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Abstract

The food industry is interested in utilizing active compounds from agri-food waste to
produce healthy products and promote sustainability and resource efficiency. This study
aimed to conduct a phytochemical analysis of grape pomace derived from Vitis vinifera
wine grape varieties Saperavi and Cabernet Sauvignon, as well as pomegranate (Punica
granatum L.) peel of the Nar-Shirin variety, which are widely processed in South Ka-
zakhstan. The extraction processes were simple and employed water and ethanol, two
food-grade solvents widely used in green extraction due to their low toxicity and com-
patibility with food applications.Among the extraction methods tested, aqueous-
alcoholic extraction demonstrated the highest efficiency in recovering total phenolic con-
tent (TPC), yielding 225.5 + 1.46 mg GAE/g extract from pomegranate peel, 153.9 + 1.25
mg GAE/g extract from Cabernet Sauvignon pomace, and 98.6 + 0.83 mg GAE/g extract
from Saperavi pomace. Phenolic profiling of the aqueous-alcoholic extract was per-
formed using ultra-high-performance liquid chromatography coupled with quadrupole
time-of-flight tandem mass spectrometry (HPLC-Q-TOF MS/MS). The total ion chroma-
tograms revealed the presence of predominant phenolic compounds in all analyzed
samples. Key identified constituents in grape pomace included kaempferol 3-O-f3-D-
xylofuranoside, kaempferol 3-O-f-glucopyranoside-7-O-a-rhamnopyranoside, querce-
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Tsiafoulis and Anna Kaczmarek tin-3-O-a-L-arabinoside, genistin, and megastigmane glycoside. In pomegranate peel,
compounds such as myricetin, 5-(2Z,8Z)-pentadecadien-1-yl-1,3-benzenediol were iden-
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tified for the first time. These findings highlight the rich phenolic composition of grape
pomace and pomegranate peel’s extracts and support their potential as valuable sources
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1. Introduction

The evolving global economy and shifting consumer lifestyles have heightened
awareness of the value of a balanced, nutritious diet. This trend is particularly noticeable
in agriculture. There has been a marked rise in fruit and vegetable farming to meet the
growing demand for nutritious food. However, increased consumption also leads to a
significant rise in agricultural and food surplus, waste, and losses (SWL) generated
throughout the production, transportation, storage, and processing stages of the food
supply chain [1,2]. Food loss and waste represent significant economic and logistical
challenges and pose serious environmental threats by disrupting ecological balance and
contributing to inefficient resource utilization [3].

The problem’s global reach demands coordinated efforts from governments, inter-
national bodies, the private sector, and civil society. These strategies must focus on pro-
moting sustainable agriculture and improving the management, reduction, and valoriza-
tion of SWL [4,5]. Agricultural and food by-products have gained significant attention in
recent years due to their rich content of bioactive compounds, such as polyphenols and
antioxidants [6]. These compounds are well-known for their functional properties, serv-
ing as natural additives in food [7], bioactive components in biomedical materials [8],
and ingredients in cosmetics [9,10]. Furthermore, they extend the shelf life and enhance
the microbiological safety of ready-to-eat foods [11,12].

Grape pomace and pomegranate peel stand out as particularly promising sources of
polyphenolic compounds among fruit by-products [13]. The climates of Southern Ka-
zakhstan and Uzbekistan are uniquely suited for large-scale grape and pomegranate cul-
tivation and processing. This regional wealth presents a strategic opportunity to harness
the potential of processing residues rich in biologically active compounds.

Most grape pomace is discarded in open areas, posing potential environmental
hazards [14,15]. Grape pomace accounts for 10-20% of the total grape weight and con-
sists of skins, seeds, and other solid materials remaining after juice extraction, amount-
ing to approximately 10.5-13.1 million tonnes of waste globally per year [16,17]. Alt-
hough some phenolic compounds are transferred to wine during vinification, studies
show that up to 70% remain in the pomace [18]. A wide range of polyphenolic com-
pounds, such as phenolic acids, flavonoids, anthocyanins, flavanols, stilbenes, and oth-
ers, are found in grape pomace. These substances contribute to its antioxidant, cardio-
protective, neuroprotective, anti-inflammatory, anticarcinogenic, and antimicrobial ac-
tivities [19,20].

Valorizing viticultural by-products such as grape pomace offers opportunities to
enhance food quality and develop value-added products [21]. Similarly, pomegranate
processing generates substantial waste. Global pomegranate output surpasses 3 million
tons annually. The peels and seeds account for about 54% of the fruit’s weight, generat-
ing over 1.62 million tons of waste each year [22]. Juice production alone generates
around nine tons of waste per ton of juice produced. Pomegranate by-products are rich
in phenolic compounds such as anthocyanins, gallagyl esters, hydroxybenzoic and hy-
droxycinnamic acids, gallotannins, and ellagitannins like punicalagin and punicalin,
which exhibit exceptionally high antioxidant capacity [23,24].

Compounds derived from grape and pomegranate by-products show promise as al-
ternatives to synthetic preservatives, which have raised health concerns [25,26]. Howev-
er, there is a lack of information on the polyphenolic content of grape pomace from Sa-
peravi and Cabernet Sauvignon wines made in South Kazakhstan. Similarly, the compo-
sition of pomegranate peel from the Nar-Shirin variety, grown in Uzbekistan and pro-
cessed in South Kazakhstan, remains largely unexplored.

In light of these knowledge gaps and the growing need for sustainable valorization
of food processing by-products, the present study aims to investigate the proximate
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composition and phytochemical profile of grape pomace (Saperavi and Cabernet Sauvi-
gnon) and pomegranate peel (Nar-Shirin variety). The study addressed whether grape
pomace and pomegranate peel can serve as valuable sources of bioactive phenolic com-
pounds. We hypothesized that these by-products contain diverse phenolic compounds
that can be efficiently extracted with aqueous ethanol and water for potential industrial
applications.

