +0.034°  11.630+0.036¢

ABTS Yew 3.801 £0.020°%  3.675+0.046"*  3.727+0.035*  3.836+0.010%*
(mg GAE/g) Yte 13.622 +0.0172 12.637 + 0.046° 12.097 + 0.026° 10.991 + 0.036¢
Yece 3.819+0.027% 3,709 £0.030** 3774+ 0.030°*  3.686 = 0.026"*

Ytw 5328 £0.014° 4.507 £ 0.029° 3.930 + 0.070¢ 3.386 + 0.057¢

DPPH Yew 0.610 £ 0.0282 0.564 = 0.042° 0.758 = 0.044° 0.605 + 0.0712
(mg TAE/g) Yte 5.212 £0.089* 4.512 +0.036° 3.994 £ 0.036¢ 3.169 + 0.050¢
Yce 0.315 £ 0.0522 0.329 + 0.044° 0.361 + 0.049° 0.025 + 0.042b

Ytw 8.893 £ 0.075° 8.200 + 0.041° 7.619 +0.031¢ 7.018 + 0.032¢

ABTS Yew 0.090 £ 0.018*  -0.023 +0.040**  0.023 +0.030°*  0.120 + 0.009**
(mg TAE/g) Yte 8.780 £ 0.016* 7.880 + 0.084° 7.431 £0.023¢ 6.452 +0.032¢
Yece 0.105+0.023"*  0.008 £ 0.027*  0.039 +0.027*  -0.012 + 0.023%*

Ytw 8.235+0.015% 7.357£0.031° 6.741 £ 0.074° 6.159 + 0.061¢

DPPH Yew 3.190 + 0.030° 3.141 £ 0.045° 3.348 + 0.048° 3.186 + 0.076°
(mg AAE/g) Yte 8.111 = 0.095% 7.362 +0.039° 6.755 £ 0.039¢ 5.927 +0.053¢
Yece 2.875 £ 0.056° 2.889 + 0.048° 2.924 +0.053° 2.564 + 0.045°

Ytw 11316 +£0.084*  10.541 +0.045" 9.891 = 0.034¢ 9.218 + 0.035¢

ABTS Yew 1.465+0.020°%  1.339+0.046™* 1391 +0.035"*  1.499 +0.001%*
(mg AAE/g) Yte 11.191 £0.017*  10.216 + 0.045" 9.680 = 0.026¢ 8.585 + 0.035¢
Yce 1.482£0.026™ 1370 +0.030°*  1.408 +0.030°*  1.350 % 0.026%*

Ytw = probiotic yogurt with tumbo pulp treated with bidistilled water; Ycw = control of Ytw without tumbo pulp treated with bidistilled water;
Yte = probiotic yogurt with tumbo pulp treated with 96% etanol; Yce = control of Yte without tumbo pulp treated with 96% ethanol. GAE =
Gallic Acid Equivalent; TAE = Tannic Acid Equivalent; AAE = Ascorbic Acid Equivalent. All values are expressed as Mean + Standard
Deviation, evaluations performed in triplicate. a, b, ¢, d indicate significant difference (p < 0.05); * Friedman's test and Wilcoxon signed-rank
test were applied.

Qualitative assays were previously performed to detect the presence of phenolic compounds in the yogurt
with tumbo, the results of which could denote the presence of phenolic compounds (FeCls, blue-green color)
and flavonoids (AICI3/NaOH, yellow color; Mg/HCI, red color), which were related to the results of
Giambanelli et al. (2020).

According to IRAM (Instituto Argentino de Normalizacion, 2004), to be considered a natural product with
adequate levels of phenols and flavonoids, a product must be found in proportions greater than 50.0 mg
GAE/g. Yogurt with tumbo pulp treated with double distilled water (Ytw) presented a content of total phenols
higher than recommended (Table 4) from day 1 (4218.882 + 21.227 mg TPGAE/g) to day 21 (3746.389 +
28.929 mg TPGAE/g), i.e., superior to yogurt made from Aronia melanocarpa juice, the result of which was
54.05 + 1.43 mg GAE/g (Nguyen & Hwang, 2016).
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Treated Probiotic

