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Abstract

Turkish red pine (Pinus brutia Ten.) is an economically and ecologically important tree species that is widely grown in
the Mediterranean and Aegean regions of Tiirkiye, with its bark (RB) serving as waste material in the forest industry. The
current study aims to quantify the phenolic composition of RB extract (RBE) and to investigate the effects of incorporating
RBE into pasta at ratios of 0, 0.25, 0.50, and 1.00% (w: w) on in vitro starch digestibility, mineral composition, bioactive
properties (including TPC, DPPH, and FRAP antioxidant activities), in vitro bioaccessibility of bioactive compounds, and
sensory attributes. Gallic acid (2.30 mg/ 100 g) and hydroxybenzoic acid (3.80 mg/ 100 g) were the two predominant
phenolic acids in RBE. Enrichment of the pasta with RBE (0.25%, 0.50%, and 1% w/w) resulted in higher mineral content,
antioxidative properties, lower glycemic index and higher sensory scores as compared to the control pasta. Enrichment of
pasta with 1% RBE resulted in a significant reduction in the hydrolysis index (HI) and predicted glycemic index (pGI),
with HI values decreasing from 28.67 to 45.65% and pGI reductions ranging from 27.18 to 40.04%, indicating a notable
negative impact on starch degradation and glucose release. Enrichment of pasta with RBE significantly increased the total
phenolic content from 4.12 to 31.29 mg GAE/100 g and enhanced antioxidant activities, with FRAP values rising from
7.45 to 99.46 umol TEAC/100 g and DPPH activities ranging from 11.45 to 70.36 umol TEAC/100 g. Bioaccessibility
index values for TPC, FRAP, and DPPH activities in pasta samples enriched with 1% RBE were determined to be 25.51%,
27.33%, and 43.03%, respectively, indicating a significant enhancement in the in vitro bioaccessibility and antioxidant
potential of bioactive compounds as compared to the control sample. Enrichment with 1% RBE significantly increased
calcium, potassium, magnesium, sodium, zinc, copper, iron, and manganese content of pasta, and contributed substantial
percentages of the recommended dietary allowances for these minerals. Overall, the findings showed that RBE could be
used as a functional ingredient in pasta formulation for increasing its nutritional and health beneficial properties.
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through waste disposal. They can also provide an impor-
tant potential for reducing costs in the food industry [4]. In
recent years, forest wastes have attracted great attention due
to their high content of bioactive compounds. The use of
these eco-friendly by-products increases the potential for
use both in the development of functional foods and in phar-
macology applications. It is crucial to investigate the pres-
ence of nutraceutical compounds in inedible plants because
destroying one food source to enrich another is nonsensical
[5]. Turkish red pine (Pinus brutia Ten.), extensively culti-
vated in Tiirkiye’s Mediterranean and Aegean regions, is a
commercially significant tree species that constitutes 15%
of the nation’s total forest acreage [6].

The optimization of extraction yield and bioactive char-
acteristics of numerous medicinal plants has been the focus
of numerous recent scientific studies. Ulukanli et al. [7]
investigated the phytotoxic, antibacterial, insecticidal, and
antioxidant properties of the essential oils extracted from
the resin of Pinus brutia and Pinus pinea in the Mediter-
ranean region. Moreover, Ucar et al. [8] conducted a study
on tannins extracted from Pinus brutia bark using MALDI-
TOF MS and 13 C NMR techniques. Furthermore, in a study
by Ince et al. (2009) [9], the impact of Pycnogenol® and
Pinus brutia bark extract was investigated in a rat model of
inflammation induced by carrageenan. Additionally, Cretu
et al. [10] conducted an in vitro study investigating the
antioxidant properties of a polyphenol-rich extract derived
from the bark of Pinus brutia and its various fractions. A
review on antimicrobial properties of Pinus brutia was also
conducted [11]. However, to the best of our knowledge, no
study has assessed the identification and measurement of
RBE’s phenolic profiles using tandem mass spectrometry
and liquid chromatography, as well as RBE’s application on
pasta. In our earlier work [12], we thoroughly examined the
process parameter optimization and the in vitro antioxidant,
anticancer, antidiabetic, and antibacterial effects of RBE.
Therefore, the aim of this work was: (i) to quantify their
phenolic composition of RBE (iii) prepare four different
pasta supplemented with RBE in the ratio of 0, 0.25, 0.50
and 1% (w: w) and specify their estimated glycemic index,
mineral, bioactive properties (TPC, FRAP and DPPH radi-
cal scavenging activity), in vitro bioaccessibility of the bio-
active compounds as well as sensory characteristics.

Fig. 1 The fresh cone and needle
(a), fresh bark (b), and lyophi-
lized and pulverized extract (¢) of
Pinus brutia used in this study
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Materials and Methods
Collection and Processing of Bark Samples

The bark (Pinus brutia Ten.) samples were obtained from
the Burdur-Bucak region in Tiirkiye, located at coordinates
(37.49048332717283, 30.562099099382593). Collection of
bark samples, processing of bark and extraction were con-
ducted as described by Erol et al. [12]. For this aim, bark
samples were collected from uniform masses in the same
locality, initially cleaned by pre-shredding, and subse-
quently cut into small pieces. The bark underwent lyophi-
lization (Martin Christ, Beta 1-8 LSC plus, Osterode am
Harz, Germany) followed by grinding to particles smaller
than 1 mm using a Wiley mill as illusrated in Fig. 1. Subse-
quently, the powdered samples (bark flour) were subjected
to Soxhlet extraction with hexane for 12 h to remove lipo-
philic extracts. The remaining residue was dissolved in
water, frozen at -80 °C, and then subjected to a second dry-
ing process in the lyophilizer to ensure the bark samples
were fully dried. The obtained powdered bark samples for
extraction were stored in plastic bags wrapped in aluminum
foil at -18 °C until analysis. The extraction process utilized
the following parameters: a temperature of 38 °C, a duration
of 6 min, and an ultrasonic power of 150 W, resulting in an
extraction yield of 14.46%. In this study, an 80% methanol
solution was utilized as the extraction solvent at a sample-
to-solvent ratio of 1:15 (w/v). Following the extraction, the
RBE was lyophilized and powdered for further analyses.

