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Enhancing the health benefits of yogurt with pinhao seed coat extract:
optimization of extraction methods and in vitro bioaccessibility
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Summary

This study evaluated two extraction methods for pinhao (Araucaria angustifolia) seed coat (PSC), namely, infusion and
shaker compared with Soxhlet, so as to evaluate the potential use of the resulting bioactive extract in dairy products.
Also, to provide an accessible product to small and medium agribusinesses. The shaker method presented a higher
extraction efficiency compared to infusion but lower than Soxhlet. In comparison to the other two extraction methods,
the extract obtained by the former method had lower toxicity on Artemia salina. That extract was chosen to be incor-
porated in yogurt, which resulted in a significant enhancement of phenolics (100 %), flavonoids (19 %), antioxidant
potential with 2,2’-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid (ABTS) assay (17 %) and 2,2-diphenyl-1-picrylhy-
drazyl (DPPH) (116 %). Additionally, samples showed good stability during 30 days of shelf-life tests and low toxicity.
In vitro gastrointestinal digestion increased the bioaccessibility of bioactive compounds such as phenolics, flavonoids
and potential antioxidants. This bioactive extract has potential to be used as a functional ingredient in dairy products
without affecting their taste, which is a significant contribution since the seed coat is considered a residue and can
provide added value to food products.
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Pinhdo is the edible seed of Araucaria angusti-
folia, a tree that grows within its own biome, the
Araucaria forest, in the southern part of Brazil [1].
The edible portion, seed, is widely consumed due
to its nutritional value [2]. However, pinhao seed
coat (PSC) is considered a residue despite con-
taining several bioactive compounds [3]. These
compounds present several health benefits, in-
cluding the inhibition of pancreatic lipase [4] and
o-amylase [5], which reduce carbohydrate diges-
tion and glucose absorption, and attenuating post-
prandial hyperglycemic excursions.

Several methods can be used to utilise PSC, in-
cluding the extraction of its phenolic compounds.
Various factors can influence the extraction of
these compounds, such as particle size, solid-liquid

ratio, time, solvent, method of extraction and tem-
perature [6, 7]. However, the effect of particle size
on PSC and the use of ethanol as solvent to extract
its phytosterols have not been investigated.

In yogurt, a dairy food produced by ferment-
ing milk with lactic acid bacteria, bioactive pep-
tides are formed during fermentation. However,
it is a weak source of bioactive ingredients [8] and
since by-products from PSC are generated by the
agri-food industry, it may be possible to combine
both products. This could potentially increase the
health benefits of yogurt and classify it as a func-
tional food. To date, no products with PSC extract
have been introduced in the dairy sector.

The inclusion of various bioactive extracts in
milk and yogurt was found to enhance their gas-
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trointestinal digestibility through the stimulation
of peptic and pancreatic enzymes [9]. These en-
zymes releases polyphenols, bioactive peptides
and amino acids linked to milk proteins [10].
Therefore, investigating the importance of PSC
and its contribution when used in yogurt is instruc-
tive.

To test the usage of PSC extracts in food appli-
cations, toxicological studies are necessary to
quantify the median lethal dose and maximum
dosage. Various methods, such as the Artemia sali-
na test, are proposed to assess general toxicity and
are considered essential as a preliminary bioassay
in the study of compounds with potential biologi-
cal activity [11]. The choice of this toxicity test may
be a low-cost alternative to evaluate the feasibil-
ity of the potential use of plant extracts. Artemias
(brine shrimps) are sensitive species, which have
demonstrated efficacy in toxicity testing of food in-
gredients [12]. To ensure the safety of incorporat-
ing Preserved Standard Culture extracts in yogurt,
it is important to conduct toxicity analysis. This is
important also due to the presence of live bacterial
cultures in the yogurt.

In this work, a preliminary screening was used
to optimize the extraction of phenolic compounds
from PSC, including the particle size effect and
lethality tests in which the best method was eva-
luated as a natural additive to yogurt. This was
addressed by testing its bioaccessibility in vitro, the
bioactive compounds content after gastrointestinal
digestion in vitro and its shelf life for 30 days. To
the best of our knowledge, there are no studies on
incorporation of pinhao extract in dairy products,
and this innovation may have an impact at both
national and international levels.

MATERIALS AND METHODS

Pinhao samples

Pinhdo seeds were collected in the for-
est area of Embrapa Florestas (S 25°19.295°,
W 49°09.577) from approximately 10 trees in
various locations in Colombo (Parand, Brazil).
They were harvested when fell into the ground and
at ripe condition. Selected seeds were oven-dried
at 60 °C for 48 h to 7% moisture [13]. After seeds
peeling, the seed coats were grounded in a Willye
STAR FT-60 Macro knife mill (Fortinox, Piraci-
caba, Brazil). The procedure yielded 67 % (w/w)
of seed, 31 % (w/w) of the seed coats and 2 %
(w/w) of residues. Particle size distribution was de-
termined with specific sieves and a granulometric
agitator (Bertel, Caieiras, Brazil) for 10 min. High
yields of particles smaller than 0.71 mm were ob-
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tained and, therefore, fractions between 0.71 mm
and 0.43 mm (diameter 0.57 mm), 0.43 mm and
0.30 mm (diameter 0.36 mm) and 0.30 mm and
0.15 mm (diameter 0.23 mm) were chosen.

Pinh&o seed coat extract

All extracts were obtained with the ethanol
solvent, in order to achieve high content of phyto-
sterols [3] and low toxicity for food use. The ex-
tractions were performed in an Erlenmeyer flask
by pouring 10 ml of ethanol into PSC in the ab-
sence of light.

In infusion extraction (I), heated ethanol was
poured in the flask with the seed coats until boil-
ing (78.3 °C) [14]. In shaker extraction (S), etha-
nol was poured in the flask with the seed coats at
room temperature (£ 25 °C), closed with plastic
film and shaken in a refrigerated orbital incuba-
tor-shaker TE-421 (Tecnal, Piracicaba, Brazil) at
15 Hz.

A screening was performed to obtain the best
extraction conditions using a two-level complete
factorial experimental design to optimize the con-
centration of phenolic compounds, with three rep-
lications at the central point. The extraction I was
evaluated towards the effect of three factors (23):
granulometric parameter (G), proportion of solids
to solvent ratio (S/S) and time (¢). The extraction
S was evaluated with four factors (24), with the
addition of temperature (7).

For I and S extraction conditions were (-1,
0 and 1): granulometric parameter 225 wm,
362 um and 567 um; S/S ratio 4 % (v/v), 8 % (v/v)
and 12 % (v/v); time of I extraction 5 min, 17 min
and 30 min; time of S extraction 15 min, 30 min
and 45 min; temperature of S extraction 25 °C,
37.5°Cand 50 °C (Tab. 1).