2. Materials and Methods
2.1. Agri-Food By-Products and Sample Preparation

Grape pomace samples of two industrial wine grape cultivars, Saperavi and Caber-
net Sauvignon, and pomegranate peel (Punica granatumlL.) from the Nar-Shirin variety
were collected during the 2021-2022 harvest seasons from local fruit-processing facilities
in Southern Kazakhstan. All samples were collected immediately after the mechanical
pressing of fresh fruits for juice or wine production. Following collection, the samples
were immediately dried and stored under appropriate laboratory conditions.

The drying procedures were selected as stabilization steps prior to extraction and
chromatographic analysis. Grape pomace was subjected to convective drying, whereas
pomegranate peel was dried using infrared radiation due to differences in the physical
structure of the plant matrices. Infrared drying was selected due to its high drying effi-
ciency, short processing time, and ability to preserve the quality of plant-derived mate-
rials with a dense and compact structure and lower moisture diffusivity [27]. The pur-
pose of drying was to reduce moisture content, inhibit enzymatic activity, and ensure
sample stability before analysis.

Grape pomace was dried in convection dryer with forced-air circulation oven (ShS-
80, SpetsKhlebMash LLC, Novosibirsk, Russia) for 24 h, until the residual moisture con-
tent reached approximately 7%. Fresh pomace contained 15-40% grape seeds, whereas
the dried form contained up to 65% by weight. Pomegranate peel was dried at 40°C for
24 h in an infrared dryer (Universal-SD-4-40, SpetsKhlebMash LLC, Novosibirsk, Russia)
utilizing combined radiation and convection to achieve a final moisture content below
13%. The dried materials were milled to a uniform particle size (<0.5 mm) and stored in
airtight containers at 22 + 2 °C under dry conditions until analysis. All analytical deter-
minations were performed within 2-3 months after sample collection and sample prepa-
ration.

2.2. Extraction of Phenolic Compounds

Phenolic compounds were extracted from the dried grape pomace (GP) and pome-
granate peel (PP) using two methods: (1) aqueous extraction and (2) aqueous—alcoholic
extraction both followed by ultrasonic-assisted extraction (UAE). UAE is recognized as a
green and efficient method to enhance the release of polyphenols from plant matrices,
including agri-food by-products, provided optimal ultrasound conditions are main-
tained to avoid compound degradation [28].

For both GP and PP samples, aqueous extraction was carried out by mixing by-
products powder with distilled water in a 1:4 (w/v) ratio, followed by stirring at 60°C.
The extraction was repeated twice, and the three extracts were combined.

Aqueous-alcoholic extractions were performed using 40% ethanol as a solvent in a
1:4 (w/v) ratio. A 40% (v/v) aqueous ethanol solution was selected based on the laborato-
ry extraction protocol developed from previous literature reporting its effectiveness as
an environmentally friendly solvent for the recovery of phenol compounds from plant
matrices [29-31].
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The mixtures were stirred for 10 min and left at room temperature overnight for
maceration.

The resulting aqueous and aqueous-alcoholic extracts were subjected to ultrasonic
treatment at 38—40°C using an ultrasonic bath (frequency: 35 kHz; intensity: 70 W/cm?;
vacuum pressure: 76 mm Hg) for 15 min. These conditions were selected based on the
laboratory protocol and published reports indicating that these mild conditions provide
efficient extraction of phenolic compounds while limiting their degradation [32,33]. The
mixtures were filtered sequentially using a calico cloth and a 0.45 um nylon membrane
filter. Subsequently, the extracts were concentrated using a rotary evaporator (RE100-
Pro, DLAB Scientific Co., Ltd., Beijing, China) ) to one-third of their original volume for
the effective and gentle removal of solvent. Concentrated extracts were then spray-dried
using a Unopex B230, Unopex, Izmir, Turkey (75°C; atomizer speed: 8500 rpm; feed rate:
6.0-6.5 L/h) to obtain fine polyphenolic extracts.

In total, four grape pomace extract samples (two varieties, two extraction solvents)
and two pomegranate peel samples (aqueous and aqueous—alcoholic) were obtained for
subsequent analysis. Total phenolic content and total flavonoid content was carried out
for all extracts.

2.3. Chemical Analysis
2.3.1. Composition of Agri-FoodBy-Products

The composition, including moisture, ash, crude fat, proteins, and dietary fiber, was
determined according to the Official Methods of Analysis of AOAC International
(Methods 925.09, 923.03, 920.39, 978.04, and 991.43, respectively). Total carbohydrates
were calculated by difference.

2.3.2. Total Phenolic Content (TPC)

The total content of phenolic compounds in grape pomace and pomegranate peel
extracts (aqueous and aqueous-alcoholic) was determined by the modified Folin-
Ciocalteu method with some additions. In this study, 0.25 mL of each extract (GP and PP)
were measured into a volumetric flask, and then 1.25 mL of the Folin-Ciocalteu reagent
(previously diluted 10 times) and 1 mL of a 7.5% sodium carbonate solution were added,
and the reaction mixture was kept for 30 min (at 20 °C). After incubation, the absorbance
at 765 nm was measured using a spectrophotometer (Shimadzu Corp., Kyoto, Japan)).
Gallic acid was used to prepare the standard solutions, using concentrations ranging
from 10-100 pg/mL. The total phenolic content of the extracts was determined as gallic
acid (mg) equivalents/gram of sample (mg GAE/g extract).

