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Abstract: This study links the traditional use of celery (Apium graveolens L.) and parsley
(Petroselinum crispum L.) roots in Balkan cuisine and herbal medicine, along with the long-
standing role of turmeric (Curcuma longa L.) rhizome in Ayurvedic and Asian medicinal
practices, with modern technological approaches to develop a functional food formulation.
A series of blend variations were evaluated for total phenolic content, antioxidant capacity,
and sensory quality. The incorporation of turmeric significantly enhanced the antioxi-
dant potential of celery—parsley mixtures. Celery—parsley—turmeric root blend (CPT6),
comprising equal parts, was identified as optimal, exhibiting high total phenolic content
(9.56 mg gallic acid equivalent/g), strong antioxidant activities, and a favourable sensory
profile rated as “very good” (3.58 average score). CPT6 further demonstrated promising
biofunctional properties, including potent «-amylase and «-glucosidase inhibition activ-
ities (72% and 80%, respectively), alongside moderate antihypertension activity (ACE)
(62%) and hydroxymethylglutaryl coenzyme A (HMG-CoA) reductase inhibition (55%).
Chemometric analyses (PCA) and machine learning modelling (ANN) confirmed the signif-
icant role of turmeric proportion in enhancing both bioactivity and consumer acceptability.
This research highlights the synergy between tradition and technology in creating novel,
multifunctional food ingredients suited for functional food and nutraceutical applications.

Keywords: celery; parsley; turmeric; roots; bioactivity; sensory profile; chemometric;
machine learning modelling

1. Introduction

Spices constitute a distinct category of food products that play a significant role in
human nutrition. Although they are consumed in relatively small quantities, due to their
pronounced sensory properties, which include strong flavour, aroma, and occasionally
colour, they are widely incorporated into various foods and culinary preparations, occupy-
ing a unique place within the food industry. Even small amounts can have a significant
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impact on a dish’s overall sensory profile, influencing not just taste but also aroma and
appearance. Instead of overpowering the primary ingredients, their use aims to enhance
or complement their natural qualities. Excessive use can lead to sensory imbalance or
undesired flavour masking. Beyond their individual use, spices are frequently combined
into blends tailored to accommodate diverse tastes and complement specific dishes.

Turmeric (Curcuma longa L.) has been utilised for various purposes since ancient times.
In culinary applications, it serves as a popular spice, valued for its flavour-enhancing and
colouring properties. Its use is particularly prominent in South Asian cuisine, where it
is a key component of curry powder. In Western cuisine, it finds application in sauces,
mustard blends, and pickled products. Additionally, turmeric tea is widely consumed
in some areas of Japan [1]. The rhizome of turmeric is rich in bioactive compounds,
primarily curcumin (70-75%), demethoxycurcumin (10-25%), and bisdemethoxycurcumin
(5-10%), all of which belong to the class of phenolic compounds. These constituents are
not only responsible for turmeric’s distinctive yellow colour but also exhibit variability in
composition depending on soil conditions, geographic origin, and processing methods [2].
Furthermore, the turmeric rhizome demonstrates significantly higher levels of phenolic
compounds and antioxidant activity compared to celery root (Apium graveolens L.) and
parsley root (Petroselinum crispum L.) [3,4].

Celery root, knob celery, turnip rooted celery or celeriac (Apium graveolens L.) is a
strain of celery and native to Europe and parts of Asia. It is found growing wild in all
temperate zones. It is much better for flavouring in general cookery and for eating as a
cooked vegetable. The plant produces a large, beet-like root, which is used as a vegetable
and spice; the stem and leaves are discarded. In ancient times, the plant was cultivated
as a medicinal crop, and it has only recently been used as a food source [5]. Parsley
(Petroselinum crispum L.) is predominantly cultivated in temperate and subtropical regions
of Europe and western Asia, including the Mediterranean. Its leaves, seeds, and roots,
harvested from specific plant varieties, are extensively utilised in culinary applications [6].

Spices have been recognised for a long time for their medicinal properties, functioning
as tonics, carminatives, antispasmodics, antihelmintics, and many other purposes [7]. They
are known as a rich source of phytochemicals, including phenolic compounds, carotenoids,
sterols, glucosinolates, and sulphur-containing compounds [8]. Among these, polyphenols—a
diverse group of secondary plant metabolites—hold particular significance. Polyphenols
are categorised into several classes, such as phenolic acids, flavonoids (including flavonols,
flavones, flavanols, and proanthocyanidins), stilbenes, and lignans. These compounds
offer numerous health benefits, notably exhibiting antioxidant, anticancer, antimutagenic,
antimicrobial, and other bioactive properties [9].

Celery and parsley roots have traditionally been utilised as spices in the culinary
practices of countries on the Balkan Peninsula. At the same time, turmeric rhizomes are
commonly employed in Asian and South American cuisines. Based on the above, it is
expected that the addition of turmeric will significantly enhance both the antioxidant
potential and the sensory profile of celery and parsley, whether used individually or in
combination. The combination of the aforementioned spices may yield a novel formulation
with superior biological properties, especially enhanced antioxidant capacity. Such a
product could serve various applications, including usage as a spice, tea blend, dietary
supplement, and more. In this context, the objective of this study was to optimise the
antioxidant potential and sensory attributes of a blend comprising these herbs, enhance
the nutritional value of the celery and parsley roots mixture by the addition of turmeric,
and analyse the composition of the final product. Furthermore, based on the data obtained
on the polyphenolic content and antioxidant activity of individual samples and their
combinations with other herbs, it will be possible to evaluate the presence of interaction
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effects, specifically whether there is a significant enhancement in these parameters. In their
study, Hossain et al. [10] demonstrated a synergistic effect in a spice mixture containing
celery, parsley, thyme, basil, sage, and turmeric, as evidenced by a higher total phenolic
content compared to the sum of individual samples. In contrast, this effect was not observed
in a mixture composed of celery, parsley, thyme, basil, and sage, without turmeric.
Previous studies have separately assessed the bioactivity of turmeric rhizomes, parsley,
or celery roots. In contrast, this research pioneers the optimisation of a multi-root functional
spice blend by simultaneously considering its antioxidant, sensory, and health-promoting
functional properties through advanced chemometric and machine learning modelling.

2. Materials and Methods
2.1. Plant Material

For this study, celery and parsley root samples were sourced from a local market,
while turmeric rhizome samples were purchased from a health food store. All samples
were collected in Banja Luka, Bosnia and Herzegovina (44°46' N, 17°11’ E). The preparation
and drying of the celery and parsley roots, as well as the turmeric rhizomes, were carried
out following previously established methods [11]. Briefly, celery root samples were dried
in a convective oven dryer at 90 °C, while parsley roots and turmeric rhizomes were dried
using the freeze-drying method. The samples were dried to a moisture content of less
than 13%. These samples were utilised to create various formulations as defined by the
experimental design (DOE).

2.2. Experimental Design

A Simplex-Lattice design was used for the experimental design of the component
blends. In this design, a three-component blend was considered, with each component
having four equally spaced levels (i.e., 0, 0.333, 0.667, and 1). The possible blends of the
three components with these proportions create a 3 x 3 simplex-lattice, resulting in the
10 blending coordinates (Table 1).

Table 1. Blends of the three components used in the experiment.

Mass Fraction of Plant Components

Blend No. Code
Celery Parsley Turmeric
1. TO 0 0 1
2. PT2 0 0.333 0.667
3. PT3 0 0.667 0.333
4. PO 0 1 0
5. CT5 0.333 0 0.667
6. CPTé6 0.333 0.333 0.333
7. Cpr7 0.333 0.667 0
8. CT8 0.667 0 0.333
9. CP9 0.667 0.333 0
10. CcoO 1 0 0

Legend: TO—turmeric, PT—parsley/turmeric blend, PO-—parsley, CT—celery/turmeric blend,
CPT—celery/parsley/turmeric blend, CO—celery.

2.3. Determination of the Chemical Composition of Samples

Chemical composition of samples was determined according to standard AOAC
methods [12]: crude proteins (AOAC 920.87, N% x 6.25), crude fat by Soxhlet method
(AOAC 945.16), and ash content (AOAC 923.03). All results are expressed on g/100 g of
sample (%).
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2.4. Analysis of Sensory Compliance Quality and Descriptive Sensory Analysis
2.4.1. Preparation of Samples for Sensory Analysis

Aqueous extracts of samples (CO, PO, and TO) were prepared by heating 2.50 g of
powdered sample in 1000 mL of water at 70 °C for 30 min [13]. These aqueous extracts were
utilised to prepare experimental samples with varying mass fractions of plant materials, as
shown in Table 2.

Table 2. Content of each plant component in aqueous extract (g/100 mL).

Plant Component Content (g/100 mL)

Blend No. Code
Celery Parsley Turmeric
1. TO 0 0 0.25
2. PT2 0 0.083 0.167
3. PT3 0 0.167 0.083
4. PO 0 0.25 0
5. CT5 0.083 0 0.167
6. CPTé6 0.083 0.083 0.083
7. Cr7 0.083 0.167 0
8. CT8 0.167 0 0.083
9. CP9 0.167 0.083 0
10. CcO 0.25 0 0

Legend: TO—turmeric, PT—parsley/turmeric blend, PO-—parsley, CT—celery/turmeric blend,
CPT—celery/parsley/turmeric blend, CO—celery.

Twenty millilitres of each sample were transferred into coded glass bottles (200 mL
volume) with screw caps and served at room temperature, leaving sufficient headspace
to permit equilibrium of vapour pressure and evaporation of aromatic components from
the tested sample, as well as enough space for individual sensory analysis. All samples
were prepared on the same day when the sensory analysis was performed to ensure the
freshness of the samples. The procedure allowed evaluators to use reference solutions of
0.08% celery, parsley, and turmeric, as the lowest concentrations of samples used during
sensory analysis. Each evaluator was provided with reference samples alongside a set of
test samples, with the evaluation process carried out without replication.

