(@)
. SCl
Research Article et glence

Received: 20 December 2023 Revised: 23 May 2024 Published online in Wiley Online Library:

(wileyonlinelibrary.com) DOI 10.1002/jsfa.13663

Orange passion fruit (Passiflora caerulea L.)

as a new raw material for acetic fermentation:
evaluation of organic acids and phenolic
profile, in vitro digestion, and biological
activities

Bruna Rafaela da Silva Monteiro Wanderley,? © Natalia Duarte de Lima,?
Carolina Turnes Pasini Deolindo,? © Rafaela Ansiliero,”

Aniela Pinto Kempka,® © Liziane Schittler Moroni,”

Francisca Jamila Correia Louredo,? ® Luciano Valdemiro Gonzaga,®

Ana Carolina Oliveira Costa,® © Renata Dias De Mello Castanho Amboni,?
Ana Carolina Moura de Sena Aquino® © and Carlise Beddin Fritzen-Freire*

Abstract

BACKGROUND: This study evaluated for the first time the potential of orange passion fruit as a base for alcoholic and acetic fer-
mentations, with a view to assessing its profile of organic acids and polyphenols, in vitro digestion, and biological activities.

RESULTS: In terms of aliphatic organic acids, malic acid was the majority in the wine (3.19 g L"), while in the vinegar, it was
acetic acid (46.84 g L™"). 3,4-Dihydroxybenzoic acid (3,4-DHB) was the major phenolic compound in the wine and vinegar sam-
ples (3443.93 and 2980.00 g L™", respectively). After the in vitro gastrointestinal simulation stage, the wine showed high
bioaccessibility for the compounds sinipaldehyde (82.97%) and 2,4-dihydroxybenzoic acid (2,4-DHBA, 81.27%), while the vin-
egar exhibited high bioaccessibility for sinipaldehyde (89.39%). Through multivariate analysis, it was observed that 3,4-DHB
was highly concentrated in the different digested fractions obtained from the wine. In contrast, in the vinegar, the stability
of isorahmenetin and Quercetin 3-o-rhamnoside was observed during the in vitro digestion simulation. Lastly, the vinegar
stood out for its inhibition rates of a-amylase (23.93%), a-glucoside (18.34%), and angiotensin-converting enzyme (10.92%).
In addition, the vinegar had an inhibitory effect on the pathogenic microorganisms Salmonella enteritidis, Escherichia coli,
and Listeria monocytogenes.

CONCLUSION: Orange passion fruit has proved to be a promising raw material for the development of fermented beverages.
Therefore, this study provides an unprecedented perspective on the use and valorization of orange passion fruit, contributing
significantly to the advancement of knowledge about fermented products and the associated nutritional and functional possi-
bilities.
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COUM Coumarin

FAPGG N-[3-(2-Furyl) acryloyll-L.-phenylalanyl-glycyl-
glycine

FDA Food and Drug Administration

FM Orange passion fruit wine

FMG Orange passion fruit wine gastric fraction

FMI Orange passion fruit wine intestinal fraction

FMO Orange passion fruit wine oral fraction

FRAP Ferric reducing antioxidant power

GALL Gallic acid

h° Hue angle

ISOR Isorhamnetin

LC-ESI- liquid chromatography coupled with electro-

MS/MS spray ionization tandem mass spectrometry

LoQ Limit of quantification

MM orange passion fruit must

n.d. Not detected

p-COU p-Coumaric acid

pNPG p-Nitrophenyl-a-p-glucoside

SAL Salicylic acid

SIN Sinapaldehyde

SINAPIC Synaptic acid

SYR Syringic acid

TEAC Trolox equivalent antioxidant capacity

TPTZ 2,4,6-Tris(2-pyridyl)-S-triazine

TSS Total soluble solids

VM Orange passion fruit vinegar

VMG Orange passion fruit vinegar gastric fraction

VMI Orange passion fruit vinegar intestinal fraction

VMO Orange passion fruit vinegar oral fraction

a-AMY a-Amylase

a-GLU a-Glucosidase

INTRODUCTION

Despite being an age-old technique, the production of fermented
foods is emerging as a trend associated with healthy eating. This is
because, during the fermentation process, a series of biochemical
reactions take place, leading to the release of various compounds
such as organic acids and phenolic compounds, which may offer
potential benefits to human health.! These compounds exhibit a
range of bioactivities, including antimicrobial, antioxidant, anti-
cancer, antidiabetic, antihypertensive, and anti-inflammatory
properties, among others.?

Fruit wines and vinegars have sparked increasing interest in the
scientific community due to the potential use of various raw
materials, many of which have been underutilized by the food
industry.>* Grapes and apples are the primary raw materials used
in producing these beverages.’ However, researchers have
emphasized the potential of unconventional fruits for wine and
vinegar production, such as those from prickly pear fruit,® pineap-
ple, coconut, and nipah,” physalis, and red pitahaya,® among
others. This is justified by the appealing chemical, bioactive, and
sensory characteristics found in these raw materials. In this con-
text, Brazilian native fruits have emerged as promising options
for developing various fermented beverages, including mead
with added feijoa pulp,® uvaia wine,'® mangaba vinegar,"' and
jaboticaba vinegar.'?

The utilization of native fruits in alcoholic and acetic fermented
products fosters the appreciation of Brazilian biodiversity. Adopt-
ing this approach not only enables the diversification of the prod-
uct range but also enriches food culture, promotes sustainability,

and capitalizes on the country's natural wealth. In view of this, a
preliminary survey was conducted on consumers to assess the
potential for producing and diversifying types of vinegar from
unconventional raw materials. The results of this survey revealed
that 59.86% of participants (n = 1056) expressed an interest in
consuming vinegar produced from orange passion fruit (Passiflora
caerulea L)."* This highlights a notable interest in fermented
products made from native Brazilian fruits, indicating a promising
market and considerable receptivity among consumers.

The orange passion fruit, also known as red pulp passion fruit, is
a native Brazilian species belonging to the Passifloraceae family.'
Studies report that its pulp contains considerable amounts of phe-
nolic acids, flavonoids, and carotenoids.'>'® Despite its attractive
characteristics, studies evaluating the potential of this fruit for the
development of new products, as well as its chemical composition
and bioactive potential, are still lacking. Taking this into consider-
ation, the present study aimed to produce wine and vinegar from
orange passion fruit and evaluate them in terms of their organic
acid and polyphenol profile, in vitro digestion, and biological
activities.

MATERIAL AND METHODS

Reagents and analytical standards

The analytical standards for the analysis of the organic acid profile
(maleic, malonic, fumaric, tartaric, formic, citric, malic, glycolic, lac-
tic, gluconic, succinic, glutaric, acetic and propionic), as well as the
analytical standards for the phenolic profile [apigenin, isorhamne-
tin, pinobanksin, ferulic acid, sinapic acid, p-aminobenzoic acid, p-
coumaric acid, 4-methylumbelliferone, vanillic acid, rutin, narin-
gin, (+)-catechin, sinapaldehyde, caffeic acid, chlorogenic acid,
syringaldehyde, chrysin, hesperidin, syringic acid, kaempferol,
naringenin, (—)-epicatechin, pinocembrin, galangin, salicylic acid,
quercetin, gallic acid, benzoic acid, 3,4-dihydroxybenzoic acid
(3,4-DHB) and luteolin], the ABTS radical [2,2'-azino-bis(3-ethyl-
benzothiazoline-6-sulfonic acid)], TPTZ (2,4,6-tris(2-pyridyl)-S-tri-
azine), 3,5-dinitrosalicylic acid (DNS), p-nitrophenyl-a-p-glucoside
(pPNPG),  N-[3-(2-furyl)  acryloyl]-.-phenylalanyl-glycyl-glycine
(FAPGG), the enzymes (pectinase from Aspergillus aculeatus,
a-amylase from Aspergillus oryzae, pepsin from pig gastric
mucosa, pancreatin from pig gastric mucosa, TAKA diastase from
Aspergillus oryzae, a-glucosidase from Aspergillus niger and
angiotensin-converting enzyme), methanol, and acetonitrile were
purchased from Sigma-Aldrich (St Louis, MO, USA). The glucose,
fructose, and sucrose standards, as well as the other chromato-
graphic solvents, were purchased from Merck (Darmstadt,
Germany). Ultrapure water was obtained from a Milli-Q® system
(Millipore, Bedford, MA, USA) and used to prepare the solutions.

Bacterial strains and growth conditions for antimicrobial
activity

The pathogens Salmonella enteritidis ATCC13076, Escherichia coli
ATCC 25922, Listeria monocytogenes Scott A, and Staphylococcus
aureus ATCC25923 were recovered in brain heart infusion (BHI)
broth (Kasvi, Sdo José dos Pinhais, Brazil). The lactic acid bacteria
(LAB) Lactobacillus fermentum THT 031081, Bifidobacterium ani-
malis subsp. lactis BB-12°, and Enterococcus faecium SF68 were
recovered in De Man, Rogosa, and Sharpe (MRS) broth (Merck,
Darmstadt, Germany) at 36 + 1 °C for 18 h. The cultures were
standardized to a concentration of 0.5 on the McFarland scale,
corresponding to 108 colony-forming units per milliliter
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(CFUmML™"), and diluted in 0.1% (w/v) peptone water to
105 CFU mL™".

Fruit material

Orange passion fruit (Passiflora caerulea L) was harvested in
December 2021 in the municipality of Urupema, Santa Catarina,
Brazil (28° 05' 31.0" S 49° 56' 12.3" W - 1126 m altitude). The pulp
was obtained by sanitizing the fruits with a 100 mg L™ sodium
hypochlorite solution and manually pulping them. Seed separa-
tion was achieved through enzymatic treatment using 0.1% pec-
tinase from Aspergillus aculeatus (= 3800 U mL™") added to the
pulp at 40 °C for 1 h in a water bath.'” Enzymatic inactivation
was subsequently carried out at 92 °C for 120 s.'® The seeds were
separated using a sieve, and the resulting pulp was stored at
—-18 °C.

Alcoholic and acetous fermentation

Alcoholic fermentation was carried out according to the method-
ology proposed by Jiang et al,,'® with modifications. The total sol-
uble solids (TSS) content of the orange passion fruit must
(MM) was adjusted with water to approximately 15.50 °Brix. Fol-
lowing this, the pH of the must was adjusted to 4.0 by adding citric
acid. Subsequently, potassium metabisulphite (50 mg L™") (Neon
Comercial, Suzano, Brazil) and commercial Saccharomyces baya-
nus culture (Premier Blanc, Red Star, Belgium) (1 g L™") were
added. The fermentation process was conducted in duplicate
glass fermenters with a capacity of 500 mL in a BOD incubator
(TE-371; Tecnal, Piracicaba, Brazil) at 25 °C. Alcoholic fermentation
progress was monitored for 6 days by measuring TSS and weigh-
ing the fermenters. At the end of the fermentation process, the
orange passion fruit wine (FM) was centrifuged at 1968 x g for
10 min and vacuum-filtered.

The acetous fermentation of the FM was based on the method-
ology described by Siqueira et al.'" To achieve this, 8 mL of the FM
sample was added to a beaker containing 24 mL of unpasteurized
vinegar to acclimatize the acetic acid bacteria present in the
mother vinegar. The oxidation process of the FM was carried out
in duplicate, involving five cycles of adding the FM sample at
room temperature (25 °C) under aerobic conditions. Each stage
consisted of adding the wine to the previous volume of inoculum
in a ratio of 1:3 until the volume reached 100 mL. Upon comple-
tion of the acetic fermentation, the orange passion fruit vinegar
(VM) was centrifuged at 1968 x g for 10 min and then vacuum-
filtered.

Physicochemical and color parameters

The physicochemical and color parameters were evaluated in
MM, FM and VM samples. The TSS content (°Brix) was determined
using a digital refractometer (HI96801; Hanna Instruments, Bar-
ueri, Brazil). The pH was determined using a potentiometer (Tec-
7; Tecnal). Total acidity (in grams acetic acid per liter) was deter-
mined according to the official AOAC method 942.15. The color
analysis of the samples was assessed using a colorimeter
(Minolta Chroma Meter CR-400; Minolta, Ozaka, Japan) adjusted
to operate with a D65 illuminant and a previously calibrated 10°
observation angle. The readings were taken in a plastic cuvette
on the CIELab scale for the parameters L*, a* b*, chroma (C¥),
and hue angle (h°). The alcohol content of the samples was deter-
mined using an electronic enochemical distiller (Gibertini®, Milan,
Italy).

Profile of aliphatic organic acids and sugars

The profile of aliphatic organic acids (maleic, malonic, fumaric, tar-
taric, formic, citric, malic, glycolic, lactic, gluconic, succinic, gluta-
ric, acetic, and propionic) and sugars (fructose, glucose, and
sucrose) in the MM, FM and VM samples was determined using
the methodologies proposed by Brugnerotto et al.?° and Rizelio
et al.”’ respectively. These compounds were determined using
capillary electrophoresis equipment (model 7100; Agilent Tech-
nologies, Palo Alto, CA, USA) equipped with a diode array detector
set at 230 nm (indirect detection, with a reference at 360 nm for
peak inversion). The samples were centrifuged and filtered
through filters with a pore size of 0.45 pm MF-Millipore®
(Millipore). Data were processed using HP ChemStation® software
(rev A.06.01). The results were expressed in grams per liter.

In vitro gastrointestinal digestion

The FM and VM samples were subjected to the in vitro gastrointes-
tinal simulation process, which was carried out according to the
protocol proposed by Minekus et al.>*> The procedure was based
on three sequential phases: oral, gastric, and intestinal. For the
oral phase, 5 mL of sample (wine and vinegar) were added to
3.5 mL of salivary fluid (pH 7.0) and 0.5 mL of a-amylase enzyme
(75 U mL™"), then agitated for 2 min at 37 °C in a thermostatic
bath (SP-158/22A; SPlabor, Presidente Prudente, Brazil). Subse-
quently, the samples underwent the gastric phase for the diges-
tion sequence. For this phase, 7.5 mL of gastric fluid (pH 3.0),
1.6 mL of pepsin (2000 U mL™"), and 20 pL of calcium chloride
(CaCly, 0.3 mol L") were added to the oral solution and main-
tained in a thermostatic bath under agitation for 2 h at 37 °C.
After gastric digestion, the samples proceeded to the intestinal
phase, where 11 mL of intestinal fluid, 5 mL of pancreatin
(800 U mL™"), 2.5 mL of bile salts, and 20 uL CaCl, (0.3 mol L™")
were added, with the pH adjusted to 7.0 with 1 mol L™' sodium
hydroxide (NaOH) and maintained in a thermostatic bath under
agitation for 2 h at 37 °C. Upon completion of each digestion
phase, the liquid was collected and centrifuged at 1968 x g for
10 min (Hermle Z200A; Hermle, Wehingen, Germany) to obtain
the digested sample.

Phenolic profile by LC-ESI-MS/MS

The phenolic profile of the must, wine, vinegar, and bioaccessible
fractions (oral, gastric, and intestinal) were determined according
to the methodology proposed by Seraglio et al.?* using liquid
chromatography coupled with electrospray ionization tandem
mass spectrometry (LC-ESI-MS/MS). To achieve this, these samples
were again centrifuged and filtered through a 0.22 pm syringe fil-
ter with a polyethersulfone (PES) membrane and stored in 2 mL
vials under refrigeration for later analysis.

The analysis was carried out on an LC-ESI-MS/MS system con-
sisting of an Agilent 1290 liquid chromatograph (Agilent Technol-
ogies, Wilmington, DE, USA) coupled to a QTRAP 5500 triple
quadrupole hybrid ion trap mass spectrometer (Sciex, Foster City,
CA, USA) equipped with an ESI source. The chromatographic sep-
aration of the phenolic compounds was carried out using a Venu-
sil C18 column (100 mm X 2.1 mm; particle diameter 3 pm; Bona
Angela Technologies, Wilmington, DE, USA) with a mobile phase
flow rate of 300 uL min™" and an injection volume of 5 pL. The
mobile phase was composed of a mixture of solvents A (water
with 0.1% formic acid) and B (acetonitrile with 0.1% formic acid).
The gradient used for the mobile phase was as follows: 98% A
(v/v) from 0 to 4.0 min, 98-80% A (v/v) from 4.0 to 7.0 min, 80-
10% A (v/v) from 7.0 to 14.0 min, 10% A (v/v) from 14.0 to
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15.0 min, 10-98% A (v/v) from 15.0 to 17.0 min. MS analysis was
carried out in multiple reaction monitoring (MRM) mode, with
the following parameters: ion spray (IS) voltage: 5500 V; gas cur-
tain: 25 psi; nebulizer gas (GS1) and auxiliary gas (GS2): 55 psi;
source temperature: 400 °C. Nitrogen was used as the collision
gas. The results were expressed in micrograms per liter.

Bioaccessibility of phenolic compounds
The effect of in vitro gastrointestinal digestion of phenolic com-
pounds was evaluated through the calculation of the bioaccessi-
bility index (BI), determined using Eqn (1)

A
Bioaccessibility index (%) = 5% 100 (1)

where A is the concentration of each phenolic compound at the
end of the intestinal phase, and B represents the content of each
phenolic compound before in vitro gastrointestinal simulation.**

Antioxidant capacity in vitro

The in vitro antioxidant capacity of the MM, FM, and VM samples,
and bioaccessible fractions (oral, gastric, and intestinal) was deter-
mined using the ABTS" free radical-scavenging activity?> and fer-
ric reducing antioxidant potential (FRAP)*® methods. The
absorbances were measured using a ultraviolet (UV)-visible spec-
trophotometer (model U-1800; Hitachi, Tokyo, Japan), and the
results were expressed as pmol Trolox equivalent antioxidant
capacity (TEAC) per liter.