Soxhlet extraction (So) was performed for
comparison with the optimized extraction methods
(I and S), using the optimum conditions (particle
diameter of 225 um, S/S of 4 %, v/v), with 8.34 g
of PSC and 200 ml of ethanol for 6 h and approxi-
mately 78 °C, in duplicate. The extract yield was
calculated and the product was frozen.

Recovery and yield of extracts

Extracts were recovered after centrifugation
(relative centrifugal force 112 xg, 5 min, 15 °C)
employing a centrifuge Heraeus Fresco 21 (Ther-
mo Fisher Scientific, Waltham, Massachusetts,
USA) and the yield was calculated and expressed
in percent (V/v).

Powdered extracts
The phenolic extracts obtained by optimized
I and S methods, as well as by So method, were ro-



Bioactive extracts of pinhdo seed coat in yogurt

tary evaporated (40 °C, 80 kPa) in a rotary vacuum
evaporator MA120/THV (Marconi, Piracicaba,
Brazil). Powder yield was calculated and expressed
in percent (w/w) and the product was frozen.

Characterization of extracts

Total phenolics were evaluated in all extracts.
Antioxidants, flavonoids and tannins were deter-
mined in the optimized I and S extracts and in
the unoptimized Soxhlet extract. Total phenolics
and antioxidant potentials by 2,2°-azino-bis(3-
ethylbenzothiazoline-6-sulfonic  acid (ABTS)
assay, 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay
and ferric reducing antioxidant power (FRAP)
assay were determined following de LiMA et al.
[3], in triplicate. Total flavonoids were deter-
mined following ZHISHEN et al. [15], in triplicate.
Condensed tannins were determined in triplicate
[3]- The determination of total phytosterols was
based on the Liebermann-Buchard (LB) method
according to PORTER et al. [16] and expressed as
B-sitosterol equivalent per unit mass of PSC.

Measurement results were then expressed in
terms of gallic acid equivalents (GAE) for pheno-
lics, catechin equivalents (CE) for flavonoids and
Trolox equivalent (TE) for antioxidant activity de-
termined by ABTS, DPPH and FRAP assays. All
results were expressed per mass unit of the tested
material on a dry basis

Artemia salina toxicity test

The test with A. salina of the three extracts ob-
tained was carried out according to BELLATTO and
BRAGUINI [11], in order to verify the limits to add
in food products. The concentrations evaluated
were 1, 10, 100, 250, 500, 750 and 1000 wg-ml-1
(extract in synthetic seawater), in triplicate. The
rate of death from nauplii specimens was eva-
luated after 24 h. The results were expressed as
the concentration causing 50% lethality (LCso).
The toxicity tests were carried out in 2 batches and
in each batch, all the concentrations used were
applied in triplicate.

Application of the extracts in yogurt

Tirol pasteurized bovine milk (Tirol, Treze
Tilias, Brazil) containing 47 g-kg! carbohydrates,
32 gkgl proteins and 30 g-kg!l fat, and Molico
skimmed milk powder (Molico, Aragatuba, Bra-
zil) containing 500 g-kg-! carbohydrates, 320 g-kg!
proteins and 0 g'kgl fat were purchased locally
in Aracgatuba, Brazil. A thermophilic starter cul-
ture for yogurt Yoflex YF-L812 (Chr. Hansen,
Heorsholm, Denmark) was used, which is composed
of Streptococcus salivarius subsp. thermophilus
and Lactobacillus delbrueckii subsp. bulgaricus.

Tab. 1. Experimental conditions of pinhao seed coat
extraction and content of total phenolics.

Experimental conditions Total
Run phenolics
G [um] | S/S [%] | t [min] | T [°C] lg-kg ]

Infusion extraction

11 225 4 5 64.0+0.9
12 567 4 5 257+0.3
13 225 12 5 483 +1.0
14 567 12 5 252+0.1
13) 225 4 30 69.6 = 1.1
16 567 4 30 26.1 0.4
17 225 12 30 61.1+2.0
I8 567 12 30 35.6+05
19 362 8 175 41304
110 362 8 175 42.8+1.2
111 362 8 17.5 40.0x0.8
Shaker extraction

S1 225 4 15 25 75.2+1.6
S2 567 4 15 25 450+0.5
S3 225 12 15 25 76.0+0.5
S4 567 12 15 25 35.8+0.8
S5 225 4 45 25 80.6 + 0.9
S6 567 4 45 25 455+0.4
S7 225 12 45 25 76.2+1.8
S8 567 12 45 25 451 +04
S9 225 4 15 50 83.9+3.1
S10 567 4 15 50 40.8+1.2
S11 225 12 15 50 78.9+0.1
S12 567 12 15 50 451+24
S13 225 4 45 50 98.5+53
S14 567 4 45 50 48104
S15 225 12 45 50 80.5+0.6
S16 567 12 45 50 49.6+0.5
S17 362 8 30 375 62.1 +0.5
S18 362 8 30 375 64.1 1.0
S19 362 8 30 375 65.0 + 0.5

Runs 19, 110, 111, S17, S18, S19 represent repetitions at the
central point.

Content of total phenolics is expressed as grams of gallic
acid equivalents (values are on dry basis).

G - granulometric parameter (average granule size); S/S -
solids to solvent ratio, t —extraction time, T — extraction
temperature.

The preparation was performed according to the
manufacturer’s instructions. The packet contain-
ing the bacteria was homogenized and an aliquot
of 0.1936 g of bacteria was used for each 10 1 of
yogurt. The content was diluted in 100 ml milk,
previously boiled, and refrigerated, homogenized,
and divided into equal parts (10 ml for each litre).
The suspension was frozen until further use, for
a maximum of 30 days.
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Pasteurized whole milk
|

Heating
(85 °C, 8.5 min)

I
Homogenization
(117 Hz, 65 °C, 5 min)
I
| Cooling to 42 °C |
I
Incubation to pH 4.6
(42°C)

I
| Cooling up to 25 °C |

I

Skim powdered
milk (20 g-I1) -

Lyophilized culture
(107 CFU-mlI1)

Pinhao seed ot it
Homogenization Homogenization
coat extract 4’| gl | | 9 |
(250 mg-kg-" : S : o
of yogurt) | Cooling Lllp to4°C | | Cooling Lljp to4°C |
Maturation Maturation
(24 h) (24 h)

Fresh yogurt Fresh yogurt

v v

Yogurt with extract  Standard yogurt

Fig. 1. Production of yogurt
added with pinhao seed coat extract.