DAYS OF STORAGE

Yogurt 1 7 14 21

Ytw 4218.882£21.227°  3968.739 + 28.929 3862.196 + 27.794° 3746.389 + 28.929¢

TPC Yew 378.717 £32.093"%  401.879 + 36.768* 378.718 + 28.928* 313.866 + 8.023%*
(mg TPGAE/g) Yte 3945577 £36.780"  3764.918 + 36.768" 3667.640 + 41.691° 3394335 + 42.456°
Yce 383.350 £28.929"  387.982 £ 27.794%* 364.820 + 8.023% 332.394 + 27.794%
Ytw 2678.691 +14.500°  2507.819 +19.761° 2435.040 + 18.986° 2355.933 +19.761¢

TPC Yew 55.491 + 21.922% 71312 +25.116™ 55.491 + 19.761%* 11.191 + 5.481%*
(mg TPTAE/g) Yte 2491.997 +£25.116* 2359.097 +9.493° 2302.140 + 28.479° 2115.446 + 29.002°
Yce 58.655 + 19.761%* 61.819 + 18.986 45.998 + 5.481% 23.848 + 18.986%*

Ytw = probiotic yogurt with tumbo pulp treated with bidistilled water; Ycw = control of Ytw without tumbo pulp treated with bidistilled water;
Yte = probiotic yogurt with tumbo pulp treated with 96% etanol; Yce = control of Yte without tumbo pulp treated with 96% ethanol. TPGAE
= Total Phenols Gallic Acid Equivalent; TPTAE = Total Phenols Tannic Acid Equivalent. All values are expressed as Mean + Standard
Deviation, evaluations performed in triplicate. a, b, ¢, d indicate significant difference (p < 0.05); * Friedman's test and Wilcoxon signed-rank
test were applied.

Table 5 shows the flavonoid content of the probiotic yogurt with tumbo pulp (Ytw and Yte) during the 21
days of storage, the results of which were higher than the yogurt fortified with noni juice described by
Kwon et al. (2021). Likewise, the results could also denote a better stability of flavonoids over time.

Table 5. Total Flavonoid Content (TFC) in probiotic yogurt.

Treated Probiotic DAYS OF STORAGE
Yogurt 1 7 14 21
Ytw 73.300 = 1.395° 60.366 = 0.554 56.855 + 0.847° 52421 £ 1.154¢
TFC Yew 1.608 + 0.554%* 0.684 + 0.320% 1.238 + 0.320%* 0.868 + 0.320%*
(mg Quercetin/g) Yte 59.627 + 0.847%* 50.203 + 0.320%* 42.812 + 0.850%* 36.345 £ 0.320%

Yce 4.010 +0.320** 1.423 +0.320%* 0.684 + 0.320°* 1.238 +£0.320**

Ytw = probiotic yogurt with tumbo pulp treated with bidistilled water; Ycw = control of Ytw without tumbo pulp treated with bidistilled water;
Yte = probiotic yogurt with tumbo pulp treated with 96% etanol; Yce = control of Yte without tumbo pulp treated with 96% ethanol. All values
are expressed as Mean + Standard Deviation, evaluations performed in triplicate. a, b, ¢, d indicate significant difference (p < 0.05);
* Friedman's test and Wilcoxon signed-rank test were applied.

Table 6 shows the carotenoid content of the probiotic yogurt with tumbo pulp (Yto and Yte) during the 21
days of storage, whose results were higher than the yogurt enriched with encapsulated red bell pepper residues
described by Seregelj et al. (2019); and presented a higher amount of B-carotene than the probiotic yogurt
enriched with Spirulina biomass developed by Patel et al. (2019). In addition, ethanol allowed the extraction
of carotenoids from food products (Saini & Keum, 2018), so its values were close to the extraction method,
according to Xavier et al. (2012).

Table 6. Carotenoid content of probiotic yogurt.