In vitro antidiabetic and antihypertensive activity

In vitro antidiabetic activity was determined by inhibiting
a-amylase and a-glucosidase. The inhibition of a-amylase (type
IX-A, lyophilized powder, 1000-3000 U mg™') was assessed in
the FM and VM samples, and the oral fraction as described by
Ademiluyi and Oboh.?” Specifically, 50 uL of the sample was
added to 500 pL of a-amylase solution in 20 mmol L™ sodium
phosphate buffer (pH 6.9 with 6 mmol L™ sodium chloride), and
then incubated at 25 °C for 10 min. Subsequently, 500 pL of a
1% starch solution was added and incubated again at 25 °C for
10 min. Finally, 1 mL of DNS reagent was added and the mixture
was incubated in a thermostatic bath (SSD-5L, SolidSteel, Piraci-
caba, Brazil) for 5 min before cooling to room temperature. This
content was diluted to 10 mL in distilled water and the absor-
bance was measured using a UV-visible spectrophotometer
(DR 3900/UV-visible; Hach, USA) at 540 nm.

To determine the inhibition of a-glucosidase, FM and VM sam-
ples, and intestinal fractions were used. The method involved
adding 1 mL of sample to 2 mL of a-glucosidase solution in
0.1 mol L™ sodium phosphate buffer (pH 6.9) and incubating
the mixture at 25 °C for 10 min. Subsequently, T mL of 5 mmol
L™" pNPG solution in 0.1 M phosphate buffer (pH 6.9) and the mix-
ture was again incubated at 25 °C for 5 min. After the incubation
period, the absorbance of the sample was measured using a UV-
visible spectrophotometer (DR 3900/UV-visible; Hach) at
405 nm.*®

The in vitro assessment of antihypertensive activity was con-
ducted for the FM and VM samples, and intestinal fraction using
the angiotensin-converting enzyme (ACE) inhibition assay accord-
ing to the methodology proposed by Raghavan and Kristinsson,’
and Elavarasan and Shamasundar.3° In this procedure, 200 pL of
the sample was added to 100 pL of ACE solution (50 um) and
2 mL of a 0.5 mmol L™ FAPGG solution. The mixture was then

incubated at 25 °C for 10 min and the absorbance was measured
in a UV-visible spectrophotometer at 340 nm (DR 3900/UV-visible;
Hach). The inhibitory activities were expressed as a percentage
(%) of inhibition.

Antimicrobial activity

The antimicrobial activity of the FM and VM samples was evalu-
ated using the Agar Diffusion Disk Action Spectrum method and
by determining the minimum inhibitory concentration (MIC), as
described by Ostrosky et al3' The cultures were inoculated with
swabs onto Mueller Hinton agar plates (Kasvi, Sdo José dos Pin-
hais, Brazil), and three sterile filter paper disks with a diameter of
6 mm were added to each plate. Subsequently, 10 pL of the sam-
ples were added to the paper disks, and the plates were incubated
at 36 + 1 °C for 24 h. The inhibition zones were measured, and
the result was expressed in millimeters. Compounds that pro-
duced zones of inhibition > 10 mm were subjected to the deter-
mination of MIC. The MIC was evaluated in a 96-well microplate,
where it represented the lowest concentration of the sample that
inhibited bacterial growth after the incubation period.

Statistical analysis

The results were expressed as mean + standard deviation. Analy-
sis of variance (ANOVA) was employed to detect significant differ-
ences (P < 0.05) among the samples, and these differences were
further evaluated using Tukey's test or the t-test. Pearson's corre-
lation coefficient (r) (P < 0.001), principal component analysis
(PCA), and hierarchical cluster analysis (HCA) were conducted
using Origin Pro 2022 software (OriginLab Co. Northampton,
MA, USA). For HCA, the nearest neighbor clustering method and
the Euclidean distance measure were utilized.

RESULTS AND DISCUSSION

Physicochemical parameters, color, and composition of
organic acids and sugars

The physicochemical parameters, color, and composition of
organic acids and sugars are shown in Table 1. It was observed
that alcoholic fermentation led to a decrease (P < 0.05) in the
TSS content of the MM sample (Table 1). This reduction can be
attributed to the yeasts used in the fermentation process, which
possess the capability to ferment the sugars present in the must.*?
Consequently, the ethanol produced serves as a substrate for
acetic fermentation.

The pH values varied (P < 0.05) among the fermentation pro-
cesses. Notably, the VM sample exhibited lower pH values
(P < 0.05) compared to the FM sample. The fluctuation in pH
values across the fermentation processes is attributed to the pro-
duction of organic acids, mainly acetic acid, during acetic fermen-
tation. This process directly influences the acidity and pH values.'®
Consequently, the vinegar (VM) demonstrated the highest
(P < 0.05) acidity value. It is noteworthy that acetic fermented
can be classified as vinegar, as defined by the Food and Drug
Administration (FDA), which identifies vinegar as an acetic fer-
mented product containing more than 4 g of acetic acid per
100 mL.>* The alcohol content of the FM sample was similar to
that reported by other authors in sour cherry and rosehip fermen-
ted samples.3**® Furthermore, the VM sample exhibited an alco-
hol content of less than 1%.

Regarding the sample color, there was an increase (P < 0.05) in
the luminosity values (L¥) during the fermentation processes, with
the VM sample showing the lightest h° value (P < 0.05) compared

wileyonlinelibrary.com/jsfa

© 2024 Society of Chemical Industry.

J Sci Food Agric 2024


http://wileyonlinelibrary.com/jsfa

Orange passion fruit: acetic fermentation and biological activities

@)
SClL

where science
meets business

WWW.S0Ci.org

Table 1. Physicochemical parameters, color, and composition of aliphatic organic acids (g L™") and sugars (g L") of the orange passion fruit must
(MM), wine (FM), and vinegar (VM)
Samples

Parameters MM FM VM
TSS (° Brix) 15.63 + 0.12° 734 +0.19° 7.07 + 0.06°
pH 404 +0.02° 4.10 + 0.01° 3.50 + 0.02°
Acidity (% acetic acid) 1.21 + 0.04° 1.51 + 0.09° 494 + 0.04°
Alcohol content (%) nd. 6.00 + 0.01° 0.96 + 0.01°
L* 29.46 + 0.27¢ 40.14 + 0.03° 45.62 + 0.08%
a* 1935+ 0.27° 10.94 + 0.07° 5.39 + 0.07°
b* 1154 +0.11¢ 14.90 + 0.05° 3227 +0.04°
c* 2253 + 0.29° 18.48 + 0.03¢ 32.71 + 0.02°
h° 30.81 + 0.38° 53.64 + 0.18° 80.51 + 0.13?
Samples color

¢ « e
Malonic acid 0.75 + 0.03° 0.09 + 0.01° 0.94 + 0.02°
Malic acid 3.69 + 0.10° 319 +0.16° 2,51 +0.10°
Glycolic acid 0.26 + 0.01° 039 +0.01P <LoQ
Succinic acid 0.26 + 0.01° 0.70 + 0.03° <LoQ
Acetic acid 0.08 +0.01° 0.67 + 0.02° 46.84 + 0.79°
Fructose 53.40 + 1.35 <LoQ <LoQ
Glucose 63.67 + 1.29 <LoQ <LoQ
Sucrose 11.13 + 0.21 <LoQ <LoQ
Note: Values are expressed as mean =+ standard deviation (n = 3). Different superscript lowercase letters on the same row indicate significant differ-
ences between samples (P < 0.05).
Abbreviations: LoQ, limit of quantification; n.d., not detected; TSS, total soluble solids.

to the FM and MM samples. The values of a* decreased (P < 0.05)
throughout the evaluated stages, with the MM sample showing
the highest a* value, indicating a greater intensity of the red color.
In contrast, the b* values increased (P < 0.05) as the fermentation
processes progressed, with the VM sample demonstrating a
greater intensity (P < 0.05) of yellow color.

Malonic, malic, glycolic, succinic, and acetic acids were identi-
fied in the samples evaluated. The acid profile was similar for
the MM and FM samples, with malic acid being the majority in
both. However, this pattern was not observed in the VM sample,
where there was a significant increase (P < 0.05) in acetic acid
content, and the glycolic acid and succinic acid contents could
not be quantified. These differences in organic acid concentra-
tions between alcoholic and acetic fermentation were also
observed in physalis and red pitahaya vinegars. The composition
of aliphatic organic acids can be influenced by the fermentation
process and the raw material used.*® The acetic acid present in
the vinegar originates from acetic fermentation, while the malic
acid found in the VM sample comes from the orange passion fruit.
The composition of organic acids in fermented products is crucial
to consider due to their biological activities. In fact, Xia et al.>®
reported that the composition of aliphatic organic acids can con-
tribute to antimicrobial, anti-obesity, antidiabetic, and antihyper-
tensive potential, among other activities.

Regarding the sugar profile, only the MM sample exhibited fruc-
tose, glucose, and sucrose contents within the quantification limit.
Similar behavior was observed for glucose and sucrose after the

fermentation of black raspberry vinegar.?’ It is common for sugar
levels to drop during the fermentation process, especially in alco-
holic fermentation, due to yeast metabolism."**®

Phenolic profile and in vitro antioxidant capacity

The phenolic profile of orange passion fruit remains relatively
understudied. However, some studies have already reported the
presence of flavonoids such as epigallocatechin and quercetin in
the juice and pulp.'®* A total of 22 phenolic compounds were
identified: 12 phenolic acids, eight flavonoids, and two lignans
(Table 2). The results suggest that both alcoholic and acetic fer-
mentations contributed significantly to the increase in the total
concentration of phenolic compounds. Similar increases in the
concentration of different phenolic compounds post-
fermentation have been reported by other authors, such as in
orange vinegar,*® pomegranate vinegar,*' prickly pear vinegar,*?
and vinegar-like beverage from pineapple peel waste.** It is worth
noting that the results of the present study are pioneering, provid-
ing a more comprehensive phenolic profile of orange passion
fruit, and exploring its applications in fermented beverages.

In the MM sample, isorhamnetin was the most abundant com-
pound, while in the FM and VM samples, the majority compound
was 3,4-DHB. Isorhamnetin is a flavonoid commonly found in the
leaves of Ginkgo biloba and has been extensively researched due
to its significant pharmacological benefits, particularly its cardio-
vascular protective and antioxidant properties.** However,
3,4-DHB is a compound with antioxidant, anti-inflammatory,
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Table 2. Phenolic profile and in vitro antioxidant capacity of orange passion fruit must (MM), wine (FM), and vinegar (VM) samples

Samples

Parameters MM

FM

VM

Phenolic acids (ug L")

2,4-DHBA 1659.10 + 143.16°
2,5-DHBA 14547 + 13.40°
3,4-DHB 1057.57 + 110.97°
Caffeic acid 105.87 + 1.90°
Chlorogenic acid <LoQ
Gallic acid 93.40 + 14.54°
Synaptic acid 201.83 + 7.25¢
Syringic acid <LoQ
Benzoic acid 205.53 + 14.01¢
Salicylic acid 727.43 + 87.21°
Ferulic acid 57.43 + 3.63°
Coumarin 171.90 + 12.10°
Sum of phenolic acids (ug L™") 452747
Flavonoids (ug L")
Isoquercetin 96.73 + 5.80
Isorhamnetin 4723.57 + 829.85°
p-Coumaric acid 101.93 + 4.71°
Quer-3-glu 489.77 + 33.63°
Quer-3-rhamno 107.23 + 27.61°
Quercitin 115.20 + 13.94%°
Rutin 6273 +7.13
Taxifolin 58.23 + 9.34¢
Sum of flavonoids (ug L") 5653.47
Lignans (ug L")
Syringaldehyde <LoQ
Sinapaldehyde 80.13 + 0.32°
Sum of lignans (ug L") 80.13
Total 10,261.07 + 1287.17°

10,862.26 + 325.58°
1445.74 + 130.33¢

ABTS* (umol TEAC L™")
FRAP (umol TEAC L™")

954,03 + 44.15°
601.13 + 24.27°
344393 + 16.95°
97.70 + 0.52°
<LoQ
105.10 + 4.52°
430.13 + 3.29°
101.57 + 2.66°
264.50 + 24.98°
1604.73 + 24.68°
90.00 + 1.65°
1740.23 + 13.72°
9538.86

<LoQ
3272.40 + 314.55°

105.80 + 1.21°
311.57 + 26.64°

<LoQ
138.27 + 5.50°

<LoQ
110.87 + 2.99°

3833.10

<LoQ
89.67 + 1.17°
89.67
13,213.80 + 498.01°
14,520.24 + 171.10°
6564.26 + 47.25°

1294.43 + 18.53°
588.30 + 48.31°
2980.00 + 67.97°
149.63 + 0.93°
<LoQ
93.73 + 2.11°
263.67 + 3.59°
9450 + 1.57°
498.40 + 7.59°
147143 + 13.77°
77.30 + 1.08°
394.03 + 31.33°
8029.60

<LoQ
2869.80 + 151.30°
124.07 + 1.46°
21550 + 2.67°
1632.47 + 87.33°
86.77 + 20.73°
<LoQ
79.23 + 499°
4883.77

62.20 + 1.25
82.30 + 0.61°
144.50
13,057.87 + 467.11°
11,229.39 + 100.79°
5205 + 20.03°

Note: Results are expressed as mean =+ standard deviation. Different superscript lowercase letters on the same row indicate a significant difference

between the samples (P < 0.05). Limit of quantification (LoQ) = 50 pg L

neuroprotective, antibacterial, and antidiabetic potential, and it
may play a role in the prevention and treatment of different dis-
eases such as cancer, diabetes, Alzheimer's, and atherosclerosis,
among others.*> Furthermore, it was observed that the MM sam-
ple exhibited a higher concentration (P<0.05) of
2,4-dihydroxybenzoic acid (2,4-DHBA) and quer-3-glu compared
to the fermented samples (FM and VM).

Syringic acid was found exclusively in the fermented samples,
with FM exhibiting a higher (P < 0.05) concentration of this phe-
nolic acid compared to the other samples. This finding aligns with
the observations made by Hammouda et al.,** who observed that
syringic acid was absent in prickly pear juices but was quantified
in vinegar samples. According to Srinivasulu et al.*® syringic acid
is commonly found in fermented beverages such as wine and vin-
egar. Consistent with previous studies, the concentration of some
phenolic compounds was higher (P < 0.05) in alcoholic fermented
products compared to acetic ones, as content tends to decrease
during the wine acetification stage.*” However, it was observed
that the VM sample exhibited the highest concentrations
(P < 0.05) of 2,5-DHBA, caffeic acid, benzoic acid, p-coumaric acid,

quer-3-rhamno, and syringaldehyde compared to the other sam-
ples. These results highlight the diversity and complexity of the
phenolic compounds present in the different fermented bever-
ages, emphasizing the importance of understanding variations
and potential benefits associated with each fermentation process.

The antioxidant activity found in wines and vinegar results from
both the raw material and the fermentation process.*® Fermenta-
tion typically leads to a significant increase in antioxidant capacity
due to the release of phenolic compounds that are bound to the
food matrix.* This trend was observed for both methods evalu-
ated (ABTS* and FRAP), with the highest (P < 0.05) antioxidant
activity observed in the FM sample, followed by the VM and MM
samples. Similar results were reported by Hammouda et al.’
who observed an increase in antioxidant activity after alcoholic
and acetic fermentation of prickly pear fruit. However, Rudra
et al.>® reported a significant decrease in antioxidant activity after
the acetic fermentation of Grewia fruit wine (Grewia asiatica
L. (Phalsa)) and cantaloupe melon (Curcumis melo). Despite this
reduction, the VM sample exhibited higher antioxidant activity
than the MM sample, highlighting the potential of acetic
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fermentation. Furthermore, the antioxidant activity reported in
the present study surpasses that observed for peach wine and vin-
egar by the ABTS* method (13.20 +2.91 and 8.05 + 0.91,
respectively).>’

These results highlight the relevance of fermentation as a prom-
ising process for enhancing the antioxidant benefits of various
foods. It also opens new possibilities in the field of food science,
allowing for a greater understanding of the properties of orange
passion fruit and its potential to enrich and diversify the fermen-
ted beverage market.

Effect of in vitro digestion on the phenolic profile of

orange passion fruit wine and vinegar

Through the identification of the phenolic profile of orange pas-
sion fruit wine and vinegar, it was possible to assess the potential
of this raw material to produce beverages with attractive bioac-
tive characteristics. However, for a phenolic compound to be
potentially of health benefit, it must be bioaccessible; that is, con-
tain concentrations available for intestinal absorption after diges-
tion.>? For the first time, an in vitro gastrointestinal simulation of
fermented passion fruit beverages (FM and VM) was conducted,
resulting in three distinct fractions: the oral fraction (FMO and
VMO), gastric fraction (FMG and VMG), and intestinal fraction
(FMI and VMI) (Table 3).

The trend observed in most of the phenolic compounds in both
samples was a significant decrease (P < 0.05) throughout the
in vitro gastrointestinal simulation. This behavior may be related
to the action of enzymes and pH on the chemical structure of phe-
nolic compounds, as they can undergo degradation, alteration, or
transformation during the digestion process, resulting in
increases or decreases in their concentrations in the different frac-
tions.>>>* At the end of the digestive process, the FM sample had
13 bioaccessible phenolic compounds, while the VM sample had
14. These results provide essential information on the availability
and absorption capacity of these compounds during in vitro
digestion.