Identification and Quantification of Phenolic
Profiles of RBE

Phenolic Acids Determination of RBE by Liquid
Chromatography-Tandem Mass Spectrometry (LC-MS/MS)

The qualitative and quantitative analyses of phenolic com-
pounds were carried out based on the previously reported
procedure of Pelvan et al. [ 13] with minor modification. LC—
MS/MS (AB SCIEX API 4000 QTrap, Framingham, MA,
USA) and Q-OT-MS (Q-exactive hybrid quadrupole-orbi-
trap, Thermo Scientific, Bremen, Germany) were employed
in order to analyse the phenolic compounds of RBE. A AB
SCIEX API 4000 QTrap mass spectrometer (MS) with as
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electrospray ionization (ESI) interface was equipped with
a ultra high liquid chromatography (Shimadzu Corpora-
tion, Kyoto, Japan) including an autosampler (SIL-20 A HT
XR), two pumping modules (LC-20AD XR), two solenoid
valve units (FCV-11AL), a system controller (CBM-20 A),
a degasser (DGU-20A5), and a column oven (CTO-20AC).
The injection volume was 10 pl, and the gradient flow rate
was 0.5 mL min~!. The column (ZORBAX Eclipse Plus
Phenyl-hexyl 4.6 X 150 mm 3.5 um, Agilent Technologies,
Santa Clara, CA, United States) was used for all separations.
The mobile phase consisting of formic acid-water (0.1:99.9,
v/v) (A) and methanol (65:35, v/v) (B) was used as follows:
0—1 min; 5% B, 1-30 min; 5-100% B, 30-31 min; 5% B,
31-40 min; 5% B. The operating parameters were as fol-
lows: 3500 V for the ion spray; 20 PSI for the curtain gas;
45 PSI for the nebulizer gas; and 550 °C for the turbo spray.

Determination of Phenolic Profiles of RBE by Q-OT-MS

Phenolic profiles of RBE was specified tentatively employ-
ing Q-OT-MS. The column (ZORBAX Eclipse Plus Phe-
nyl-hexyl 4.6x 150 mm 3.5 um, Agilent Technologies,
Santa Clara, CA, United States) was used. The gradient elu-
ent at an injection volume of 10 pL and a gradient flow of
0.8 mL/min (0.1% formic acid in water is mobile phase A;
methanol is mobile phase B) was set as follows: ¢ [min]/B
[%] 5-16/0-9, 16-35/9-2, 35-50/2-18, 50-65/18-20,
65-80/20-30, and 80/30. Additionally, the following was
the programming for MS source conditions: Temperatures
of the gas 1 and gas 2 are 50 °C, the ion source is 550 °C,
and the ion spray voltage is -4500 V.

Pasta Production

Pasta samples were prepared using durum wheat semolina
adding different percentages of RBE (0, 0.25, 0.50 and 1.0%
(w/w)) under the conditions earlier described by Vignola et
al. [14]. For this purpose, 100 g of durum wheat semolina
and 50 mL tap water were mixed. To ensure the homoge-
neous incorporation of the RBE, the appropriate amount of
RBE was first dissolved in the 50 mL of tap water. This solu-
tion was then gradually added to the semolina while con-
tinuously mixing to ensure even distribution of the extract
throughout the mixture. The mixture was allowed to knead
for 3 min using a kneading device (Kitchen aid, Model 5 K
SM 150). Afterwards, a pasta roller machine was employed
in order to get the dough to a thickness of 2 mm and cut
into pieces of 5 cm length x 1 cm wide. Pasta samples were
firstly dried at 30 °C for 30 min without humidity control,
then they were placed under the following conditions: 45 °C
of drying temperature, 17.5 h of drying time and 75% of

relative humidity. The moisture content of dried pasta was
measured as 10.01 +0.41%.

Hydrolysis Index (HI) and Predicted Glycemic Index (Gl
Predicted) of Cooked Pasta