The number of participants for establishing products” sensory profile was determined
according to the ISO 13299 Standard [14], which recommends that a descriptive panel
have 8 to 12 trained assessors. Participants in the sensory analysis were 12 students and
staff (10 female and 2 male) from the Faculty of Technology, University of Banja Luka
(FT.UNIBL), Bosnia and Herzegovina. They were selected assessors and trained according
to prescribed standard procedures for carrying out descriptive analysis [14-17].

2.4.2. Sensory Analysis

Sensory evaluation of celery, parsley, and turmeric powders, as well as their blends,
was analysed using a descriptive method to compare their quality. Key attributes (smell
and aroma, taste, and mouthfeel) were analysed based on the identified intensity. At the
same time, the intensities of taste modalities (sweet, salty, sour, and bitter) and mouthfeel
(bland, refreshing/cooling, stinging, metallic impression, astringent) were also evaluated.
The scores for the intensity of key attributes ranged from 5 (very intensive) to 1 (very mild).
The compliance of the sensory quality of smell, aroma, and taste of the samples (products)
was evaluated in the range from 5 (excellent) to 1 (poor).

The assessment was carried out in individual sensory booths under prescribed condi-
tions [18] in the Laboratory for Sensory Analysis of Food at FT.UNIBL. Assessors worked
in groups of 4 or 5 assessors.



Processes 2025, 13, 1849

5o0f27

The set of key product’s sensory attributes, for experimental purposes, was prepared
based on preliminary sensory analysis of samples and using literature data [13,19-21].

The procedure defined the order of sample delivery and individual sensory analysis,
including reference solutions of celery, parsley, and turmeric; CP7 and CP9; CT8 and
CT5; PT3 and PT2; CPT6; and CO, PO, and TO. The analysis of the 10-sample set lasted
approximately 1 h, with shorter breaks for the assessors’ rest. The evaluators were provided
with white paper napkins, a glass of drinking water (from the public supply, 2023 °C), a
spittoon, a pen, a specially designed evaluation sheet (File S1), and detailed assessment
instructions (File S2). Odour analysis was conducted using the retronasal method. The
retronasal method of assessing odour was realised following the standard procedure by
ingesting an aqueous solution. Panellists were instructed to take 5-10 mL of the tested
sample into the mouth with a tablespoon, and to analyse the sample odour, keeping the
sample in a closed mouth. White bread and drinking water were used to refresh the palate
and restore sensory perception. Quality assessments and rating of key products’ sensory
attributes included: colour and shade of colour; smell and aroma (retronasal method); taste
and mouthfeel. The selected sensory characteristics for the samples were described by the
appropriate attributes, and the intensity by descriptors for which appropriate codes were
assigned, as presented in the instructions for assessment (File S2), for easier recording in
the evaluation sheet (File S1).

2.5. Determination of Sample Colour

The colour of the samples was measured in triplicate using the Minolta Chroma
metre CR-400 (Konica Minolta Sensing Inc., Tokyo, Japan) equipped with the CR-A50
adapter designed for powder sample analysis. The measurements were conducted under
D-65 standard illumination, with a 2° standard observer viewing angle and an 8 mm
diameter contact surface. Before measurements, the instrument was calibrated using a white
reference standard. The colour parameters were recorded following the CIELab colour
system (CIE, 1976), which includes L* (lightness, ranging from 0 for black to 100 for white),
a* (the red/green axis, where positive values indicate red and negative values indicate
green), b* (the yellow /blue axis, where positive values indicate yellow and negative values
indicate blue). Additionally, colour saturation (C*¥, chroma) and the hue angle (h) were
determined to provide a comprehensive assessment of colour characteristics.

2.6. Mineral Composition

Wet digestion of the sample in a microwave digestion device (Start D, Milestone,
Sorisole (BG), Italy) was performed using a mixture of 67% nitric acid (6-7 mL) and
30% hydrogen peroxide (2 mL). The content of different minerals was determined using
atomic emission spectrometry (ICP-OES), using an OPTIMA 8000 instrument (Perkin
Elmer, Waltham, MA, USA). The calibration of the instrument was performed using the
Instrument Calibration Standard 2 (Perkin Elmer, USA). All the chemicals and reagents
used were of analytical grade. The results are expressed in milligrams of mineral per
kilogram of sample (mg/kg).

2.7. Extraction Process

Dried celery, parsley, and turmeric samples were ground in a laboratory mill (Knifetec
1095 Sample Mill, Foss A/S, Hillered, Denmark), and blends of samples were made
according to Table 1. Five grams of powder were mixed with 50 mL of 80% ethanol in
the ratio of 1:10 (w/v). After that, the solution was ultrasonicated (WUC-A03H, Witeg
Labortechnik, Wertheim, Germany) for 90 min [22] and filtered through Whatman no. 4
(Sigma-Aldrich Chemie GmbH, Taufkirchen, Germany) in a volumetric flask and filled
with solvent up to 50 mL. The liquid extract was wrapped with aluminium foil and kept
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at 4 °C until analysis. To evaluate the antimicrobial, antidiabetic, antihypertensive, and
antihypercholesterolemic activities of the CPT6 sample, the liquid extract was evaporated
under reduced pressure at a temperature not exceeding 40 °C and then dried in a vacuum
desiccator until a constant weight was achieved.

2.8. Total Phenolics (TP) Content

The total phenolic content of the samples was determined spectrophotometrically
using the Folin-Ciocalteu method [23]. Briefly, 1.5 mL of 0.2 N Folin—Ciocalteu reagent,
1.5 mL of 7.5% NaHCOs3, and 0.2 mL of extract solution were mixed. After vortexing and
half an hour at room temperature in a dark place, the absorbance was measured at 765 nm
(JenWay 6305, Beacon Road, Stone, Staffordshire, UK) with a blank test. A standard curve
was prepared with gallic acid, and the results are expressed as milligrams of gallic acid
equivalents per gram of sample (mg GAE/g).

2.9. Antioxidant Activity Tests

The antioxidant activities were assessed using 2,2-diphenyl-1-picrylhydrazyl (DPPH),
2,2'-azino-bis-(3-ethylbenzothiazoline-6-sulphonic acid (ABTS), and FRAP tests. The ability
of the samples to scavenge DPPH radicals was evaluated using the method described
by Liyana-Pathirana and Shahidi [24]. The results are expressed as micromoles of Trolox
equivalents per gram of sample (umol Trolox/g). For the calibration curve, Trolox is
used in a concentration range of 4.99-79.90 umol/L. The ability to scavenge ABTS rad-
icals was assessed following the method of Re et al. [25]. The results are expressed in
umol Trolox/g. For the calibration curve, Trolox is used in a concentration range of
0.99884-15.98144 pumol/L. Finally, the FRAP assay was conducted as described by Benzie
and Strain [26]. The results are expressed as micromoles of ferrous ion equivalents per
gram of sample (umol Fe?* /g).

2.10. HPLC Analysis

Quantification was performed using external standards for individual phenolic com-
pounds (e.g., gallic acid, caffeic acid, ferulic acid, p-coumaric acid, and apigenin), with
calibration curves constructed for each (R? > 0.99). The extraction of phenolic compounds
from the plant blend was carried out using 80% ethanol (v/v) in a 1:10 (w/v) ratio. This
extract was used for subsequent HPLC analysis. Chromatographic separation was con-
ducted using a binary solvent system: mobile phase A (acetonitrile) and mobile phase B (1%
formic acid in water), with a linear gradient as follows: 0-10 min: 10-25% A; 10-20 min:
25-60% A; 20-30 min: 60-70% A. The column was re-equilibrated at initial conditions
for 10 min. The flow rate was set at 1 mL/min. Quantification of individual phenolic
compounds in a selected blend of aromatic root herbs was performed by high-resolution
liquid chromatography (High-Performance Liquid Chromatography, HPLC) on Shimadzu
Prominence equipment (Shimadzu, Kyoto, Japan), which contains an LC-20AT binary
pump, CTO-20A thermostat, and SIL-20A automatic dispenser connected to a DAD detec-
tor. The separation was performed on a Luna C-18 RP column, 5 um and 250 x 4.6 mm
(Phenomenex, Torrance, CA, USA), which was protected by a C18 precolumn, 4 x 30 mm
(Phenomenex, Torrance, CA, USA). The column was equilibrated to the initial condition of
10% A for 10 min, with an additional 5 min for stabilisation. All samples and solvents were
filtered before analysis through 0.45 um pore size membrane filters (Millipore, Bedford,
MA, USA). Results are presented in micrograms of individual phenolic compounds per
100 g of sample (ng/100 g).
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2.11. Determination of Minimal Inhibitory Concentration Against a Wide Range of Microorganisms

The antimicrobial activity of the herbal root blend was evaluated by determining
the minimum inhibitory concentration (MIC) using the broth dilution method, follow-
ing the guidelines of the Clinical and Laboratory Standards Institute [27] with minor
modifications. The tested microorganisms included Staphylococcus aureus (ATCC 25923),
Bacillus subtilis (ATCC 6633), Listeria monocytogenes (ATCC 19115), Escherichia coli (ATCC
25922), Salmonella Typhimurium (ATCC 14028), Pseudomonas aeruginosa (ATCC 27853),
Candida albicans (ATCC 10231), and Aspergillus niger (ATCC 16404). Microbial suspension
(prepared in Mueller-Hinton broth (for bacteria) or Sabouraud dextrose broth (for fungi))
adjusted to 0.5 McFarland standard (~1.5 x 108 CFU/mL for bacteria; ~1 x 10® CFU/mL
for fungi). All plates were incubated at 37 °C for 24 h for bacteria and at 28 °C for 48 h for
fungi. The MIC was defined as the lowest concentration of the sample at which no visible
microbial growth was observed. All tests were performed in triplicate.