As shown in Table 3, 3,4-DHB remained the major compound in
both samples in the intestinal fraction (FMI and VMI), exhibiting
bioaccessibility rates of 34.97% and 32.98% for the FM and VM
samples (Fig. 1), respectively. Additionally, it was observed that,
for the FM sample, sinapaldehyde (82.97%) and 2,4-DHBA
(81.27%) exhibited the highest (P < 0.05) bioaccessibility rates,
while for the VM sample, it was sinapaldehyde (89.39%) (Fig. 1).
Sinapaldehyde is a phenolic compound widely present in plants,
has gained prominence due to its anti-inflammatory properties.>®
It is worth noting that in vivo, the ratio of food matrix to fluid vol-
ume is lower than that used in in vitro models, potentially result-
ing in greater bioaccessibility of phenolic compounds.>®

The in vitro gastrointestinal simulation resulted in a reduction in
the antioxidant capacity (P < 0.05) of both samples evaluated
(Table 3). These variations in the in vitro antioxidant capacity are
related to the chemical structure of the phenolic compounds
and their stability amidst the pH variations of the digestive pro-
cess.>” The antioxidant capacity measured by the ABTS™ assay
was significantly higher (P < 0.05) than that observed with the
FRAP assay in all the digested fractions. This disparity arises
because the mechanism of the FRAP assay is based in electron
transfer and does not involve free radicals, leading to limited out-
comes. To address this limitation, the ABTS™ test was employed as
a complementary method to evaluate antioxidant capacity and to
delineate the mechanisms of phenolic compounds through dif-
ferent modes of antioxidant action.*®

To this end, Pearson's correlation analysis (Fig. 2) was conducted
on the phenolic composition data during the in vitro gastrointes-
tinal simulation. The aim was to identify the phenolic compounds
that correlated with antioxidant capacity. Concerning the ABTS*
assay, a strong positive correlation was observed for the com-
pounds sinapaldehyde (r = 0.96) > isorhamnetin (r = 0.91) > gal-
lic acid (r = 0.90) > salicylic acid (r = 0.84) > quer-3-glu (r = 0.83)
> synaptic acid (r = 0.78). These results highlight the importance
and distinctive role of specific phenolic compounds in the mani-
festation of antioxidant capacity, elucidating a deeper compre-
hension of the involved mechanisms.

In this context, the utilization of PCA and HCA enabled the iden-
tification of a pattern in the behavior of phenolic composition
across different digestion phases. PCA elucidated 98.98% of the
total variation in the FM sample data, as shown in Fig. 3(a). Cou-
marin and 2,4-DHBA exhibited a positive correlation with the sec-
ond principal component (PC2, r = 1.00). This high correlation can
be attributed to the higher concentrations of both compounds
observed in the oral phase, followed by a notable reduction dur-
ing the gastric phase, and eventual stabilization in the intestinal
phase. Furthermore, these compounds were grouped cohesively
in the HCA, reinforcing the relationship between these com-
pounds and their concentration fluctuations during the digestive
phases. In contrast, 3,4-DHB was not grouped with the other com-
pounds. This divergence may stem from the fact that, despite
undergoing a significant reduction throughout the simulation,
this compound maintained a high concentration across all
phases.

For the VM sample, the PCA explained 99.89% of the total vari-
ation in the data (Fig. 3(b)). It was notable that 3,4-DHB exhibited
a similar pattern to that of the FM sample. The clustering of iso-
rhamnetin and quer-3-rhamno was evident, since the concentra-
tion of these compounds was stable throughout the
gastrointestinal simulation. This clustering reflects the remarkable
consistency in their concentrations, regardless of variations in the
digestion phases. Furthermore, it was possible to observe that
2,4-DHBA, 2,5-DHBA, and salicylic acid showed a high positive cor-
relation with PC2 (r=0.98, r = 1.00 and r = 0.97, respectively).
This observation can be attributed to the fact that these com-
pounds have a strong association with the oral phase, character-
ized by their high concentrations. Subsequently, during the
gastric phase, their concentrations experienced a notable decline
before stabilizing in the intestinal phase.

It is worth noting that the effect of gastrointestinal simulation
on the phenolic composition, especially of acetic fermented bev-
erages, is still only marginally explored. Thus, the results of the
present study emphasize the bioactive potential of orange pas-
sion fruit to produce beverages with functional characteristics.

Antidiabetic and antihypertensive activity
Glycosylase inhibitors delay the absorption of sugars, resulting in
an improvement in postprandial hyperglycemia. In this context,
there is growing interest in research exploring the capacity of
phytochemicals found in plants as natural inhibitors of a-amylase
and a-glucosidase, which are the main enzymes associated with
increased blood glucose levels.>”>°

The percentage of a-amylase inhibition in the fermented sam-
ples and their respective oral fractions (Fig. 4(a)) was determined,
as this enzyme is found in the salivary glands, where it hydrolyzes
starch into glucose, maltose, maltriose, and branched oligosac-
charides.®® The highest percentage (P < 0.05) of inhibition was
observed in the VM sample (23.93 + 0.07%), with a significant
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Figure 1. Bioaccessibility indices (%) of phenolic compounds in orange passion fruit wine and vinegar. Different lowercase letters between the columns
indicate significant differences between the samples for the same compound. Different uppercase letters between the columns indicate significant dif-
ferences between the compounds for the same sample. .: FM; .: VM; CAF: caffeic acid; GALL: gallic acid; SINAPIC: synaptic acid; SYR: syringic acid; BENZ:
benzoic acid; SAL: salicylic acid; COUM: coumarin; ISOR: isorhamnetin; p-COU: p-coumaric acid; SIN: sinapaldehyde.
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Figure 2. Pearson's correlation coefficients between individual phenolic compounds and in vitro antioxidant capacity using the ABTS™ assay. CAF: caffeic
acid; GALL: gallic acid; SINAPIC: synaptic acid; SYR: syringic acid; BENZ: benzoic acid; SAL: salicylic acid; COUM: coumarin; ISOR: isorhamnetin; p-COU: p-
coumaric acid; SIN: sinapaldehyde.

reduction (P < 0.05) in the oral fraction (VMO), reaching a percent- The a-glucosidase is secreted in the small intestine and acts in
age of 20.64 + 0.18%. It is important to note that there was no sta-  the hydrolysis of disaccharides into monosaccharides.® In this
tistical difference (P > 0.05) between the VMO sample and the FM  regard, the percentage of inhibition was verified in the fermented
and FMO samples. samples, as well as in their respective intestinal fractions

I EEEEEEE———
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Figure 3. Principal component analysis and hierarchical cluster analysis of the phenolic profile of orange passion fruit wine and vinegar during in vitro
gastrointestinal simulation. (a) Orange passion fruit wine; (b) orange passion fruit vinegar. FM: orange passion fruit wine; FMO: orange passion fruit wine
oral fraction; FMG: orange passion fruit wine gastric fraction; FMI: orange passion fruit wine intestinal fraction; VM: orange passion fruit vinegar; VMO:
orange passion fruit vinegar oral fraction; VMG: orange passion fruit vinegar gastric fraction; VMI: orange passion fruit vinegar intestinal fraction. GALL:
gallic acid; SINAPIC: synaptic acid; SYR: syringic acid; BENZ: benzoic acid; SAL: salicylic acid; COUM: coumarin; ISOR: isorhamnetin; p-COU: p-coumaric acid;

SIN: sinapaldehyde.

(Fig. 4(b)). The VM sample showed the most significant (P < 0.05)
potential for inhibiting a-glucosidase (18.34 + 0.97%), followed
by the FM sample (15.38 + 0.45%). Despite the reduction
(P < 0.05) in the inhibitory capacity in the intestinal fraction, acetic
fermentation has more significant bioactivity (P < 0.05), as it
showed an inhibition percentage of 11.06 + 0.63% in the intesti-
nal fraction (VMI). As a direct result of this phenomenon, the inhi-
bition of these enzymes reduces the release of glucose.
Additionally, acetic acid, present in vinegar, plays a crucial role
in glucose metabolism. As observed by Kandylis et al.®? acetic
acid optimizes glucose metabolism by decreasing the accumula-
tion of xylulose-5-phosphate, deactivating the synthesis of
fructose-2,6-biphosphate in the liver and reducing the activity of
the enzyme phosphofructokinase-1 in skeletal muscle. It is worth
noting that the anti-diabetic effect associated with vinegar con-
sumption varies according to the amount of vinegar consumed,
the glycemic index of the meal, and the time of ingestion.®®

Hypertension represents a current public health challenge and
plays a crucial role as a risk factor in various cardiovascular dis-
eases. In this context, researchers have been investigating the
effect of polyphenols on blood pressure regulation.®> The ACE
plays an important role in converting angiotensin | into angioten-
sin Il, a vasoconstrictor. However, the excessive presence of angio-
tensin Il is associated with adverse effects on cell metabolism,
contributing to the accumulation of reactive oxygen species and
an increase in blood pressure.* From this perspective, natural
ACE inhibitors have attracted the attention of consumers and
researchers. In the present study, the VM sample (Fig. 4(c)) stood
out by showing the highest rate (P < 0.05) of ACE inhibition
(10.92 + 0.14%). The same behavior was observed in relation to
the intestinal fraction (7.93 + 0.14%). In a study carried out by
Nandasiri and Rupasinghe,®® tomato vinegar with 5% acetic acid
was found to have an ACE inhibition potential of 15.83 + 0.28%.
These results reinforce the view that certain types of vinegar
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Figure 4. Inhibition indices (%) of a-amylase (a), a-glucosidase (b), and ACE (c) in samples of orange passion fruit wine and vinegar. Different lowercase
letters between the columns indicate significant differences between the samples. FM: orange passion fruit wine; FMO: orange passion fruit wine oral
fraction; FMI: orange passion fruit wine intestinal fraction; VM: orange passion fruit vinegar; VMO: orange passion fruit vinegar oral fraction; VMI: orange

passion fruit vinegar intestinal fraction.

may represent a promising dietary strategy to help treat
hypertension.

Pearson's correlation analysis was employed to investigate the
effect of phenolic compositions on the antidiabetic and antihy-
pertensive properties of alcoholic and acetic orange passion
fruit fermenteds. A strong positive correlation was found
between various compounds, such as sinaptic acid (r = 0.91),
sinapaldehyde (r=0.86), ferulic acid (r=0.84), quer-3-glu
(r = 0.83), gallic acid (r = 0.73), coumarin (r = 0.68), salicylic acid
(r=10.67), isorhamnetin (r=0.67), and a-amylase inhibition
activity (Fig. 5(a)). According to Di Stefano et al,’® a-amylase
inhibition is influenced by the number of hydroxyl groups
attached to the B ring, the size of the C ring, and the degree
of polymerization of the phenolic compounds. In hydroxycin-
namic acids, the inhibitory action of a-amylase is related to
the carbon double bonds conjugated to the carbonyl group.
This forms a highly conjugated system that strengthens the
bonds with the a-amylase active site. In the case of flavonoids,
a-amylase inhibition depends on the formation of hydrogen
bridges between the hydroxyl groups of phenolics and the
amino acid side chains in the a-amylase active site.”

Most phenolic compounds, except for coumarin, showed a high
and positive correlation (between 095 and 0.60) with
a-glucosidase inhibition activity (Fig. 5(b)). Phenolic acids such
as 3,4-DHB, gallic acid, and p-coumaric acid are excellent natural
antioxidants that present significant antidiabetic activity.®”

In relation to ACE inhibition, it was observed that most phenolic
compounds (except for 2,5-DHBA and coumarin) exhibited a
highly positive correlation (P < 0.05). The highest correlations
were observed for p-coumaric acid (r = 0.89), followed by benzoic
acid (r = 0.88) and gallic acid (r = 0.84). This correlation pattern
highlights the significant influence of phenolic compounds on
ACE inhibitory activity. A study conducted by Alu'datt et al.®® rein-
forced the importance of this positive correlation between phe-
nolic composition and ACE inhibition. This relationship is
established because phenolic acids establish charge-charge
interactions with the zinc ion present in the active site of ACE. This
interaction, strengthened by other bonds with amino acids in the
active site, may contribute to the inhibitory activity of the ACE.®®
Therefore, the profile of phenolic compounds is fundamental to
understanding their relevant role in modulating the inhibitory
properties of the ACE.
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Figure 5. Pearson's correlation coefficients of the phenolic profile and the inhibitory activity of a-amylase (a), a-glucosidase (b), and ACE (c) in samples of
orange passion fruit wine and vinegar. GALL: gallic acid; SINAPIC: synaptic acid; SYR: syringic acid; BENZ: benzoic acid; SAL: salicylic acid; COUM: coumarin;
ISOR: isorhamnetin; p-COU: p-coumaric acid; SIN: sinapaldehyde; a-AMY: a-amylase; a-GLU: a-glucosidase; ACE: angiotensin-converting enzyme.

Antimicrobial activity

The antimicrobial potential was determined in the FM and VM
samples. However, no inhibitory effect was observed for the FM
sample on the microorganisms evaluated. In contrast, the patho-
genic bacteria Salmonella enteritidis (11.13 + 0.35 mm), Escheri-
chia coli (12.60 + 0.36 mm), and Listeria monocytogenes (11.00
+ 0.36 mm) showed sensitivity to the VM sample. These results
were similar to those reported by Ozdemir et al.? who evaluated
the antimicrobial potential of hawthorn vinegar and found inhibi-
tion zones of 14.06 mm and 14.78 mm for the microorganisms
Escherichia coli and Listeria monocytogenes, respectively.

The antimicrobial activity of the VM sample may be related to
the high acetic acid content (46.84 + 0.79 g L™") present in the
fermented product. Acetic acid is considered a weak acid that
does not dissociate completely in water, thus facilitating its pene-
tration into the membranes of microorganisms and inhibiting the
activity of the enzymes present. This process, in turn, inhibits
microbial growth and survival.>”°

However, no inhibition zones were observed for the probiotic
microorganisms (Lactobacillus fermentum, Bifidobacterium ani-
malis subsp. lactis BB-12°, and Enterococcus faecium). These micro-
organisms may have developed resistance to the compounds
present in the fermented foods through the expression of genes
responsible for producing proteins in the bacterial membrane,
such as efflux pumps, which expel and limit the accumulation of
antimicrobial agents at sub-inhibitory levels.”" Furthermore, it is
important to consider that fermented foods are complex mixtures
of organic compounds, and interactions can occur between con-
stituents that influence antimicrobial activity. These interactions
can result in synergism, addition, or antagonism, and can either
enhance or reduce the antimicrobial effect, depending on the
presence of recurrent chemical interactions between the
compounds.”?

Based on these results, it is possible to infer that the inclusion of
fermented foods in the diet does not harm the host's probiotic
microbiota, which is in line with the findings of Chu et al.”?

wileyonlinelibrary.com/jsfa

© 2024 Society of Chemical Industry.

J Sci Food Agric 2024


http://wileyonlinelibrary.com/jsfa

Orange passion fruit: acetic fermentation and biological activities

@)
SClL

where science
meets business

WWW.S0Ci.org

CONCLUSION

This study presents, for the first time, the profile of organic acids
and polyphenols found in wine and vinegar made from orange
passion fruit. Analysis revealed the presence of malonic, malic,
glycolic, succinic, and acetic acids in the samples studied. In terms
of polyphenolic composition, 3,4-DHB emerged as the predomi-
nant compound in both the FM and VM samples. The study also
examined how in vitro digestion affected the phenolic profile of
these samples. Following digestion, the FM sample showed
13 bioaccessible phenolic compounds, while the VM sample con-
tained 14. Among these, sinapaldehyde (82.97%) and 2,4-DHBA
(81.27%) showed the highest bioaccessibility rates for the FM
sample, while sinapaldehyde was the main compound in the VM
sample (89.39%). Notably, the VM sample exhibited significant
inhibition of a-amylase (23.93 + 0.07%), a-glucosidase (18.34
+ 0.97%), and ACE (10.92 + 0.14%). Moreover, the pathogenic
bacteria showed sensitivity only to the VM sample. Nonetheless,
further studies are warranted, mainly to explore the bioactivities
in vivo and assess the sensory acceptance of these beverages.

It is important to emphasize that this study is a pioneer in using
orange passion fruit as a base to produce fermented beverages.
This not only promotes the dissemination of the rich composition
of this species but also contributes significantly to the diversifica-
tion of alcoholic and acetic fermented products available on the
market. Furthermore, by exploring the potential of this raw mate-
rial, this study plays a crucial role in preserving and valuing this
native species, thus encouraging its use in innovative and relevant
contexts for food and health.
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ABSTRACT

Calendula officinalis and propolis extracts have a wide range of biological activities,
including antimicrobial action against a variety of pathogenic microorganisms. The aim
of this study was to produce a mouthwash containing extracts of propolis and/or C.
officinalis, with antimicrobial and antioxidant activity against pathogenic
microorganisms implicated in periodontitis. The antimicrobial activity of extracts was
evaluated based on the well diffusion assay. Total phenols, flavonoids and radical
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scavenging activity were evaluated by spectrophotometric method. The extract that
showed greater antioxidant and antimicrobial potential against bacterial strains isolated
from patients with periodontal disease were used for the composition of five mouthwash
formulations. Thus, Staphylococcus aureus, Streptococcus salivarius and Streptococcus
pneumoniae were used as antimicrobial activity indicator microorganisms.
Staphylococcus aureus ATCC 25923, Streptococcus mutans ATCC 25175 and
Enterococcus faecalis ATCC 29212 were used as control group. Five mouthwash
formulations were developed, differing in the addition or not of raw propolis extract
(20%), chlorhexidine digluconate or sodium fluoride (0.05%). The results indicate that
propolis extract was more efficient than the calendula extract with antimicrobial action
superior compared to azithromycin against S. pneumoniae, isolated from patients with
stage I11/1V periodontitis. The propolis extract had a higher flavonoid content (0.288 +
0.038 mg EQ/qg) than marigold extract. The F5 formulation containing chlorhexidine was
more efficient in inhibiting Gram-positive pathogens, followed by formulations no. 2 and
no. 4 which contained propolis extract. In this perspective, the propolis extract presented
not only antimicrobial activity, but also antioxidant activity. Thus, the use of propolis in
pharmaceutical formulas, such as the one presented here, could be especially useful in
oral hygiene, contributing to the prevention of periodontitis.