2.3.3. Total Flavonoid Content (TFC)

The total flavonoid content in grape pomace and pomegranate peel extracts (aque-
ous and aqueous—-alcoholic) was measured by the colorimetric method with slight modi-
fications. 0.5 mL of the extract was introduced into a 5 mL graduated test tube, 1.5 mL of
95% ethanol solution, 0.1 mL of 10% aluminum chloride solution, 0.1 mL of 1 M sodium
acetate solution, and 2.8 mL of distilled water were added. The mixture was kept at
room temperature for 30 min, and the optical density of the analyzed solution was
measured on a spectrophotometer (Shimadzu Corp., Kyoto, Japan)) at a wavelength of
415 in a cuvette with an optical path length of 10 mm relative to the reference solution.
The same reagents were used as the reference solution, replacing the analyzed extract
with 0.5 mL of distilled water. Quercetin was used as standard compound to obtain the
calibration curve in the range of 0.5-50 pg/mL. The total flavonoid content of the extracts
was expressed as quercetin equivalents (mg)/gram of sample (mg Q/g extract).
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2.3.4. HPLC-Q-TOF LC-MS/MS Conditions

HPLC analysis for the presence and identification of phenolic compounds in poly-
phenolic powders of pomegranate peel and mixture of pomace from two grape varieties
(Saperavi and Cabernet Sauvignon) was carried out by mass spectrometry on an Agilent
6520 Accurate-Mass Q-TOF LC/MS System with an Agilent 1200 Series HPLC (Agilent
Technologies, Santa Clara, CA, USA). Reverse-phase nano-LC-MS/MS was performed
using an Agilent Nano LC system coupled to an Agilent Technologies CHIP-Q-TOF Ag-
ilent Technologies 6520B series mass spectrometer. The sample was fractionated using
an Agilent Technologies 1200 series chromatograph through a Zorbax SB C18, 5 um,
75um x 43mm ChIP. Mobile phase: A—0.1% formic acid solution + 5% acetonitrile, B—
acetonitrile + 0.1% formic acid + 10% deionised water. Application was carried out on an
Agilent Technologies 1260 series Cap Pump instrument at a flow rate of 4 pL/min. Elu-
tion was carried out by Nano Pump at a flow rate of 0.6 pL/min. Solution B concentra-
tion gradient was in min: 0%-3 min, 60%—12-18 min, 0% —20 min. Solutions were de-
gassed on an Agilent Technologies 1260 u-degasser instrument. Samples were applied to
the column using an Agilent Technologies Micro WPS instrument in 2 pL increments.
The eluted fractions were analyzed mass spectrometrically under the following condi-
tions: Ionisation source: ESI+, drying gas flow: 4 L/min, drying gas temperature: 350°C,
voltage at skimmer cone: 65 V, at fragmenter 175 V, mass range: in MS 50 mode—3000
m/z, in MS/MS 50 mode—2500 m/z, with CAP voltage in the range of 1800-2500V. Meth-
od of ionization is positive.

The Q-TOF mass spectrometer was externally calibrated before analysis using the
manufacturer’s standard calibration solution. Mass accuracy for the six identified com-
pounds ranged from 0.00 to 7.57 ppm, whereas two highly abundant flavan-3-ol isomers
(catechin and epicatechin) showed larger apparent precursor mass deviations, although
their identities were confirmed by characteristic MS/MS fragmentation and chromato-
graphic separation.

2.3.5. Statistical Analysis

All experiments were performed in triplicate, and the results are expressed as mean
+ standard deviation (SD). Statistical analysis was performed using Student’s ¢-test to
compare two independent groups for each measured parameter. Differences were con-
sidered statistically significant at p <0.05.

3. Results and Discussion

A preliminary characterization of dried grape pomace and pomegranate peel was
conducted to support the implementation of a multi-product processing technology that
generates no additional waste during or after production. The analysis focused on the
proximate chemical composition, including protein, fat, carbohydrate, ash, and dietary
fiber. This assessment was crucial for evaluating the suitability of secondary raw materi-
als for use in the food, pharmaceutical, and other bio-based industries. It also aims to
develop value-added products that contribute to a circular economy.

3.1. Chemical Composition of Dried Grape Pomace of Saperavi (V. vinifera), Cabernet Sauvignon
(V. vinifera) Varieties

The results of the chemical composition of Saperavi (V. vinifera), Cabernet Sauvi-
gnon (V. vinifera) dried grape pomace are given in Table 1.
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Table 1. Chemical composition of Saperavi (V. vinifera), Cabernet Sauvignon (V. vinifera) grape

pomace.
] GP of Saperavi GP of Cabernet Sauvignon
Indicators .. ..

(V. vinifera) (V. vinifera)

Moisture Content, % 6.87 +£0.15 7.00+0.20

Ash Content, g/100 g 4.63 +0.04 5.55 £ 0.05

Fat, g/100 g 4.38+0.03 8.16 +0.015

Protein, g/100 g 13.90 £0.10 12.35+0.05

Dietary Fiber, g/100 g 51.38 £ 0.02 46.15+0.07
Carbohydrate Content, g/100 g 19.63 + 0.04 29.30 £ 0.05

Results are presented as a mean * SD of triplicate analyses.

The main component of the two grape pomaces studied was dietary fiber (DF), with
concentrations of 51.38% in Saperavi and 46.15% in Cabernet Sauvignon. DF is associat-
ed with polyphenols, thereby enhancing its antioxidant effects. This combination en-
hances the health benefits of dietary fibre and antioxidants [34].

Regarding the fat and carbohydrate content, minor variations were observed be-
tween two grape pomace (GP) varieties. For GP Saperavi, the fat and carbohydrate con-
tents were 4.38% and 19.63%, respectively, while for GP Cabernet Sauvignon, the values
were 8.16% and 29.30%, respectively. Grape fat is predominantly concentrated in the
seeds, with fat content showing slight variation across samples. Research shows that
grape seed fats consist of approximately 90% monounsaturated fatty acids, which have
demonstrated potential health benefits in disease prevention and wound healing [35].
The higher carbohydrate content observed in Cabernet Sauvignon pomace is in agree-
ment with previous studies, describing Cabernet Sauvignon pomace as a carbohydrate-
rich by-product [36].

Protein content in both grape pomace varieties was similar, ranging from 12.35 to
13.90 g/100 g, consistent with findings from other studies [37].

The mass concentration of alkaline and alkaline earth elements in the grape pomace
extracts of Saperavi and Cabernet Sauvignon was 38.52 g/100g and 39.82 g/100g, respec-
tively. The main substances were potassium (30.82 g/100g for Saperavi and 29.22 g/100g
for Cabernet Sauvignon), followed by calcium (5.42 g/100g and 8.74 g/100g, respectively)
and magnesium (1.40 g/100g and 1.86 g/100g). Several studies have highlighted potassi-
um as the most abundant element in grape products, though its concentration varies
with variety and growing conditions. For instance, other studies have reported lower
potassium contents ranging from 1.18 to 2.72 g/100g [38], with some reporting 1.87 + 0.11
g/100g [39]. Potassium remains the most significant element when compared with oth-
ers. Potassium accumulates in the grape skin during ripening and forms soluble and in-
soluble salts of organic acids [40].