2.12. Health-Promoting Properties

According to the in vitro evaluation methods described by Vucetic¢ et al. [28], three
assays were included in the determination of health-promoting properties: antidiabetic
activity, antihypertensive activity, and antihypercholesterolemic activity. In brief, x-amylase
and a-glucosidase inhibition were measured using standard protocols: for x-amylase,
90 uL of enzyme (0.1 ug/mL), 80 uL starch, and 10 pL extract (5 mg/mL) or acarbose
were incubated at 37 °C for 10 min. The reaction was stopped with hydrochloric acid
and Lugol’s solution; absorbance was read at 620 nm; for «-glucosidase, buffer, enzyme
(0.1 U/mL), dry extract (de) (20 ng/mL) or acarbose, and substrate were incubated, then
Na;CO3 was added; absorbance was measured at 400 nm. ACE inhibition was assessed by
incubating 50 uL of ACE with the extract at 37 °C, followed by substrate addition. After
30 min, the reaction was stopped with hydrochloric acid, and hippuric acid was extracted
and measured at 228 nm. Captopril served as a control. HMG-CoA reductase inhibition
was evaluated by mixing the extract with NADPH and the enzyme. Absorbance at 340 nm
was recorded every 20 s for 10 min at 37 °C to assess enzyme activity.

2.13. Statistical Analysis

The normality of the data distribution was evaluated using the Shapiro-Wilk and
Anderson-Darling tests. The results revealed that most variables did not deviate signifi-
cantly from a normal distribution, with p-values greater than 0.05. The results are expressed
as mean values deviation (n = 3) with corresponding standard deviations. Differences be-
tween sample means were evaluated using Tukey’s HSD test. Statistical analysis included
descriptive statistics and ANOVA analysis.

2.13.1. Correlation Analysis and Principal Component Analysis (PCA)

Principal Component Analysis (PCA) and correlation analysis (CA) were conducted to
interpret and structure the results, aiming to highlight differences and identify groupings
among the tested samples. The initial variables were transformed into a set of linearly
uncorrelated variables, known as principal components (PCs), through eigenvalue decom-
position. All experimental data were evaluated through comprehensive statistical analysis,
including descriptive statistics, PCA analysis, and Pearson’s correlation analysis, using the
STATISTICA 10.0 software package (StatSoft Inc., Tulsa, OK, USA).

2.13.2. Standard Scores (SS) Evaluation

The samples were ranked by comparing the raw data from each assay to the extreme
values, following the methodology outlined by Brlek et al. [29]. This ranking process
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applied criteria: “the higher, the better” for parameters such as total phenolics content,
antioxidant activity (assessed by DPPH, ABTS, and FRAP tests), and sensory compliance
quality scores, as defined in Equation (1).

X = M,Vi (1)

Xmax — Xmin
where X; presents the normal score for parameter x, where x; represents the raw data.

In this ranking approach, equations were used to compare the raw data (denoted as x;)
to the respective extreme values. The SS value was calculated by averaging the normalised
scores of each sample across multiple measurements, providing a distinctive value that
integrates data from various measurement methods.

2.13.3. Artificial Neural Network (ANN) Analysis

In this study, a three-layer multi-layer perceptron (MLP) model was employed for
modelling, as it has been demonstrated to effectively approximate nonlinear functions in
previous research [11]. Artificial Neural Networks (ANNs) were selected for this study due
to their proven ability to model complex, nonlinear relationships between input variables
and responses. Unlike traditional statistical methods, ANNs can learn from data patterns
without requiring explicit assumptions about the underlying data distribution, making
them particularly suitable for modelling multifactorial formulations and predicting bioac-
tive and sensory outcomes in food systems. A three-layer MLP (multi-layer perceptron)
was chosen based on its widespread effectiveness in approximating nonlinear relationships,
as supported by prior studies in similar food formulation and predictive modelling contexts.
This architecture, comprising an input layer, one hidden layer, and an output layer, was
initially selected based on the literature and subsequently retained after testing various
neuron counts in the hidden layer [28].

The ANN was structured with a feedforward design and trained using the backprop-
agation algorithm. To train the model, the experimental data were randomly split into
two subsets: a training set, comprising 70% of the data, and a testing set, comprising the
remaining 30%. During the training phase, the network was iteratively exposed to the
input data [30], as outlined in Equation (2).

Y = fi(Wa-2(Wi-X + B1) + B2) 2

To optimise the ANN model, the Broyden-Fletcher-Goldfarb—Shanno (BFGS) algo-
rithm, an iterative method for solving unconstrained nonlinear optimisation problems,
was employed. The training process consisted of 100,000 epochs, corresponding to the
total number of training steps. The weights and biases of the hidden and output layers
were represented by the matrices Wy, By, W», and B,, respectively. These weights were
determined during the ANN learning process, where optimisation procedures were applied
to minimise the error between the network’s output and the experimental values [31].

To evaluate the performance of the constructed nonlinear models, several standard
statistical tests were conducted, including the coefficient of determination (), reduced
chi-square (x?), mean bias error (MBE), root mean square error (RMSE), mean percentage
error (MPE), sum of squared errors (SSE), and average absolute relative deviation (AARD).
These widely used metrics were calculated as shown in Equations (3)—(8) [32].

2
2 le\i1 (xexp,i - xpre,i) (3)
X = N—n
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where ¥,y ; were experimental values and x,,; where the model predicted values, N and
n, are the number of observations and constants, respectively.

3. Results and Discussion
3.1. Proximate Composition, Compliance of Sensory Quality and Colour Parameters of Samples

The proximate composition, colour attributes, and sensory compliance quality scores
of the samples are presented in Table 3. Statistical evaluations reveal significant differences
in the chemical composition and colour parameters of the samples.

Table 3. Proximate composition, compliance of sensory quality, and colour parameters of samples.

Senso:
Sample Proteins (%) ?O/Sl; (lf;: Complia?\lce L* a* b* C* h
0, 0, .
Quality Score
TO 4.76 +0.082 5.83 +£0.022 7.88+0.121 4.00 +£0.742 68.15+1.38° 12.72 4+ 0.874 62.01+£0.34°¢ 63.304+045¢  78.41+0.75°
PT2 6.77 +0.25° 6.4540.11° 5.85+0.091 44240512 70.56 +0.28° 11.54 +0.24¢ 55.834+0.424 57.014+0.39¢9  78.33+£0.292
PT3 8.84+0.134 7.09£0.15°¢ 3.8540.058 3.67 & 0.49 2P 74.25 4 0.54¢ 7.97 +0.45° 4555 +0.41°¢ 46.25+0.48°  80.08+0.46P
PO 11.004+022f 77440244 1.83+£0.034 41740722 82.89 4 0.204 —0.4240.042  20.8140.22P 20.814+022%  91.16+0.11°¢
CT5 7.77 £ 0.05°¢ 7.70 £0.06 4 5.56 +0.05" 4.254 0.45°¢ 70.73 +0.31° 1158 +0.21°¢ 55.8140.764 57.00+0.774  78.284+0.112
CPT6  9.87+0.12¢ 8.3240.21° 3.5540.04f 3.58 4-0.51b¢ 74.794+0.10¢ 7.824+0.08° 45.69+0.30°¢ 46.36 +£0.30¢  80.29+0.11°
cp7 11.854+0.108  9.03+0.14f 1.54 +0.03¢ 3.2540.45¢% 83.06 +0.16¢ —035+0.10°  21.16+0.34" 21.17+£0.34> 9094 +0.26¢
CT8 10.62 +£0.15f  9.56 £0.168 3.30 4+ 0.03¢ 3.17 +0.58 ¢4 74.55 +0.32°¢ 8.12+0.18" 45.89 +0.55¢ 46.61 +0.56¢ 79.96 +0.16°
CP9 12.854+0.05"  10.17+£0.09"  1.2840.01° 2.67 4 0.49 ¢4 83.754+0.17%  —0.32+0.03® 2038+021*  2038+022*  90.92+0.09°¢
Cco 1388 +0.121  11.39+0.157  0.96+0.02°2 2.75+0.629 84.644+0.33°¢ —0264+0.04 1927 +0.252 19.274+025*  90.77 £0.12°¢

The results for physico-chemical parameters are presented as mean value + standard deviation (n = 3) and for
sensory compliance quality score as mean value + standard deviation (n = 12). Mean values with different letters
in superscript in the same column are statistically different according to Tukey’s HSD test (p < 0.05). TO—turmeric,
PT—parsley/turmeric blend, PO—parsley, CT—celery/turmeric blend, CPT—celery/parsley/turmeric blend,
CO—celery.

The protein content in spices can vary considerably, ranging from 4.5% in rosemary
leaves to 31.5% in scallions, while fat content ranges from 0.6% in garlic to 42.6% in scallions.
The ash content, which indicates the proportion of mineral substances, can vary from 2.3%
in marjoram to 16.7% in basil leaves. These variations highlight the diverse nutritional
profiles of spices. Additionally, some spices are notable for their significant levels of
vitamins and minerals, which further contribute to their nutritional value [33].

The lowest protein content was observed in the TO sample (4.76%), while the highest
protein content was found in the CO sample (13.88%). Our findings for turmeric were
lower than those reported by Olayinka [34], but higher than those in the study of Enemor
et al. [35], who found a protein content of 2.15%. The protein content in parsley roots
was slightly higher compared to the results of Petropoulos et al. [36], who reported values
ranging from 4.78% to 6.56%. Similarly, the highest ash content was observed in the CO
sample (11.39%), while the lowest was found in the TO sample (5.83%). This value for
turmeric aligns with literature reports, where the ash content is generally in the range
from 2.51% to 7.55% [37]. The variation in ash content may be influenced by the drying
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method used in our study. The ash content in the PO sample was 7.74%, which was slightly
higher than the values reported by Petropoulos et al. [36], ranging from 4.18% to 5.56%.
In contrast, the TO sample exhibited the highest fat content at 7.88%, while the lowest fat
content was found in the CO sample at 0.96%. The fat content in the PO sample was 1.83%,
which aligns with the literature data from Petropoulos et al. [36], who reported values
between 0.51% and 2.60%. The fat content in the turmeric sample was lower than the values
reported by Olayinka [34] (5.61%), Enemor et al. [35] (5.32%), and Parmar et al. [38], whose
reported fat contents ranged from 5.72% to 6.70%, depending on the drying temperature of
the rhizomes.