Keywords: mouthwash. streptococcus pneumoniae, azithromycin, periodontal disease.

RESUMO

Extratos de Calendula officinalis e propolis possuem uma ampla gama de atividades
bioldgicas, incluindo acdo antimicrobiana contra uma ampla gama de microrganismos
patogénicos. O objetivo deste estudo foi produzir um enxaguante bucal contendo extratos
de propolis e/ou C. officinalis, com atividade antimicrobiana e antioxidante contra
microrganismos patogénicos associados a periodontite. A atividade antimicrobiana dos
extratos foi avaliada com base no ensaio de difusdo em poco. Fendis totais, flavonoides e
atividade sequestradora de radicais foram avaliados por método espectrofotométrico. O
extrato que apresentou maior potencial antioxidante e antimicrobiano contra cepas
bacterianas isoladas de pacientes com doenca periodontal foi utilizado para a composicao
de cinco formulagbes de enxaguantes bucais. Assim, Staphylococcus aureus,
Streptococcus salivarius e Streptococcus pneumoniae foram utilizados como
microrganismos indicadores de atividade antimicrobiana. Staphylococcus aureus ATCC
25923, Streptococcus mutans ATCC 25175 e Enterococcus faecalis ATCC 29212 foram
usados como grupo controle. Foram desenvolvidas cinco formulacbes de enxaguantes
bucais, diferindo na adicdo ou ndo de extrato de propolis bruto (20%), digluconato de
clorexidina ou fluoreto de sédio (0,05%). Os resultados indicam que o extrato de propolis
foi mais eficiente que o extrato de calendula, com acdo antimicrobiana superior a
azitromicina contra S. pneumoniae, isolado de pacientes com periodontite estagio 11/1V.
O extrato de propolis apresentou maior teor de flavonoides (0,288 + 0,038 mg EQ/g) do
que o extrato de caléndula. A formulacdo F5 contendo clorexidina foi mais eficiente na
inibicdo de patdgenos Gram-positivos, sequida das formulagdes n. 2 e n. 4 que continham
extrato de prépolis. Nesta perspectiva, o extrato de propolis apresentou ndo apenas
atividade antimicrobiana, mas também atividade antioxidante. Dessa forma o uso de
prépolis em férmulas farmacéuticas, como a aqui apresentada, poderia ser especialmente
atil na higiene bucal, contribuindo para a prevencao da periodontite.

Palavras-chave: enxaguante bucal, streptococcus pneumoniae, azitromicina. doenga
periodontal.
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1 INTRODUCTION

Propolis is a substance produced by bees whose consumption dates back to
antiquity (PASUPULET!I et al., 2017). Due to the numerous biological properties of
propolis, it is used in folk medicine, in humans and animals as a natural therapeutic agent
(TIVERON et al., 2016; IBRAHIM; ALQURASHI, 2022). In beehives propolis serves
to align the alveoli and chambers where the queens lay eggs (KLHAR et al., 2019) and
has a protective function against natural enemies. The antimicrobial potential of propolis
contributes to hive hygiene and disease prevention (PASUPULETI et al., 2017;
AFROUZAN et al., 2018).

Calendula officinalis L. is an annual herbaceous vegetable of the family
Asteraceae originating in the Mediterranean and currently grown in various regions of
the world (SANTOS et al., 2015). The flower has a soft smell, considered safe as a
seasoning, and used on a large scale in cosmetology (FATIMA et al., 2018). From this
perspective, studies report that extracts of Calendula officinalis flowers and propolis
extracts have a wide range of biological activities, antimicrobial potential against several
pathogenic microorganisms, with high potential to be explored (SHANKAR et al., 2017;
FATIMA et al., 2018; ABDULLAH et al., 2020). Thus, their applications in the health
area should be further researched, because there is evidence that they may prevent oral
pathologies, gingivitis and periodontitis, due to the antimicrobial and antioxidant
properties that present (SHANKAR et al., 2017; NAKAO et al., 2020; TANIDEH et al.,
2020).

Periodontitis or periodontal disease is one of the main causes of tooth loss,
affecting some 20 to 50% of the world's population (HAQUE; SARTELLI; HAQUE,
2019; SAMISTRARO, 2018). It originates in gingival tissue and, if left untreated, affects
the deeper tissues responsible for supporting the teeth, altering bone homeostasis and
causing loss of the dental element (MEHROTRA; SINGH, 2020). Despite the
multifactorial origin, periodontitis is initiated by microorganisms that are the surface of
the teeth and gums, forming the biofilm, which interact with the host's immune defenses,
leading to inflammation and disease (KWON; LAMSTER; LEVIN, 2021).

Periodontitis can be classified according to the severity of the disease, i.e stage |
is an initial stage, stage Il is a moderate stage, while stage 111 and IV are considered severe
stages, including loss of teeth (CATON et al., 2018).

According to Martins et al. (2019) mouthwashes containing chlorhexidine are

often used as adjuvants in oral hygiene measures due to their ability to control biofilm
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formation. However, many side effects such as changes in the staining of the tongue and
teeth, irritation in the oral mucosa and taste disorder have been widely reported
(GURGAN et al., 2006; BRAGA et al., 2019).

The use of natural substances in dentistry has as advantage the affordable cost,
easy handling, large amount of raw material available, in addition to presenting low
adverse effects, as they make the body's immune reaction more favorable (FRANCISTO
etal., 2010; OLIVEIRA et al., 2018).

In addition, the resistance to antimicrobials by microorganisms of human oral
interferes with periodontal prevention and treatment (MARTINO, 2018). Ansiliero et al.
(2021) observed multiresistance to antimicrobials in Streptococcus sp. strains and
Enterococcus avium, of oral cavity origin, which constitutes a risk factor for human
health. Biofilm can block the action of several antibiotics, hindering the permeability of
drugs (SANZ et al., 2017). Thus, studies are needed to assess the potential of compounds
as an alternative measure for the prevention and treatment of periodontitis (ALVAREZ-
MARTINEZ; BARRAJON-CATALAN; MICOL, 2020).

Martins et al. (2019) evaluated that red propolis extract showed antibacterial
activity against Streptococcus spp. and Lactobacillus casei, cytotoxicity and antibiofilm
like to that obtained with chlorhexidine. In addition, Tiveron et al. (2016) have observed
strong antimicrobial activity of organic propolis (from Brazil) against the Gram-positive
bacteria—Streptococcus mutans, Streptococcus oralis, Streptococcus sobrinus and
Staphylococcus aureus, including inhibition of biofilm formation by S. mutans.

Based on these considerations, in this study we evaluated the antimicrobial and
antioxidant activity of mouthwash produced with hydroalcoholic extracts of bee propolis
and/or Calendula officinalis.

2 MATERIAL AND METHODS

2.1 EXTRACTS

2.1.1 Cultivation, management, and collection of flowers from Calendula officinalis
Calendula seeds (ISLA) from Santa Catarina, Brazil, were sown in January 2020.

The cultivation occurred by using sowers, containing mixed substrate for plants

(TECNOMAX®). When they reached 6 to 8 cm in height, they were transplanted into

soil enriched with organic bovine fertilizer (150g9/m?), as recommended by the

manufacturer. After flowering, the whole and flowers were collected and transported to

the laboratory for processing. The biological material was washed thoroughly under
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running water, followed by careful drying in an oven with temperature of 55°C until
constant weight, with subsequent grinding in blender (Mondial, 400w). The material
obtained was vacuum packed in plastic bags, kept in a dry place, the material obtained

was vacuum packed in no lighting and with no ventilation for later use.

2.1.2 Crude propolis sample

Crude propolis was collected from stingless beehives, popularly known as jatai
bees (Tetragonisca angustula), on private property located in the state of Santa Catarina,
Brazil. The material was transported, fragmented in a blender (Mondial, 400w) to obtain
a fine powder. Then, it was frozen and stored for later production of the extracts in a

biotechnology laboratory.

2.1.3 Preparation of extracts

Extracts of propolis or C officinalis L. were prepared separately. Thus, for
concentration of bioactive compounds, 10 grams of flowers of C. officinalis L. or 10
grams of raw propolis, both dried and ground, were transferred to volumetric balloons
containing 150 mL of 70% ethanol solvent (v/v), homogenized at 250 rpm, at 35 °C for
24 hours, by orbital shaking. After this period, the extractive solutions were filtered and
the solvents evaporated at 60°C at 80 rpm, under reduced pressure in a rotary evaporator.
The crude extracts were transferred to small amber glass vials stored at 4 °C. The extracts

were used separately to assess antimicrobial activity or combined in a 1:1 ratio.

2.2 ANTIMICROBIAL ACTIVITY

For all tests were used bacterial strains (N=15) previously isolated (ANSILIERO
et al., 2021) from patients with different clinical stages of periodontitis: stage | -
Staphylococcus haemolyticus, Klebsiella azaenae, Raoultella sp.; stage 1l -
Staphylococcus aureus, Streptococcus salivarius, K. azaenae, Citrobacter freundii; stage
I1I/1V - Streptococcus pneumoniae, S. aureus, Escherichia coli, Enterobacter aerogenes,
C. freundii, Pseudomonas fluorescens and Raoultella sp. In addition, standard reference
strains were also used for control: S. aureus ATCC 25923, Streptococcus mutans ATCC
25175, Enterococcus faecalis ATCC 29212, E. coli ATCC 35218; Klebsiella pneumoniae
ATCC 700603 and Pseudomonas aeruginosa ATCC 27853. All strains were previously
grown under optimal conditions of temperature and culture medium before use in the

experiments, observing purity and viability.
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2.2.1 Well Diffusion Assay

Antimicrobial activity was evaluated by using well diffusion assay in soybean
tryptone agar (TSA - Kasvi, Brazil). Thus, a bacterial suspension was prepared with
turbidity adjustment according to the scale 0.5 McFarland (1.5. 108 CFU.mL™) and
seeded onto the agar TSA surface using a swab. In wells of approximately 5mm diameter
each were added: 100pL of crude calendula extract; 100uL of crude extract of propolis;
50 of crude calendula extract + 50 pL of crude propolis extract. A well containing sterile
distilled water (100uL) was used as a negative control, while discs of chloramphenicol
30ug and azithromycin 15ug were used as positive controls. The agar plates were
incubated at 37°C for 24 h. The antimicrobial activity was evaluated by measuring the
diameter (mm) of the growth inhibition zone. All tests were realized in duplicates.

2.2.2 Determination of minimum injunction concentration - IMC

To define out the lowest concentration of extracts capable of inhibiting microbial
growth, duplicate microdilution tests were performed according to CLSI (2015), using 96
well culture plates. Each well received 100 pL of Mueller-Hinton Infusion broth added
of 20 pL of the inoculum of each microorganism (1.5. 108 CFU.mL1), and 100 uL extracts
of propolis and calendula, in the concentrations [222,2; 166,5, 111, 55,5 and 11 mg/ mL],
in addition to the association of both extracts (1:1) at different concentrations. Distilled
water was used as a negative control. The plates were incubated 24h/37°C and the reading
was performed by adding 10uL of 0.01% resazurin solution (7-Hydroxy-3H-phenoxazin-
3-one 10-oxide) as realized by Oliveira (2019).

2.2.3 Determination of minimal inhibitory activity

To assess the minimal inhibitory activity 10uL were obtained from each previous
broth cultivation and seeded over plate on TSA agar (OLIVEIRA, 2019). The CFU/mL
result indicated whether the extract was bactericidal or bacteriostatic.

2.3 PHYTOCHEMICAL ANALYSIS AND ANTIRADICAL ACTIVITY
2.3.1 Determination of total phenols

The total phenol content of the developed extracts was determined by Folin
ciocalteau spectrophotometric method, using gallic acid as a standard a, as performed by
Singleton, Rossi Jr (1965) anda Andrade (2019), with some modifications. For the
determination were used, 0.5 mL of the diluted crude extract 1:1000 [0,0666 mg/ mL],
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2.5 mL of Folin 0.2 N (1:10) and 2.0 mL of sodium carbonate at 7.5%. The experiments
were kept at room temperature for 2 hours and the optical density measured at 750 nm.
The calibration curve was constructed using the standard the lactic acid. The calculation
was performed using the straight line equation by calibration curve. The results were

expressed in mg of gallic acid/g of equivalent extract (mg EAG/Q).

2.3.2 Determination of flavonoids

The method of Rio et al. (1996) was used to determine total flavonoids in the
developed extracts, as performed by Andrade (2019), with analysis in triplicates. For this,
it was mixed in equal parts 2.0 mL of AICIs and diluted extracts 1:1000. The samples
were left in a dark room for 30 minutes. The reading was made by optical density at 425
nm. A calibration curve was constituted by using quercetin as standard, and the results

expressed in mg of quercetin equivalent/g of extract (mg EQ/ g).

2.3.3 DPPH

The antioxidant capacity of the extracts was determined using 1,1-diphenyl-2-
picrilidrazil (DPPH), according to the methodology performed by Nunes (2019) (initial
concentration and dilutions of the 1x e 2x) in test tubes containing 3.0 mL of DPPH ethane
solution (0,004%). The analyses were performed in triplicate in a dark room with reading
after 30 minutes. The reading was made by optical density at 517 nm. A blank sample
was prepared by using ethanol. The radical elimination activity (RSA) was calculated as

a percentage of DPPH discoloration by using the equation:
% RSA = [(ADPPH — AS) / ADPPH] - 100.

Where, AS represents the absorbance of the solution when the sample extract is
added at a certain level, and ADPPH is the absorbance of the solution DPPH
(ANDRADE, 2019).

2.4 DEVELOPMENT OF MOUTHWASH
The extracts with the highest antimicrobial and phytochemistry activity were
selected for the development of a mouthwash. The formulations elaborated in this work are

shown in Table 1.
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Table 1. Formulations of mouthwashes developed in the present study.
Formulation 1 Formulation 2 Formulation 3 Formulation 4 Formulation 5

3% Sorbitol 3% Sorbitol 3% Sorbitol 3% Sorbitol 3% Sorbitol

0.02% Nipagin 0.02% Nipagin 0.02% Nipagin 0.02% Nipagin 0.02% Nipagin
0.05% Mint flavor  0.05% Mint flavor 0.05% Mint flavor 0.05% Mint flavor 0.05% Mint flavor

Water - enough for  Water - enough for Water - enough for Water - enough for Water - enough for

100mL 100mL 100mL 100mL 100mL
0.12%
- 20% Extract - 20% Extract Chlorhexidine
digluconate

0.05% Sodium 0.05% Sodium
fluoride fluoride

2.4.1 Determination of antimicrobial activity of oral rinses in vitro

As previously described, the antimicrobial activity of mouthwash was carried out
as performed for the extracts. All tests were realized in duplicates. After incubation at
37°C for 24 h the antimicrobial activity was evaluated by measuring the diameter of the
inhibition zone.

To verify whether the mouthwashes maintained their antimicrobial activity during
storage at 6°C or 25°C, the samples were tested on day 1 of production (1st evaluation),

after 60 days (2nd evaluation) and at 120 days (3rd evaluation).

2.5 STATISTICAL ANALYSIS

The statist analysis was performed to evaluate whether there was a statistical
difference between the results obtained. The data were submitted to variance analysis,
Tukey test (p < 0.05) and student T test, selected according to the characteristic of each

data group, using the GraphPad Prism version 8 (GraphPad Software).

3 RESULTS AND DISCUSSION
3.1 ANTIMICROBIAL ACTIVITY

Propolis and calendula extracts with concentration of 222 mg/mL (22.2%),
showed activity against seven (n=7; 35%) strains from patients with periodontitis and
against only one (n=01; 5%) microorganism from standard strain (Table 2).
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Table 2. Antimicrobial activity of propolis and/or calendula extracts (Against microrganisms associated with
periodontitis).

Crude extract.

Microbial strain (clinical Calendula  Propolis/Calendula Chloramphenicol Azithromycin

periodontal stage) Propolis 1:1 30ug 15ug H.0
?Itla;pm"OCOCCU5 aureus 1325+ 0.00~  0.00+0.00® 11.50+0.707 29.75+1.76° 9.75+0.35% -
fltlr)emococcus salivarius 179519478 165042128 16.00+0.00A 40.75+1.068  32.00+1.42° -
Streptococcus 15.25+0.35%  0.00£0.008  14.75:0.35° 35.50+0.70°  8.000.00° -
pneumoniae (I11/1V)
?Itﬁﬂ%'ococc”s aureus 16101104 0.00+0.00° 14.75+0.35% 39.0041.41¢  24.50£3.53° -
Staphylococcus aureus A B A C D
e e 13.25+1.06"  0.00+0.00 12.50+0.70 31.00+1.41 25.00+0.35 -
Streptococcus mutans A B A c D _
ATCC 25175 13.25+0.35"  0.00+0.00 13.00+0.00 34.50+0.70 28.75+0.35
Enterococcus faecalis A B A c D
PR 12.00+1.41~  0.00+0.00 11.25+0.35 29.50+0.70 24.50+2.12 -
Values displayed in average * standard deviation. Different letters, horizontally differ from each other by the Tukey
test (p < 0.05).