Yogurt sample

Oral phase |
Salivary fluid —> Adjustment of pH 7
+ a-amylase solution T
+ CaClo Vortexing
+ distilled water (30's)
I
Incubation
(37 °C, 2 min, 1.4 Hz)
Gastric phase l
Gastric fluid —> | Adjustment of pH 3 |
+ pepsin solution T
+ CaClz Vortexing
+ HCI (30°s)
+ distilled water I
Incubation
(87°C,2h, 1.4 Hz)
Intestinal phase l
Intestinal fluid —> | Adjustment of pH 7 |
+ pancreatin T
+ bile Vortexing
+ CaClo (30 °s)
+ NaOH T

Incubation
(37°C,2h, 1.4 Hz)

|

Reaction stopped
with ice bath

Fig. 2. In vitro gastrointestinal digestion
of yogurts added with pinhdo seed coat extract.
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Yogurts were produced with 4 1 of milk, which
was heated at 85 °C for 8.5 min, according to the
scheme in Fig. 1. Afterwards, milk was cooled to
65 °C and one quarter was mixed with 20 g-I-1 skim
powdered milk during 5 min. Then, the mixture
was homogenized with the rest of the milk (three
quarters) and when the temperature reached
42 °C, the thermophilic culture was added to the
milk, at a concentration of 107 CFU-ml-! of cul-
ture. Subsequently, the mixture was fractionated
into 4 sterilized jars (of approximately 900 g), 2 for
the standard yogurt and 2 for the yogurt with addi-
tion of PSC extract after fermentation. Incubation
was carried out at 42 = 1 °C in a Q316 m bacterio-
logical incubator (Quimis, Diadema, Brazil). The
procedure was finished after reaching pH 4.6.

To ensure homogenous mixing of the extract
(250 mg'kg! of yogurt), the yogurts were cooled
to 25 °C after fermentation. They were then ma-
nually shaken in both clockwise and counterclock-
wise directions for 30 turns each. This process
was performed after diluting the extract with the
yogurt. The yogurts were packaged in 200 ml poly-
propylene pots (upper diameter of 55 mm, lower
diameter of 50 mm, height of 60 mm), containing
approximately 100 g of sample. The samples were
refrigerated at 5 = 1 °C for 12 h for maturation
and then evaluated.

In vitro gastrointestinal digestion of yogurts

The in vitro bioaccessibility of the yogurt
samples was evaluated through a three-phase
gastrointestinal digestion process, including oral,
gastric and intestinal phases. This process was per-
formed in duplicate following the scheme shown
in Fig. 2.

Gastrointestinal fluids were prepared using
stock solutions of KCIl, KH2PO4, NaHCO3, NaCl,
MgClz (H20¢), (NH4)2CO3, HCI, H2O. NaCl was
not added to salivary fluid, nor (NH4)2CO3 was
added to intestinal fluid. The fluids were prepared
and kept under refrigeration until analysis. The
enzymes were prepared on the day of the analysis
with their respective fluids [17].

For oral phase, 2.10 ml of salivary fluid of pH 7
was used. To the salivary fluid 300 pl of a-amyla-
se (EC 3.2.1.1) solution (1500 U-ml-! from stock
solution of Aspergillus niger 12143 U-ml-!, Sigma
Aldrich, St. Louis, Missouri, USA), 15 ul CaClz
(0.3 mol‘I'l) and 585 ul distilled water were added.

For gastric phase, 4.50 ml of gastric fluid of
pH 3 was used. Pepsin (EC 3.4.23.1) solution
(960 ul, 25000 U-ml-l, from the gastric mucosa
of pig of 727 U'mg-l, Sigma Aldrich), CaCl> (3 pl,
0.3 mol'I't), HCI (120 pl, 1 mol-I'!) and 417 pl dis-
tilled water were added.
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For intestinal phase, 6.60 ml of intesti-
nal fluid of pH 7 was used. Pancreatin (3 ml,
800 U-mlL, from the porcine pancreas, 8x USB,
Sigma Aldrich), bile (1.5 ml, 160 mmol-l-1, Sigma
Aldrich), CaCly (24 ul, 0.3 moll'l) and NaOH
(90 pl, 1 mol-I't) were added.

After each digestion phase, the samples were
subjected to centrifugation (1800xg, 1 h). The re-
sulting supernatant, which contained the absorbed
material, was then lyophilized to facilitate further
evaluation of the bioactive compounds.

To prepare the extracts for analysis, both un-
digested controls and samples from each diges-
tion phase were utilized. For each extraction, 3 g
of yogurt samples were resuspended in 4 ml of
80% (v/v) methanolic solution. The mixture was
vortex-mixed for 1 min and incubated in an ultra-
sonic bath (SSBu 3.8 1; 7lab, Rio de Janeiro, Brazil)
operating at 40 kHz for 10 min. Subsequently, cen-
trifugation was performed at 1800 xg for 10 min
using 80-2B centrifuge (Daiki, Araucdria, Brazil).
The supernatant was collected and the extraction
process was repeated by adding 2 ml of the solvent.

The analyses of total phenolics, total flavonoids
and antioxidant activities using ABTS, DPPH and
FRAP assays were conducted in quadruplicate,
following the procedures outlined in reference
[17], using microplates.

Colour measurement

The colour analysis of the liquid extracts and
yogurt samples was performed using the MiniScan
XE Plus digital colorimeter (HunterLab, Reston,
Virginia, USA), in the CIE L*a*b* system, D65
illuminan, and observation angle of 10° in trip-
licate. The colour variation (AE) was calculated
from the values of L* (luminosity), a* and b*
(chromaticity) (Eq. 1).

AE = \/(L* —Ly2 + (a* —ap*)? + (b* — by )2 (1)

where, Lo, ap and bg are parameters of the control
sample (each extract) and L*, a* and b* are pa-
rameters of the test sample.

Statistical analysis

Factorial designs were generated and evaluated
using Statistica 7 software (StatSoft, Tulsa, Okla-
homa, USA). The significance of the experimental
model coefficients was evaluated by ANOVA with
a confidence level of 95 % (p < 0.05). Subsequent
analyses were performed using Jamovi Software,
free version 2.2.5 (Jamovi, Sydney, Australia). All
data were evaluated for normality by the Shapiro
Wilk test (p < 0.05). subsequently submitted to

ANOVA and treatments were analysed by Tukey‘s
multiple comparison test (p < 0.05) for groups
of greater than 3. For comparison between two
groups, Student’s T-test (p < 0.05) was performed
in the analysis of yogurt formulations and paired
T-test for shelf life analysis. Spearman‘s correla-
tion analysis (p < 0.05) was employed for datasets
that did not follow a normal distribution. Principal
component analysis (PCA) was performed with
data previously evaluated by Bartlett's test and
Kaiser-Meyer-Olkin (KMO) test.