Treated DAYS OF STORAGE
Probiotic Yogurt 1 7 14 21
Yto 95.136 + 1.953° 86.120 +1.612° 81.164 + 1.185° 72.109 + 0.777¢
Carotenoids Yeo 26.054 + 0.448 24.502 + 0.449° 26.572 £ 0.448" 23.467 + 0.448
(ng B-carotene/g) Yte 85.822 + 1.950° 79.353 £ 1.186" 77.346 + 1.721° 65.382 + 1.616°
Yce 32.782 + 0.448% 28.900 + 0.448" 24761 +0.777* 22.432 +0.776™

Yto = probiotic yogurt with tumbo Pulp, according to Xavier et al. (2012); Yco = control of Yto without tumbo Pulp, according to Xavier et al.
(2012); Yte = probiotic yogurt with tumbo pulp treated with 96% etanol; Yce = control of Yte without tumbo pulp treated with 96% ethanol.
All values are expressed as Mean + Standard Deviation, evaluations performed in triplicate. a, b, ¢, d indicate significant difference (p < 0.05).
*Friedman's test and Wilcoxon signed-rank test were applied.
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4 Conclusion

The probiotic yogurt developed with P.a tripartita (tumbo) fruit pulp had a high amount of LAB, thus
exceeding the recommended values as CFU greater than 107 is considered a probiotic. Furthermore, the
probiotic yogurt presented high antioxidant capacity through the radical scavenging capacity test and the
cation radical scavenging capacity test, which correlated with its high content of phenolic compounds,
flavonoids, and carotenoids that could remain high during the 21 days of storage. In addition, it showed high
acceptability and had an adequate physicochemical and microbiological quality.

Acknowledgements

The authors thank the School of Human Nutrition, Faculty of Health Sciences, Norbert Wiener University
for their normative technical support for the development of functional food and quality standards.

References

Abarca-Vargas, R., & Petricevich, V. L. (2020). Comparison of different extraction methods for the phenolic compounds
recovery with the antioxidant activity of Bougainvillea x buttina. Current Analytical Chemistry, 16(6), 778-787.
http://dx.doi.org/10.2174/1573411015666190409110207

Azefor, N., Hall, P., Ledenbach, L., & Flowers, R. (2015). Acid-producing microorganisms. In Y. Salfinger & M. Lou.
Compendium of methods for the microbiological examination of foods (Chap. 19, 5th ed.). Washington: Salfinger y Lou.

Barat, A., & Ozcan, T. (2017). Growth of probiotic bacteria and characteristics of fermented milk containing fruit matrices.
International Journal of Dairy Technology, 71(S1), 120-129.

Brand-Williams, W., Cuvelier, M., & Berset, C. (1995). Use of free radical method to evaluate antioxidant activity. Lebensmittel-
Wissenschaft + Technologie, 28(1), 25-30. http://dx.doi.org/10.1016/S0023-6438(95)80008-5

Carvajal, C. (2017). El endotelio: estructura, funcién y disfuncion endotelial. Medicina Legal de Costa Rica, 34(2), 90-100.
Carvajal, C. (2019). Especies reactivas del oxigeno: formacién, funcion y estrés oxidativo. Medicina Legal de Costa Rica, 36(1), 91-100.

Castro Albarran, J., Navarro Hernandez, R. E., Solis Pacheco, J. R., Salazar Quifiones, |. C., Macias Lépez, G. G., Barrera de
Ledn, J. C., & Aguilar Uscanga, B. R. (2017). Impacto de la pasteurizacion/liofilizacion en el contenido disponible de
inmunoglobulinas en leche humana madura: estudio de aplicacion en bancos de leche humana en hospitales. Nutricién
Hospitalaria, 34(4), 899-906. PMid:29095015. http://dx.doi.org/10.20960/nh.627

Castro, J. M., Tornadijo, M. E., Fresno, J. M., & Sandoval, H. (2015). Biocheese: a food probiotic carrier. BioMed Research
International, 2015, 723056. PMid:25802862. http://dx.doi.org/10.1155/2015/723056

Castro, M., Arias, |., Barboza, F., Duque, L., & Villalobos, D. (2016). Usos clinicos de los probiéticos: malabsorciéon de lactosa,
cdlico del lactante, enfermedad inflamatoria intestinal, enterocolitis necrotizante, Helycobacter pylori. Archivos Venezolanos de
Puericultura y Pediatria, 79(1), 022-028. Retrieved in 2021, December 2, from
http://ve.scielo.org/scielo.php?script=sci_arttext&pid=S0004-06492016000100006&Ing=es&ting=es

Cavalcante-Silva, L. H., Galvao, J. G., da Silva, J. S., de Sales-Neto, J. M., & Rodrigues-Mascarenhas, S.. (2015). Obesity-
driven gut microbiota inflammatory pathways to metabolic syndrome. Frontiers in Physiology, 6, 341. PMid:26635627.
http://dx.doi.org/10.3389/fphys.2015.00341

Chaparro, D., Maldonado, M., Franco, M., & Urango, L. (2014). Caracteristicas nutricionales y antioxidantes de la fruta curuba
larga (Passfilora mollissima Bailey). Perspectivas en Nutricion Humana, 16(2), 203-212.