In short, the propolis extract was more efficient than calendula extract and the
combined use of both did not potentiate antimicrobial action, as evaluated by the variance
analysis test and Tukey test (p<0.05). On the other hand, the above-mentioned extracts
had a similar action against the S. salivarius.

Similarly, Campos et al. (2014) also showed antimicrobial action of calendula
against strains of S. salivarius, using for both tinctures obtained in a compounding
pharmacy, with inhibition halos of 10mm.

According to Okinczyc et al. (2020), propolis extracts are potent antibacterial
agents. Moreover, the results obtained in the present study were similar to that observed
by Almeida et al. (2017) who evaluated the antimicrobial potential of tinctures and
extracts of red propolis obtained in northeastern Brazil, they were shown to be bioactive
against S. aureus with inhibition halos of 8 and 17 mm at the concentration of 200 pg/
mL, respectively. From this perspective, Roh and Kim (2018), of Korean propolis extract
(50mg/mL), observed inhibition halos from 8.07+£0.21 to 9.97£0.65 mm against oral
pathogenic microorganisms.

The hydroalcoholic extracts produced here showed antimicrobial action only for
the strains of gram-positive microorganisms. This result is consistent with previous
studies; developed by Torres et al. (2018), which demonstrated antimicrobial activity,
mainly against Gram-positive bacteria. In fact, there are differences in the cell wall of
gram-negative and gram-positive cells. Although the cell wall of Gram-negative bacteria
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is of low thickness, it houses an additional outer membrane with high content of
lipopolysaccharides and lipoproteins, which gives these cells greater resistance to
antimicrobial substances (VADILLO-RODRIGUEZ et al., 2021).

Based on the results of the well diffusion assay, the propolis extract showed
superior antimicrobial action against Streptococcus pneumoniae isolated from patients
with periodontitis (levels I11/1VV) compared to the control antibiotic azithromycin (Figure
1). Regarding the tests with Staphylococcus aureus isolated from patients with level 11
periodontitis, no statistical differences were observed by Tukey (p<0.05). Thus, the
extract presents itself as an alternative substance with the potential to inhibit pathogens

that pass through the oral cavity and are implicated in periodontitis.

Figure 1. Streptococcus penumoniae inhibition by hydroalcoholic extract of propolis in well diffusion assay.

Caption. 1: Crude extract of propolis; 2: Azithromycin (15ug).

Microbial resistance to antimicrobials of clinical use generates interest in the
search for natural substances with biological activity, as is the case of propolis, which has
been gaining prominence due to its biological potential (AFROUZAN et al., 2018).

The results obtained regarding the minimum inhibitive concentration (IMC) of
extracts can be observed in Table 3. It was verified that the IMC of the propolis extract
varied according to the target microorganism, with values from 111 to 166.5 mg/mL. The
concentration of 111 mg/mL has been shown to be effective in controlling Streptococcus
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pneumoniae (from a patient with stage I1/IV periodontitis), Staphylococcus aureus (from

a patient with stage I11/1V periodontitis) and-Enterococcus faecalis ATCC 29212.

Table 3. Minimum inhibiting concentration of hydroalcoholic extracts of Propolis and/or Calendula.
Extracts (average mg/mL)
Strains (clinical periondotitis stage) H>O Propolis  Calendula  Propolis/Calendula

(1:1)
Staphylococcus aureus (1) - 166.5 - 166.5
Streptococcus salivarius (1) - 166.5 55.5 166.5
Streptococcus pneumoniae (11/1V) - 111 - 166.5
Staphylococcus aureus (111/1V) - 111 - 166.5
Staphylococcus aureus ATCC 25923 - 166.5 - 166.5
Streptococcus mutans ATCC 25175 - 166.5 - 166.5
Enterococcus faecalis ATCC 29212 - 111 - 111

Almeida et al. (2017) evaluated the antimicrobial potential of tinctures and
chloroform extracts of red propolis obtained in northeastern Brazil and observing IMC
values of 135.87 - 271.74 pg / mL using Gram-positive strains and 271.74 - 543.48 ug /
mL for Gram-negative strains. In the same meantime, regarding the use of alcoholic
extract of propolis from Iran, IMC of 150, 300, 300 pg/mL was evidenced for
Staphylococcus aureus, Streptococcus mutans and Enterococcus faecalis, respectively
(NAZERI; GHAIOUR; ABBASI, 2019). Thus, has been observed that the propolis has
bactericidal action, however, its action is strongly related to the species of the
microorganism used and its origin (FALCAO, 2014).

3.2 PHYTOCHEMICAL ANALYSIS AND ANTIRADICAL ACTIVITY

The extracts of propolis and calendula here produced develeped showed no
statistically significant difference, according to the t-test, due the concentration of total
phenols and free radical elimination activity. However, a higher flavonoid content was
verify for propolis extract when compared to calendula extract (Table 4; p<0,005). Thus,
the flavonoid content can interfere with the bioactivity of the extracts, considering that it
depends on their chemical compositions (AFROUZAN et al., 2018).
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Table 4. Phytochemical compounds and anti-radical activity of hydroalcoholic extracts of propolis and
Calendula officinalis.

Extracts (average + Standard deviation)

Phytochemical compounds and anti-

radical activity-RSA Propolis Calendula
Total phenols (mg EAG/g) 6.806 + 0.1994 6.345 + 0.3454
Flavonoids (mg EQ/g) 0.288 + 0.038" 0.146 + 0.0348
RSA (%) 86.946 + 0.636" 86.375 + 0.0704

Caption. Different letters differ statistically from each other (p < 0.05), by the t-test.

Polyphenols and flavonoids are natural antioxidant products with action varying
according to concentration and chemical structure (SYTAR et al., 2018). Antioxidants of
plant origin act by reducing and/or eliminating the deleterious effects of oxidative
processes, thus being used in natura or in the food, cosmetic and pharmacological
industry (ANDRADE, 2019).

The results obtained regarding the content of phenolic compounds with the
propolis extract were different in relation to the results found by Martins et al. (2018).
These authors obtained only 2.73+£0.01 (mg gallic acid/100 mL) of phenolic. However,
the flavonoid content was lower than that observed by the authors, who obtained values
of 2.46£0.31 (mg quercetin/100mL). About RSA, Almeida et al. (2017) observed that
tinctures and microcapsules loaded with Brazilian red propolis extract obtained presented
high antioxidant activity, with values from 77.12% to 98.06%. Ristivojevi¢ et al. (2020)
evaluated the antioxidant potential of propolis samples from different geographical
locations and showed that propolis from Serbia (P3) presented the highest antioxidant
potential, with RSA values of 53.21%.

It is estimated that the antimicrobial activity of propolis is related to phenolic and
flavonoid compounds of its composition, and polarities (ABDULLAH et al., 2020). In
this way, Sytar et al. (2018) evaluated the total phenolic content, total flavonoids, and
antioxidant activity of methanol extracts of leaves of Calendula officinalis L. whose
values obtained were of 6.5 £ 0.004 (mg EQ/qg), 1,125 £ 0.153 (mg EQ/g) and 92.56 +
0.35%, respectively.

3.3 ANTIMICROBIAL ACTIVITY OF MOUTHRINSES

Among the five formulations (F1 to F5) of mouthwashes, only F1 and F3 did not
present antimicrobial activity against the evaluated microorganisms (Table 5).

No active antimicrobial from either propolis or calendula was present in these two

formulations (F1/F3), except that, as in the other formulations, nipagin (methylparaben),

Brazilian Journal of Development, Curitiba, v.8, n.4, p.27211-27230, apr., 2022.



Brazilian Journal of Development
ISSN: 2525-8761

27223

a pharmaceutical preservative, was added. This reinforces that it did not interfere with the
antimicrobial action of the extracts in relation to the target microorganisms evaluated. On
the other hand, the formulations containing propolis extract (formulations 2 and 4) and
chlorhexidine (formulation 5) showed biological activity, with action varying according

to microbial lineage. Thus, these results reinforces that the antimicrobial action in

formulations containing calendula or propolis

Table 5. Antimicrobial action of mouthwashes formulations to pathogenic isolates from patients with different
clinical stages of periodontal disease.

Strains (clinical stage of
periodontitis)

Antimicrobial action of Mouthwash (well diffusion assay)

Formulation 1 Formulation 2 Formulation 3 Formulation 4 Formulation 5

Staphylococcus aureus (11) 0.00+0.004 13.37+0.21B 0.00+0.004  13.00+0.008  25.50+0.70°
Streptococcus salivarius (I1) 0.00+0.00 16.00+1.418 0.00+0.004 15.25+0.358 27.25+1.06¢
Streptococcus pneumoniae (111/1V) 0.00+0.004 15.75+0.358 0.00+0.004  15.65+0.91%8  31.50+2.12¢
Staphylococcus aureus (111/1V) 0.00+0.00 15.25+1.068 0.00+0.004 14.50+0.708 31.50+2.12¢
Staphylococcus aureus ATCC 25923  0.00+0.004 15.25+1.068 0.00+0.004  15.25+0.358  25.00+0.00¢
Streptococcus mutans ATCC 25175 0.00+0.004 13.00+1.418 0.00+0.004 12.50+0.708 34.50+3.53¢
Enterococcus faecalis ATCC 29212  0.00+0.004 13.75+0.358 0.00+0.004  15.00+1.41®  23.50+0.70°

Caption. Values displayed in average + standard deviation. Different letters, horizontally, differ from each other
by tukey test (p<0,05).

Streptococcus salivarius was the most sensitive isolate against formulation 2 and
Streptococcus pneumoniae against formulation 4.

Bapat et al. (2021) showed that the oral rinses of propolis, led to a decline of the
microorganism S. mutans in saliva samples from patients and, in addition, propolis has
been shown to be as efficient as chlorhexidine in reducing plaque pathogens, gingivitis
and dental caries.

Moreover, the use of sodium fluoride (0.05%) in mouth was not potentiated by
their antimicrobial action, according to the Tukey test (p<0.05).

Formulation 5 containing chlorhexidine (0.12%) showed better antimicrobial
action compared to the other (Figure2). The drug is considered the gold standard in the
control of oral microorganisms, however due to the side effects triggered by the same,
such as smears and irritation in the oral mucosa, its prolonged use should be avoided
(GURGAN et al., 2006; BRAGA et al., 2019).
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Figure 2. Antimicrobial potential of mouthphering oral formulations developed against Staphylococcus
aureus ATCC 25923.

Caption. 1: Mouthwash oral formulation 01; 2: mouthwash formulation 02; 3: mouthwash formulation 03;
4: mouthwash formulation 04; 5: mouthwash formulation 05.

The formulation 5 containing chlorhexidine was more efficient in the control of
oral pathogens, followed by formulations 2 and 4 (containing propolis extract), which
showed no statistical difference between them, according to the Tukey test (p<0.005).

Porwal et al. (2018) showed that chlorhexidine gluconate (0.2%) was more
effective in reducing dental plaque in patients when compared to crude propolis extract.
However, propolis was more effective in reducing gingival inflammation, suggesting that
it can be used as an alternative to rinsing with chlorhexidine.

We evidenced that formulations 2, 4, 5 and crude propolis extract decreased their
biological activity over the course of days (Figure 3). However, the crude propolis extract
showed a greater viability decline in relation to the formulations of rinses. After 120 days
the biological activity was lost (zero inhibition). The samples stored at 25°C showed
lower inhibition halos, when compared with the samples stored at 6°C, but this difference
was not significant (p<0.005).
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Figure 3. Stability of biological activity of mouthwash formulations and crude propolis extract.
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4 CONCLUSIONS

The propolis extract produced in this study showed antimicrobial activity against
the pathogens Staphylococcus aureus, Streptococcus salivarius, Streptococcus
pneumoniae. Standard strains Staphylococcus aureus ATCC 25923, Streptococcus
mutans ATCC 25175 and Enterococcus faecalis ATCC 29212 were also inhibited.
Propolis extract was more efficient than calendula extract or its combined use. The
hydroalcoholic  extracts showed antimicrobial action only to Gram-positive
microorganisms, not being efficient in the control of gram-negative microorganisms here
evaluated. In addition, we can emphasize that propolis extract produced under the
conditions of this study had antimicrobial action to azithromycin compared to S.
pneumoniae, isolated from patients with periodontitis stage 111/1V, but with similar action
of this same antibiotic for Staphylococcus aureus isolated from patients with clinical

periodontal stage II.
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Although the extracts did not differ regarding the content of phenolic compounds
and RSA, the propolis extract had a higher content of flavonoids than the marigold
extract, which may explain its bioactivity.

In this perspective, the propolis extract inhibited pathogens implicated in causing
periodontitis. Considering that it presented not only antimicrobial activity, but also
antioxidant activity, its use in pharmaceutical formulas, such as the one presented here,

could be especially useful in oral hygiene, contributing to the prevention of periodontitis.
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RESUMO - O bambu é um recurso florestal amplamente utilizado e que possui
alto teor de fibras em seus brotos, o que o leva a ser considerado um alimento
nutritivo e saudavel. Devido a capacidade de retencdo de agua por parte das
fibras, apresenta potencial para producdo de farinha, podendo ser utilizado
como espessante em produtos que apresentem pouca firmeza como o Petit
Suisse. Este estudo teve por objetivo elaborar um queijo do tipo Petit Suisse
utilizando farinha de broto de bambu como fonte alternativa de espessante
natural e com isso avaliar o impacto sobre a composicdo fisico-quimica e o
perfil de textura do produto. Os resultados demonstraram que a adi¢do de
diferentes quantidades de fibra de bambu ao produto nao teve efeito sobre o
pH, umidade, gordura e proteina, mas sim para os parametros de textura e
sinérese. O produto adicionado de 0,75% de fibra de bambu apresentou
menor efeito de sinérese ao longo do armazenamento, apresentando-se
também com a textura mais firme e gomosa.

Palavras-chave: Sinérese; farinha de broto de bambu; textura.

ABSTRACT - Bamboo is a widely used forest resource and has a high fiber
content in its shoots, which makes it considered as a nutritious and healthy
food. Due to the water retention capacity of the fibers, it has the potential for
flour production, and can be used as a thickener in products that have little
firmness such as Petit Suisse. This study aimed to prepare a Petit Suisse type
cheese using bamboo shoot flour as an alternative source of natural thickener
and, therefore, to evaluate the impact on the physicochemical composition
and texture profile of the product. The results showed that the addition of
different amounts of bamboo fiber to the product had no effect on pH,
moisture, fat and protein, but on texture parameters and on the effect of
syneresis, product with the highest percentage of bamboo fiber (0.75%) was
firmer and gummy, less elastic and with less syneresis effect during storage.
Keywords: Syneresis; bamboo shoot flour; texture.
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1. INTRODUCAO

O bambu ¢é wuma planta perene
pertencente a familia Poaceae e a subfamilia
Bambusoideae, considerado um importante
recurso florestal em todo mundo, sendo
amplamente encontrado nos continentes
asiatico, americano e africano (BASAK et al,
2021; LONG et al., 2021). Também é amplamente
utilizado na construcdo civil, na fabricacdo de
moveis e seus brotos sdo considerados alimentos
nutritivos e saudaveis, com alto teor de fibras
(SILVA et al., 2020; MOUSAVI et al., 2022).

Desta forma, os brotos de bambu
mostram potencialidade para extracdo de fibras e
producdo de farinhas para uso em alimentos
(FELISBERTO; BERALDO; CLERICI, 2017). Mancebo
et al. (2018) observaram que misturas de fibra de
bambu apresentam alta capacidade de ligacdo e
de retencdo de agua. Além disso, Silva et al.
(2020) evidenciaram que a farinha de broto de
bambu pode ser utilizada como espessante,
substitutos de gordura e como alternativa as
farinhas tradicionais para elaboracdo de produtos
de panificagdo. Em estudo, Santos et al. (2020)
verificaram que géis de emulsdo contendo fibra
de bambu aumentaram a estabilidade de uma
emulsdo a base de pele de suino, melhorando os
aspectos relacionados a textura.

Nessa perspectiva, pesquisas afirmam
que a farinha de broto de bambu é uma
importante matriz vegetal, com propriedades
espessantes, apresentando potencial de uso para
a industria alimenticia (MANCEBO et al., 2018;
SILVA et al., 2020). Além de alterar
caracteristicas tecnolégicas dos produtos, a fibra
do broto de bambu pode ser classificada como
dietética, com potencial para produgdo de
alimentos funcionais (LI et al., 2021),
apresentando-se segura para consumo e capaz
de fortificar alimentos com a utilizacdo de
técnicas de processamento adequadas (SANTOSH
et al., 2021).

Estudo desenvolvido por Li et al. (2021)
demonstrou que a administracdo de fibra de
broto de bambu em ratos Sprague-Dawley com
hiperlipidemia induzida por dieta hiperlipidica
(HDF) reduziu significativamente os niveis de
colesterol total e de triglicerideos nos animais.

Com o] crescente interesse e
conscientizacao por parte dos consumidores, em
buscar ingredientes alimentares naturais que
exercam beneficios a saude (HIMASHREE;
SENGAR, 2022), busca-se fontes alternativas de
espessantes que possam ser adicionadas ao
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produto em substituicdo a espessantes
comerciais convencionais (LIAO et al., 2021).