Samples were cut into 0.5 cm X 0.5 cm pieces, and 30 mL
of distilled water was added to 2.5 g of the sample. This
mixture was stirred in a shaking water bath (Daihan Wisd
Wisebath, South Korea) at 37 °C and 130 rpm. The diges-
tion process consisted of three phases: oral, gastric, and
pancreatic. The oral phase began by adding 0.1 mL of 10%
a-amylase and 0.8 mL of 1 M HCI. After 1 min, the reac-
tion was halted by adding 0.5 mL of the mixture to 2 mL
of ethanol. For the gastric phase, 1 mL of 10% pepsin and
0.05 M HCI1 were added, and the mixture was incubated at
37 °C in a shaking water bath for 30 min. At the end of this
period, the gastric digestion was stopped by adding 2 mL of
1 M sodium bicarbonate and 5 mL of 0.2 M sodium maleate
buffer (pH 6). The final digestion step involved adjusting the
mixture to 55 mL with distilled water. Pancreatic digestion
was initiated by adding 1 mL of 5% pancreatin (prepared
with 0.2 M maleate buffer) and 0.1 mL of amyloglucosi-
dase. This digestion was performed at 37 °C in the shaking
water bath. At 0, 20, 60, 90, 120, and 180 min, 0.5 mL of
the liquid sample was removed and mixed with 2 mL of
ethanol to halt the reaction. The released reducing sugars
were then analyzed using the modified dinitrosalicylic acid
(DNS) colorimetric method. Samples were centrifuged at
6000 rpm for 10 min at 24 °C, and 25 pL of the supernatant
was mixed with 0.25 mL of acetate buffer containing 1%
amyloglucosidase. The mixtures were vortexed and incu-
bated at room temperature for 30 min to assess monosaccha-
ride formation. DNS solution (glucose at 0.5 mg/mL, 4 M
NaOH, and DNS reagent in a 1:1:5 ratio) was added to the
samples, which were then heated at 95-100 °C for 15 min
and rapidly cooled. After adding 4 mL of distilled water,
the absorbance of the samples, standards, and blanks was
measured spectrophotometrically at 530 nm at 25 °C. To
determine the amount of glucose recommended by Goni et
al. [15], starch analysis was performed. The following equa-
tion was utilized to calculate the starch fraction:

RDS = (RAG — FG) % 0.9 @)
where RDS is rapidly digestible starch, RAG is glucose lib-

erated from starch and sugars after 20 min of incubation, FG
is free glucose.

SDS = (AG — RAG) 0.9 )
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where SDS is slowly digestible starch, AG is available glu-
cose, glucose liberated from starch and sugars after 120 min
of incubation, RAG is glucose liberated from starch and sug-
ars after 20 min of incubation.

RS =TS — (RDS + SDS) 3)

where RS is resistant starch, 7S is total starch, RDS is rap-
idly digestible starch, SDS is slowly digestible starch.

TS = (TG — FG) % 0.9 (4)

where 7G is total glucose, 75 is total starch, and FG is free
glucose.

The predicted glycemic index (pGI) values for each sam-
ple were determined using the HI values. These figures were
computed by dividing each pasta sample’s area under the
hydrolysis curve by the comparable area of freshly baked
white bread (a reference sample). The following equation
was used for the estimation of the pGI values previously
reported by Goni et al. [15].

GI =39.71+ 0.549H I (5)

where GI is in vitro glycemic index, HI is the hydrolysis
index.

Determination of Optimum Cooking Time

The optimal cooking time of pasta samples was mea-
sured using the American Association of Cereal Chemists
(AACC) authorized technique 66 —50 [16]. For this aim,
pasta samples weighing 10 g were cooked until the white
center of the pasta was completely removed. The samples
were then compressed between two glass plates and their
cooking time was recorded. The cooking time was recorded
as 12.50 min for the control samples, while it was 11.5 min
for the other samples supplemented with RBE.

Bioactive Constituents and Antioxidant Activity

Preperation of Extracts After draining the cooking water of
pasta cooked according to the optimum cooking times, the
pasta samples were finely chopped into small cubes using
the fine brunoise technique. A sample mixture at a ratio of
1:5 (w/v) was prepared in a beaker and mixed with a mag-
netic stirrer at 300 rpm for 30 min. The pH of this mixture
was then adjusted to 4.6 using a buffer solution. The mix-
ture was centrifuged at 4000 rpm for 5 min and the clear
supernatant was collected. The clear supernatant was then
mixed with ethanol in a 1:1 (v: v) ratio. The resulting solu-
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tion was used to determine various bioactive properties of
the samples.

TPC, FRAP and DPPH Antioxidant Activities TPC, FRAP and
DPPH antioxidant activities of pasta samples were specified
by Atlar et al. [17], Erol et al. [12], and Kutlu [18] according
to the methods as described above, respectively. TPC results
were expressed as mg GAE/100 g determined using the stan-
dard curve equation y=9.579x +0.0162, with R°=0.9986.
DPPH antioxidant activity was expressed as umol TEAC
/100 g using the following equation based on the calibra-
tion curve: y=1.629x — 0.001, R*=0.9994), trolox solu-
tions at concentrations between 0.25 and 0.6 mg/mL. FRAP
contents were determined following equation based on the
calibration curve: y=5.3823x+0.0235, R?=0.9997, where
y refers the absorbance and x refers the milligrams of Trolox
per gram dry weight of the bark samples. The results were
expressed as pumol TEAC/100 g.

Mineral Composition

Major (Ca, K, Mg and Na) and minor minerals (Zn, Cu, Fe
and Mn) of pasta samples were analyzed according to the
method noted by Bremner [19] utilizing an atomic absorp-
tion spectrophotometer (Perkin Elmer-Analyst 800, Nor-
walk, CT). Initially, app. 0.3—1.0 g of the sample was treated
with 6.5 mL of 69% nitric acid (HNO;) and 1.5 mL of 30%
hydrogen peroxide (H,0,), after which it was subjected to
microwave digestion. Blank solution was prepared using
only digestion acid without adding any sample. Microwave
conditions (220 PSI, 180 °C, ramp time 15-25 min, hold
time 10—15 min) were utilized with an acceleration time of
15-25 min and a holding time of 10—15 min at 180 °C tem-
perature and 220 psi pressure. After being allowed cooling
to room temperature, it was diluted to 50 mL with ultrapure
water (Milli-Q water, Millipore, Bedford, MA, USA). Fol-
lowing the microwave digestion process, major and minor
minerals were determined. Standard stock solutions of min-
erals at 1000 pg/mL were prepared, and the relevant stan-
dard calibration curve was drawn.