These findings provide insights into the technological potential and valuable re-
serves of components in grape pomace from technical grape species. Preliminary studies
on the production of fortified foods from grape pomace and seed extracts, using various
extraction methods, have yielded promising results [41,42].

3.2. Chemical Composition of Dried Pomegranate Peel

The primary focus of pomegranate (Punica granatum L.) fruit processing is the ex-
traction of polyphenolic compounds from the peel. However, the pomegranate peel (PP)
is rich in other biologically active, water-soluble components that remain underexplored.
This study aims to investigate the potential of essential dietary fibre, carbohydrates, pro-
teins, and other bioactive components in pomegranate peel for use in food and various
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industrial applications. This research further underscores the value of PP as a multifunc-
tional by-product in sustainable processing.

Table 2 summarizes this study’s findings. The indicator values match those in pre-
vious research [43-45], which examined the composition of PP powder, focusing on its
primary components. These studies show that PP provides vital dietary fiber, carbohy-
drates, proteins, and other components, which, together with polyphenolic compounds,
enhance its significant biological effects.

Table 2. Chemical composition of dried powder of pomegranate peel.

Indicators Experimental Sample [43,46] * [44,45] *

Moisture Content, % 12.83 £0.15 Nd ** 8.43-13.80

Ash Content, g/100 g 2.8+0.05 421 3.35-6.07

Fat, g/100 g 0.2+0.01 0.78 0.55-3.36

Protein, g/100 g 3.47 +0.05 2.00 3.24-3.46
Dietary Fiber, g/100 g 30.0 £0.41 nd 33.10-62.09
Carbohydrate Content, g/100 g 60.81 £0.18 76.12 59.52-61.34

Results are presented as a mean + SD of triplicate analysis.* For comparison, literature values are

provided. ** Note: nd = not determined

The proximate analysis in this study confirms that dried pomegranate peel is abun-
dant in essential nutrients, including carbohydrates, proteins, fats, moisture, dietary fi-
ber, and ash. Carbohydrates were the most predominant component at 60.81 + 0.18 g/100
g, while ash content was the least at 2.8 + 0.05 g/100 g.

Functional and bioactive dietary fiber (DF) plays a crucial role in human health and
food processing. It was the dominant constituent of PP, with values ranging from 33% to
62% [45], making it an essential natural source. Comparative analysis of DF in our sam-
ples and the literature shows that DF is the second-most abundant substance functional
component after carbohydrates [46]. Other experimental parameters were aligned with
previously published data.

All tested minerals were detected in the pomegranate peel powders. The predomi-
nant minerals in the powder were Ca, K, P, Na, and Mg, with contents of 6.11, 30.06, and
2.22, 0.44, and 1.27 g/100 g of powder, respectively. These findings differ from those re-
ported in previous works [47,48], which indicated that PP powders contain higher levels
of Ca (50-342 mg/100g), K up to 150 mg/100g, P (117.90-120.00 mg/100g), Na (64.63—
68.00 mg/100g), and Mg up to 56 mg/100g.

Valorization of PP presents significant positive impacts both economically and en-
vironmentally. The high value and potential of pomegranate peel, due to its dietary fiber
and minerals, are highlighted by many studies for a range of applications [49,50].

3.3. Determination of Total Phenolic Content (TPC) and Total Flavonoid Content (TFC) in
Pomegranate Peel and Grape Pomace Extracts

The TPC and TFC of PP samples are shown in Table 3. Sample No. 1, the pome-
granate peel aqueous extract (PP AE), exhibited a TPC of 136.3+0.96 mg/GAE g dry ex-
tract. Sample No. 2, the pomegranate peel aqueousalcoholic extract (PP AAE), demon-
strated a significantly higher concentration of 225.5+1.46mg GAE/g dry extract (p =
0.0475), which is approximately 40% greater than that of the aqueous extract.

Comparable studies have reported varying TPC values. For instance, Hayder et al.
[51] reported a TPC of 188.1 mg/GAE g for PP AAE. Another investigation of Persuricet
al [52] examined alcoholic extracts of PP from Western Herzegovina, with TPC mean-
ings from 57.66 t0105.99 mg/GAE g, which are slightly lower than the values obtained in
the present work.
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The TPC values in this study were higher than the values reported by [53] (175.75-
189.45 mg GAE/g extract) for ultrasound-assisted extraction. Differences in TPC are ex-
pected because phenolic recovery is influenced by extraction conditions, solvent compo-
sition, cultivar, geographical origin, and growing conditions.

According to Table 3, among the tested samples, sample No. 2 (PP, AAE) exhibited
the highest flavonoid concentration, at 92.1 + 0.80 mg quercetin equivalents (Q/g extract).
It was 48% greater than Sample No.1 (PP, AE) (p =0.0472). These findings are consistent
with the study by Abd El-Rahman & Sandak [43], which reported a higher antioxidant
yield from alcoholic PP extraction than from aqueous extraction.

Table 3. Total phenolic and flavonoid content of pomegranate peel and grape pomace extracts.

Total Phenolic Content Total Flavonoid Content

Samples Studied (TPC), (mg/GAE g Extract) (TFC), (mg/Q g Extract)
No. 1 (PP AAE) 136.3+0.9 476+1.0
No. 2 (PP AE) 2255+14 92.1+0.8
No. 3 (Cabernet Sauvignon GPAAE) 98.6 + 0.8 447 +0.7
No. 4 (Cabernet Sauvignon GPAE) 32.13+04 10.8+0.4
No. 5 (Saperavi GP AAE) 153.9+1.2 54.7+0.7
No. 6 (Saperavi GP AE) 994+ 0.5 33.3+0.5

Data are expressed as a mean + SD (n = 3).