RESULTS AND DISCUSSION

Optimization of extraction

The extraction technique and the solvent used
are important factors for extraction of bioactive
compounds from plants. Specifically, the solvent
must have maximum compatibility with the pro-
perties of the extracted materials. The yield of
phenolics by I and S extraction (Tab. 1) could be
predicted by Eq. 2 and Eq. 3. According to the
model, regression coefficients for I and S extrac-
tion (Tab. 2) had significant (p < 0.05) negative
effects regarding granulometry (G), 7-fold higher
for both methods than other variables, together
with S/S, while time showed a positive effect. Tem-
perature had positive effect for S extraction. Inter-
actions between G and S/S were significant, while
interactions between G and T were significant for
S extraction.

y =433 —16.7G — 2.35/S + 3.3t +
+3.8G xS/S 2)

y =62.9— 184G —1.95/S + 2.7t +
+29T + 146 X S/S—13G X T (3)

Optimal results for I extraction were obtained
at lower granulometry, lower S/S and longer time.
For S extraction, the highest effect was observed
for temperature. Such effect of granulometry
and S/S was previously reported, as an increase
in solids reduced the extraction of phenolics. The
increase in solids content led to difficulties with
mass transfer, which hampered the extraction.
The temperature increase is associated with an in-
crease in diffusion coefficient of the liquid solvent
within the solid matrix, favouring the bioactive
compounds extraction.

Repeatability of the best condition from each
extraction IS and S13 was determined. The re-
petitions showed no significant differences in re-
lation to phenolics content (p < 0.05). I showing
on average 66 g'kg'l and S showing on average
94 g-kg-l phenolics, with a 42 % increase. These
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Tab. 2. Regression coefficients of predictive models
for the response of total phenolic compounds and analysis of variance.

Source Coefficients Sum of squares | Degrees of freedom | Mean of squares F-value P-value
Infusion extraction
G* -16.68 2225 1 222512 1104 <104
S/S* —2.27 41.18 1 41.18 20.45 0.045
t* 3.29 86 1 86.68 43.03 0.022
G xS/S* 3.79 115 1 115.15 57.17 0.017
Lack of fit 54.91 4 13.73 6.815 0.132
Pure error 4.03 2 2.01 -
Total 2527 10 -
Shaker extraction
G* -18.42 5430 1 5430.52 2438 0.004
S/S* -1.92 59 1 59.17 26.565 0.036
t* 2.71 117 1 117.22 52.633 0.018
T* 2.87 132 1 132.07 59.296 0.016
GxS/S 1.42 32 1 32.46 14.572 0.062
GxT -1.35 29 1 29.24 13.127 0.068
Lack of fit 163 10 16.33 7.333 0.013
Pure error 4.45 2 2.22 -
Total 5968 18 -

Coefficient of determination R2 = 0.9921, pure error of the mean of squares is 2.0141.
G - mean granule size, S/S — proportion of solids in relation to solvent, t — extraction time, T — extraction temperature, G xS/S —
interaction of variables G and S/S, and G x T — interaction of variables G and T, * — significant values.

results showed the application potential of frac-
tions that would previously be discarded or re-
ground due to particle size, which can reduce pro-
duction costs.

Comparison
of optimized and conventional methods

The extracts obtained by optimized I and S
methods and by Soxhlet extraction were investi-

gated regarding the bioactive compounds content
(Tab. 3). All parameters evaluated exhibited a sig-
nificant difference (p < 0.05) between the extrac-
tion methods. Extraction by Soxhlet presented the
best condition with approximately 1.6-times higher
yield than the optimized S and I extraction with
equal yields (p < 0.05). Only the antioxidant po-
tential values determined by FRAP method were
higher for S extraction than for Soxhlet extraction

Tab. 3. Performance parameters of the extraction methods.

Extraction method

Infusion Shaker Soxhlet
Yield [%] 83+1b 82+ 1b 89+02
Phenolics [g-kg'] 670 +£30¢ 930 =50P 1370+ 202
Flavonoids [g-kg™] 700 +20¢ 770 = 60P 1010+302
AAngTs [umol-kg ] 6630 +390¢ 8580+ 1190°b 10910+ 13902
AApppH [umol-kg ] 5010+90¢ 7320 =500 10030 + 3102
AAFRAP [umol-kg ] 120 = 10¢ 210+ 102 162.2 +12.8P
Tannins [g-kg™'] 232 +8¢ 252 + 8b 331 +9a
Phytosterols [g-kg-1] 10.0=0.10¢ 13.5+0.60 23.2+0.42

Values of mean = standard deviation are presented. Different lowercase letters in superscript in the same row indicate significant

differences by Tukey's test (p < 0.05).

Values are expressed on a dry basis for pinhao seed coat. Content of phenolics is expressed as gallic acid equivalents. Content
of flavonoids is expressed as catechin equivalents. Antioxidant activity is expressed as micromoles of Trolox equivalents. Tannins
are expressed as condensed tannins. Phytosterols are expressed as f-sitosterol equivalent per unit mass of pinhao seed coat.
AAagTs — antioxidant activity determined by ABTS assay, AApppH — antioxidant activity determined by DPPH assay, AArrap — anti-

oxidant activity determined by FRAP assay.

204



Bioactive extracts of pinhdo seed coat in yogurt

(p < 0.05). Significant findings were observed for
S extraction indicating a higher content of bioac-
tive compounds with iron ion-chelating capabili-
ties. Previous studies reported yields of up to 80 %
for this specific matrix [18].

The presence of condensable tannins in PSC
extract is related to effective inhibitors of pan-
creatic lipase [4] and a-amylase. These findings
are consistent with its anti-obesity potential, as
suggested for other polyphenols or tannin-rich
preparations [5].

The values of antioxidant potential deter-
mined by ABTS, DPPH and FRAP methods in the
present study were 41-, 110- and 10-times higher,
respectively, than those of the extracts obtained
using extraction of the cooked PSC with a hydroal-
coholic solution (80 %, v/v) [18]. Those values
showed that the cooking process in PSC drastically
reduced the antioxidant potential, due to migra-
tion of the solvent to the seed [19]. Thus, our re-
sults were superior to those obtained with cooked
pinhdo [3, 6, 18], being a promising new metho-
dology to obtain bioactive compounds.

Phenolics exhibited high values and significant
differences between samples (p < 0.05; Tab. 3).
The enhancement of phenolics content agreed
with their high antioxidant activity determined
by ABTS and DPPH tests, as well as with levels
of flavonoids and tannins. The total phytosterols
content of the extracts ranged from 0.97 g-kg'! to
2.32 gkg1, which were lower than those obtained
for raw PSC (7.11 g'kg'!). The yield for powdered
extracts was 8 % for extracts obtained by I, 11 %
for S and 17 % for Soxhlet extraction.