Comision del CODEX Alimentarius. (2002). Informe de la Quinta Reunién del Comité del CODEX Alimentarius sobre la leche y
productos lacteos. Roma: FAO.

Dumitrescu, L., Popescu-Olaru, I., Cozma, L., Tulba, D., Hinescu, M. E., Ceafalan, L. C., Gherghiceanu, M., & Popescu, B. O..
(2018). Oxidative stress and the microbiota-gut-brain axis. Oxidative Medicine and Cellular Longevity, 2018(1), 2406594.
PMid:30622664. http://dx.doi.org/10.1155/2018/2406594

Floch, M. H. (2018). The role of prebiotics and probiotics in gastrointestinal disease. Gastroenterology Clinics of North America,
47(1), 179-191. PMid:29413011. http://dx.doi.org/10.1016/j.gtc.2017.09.011

Ganoza-Yupanqui, M. L., Mufioz-Acevedo, A., Ybafiez-Julca, R. O., Mantilla-Rodriguez, E., Zavala, E., Gajardo, S., Rios, M.,
Benites, J., & Martinez, J. L. (2021). Potential antioxidant effect of fruit peles for human use from northern Peru, compared by 5
different methods. Boletin Latinoamericano y del Caribe de Plantas Medicinales y Aromaticas, 20(6), 611-637.
http://dx.doi.org/10.37360/blacpma.21.20.6.44

Braz. J. Food Technol., Campinas, v. 25, €2021175, 2022 | https://doi.org/10.1590/1981-6723.17521 10/13


https://doi.org/10.2174/1573411015666190409110207
https://doi.org/10.1016/S0023-6438(95)80008-5
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29095015&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25802862&dopt=Abstract
https://doi.org/10.1155/2015/723056
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26635627&dopt=Abstract
https://doi.org/10.3389/fphys.2015.00341
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30622664&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30622664&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29413011&dopt=Abstract
https://doi.org/10.1016/j.gtc.2017.09.011
https://doi.org/10.37360/blacpma.21.20.6.44

Polyphenols, carotenoids and flavonoids in an antioxidant probiotic yogurt made with tumbo pulp (Passiflora tripartita Kunth)
Inocente-Camones, M. A. et al.

Gharaati Jahromi, S. (2019). Extraction techniques of phenolic compounds from plants. In M. Soto-Hernandez, R. Garcia-
Mateos & M. Palma-Tenango (Eds.), Plant physiological aspects of phenolic compounds. London: IntechOpen.
http://dx.doi.org/10.5772/intechopen.84705

Giambanelli, E., Gémez-Caravaca, A. M., Ruiz-Torralba, A., Guerra-Hernandez, E. J., Figueroa-Hurtado, J. G., Garcia-
Villanova, B., & Verardo, V. (2020). New advances in the determination of free and bound phenolic compounds of Banana
Passion Fruit Pulp (Passiflora tripartita, var. Mollissima (Kunth) L.H. Bailey) and their in vitro antioxidant and hypoglycemic
capacities. Antioxidants, 9(7), 628. PMid:32708874. http://dx.doi.org/10.3390/antiox9070628

Giordano, M. E., Caricato, R., & Lionetto, M. G. (2020). Concentration dependence of the antioxidant and prooxidant activity of
Trolox in HelLa cells: involvement in the induction of apoptotic volumen decrease. Antioxidants, 9(11), 1058. PMid:33137938.
http://dx.doi.org/10.3390/antiox9111058

Greis, M., Sainio, T., Katina, K., Kinchla, A., Nolden, A., Partanen, R., & Seppa, L. (2020). Dynamic textura perception in plant-
based yogurt alternatives: identifying temporal drivers of liking by TDS. Food Quality and Preference, 86, 104019.
http://dx.doi.org/10.1016/j.foodqual.2020.104019

Hernandez, Y., Rodriguez, A., Villafuerte, J., Marrero, |., & Mora, C. (2020). Influencia de los radicales libres en la génesis de la
aterosclerosis. Revista Finlay, 10(2), 170-178.