Regarding colour parameters, lightness (L*) was lowest in the TO sample (68.15) and
highest in the CO sample (84.64), suggesting that the mass fractions of these components
may affect the lightness of the blend in which they are included. The a* values, representing
the green/red spectrum, decreased from 12.72 in the TO sample to negative values in PO,
CP7, CP9, and CO samples (- —0.42 to —0.26), indicating a shift towards green tones with
the addition of celery and parsley to turmeric. The b* values, indicating the blue-yellow
spectrum, were also highest in the TO sample (62.01) and lowest in the CO sample (19.27),
reflecting a decrease in yellowness with decreasing turmeric content in blends. Chroma (C¥)
values followed a similar pattern, with the highest chroma in the TO sample (63.30) and
the lowest in the CO sample (19.27). On the other hand, hue angle (h) varied from 78.41°
in the TO sample to 90.77° in the CO sample. Overall, the statistical analysis underscores
significant variations in protein, ash, and fat content, and colour attributes across the
different blends, highlighting the influence of each component on the nutritional and visual
properties of the formulations.

Sensory properties of a new food product are very important quality parameters
and greatly influence consumer interest and sales frequency. Aromatic components are
generally present in relatively small amounts in food products, expressed in mg/kg, or even
lower concentrations that can be detected by the human olfactory system [39]. Dried herbs
are commonly used as additions to dishes, either to enhance their existing characteristics
or to impart a new, more appealing aroma [40]. By evaluating the compliance of sensory
quality of aqueous solutions of aromatic herbs, certain differences were identified, as
presented in Table 3. Descriptive sensory analysis facilitated the identification of key
sensory attributes for various products, enabling the development of a precise sensory
profile for each food product. Descriptive analysis was employed to assess the intensity of
key attributes in blends prepared with three aromatic root herbs used in the experiment at
varying proportions. Additionally, the compliance of smell, aroma, and taste was evaluated
and scored, following the prescribed procedure and using the scale in the range from
5 (excellent) to 1 (poor), presented in Files S1 and S2.

Sample PT2 received the highest average overall sensory quality score (4.42), followed
closely by sample CT5 (4.25), with samples PO (4.17) and TO (4.00) ranking next. However,
the differences among these samples were not statistically significant (p > 0.05).

The PT2 sample offered a pleasant combination of a refreshing (2.30) and mildly
irritating (2.00) mouthfeel. Its overall aroma was harmonious, characterised by a subtle
yet noticeable smell and flavour of parsley root (2.22) and a faintly unpleasant oil aroma
(2.00). However, it featured a pronounced aroma of turmeric rhizome (3.75) and conifer
needles/resin (4.00), both derived from turmeric. The CT5 sample had a delightful and
harmonious aroma, with a dominant, clear aroma of turmeric rhizome (3.82), complemented
by a slightly pronounced aroma of celery root (1.67). Moderately pronounced refreshing
notes of mint (2.67) and conifer needles or resin (3.00) contributed to the pleasant aroma.
However, the presence of an oily aroma in the mouth is a limiting factor, which was
slightly pronounced (1.50), accompanied by a refreshing mouthfeel (2.87). The PO sample
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exhibited a moderate parsley root aroma (3.25) and a slightly pronounced oil aroma (2.0).
The taste was slightly salty (1.75) with a very mild (1.43) refreshing mouthfeel, which
significantly affects the overall impression of the sensory quality of the extract of this blend.
Sample TO had an intense aroma of turmeric rhizome (3.98). The moderate refreshing
mouthfeel (2.71) is attributed to the harmony between these aromas and the intensely
pronounced mint aroma (3.88) and conifer needles or resin aroma (2.67), with an oily
mouthfeel at the end (2.50).

On the other hand, the sensory evaluation revealed that sample CP9 has the relatively
lowest average rating of sensory compliance quality (2.67), but it was not statistically
significantly different (p > 0.05) from samples CO (2.75), CP7 (3.25), and CT8 (3.17).

In sample CP9, the aroma of oil was identified as the most dominant (3.00), and it was
complemented by slightly pronounced aromas of parsley root (2.27) and celery root (2.25).
The overall impression in the mouth was rated as unpleasant, bland (2.13).

The CO sample was evaluated as a sample with an intense, pronounced, and recognis-
able celery root aroma (3.38); however, the dominant oily sensation in the mouth, followed
by a pronounced oil aroma (3.83), sawdust aroma (1.00), and bland taste (3.00) negatively
affect the general sensory impression.

The CP7 blend is recognised for its pleasant aroma, with recognisable but mild aromas
of parsley root (2.55) and celery root (2.44). However, the sample was described as bland
(2.00), without clearly defined taste modalities, with an oily mouthfeel present (2.50). The
CT8 blend has a moderately pronounced aroma of turmeric rhizome (2.91) and a refreshing
mouthfeel (1.50), which probably originates from a pronounced aroma of coniferous resin
(3.0). However, the oily aroma (2.33) attributed to celery negatively affects the overall
impression and leaves an unpleasant aftertaste in the mouth. A comparative view of the
intensity of key sensory attributes is shown in Figure 1.
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Figure 1. Intensity of key products’ sensory attributes for: (a) CO, CP9, CT8, and CP7 samples; (b) TO,
PT2, PO, and CT5 samples; and (c) CPT6 and PT3 samples; (1 = 12).

Samples PT3 and CPT6 showed a quality slightly lower than very good, although
not statistically significant (p > 0.05), with average scores of 3.67 and 3.58, respectively. In
the PT3 blend, a mild aroma of turmeric rhizome (2.65) and a slightly less pronounced
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aroma of parsley root (2.50) were recorded. In the CPT6 blend sample, a mild aroma of
parsley root (2.41) and celery root (2.63), as well as a mild aroma of turmeric rhizome (2.91),
was detected, along with a mildly pronounced oily aroma (2.67) and an aroma of conifer
needles or resin (2.50).

The combination of aromatic components in the extract of root herbs gave a pleasant
aroma and impression in the mouth. A significant contribution to the overall quality of
certain samples was made by turmeric, thanks to the refreshing, slightly irritating mouthfeel
associated with a refreshing aroma of mint and conifer needles or resin (using sensory
attributes as defined in instructions for sensory analysis, File S52). Given the different quality
ratings, it can be concluded that there were certain factors that influenced such a ranking
of the samples. Harmonious and pleasant aromas, especially in samples where turmeric
is present, contributed to higher ratings of quality conformity. On the other hand, the
pronounced oily aroma and bland taste had the effect of lowering the ratings. Samples
with more pronounced refreshing characteristics, as with the PT2 blend, were rated better.
Lightly pronounced or not at all pronounced refreshing notes, as in, e.g., the PO sample, had
a negative impact on the evaluation. Additionally, blends with a balanced ratio of aromas
and a pleasant mouthfeel (e.g., PT2 and CT5) received the highest ratings. The dominance
of one aroma over another was considered a flaw by evaluators, e.g., the dominance of
an oily aroma, as in the CP9 and CO blends, or the lack of defined aromas, as in the
CP7 blend, which also reduced quality. All tested samples had satisfactory quality, but
the intensity, harmony, and refreshing mouthfeel /aroma had the most significant impact
on the sensory evaluations. In contrast, bland taste and oily aroma limited the overall
perception of quality.

The colour of the samples prepared as aqueous extracts of aromatic root herbs is
directly proportional to their quantity in the blend and is a consequence of the nature of the
samples, that is, depending on the type and concentration of coloured substances present
in the sample. All samples were prepared with a relatively low concentration of plant
material, a common practice in food preparation. The colour of the PT2 sample solution
was a slightly darker yellow (4.40) with a slight to clear orange shade (about 3.50).

Sample CT5 was a slightly darker yellow (4.29) with a soft orange tint and a slightly
to clearly pronounced yellow /orange tint. The colour of the PO solution is described as
a slightly lighter white colour (1.60) with a slightly more intense green shade (2.0) and
a barely noticeable yellow shade (1.00). The colour of the TO solution is described as a
slightly darker orange colour with a distinct yellow tinge, and a very slight to slightly
pronounced red tinge. A sample of the CP9 blend is described as a pale yellow /white
colour (1.20 and 1.00, respectively) with a very slight yellow tint and a barely perceptible
grey tint (1.20).

The colour of the CO blend is described, almost in the same way as the colour of the
PO solution, with a slightly light whitish colour (1.60) with barely noticeable yellow (1.29)
and green tints (1.00). The colour of sample CP7 is described as a slightly lighter white with
pale yellow/green tones with a barely perceptible green tint. The colour of the CT8 blend
is defined as a clear yellow colour (3.23) with a slight yellow (3.33) and a very slight orange
tint (1.57). The colour of the PT3 sample is described as an almost clear yellow colour (2.89)
with a very slight orange tint (2.33). The colour of the aqueous solution of the CPT6 sample
is described as a clear yellow colour (2.90) with a barely noticeable orange tint (1.33).