Sensory Evaluation

Before the sensory test, pasta samples were cooked and
coded with three-digit numbers before being presented to 16
panelists (8 female, 8 male, aged 18—40). The panelists were
trained prior to the evaluation, which included familiariza-
tion with the scoring system and sample attributes through
several practice sessions. A rating form ranging from 1 to 10
(1: dislike extremely, 5: fair, 10: like extremely) was used.
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Each pasta sample was presented in a randomized order to
avoid bias, and panelists were instructed to cleanse their
palate with water between each sample to ensure accurate
evaluation. Panelists were non-smokers and were instructed
not to consume any food, coffee, or strong-flavored bever-
ages at least one hour before the evaluation to ensure their
palate was not influenced. The sensory evaluations were
conducted in a well-lit, odor-free room with individual
booths to prevent communication between panelists. The
evaluations were performed over a period of 30 min to
ensure sufficient time for through the assessment. Panelists
evaluated the cooked samples for color, odor, taste, appear-
ance, texture, and overall acceptability [20].

In Vitro Bioaccesibility Tests

In vitro bioaccessibility testing was performed on pasta
samples with added extracts of RBE at different ratios,
based on the three-stage method summarized by Minekus et
al. [21]. The effects of in vitro digestion conditions on TPC,
DPPH radical scavenging capacities, and FRAP activities of
the post-digestion samples were determined.

To simulate oral digestion, 3 mL of ultrapure water, 4 mL
of simulated salivary fluid (SSF), a-amylase solution (75 U/
mL), 25 pL of 0.3 M CaCl,(H,0),, and 975 uL of ultrapure
water were added to 5 g of pasta sample. The mixture was
incubated in a shaking water bath at 37 °C for 2 min. After
simulated oral digestion, 2 mL of liquid was taken for each
sample. Moreover, to simulate gastric digestion, 8 mL of
simulated gastric fluid (SGF), 5 pL of 0.3 M CaCl,(H20),,
and pepsin solution (2000 U/mL) were added and adjusted
to pH 3 with 3 M HCI, and the amount of HCI used was
recorded. Then, 1 mL of pepsin solution was added, fol-
lowed by the addition of 0.3 mol/L CaCl,, and the pH was
adjusted to 3 using 1 mol/L HCI. The total volume was
brought to 20 mL with the addition of ultrapure water, and
the mixture was incubated in a shaking water bath at 37 °C
for 2 h. After simulated gastric digestion, 4 mL of liquid was
taken for each sample. Furthermore, to simulate intestinal
digestion, the remaining mixture was adjusted to pH 7 with
1 M NaOH after adding 8 mL of simulated intestinal fluid
(SIF) and pancreatin solution (100 U/mL), bile fluid (10
mM), and the amount of NaOH used was recorded. Then, 5
mL of pancreatin, 2.5 mL of bile solution (160 mM), and 40
pL of 0.3 M CaCl,(H,0), were added, and ultrapure water
was added to reach a final volume of 40 mL. The remaining
mixture was distributed into three intestinal tubes, with a
total volume of gastric fluid: simulated intestinal fluid at a
ratio of 1:1 (v/v). Each tube was equipped with dialysis tub-
ing with a molecular weight cut-off of 12,000 daltons, rep-
resenting the portion that can pass from the microvilli of the
small intestine into the bloodstream. The tubes were washed

with a 0.09% NaCl solution both internally and externally,
and the necessary amount of NaHCO; (0.1 M) was added
before sealing both ends tightly. They were then immersed
in the remaining three centrifuge tubes and incubated in a
shaking water bath at 37 °C for 2 h. After simulated intes-
tinal digestion, 4 mL of liquid was taken for each sample.

Samples obtained after oral, gastric, and intestinal diges-
tion were centrifuged at 4000 rpm for 10 min. The superna-
tants were filtered through filter paper, and the remaining
supernatant was transferred to 15 mL Falcon tubes and
stored at -4 °C. TPC determination, DPPH radical scaveng-
ing activity, and FRAP antioxidant analyses were performed
on the liquids obtained at each stage. Finally, percentage bio-
accesibility was calculated by dividing the amount of mate-
rial in the IN phase (the part that can be dialysed in intestinal
digestion) by the amount of material in the OUT phase (the
part that cannot be dialysed in intestinal digestion).

IN phase
BI% = 100
% IN phase + OUT phase * ©)
Statistical Analysis

Measurements were conducted in triplicate with replicates
in each, and the results were presented as the mean value
along with its standard deviation. Statistical analyses were
performed using the SPSS program (Statistics Software,
IBM version 20, USA). Statistical differences between the
samples were determined using one-way ANOVA (p < 0.05).