Hernandez-Carranza, P., Avila-Sosa, R., Guerrero-Beltran, J. A., Navarro-Cruz, A. R., Corona-Jiménez, E., & Ochoa-Velasco,
C. E. (2016). Optimization of antioxidant compounds extraction from fruit by-products: apple pomace, orange and banana peel.
Journal of Food Processing and Preservation, 40(1), 103-115. http://dx.doi.org/10.1111/jfpp.12588

Hernandez-Carranza, P., Jattar-Santiago, K. Y., Avila-Sosa, R., Pérez-Xochipa, |., Guerrero-Beltran, J. A., Ochoa-Velasco, C.
E., & Ruiz-Lopez, I. I. (2019). Antioxidant fortification of yogurt with red cactus pear peel and its mucilage. CYTA: Journal of
Food, 17(1), 824-833. http://dx.doi.org/10.1080/19476337.2019.1654548

Hossain, N., Fakruddin, & Islam, N. (2012). Quality comparison and acceptability of yoghurt with different fruit juices. Journal of
Food Processing & Technology, 3(8), 1-5. http://dx.doi.org/10.4172/2157-7110.1000171

Instituto Argentino de Normalizacion — IRAM. (2004). Norma IRAM 15935-1 Scheme 1. Buenos Aires: Instituto Argentino de
Normalizacién - Subcomité de productos agroalimentarios del NOA.

Instituto Nacional de Defensa de la Competencia y de la Proteccién de la Propiedad Intelectual — ICONTEC. (2013). Anéalisis
sensorial. Metodologia. Prueba de Comparacion pareada. Norma Técnica Colombiana NTC. Bogota: ICONTEC.

Instituto Nacional de Defensa de la Competencia y de la Proteccion de la Propiedad Intelectual — INDECOPI. (1998a). Leche y
productos lacteos. Leche evaporada. Preparacion de la muestra. Determinacion de acido lactico, ceniza, plomo, grasa,
nitrégeno, caseina, albumina, lactosa, gelatina, preservantes, aditivos de color y sélidos totales. Norma Técnica Peruana NTP
202.135, item 3.8:1998. Lima: Indecopi.

Instituto Nacional de Defensa de la Competencia y de la Proteccién de la Propiedad Intelectual — INDECOPI. (1998b). Ensayo
de determinacién de la densidad relativa. Método usual (Norma Técnica Peruana NTP 202.008.1998). Lima: Indecopi.

Instituto Nacional de Defensa de la Competencia y de la Proteccién de la Propiedad Intelectual — INDECOPI. (2003). Leche y
productos lacteos. Leche cruda. Requisitos (Norma Técnica Peruana NTP 2020.000.2003). Lima: Indecopi.

Instituto Nacional de Defensa de la Competencia y de la Proteccion de la Propiedad Intelectual — INDECOPI. (2008).
Determinacion de acidez de la leche. Método volumétrico (Norma Técnica Peruana NTP 202.116.2008). Lima: Indecopi.

Instituto Nacional de Defensa de la Competencia y de la Proteccién de la Propiedad Intelectual — INDECOPI. (2014). Leche y
productos lacteos. Requisitos. Norma Técnica Peruana NTP 202.092 2014. Lima: INDECOPI.

International Commission on Microbiological Specifications for Foods — ICMSF. (2000). Parte II: métodos recomendados para el
analisis microbiolégico de los alimentos. In Acribia SA (Ed.), Microorganismo de los alimentos 1. Su significado y métodos de
enumeracion (pp. 166-167). Zaragoza: Acribia SA.

International Diabetes Federation — IDF. (1987). Milk-based edible ices and ices mixes. Determination of fat content. Rose-
Gottlieb gravimetric method (reference method).116 A. Belgium: IDF.

International Diabetes Federation — IDF. (1991). Yogurt. Determination of total solids content. Belgium: IDF.