3.2. Total Phenolics and Antioxidative Activities of Samples

Total phenolic content and antioxidative activities of samples are shown in Table 4.
The total phenolic content was the highest in the TO sample, consisting of only turmeric
(23.44 mg GAE/g), showing a statistically significant difference (p < 0.05). The lowest
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content of these compounds, 0.77 mg GAE/g, was found in the PO sample, followed by
the CP7 and CP9 samples, with values of 0.80 and 0.83 mg GAE/g, respectively, although
not statistically significant (p > 0.05). The total phenolic content in celery root (CO sample)
and parsley root (PO sample) was approximately similar. It was observed that the phenolic
content in the blends increased with the proportion of turmeric. However, the addition
of parsley to celery, or both parsley and celery to turmeric, resulted in a slight decrease
in these compounds, without a synergistic effect. A similar trend was observed in the
analysis of antioxidant activity, assessed through DPPH, ABTS, and FRAP tests. The TO
sample exhibited the highest antioxidant activity, and the PO sample showed the lowest,
with values comparable to those of the CP7 sample, although not statistically significant
(p > 0.05).

Table 4. Total phenolic content and antioxidative activities of samples.

Sample Total Phenolics DPPH ABTS FRAP
P (mg GAE/g) (umol Trolox/g) (umol Trolox/g) (umol Fe?*/g)
TO 23.44 +0.93¢ 166.02 + 4.65 £ 358.78 4+ 13.27 © 333.09 + 16.45 ©
PT2 16.03 £ 0.04 © 130.67 + 2.65 © 271.80 + 1.524 257.04 +7.33 4
PT3 9.90 +0.14b 79.97 + 3.06 ¢ 115.68 + 3.92 b 150.57 + 8.23 ¢
PO 0.77 +0.012 1.03+0.012 411+0.142 8.06 +0.352
CT5 17.46 + 0414 105.31 + 1.97 d 240.63 + 8.13 ¢ 264.65 + 9.66 4
CPT6 956 +0.71P 61.99 + 0.39 P 104.01 + 1.61° 103.35 + 8.99 b
Cr7 0.80 + 0.022 1.09 +0.012 5.21 + 0.502 872 +0.212
CT8 10.16 + 0.18 61.80 = 1.02P 111.35 +4.81P 115.90 + 2.03 P
CP9 0.83 +0.012 1.61 +£0.022 732 +0.152 9.20 +0.052
CO 0.91 +0.022 244 +0.022 8.07 +£0.002 10.51 +0.312

The results are presented as mean value + standard deviation (n = 3). Mean values with different let-
ters in superscript in the same column are statistically different according to Tukey’s HSD test (p < 0.05).
GAE—gallic acid equivalent, TO—turmeric, PT—parsley/turmeric blend, PO—parsley, CT—celery/turmeric
blend, CPT—celery/parsley/turmeric blend, CO—celery.

3.3. Statistical Analysis
3.3.1. Standard Scores for Product Blends

The standardised score (SS) is calculated by summing up the normalised scores of
each variable (total phenolic contents, DPPH, ABTS, and FRAP test, sensory compliance

quality scores). Maximising the SS function allows for the determination of the optimal
blend. As shown in Figure 2, the TO sample (blend no. 1) had the highest SS values.

1.2

1.0
0.8
0.6
0.4
02 I
0.0

TO PT2 PT3 PO CT5 CPT6 CP7 CT8 CP9 CO
Blend No.

Standard score

Figure 2. Standard scores for different blend samples.

The standard score analysis aligns well with the sensory analysis, indicating that the
best SS value of 1.000 was achieved by the TO sample (blend no. 1), which had a sensory
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score of 4.000. Slightly better sensory analysis results were observed for the PT2 sample
(blend no. 2), with a sensory score of 4.417 and an SS value of 0.745, and for the CT5 sample
(blend no. 5), with a sensory score of 4.25 and an SS score of 0.706.

Although blends No. 1, 2, 3, 5, and 8 exhibited higher standard score values, the CPT6
blend (equal parts celery, parsley, and turmeric) was selected as optimal due to its balanced
sensory characteristics, moderate-to-high antioxidant potential, and cultural integration of
all three plant roots. From a nutritional standpoint, CPT6 preserved a favourable phenolic
content (9.56 mg GAE/g) while maintaining a “very good” sensory rating (3.58). Notably,
the inclusion of celery and parsley roots—both traditional ingredients in Balkan cuisine—
ensures better cultural acceptance and market potential. The addition of turmeric enhanced
functional properties without overpowering the blend, supporting CPT6 as a well-rounded
formulation suitable for further development as a functional ingredient.

From a cultural and culinary point of view, the consumption of celery and parsley
across the Balkan Peninsula is consistent with traditional dietary practices that have been
sustained over time, where these herbs are ingredients of many local dishes. Conversely,
turmeric does not share the same historical or cultural presence in Balkan food culture.
Therefore, it is not widely used and not very well known among the local population,
which also explains the low consumer acceptance. This cultural context should be taken
into account when interpreting ingredient choices and consumer perceptions within the
scope of this study.

3.3.2. Correlation Analysis of Antioxidative Parameters

The correlation analysis provides insights into the relationships between total pheno-
lics (TPs), DPPH, ABTS, FRAP, and compliance of sensory quality scores. Strong positive
correlations are evident between TP and antioxidant activity measures: TP is highly cor-
related with DPPH (r = 0.987, p = 0.000), ABTS (r = 0.985, p = 0.000), and FRAP (r = 0.989,
p = 0.000), indicating that higher phenolic content is associated with increased antioxidant
activity. Sensory compliance quality scores show a moderate correlation with TP (r = 0.641,
p = 0.046), suggesting a statistically significant but weaker relationship, where higher TP
levels might contribute to perceived sensory qualities. DPPH also correlates strongly with
ABTS (r = 0.987, p = 0.000) and FRAP (r = 0.987, p = 0.000), highlighting consistency among
these antioxidant assays. Additionally, DPPH has a moderate correlation with sensory
scores (r = 0.658, p = 0.039), implying a potential influence of antioxidant activity on sen-
sory attributes. ABTS shows a very strong correlation with FRAP (r = 0.992, p = 0.000),
affirming the alignment between these two measures in evaluating antioxidant capacity.
ABTS also has a moderate correlation with sensory scores (r = 0.667, p = 0.035), suggesting
that ABTS-detected antioxidant properties may affect sensory perception. Finally, FRAP
is moderately correlated with sensory scores (r = 0.682, p = 0.030), indicating that higher
ferric reducing activity might enhance sensory characteristics.

3.3.3. Principal Component Analysis (PCA)

PCA was performed on the data to provide a clearer view of the similarities among
samples based on their investigated properties, including TP, DPPH, ABTS, FRAP, and
sensory compliance quality scores. This multivariate statistical approach enabled differ-
entiation of samples mixed under various production conditions. The PCA biplot, which
illustrates relationships among samples, showed that the first two principal components
explained 99.28% of the total variance in the data (Figure 3). The analysis revealed a
distinct clustering pattern among the samples, highlighting differences related to the
investigated parameters.
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Figure 3. Principal component biplot for blend samples based on their antioxida-

tive properties (TP, DPPH, ABTS, and FRAP) and sensory compliance quality scores
(Sens). TO—turmeric, PT—parsley/turmeric blend, PO—parsley, CT—celery/turmeric blend,
CPT—<celery/parsley/turmeric blend, CO—celery.

Total phenolics (TP) have a negative loading score of —21.6% (based on correlation),
in the first principal component PC1, DPPH has —21.8%, ABTS has —21.9%, and FRAP has
—22.0%, indicating strong negative associations with this factor across these antioxidant
parameters. Sensory compliance quality scores (Sens); however, have a lower loading
score of —12.7% on PC1, suggesting a weaker association with this factor in comparison to
the antioxidant parameters. The sensory compliance quality score (Sens) exhibits a very
high negative loading of —87.0% (based on correlation) to the second principal component,
PC2, indicating that it is the dominant contributor to this factor, distinct from the other
variables. Meanwhile, the antioxidant parameters exhibit lower positive loadings on PC2.
The samples are clustered based on their values along PC1. Samples PO, CP7, CP9, and
CO, which show the lowest values for total phenolics (TP), DPPH, ABTS, and FRAP, are
positioned on the right side of the biplot. In contrast, samples TO, PT2, and CT5, which
show higher values for these parameters, are located on the left side of the biplot. Sample
PO displays a distinct deviation towards PC2, likely due to its low content of phenolic
compounds and weak antioxidant activity. Samples PT3 and CPT6 are positioned near the
coordinate origin, indicating that they had minimal influence on the variability of the data.

PCA of the chemical and colour parameters was performed to clarify sample sim-
ilarities among proteins, ash and fat content, and colour parameters (L*, a* b*, C*, h).
The PCA biplot revealed that the first two components explained 98.81% of the total vari-
ance, showing a distinct clustering pattern and highlighting differences among samples
(Figure 4).
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Figure 4. Principal component biplot for blend samples based on their chemical properties (proteins,
fat, ash) and colour parameters (L*, a*, b*, C*, h).

For the first principal component PC1, high positive loadings are observed in L*
(13.4%, based on correlations), protein content (12.6%), and h (12.2%), indicating a strong
association with these parameters. Negative loadings in PC1 are found in a (—13.1%),
b (—13.3%), C (—13.3%), and fat content (—12.8%), suggesting these properties vary in the
opposite direction from the positive-loading parameters. The second principal component
(PC2) shows a strong negative loading for ash content (—55.7%). Positive loadings in PC2
are noted in h colour parameter (14.3%), protein content (—12.8%), and a* (—5.9%), showing
associations distinct from those in PC1. This analysis highlights that ash content and h are
significant contributors to variance, differentiating sample groups based on these principal
components. Samples TO, PT2, PT3, CT5, and CPT6 are positioned on the left side of
the biplot, indicating that they are primarily influenced by variables such as fat content,
a*, b*, and chroma (C). Sample TO is located on the far left side of PC1, most likely as a
result of its elevated fat content and significant differences in colour parameters relative to
the other samples. Samples CP9 and CO are situated on the right side of PC1, likely due
to their high protein and ash content. These samples are rich in protein and ash (which
represents the mineral matter), while exhibiting lower values for fat and chroma. Samples
PO and CP7 are positioned in the upper right quadrant of the biplot, indicating a strong
influence of the hue (h) and lightness (L) variables. Additionally, their similar protein and
fat content further distinguishes them from the other samples. On the other hand, samples
PT2, PT3, CT5, CPT6, and CT8 are grouped closer to the centre of the biplot, suggesting that
they have balanced values across all variables, without exhibiting pronounced extremes.
This positioning indicates that these samples are less distinctive compared to those at the
extremes of the biplot.