The bioactive compounds presented high
values in the extracts obtained by Soxhlet, re-

Tab. 4. Colorimetric parameters of the extracts.

Extraction method
Infusion Shaker Soxhlet
L*| 35.10+0.022 29.61 +=0.03P 29.26 +0.03¢
a* | 28.42+0.04¢ 33.09+0.01a 29.08 +0.09b
b* 50.1 £0.42 48.7 +0.3b 37.5+0.4¢

Different lowercase letters in superscript in the same row
indicate statistically significant differences by Tukey’s test
atp < 0.05.

L* — degree of brightness (0 — black, 100 — white), a* -
degree on green to red colour gradient (-a* — green colour,
+a* - red colour), b* — degree on blue to yellow colour gra-
dient (-b* — blue colour, +b* — yellow colour).

lated to the extraction characteristic, employing
continuous reflux, facilitating the mass-transfer
process. In addition, the extraction time selection
reduces costs and avoid degradation of bioactive
compounds. Longer times, at elevated tempera-
tures, can cause thermal degradation due to oxida-
tion, decomposition and polymerization reactions
of phenolic compounds. Colorimetric tests were
performed for the extracts presenting significant
different values (p < 0.05) and perceptible dif-
ference to human eye (AE > 2), extracts were ne-
gatively correlated with L* and b* colour, so with
more phenolics extracted, darker (—-L*) and blue
tendency (-b*) occurs (Tab. 4).

Toxicity by hatching test using Artemia salina

The Artemia salina toxicity test, also known
as the lethality test, was performed to provide in-
sights into the maximum allowable dosage of ex-
tract that can be added to yogurt without adversely
affecting the live cultures present in the yogurt.

— 100 {  @linfusion extraction Aa Aa
& @ Shaker extraction
§ 80 1 mSohxlet extraction
] Bb
S
g 60 A
£
<
G 40 A
=
©
£ 20 1 Ab
[0}
-
0 T T T T T T T T
1 10 100 250 500 750 1000 A B

Extract concentration [ug-ml-]

Fig. 3. Toxicity of extracts from pinhdo seed coat in a test with Artemia salina.

Different capital letters indicate significant differences by Tukey’s test (o < 0.05) between extracts obtained by various extraction
methods. Different lowercase letters indicate significant differences between concentrations within the same method.

A — sea water, B — potassium dichromate (1 mg-ml-1).
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Fig. 4. Principal component analysis and cluster-
ing analysis of bioactive compounds extracted from
pinhdo seed coat.

A — principal component analysis, B — hierarchical cluster-
ing on principal components by extraction methods, C —
hierarchical clustering on principal components analysis by
parameters.

AApgTs — antioxidant activity determined by ABTS assay,
AApppH — antioxidant activity determined by DPPH assay,
AArrapP — antioxidant activity determined by FRAP assay.
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While A. salina is a sensitive species, its suitabil-
ity as an indicator for the toxicity of plant extracts
intended for human consumption has been pre-
viously reported [11]. It is worth noting that this
test has been utilized in assessing natural products
with potential pharmacological activity and estab-
lishing concentration limits. However, the inter-
pretation and applicability of these results should
be approached with caution and further investiga-
tion may be necessary.

The results of the lethality test (Fig. 3) showed
that at concentrations up to 10 mg-l-L, the extract
caused no deaths of specimens and at 500 mg-l-!
the of extract caused 100% lethality. LCso for the
extracts ranged from 100 mg-1-1 to 250 mg-1-L, indi-
cating medium toxicity. At 250 ug'ml-1, S extracts
reached LCsp, while I and So were close to 90%
lethality, with similar values and different from
S (p < 0.05).

The best fit obtained by a polynomial equa-
tion [11] showed that the LCso ranged from
165 ug'ml! to 250 ug-ml-l, with coefficient of de-
termination R? from 0.93 to 0.95. Based on this,
the extracts presented medium toxicity (LCso of
100-500 mg-1'1) [20]. Therefore, in agreement with
previous works, the PSC extract can be employed
as food but should be used within the safe concen-
tration limits [11].

The toxicity of the extracts significantly corre-
lated (p <0.05) with the phytosterols content and
antioxidant activity determined by FRAP assay.
Also, it correlated with colour parameter a*.
Spearman’s correlation coefficient values ranged
between —0.63 and —0.75, indicating that samples
with lower phytosterol content, lower antioxidant
activity determined by FRAP assay and more red-
dish (+a*), were less toxic. Furthermore, appro-
ximately 56 % of the variation in extract toxicity
could be attributed to the extraction temperature.
This suggests that the studied extraction methods
only partially extracted the relevant compounds.

The results obtained in the present study corro-
borate those obtained previously, using the same
raw material and 25% (v/v) ethanolic extract [11].
Thus, in addition to suggestions for the food appli-
cation with fish or shrimps, and to pharmaceutical
application as adsorbent material for antibiotics
and drugs [11], PSC can be used to prepare ex-
tracts that can be incorporated into food products
for human consumption and provide a significant
amount of phenolics and flavonoids, as well as
antioxidant activity.

Core components and cluster analysis
PCA (Fig. 4) was used to describe the extrac-
tion of bioactive compounds by I, S and Soxhlet ex-
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traction methods. The colour parameter a* was re-
moved from the analysis because it had P = 0.432;
while the other parameters showed p > 0.54. PCA
explained 95 % of the total variation in the extrac-
tion methods. When evaluating the PCA biplot,
together with clustering of variables (Fig. 4A
and Fig. 4C), it was verified that the extracts pre-
sented characteristics that were distant from each
other. The most important parameters for the
extract obtained by I extraction were toxicity and
colour parameters L* and b*. For S extraction,
the most important parameters were antioxidant
activity determined by FRAP assay and concen-
tration of phytosterols. For Soxhlet extraction,
the most important parameters were antioxidant
activity determined by ABTS assay, concentra-
tions of tannins, flavonoids and phenolics, as well
as antioxidant activity determined by DPPH assay.
Fig. 4B shows the presence of two main clusters,
while one of them is divided into two smaller ones.
The extraction by Soxhlet was the most different
and was in a unique cluster, while S and I were
close to each other.

Although Soxhlet extraction yielded the
highest amount of bioactive compounds [11], this
technique requires longer extraction times. The
employment of S extraction is advantageous for
the industry in terms of energy, time and cost and
it is commonly utilised [4]. I extraction requires
less energy, since the process after boiling of the
solvent takes place at room temperature and
without agitation. Moreover, S extraction method
could be selected for yogurts because it presented
the lowest toxicity with cost-effectiveness.