Kim D, Cho W, Yeon S, Choi S, & Lee C. (2019). Effects of lotus (Nelumbo nucifera) leaf on quality and antioxidant activity of
yogurt during refrigerated storage. Food Science of Animal Resources, 39(5), 792-803. https://doi.org/10.5851/kosfa.2019.e69

Kwon, S.-H., Kothari, D., Jung, H.-I., Lim, J.-M., Kim, W.-L., Kwon, H.-C., Han, S.-G., Seo, S.-M., Choi, Y.-K., & Kim, S.-K.
(2021). Noni juice fortified yogurt mitigates dextran sodium sulfate-induced colitis in mice through the modulation of
inflammatory cytokines. Journal of Functional Foods, 86, 104652. http://dx.doi.org/10.1016/}.jff.2021.104652

Lock, O. (2016). Investigacion fitoquimica. Métodos en el estudio de productos naturales (3. ed.). Lima: Lock.

Lopa, J., Valderrama, M., Ledn, N., Lazo, L., Llerena, J. P., Ballén, C., & Guija-Poma, E. (2021). Evaluacién de la capacidad
antioxidante y compuestos bioactivos de tumbo (Passiflora mollissima) y cerezo (Prunus serotina). Horizonte Médico (Lima),
21(3), e1365. http://dx.doi.org/10.24265/horizmed.2021.v21n3.08

Lépez, A., Barriga, D., Jara, J., & Ruiz, J. (2015). Determinaciones analiticas en leche. Sevilla: Junta de Andalucia, Instituto de
Investigacion y Formacion Agraria y Pesquera, Consejeria de Agricultura y Pesca.

Braz. J. Food Technol., Campinas, v. 25, €2021175, 2022 | https://doi.org/10.1590/1981-6723.17521 11/13


http://dx.doi.org/10.5772/intechopen.84705
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32708874&dopt=Abstract
https://doi.org/10.3390/antiox9070628
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33137938&dopt=Abstract
https://doi.org/10.3390/antiox9111058
https://doi.org/10.1016/j.foodqual.2020.104019
https://doi.org/10.1111/jfpp.12588
https://doi.org/10.1080/19476337.2019.1654548
https://doi.org/10.4172/2157-7110.1000171
https://doi.org/10.1016/j.jff.2021.104652
https://doi.org/10.24265/horizmed.2021.v21n3.08

Polyphenols, carotenoids and flavonoids in an antioxidant probiotic yogurt made with tumbo pulp (Passiflora tripartita Kunth)
Inocente-Camones, M. A. et al.

Miranda, M., Fonseca, P., Ponce, I., Sam, L., & Marti, L. (2014). Elaboracion de una bebida fermentada a partir del suero de leche
que incorpora Lactobacillus acidophilus y Streptococcus thermophilus. Revista Cubana de Alimentacioén y Nutricion, 24(1), 7-16.

Mufoz, A., Ramos, F., Alvarado, C., & Castafieda, B. (2007). Evaluacién de la capacidad antioxidante y contenido de
compuestos fendlicos en recursos vegetales promisorios. Revista de la Sociedad Quimica del Pert, 73(3), 142-149.

Nguyen, L., & Hwang, E. (2016). Quality characteristics and antioxidant activity of yogurt supplemented with Aronia (Aronia
melanocarpa) Juice. Preventive Nutrition and Food Science, 21(4), 330-337. PMid:28078255.
http://dx.doi.org/10.3746/pnf.2016.21.4.330

Noh, Y., Jang, A., & Pyo, Y. (2020). Quality characteristics and antioxidant capacities of Korean comercial yogurt. Korean
Journal of Food Science Technology, 52(2), 113-118.

Ortiz, J., & Medina, M. (2020). Estrés oxidativo ¢ un asesino silencioso? Educacién en la Quimica, 31(1), 1-11.