Results and Discussion
Phenolic Profile

The detailed LC-MS/MS conditions and their retention
times for RBE are listed in Table 1. Based on the findings,
four hydroxybenzoic acids (4-hydroxybenzoic acid, gallic
acid, gentisic acid, and vanillic acid), four hydroxycinnamic
acids (caffeic acid, ferulic acid, coumaric acid, and T-3-OH
cinnamic acid), and three organic acids (oxalic acid, suc-
cinic acid, and tartaric acid) were determined. But, chloro-
genic acid, cinnamic acid, sinapic acid, and syringic acid
didn’t quantify in RBE. Gallic acid (2.30 mg/ 100 g) and
hydroxybenzoic acid (3.80 mg/ 100 g) were the two pre-
dominant phenolic acids in RBE. On the other hand, RBE
was rich sources of organic acids related to succinic acid
(17.35 mg/ 100 g), oxalic acid (5.25 mg/ 100 g), and tartaric
acid (0.44 mg/100 g). Hydroxybenzoic acid was known its
antioxidant and estrogenic acitivities [22]. Gallic acid pos-
sessed antioxidant, antiviral, antifungal, anti-hyperlipidemic

@ Springer
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Table 1 Phenolic and organic acids specified and quantified in RBE (mg/100 g) by LC-MS/MS

Phenolic and Organic acids Rt Formula MS! MS? ARt Fr CE CEV P Results
(min) F [M-H] [M-H]™ (min) (\%) ")) (mg/100 g)
(m/z) (m/z)
Hydroxybenzoic acid 13.19 C;HO4 137 65 2.70 100 28 4 Negative  3.80+0.01
Caffeic acid 14.61 CoHgO, 179 135 3.80 80 22 4 Negative ~ 0.49+0.01
Chlorogenic acid 13.20 C,6H,50q 353 191 3.30 180 26 4 Negative -
Cinnamic acid 23.18 CyHg0, 147 103 2.32 40 4 4 Negative -
Ferulic acid 18.17 C,oH,0, 193 178 1.93 60 6 4 Negative ~ 0.69+0.01
Gallic acid 6.82 C;H O 169 125 3.64 40 6 4 Negative ~ 2.30+0.01
Gentisic acid 10.69 C,HsO, 153 81 3.81 70 22 4 Negative ~ 1.24+0.01
Coumaric acid 17.29 CoHgO4 163 119 2.92 60 8 4 Negative  0.13+0.01
Oxalic acid 20.00 C,H,0, 203 131 5.00 180 22 4 Negative  5.25+0.01
Sinapic acid 18.16 C,1H;,04 223 93 1.82 100 34 4 Negative -
Succinic acid 34.46 C,H,O, 141 59 3.45 50 4 Negative ~ 17.35+0.01
Syringic acid 15.69 CyH,(O5 197 153 2.70 70 6 4 Negative -
Hydroxycinnamic Acid 17.29 CoHgO4 163 91 2.92 110 26 4 Negative ~ 0.10+0.01
Tartaric acid 10.00 H,C,H,0q 149 87 10.00 60 6 4 Negative  0.44+0.01
Vanillic acid 14.89 CgHgO, 167 123 2.17 40 4 4 Negative  0.43+0.01

R;: Retention time; F: Formula; MS! :Precursor ion; MS?: Product ion; ARt: Delta retention time; Fr: Fragmentor; CV: Capillary voltage; CE:

Collision energy; CEV: Cell accelerator voltage; P: Polarity

Table 2 Hydrolysis index (HI), predicted glycemic index (pGI pre-
dicted), and GI% reduction of pasta enriched with RBE in proportions
0f 0, 0.25, 0.50 and 1.00% (w: w)

RBE (%) HI pGI GI decrease (%)
(%)

0.00 45.65 +£0.72° 40.04+0.4° -

0.25 36.25+0.33° 34.17+0.19° 14.65°

0.50 32.0240.28° 30.54+0.27° 23.72°

1.00 28.67+0.23¢ 27.18+0.78¢ 32.10°

RBE: Turkish red pine bark extract; HI: The hydrolysis index; pGI:
Predicted glycemic index

The statistical differences within the same column are indicated by
lowercase letters (%) (p <0.05)

and anti-hyperglicemic activities [23, 24]. Gentisic acid
exhibited important effects on the inhibition of cancers and
angiogesis-dependent diseases [25]. Syringic acid had anti-
oxidant [26] and antidiabetic features [27] and played an
important role as inhibitor of LDL oxidation [28]. Vanillic
acid had been noted to show antioxidant [29], antihyperinsu-
linemia [30], antihyperglycemia [30] and protective effects
against lipid oxidation and cardioprotective properties [31].
Cinnamic acid, chlorogenic acid and sinapic acids have
been reported to antioxidant and antimicrobial properties
[32—34]. Caffeic acid had antioxidant, antitumor anticancer,
antibacterial activities [35]. Ferulic acid has been observed
to exhibit role as anti-inflamory, anti-oxidant, antimicro-
bial, anticancer, antidiabetic [36]. Coumaric acid has been
known to possess antioxidant and anticancer characteristics
(Bommegowda Rashmi & Singh Negi et al., 2020) [37].
Oxalic acid, succinic acid and tartaric acid were responsible
for antioxidant activities (Zhang et al., 2020) [38].
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Hydrolysis Kinetics and Estimated Glycemic Index

HI determined by the ratio of starch hydrolysis over time
and the related pGI of cooked pasta samples are demon-
strated in Table 2. The hydrolysis curves of the pasta sam-
ples enriched with RBE in the proportion of 0, 0.25, 0.50
and 1.00% (w: w) are illustrated in Fig. 2. The samples
enriched with RBE possessed lower HI values than the con-
trol sample. The lowest HI values were observed in sam-
ples enriched with 1% RBE, whereas the highest HI values
were found in the reference samples. It had been previously
reported that presence of phenolic compounds could exhibit
inhibitory activity against carbohydrate digestive enzyme
[39, 40]. The pGI showed the same trend as parameter of
HI, such that, a significant diminishment in pGI was speci-
fied in all the enriched samples with RBE (0.25, 0.50 and
1.00% (w: w)) as compared to the reference pasta (from
27.18 up to 40.04) (p <0.05), which was almost equivalent
to declines in the pGI with 14.65 to 32.10% as compared to
the reference. These results were in accordance with previ-
ous reports [40, 41]. Based on the pGI classification (low
Gl=less than or equal to 55; medium GI=56-69; High-
Gl =equal to or higher than 70) [42], all pasta samples could
be classified as foods with a low GI. Overall, it could be
infered with the results that RBE supplementation into the
pasta samples may exhibit hindering influences on starch
degradation and glucose release.
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Fig. 2 In vitro starch digestibility

findings of pasta samples supple- 40
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Table 3 Some bioactive properties of pasta samples supplemented
with RBE in proportions of 0, 0.25, 0.50 and 1.00% (w: w)