3.3.4. ANOVA

Table 5 summarises the ANOVA analysis of various chemical and antioxidative proper-
ties (TP, DPPH, ABTS, FRAP, proteins, ash, and fat) and colorimetric parameters (e.g., L*, a*,
b*, C*, and h) for celery, parsley, and turmeric blends, for linear (L) and quadratic (Q) terms
in the second order polynomial model. According to the ANOVA analysis, the statistically
significant values suggest that the quadratic term particularly influences turmeric’s colour
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parameters (a*, b*, C*, and h), alongside its antioxidant capacity (DPPH), highlighting
distinct effects of turmeric in the analysis. The quadratic term of celery content is also
influential in DPPH calculation. The model fit is strong across most parameters, with R?
values close to 1.000, for TP (0.998), DPPH (0.998), ABTS (0.995), FRAP (0.994), proteins,
ash, and fat (all 1.000), and colour parameters L*, a*, b*, C*, and h (0.995 to 0.984). Adjusted
R? values are similarly high: TP (0.995), DPPH (0.994), ABTS (0.986), FRAP (0.983), and
colour parameters (ranging from 0.984 to 0.953), though sensory compliance quality scores
show a lower adjusted R? of 0.591, indicating less explained variability.

Table 5. ANOVA analysis of the second-order polynomial model of the antioxidative, chemical
quality, and colorimetric parameters.

Factor TP DPPH ABTS FRAP Sens Proteins Ash Fat L* a* b* c* h

Celery (L) 1 0.0012 15.89 333.3 1067.0 0.001688 0.01081 0.00034 0.00006 0.0170 0.0264 1.688 1.550 0.6193

Celery (Q) 1 0.2179 248.80 * 1337 35.0 0.000081 0.00587 0.00269 0.00016 0.2508 0.0042 0.485 0.506 0.0703

Parsley (L) 1 0.0012 15.88 333.0 1067.2 0.001592 0.01131 0.00024 0.00007 0.0166 0.0264 1.685 1.546 0.6197

Parsley (Q) 1 0.4255 191.60 268.6 825 0.250122 0.00023 0.00003 0.00000 0.0921 0.0071 0.229 0.229 0.0213

Tumeric (L) 1 0.0028 16.97 344.2 1085.2 0.001582 0.01243 0.00019 0.00018 0.0138 0.0231 1.601 1.463 0.6046
Tumeric (Q) 1 3.1682 234.07 * 25 897.9 0.140465 0.00830 0.00047 0.00000 19.9776 * 23.1595* 164316 174.047 * 57.1695 *

Error 3 0.9446 62.42 685.6 765.9 0.474610 0.01789 0.00270 0.00160 1.8785 0.6241 13.395 13.093 5.2461

2 0.998 0.998 0.995 0.994 0.864 1.000 1.000 1.000 0.995 0.998 0.995 0.995 0.984

adj 2 0.995 0.994 0.986 0.983 0.591 0.999 1.000 1.000 0.984 0.993 0.985 0.986 0.953

* statistically significant at the p < 0.05 level.

3.3.5. Artificial Neural Network (ANN) Model

In this study, multiple Artificial Neural Network (ANN) models were developed to
predict output variables for various chemical and antioxidative properties (TP, DPPH,
ABTS, FRAP, proteins, ash, and fat) and colorimetric parameters (e.g., L*, a* b*, C*, and h)
for celery, parsley, and turmeric samples. The performance and structure of the ANN
were significantly influenced by initial assumptions for matrix parameters, such as biases
and weight coefficients, which were critical for constructing and fitting the ANN to the
experimental data. Additionally, the number of neurons in the hidden layer affected the
model’s performance. To mitigate random correlations from initial assumptions and weight
initialisation, 100,000 topologies were tested.

The training cycle for the ANN model was conducted over 100 epochs, with the
corresponding results, including training accuracy and error (loss). Training accuracy
steadily increased with each cycle until stabilising around the 50th to 60th epoch. Extending
the training beyond 60 epochs risked overfitting. Therefore, to maintain high model
accuracy while avoiding overfitting, a training cycle of 50 epochs was deemed optimal for
most output variables.

The performance of the ANN models was evaluated, and it was determined that
the optimal number of neurons in the hidden layers for predicting the output variables
ranged from 3 to 10, as shown in Table 6. This configuration resulted in high coefficient of
determination values during the training cycle, as presented in Table 6.

Table 6 provides a summary of performance metrics and architecture details for each
MLP model, showing that all models achieved perfect test 2 values (1.000), indicating
strong predictive accuracy on unseen data. Training r* values vary, with most models also
near 1.000, while TP (0.978), DPPH (0.991), ABTS (0.953), FRAP (0.980), and Sens (0.811)
show slightly lower values, suggesting some differences in fit quality across variables.
Training and test errors reveal that variables such as Fat (error: 0.000) fit precisely, whereas
models like DPPH (26.873), ABTS (439.146), and FRAP (296.648) have notably higher
training errors but much lower test errors, indicating improved generalisation. Activation
functions were tailored per variable, with Logistic and Tanh activations for nonlinear
patterns, Exponential for exponential relationships (e.g., Proteins and h), and identity for
simpler linear transformations in output layers for variables like ABTS and FRAP. Hidden
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neuron counts were optimised to capture complexity, with simpler models (3 neurons)
for FRAP and a*, and more complex structures (up to 10 neurons) for variables such as
ABTS and Ash, to balance flexibility and avoid overfitting. This tuning of neurons and
activations resulted in effective models, though further adjustment might enhance fit for
certain variables with high training errors, like ABTS.

Table 6. Performance of the ANN model.

. Training Training Training Error Hidden Output
Variable Network Perf. Test Perf. Error Test Error Algorithm Function Activation Activation
TP MLP 3-6-1 0.978 1.000 0.963 0.914 BFGS 20 SOS Logistic Logistic
DPPH MLP 3-9-1 0.991 1.000 26.873 3.631 BFGS 14 SOS Tanh Tanh
ABTS MLP 3-10-1 0.953 1.000 439.146 41.002 BFGS 4 SOS Logistic Identity
FRAP MLP 3-3-1 0.980 1.000 296.648 18.806 BFGS 3 SOS Logistic Identity
Sens MLP 3-5-1 0.811 1.000 0.045 0.048 BFGS 3 SOS Logistic Identity
Proteins MLP 3-7-1 0.999 1.000 0.003 0.003 BFGS 35 SOS Exponential ~ Exponential
Ash MLP 3-10-1 0.986 1.000 0.028 0.014 BEGS 5 SOS Identity Logistic
Fat MLP 3-3-1 1.000 1.000 0.000 0.000 BFGS 187 SOS Logistic Identity
L* MLP 3-4-1 1.000 1.000 0.005 0.048 BFGS 20 SOS Tanh Identity
a* MLP 3-3-1 1.000 1.000 0.000 0.018 BFGS 30 SOS Logistic Identity
b* MLP 3-4-1 1.000 1.000 0.006 0.035 BFGS 53 SOS Tanh Identity
C* MLP 3-9-1 1.000 1.000 0.026 0.177 BFGS 108 SOS Tanh Exponential
h MLP 3-7-1 1.000 1.000 0.004 0.017 BFGS 9 SOS Exponential Logistic
Table 7 presents statistical test results for several parameters, demonstrating varied
model performance and data characteristics. TP has a x?% of 2.516, RMSE of 1.484, SSE of
17.613, and an 2 of 0.963, indicating a strong model fit, while MPE and AARD are both at
36.322, showing moderate relative error. DPPH exhibits higher error metrics, with a x2 of
49.497, RMSE of 6.581, SSE of 346.480, and AARD of 89.772. However, its 72 of 0.987 suggests
a robust fit despite some prediction variability. ABTS stands out with a x? of 906.020, RMSE
of 28.156, SSE of 6342.139, and AARD of 94.755, reflecting significant prediction error, while
the 72 of 0.945 indicates a reasonable but less precise model fit. FRAP has a )(2 of 540.000,
RMSE of 21.737, and SSE of 3779.999, with an % of 0.982, indicating strong predictive
accuracy, though a high negative MBE (—15.448) suggests underestimation.
Table 7. Verification of the ANN model.
Experimental Verification Parameters
Parameter
x? RMSE  MBE MPE SSE AARD 72 Skew Kurt Mean StDev Var
P 2.516 1.484 0.326 36.322 17.613 36.322 0.963 0.050 —1.511 0.326 1.547 2.395
DPPH 49.497 6.581 —0.690 89.772 346.480 89.772 0.987 —0.177 1.069 —0.690 6.997 48.953
ABTS 906.020 28.156 1.017 94.755 6342.139 94.755 0.945 0.739 1.642 1.017 30.081 904.837
FRAP 540.000 21.737  —15.448 60.340 3779.999 60.340 0.982 —0.284 —1.112 —15.448 16.348 267.267
Sens 0.103 0.300 —0.041 5.700 0.720 5.700 0.611 —0.560 —0.525 —0.041 0.318 0.101
Proteins 0.007 0.079 —0.010 0.672 0.050 0.672 0.999 1.627 2.534 —0.010 0.084 0.007
Ash 0.040 0.187 —0.046 2.099 0.281 2.099 0.976 —0.406 —0.371 —0.046 0.194 0.038
Fat 0.000 0.010 0.001 0.267 0.001 0.267 1.000 0.866 0.114 0.001 0.010 0.000
L* 0.045 0.199 —0.102 0.208 0.316 0.208 0.999 —0.319 —2.240 —0.102 0.182 0.033
a* 0.016 0.117 0.062 —0.242 0.109 1.689 1.000 1414 —0.039 0.062 0.106 0.011
b* 0.033 0.170 0.048 0.399 0.232 0.399 1.000 2.170 5.598 0.048 0.175 0.030
C* 0.152 0.365 0.197 0.777 1.066 0.777 1.000 1.160 0.183 0.197 0.328 0.108
h 0.021 0.136 —0.006 0.131 0.147 0.131 0.999 —0.839 —0.658 —0.006 0.145 0.021

Legend: xy?>—reduced chi-square; RMSE—root mean square error; MBE—mean bias error; MPE—mean percent-
age error; SSE—sum of squared estimate error; AARD- average absolute relative deviation; r2—coefficient of
determination; Skew—skewedness; Kurt—kurtosis; StDev—standard deviation; Var—variance.