Patel, P., Jethani, H., Radha, C., Vijayendra, S., Mudliar, S., Sarada, R., & Chauhan, V. (2019). Development of a carotenoid
enriched probiotic yogurt from fresh biomass of Spirulina and its characterization. Journal of Food Science and Technology,
56(8), 3721-3731. PMid:31413399. http://dx.doi.org/10.1007/s13197-019-03844-0

Raya-Farias A., Carranza-Madrigal J., Campos-Pérez Y., Cortés-Rojo C. & Sanchez-Pérez T. A. (2018). El aguacate inhibe el
estrés oxidativo y la disfuncion endotelial inducida por el consumo de una hamburguesa en pacientes con sindrome metabdlico.
Medicina Interna de México, 34(6), 840-847. https://doi.org/10.24245/mim.v34i6.2117

Re, R., Pellegrini, N., Proteggente, A., Pannala, A., Yang, M., & Rice-Evans, C. (1999). Antioxidant activity applying an
improved ABTS radical cation decolorization assay. Free Radical Biology & Medicine, 26(9-10), 1231-1237. PMid:10381194.
http://dx.doi.org/10.1016/S0891-5849(98)00315-3

Ruiz, S., Venegas, E., Valdiviezo, J., & Plasencia, J. (2018). Contenido de fenoles totales y capacidad antioxidante in vitro del
jugo “pur pur” Passiflora tripartita var. muy suave (Passifloraceae). Arnaldoa, 25(3), 1003-1014.

Rutz, J. K., Borges, C. D., Zambiazi, R. C., da Rosa, C. G., & da Silva, M. M. (2016). Elaboration of microparticles of
carotenoids from natural and synthetic sources for applications in food. Food Chemistry, 202, 324-333. PMid:26920301.
http://dx.doi.org/10.1016/j.foodchem.2016.01.140

Saini, R. K., & Keum, Y. S. (2018). Carotenoid extraction methods: a review of recent developments. Food Chemistry, 240, 90-
103. PMid:28946359. http://dx.doi.org/10.1016/j.foodchem.2017.07.099

Sanchez, J., Barragan, J., & Serna, L. (2019). Review of Lactobacillus in the food industry and their culture media. Revista
Colombiana de Biotecnologia, 21(2), 63-76. http://dx.doi.org/10.15446/rev.colomb.biote.v21n2.81576

Sanchez-Rangel, J. C., Benavides, J., Heredia, J. B., Cisneros-Zevallos, L., & Jacobo-Velazquez, D. A. (2013). The Folin-
Ciocalteu assay revisited: improvement of its specifity for total phenolic content determination. Analytical Methods, 5(21), 5990-
5999. http://dx.doi.org/10.1039/c3ay41125g

Santos, M. S., Estevinho, L. M., Carvalho, C. A. L., Morais, J. S., Conceigéo, A. L. S., Paula, V. B., Magalhdes-Guedes, K., &
Almeida, R. C. C. (2019). Probiotic yogurt with Brazilian Red Propolis: physicochemical and bioactive properties, stability, and
shelf life. Journal of Food Science, 84(12), 3429-3436. PMid:31751501. http://dx.doi.org/10.1111/1750-3841.14943

Seregelj, V., Tumbas Saponjac, V., Levi¢, S., Kalugevi¢, A., Cetkovié, G., Canadanovié-Brunet, J., Nedovié, V., Stajéi¢, S., Vulig,
J., & Vidakovi¢, A. (2019). Application of encapsulated natural bioactive compounds from red pepper waste in yogurt. Journal of
Microencapsulation, 36(8), 704-714. PMid:31516053. http://dx.doi.org/10.1080/02652048.2019.1668488

Silva, F. A., Queiroga, R. C. R. D. E., de Souza, E. L., Voss, G. B., Borges, G. D. S. C., Lima, M. D. S., Pintado, M. M. E., &
Vasconcelos, M. A. D. S. (2022). Incorporation of phenolic-rich ingredients from integral valorization of Isabel grape improves
the nutritional, functional and sensory characteristics of probiotic goat milk yogurt. Food Chemistry, 369, 130957.
PMid:34488134. http://dx.doi.org/10.1016/j.foodchem.2021.130957

Sudrez, G., Capote, C., Acosta, T., Fernandez, T., & Clapés, S. (2021). Indicadores metabdlicos y de estrés oxidativo en ratas
con obesidad inducida con glutamato monosddico. Revista Habanera de Ciencias Médicas, 20(4), 1-7.