The aqueous-alcoholic extract (AAE) of Cabernet Sauvignon exhibited a TPC of
98.6+0.83mg GAE/g extract. AAE of Saperavi, showed a significantly higher concentra-
tion of 153.9+1.25mg GAE/g. In comparison, the aqueous extracts (AE) of these same va-
rieties provided lower TPC values of 32.13+0.45 and 99.4+0.55mg GAE/g extract, respec-
tively.

Various studies have yielded similar or differing outcomes, influenced by grape va-
riety and extraction methods. Zhang et al. [54] discovered that red Amur grapes contain
47.6 + 0.21 mg GAE/g. Comparable values (45.34 + 2.33-81.81 + 3.86 mg GAE/g) have
been reported for hydroethanolic whole grape pomace extracts from Romanian grape
cultivars [55]. These values are consistent with the high extraction efficiency of hy-
droethanolic solvents for polyphenolic compounds.

The TFC of the grape pomace extracts ranged from 10.8 + 0.4 to 54.7 = 0.7 mg QE/g
dry extract. The highest flavonoid content was observed in the AAE of Saperavi pomace,
whereas the lowest value was obtained for the aqueous extract of Cabernet Sauvignon.
In both grape cultivars, aqueous—alcoholic extraction yielded higher TFC than aqueous
extraction, confirming the superior ability of hydroethanolic solvents to recover flavo-
noids. These findings are consistent with previous studies reporting that flavonoid ex-
traction efficiency depends on solvent polarity, grape cultivar, and extraction conditions.

Likewise, Kumar & Neeraj [56] found that alcohol extraction of flavonoids from
tray-dried Bhagwa variety PP produced 14.48 + 0.005 mg/g, outperforming water extrac-
tion at 10.65 + 0.003 mg/g. However, the TFC values in given work were approximately
75-80% lower than our results. In contrast, other investigations [57] have reported flavo-
noid concentrations from 61.01-86.86 mg RE/g.These differences are likely attributable to
grape cultivar, pomace composition, extraction conditions, and the use of different refer-
ence standards (quercetin vs. rutin).

The ultrasound-assisted extraction (UAE) to enhance phenolic yield is a key feature
of the current work. Numerous researchers have reported comparable results for grape
pomace: TPC values of 42.1mg GAE/g and 64.85-117.32mg GAE/g under ultrasonic ex-
traction conditions have been noted [58,59]. Using ultrasound-assisted extraction (56 °C,
20 min, 53% ethanol), Drevelegka and Goula [58] reported a TPC of 48.76 mg GAE/g DW.
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Moreover, ultrasonic extraction improves recovery efficiency by reducing extraction
time, temperature, energy, and solvent consumption while increasing phenolic yield (up
to 283.18 mg GAE/g DW) [60].

3.4. Identification of Phenolic Compounds in AqueousAlcohol Extracts of Pomegranate Peel

The polyphenolic powders of pomegranate peel obtained using the optimal extrac-
tion conditions (a combination of aqueous-alcohol extraction and additional ultrasonic
treatment) were analyzed for individual phenolic content using HPLC-Q-TOEF: ESI (+),
MS.LC-QTOF-MS/MS analysis was performed in positive electrospray ionization mode
(ESI+) because the analytical conditions were optimized for positive ion detection,
providing stable protonated ions and informative MS/MS fragmentation for the tentative
identification of the target phenolic compounds.

The total ion chromatogram (TIC) (Figure 1) in the m/z range of 50-1000, obtained
using Q-TOF with ESI(+) and MSn = 2, revealed predominant peaks corresponding to
major phenolic compounds typically present in pomegranate peel extracts. Multiple
isomeric forms of phenolic compounds with identical molecular weights were detected,
alongside the characterization of several previously unreported compounds.

10.24 10.99 18.09

= 8.46 15.09 16.45 1oes
: 13.38 - 5 —
N, AN~

3 4 s 6 7 ) éetenm r:'%me e 12 13 14 15 i3 17 18 1o
Figure 1. Total ion chromatogram (TIC) of pomegranate peel extract obtained by HPLC-Q-TOF-
MS/MS analysis in positive electrospray ionization mode (ESI+).The main detected ions and tenta-

tive compound identifications are presented in Table 4.

Compound identification was performed through careful annotation of MS/MS
fragmentation data, supported by available spectral databases and literature references.

To identify the raw data obtained from Agilent LC/MS Mass Hunter, we used
Thermo Fisher Scientifics” Mass Frontier — 8.1 software, which offers online access to li-
brary spectral data and first converted it to mzML format. Table 4 presents all com-
pounds tentatively identified in the sample based on their values from the positive-ion
([M+H]+) mass spectra.

Representative  ion  chromatograms and MS/MS of the aqueous-
alcoholicpomegranate peel extract acquired in positive ion mode are presented in Sup-
plementary Figure S1. The figure includes the molecular ions, fragmentation patterns,
molecular formulas, and proposed structures of the phenolic compounds identified in
Table 4. The identified phenolic profile is consistent with the antioxidant activity previ-
ously reported for these extracts. In our previous study, the pomegranate peel and grape
pomace extracts exhibited pronounced antioxidant activity, with antiradical activity
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(DPPH assay) values of 2.24 and 3.56, respectively [61]. These findings support the con-
tribution of the identified phenolic compounds to the antioxidant properties of the ex-
tracts and their potential application as natural ingredients in food, nutraceutical, phar-
maceutical, and cosmetic formulations [62-64].

Table 4. Characterization of phenolic compounds in pomegranate peel extract samples by LC-
QTOF-MS (ESI+ lonization).