O Petit Suisse é um tipo de queijo que
apresenta grande aceitabilidade pelos
consumidores, devido a caracteristica cremosa e
ao fato de ser pratico para o consumo (TOLONI et
al., 2014). Como apresenta pouca firmeza, pode
ser adicionado de espessantes por necessitar
reter dgua e favorecer a formacao de gel, aspecto
tecnolégico de elevada importancia, pois a forca
do gel lacteo formado influenciara em
parametros como rendimento, umidade e textura
e nas caracteristicas sensoriais do produto
(PANDEY et al., 2000; SILVA et al., 2021b). Porém,
este tipo de produto pode ser afetado pela
sinérese, que pode ser definida como a liberagdo
gradual do soro de leite do gel lacteo, ocorrendo
em queijos fermentados e produtos lacteos
durante o processo de fabricagdo e
armazenamento  (SILVA et al.,, 2021b),
considerado um atributo indesejdvel, pois afeta a
homogeneidade, a qualidade sensorial e a vida de
prateleira dos produtos (SOHANY et al., 2022).
Espessantes podem ser utilizados para diminuir o
efeito de sinérese e conferir ao produto a
consisténcia desejada (SANCHEZ et al., 2000;
ZAMBRANO et al., 2005; SA, 2008).

Com base no exposto, o presente estudo
teve como objetivo elaborar um queijo do tipo
Petit Suisse com adicdo de farinha de broto de
bambu como wuma fonte alternativa de
espessante natural e avaliar os efeitos sobre o
perfil de textura, sinérese e composicao fisico-
guimica do produto.

2. METODOLOGIA
2.1 Producgao do queijo Petit Suisse
2.1.1 Elaboragao do queijo quark

A massa base para a producdo do queijo
Petit Suisse foi elaborada segundo Esmerino
(2013) e Vitola et al. (2020), com adaptagGes. O
leite integral (4% de gordura) pasteurizado foi
acondicionado em recipiente de plasticos (tarro)
de 30 litros, mantido a 4 °C. Em tanque
encamisado, o leite foi aquecido a temperatura
de 362C e adicionado de 2% de fermento
mesofilico liofilizado (Delvo®Tec 33A 2U) e
coalho (0,05 g.L'l; Quimiosina Microbiana
produzida por Aspergillusninger var. awamon;
Ha-La, Chr. Hansen), procedendo, por
conseguinte a homogeneizagdo. Decorridos 40
minutos, foi realizado o corte da coalhada (~2
cm) e a retirada do soro.
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A coalhada foi mantida a temperatura de
refrigeracdo (+ 5,0 °C, Brastemp) até pH 4,90. Em
seguida, foi submetida ao congelamento durante
~84 horas para posterior producao do Petit Suisse
(BIANCHI et al., 2021).

2.1.2 Formulagdao e processamento do queijo
Petit Suisse

A massa do queijo quark anteriormente
preparada foi descongelada em temperatura de
refrigeracdo (£ 5,0 29C) por 24 horas para
elaboracdo do queijo Petit suisse (Figura 1). Duas
formulagbes foram desenvolvidas utilizando
queijo quark (~ 71,3%), creme de leite 64% de
gordura (10%) e agucar refinado (Alto Alegre -
18%). A fibra de bambu QC 200 (Nutrassim Food
Ingredients) que consiste em uma mistura de
granulometrias com mesh de 450, 170 e 70 (32,
90 e 200 u), foi adicionada nas proporcdes de
0,5% para a formulagdo 1 (F1) e 0,75% para a
formulagdo 2 (F2). Cabe ressaltar que o total da
formulagdo (100%) foi mantido, considerando a
compensagdo no quantitativo de massa
adicionado em relacdo a fibra.

Figura 1. Fluxograma do processo de elaboracao
do queijo Petit suisse.
Massa base

v

Descongelamento
Acticar —> Homogeneizagio

A’

Fracionamento

Armazenamento

5°C

\Z

Queijo Perit
Suisse

Creme de leite

Fibra de bambu

Fonte: Os autores.

Os ingredientes foram homogeneizados
em Thermomix (Vorwerk, Wuppertal, Alemanha)
por 20 minutos, conforme Silva et al. (2021a),
com modificagGes. Em seguida, o Petit Suisse foi
fracionado em porg¢des de 50 g e acondicionados
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em recipientes de polipropileno com tampa,
armazenados a * 5 2C em refrigerador, para
posterior analises.

2.2 Anadlises do perfil de textura, sinérese e
composigao fisico-quimica

O perfil de textura foi determinado de
acordo com Souza et al. (2011), com
modificacdes e a sinérese segundo Amaya-Liano
et al. (2008), com modificages. As analises de
proteina, lipidios, umidade e pH foram realizadas
conforme metodologia descrita por AOAC (2016).
Os resultados obtidos fazem referéncia ao 12 e
109 dia apds elaboracdo do queijo Petit Suisse,
mantido em refrigeracdo a 42C.

2.3 Analise estatistica

A andlise estatistica foi realizada pelo
Software Past 4.0 e os dados foram submetidos a
Andlise de varidncia, seguido pelo Teste Tukey
com significancia de 95%.

3. RESULTADOS E DISCUSSAO
3.1 Composigao fisico-quimica e sinérese

Os teores de fibra de bambu adicionados
ndo afetaram significativamente (p<0,05) o teor
de gordura do produto, com média de
21,66%+0,57 e 21,5%+0,50 para as formulacdes
F1 e F2, respectivamente (Tabela 1). Silva et al.
(2021a) evidenciaram que o teor de lipidios em
gueijo Petit Suisse sem lactose de leite de ovelha
variou de 13,9 a 16,5%. Estima-se que a gordura é
um importante fator para a composicdo e
estrutura de queijos, podendo vir a afetar a cor, o
sabor e a textura dos mesmos (BAYARRI et al.,,
2012).
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Tabela 1. Resultados (média * desvio padrao) das analises fisico-quimicas do queijo Petit suisse formulado
com diferentes percentuais de fibra de bambu durante o armazenamento.
Formulacdes

Temp
Parametro o F1 F2
(dias)
Gordura(%) 1  21,66+0,57° 21,5+0,50°
Pr‘zﬁ/oe)'”a 1 08,02+0,10° 07,61+0,41°
H 1 4,94 +0,02" 4,92 +0,01"
P 10  4,94+0,02™ 4,92 +0,02*
Umidade 1  47,02+0,63"° 48,65+0,55"
(%) 10 44,50+ 1,06 46,09 + 0,58
Sinerese 1 14,30+1,80" 13,72 +1,29"
(%) 10 23,86+0,57% 18,66+ 1,27%

Legenda: F1: formulagdo de queijo Petit Suisse com adi¢do 0,5% de fibra de bambu QB 200; F2: formulagdo de queijo
Petit Suisse com adigdo 0,75% de fibra de bambu QB 200.

Médias seguidas de letras minusculas iguais nas linhas ndo diferem entre si pelo teste Tukey (p<0,05) em cada dia de
armazenamento. As médias seguidas de letras mailsculas iguais nas colunas ndo diferem entre si pelo teste Tukey

(p<0,05) para cada formulagao.
Fonte: Os autores.

Quanto ao teor de proteinas, os
resultados encontrados para F1 (8,02%+0,10) e
F2 (7,61%+0,41) ndo diferem significativamente
(p<0,05), estando de acordo com o Regulamento
Técnico de ldentidade e Qualidade de Queijo
Petit Suisse (BRASIL, 2000) que prevé um minimo
de 6,0% de proteinas lacteas no produto. Ainda,
se aproxima de resultados obtidos por outros
estudos, como Deolindo et al. (2019) e
Bermudez-Beltran et al. (2020), que encontraram
uma média de valores de 8,26% e 7,47%,
respectivamente.

Ndo foram observadas diferengas
significativas nos valores de pH entre as
formulagGes do queijo Petit Suisse desenvolvidas
(p<0,05), ou seja, o aumento da concentragdo da
fibra de bambu, nas concentracGes estudadas,
ndo interfere nesta caracteristica do produto.
Pereira et al. (2016) evidenciaram diminuicdo de
pH em queijo Petit Suisse com extrato de
jabuticaba apds 28 dias de armazenagem. Este
comportamento ndo foi observado no presente
estudo (p<0,0H), pois as quantidades de fibra de
bambu adicionadas provavelmente nao foram
suficientes para alterar tal caracteristica do
produto.

Em suma, a umidade ndo diferiu entre as
formulagGes, porém foi influenciada pelo tempo
de armazenamento (p<0,05). Os valores obtidos
foram similares ao observado por Bermudez-
Beltran et al. (2020) que relatou teor de umidade

de 44,03% em Petit Suisse de groselha do cabo
incorporado de pd de folha de moringa e
gelatina. O teor de umidade diminuiu ao longo do
tempo de armazenamento, possivelmente pelo
fato de que houve liberacdo do soro que se
encontrava na fase coloidal no produto, analisado
pelo percentual de sinérese. A ocorréncia de
sinérese impacta na textura e qualidade do
produto (CASTILLO et al., 2006).

Quanto ao percentual de sinérese, foi
observado um aumento do valor nas duas
formulagdes desenvolvidas apds armazenamento
de 10 dias (p<0,05). Deolindo et al. (2019)
também observaram aumento significativo no
percentual de sinérese em queijo Petit Suisse
elaborado com extrato liofilizado de semente de
uva apods refrigeracio de 14 dias, o qual
apresentou 28+1% de soro liberado.

O percentual de sinérese foi inferior para
a formulacdo F2 em 10 dias de armazenamento,
em relagdo a formulagdo F1 (em média 13,6%
menor) indicando que a adigdo de 0,75% de fibra
de bambu aumentou a retencdo de soro e,
portanto, resultou em diferenca entre as
formulagGes (p<0,05). Em estudo, a adicdo de
farelo de aveia diminui a sinerese em Petit Suisse
devido a alta quantidade de fibras presentes no
mesmo (RIBEIRO et al., 2021).

Em produtos derivados do leite, como o
Petit Suisse, o rearranjo de agregados de
proteinas, ocasiona a contragdo da matriz da
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caseina com consequente expulsdo do soro. A
sinérese pode ser provocada por diversos fatores
como baixo teor de sdlidos, alta temperatura de
armazenamento e pela baixa acidez do produto
(pH24,6) (LUCEY, 2001; CASTILLO et al., 2006).

3.2 Perfil de textura

Os resultados quanto ao perfil de textura
dos queijos Petit Suisse podem ser observados na
Tabela 2. Desta forma, observa-se que a adicao
de 0,75% de fibra de bambu afetou a firmeza, a
elasticidade e a gomosidade do queijo Petit
Suisse, em relacdo a formulagdo com 0,50% de
fibra de bambu.
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O Petit Suisse é um queijo que apresenta
pouca firmeza e alta cremosidade, entretanto
essa caracteristica pode ser modificada com a
adicdo de agentes espessantes (SANTOS et al.,,
2018), conforme observado no presente estudo.
Além disso, outros fatores podem vir a afetar a
firmeza, dentre eles destaca-se a velocidade de
agitacao durante a elaboracdo, tendo em vista
que velocidades de agitacdo maiores acarretam
em produtos com consisténcia mais firme
(CERNIKOVA et al., 2017).

Tabela 2. Resultados (média + desvio padrao) do perfil de textura dos queijos Petit Suisse formulado com
diferentes percentuais de fibra de bambu durante o armazenamento.

Formulacdes

Parametro Tempo F1 F2
(dias)
_ 1 8,57+1,08%®  10,9+0,52%
Firmeza (N) Ab Aa
10  10,93+0,65"° 12,41+0,41

Adesividade 1 1,4610,06  1,20+0,19*
(N.s-1) 10 1,18+0,11*°  1,04+0,07"°
Elasticidade 1 3,81+0,58"°  1,08+0,36"°
(mm) 10 3,1240,35"  1,77+0,33"°
Gomosidade 1 5,24+0,35"°  7,92+0,80%
(N) 10 6,25+0,54"°  9,54+0,27*

Legenda: F1: formulagdo de queijo Petit Suisse com adigao 0,5% de fibra de bambu QB 200; F2: formulagdo de queijo
Petit Suisse com adigdo 0,75% de fibra de bambu QB 200.
Médias seguidas de letras minusculas iguais nas linhas ndo diferem entre si pelo teste Tukey (p<0,05). As médias

seguidas de letras maiusculas iguais nas colunas ndo diferem entre si pelo teste Tukey (p<0,05).

Fonte: Os autores.

Deolindo et al. (2019) evidenciaram
firmeza de 9,71 N em queijo Petit Suisse
elaborado com adicdo de extrato de semente de
uva, enquanto Silva et al. (2021a) encontraram
valores de firmeza de 2,19 a 4,76 N quando o
mesmo foi preparado com leite de ovelha.

A firmeza de ambas as formulagGes
aumentou com o armazenamento de 10 dias, isso
pode ter ocorrido devido a ocorréncia de
sinérese, pois a liberacdo gradual do soro
contribui para o aumento da firmeza
(PRUDENCIO et al., 2008; RIBEIRO et al., 2021).

A adesividade reflete a caracteristica
pegajosa do produto (NINGTYAS et al., 2017), a
qual ndo difere significativamente entre as
formulagdes F1 e F2. Estudo de Ningtyas et al.
(2017) evidenciou valores de adesividade de 1,1
N.s' em queijo cremoso com 3,8% de teor de
gordura, enquanto que os queijos com teor de

gordura inferior (1,3%) apresentaram adesividade
maior (2,7 N.s*), indicando que o teor de lipideos
afeta a caracteristica. Além disso, o tamanho dos
glébulos de gordura também estd relacionado
com a adesividade, pois particulas menores
possuem maior interacdo com a matriz proteica,
acarretando no aumento do valor do parametro
(CUNHA et al., 2013).

A elasticidade foi afetada pelo teor de
fibra de bambu utilizado (p<0,05). A mesma se
refere a capacidade do queijo em voltar a sua
condicdo original apds a deformacdo (PELEG,
2019). Santos et al. (2018) verificaram média de
elasticidade de 1,03 mm em queijos Petit Suisse
prebidtico de leite de bufala fermentado com
kefir, enquanto Silva et al. (2021a) verificaram
valores superiores, os quais variaram de 4,291 a
8,23 mm em queijo Petit Suisse sem lactose,
elaborado com leite de ovelha. Sabe-se que a
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elasticidade esta diretamente relacionada com o
tamanho dos glébulos de gordura dentro do
queijo, glébulos de gordura menores acarretam
em queijos com maior elasticidade (MICHALSKI et
al., 2004) e, a agitacdo é um dos fatores que
podem afetar o tamanho dos mesmos
(CERNIKOVA et al., 2017).

Ambas as formulacGes apresentaram
valores elevados para gomosidade, com destaque
para a formulacdo F2. Isto pode ser decorrente
das proporg¢oes de fibras de bambu utilizadas,
tendo em vista que possuem propriedades
espessantes, influenciando nas propriedades
texturais (MANCEBO et al., 2018). Além disso,
esta caracteristica pode estar relacionada ao alto
teor de gordura do produto, conforme
demonstrado nos resultados acima (Tabela 1),
pois a gordura contribui para a formacdo de uma
rede de gel de proteinas firme, ocasionando alta
gomosidade (MATIAS et al., 2014). Em adicdo,
houve aumento da gomosidade com o tempo de
armazenamento de 10 dias para a formulacdo F2,
contendo 0,75% de fibra de bambu (p<0,05).
Resultado similar foi obtido por Matias et al.
(2014) que evidenciaram aumento nesse
parametro em queijo Petit Suisse com adicdo de
soja apds armazenamento.

4. CONSIDERACOES FINAIS

A adicdo de diferentes quantidades de
fibora de bambu como fonte alternativa de
espessante ndo afetou caracteristicas fisico-
quimicas do Petit Suisse como pH, umidade,
gordura e proteina. A adi¢do de 0,75% da fibra de
bambu ao produto resultou em um Petit Suisse
mais firme e mais gomoso, menos elastico e com
menor efeito de sinérese ao longo do
armazenamento.
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Abstract: In this study, two methods for assessing the purity of A2 fermented milk and (3-casein
genotypes in dairy cows were examined. The need for rapid and precise methods for herd screening
and A2 milk quality control justified this study. Accordingly, an ELISA test was developed to identify
f-casein Al in fermented milk, and a commercial Lateral Flow Immunoassay (LFIA) was evaluated
to determine A2A2 genotypes and the purity of A2 milk. The results demonstrated 100% sensitivity
and specificity of the ELISA test in identifying p-casein Al. The LFIA test successfully identified
A2A?2 genotypes and confirmed the purity of A2 milk, with a minimum detectable contamination of
5% for raw milk and 10% for fermented milk. Both tests exhibited 100% sensitivity and specificity,
resulting in positive and negative predictive values of 100%. The positive likelihood ratio was infinite,
while the negative was zero, indicating a precise and reliable test with no false diagnoses. Compared
to traditional genotyping, these methods proved to be more practical and showed potential for
large-scale screening. It was concluded that ELISA and LFIA are valuable tools for ensuring the
quality and authenticity of A2 milk, meeting the demands of producers and consumers for safe and
healthy dairy products.

Keywords: A2A2 dairy cows; genotyping; ELISA; LFIA; comparison of methods; facilitated analysis

1. Introduction

Millions of people around the world consume milk and its derivatives daily, taking
advantage of its nutritional richness as an excellent source of proteins, fats, and micronutri-
ents [1-3]. Milk is composed of two main groups of proteins: caseins and whey proteins [4].
The four types of casein («sl-casein, as2-casein, 3-casein, and k-casein) are encoded by the
genes CSN1S1, CSN1S52, CSN2, and CSN3, respectively, and located in a cluster within a
250 kb region on chromosome 6 [5]. Among them, 3-casein is the main protein found in
milk [6]. Different mutations in the bovine CSN2 gene have resulted in 12 genetic variants
of 3-casein, including A1, A2, A3,B,C, D, E, F, G, H1, H2, and I, with Al and A2 being the
most common variants [5,7,8]. Cows with the A1/A1 homozygous genotype and Al1/A2
heterozygous genotype produce Al milk, while cattle with the A2/A2 genotype produce
A2 milk [2,89].