TRPE TPC DPPH (pumol FRAP
(%) (mg GAE/100 g) TEAC /100 g) (umol
TEAC/100 g)
0.00 4.12+0.11¢ 11.45+0.09¢ 7.45+0.43¢
0.25 9.43+0.12° 20.45+0.13° 44.62+0.17°
0.50 17.73+0.16° 56.73+0.18° 74.74+0.21°
1.00 31.29+0.21° 70.36+0.15° 99.46+0.47°

RBE: Turkish red pine bark extract; TPC: Total phenolic content;
FRAP: Ferric reducing antioxidant power

The statistical differences within the same column are indicated by
lowercase letters (%) (p <0.05)

TPC, FRAP and DPPH Antioxidant Capacities

Table 3 demostrates the TPC and the antioxidant activities
determined by DPPH and FRAP methods of cooked pasta
samples enriched with RBE in proportions of 0, 0.25, 0.50
and 1% (w: w). TPC content of the cooked pasta samples
significantly increased from 4.12 to 31.29 mg GAE/100 g
with increasing levels of incorporation of RBE (p <0.05).
DPPH and FRAP antioxidant activity contents of tested
samples also followed a similar trend with TPC values.
The supplementation of pasta with RBE caused a signifi-
cant increase in FRAP activities from 7.45 pmol TEAC
/100 g to 99.46 pmol TEAC /100 g (p<0.05). The FRAP
antioxidant activity in reference pasta was found as 7.45
umol TEAC/100 g, and the gradual supplementation of
RBE led to an increase in this activity. DPPH scavenging
activities of pasta samples ranged between 11.45 and 70.36
pmol TEAC /100 g. Enrichment of RBE at 0.25-1.00% sig-
nificantly increased the DPPH radical scavenging ability of
pasta samples (p <0.05). Increase in antioxidant and anti-
radical potential of pasta by the incorporation of RBE could
be attributed to the high abundance of phenolic compounds

In vitro hydrolysis (starch+free glucose)

0.25% —8—0.50% —e—1.00%

—&— Control

60 90 120 150 180
Time (min)

in RBE with antioxidant potential. These compounds could
synergistically enhance TPC, FRAP and DPPH antiradi-
cal activities in RBE-fortified pasta as their ratio increased.
Similar findings were reported for pasta with orange peel
[43], noodles with pomegranate peel extract [44], noodles
with watermelon peel [45], fresh noodles with artichoke
waste extract [46], and pasta with moringa sprouts [47].

In Vitro Bioaccesibility

In vitro gastrointestinal digestion was conducted to deter-
mine the bioaccessible polyphenol potential and antioxidant
activity of pasta samples and the findings were tabulated in
Table 4. The TPC values were determined to be in the range
of 0.11-2.93 mg GAE/100 g for the control samples, and
17.67-51.58 mg GAE/100 g for the pasta samples enriched
with 1% RBE across the oral, gastric, and intestinal IN and
OUT phases.The highest TPC values for both samples were
observed in the OUT phase of the small intestine, followed
by the gastric phase. On the other hand, FRAP values were
2.97-65.95, 4.38-83.73, 1.53-39.74, and 9.71-105.64 pmol
TE/100 g for the oral, gastric, intestinal IN, and OUT phases
in control and 1% RBE-enriched pasta samples, respec-
tively. Regarding FRAP values, in control samples, the
highest values were observed in the OUT phase of the small
intestine, followed by gastric, oral, and intestinal IN phases.
In enriched pasta, the highest FRAP values were deter-
mined in the OUT phase of the small intestine, followed by
gastric, oral, and intestinal IN phases. Additionally, DPPH
activities were 2.23-21.29, 4.83-40.46, 2.55-26.98, and
16.04-35.71 pumol TE/100 g for the oral, gastric, intestinal
IN, and OUT phases in control and 1% RBE-enriched pasta,
respectively. According to the findings, the highest DPPH
activity in control samples was observed in the OUT phase
of the small intestine, followed by gastric, intestinal IN, and

@ Springer
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Table 4 Variations in TPC, FRAP and DPPH antioxidant activities of pasta samples incorporated with TRPE in proportions of 0.00 and 1.00%

based on in vitro gastrointestinal digestion conditions

RBE (%) Analysis In vitro gastrointestinal digestion BI (%)
Mouth phase Gastric phase Small intestinal
IN phase OUT phase

0.00 TPC (mg GAE/100 g) 0.11+£0.01¢ 1.45+0.02° 0.24+0.01° 2.93+0.3? 7.50
FRAP (umol TEAC/ 100 g) 2.97+0.02¢ 4.38+0.03° 1.53+0.01¢ 9.71+0.04° 13.61
DPPH (umol TEAC/ 100 g) 2.23+0.02¢ 4.83+0.01° 2.55+0.03¢ 16.04+0.02° 13.71