Sensory analysis has the lowest 2 of 0.611, with a XZ of 0.103, RMSE of 0.300, and
SSE of 0.720, highlighting the need for model improvement. Proteins show exceptional
accuracy, with a x? of 0.007, RMSE of 0.079, SSE of 0.050, and r? of 0.999. Ash has a x?
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of 0.040, RMSE of 0.187, SSE of 0.281, and an 72 of 0.976, indicating reliable performance.
Fat achieves an r? of 1.000, with minimal error (x? and SSE close to 0), suggesting perfect
prediction accuracy.

For colour parameters, L* has a )(2 of 0.045, RMSE of 0.199, SSE of 0.316, and an 72
of 0.999, indicating a very good model. a*, b* C*, and h also achieve 72 values of 1.000,
with low x2 and RMSE values (e.g., RMSE for a* is 0.117 and for b* is 0.170), suggesting
near-perfect predictive accuracy. The distribution metrics reveal some asymmetry; for
example, b* shows a high positive skew (2.170) and kurtosis (5.598), indicating a right-
skewed distribution with heavy tails, while TP has a slight skew (0.050) and a negative
kurtosis (—1.511), indicating a lighter-tailed distribution. Overall, while most parameters
exhibit strong model fits and low errors, Sens and ABTS may benefit from further model
refinement to reduce prediction error and improve accuracy.

3.4. HPLC Analysis of Phenolic Compounds in Optimal Blend

The contents of individual phenolic compounds in the selected CPT6 mixture are
presented in Table 8. Six different phenolic acids were identified in the sample, with
p-hydroxybenzoic acid being the most dominant, at a concentration of 85.75 ug/100 g.
Flavonoids, a group of polyphenolic compounds, are characterised by a wide range of
biological activities, including antioxidant, anti-inflammatory, and anticancer effects [41].
Apigenin is a flavone that is a characteristic compound of celery and parsley [42]. The
content of apigenin in this blend was 37.56 ng/100 g.

Table 8. Phenolic compound contents in the selected sample were identified and quantified by the
HPLC method.

Individual Phenolic Compounds Phenolic Compound Content (ug/100 g)
p-Hydroxybenzoic acid 85.75 + 0.11
Gallic acid 14.04 + 0.31
Protocatechuic acid 20.33 £ 0.61
Cinnamic acid 9.23 £ 0.35
Ferulic acid 6.34 £0.18
Apigenin 37.56 £ 0.15
Chlorogenic acid 7.96 + 0.58

The results are presented as mean value + standard deviation (n = 3).

3.5. Mineral Composition of Optimal Blend

The mineral content analysed in the selected sample CPT6 is presented in Table 9.
Among the macroelements, phosphorus was the most abundant (3716.50 mg/kg), followed
by calcium, potassium, magnesium, and sodium. Regarding microelements, zinc had
the highest concentration (80.27 mg/kg), while manganese and iron were measured at
59.76 mg/kg and 37.53 mg/kg, respectively. Transition metals, including iron, manganese,
and zinc, are crucial for mitochondrial metabolism, energy production, protection against
oxidative stress, protein transcription regulation, and immune system function [43]. De-
ficiencies in micronutrients such as iron (Fe), zinc (Zn), calcium (Ca), and other essential
minerals can lead to life-threatening conditions (e.g., iron deficiency can cause anaemia).
However, selecting the appropriate foods can help prevent these deficiencies to a significant
extent [44].
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Table 9. Content of individual mineral substances in the selected sample CPTé6.

CPT6 Sample Content (mg/kg)
Sodium, Na 494.64 + 4.02
Potassium, K 1407.93 £+ 6.77
Calcium, Ca 2506.66 + 28.49
Magnesium, Mg 1211.41 £ 20.35
Phosphorous, P 3716.50 + 22.76
Zinc, Zn 80.27 £ 1.60
Manganese, Mn 59.76 = 1.06
Iron, Fe 37.53 +0.24

The results are presented as mean value + standard deviation (n = 3).

3.6. Antimicrobial Properties of Optimal Blend

In view of the antimicrobial properties of the optimal sample, the minimal inhibitory
concentration (MIC) of the CPT6 sample against various microorganisms comprising
Gram-positive and Gram-negative bacteria and fungal strains is evaluated and presented
in Table 10. Indeed, the CPT6 sample showed promising antibacterial activities against
Bacillus subtilis, with a MIC value of 1.56 mg/mL, Listeria monocytogenes with a MIC value
of 3.125 mg/mL, and Salmonella Typhimurium with a MIC value of 3.125 mg/mL. It
showed moderate activity against Staphylococcus aureus (MIC = 100 mg/mL) and Candida
albicans (MIC = 100 mg/mL). Escherichia coli and Pseudomonas aeruginosa were resistant,
with MICs > 100 mg/mL. The antifungal activity against Aspergillus niger was relatively
low, with a detected MIC value of 100 mg/mL.

Table 10. Minimal inhibitory concentration of the CPT6 sample against the spectrum of microorganisms.

Microorganism MIC (mg/mL)
Staphylococcus aureus 100
Bacillus subtilis 1.56
Listeria monocytogenes 3.125
Escherichia coli >100
Salmonella Typhimurium 3.125
Pseudomonas aeruginosa >100
Candida albicans 100
Aspergillus niger 100

Therefore, these results indicate that the CPT6 sample exhibits selective antimicrobial
activity, which is highly inhibitive against selected Gram-positive bacteria. In contrast,
Gram-negative bacteria and fungal strains tested are less affected. This could be related
to the intrinsic resistance mechanisms in Gram-negative bacteria, including the presence
of an outer membrane, which restricts the permeability of most antimicrobial agents. The
relatively elevated MIC values observed for the CPT6 blend imply that, although the blend
does exhibit antimicrobial activity, its overall potency remains modest in comparison to
conventional synthetic antimicrobials. This outcome aligns with expectations, particularly
given that Gram-negative bacteria like E. coli and P. aeruginosa possess inherent resistance
mechanisms, most notably, an outer membrane enriched with lipopolysaccharides that func-
tions as a selective barrier, impeding the entry of many hydrophobic phytochemicals [45].
Furthermore, active efflux systems such as AcrAB-TolC contribute to resistance by expelling
antimicrobial agents from the bacterial interior, thereby reducing their intracellular accu-
mulation and efficacy [46]. The obtained results (Table 10) suggest that further purification
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and fractionation of the CPT6 extract may enhance its bioactivity and help circumvent
barriers to antimicrobial penetration and potential application in antimicrobial treatments.

Although the scientific literature lacks information about tested activity for CPT6
samples, turmeric oil samples have been tested in recent research. Namely, the obtained
results of the CPT6 sample are in close agreement with the ones reported by Odo et al. [47]
who analysed the antibacterial potential of turmeric extract and found that it exhibited
potent inhibition of Bacillus subtilis. At the same time, it did not act against E. coli and
P. aeruginosa with a MIC > 100 mg/mL. Additionally, a similar trend was noticed in the
work of Beshiru et al. [48] where the MICs of C. longa crude extract range from ethanol
extract (0.03125-0.5 mg/mL) and acetone extract (0.0625-0.5 mg/mL). It can be emphasised
that in its selectivity, Gram-positive bacterial strains are significantly more inhibited by
turmeric than Gram-negative strains. This is especially so because curcuminoids, by their
nature, which are hydrophobic, show more affinity with the peptidoglycan-rich cell wall of
Gram-positive bacteria. Gram-negative bacteria, with an outer membrane that serves as a
permeability barrier, efficiently render a large amount of plant antimicrobial compounds
poorly effective [49]. This also receives support from the earlier observation that this
study shows limited antifungal activities, whereas, from Alam et al. [50], turmeric essential
oil showed a reasonable zone of inhibition against the test fungal strains (up to 29 mm)
with the MIC values recorded between 3.9 and 7.81 pg/mL. According to the results of
Latinovi¢ et al. [11], ethanolic extracts of celery and parsley did not exhibit antibacterial
activity against Staphylococcus aureus. However, the CPT6 sample analysed in this study
demonstrated significant MIC values against this bacterium, indicating that the addition
of turmeric powder to the celery and parsley powder mixture significantly enhanced
their antibacterial properties. Although the CPT6 sample exhibited selective antimicrobial
activity against Gram-positive bacteria, the observed MIC values against Gram-negative
strains (>100 mg/mL) suggest relatively low potency. Future research should focus on
fractionation of the CPT6 blend to isolate highly active constituents and explore advanced
delivery strategies such as nanoencapsulation to enhance antimicrobial efficacy, especially
against resistant bacterial strains.

3.7. Health-Improving Potentials of the CPT6 Sample

Further analysis of the biofunctional properties, such as antidiabetic, antihypertensive,
and antihypercholesterolemic activities of the CPT6 sample, has been presented in Table 11.
Indeed, the sample evidenced a potent anti-diabetic potential by showing strong inhibitions
against x-amylase with 72% inhibition (6.5 mg ACAE/g4.) and x-glucosidase with 80%
inhibition (6.8 mg ACAE/gg.). In that case, high inhibition of x-glucosidase may suggest
the possible role of the CPT6 sample in the management of postprandial blood glucose
levels for the prevention of hyperglycemia.