Effects of extract addition to yogurt

In a preliminary study, addition of 25 mg
and 50 mg of PSC extract to 100 g of commer-
cial yogurt caused no change in acidity and pH
(p < 0.05). In addition, increase in acidity was
determined in the standard yogurt over time
(p < 0.05). The colour of the samples added
with the extract showed a perceptible variation
(AE > 2) as the concentration increased. This
result was already expected considering the en-
hancement of the extract concentration. In addi-
tion, content of total phenolics increased with the
addition of the extract. However, the addition of
25 mg or 50 mg presented no significant difference
(p < 0.05).

The results of shelf-life investigation with
standard yogurts and the samples added PSC
extract obtained by S extraction (250 mgkg! of
yogurt) showed that the yogurt formulations at the
initial time, 0 days, were statistically different by
T-test (p < 0.05), except for flavonoids (p > 0.05;
Tab. 5). After 30 days of cold storage, there was
a 29% reduction in the flavonoids content of
yogurt with the extract (p < 0.05 by the paired
Ttest) and thus content of these compounds also
showed a significant difference between the two
types of samples (p < 0.05 by the T-test). The
addition of the extract to yogurt significantly
improved the content of bioactive compounds
measured by total phenolics, antioxidant activity
determined by ABTS, DPPH and FRAP assays in
two time periods, after 0 and 30 days (p < 0.05),
except for the flavonoids content. The addition
of the extract an increase by 20-120 % in bioac-

Tab. 5. Shelf life of yogurts without and with addition of pinhdo seed coat extract.

Standard yogurt Yogurt with extract
Parameter

0 day 30 days 0 day 30 days
Phenolics [g-kg ] 12.8 + 0.8 AP 11.4 £ 0.5A0 24 + 2Ba 33.4+0.8Aa
Flavonoids [g-kg] 322 £ 42Aa 352 = 3042 382 +9Aa 272 +58b
AAngTs [umol-kg] 6968 + 8580 7710 += 1908b 8162 + 629 Ba 13250 + 20042
AApppH [umol-kg] 762 = 30Ab 760 + 20Aa 1645 = 143 A2 1810+ 180Ab
AAFRaP [umol-kg ] 0=x0b 0=x0Aa 1132+ 3242 0x0Ba
L* 96.38 + 0.02A2 93.87 +0.02Ba 93.11 £ 0.01Ap 90.88 + 0.01Bb
a* -1.29 +0.03Aa -1.47 +0.02Ba 1.15 + 0.03A0 1.13 £ 0.03Ab
b* 10.88 = 0.03Aa 10.62 = 0.03A2 9.56 + 0.03Bb 9.63 +0.03Ap
AE - 2.52+0.02 4.28 +0.03 2.23 +0.01

Different capital letters in superscript indicate statistically significant differences over time by the paired T-test (p < 0.05). Different
lowercase letters in superscript indicate statistically significant differences on each day by Tukey’s post-hoc t-test (p < 0.05).
Values are expressed on a dry basis for pinhdo seed coat. Content of phenolics is expressed as gallic acid equivalents. Content
of flavonoids is expressed as catechin equivalents. Antioxidant activity is expressed as micromoles of Trolox equivalents.
AApsTs — antioxidant activity determined by ABTS assay, AApppH — antioxidant activity determined by DPPH assay, AArrap — anti-

oxidant activity determined by FRAP assay.

L* — degree of brightness (0 — black, 100 — white), a* — degree on green to red colour gradient (-a* — green colour, +a* — red
colour), b* — degree on blue to yellow colour gradient (-b* — blue colour, +b* — yellow colour), AE — colour variation.

207



Malta, D. S. et al. J. Food Nutr. Res., Vol. 62, 2023, pp. 199-211
A B
7000 3500
DOControl  @Gastric phase  MIntestinal phase OControl  @Gastric phase  MIntestinal phase
6000 - 3000 -
= Aa = Aa
2 5000 - Ab 2 2500 |
2 4000 2 2000
8 8
? 3000 - 'g 1500 -
2 2000 - S 1000 -
o ©
i [ i
1000 Cb Ca 500
0 - 0 -
Standard yogurt Yogurt with extract Standard yogurt Yogurt with extract
(] D
160000 10000
OControl  @Gastric phase  WIntestinal phase OControl @Gastric phase  MIntestinal phase
— Aa — 8000 -
E’ 120000 A 9 Aa
s T 6000 - Ba
S, 80000 - =
) T 4000 -
i &
< i o
§ 40000 < 2000 - b Ca
Bb b Ba Ba
0 - 0 -
Standard yogurt Yogurt with extract Standard yogurt Yogurt with extract
E
20000
OControl @Gastric phase  WIntestinal phase
— 16000 - Aa
()]
=
S 12000 -
£
=
o 8000 -
g Ab
S 4000 - ca B2
cb Bb a
0 T
Standard yogurt Yogurt with extract

Fig. 5. Bioaccessibility of bioactive compounds from yogurts added with pinhdo seed coat extract.

A — phenolics, B - flavonoids, C - antioxidant activity determined by ABTS assay, D — antioxidant activity determined by DPPH

assay, E — antioxidant activity determined by FRAP assay,

Different capital letters in superscript indicate statistically significant differences between samples by Tukey’s test (p < 0.05).
Different lowercase letters in superscript indicate statistically significant differences at each digestion stage (control, gastric and

intestinal) by T-test (o < 0.05).

Content of phenolics is expressed as gallic acid equivalents. Content of flavonoids is expressed as catechin equivalents.
Antioxidant activity is expressed as micromoles of Trolox equivalents.
AAagTs — antioxidant activity determined by ABTS assay, AApppH — antioxidant activity determined by DPPH assay, AArrap — anti-

oxidant activity determined by FRAP assay.

tive compounds content at timepoint 0 and by
70-190 % after 30 days.

The addition of extracts to yogurt made it
darker, redder and less yellow. There were sig-
nificant variations between the formulations
(p < 0.05) and over time (p < 0.05), except for
a* of yogurt with the extract. Compounds that
present red colour for the extracts were stable.
The variation AE > 2 between formulations was
expected, but the variation AE in yogurt over
storage time was approximately 2 and not notice-
able by the human eye, which requires AE > 2.

Our findings are in line with the potential
application of phenolic compounds as fortifica-
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tion agents in functional food production, specifi-
cally in fermented dairy products [21]. However,
the practical use of these compounds is often
restricted due to their undesirable bitter or astrin-
gent taste and limited bioavailability [22].