1.00 TPC (mg GAE/100 g) 29.13+0.72¢ 42.36+0.94° 17.67 +0.02¢ 51.58+0.03% 25.51
FRAP (umol TEAC/ 100 g) 65.95+0.19° 83.73+0.21° 39.74+0.06¢ 105.64 +0.04* 27.33
DPPH (umol TEAC/ 100 g) 21.29+0.01¢ 40.46+0.01* 26.98+0.01° 35.71+0.01° 43.03

The statistical differences within the same line are indicated by lowercase letters (%) (p <0.05)

oral phases, respectively. On the other hand, in enriched
pasta, the highest DPPH activity was determined in the gas-
tric phase, followed by the OUT phase of the small intes-
tine, intestinal IN phase, and oral phase, respectively. The
enrichment of pasta with RBE led to an increase in TPC,
ABTS, and FRAP activities in all phases compared to con-
trol samples. When the results were compared with the data
in Table 3, in vitro gastrointestinal digestion conditions led
to a decrease in TPC values for control samples. However,
in the enriched pasta, higher TPC content was determined in
the gastric and intestinal OUT phases. Moreover, in control
samples, FRAP values decreased except for the OUT phase
of the small intestine. In enriched pasta, while FRAP activ-
ity values remained higher levels in the intestinal IN phase
(Table 3), a decrease occurred in the other phases. Further-
more, the DPPH antiradical activity values of the control
samples followed a similar trend with the FRAP antioxi-
dant activity results of the control samples. Compared to the
results in Table 3, lower DPPH activity was determined in
the mouth, stomach and the IN phases of the small intestine
as aresult of in vitro gastrointestinal digestion. On the other
hand, DPPH activity of the enriched samples was lower in
all phases compared to Table 3.

A high bioaccessibility index indicates that a greater pro-
portion of a component becomes liberated and available for
absorption during the digestion process, thereby enhancing
its usability within the body. Moreover, the bioaccessibil-
ity of TPC, FRAP, and DPPH activities in the pasta sam-
ple enriched with 1% RBE was determined to be 25.51%,
27.33%, and 43.03%, respectively. The calculated BI val-
ues for DPPH, TPC, and FRAP in the enriched pasta sam-
ples were higher as compared to the control sample. This
suggests that the enrichment of pasta with RBE not only
improves the overall antioxidant capacity but also enhances
the availability of these bioactive compounds during in vitro
digestion, potentially increasing their beneficial effects on
health.

The relatively low levels of phenolics observed in con-
trol pasta samples during the oral phase (following 2 min of
digestion with a-amylase) may be attributed to the limited

@ Springer

solubility of these compounds in saliva and the duration of
this phase. The rise in phenolic content under gastric con-
ditions indicates that the acidic pH and digestive enzymes
might aid in the liberation of phenolics bound within the
plant matrix [48]. The correlation between phenolic charac-
teristics and bioaccesibility has been noted to be affected by
factors such as chemical structure (degree of polymerization
and molecular size), glycosylation, conjugation with other
phenolics, and solubility [49]. As an example, isoflavones,
phenolic acids, quercetin glycosides and catechins dem-
onstrate high absorption rates, whereas larger polyphenols
exhibit lower absorption rates. Overall, the results dem-
onstrated that the digestion phases had varying effects on
these parameters, with the highest activities were generally
observed in the OUT phase of the small intestine. The find-
ings indicated that RBE-enriched pasta offered improved
functional properties and higher bioaccessibility of pheno-
lic compounds, which could be beneficial for developing
health-oriented food products.

Mineral Content Evaluation

The mineral content of RBE and the pasta samples forti-
fied with RBE in the ratios of 0, 0.25, 0.50 and 1.00%
RBE (w: w) were tabulated in Table 5. Regarding to the
findings, RBE had higher mineral content compared to
the control pasta samples as expected. Regarding min-
eral composition of RBE, the predominant minerals were
sodium (1986 mg/kg), followed by calcium (1786 mg/kg),
potassium (1679 mg/kg), magnesium (354.64 mg/kg), zinc
(22.54 mg/kg), manganese (10.73 mg/kg), copper (1.75 mg/
kg), and iron (<2.5 mg/kg). Moreover, pasta samples for-
mulated with 1% RBE presented the higher Ca, K, Mg, Na,
Zn, Cu, Fe and Mn contents when compared to the pasta
samples incorporated with 0, 0.25 and 0.50% RBE (w: w).
It was previously reported that Mn, Cu, and Zn acted as anti-
oxidants. For that reason, these minerals may contribute the
antioxidant properties of RBE [50]. According to the data
provided in the table, 100 g of RBE corresponded to the fol-
lowing percentages of the recommended dietary allowance
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Table 5 Mineral content of RBE and pasta samples fortified with RBE in proportions of 0, 0.25, 0.50 and 1.00% (w: w) along with their RDA