It demonstrated antihypertensive activity, with 62% inhibition of ACE, and thus could
potentially modulate blood pressure. ACE inhibition indicates the CPT6 sample supports
cardiovascular health through the regulation of the renin-angiotensin system. Additionally,
there was 55% inhibition of HMG-CoA reductase (HMGCR), the rate-limiting enzyme in
cholesterol biosynthesis, by the CPT6 sample, indicating its potential role in managing
cholesterol levels and hypercholesterolemia.

Other than antimicrobial action, the extract exhibited significant antidiabetic, antihy-
pertensive, and antihypercholesterolemic activities. In particular, it showed 72% inhibition
against x-amylase and 80% inhibition against x-glucosidase, showing that it has great
potential to help in postprandial blood glucose control. Furthermore, it exhibited an ACE
inhibiting activity of 62% and HMGCR inhibiting activity of 55%, thus suggesting its possi-
ble action on regulating blood pressure and reduction in cholesterol levels. These results



Processes 2025, 13, 1849

22 of 27

closely relate to those reported by other studies. The metabolic effects that carbonised
curcumin derivatives have been targeted by Roney et al. [51] showing potential for inhi-
bition of a-glucosidase, confirming that turmeric serves as a source of natural products
with antidiabetic action. In corroboration, Yao et al. [52] and Zhuang et al. [53] presented
the antihypertension potential of curcumin, which is a reasonable base for further testing
the CPT6 sample as an individual agent or in synergistic effects with other ACE inhibitors.
Furthermore, turmeric has been shown to exhibit some lipid-lowering properties in the
study by Boretti [54]; however, here it inhibited HMG-CoA reductase activities consistent
with a 55% inhibition recorded within this study.

Table 11. Health-improving potentials of the CPT6 sample.

Health-Improving Potential Parameters CPT6 Sample
Antidiabetic activity—a-Amylase-IP (I (%)) 72.00 £ 1.20
Antidiabetic activity—x-Amylase-IP (mg ACAE/gg4e) 6.50 £ 0.31
Antidiabetic activity—a-Glucosidase-IP (I (%)) 80.00 £+ 3.43
Antidiabetic activity—a-Glucosidase-IP (mg ACAE/gg4.) 6.80 + 0.22
Antihypertension activity (% ACE Inhibition) 62.00 £ 1.10
Antihypercholesterolemic activity (% HMGCR Inhibition) 55.00 £ 2.02

Legend: ACAE—acarbose equivalents; ACE—angiotensin-converting enzyme; HMGCR—HMG-CoA reductase.

It follows that the CPT6 sample is promising in the circles of bioactivity, in particular for
antimicrobial applications, mainly in metabolic health disorders. The potency of selective
antibacterial action against Gram-positive pathogens and high enzymatic inhibition related
to diabetes, hypertension, and hypercholesterolemia underlines its potential as a functional
bioactive compound. Further studies are therefore necessary to explain the mechanism
of action and evaluate in vivo efficacy. The results of this study suggest that an extract
of a blend of celery and parsley roots, along with turmeric rhizome, exhibits selective
antimicrobial activity and provides specific benefits for metabolic health. Gram-positive
bacteria are inhibited effectively when contrasted with their relatively poor efficacy against
Gram-negative species and fungi, in tune with previous reports on turmeric bioactivities.
On the other hand, antidiabetic, antihypertensive, and lipid-lowering activity is in tandem
with recent scientific findings. With these data, further processing of a blend of celery,
parsley, and turmeric into nutraceuticals, functional foods, or complementary therapies
would be possible to counteract resistance to antimicrobials and metabolic disorders. The
observed bioactivities could be mechanistically attributed to the synergistic effects of major
phytochemicals present in CPT6. Curcuminoids from turmeric, notably curcumin, are
known to inhibit carbohydrate-hydrolysing enzymes and modulate the renin-angiotensin
system, while apigenin from celery and parsley may contribute to HMG-CoA reductase
inhibition and antioxidant defence. These interactions offer a biochemical basis for the
antidiabetic, antihypertensive, and hypocholesterolemic effects observed.

3.8. Application Potential

Compared to the literature, the selected CPT6 formulation demonstrated competi-
tive or superior bioactivity. For example, recent research into functional food ingredients
based on plant bioactivities has reported similar trends in antioxidant, antidiabetic, and
antimicrobial activities. Zhang et al. [55] demonstrated that nano-encapsulated curcumin
systems exhibited strong «-amylase inhibitory effects and potent antioxidant capacities,
comparable to the CPT6 formulation developed in this study, although their encapsulated
delivery method provided superior bioavailability. Similarly, Awari et al. [56] investigated
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Berberis aristata root powder, observing moderate x-amylase inhibition and antibacterial
properties against Gram-positive bacteria, consistent with the selective antimicrobial action
observed for CPT6. Long et al. [57] fortified durum wheat pasta with turmeric residue pow-
der, reporting significant enhancement of antioxidant levels, although without substantial
antimicrobial effects against Gram-negative strains, aligning with the limitations found in
the present work. Furthermore, the integration of protein hydrolysates from brewers’ spent
grain, as discussed by Bazsefidpar et al. [58], revealed promising antidiabetic properties,
yet CPT6 achieves similar bioactivity using a natural multi-root approach without the need
for enzymatic hydrolysis. Sarkar et al. [59] emphasised the phenolic-linked inhibition of
carbohydrate-digesting enzymes using turmeric and other botanicals, directly supporting
the mechanistic hypothesis proposed for CPT6. Lastly, Hawash et al. [60] showed that
traditional herbal blends could offer multi-targeted bioactivities, a strategy also reflected in
the CPT6 multifunctionality, with potent antioxidant, antidiabetic, and moderate antimicro-
bial activities. These comparisons underscore the competitive performance of CPT6 and
reinforce its potential as a multifunctional ingredient for future functional food applications.
Additionally, based on its multifunctional bioactivity and favourable sensory profile, CPT6
is particularly suited for application as a functional tea powder targeted at individuals
managing type 2 diabetes and metabolic syndrome. The blend’s strong antioxidant and
a-glucosidase inhibitory properties suggest promising potential for inclusion in specialised
dietary regimens and nutraceutical formulations.

One more step toward the implementation is in specific mathematical tools used for
the study evaluation. In contrast to the majority of previous studies, which predominantly
relied on conventional statistical methods, this research integrates advanced computational
approaches, including Principal Component Analysis (PCA) and Artificial Neural Network
(ANN) modelling, to optimise the formulation. The ANN model allowed for predictive
analysis of the sensory and bioactive outcomes based on formulation variables, providing
a more robust understanding of ingredient interactions. Such an application of machine
learning tools to enhance formulation strategy represents a methodological advancement
not employed in the recent turmeric and root blend studies discussed above, adding an
innovative dimension to the development of multifunctional functional foods.

While this study provides valuable insights into the functional and sensory properties
of celery—parsley—turmeric blends, certain limitations should be acknowledged. First, all
plant materials have a specific geographical origin, which may limit the generalizability of
the findings due to regional variations in composition. Second, the sensory evaluation was
conducted with a panel of 12 trained assessors from a single institution, which may not
fully reflect broader consumer preferences. Additionally, while the blending design enabled
a systematic exploration of formulation effects, only 10 formulations were tested, and the
study focused on a single preparation method (aqueous extraction). Future research should
validate these findings across different geographical sources, consumer populations, and
preparation formats (e.g., dry blends, capsules, or culinary use scenarios).

Building on the promising results of this study, future research should explore the long-
term stability of the CPT6 formulation, particularly its bioactive compound retention and
sensory integrity under different storage conditions. Additionally, large-scale consumer
studies across different demographic and cultural groups are recommended to validate
sensory preferences and market acceptance. Further work could also investigate bioavail-
ability and in vivo efficacy of the blend’s phenolic compounds and assess its incorporation
into functional food products such as soups, teas, or nutraceutical formulations.
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4. Conclusions

This study examined the impact of varying the composition of root herbs (celery,
parsley, and turmeric) in a blend on its chemical composition, antioxidant activity, and
sensory quality. The analysis revealed that turmeric rhizomes contain significantly higher
levels of phenolic compounds, approximately 28 times more, compared to celery and
parsley roots. Consequently, the antioxidant activity of turmeric rhizomes was considerably
higher than that of the other two samples. Adding turmeric to celery and/or parsley
samples resulted in a noticeable improvement in their antioxidant activities. Furthermore,
the addition of turmeric also contributed to an enhancement in the sensory quality of the
celery and/or parsley blends. The results of the statistical analysis using artificial neural
networks (ANN) demonstrated that ANN can effectively predict output parameters such as
TP, DPPH, FRAP, proteins, ash, fat, and colour parameters (L, a*, b*, C*, and h). Although
these parameters showed strong model fits and low error rates, further refinement of the
model may be needed for sensory compliance quality and ABTS to reduce prediction
errors and enhance accuracy. Moreover, in the CPT6 blend (composed of equal parts
of celery, parsley, and turmeric), identified as the most favourable solution, among the
macroelements, phosphorus was found to be the most abundant, while zinc was the
most prevalent among the microelements. The dry extract of the CPT6 sample exhibited
significant antidiabetic, antihypertensive, and antihypercholesterolemic activities as well
as very good antimicrobial activity against Gram-positive bacteria. A blend composed
of equal parts of celery, parsley, and turmeric could be used in everyday life or industry
as a mixture of spices, tea blends, or functional food with potent bioactivity and health
benefits. Future research should focus on the isolation and characterisation of bioactive
compounds responsible for the observed effects, as well as the development of functional
food or nutraceutical prototypes incorporating the CPT6 blend. These steps would support
its practical application as a multifunctional ingredient in health-oriented food products.
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