Digestibility of the compounds in yogurts
Digestibility results for the bioactive com-
pounds are shown in Fig. 5 and, in detail, in Tab. 6.
The addition of the extract to the yogurt contri-
buted to a significant increase (p < 0.05) of bio-
active compounds, with mean values of approxi-
mately 61 % in control (undigested), around
135 % in the gastric phase and approximately
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attractive, increasing the content of bioactive com-
pounds in their shelf life from 20 % to 190 %. Still,
yogurts had greater in vitro bioaccessibility than
standard yogurt after digestion regarding pheno-
lics (34600 % and 60700 %), flavonoids (579 %
and 779 %) and antioxidant activity (493 % and
1501 %). These results are significant for two
main reasons. Firstly, the inclusion of phytosterols
in the product ensures a safety margin of lethality
below 50 % for A. salina, indicating its low toxicity.
This finding highlights the potential of the product
as safe for consumption. Secondly, the presence
of phytosterols introduces a novel product to the
market, offering unique benefits and appealing to
consumers seeking fortified food options. Overall,
these results have both safety and market rele-
vance, positioning the product as promising to the
industry.

Acknowledgements

This work was financed in part by the Coordenacio
de Aperfeicoamento de Pessoal de Nivel Superior —
Brasil (CAPES) — Finance Code 001.

REFERENCES

1. Reis, M. S. — Montagna, T. — Mattos, A. G. -
Filippon, S. — Ladio, A. H. — Marques, A. da C. —
Zechini, A. A. — Peroni, N. — Mantovani, A.:
Domesticated landscapes in Araucaria forests,
Southern Brazil: a multispecies local conservation-
by-use system. Frontiers in Ecology and Evolution,
6, 2018, article 11. DOI: 10.3389/fevo.2018.00011.

2. Malta, D. S. — de Lima, G. G. — Arantes, M. S. T. —
de Lacerda, A. E. B. — Mathias, A. L. — Magal-
haes, W. L. E. — Helm, C. V. - Masson, M. L.: Linking
geographical origin with nutritional, mineral, and
visual proprieties of pinhdo (Araucaria angustifolia
seed) from the south of Brazil. Journal of Food
Science, 87,2022, pp. 4738-4750. DOI: 10.1111/1750-
3841.16299.

3.de Lima, G. G. - de Miranda, N. B. -
Timm, T. G. — Matos, M. — Moraes de Lima, T. A. -
Magalhdes, W. L. E. — Ballod Tavares, L. B. —
Hansel, E. A. — Helm, C. V.: Characterisation and in
vivo evaluation of Araucaria angustifolia pinhao seed
coat nanosuspension as a functional food source.
Food and Function, 71, 2020, pp. 9820-9832. DOI:
10.1039/DOFO02256J.

4. Oliveira, R. F. — Gongalves, G. A. — Inécio, F. D. -
Koehnlein, E. A. —de Souza, C. G. M. — Bracht, A. -
Peralta, R. M.: Inhibition of pancreatic lipase and
triacylglycerol intestinal absorption by a pinhdo coat
(Araucaria angustifolia) extract rich in condensed
tannin. Nutrients, 7, 2015, pp. 5601-5614. DOI:
10.3390/nu7075242.

5. da Silva, S. M. — Koehnlein, E. A. — Bracht, A. —
Castoldi, R. — de Morais, G. R. — Baesso, M. L. —

210

10.

11.

12.

13.

14.

Peralta, R. M. R. A. — de Souza, C. G. M. -
de Sda-Nakanishi, A. B. — Peralta, R. M. R. A.:
Inhibition of salivary and pancreatic a-amylases by
a pinhdo coat (Araucaria angustifolia) extract rich in
condensed tannin. Food Research International, 56,
2014, pp. 1-8. DOI: 10.1016/j.foodres.2013.12.004.

. Santos, C. H. K. — Baqueta, M. R. — Coqueiro, A. —

Dias, M. I. — Barros, L. — Barreiro, M. F. -
Ferreira, I. C. E R. — Gongalves, O. H. — Bona, E. —
da Silva, M. V. - Leimann, E V.: Systematic study
on the extraction of antioxidants from pinhao
(Araucaria angustifolia (Bertol.) Kuntze) coat. Food
Chemistry, 261, 2018, pp. 216-223. DOI: 10.1016/;.
foodchem.2018.04.057.

. Santos, K. A. — Klein, E. J. — Fiorese, M. L. —

Palu, FE. — da Silva, C. — da Silva, E. A.: Extraction of
Morus alba leaves using supercritical CO2 and ultra-
sound-assisted solvent: Evaluation of p-sitosterol
content. Journal of Supercritical Fluids, 159, 2020,
article 104752. DOI: 10.1016/j.supflu.2020.104752.

. Ozturkoglu-Budak, S. — Akal, C. — Yetisemiyen, A.:

Effect of dried nut fortification on functional,
physicochemical, textural, and microbiological pro-
perties of yogurt. Journal of Dairy Science, 99, 2016,
pp- 8511-8523. DOI: 10.3168/jds.2016-11217.

. Corrochano, A. R. — Saricay, Y. — Arranz, E. —

Kelly, P. M. — Buckin, V. — Giblin, L.: Comparison
of antioxidant activities of bovine whey proteins
before and after simulated gastrointestinal digestion.
Journal of Dairy Science, 102, 2019, pp. 54-67. DOI:
10.3168/jds.2018-14581.

Rashidinejad, A. — Birch, E.J. — Everett, D. W
Antioxidant activity and recovery of green tea
catechins in full-fat cheese following gastrointestinal
simulated digestion. Journal of Food Composition
and Analysis, 48, 2016, pp. 13-24. DOI: 10.1016/j.
jfca.2016.02.004.

Bellatto, G. A. - Braguini, W. L.: Assessment
of the use of cooked Araucaria angustifolia seed
coats extract as food for brine shrimp. Journal of
Environmental Science and Health, Part B, 55, 2020,
pp. 813-819. DOI: 10.1080/03601234.2020.1786327.
Fonseca, R. C. — de Souza, N. A. — Correa, T. C. L. -
Garcia, L. F. — dos Reis, L. G. V. — Rodriguez, A. G.:
Assessment of toxic potential of Cerrado fruit seeds
using Artemia salina bioassay. Food Science and
Technology, 33, 2013, pp. 251-256. DOI: 10.1590/
S0101-20612013005000032.

Horwitz, W. — Latimer, G. (Ed.): Official methods
of analysis of AOAC International. 18th edition.
Gaithersburg : AOAC International, 2005. ISBN:
0935584773.