No Proposed Compounds* RT (min) Molecular 1\17121;:1(‘)1101\/:- Calculated m/z Observed MS-MS Fragmen-
P P Formula p (IM+HI)  m/z ((IM+HI) tation
Mass (Da)
1 ** Myricetin 1649  CisH100s 318.0376 319.0449 319.0448 301.0342, 273.0393
** 527 87 2 8 Pentadeca- 149.0597
2 dien 1y11 3 benzenediol 15.36  CzaH30: 316.2402 317.2475 317.2475 163.0754
3 Isoquercitrin 1241  C21H20012 464.0955 465.1028 465.1028 303.05
4 Miquelianin 12.36  C2a1H1sO13 478.0747 479.0820 479.0842 303.05
5 Catechin gallate 12.38  C22Hi1sO10 442.0900 443.0973 443.0945 291, 153, 137
6 Rhamnetin 11.89  CisH1207 316.0583 * 317.0656 317.0680 86.0321, 81.0335
7 Catechin *** 10.99  CisH1Os 290.0790 291.0863 291.0709 123.041,165.0546,
207.0652
8 Epicatechin *** 10.24  Ci1sH1Os 290.0790 291.0863 291.0706 123'024 017’ (1)2:'20546'

* All compounds listed in Table 4 were tentatively identified by high-resolution LC-QTOF-MS/MS
based on accurate mass, molecular formula prediction, MS/MS fragmentation, and database
matching. No authentic reference standards were used for confirmation. ** Despite the absence of
any mention of these compounds in the existing literature concerning pomegranate peel, the find-
ings of this work suggest its presence. This finding may represent a new discovery that would
benefit from further study and confirmation. *** Both compounds have the same molecular weight
and formula but differ in retention time, confirming the existence of isomeric forms of catechin

(Trans configuration at C-2 and C-3 has catechin and Cis configuration at C-2,C-3 has epicatechin).

All findings emphasize the presence of a diverse array of phenolic compounds in
pomegranate peel. The total ion chromatogram (TIC) was further processed into a base
peak chromatogram (BPC), which revealed numerous molecular ion peaks. Compounds
were tentative identified by high-resolution LC-QTOF-MS/MS using accurate mass
measurements, molecular formula prediction, characteristic MS/MS fragmentation pat-
terns, and comparison with spectral databases and published literature. No authentic
reference standards were used for compound confirmation.

At 16.49 min, a prominent precursor ion at m/z 319.0448 ([M+H]*) was detected and
tentatively assigned to myricetin (CisH100s). The MS/MS spectrum showed characteristic
product ions at m/z 301.0342 and 273.0393. The ion at m/z 301.0342 corresponds to the
loss of a water molecule (=18 Da), which is characteristic of highly hydroxylated flavo-
noids, while the fragment at m/z 273.0393 is consistent with the reported fragmentation
behavior of myricetin. The proposed fragmentation pathway is presented in Supplemen-
tary Figure S1 (Myricetin). These results are in agreement with fragmentation patterns of
myricetin in study of Cao et al. [65], who confirmed m/z 319.0448 as the quasi-molecular
ion of myricetin and m/z 301.0343 as its diagnostic fragment.

Another ion detected at m/z 317.2475 ([M+H]*) produced a key fragment at m/z
163.0754. Based on MS/MS data and molecular formula prediction (C21H320z), the com-
pound was tentatively identified as 5-(2Z, 8Z)-Pentadecadien-1-yl-1,3-benzenediol. This
compound belongs to the class of polyenylphenols, characterized by long unsaturated
hydrocarbon chains that contribute to increased chemical reactivity and potential biolog-

https://doi.org/10.3390/separations13080213



Separations 2026, 13, 213

11 of 22

ical activity. The detected m/z 317.2475 corresponds to the protonated molecular ion of a
compound with a neutral mass of 316 Da.

A peak detected at 12.41 min with m/z 465.1028 fragmented to m/z 303.05, consistent
with the loss of a 162 Da sugar moiety —characteristic of glycosidic bond cleavage in
quercetin glycosides. Based on this fragmentation pattern, the compound was approxi-
mately defined as isoquercitrin (quercetin--B3-D-glucoside; C21H20012). The MS/MS data
correspond well with those reported by Sulaiman & Gopalakrishnan [66].

Additionally, at 12.36 min, another compound with m/z 479.0842 formed a fragment
ion at m/z 303.0495, losing 176 Da, consistent with glucuronic acid cleavage. This pattern
is indicative of miquelianin (quercetin-3-O-glucuronide; C21H1sO13), a flavonoid glucu-
ronide known for its antioxidant potential. Miquelianin is part of the flavonoid-3-O-
glucuronides, characterized by an O-glycosidic linkage of glucuronic acid to the C3 posi-
tion of the flavonoid aglycone. Its presence, along with other quercetin derivatives, con-
tributes to the powerful antioxidant profile of pomegranate peel. These findings are con-
firmed by the results of Man et al. [67].

At the retention time—12.38 min, the mass spectrum revealed a molecular ion at
m/z 443.0945. Fragmentation gave in a notable ion at m/z 291, corresponding to the cate-
chin moiety, indicating the loss of gallic acid (-152 Da). Additional fragments at m/z 153,
137, typical for flavonoid structure, were also observed. The tentative molecular formu-
la, C2Hi1sO10, matches that of catechin gallate, a flavan-3-ol derivative. This compound
was confidently identified through Thermo Fisher Scientifics” Mass Frontier — 8.1 soft-
ware, which provided an exact molecular formula match against the mass spectral li-
brary. Previous research has reported the presence of catechin and gallocatechin in
pomegranate peel with high antioxidant activity, providing health benefits of pome-
granate peel [68].

A distinct peak at m/z 317.0680 corresponds to a molecular mass of 316 Da. Frag-
ment ions in the ranges of m/z ~81-95, 147-161, 230-250, and 281-297 are consistent with
flavonoid fragmentation pathways. This spectral pattern supports the identification of
rhamnetin, a monomethoxyflavone structurally related to quercetin (methylated at posi-
tion 7). Its moderate polarity is consistent with the observed retention time of 11.89
minin a reversed-phase chromatographic system. The experimental m/z value (317.0680)
closely matches the theoretical protonated mass of rhamnetin (317.0661), further sup-
porting this identification [69].

At Rt 10.99 min, a spectrum with a molecular ion at m/z 291.0863 was recorded. This
corresponds to the protonated form of catechin with a theoretical molecular weight of
290.0790 Da (C15H14Og). The fragmentation pattern includes ions at m/z 123.041, 165.0546,
and 207.0652, indicative of catechin’s characteristic breakdown involving cleavage of the
C-ring and losses of small neutral molecules such as HO and CO.