The Al and A2 variants do not differ nutritionally; the distinction between them
lies in a single-nucleotide polymorphism (SNP) at the amino acid residue at position 67
of the peptide chain. In Al milk, this residue is histidine (His67), while in A2 milk it is
proline (Pro67) [5,10-13]. It is believed that the A2 variant was initially present in all herds;
however, a few thousand years ago, a natural mutation from proline to histidine occurred
in European dairy cattle, resulting in the presence of the A1 allele in various breeds as we
know them today [4,14,15].
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During the gastrointestinal digestion of dietary proteins, enzymatic action can result
in the release of biologically active peptides [9,16,17]. During the digestion of Al bovine
milk, the presence of the amino acid histidine allows the proteolytic cleavage of 3-casein by
human gastrointestinal enzymes, releasing a bioactive peptide known as -casomorphin-7
(BCM-7) [12,18]. The release of BCM-7 has been reported in A2 bovine milk, although
less pronounced than in Al milk [19]. Studies indicate that the BCM-7 peptide has opioid
activity, with affinity for p-opioid receptors (MORs), found in various regions of the
body [14,20].

Several studies have also reported correlations between the consumption of Al
cow’s milk and dairy products with various human health conditions, due to the re-
lease of the BCM-7 peptide during digestion, including type 1 diabetes, cardiovascu-
lar disorders, gastrointestinal problems, inflammatory responses, and autism spectrum
disorders [3,14,15,21-30]. Awareness of the adverse effects of BCMs on human health has
generated a growing demand for exclusively A2 dairy products, both among companies
and dairy consumers [2,10,12]. As a result, producers have started selecting females with
the A2/A2 genotype [4,9,31], leading to a steady increase in the global A2 milk market
in recent years [3], with estimates that this market will grow exponentially until 2029 [4].
Thus, labeling indicating the presence of 3-casein A2 has become common in various dairy
products, often associated with nutritional benefits [5].

In addition, recent studies [32], show that animals with the A2A2 3-casein genotype
(CSN2) exhibit superior genetic indices, including total performance index (TPI), net merit
(NM), and predicted transmitting abilities for protein and productive life (PL). These
findings reinforce that selection based on casein genes can optimize the efficiency and
longevity of dairy herds, offering significant economic benefits and contributing to the
genetic improvement of dairy animals.

In this context, a variety of analytical methods have been employed to study and
identify the genetic variants of -casein [18]. This includes techniques such as liquid
chromatography-tandem mass spectrometry (LC-MS/MS) [33], reverse-phase high-
performance liquid chromatography (RP-HPLC) [34], electrophoresis and high-resolution
accurate mass spectrometry (HRAMS) [35], and mid-infrared spectroscopy and chemo-
metrics [10]. In addition to these, various DNA-based genotyping methods have been
described, including allele-specific polymerase chain reaction (AS-PCR) [18,23], allele-
specific competitive replication system (ACRS-PCR) [18,36], restriction fragment length
polymorphism (RFLP-PCR) [18,34,37], single-strand conformation polymorphism analysis
(SSCP-PCR) [7], amplification refractory mutation system (ARMS-PCR) [34], and gene
sequencing [38,39].

Each of these methods has strengths in terms of accuracy for identifying (3-casein
genotypes; however, many require extensive processing times, specialized training, and
advanced equipment, presenting cost and complexity challenges for large-scale, rapid
applications [6,34]. Our comparative analysis reveals that, while traditional methods
like AS-PCR and RFLP-PCR are highly precise, they tend to be slower and more labor-
intensive. In contrast, techniques such as SSCP-PCR and mid-infrared spectroscopy with
chemometrics provide faster results and require less manual intervention, making them
more suitable for high-throughput settings. Nonetheless, choosing the appropriate method
depends on balancing the need for precision, speed, and cost-effectiveness based on specific
genotyping requirements (e.g., A2A2 genotyping) and operational context (e.g., farm or
laboratory settings) to ensure optimal support for genetic selection initiatives.

Genetic sequencing focused on nucleotide mutations is considered the gold standard
for identifying A2A2 animals due to its high accuracy [40,41], but it has drawbacks such
as cost, complexity, and the need for specific biological samples like blood, buccal swabs,
hair bulbs, or ear tissue. Non-invasive methods, such as hair bulbs and buccal swabs,
are less invasive but often yield lower DNA quality, increasing error chances. Invasive
methods, such as blood and ear tissue, provide higher DNA quality, making them more
reliable despite the added collection difficulty and cost. Laboratory genotyping requires
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specialized personnel and centralized testing, complicating mass screening. Point-of-care
(POC) methodologies enable decentralized mass screening and should be developed for
global herd testing and quick A2 milk genetic selection. Ensuring A2 milk purity is crucial
for quality control in the dairy industry, necessitating accurate methods to verify milk
and dairy products. This growing demand for precise evaluation methods is driven by
the increasing focus on A2 milk production and the need for stringent quality control.
Therefore, the aim of this study was to evaluate different rapid methods for identifying
A2A2 animals, as well as assess various methods for verifying the purity of A2 milk
(absence of -casein Al) in raw milk and fermented milk.

In the present study, an ELISA test was developed for the detection of 3-casein Al
in fermented milk, creating an important methodology for the quality control of this type
of food. Additionally, this work evaluated the sensitivity and specificity of a commercial
Lateral Flow Immunoassay (LFIA) specific for A2 milk detection for the identification of
A2A2 animals and the verification of A2 milk purity. The data were compared with other
techniques, such as traditional genotyping and other ELISA-based methodologies, and the
results were analyzed and discussed. This study aims to benefit the management of A2
milk-producing herds, provide an industrial solution for batch analysis of milk, and offer a
reliable alternative for consumers to identify milk and dairy products according to their
nutritional preferences.

2. Materials and Methods
2.1. Material

Chemicals and the anti-IgY-HRP secondary antibody were purchased from Sigma-
Aldrich® (Cotia, SP, Brazil). The IgY anti-A1 primary antibody, the ONE STEP TMB Linear
substrate, and the rapid test (LFIA) A2-MiLK TEST® were provided by Scienco Biotech
(Lages, SC, Brazil). The following reagents were used in this study: 0.05 M carbonate—
bicarbonate solution (pH 9.6), 0.1 M NaOH, PBS, 1% bovine serum albumin (BSA), IgY anti-
Al primary antibody, 0.05% Tween-20, anti-IgY-HRP secondary antibody, TMB substrate,
and sulfuric acid (H,SOy).

2.2. Selection of Dairy Cow Samples for Genotyping

Milk samples were collected from dairy cows on three farms, two located in the state
of Santa Catarina and one in the state of Minas Gerais, Brazil. Collection was carried
out manually and individually by each farmer, without the use of milking machines, to
prevent contamination. Clean and dry containers were used, and the milk was obtained by
mixing a squirt from each teat of the animal. After collection, the milk was immediately
labeled and frozen until subsequent analysis. At one farm, located at geographic coordi-
nates —28.46926833441343 and —49.306805225131185, milk samples were collected from
34 previously genotyped animals of the Jersey breed. The genotyping of these animals
was performed by Zoetis (Morumbi, SP, Brazil) using hair samples. At another farm, lo-
cated at coordinates —28.581369733535674 and —49.18977477310808, milk samples were
collected from 28 previously genotyped animals of the Holstein breed. These animals
were genotyped by STgenetics (Indaiatuba, SP, Brazil) using ear cartilage samples. At a
third farm, located at coordinates —19.708631 and —45.472717, milk samples were collected
from 69 animals of the Girolando (1/2 blood) breed. These animals were genotyped by
Laboratério Raga (Goiania, GO, Brazil) using samples of hair, blood, and semen. In total,
131 milk samples were collected from 131 animals. In addition to the milk samples, the
owners of the three farms provided the genotyping reports.

2.3. ELISA Test for Identification of B-Casein A1 Dairy Products

Enzyme-Linked Immunosorbent Assay (ELISA) tests were conducted on the collected
milk samples to identify A2A2 animals, following the protocol described by Jesus et al. [6].
Additionally, ELISA tests were employed to detect 3-casein Al contamination in A2 milk.
For this analysis, milk from A2A2-genotyped animals was mixed with varying proportions
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of milk from A1Al-genotyped animals, and the assay adhered to the previously described
protocol by Jesus et al. [6]. The absorbance results were then used to generate a calibration
curve, enabling the determination of the percentage of 3-casein Al in A2 milk, with the
aim of developing a protocol for analyzing A2 milk mixtures.

Furthermore, ELISA assays were conducted to detect 3-casein Al contamination in
fermented milk samples, with the objective of developing a methodology for the quality
control of A2 fermented milk, ensuring its purity. In this case, commercial A2 fermented
milk (Letticoa2 (1.20240711:36)) was used, mixed in known proportions with regular fer-
mented milk (Yakult (L25.06.240837C)). The fermented milk products were purchased from
a local store in the city of Lages, Santa Catarina, Brazil. The samples were subjected to
ELISA analysis according to the following protocol. Polystyrene plates were coated with
96 uL of coating buffer, to which 4 uL of the fermented milk sample, which had been previ-
ously diluted in NaOH at a 1:10 ratio, was added. The plates were then incubated overnight
at 4 °C to allow for the immobilization of Al casein in the wells. After immobilization, the
plates were blocked for 1 h at 37 °C with 200 uL of blocking buffer containing 1% BSA in
PBS to prevent nonspecific binding. Subsequently, the anti-[3-casein Al IgY antibody was
diluted in PBS containing 1% BSA and 0.05% Tween-20, at a 1:1500 dilution. This solution
was added to the wells and incubated for 45 min at 37 °C, allowing the specific antibody to
bind to the captured Al 3-casein. After incubation with the primary antibody, the plates
were washed three times with washing buffer (PBS containing 0.05% Tween-20) to remove
unbound antibodies. Then, the secondary anti-IgY-HRP antibody was diluted in PBS + 1%
BSA + 0.05% Tween-20, at a 1:7500 dilution, and added to the wells. The plates were again
incubated for 45 min at 37 °C, protected from light. After incubation with the secondary
antibody, the plates were washed five times with washing buffer to remove any unbound
secondary antibody. To develop the reaction, 50 uL TMB substrate was added to each
well and incubated for 15 min at room temperature. The reaction was then stopped by the
addition of 50 uL of H»SO;. Finally, the optical density (OD) of each well was measured in
an ELISA plate reader at 450 nm. The color intensity developed is directly related to the
amount of Al 3-casein present in the fermented milk samples, thus allowing quantification
through this sensitive and specific immunological method. A calibration curve with the
obtained absorbances was generated.

2.4. LFIA Test for Identification of A2A2 Genotype

To evaluate the A2A2 genotype using a point-of-care method, the A2-MiLK TEST®
from Scienco Biotech was employed. The procedure followed the manufacturer’s protocol.
First, milk was manually collected in a separate, clean flask. Then, ten drops of the collected
milk were added to a diluent tube using a plastic pipette provided in the kit. The tube
was shaken to ensure homogeneity of the solution. Next, the test cassette was placed on
a flat surface, and two drops of the diluted milk solution were pipetted onto the cassette.
The solution was allowed to migrate along the device for 20 min at room temperature.
The results were interpreted by observing the lines on the cassette: According to the
manufacturer, the appearance of one pink line in the test area (T) and another in the control
area (C) indicated A2 milk, produced by an A2A2 animal. Conversely, the appearance of
only one pink line in the control area (C) indicated that the milk was not A2, produced by
animals of genotype A1A1 or A1A2.

2.5. LFIA Test for Purity Evaluation

To verify the purity in milk and fermented milk samples, the A2-MiLK TEST® from Sci-
enco Biotech was also used. Samples from cows with confirmed genotyping for A1A1 and
A2A2 milk were selected, as well as commercial fermented milks, including A1 fermented
milk from the Yakult brand (L25.06.240837C) and A2 fermented milk from the Letticoa2
brand (L20240711:36). Formulations were then prepared with varying percentages of A1Al
milk added to A2A2 milk (0%, 5%, 10%, 15%, 20%, 50%, and 100% (v/v)), and A1 fermented
milk added to A2 fermented milk (0%, 5%, 10%, 15%, 20%, and 100% (v/v)). The procedure
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followed the manufacturer’s protocol. Ten drops of the milk mixture were added to a
diluent tube using a sterile plastic pipette provided in the kit. The tube was shaken to
ensure homogeneity of the solution. Next, the test cassette was placed on a flat surface,
and two drops of the diluted milk solution were pipetted onto the cassette. The solution
was allowed to migrate along the device for 20 min at room temperature. The results
were interpreted, according to the manufacturer ‘s protocol, by observing the lines on the
cassette: The appearance of one pink line in the test area (T) and another in the control
area (C) indicated 100% A2 milk. Conversely, the appearance of only one pink line in the
control area (C) indicated the presence of Al 3-casein, meaning the A2 milk was not pure,
containing a percentual of contamination with Al 3-casein.

2.6. Sample Analysis and Statistical Analysis

All experiments were performed in duplicate. The sensitivity and specificity of the
samples were calculated as S = [TP/(TP + FN)] x 100 and E = [TN/(TN + FP)] x 100, where
TP is the number of true-positive samples, TN is the number of true-negative samples, FP is
the number of false-positive samples, and FN is the number of false-negative samples [42].
Data normality was assessed using the Shapiro-Wilk test. For data with a normal distribu-
tion, statistical differences between samples were evaluated using an analysis of variance
(ANOVA), followed by Tukey’s test. For data which did not follow a normal distribution,
the Kruskal-Wallis test was applied, followed by Dunn’s test. The confidence interval for
statistical tests was set at 95%. Differences were considered statistically significant when
p < 0.05. The presence of outliers was also checked. All statistical analyses were performed
using the PAST 4.3 software.

3. Results
3.1. Identification of B-Casein Phenotypes by ELISA and LFIA Tests

A total of 131 raw milk samples from cows previously genotyped for (3-casein A1Al,
A1A2, and A2A2 were used. The milk samples had their 3-casein phenotypes analyzed
by ELISA test, and the results are shown in Figure 1. The ELISA test (Figure 1a) showed a
clear differentiation in absorbance values between the groups with Al phenotype (A1A1
and A1A2) and A2 phenotype (A2A2). The absorbances of the A1A1 and A1A2 raw milk
samples ranged from 0.33 to 0.975 and 0.104 to 0.609, respectively. For the A2A2 raw
milk samples, the absorbances ranged from 0.038 to 0.082, with one sample showing an
absorbance of 0.195, characterized as an outlier (absorbance above the calculated upper
limit of 0.105). The ELISA absorbance histogram (Figure 1b) shows that most samples have
values concentrated between 0.04 and 0.08, indicating a predominantly low absorbance
in the A2 raw milk samples. In contrast, a smaller number of samples show higher
absorbance values, between 0.30 and 0.60, representing the Al raw milk samples with
higher absorbance response. The highest peak of the histogram is around 0.05, reflecting the
high frequency of A2 raw milk samples with this absorbance value. Some raw milk samples,
with absorbance values above 0.5, are considered outliers and may indicate significant
differences in the composition or response of Al raw milks compared to A2 raw milks.

Table 1 presents a comparison between different methods for identifying A2 raw
milk, including animal genotyping by gene sequencing, the ELISA test, and the LFIA test.
The results show that, out of a total of 131 raw milk samples from cows genotyped by
gene sequencing, 4.58% had the A1A1 genotype, 18.32% had the A1A2 genotype, and
77.10% had the A2A2 genotype. The tests used showed consistency, with a sensitivity
and specificity of 100% for A2A2 genotype detection. A representative image of the LFIA
results from A1A1, A1A2, and A2A2 cows is shown in Figure 2. The LFIA results from
the 131 genotyped animals demonstrated that all A2A2 animals were correctly identified,
with no false positives. This yielded a specificity and sensitivity of 100% (Table 1). Both
the ELISA test and the LFIA test corroborate the results of gene sequencing, correctly
identifying the A2A2 genotypes. This demonstrates that these methods have the potential
to identify cows that produce A2 milk.
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Figure 1. Raw milk samples had their -casein phenotypes analyzed by ELISA test: (a) absorbance
values (mean =+ SD) of raw milk samples obtained by the ELISA test designed to detect A1 and A2
[-casein, wherein different lowercase letters indicate significant difference (p < 0.05) by Dunn’s test;
and (b) ELISA absorbance histogram.

Table 1. Comparison between tests for the identification of A2A2 cows/raw milk.

Number of Genotype—Gene 3 A2-MiLK P e s
Cows 1 Sequencing 2 ELISA Test TEST®3 Sensitivity Specificity

6 AlA1 No-A2 No-A2 100% 100%

24 Al1A2 No-A2 No-A2 100% 100%

101 A2A2 A2 A2 100% 100%

! Total of 131 cows/raw milk samples. 2 Sample used in the test—hair bulb or ear cartilage. 3 Sample used in the
ELISA and LFIA—raw milk.

" e T &

111

AlAl AlA2 A2A2

Figure 2. Results of the LFIA test from the comparison stage between tests to identify A2A2/raw
milk cows.