Sun, L., Jia, H., Li, J., Yu, M., Yang, Y., Tian, D., Zhang, H., & Zou, Z. (2019). Cecal gut microbiota and metabolites might
contribute to the severity of acute myocardial ischemia by impacting the intestinal permeability, oxidative stress, and energy
metabolism. Frontiers in Microbiology, 10(1), 1745. PMid:31428065. http://dx.doi.org/10.3389/fmicb.2019.01745

Troya, D., Tupuna-Yerovi, D. S., & Ruales, J. (2018). Effects of wall materials and operating parameters on physicochemical
properties, process efficiency, and total carotenoid content of microencapsulated Banana Passionfruit Pulp (Passiflora tripartita var.
mollissima) by spray-drying. Food and Bioprocess Technology, 11(10), 1828-1839. http://dx.doi.org/10.1007/s11947-018-2143-0

Viada, E., Gémez, L., & Campainia, |. (2017). Estrés oxidativo. Correo Cientifico Médico, 21(1), 171-186.

Wang, J., Guo, Z., Zhang, Q., Yan, L., Chen, Y., Chen, X, Liu, X., Chen, W., & Zhang, H. (2010). Effect of probiotic
Lactobacillus casei Zhang on fermentation characteristics of set yogurt. International Journal of Dairy Technology, 63(1), 105-
112. http://dx.doi.org/10.1111/j.1471-0307.2009.00556.x

World Gastroenterology Organisation — WGO. (2017). Probiéticos y prebiéticos. Guia mundial de la WGO probiéticos y
prebidticos. USA: WGO.

Braz. J. Food Technol., Campinas, v. 25, €2021175, 2022 | https://doi.org/10.1590/1981-6723.17521 12/13


https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28078255&dopt=Abstract
https://doi.org/10.3746/pnf.2016.21.4.330
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31413399&dopt=Abstract
https://doi.org/10.1007/s13197-019-03844-0
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10381194&dopt=Abstract
https://doi.org/10.1016/S0891-5849(98)00315-3
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26920301&dopt=Abstract
https://doi.org/10.1016/j.foodchem.2016.01.140
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28946359&dopt=Abstract
https://doi.org/10.1016/j.foodchem.2017.07.099
https://doi.org/10.15446/rev.colomb.biote.v21n2.81576
https://doi.org/10.1039/c3ay41125g
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31751501&dopt=Abstract
https://doi.org/10.1111/1750-3841.14943
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31516053&dopt=Abstract
https://doi.org/10.1080/02652048.2019.1668488
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34488134&dopt=Abstract
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34488134&dopt=Abstract
https://doi.org/10.1016/j.foodchem.2021.130957
https://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31428065&dopt=Abstract
https://doi.org/10.3389/fmicb.2019.01745
https://doi.org/10.1007/s11947-018-2143-0
https://doi.org/10.1111/j.1471-0307.2009.00556.x

Polyphenols, carotenoids and flavonoids in an antioxidant probiotic yogurt made with tumbo pulp (Passiflora tripartita Kunth)
Inocente-Camones, M. A. et al.

Xavier, A. A. O., Mercadante, A. Z., Domingos, L. D., & Viotto, W. H. (2012). Desenvolvimento e validagdo de método
espectrofotométrico para determinagéo de corante a base de luteina adicionado em iogurte desnatado. Quimica Nova, 35(10),
2057-2062. http://dx.doi.org/10.1590/S0100-40422012001000028

Zapata, |. C., Sepulveda-Valencia, U., & Rojano, B. A. (2015). Efecto del tiempo de almacenamiento sobre las propiedades
fisicoquimicas, probidticas y antioxidantes del yogurt saborizado con Mortifio (Vaccinium meridionale Sw). Informacion
Tecnoldgica, 26(2), 17-28. http://dx.doi.org/10.4067/S0718-07642015000200004

Funding: by CONCYTEC-Consejo Nacional de Ciencia,
Tecnologia e Innovacion Tecnoldgica, Subsidized Project 145-
2018-FONDECYT-BM-IADT-MU, the Instituto de Investigacién

Traslacional y Biotransversal Ayru (014-FONAYRU) and the Inca
Garcilaso de la Vega University.

Received: Dec. 09, 2021; Accepted: May 11, 2022

Associate Editor: Felipe Alves de Almeida.

Braz. J. Food Technol., Campinas, v. 25, €2021175, 2022 | https://doi.org/10.1590/1981-6723.17521 13/13


https://doi.org/10.1590/S0100-40422012001000028
https://doi.org/10.4067/S0718-07642015000200004