A second chromatographic peak was detected with the same protonated ion at m/z
291.0706, but at a retention time of 10.24 min. Since both peaks have the same accurate
mass but different retention times, they are more likely to represent structural isomers or
stereoisomers rather than different ionic adducts. The peak at 10.24 was about 1.3 times
as intense as the one at 10.99. This suggests a higher concentration or better ionization
under the current chromatographic conditions.

Comparison of the obtained mass spectra with the spectral library revealed two
compounds with the same molecular formula, CisH14Os, and virtually identical MS/MS
spectra. Apparently, based on the order of column elution times, the compounds corre-
spond to stereoisomers.

Analysis of fragment characteristics confirms that the compounds belong to flavan-
3-ols—catechin and epicatechin (Figures 2 and 3a,b).
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Figure 2. EIC of 291.071 m/z at the Rt 10.24 (Epicatechin) and 10.99 (Catechin).
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Figure 3. (a) Catechin fragment ions (Rt 10.99); (b) Epicatechin fragment ions (Rt 10.24).

The presence of diagnostic fragments at m/z 231, 139, 123, and 245 is consistent with
typical degradation mechanisms of catechin and epicatechin, including the retro-Diels-
Alder reaction (RDA) and heterocyclic cleavage (HRF). Despite the same mass, the spa-
tial orientation of the OH group at C3 differs, altering the probabilities of RDA and HRF
cleavage and the relative intensities of the fragments at m/z 231 and 245.

Thus, the [M+H]* precursor m/z 291.0706-291.0709 coincides with the theoretical
mass (291.0863, error 50-55 ppm—typical for QTOF without internal calibration) and
corresponds to catechin. The main diagnostic fragments (classic for catechins in positive
ESI) are observed, with 139.013-139.014 being very characteristic fragment, obtained by
RDA cleavage and fragmentation of the C ring using the Diels-Alder method. In addi-
tion, 231.09 m/z indicates the loss of C2H4O2. Fragments at 160.108, 205.075, 245.161, and
265.135 m/z correspond to loss of water and CO, and to fragmentation of ring B.

Almost all fragments are present in both spectra, but there are distinctive features.
For example, the spectrum of Rt 10.99 shows a fragment at 231 m/z that is significantly
more intense, almost tens of times higher than the precursor. This indicates catechin, as
does comparison with the mass spectral library.

The spectrum of Rt 10.24 shows more small fragments (245, 160, 265, and 205 m/z)
and is relatively higher at 139 m/z. A literature search indicates that this compound cor-
responds to epicatechin.

The overall spectral patterns are very similar (for stereoisomers), but there are dif-
ferences in relative intensities, typical of separation on columns with C18 adsorbent.
Epicatechin typically elutes earlier than catechin. Based on the above, both peaks belong
to flavan-3-ols. Specifically, peak Rt 10.24 with a precursor at m/z 291.0706 corresponds
to epicatechin, while peak Rt 10.99 with a precursor at m/z 291.0709 corresponds to cate-
chin, as confirmed by comparison with the library spectral data.

The combination of high-resolution LC-QTOF-MS/MS accurate mass measurements,
molecular formula prediction, and characteristic MS/MS fragmentation patterns pro-
vides strong evidence for the tentative identification of catechin in the pomegranate peel
extract. Catechin and epicatechin have been widely reported as dominant flavonoids in
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the pomegranate peel. Works of Monika et al. [70] and Mphahlele et al. [71] corroborate
our findings.

3.5. Identification of Phenolic Compounds in AqueousAlcohol Extracts of Grape Pomace

The polyphenolic extracts of mixture of pomace from two grape varieties (Saperavi
and Cabernet Sauvignon) were obtained using optimal extraction conditions (a combina-
tion of aqueousalcohol extraction and additional ultrasonic treatment) and analyzed for
individual phenolic content by HPLC-Q-TOF: ESI (+), MS.

Chromatogram (Figure 4) provided superior separation, and compound identifica-
tion was based on this dataset. Tandem mass spectrometric analysis in positive ion
mode detects 10 major phenolic compounds in the grape pomace aqueous-alcoholic ex-
tract (AAE). Notably, five of these compounds were identified in grape pomace for the
first time.

The identification of these compounds, including their precursor ion m/z values and
diagnostic fragment ions, was accomplished by comparing the experimental results with
established data from previously published mass spectrometric studies.

T T T T T T T
2 3 4 5 6 & 8

:etentlonl%me (mll:i) 1‘2 1‘3 1|4 1‘5 lls 1‘7 1I8 1‘9
Figure 4. Total ion chromatogram (TIC) of grape pomace extract obtained by HPLC-Q-TOF-
MS/MS analysis in positive electrospray ionization mode (ESI+).The main detected ions and tenta-

tive compound identifications are presented in Table 5.

Table 5 describes all the compounds that were tentatively identified in the samples
of mixture of pomace from two grape varieties (Saperavi and Cabernet Sauvignon)
based on their value from MS spectra in positive ionization mode ([M+H]*), using online
mz Cloud, an Advanced Mass Spectral Database. Mass spectra with fragmentation of
phenolic compounds described in Table 5 are shown in Supplementary Figure S2.

Table 5. Characterization of phenolic compounds of grape pomace extract samples by LC-QTOEF-
MS (ESI+ Ionization).