3.2. ELISA and LFIA Tests on Raw Milk Samples to Assess Purity

The applicability of the ELISA method in identifying the purity of raw A2 milk was
evaluated and compared to the LFIA test. For this, A2A2 milk samples were contaminated
with 0% (negative control), 5%, 10%, 15%, 20%, 50%, and 100% (v/v) (positive control) of
raw A1A1 milk. The ELISA test absorbance results of the samples can be seen in Figure 3,
and the LFIA test results can be seen in Table 2. For the ELISA test, the initial average
absorbance of A2 milk was 0.046 £ 0.001, progressively increasing with the contamination
of Al milk (p < 0.05), reaching 0.124 + 0.007 with 15% contamination. The average
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absorbance for A1l milk was 0.338 £ 0.002. The ELISA method demonstrated efficacy in
detecting A2 milk contamination with A1 milk when the latter was present in a proportion
of 15% or higher. The LFIA test detected the presence of A1l milk when added to A2 milk in
concentrations of 5% or higher.

y = 0.3024x + 0.0606
R2=09443 .

¥ ...-;d

50% 100%

Al raw milk

Figure 3. Absorbance values (mean + SD) of A2A2 raw milk samples contaminated with A1A1 raw
milk, obtained by the ELISA test designed to detect 3-casein Al and (3-casein A2. Note: different
lowercase letters indicate a significant difference (p < 0.05) by Tukey’s test.

Table 2. Comparison between traditional genotyping methods, ELISA test, and LFIA test.

ELISA LFIA
Aspect Traditional Genotyping (Enzyme-Linked Immunosorbent (Lateral Flow Immunoassay)
Assay) A2 Milk Test
Method Direct DNA analysis Det.ectlon of A? B-casem UsIng Detection of milk proteins
immunological reactions
Process Use of laboratory techniques ~ Use of specific antibodies to detect and ~ Point-of-care testing, with no need
to extract and analyze DNA quantify A1l -casein for lab equipment
Result Identification of genotypes Quantification of Al 3-casein Identification of A2A2 animals and
Al1A1, A1A2, or A2A2 concentration in milk milk mixture purity
- High accuracy in determining High accuracy in measuring Al 100% A2A2 detection
Precision . . o . .
genotypes [3-casein concentration 95% purity detection
- Genetic studies and heredity Milk quality control and selection for Milk quality control and heredity
Application .
analyses human consumption analyses
. . . . . Point-of-care testing, fast,
. Specific and direct, useful for  Fast, practical, and suitable for quality . A
Benefits . . . . . cost-effective, and suitable for
detailed genetic studies monitoring with moderate costs . o
quality monitoring
. Costly apfi time-consuming, Less specific compared to direct Does not differentiate among A1A1
Disadvantages requiring specialized

equipment and knowledge

genotyping

and A1A2 genotypes

3.3. ELISA and LFIA Tests on Fermented Milk Samples to Assess Purity

The applicability of the ELISA method in identifying the purity of A2 fermented milk
was evaluated and compared with the LFIA test. For this, A2 fermented milk samples
were contaminated with 0% (negative control), 5%, 10%, 15%, 20%, and 100% (positive
control) of Al fermented milk. The LFIA test results are presented in Figure 4, while the
absorbance results from the ELISA test are displayed in Figure 5. The A2 fermented milk
samples showed a significant increase in average absorbance (p < 0.05), starting from
10% contamination with Al fermented milk, rising from 0.044 + 0.003 in the negative
control to 0.105 % 0.001 in the fermented milk contaminated with 10% A1 fermented milk.
With contamination at 15% and 20% of A1l fermented milk, the average absorbance values
increased to 0.148 £ 0.018 and 0.162 % 0.013, respectively, while the sample with 100%
A1 fermented milk showed absorbance values of 0.348 £ 0.008. The LFIA test detected
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the presence of Al fermented milk when added to A2 fermented milk at concentrations
of 10% or higher (Figure 6). These results demonstrate that the ELISA method is capable
of detecting the presence of Al fermented milk in A2 fermented milk when added in a
proportion of 10% or higher, a value equal to that obtained with the LFIA test.

A1A1 (%)

Positive Negative Negative Negative Negative Negative Negative
Result - Milk A2 presence

Figure 4. Results of the LFIA test for the detection of A2 3-casein in A2A2 milk contaminated with
A1A1 milk. ! % of A1A1 raw milk added to A2A2 raw milk.

y=0.2861x + 0.0693

2 a
N
| b b --------------------------------------
| i é s
1 P
»
0% 5% 10% 15% 20% )

Al fermented milk

Figure 5. Absorbance values (mean + SD) of A2 fermented milk samples contaminated with Al
fermented milk, obtained by the ELISA test designed to detect -casein Al and 3-casein A2. Note:
different lowercase letters indicate a significant difference (p < 0.05) by Tukey’s test.

A1A1 (%)}

Positive Positive Negative Negative Negative Negative
Result - Milk A2 presence

Figure 6. Results of the LFIA test for the detection of A2 3-casein in A2 fermented milk contaminated
with A1 fermented milk. ! % of Al fermented milk added to A2 fermented milk.
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4. Discussion
4.1. Importance of Non-Invasive ELISA Test and LFIA Test in the Detection of A1 B-Casein and
Expansion to Other Dairy Products

In identifying phenotypes using the ELISA test, the skewed distribution with a bias
toward low absorbance values suggests that most samples have a low absorbance response.
This clear separation between the absorbance values of Al and A2 raw milk allows for
rapid classification, with A2 raw milk samples concentrated in a narrow range and Al
samples showing greater variability. The uniform distribution and defined peaks indicate
that the ELISA test is sensitive and specific enough to distinguish the different phenotypes
of raw milk [43]. This precision facilitates the quick identification of A2 raw milk, reduces
classification errors, speeds up screening processes, ensures the consistency of the ELISA
test, and provides a reliable basis for future studies. One advantage of the ELISA test
is the ability to use the raw milk itself as a sample, which, combined with the quick
turnaround of results, ensures the purity of the analyzed milk. This is advantageous
because it eliminates the need to collect other samples from the animals, such as blood or
cartilage, which are generally used for genetic sequencing tests. Additionally, the samples
can be easily collected during conventional milking. Due to its efficient differentiation
of 3-casein Al and A2 phenotypes, the ELISA method has the potential to be used for
phenotyping dairy herds from milk samples collected from each animal. The accurate
identification of animals with the A2A2 genotype is crucial for the production of A2 milk,
preferred for its potential health benefits. The consistency of the methods tested in Table 1
reinforces the feasibility of implementing these techniques on a large scale to optimize A2
milk production. Since the phenotype is directly related to the genotype, this method shows
potential for selecting animals with the A2A2 genotype and offers advantages by being
less invasive and faster compared to DNA-based genotyping methods [44]. Identifying
animals that produce milk with 3-casein A2 allows producers to directly breed to increase
the frequency of this genotype in the herd [13]. For example, cattle that produce A2 milk,
and consequently have the A2A2 genotype, can be prioritized in mating programs during
selection, leading to successful selective breeding [8,18]. In recent years, selecting the
A2A2 allele has become a desirable trend in animal management to meet the growing
market demand for milk and dairy products containing 3-casein A2, referred to as “A2
protein”, “A2 milk”, or “-casein A2 protein” [9,31]. The A2 milk market is increasing
due to heightened consumer awareness of health and well-being, particularly in light
of reports associating Al casein with diseases such as type 1 diabetes, gastrointestinal
symptoms, heart disease, and autism [3,15]. Additionally, the expanding market for A2
dairy products can provide new business opportunities and incentives for producers who
invest in selecting a 100% tested herd [13].

The use of the LFIA and ELISA tests to detect A2 milk may constitute an effective tool
to prevent fraud in the A2 milk market, as demonstrated by the results of A2 raw milk
contaminated with Al raw milk. Due to the increasing demand and added value of A2
milk, there is a significant risk of adulteration, where Al milk may be improperly mixed
and sold as A2 milk. Ehling et al. [45] observed, in their study, that all fluid milk samples
purchased from a local supermarket (n = 2; from two brands) and skimmed milk powder
bought from commercial suppliers (1 = 5; from various batches) labeled as A2 contained
measurable levels of 3-casein Al. Similarly, Mayer et al. [18] authenticated commercial
A2 milk samples. Over a period of six months, four out of five milk samples analyzed
were found to be adulterated, i.e., 3-casein Al was also detectable in these samples. After
genotyping the cows, it was discovered that one farmer’s herd included a cow with the
heterozygous [3-casein A1A2 genotype, whose milk was also used to produce the so-called
“A2 milk”. Milk adulteration generally aims to increase the volume of the product delivered
to meet demand [46]. Additionally, fraud is one of the most serious problems faced by the
dairy industry, as it not only results in significant financial losses for the industry, affecting
producers and distributors, but can also pose health risks to consumers [47]. With their
sensitivity and specificity, the evaluated tests demonstrate suitability for the identification
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of -casein phenotypes, ensuring that only genuine A2 milk is marketed. By implementing
the analyzed tests, producers and regulators can ensure the authenticity of A2 milk, protect
consumer confidence, and maintain market integrity. Additionally, using raw milk samples
facilitates the continuous monitoring of milk purity throughout the production chain, from
milking to final distribution.

The importance of extending adulteration detection to other dairy products, such as
fermented milk, is undeniable. Popular derivatives like yogurts and cheeses are widely
consumed and face similar risks of fraud as liquid milk. Rigorous tests for detecting
[-casein Al in these products are essential to ensure the authenticity and purity of A2 fer-
mented milk. Expanding such measures across the entire dairy product chain would bolster
consumer confidence and preserve market integrity by guaranteeing that all A2-labeled
products meet the expected standards. The ELISA test has proven effective in identifying
the presence of the Al phenotype in fermented milks, demonstrating its potential for
detecting adulteration. The increasing variety and volume of dairy products labeled as
containing [3-casein A2 reflect current market trends [4]. These products, often sold at a
premium compared to conventional alternatives [18], underscore the need for standardized
analytical methods to detect 3-casein Al. This is particularly important given the absence of
clear definitions, detailed specifications, and consistent regulatory frameworks for quality
control in this category [32,48,49]. Implementing such methods is crucial to prevent both
intentional and unintentional adulteration and safeguard product authenticity [18].

4.2. Advantages, Limitations, and Considerations for Practical Application and Cost-Effectiveness
of the ELISA and LFIA Methodologies

Immunoassays are recognized for their sensitivity, precision, and broad applicabil-
ity [49,50]. They provide faster results than DNA-based genotyping assays, which require
a significant amount of time for the extraction and analysis of genetic material [34,44].
Additionally, milk sample collection for the ELISA and LFIA tests is less invasive com-
pared to blood and tissue sample collection for DNA genotyping tests [36,51]. Despite the
possibility of using milk samples for qPCR tests, the extraction of DNA from somatic cells
in milk is challenging due to the presence of inhibitors such as fat, protein, and calcium,
as well as the low number of these cells in milk from healthy herds, making it difficult to
achieve a high yield of DNA [49]. In addition to simplified protocols for sample collection
and preparation [48], ELISA and LFIA are recognized as two of the most economical and
cost-effective methods for the direct measurement of 3-casein Al in milk samples [48,49].
Despite numerous advantages, the ELISA method has limitations, such as the fact that is
not a POC assay and needs sample dilutions to fit the dynamic range, as well as strong
alkaline solutions [44]. Regarding its advantages, the ELISA method described here is
quantitative and, therefore, can determine the percentage of Al casein contamination in
A2 milk, while LFIA is not a quantitative method and cannot determine precisely the level
of contamination. Similarly to the ELISA test, the LFIA test used for comparison in this
study offers results over a short time, usually within minutes, allowing for a quick analysis
compared to traditional genotyping methods, which are known to be time-consuming [10].

While the proposed rapid A2 milk testing method provides an accessible and practical
solution for the on-site verification of milk purity, it is limited to testing lactating animals.
Large enterprises frequently utilize genetic testing methods to not only differentiate be-
tween Al and A2 milk but also perform strategic herd selection. This allows them to
identify and select breeding cows from the calf stage, ensuring that only animals with
desirable genetic profiles remain in the herd for future production.

However, the rapid A2 test offers substantial benefits for smaller producers, as it is
simple, fast, affordable, and easy to implement, without the need for specialized labora-
tories or complex equipment. This decentralized approach empowers small-scale farms
to independently assess their herds and make informed breeding decisions over time. By
democratizing access to genetic insights, the rapid A2 test enables smaller producers to
gradually work toward A2 milk production, an opportunity previously available mainly to
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large enterprises. Thus, this method complements existing genetic selection programs, of-
fering an accessible tool which enhances both daily management and long-term production
goals for a broader range of producers

Additionally, these tests are designed to be easily used by non-specialized personnel,
benefiting both producers and dairy farmers, as well as consumers, especially since they
can be conducted directly on farms, industries, or at home. They are more cost-effective
and less labor-intensive compared to more complex laboratory techniques such as PCR
with restriction RFLP, high-resolution melting (HRM) genotyping, and SNP rhAmp geno-
typing, which involve extensive DNA extraction, sample pre-treatment, and data analysis
procedures [44]. Among the limitations of the method, it is important to mention that it
identifies A2A2 animals but does not distinguish between A1A2 and A1A1 animals; it
also cannot analyze changes in the amino acid sequence of the target region, unlike DNA
sequencing [39].

Genotyping provides a complete genetic profile by distinguishing A1A1 from A1A2
animals, which is valuable because A1A2 animals, when selectively bred with A2 semen,
can gradually increase the A2A2 population, while A1A1 animals, lacking the A2 allele, do
not contribute toward this goal. This approach supports a targeted breeding strategy that
reduces the Al allele over time. However, the rapid immunological tests presented here,
while not differentiating between A1A1 and A1A2, offer the advantage of speed and cost-
effectiveness, enabling broad and timely analysis across herds. Given that the frequency of
A1A1 animals is very low in the population, the inability to distinguish between them has
minimal impact on herd conversion outcomes and, in a broader context, is outweighed by
the practical benefits of rapid testing.

This approach allows for a faster and more accessible selection process, facilitat-
ing the transition to an A2 herd without the higher costs and delays of full genotyping.
Consequently, rapid tests and genotyping can complement one another according to the
management strategy and needs of each producer, offering a balanced and economical
approach which leverages each method’s strengths to achieve A2 milk production.

Therefore, as mentioned earlier, due to the relatively low cost, effectiveness, and
ease of use, the ELISA method and the commercial LFIA test are suitable for routine and
large-scale screening of 3-casein variants in milk and fermented milk.

4.3. Assessment of Sensitivity and Specificity of ELISA and LFIA Tests

In comparing the LFIA and ELISA methods for detecting milk purity, it is evident that
each has distinct sensitivity levels. The LFIA method can detect contamination levels of 5%
in raw milk and 10% in fermented milk, while the ELISA method can detect contamination
levels above 10% in both raw and fermented milk. Although both the ELISA test and the
LFIA test possess sensitivity and specificity in detecting 3-casein Al and A2 in milk, only
ELISA can determine quantitatively the level of Al contamination. Therefore, ELISA, with
its precision and detailed quantification capability, is ideal for applications requiring reliable
results [52]. Furthermore, both methods demonstrated 100% accuracy in identifying A2A2
animals, with no false positives recorded. This indicates that both LFIA and ELISA have
the potential to detect A2A2 milk and, consequently, can effectively replace genotyping
for this purpose. These findings underscore the practical utility of both methods in the
dairy industry, providing alternatives for ensuring A2 milk purity and enhancing the
efficiency of contamination detection and animal selection. To identify A2A2 animals,
traditional genotyping methods, such as direct DNA analysis, are accurate but costly
and time-consuming.

The analyzed methods are faster, more practical, and less costly, making them ideal
for applications requiring frequent monitoring and quick decisions, such as in the dairy
industry. In terms of cost, traditional genotyping involves higher expenses due to the
complexity of the process and the need for specialized infrastructure, whereas ELISA and
LFIA are more economical and simpler options. Table 2 presents a detailed comparison
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between traditional genotyping methods, the ELISA test, and the LFIA test for detecting
[-casein Al in milk.

5. Conclusions

The methodologies analyzed for identifying (3-casein genotypes in dairy cows and
the purity of A2 fermented milk demonstrated significant effectiveness. This research
was justified by the need for quick and accurate techniques for herd screening and A2
milk quality control. The methodology included the development of an ELISA test to
detect B-casein Al in fermented milk and the evaluation of the ELISA test and the LFIA
test to identify A2A2 genotypes and the purity of A2 milk. The results showed that the
ELISA test had sensitivity and specificity (100%) in detecting 3-casein Al. The LFIA test
(A2-MiLK TEST®) was effective in identifying A2A2 genotypes with 100% accuracy and
also in verifying the purity of A2 milk with a minimum detectable contamination of 5% for
raw milk and 10% for fermented milk. Compared to traditional genotyping, these rapid
methods have proven to be more practical and show potential for large-scale screening.
Therefore, ELISA and LFIA tests are valuable tools for ensuring the quality and authenticity
of A2 milk, providing an efficient, cost-effective solution which meets the demands of
producers and consumers for safe and healthy dairy products, while also supporting the
growth of the A2 milk market. The proposed rapid A2 milk testing methods provide a
practical and accessible solution for verifying milk purity directly on-site. However, they
are limited to lactating animals. In contrast, blood-based methods allow for the early
identification of desirable genetic traits, offering valuable insights for herd selection from
the calf stage. Nevertheless, rapid A2 tests stand out in the production context due to
their simplicity, speed, affordability, and decentralization, enabling anyone to perform
the analysis without requiring specialized laboratories or complex infrastructure. This
approach facilitates the continuous monitoring of A2 milk purity over time, complements
genetic selection programs, and adds value to the daily management of herds.
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