Oliveira, V. B. — Zuchetto, M. - Oliveira, C. E -
Paula, C. S. — Duarte, A. E S. — Miguel, M. D. -
Miguel, O. G.: Efeito de diferentes técnicas extra-
tivas no rendimento, atividade antioxidante, dosea-
mentos totais e no perfil por clae-dad de Dicksonia
sellowiana (presl.). Hook, Dicksoniaceae (Effect
of different extractive techniques on yield, antioxi-
dant activity, total assays and clae-dad profile of
Dicksonia sellowiana (presl.). Hook, Dicksoniaceae),
Revista Brasileira de Plantas Medicinais, /8, 2016,


https://doi.org/10.1016/j.foodres.2013.12.004
https://doi.org/10.1016/j.foodchem.2018.04.057
https://doi.org/10.1016/j.foodchem.2018.04.057
https://doi.org/10.1016/j.supflu.2020.104752
https://doi.org/10.3168/jds.2016-11217
https://doi.org/10.3168/jds.2018-14581
https://doi.org/10.1016/j.jfca.2016.02.004
https://doi.org/10.1016/j.jfca.2016.02.004
https://doi.org/10.1080/03601234.2020.1786327
https://doi.org/10.1590/S0101-20612013005000032
https://doi.org/10.1590/S0101-20612013005000032
https://doi.org/10.3389/fevo.2018.00011
https://doi.org/10.1111/1750-3841.16299
https://doi.org/10.1111/1750-3841.16299
https://doi.org/10.1039/D0FO02256J
https://doi.org/10.3390/nu7075242

Bioactive extracts of pinhdo seed coat in yogurt

15.

16.

17.

18.

19.

20.

pp. 230-239. DOI: 10.1590/1983-084X/15_106. In
Portuguese.

Zhishen, J. — Mengcheng, T. — Jianming, W.: The
determination of flavonoid contents in mulberry and
their scavenging effects on superoxide radicals. Food
Chemistry, 64, 1999, pp. 555-559. DOI: 10.1016/
S0308-8146(98)00102-2.

Porter, L. J. — Hrstich, L. N. — Chan, B. G.: The
conversion of procyanidins and prodelphinidins to
cyanidin and delphinidin. Phytochemistry, 25, 1985,
pp. 223-230. DOI: 10.1016/S0031-9422(00)94533-3.
Silva, A. D. — Avila, S. — Kister, R. T -
dos Santos, M. P. — Grassi, M. T. — Pereira
Pinto, C. de Q. — Miguel, O. G. - Ferreira, S. M. R.:
In vitro bioaccessibility of proteins, phenolics, fla-
vonoids and antioxidant activity of Amaranthus
viridis. Plant Foods for Human Nutrition, 76, 2021,
pp. 478-486. DOI: 10.1007/s11130-021-00924-5.

De Freitas, T. B. — Santos, C. H. K. — da Silva, M. V. -
Shirai, M. A. - Dias, M. 1. — Barros, L. —
Barreiro, M. FE - Ferreira, I. C. E R. — Gon-
calves, O. H. — Leimann, F. V.: Antioxidants extrac-
tion from pinhdo (Araucaria angustifolia (Bertol.)
Kuntze) coats and application to zein films. Food
Packaging and Shelf Life, 15, 2018, pp. 28-34. DOLI:
10.1016/j.fps1.2017.10.006.

Cordenunsi, B. R. — de Menezes, E. W. -
Genovese, M. 1. — Colli, C. — de Souza, A. G. -
Lajolo, E. M.: Chemical composition and glycemic
index of Brazilian pine (Araucaria angustifolia)
seeds. Journal of Agricultural and Food Chemistry,
52,2004, pp. 3412-3416. DOI: 10.1021/jf0348141.
Clarkson, C. — Maharaj, V. J. — Crouch, N. R. -
Grace, O. M. - Pillay, P. - Matsabisa, M. G. —
Bhagwandin, N. — Smith, P. J. — Folb, P. I.: In vitro
antiplasmodial activity of medicinal plants native

21.

22.

23.

24.

25.

to or naturalised in South Africa. Journal of
Ethnopharmacology, 92, 2004, pp. 177-191. DOI:
10.1016/j.jep.2004.02.011.

Helal, A. - Cattivelli, A.— Conte, A. - Tagliazucchi, D.:
In vitro bioaccessibility and antioxidant activity
of phenolic compounds in coffee-fortified yogurt.
Molecules, 27, 2022, article 6843. DOI: 10.3390/mol-
ecules27206843.

Nwabor, O. F. - Singh, S. - Marlina, D. -
Voravuthikunchai, S. P.: Chemical characterization,
release, and bioactivity of Eucalyptus camaldulen-
sis polyphenols from freeze-dried sodium alginate
and sodium carboxymethyl cellulose matrix. Food
Quality and Safety, 4, 2020, pp. 203-212. DOI:
10.1093/fgsafe/fyaa016.

Popescu, L. — Cojocari, D. — Ghendov-Mosanu, A. —
Lung, I. — Soran, M. L. — Opris, O. — Kacso, I. —
Ciorita, A. — Balan, G. — Pintea, A. — Sturza, R.: The
effect of aromatic plant extracts encapsulated in algi-
nate on the bioactivity, textural characteristics and
shelf life of yogurt. Antioxidants, 12, 2023, article
893. DOI: 10.3390/antiox12040893.

Bessada, S. M. F. — Barreira, J. C. M. - Oli-
veira, M. B. P. P: Pulses and food security: Dietary
protein, digestibility, bioactive and functional pro-
perties. Trends in Food Science and Technology, 93,
2019, pp. 53-68. DOI: 10.1016/;.tifs.2019.08.022.
Joubran, Y. - Moscovici, A. — Lesmes, U.:
Antioxidant activity of bovine alpha lactalbumin
Maillard products and evaluation of their in vitro
gastro-duodenal digestive proteolysis. Food and
Function, 6, 2015, pp. 1229-1240. DOI: 10.1039/
C4FOO01165A.

Received 27 March 2023; 1st revised 9 May 2023; accepted
17 May 2023; published online 5 July 2023.

211


https://doi.org/10.1016/j.jep.2004.02.011
https://doi.org/10.3390/molecules27206843
https://doi.org/10.3390/molecules27206843
https://doi.org/10.1093/fqsafe/fyaa016
https://doi.org/10.3390/antiox12040893
https://doi.org/10.1016/j.tifs.2019.08.022
https://doi.org/10.1039/C4FO01165A
https://doi.org/10.1039/C4FO01165A
https://doi.org/10.1590/1983-084X/15_106
https://doi.org/10.1016/S0308-8146(98)00102-2
https://doi.org/10.1016/S0308-8146(98)00102-2
https://doi.org/10.1016/S0031-9422(00)94533-3
https://doi.org/10.1007/s11130-021-00924-5
https://doi.org/10.1016/j.fpsl.2017.10.006
https://doi.org/10.1021/jf034814l