values
Element type RDA (mg/ day) Unit RBE RBE ratio in pasta samples

0.00% 0.25% 0.50% 1.00%
Zinc (Zn) 10 mg/kg 22.54+2.03° <2.5° <2.5b <2.5° <2.5°
Copper (Cu) 1 mg/kg 1.75+0.09 <2.5° <2.5b <2.5° <2.5°
Iron (Fe) 14 mg/kg <1? <2.5° <2.5b <2.5° <2.5°
Calcium (Ca) 800 mg/kg 1786 +65.63* 9.61+0.01° 14.54+0.02¢ 19.31+0.02¢ 25.75+0.06°
Magnesium (Mg) 375 mg/kg 354.64+27.35 2.43+1.18° 3.17+0.01¢ 4.52+0.01° 6.03+0.02°
Sodium (Na) * mg/kg 1986 +64.75* 5.63+41.94° 9.47+0.03¢ 14.62+0.04° 22.81+0.06°
Potassium (K) 2000 mg/kg 1679 +84.84% 2.93+31.72¢ 7.03+0.02¢ 10.63+0.03¢ 14.3240.04°
Manganese (Mn) 2 mg/kg 10.73 +0.73% <2.5° <2.5b <2.5° <2.5°
RBE: Turkish red pine bark extract; RDA: Recommended Dietary Allowance [58].* There is no established RDA value
The statistical differences within the same line are indicated by lowercase letters ) (p<0.05)
Table 6 Sensory properties of the cooked pasta samples incorporated with RBE
RBE Color Odor Taste Appearance Texture Overall Acceptability
(%)
0.00 9.84+0.67 8.93+0.73¢ 8.37+0.82¢ 9.54+0.49° 9.65+0.81° 9.26+0.38
0.25 9.18£0.58° 9.35+0.63" 9.38+0.38" 9.24+0.54° 9.05+0.62° 9.24+0.57°
0.50 9.42+0.39° 8.98+0.39¢ 9.24+0.71¢ 8.94+0.57¢ 9.37+0.67° 9.19+0.83?
1.00 8.98+0.45¢ 9.23+0.48" 9.45+0.84* 8.92+0.36¢ 8.76+0.28¢ 9.06+0.77°

RBERBE: Turkish red pine bark extract

The statistical differences within the same column are indicated by lowercase letters (%) (p <0.05)

(RDA) values for the elements: zinc (225.4%), copper
(175.0%), iron (<7.1%), calcium (223.3%), magnesium
(94.6%), potassium (83.9%), and manganese (536.5%).
Potassium had been reported to support heart and bone
health [51] and found in the range 0f2.93 to 14.32 mg/100 g
in pasta samples. The contribution of the RBE addition into
the pasta were less than 25% of the potassium RDA. Cal-
cium was essential for healthy bones and teeth [52] and
100 g of the pasta contributed 1.20-3.22% of the calcium
RDA. Additionally, sodium had a different fundamen-
tal roles in the body regarding to regulation of the normal
cellular homeostasis, maintenance of fluid and electrolyte
balance and blood pressure [53]. Moreover, iron was a
fundamantal mineral for almost all living organisms since
it found in a lot of metabolic processes [54]. Iron content
was less than 2.5 mg/100 g for all tested samples, supply-
ing about less than 17.9% of the iron RDA. Additionally,
zinc deficiency was a global public health problem encoun-
tered in the developing countries, the rural areas and in the
poorest communities as cereal-based diets decreased the
absorption of zinc from the intestine [55]. Zinc content of
samples were less than 2.5 mg/100 g, supplying about less
than 25% of the zinc RDA. Furthermore, manganese is a
crucial biological element in order to have roles on enzyme
systems related to the carbohydrates, fats, and proteins
metabolism [56]. Manganese content in pasta samples were
less than 2.5 mg/100 g, providing about 125% of the RDA
of the manganese. As well, copper was a cofactor in many

enzymes [57] and were less than 2.5 mg/100 g in all pasta
samples, providing about 250% of the copper RDA.

Sensory Properties

The sensory scores regarding to color, odor, taste, appear-
ance, texture and overall acceptability parameters of cooked
pasta samples were given in Table 6. Higher scores indicated
greater sensory acceptability of the pasta samples. Appear-
ance, texture and overall acceptability received markedly
lower scores in the pasta enriched with 1% RBE (w: w)
compared with the other pasta samples. Hence, increasing
RBE level progressively changed the taste, appearance,
texture and overall acceptability of the end product. Supris-
ingly, the pasta samples prepared with 1% RBE (w: w)
received significantly higher taste and odour scores than the
pasta fortified with 0.50 RBE (w: w) (p <0.05). These find-
ings indicated that while higher levels of RBE could impact
certain sensory attributes negatively, they may enhance
specific qualities such as taste and odor. Therefore, incor-
porating RBE into pasta formulations could improve func-
tionality and offered a desirable sensory profile if balanced
carefully. Further optimization of RBE levels and additional
sensory evaluations could help in achieving the optimal bal-
ance between functionality and sensory acceptance.

@ Springer
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Conclusion

This study presents a comprehensive analysis of the iden-
tification and quantification of phenolic and organic com-
pounds in RBE. The research further investigates pasta
samples enriched with RBE at concentrations of 0%, 0.25%,
0.50%, and 1% (w: w), evaluating their biological activi-
ties (TPC, FRAP, and ABTS antioxidant activities), mineral
compositions, in vitro starch digestibility properties, sen-
sory attributes, and the in vitro bioaccessibility of bioactive
compounds. Based on the findings, gallic acid and hydroxy-
benzoic acid were identified as the predominant phenolic
acids in RBE, while RBE was also found to be a rich source
of organic acids such as succinic acid, oxalic acid, and tar-
taric acid. Enrichment of pasta with RBE at concentrations
of 0.25%, 0.50%, and 1% (w: w) resulted in a lower gly-
cemic index, increased mineral content, enhanced antioxi-
dant activity, and higher odor and taste scores compared to
the control pasta. The forest industry has the potential to
generate substantial income by developing high-value func-
tional food products from these alternative, eco-friendly by-
products. This approach not only contributes to sustainable
practices but also leverages underutilized resources to cre-
ate innovative food solutions.
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