Neutral Mo-

No Proposed Com- RT (min) Molecular noisotopic Calculated m/z Observed MS-MS Fragmen-
pounds * Formula P (IM+H]Y)  m/z (IM+H]") tation
Mass (Da)
1 Myricetin 16.59 Ci5H100s 318.0376 319.0449 319.0448 290.0421
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273.0393 165.0181
287.0448
Kaempferol 3-O-beta- 241.04
aempferol 3-O-beta- 53 o 0 b0 4180900 4190973  419.0972 0495
D-xylofuranoside 153.0186
121.0289
3  Kaempferol3-O- 13.05  CaHxOn 4481006 4491079 4491116 287.0546
galactoside
Kaempferol 3-O-beta-
4 8lucopyranoside70- ) o HOn 594.1585 5951658  595.1654 2670550
alpha- 449.1078
rhamnopyranoside *
153.0183
5 Quercetin 12.52 CisHoOr 3020426 303.0499  303.0499 257.0444
285.0393
303. 0499
Ol
g ~QuercetindOa 1209  CaHisOn  434.0849 4350922 435.0921 285.0393
arabinoside *
153.0183
271.06
7 Genistin * 11.04  CaHaOw  432.1056 4331129 4331129 243.06
215.07
351.17
Megastigmane glyco 207.13
8 gastigimane gy 10.84 CoHxOs  386.1941 3872014  387.1931 225.14
side
149.09
147.11
9 Catechin 10.51 CisHuOs  290.0790 291.0863  291.0863 izg’gg igg:gg
289. 07 181.04
10 Epigallocatechin 8.33 CisHuOr 3060740 307.0812  307.0812 89. 07 181.0

139.03

* Compounds tentatively identified from grape pomace for the first time.

Based on the observed protonated molecular ion at m/z 319.0448 and the character-
istic product ions at m/z 290.0421, 273.0393, and 165.0181, the compound was tentatively
identified as myricetin. The fragment ions at m/z 290 and 273 are consistent with dehy-
dration and subsequent CO loss, which are characteristic fragmentation pathways of
flavonol aglycones. The fragment at m/z 165 is attributed to the cleavage of the B ring
and is commonly observed in the MS/MS spectra of flavonoids. The measured accurate
mass, molecular formula (CisH10s), MS/MS fragmentation pattern, and retention time
(Rt = 16.59 min) were in good agreement with published data and public spectral data-
bases, supporting the tentative identification of myricetin. The presence of myricetin and
its derivatives in grape pomace has been widely reported, highlighting grape pomace as
a valuable source of antioxidant phenolic compounds [72,73].

Additionally, a compound with a protonated molecular ion at m/z 419.0973 and a
retention time (Rt) of 13.66 min was tentatively identified as kaempferol 3-O-f-D-
xylofuranoside. The MS/MS spectrum showed a characteristic product ion at m/z
287.0448, corresponding to a 132 Da loss, consistent with cleavage of a pentose moiety
(xylose) and formation of the kaempferol aglycone. A further fragment at m/z 241.0495 is
consistent with the subsequent fragmentation of the aglycone. This fragmentation pat-
tern is characteristic of flavonoid O-glycosides and supports the proposed structural as-
signment. The measured accurate mass, molecular formula, MS/MS fragmentation pat-
tern, and retention behavior were consistent with the proposed compound. Although di-
rect reports of kaempferol 3-O-p-D-xylofuranoside in grape pomace are currently lack-
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ing, related kaempferol glycosides have been identified in grape-derived materials and
other plant species [74,75]. These findings further support the presence of diverse flavo-
noid aglycones and glycosides in grape pomace, highlighting its potential as a valuable
source of bioactive phytochemicals.

A compound eluting at Rt 13.05 min with a protonated molecular ion at m/z
449.1116 was tentatively identified as trifolin (kaempferol-3-O-galactoside) based on its
accurate mass, molecular formula (C21H20011), characteristic MS/MS fragmentation pat-
tern, and comparison with the mzCloud spectral library. The prominent product ion at
m/z 287.0548 corresponds to the kaempferol aglycone formed after the neutral loss of a
hexose residue (162 Da), which is characteristic of kaempferol glycosides. The obtained
spectrum showed high similarity to the mz Cloud reference spectrum (confidence score
94.8%), supporting the tentative assignment of this compound as trifolin. The occurrence
of trifolin (kaempferol-3-O-galactoside) in grape pomace has previously been reported
by Lu and Foo [76], supporting the tentative identification of this compound in the pre-
sent study.

An ion with molecular formula CzH30015 and m/z 595.1654 likely indicates the pres-
ence of a flavonoid glycoside. It may be kaempferol 3-O-glucoside 7-O-rhamnoside,
which belongs to the class of organic compounds known as flavonoid-7-O-glycosides.
These phenolic compounds contain a flavonoid moiety that is O-glycosidically linked to
a carbohydrate moiety at the C7-position. While direct studies on kaempferol 3-O-beta-
glucopyranoside-7-O-alpha-rhamnopyranoside in grape pomace are limited, research on
grape pomace reveals the presence of kaempferol and other flavonoid glycosides [77].
As previously mentioned by Kroll et al. [78], a new flavonol glycoside (kaempferol 3-O-
beta-glucopyranoside-7-O-alpha-rhamnopyranoside) was found in the alcoholic extract
of a plant named Iberis amalal. In our work, this compound was tentatively identified
from the AAE of grape pomace.

A compound eluting at Rt 12.52 min with a protonated molecular ion at m/z
303.0499 was tentatively identified as quercetin (CisH10Oy7). The observed product ions at
m/z 285.0393, 257.0444, and 153.0183 are consistent with the characteristic MS/MS frag-
mentation pattern of quercetin reported in the literature. The measured accurate mass,
molecular formula, MS/MS fragmentation pattern, and retention behavior collectively
support the tentative assignment of this compound as quercetin. The presence of querce-
tin in grape pomace has been widely documented, and its presence has been confirmed
in several studies, including that of Radulescu et al. [73], highlighting grape pomace as a
valuable source of bioactive flavonoids.

Avicularin (quercetin-3-O-a-L-arabinoside) is a naturally occurring flavonol with
the molecular formula CHisOu. Mass spectrometric analysis in positive ion mode
showed characteristic fragment ions at m/z 303.0499, 285.0393, and 153.0183. The frag-
ment ion at m/z 153.0183 is attributed to further cleavage of the quercetin skeleton. The
observed fragmentation pattern, together with the retention time (12.09 min), supports
the tentative identification of quercetin-3-O-a-L-arabinoside in the analyzed sample. To
the best of our knowledge, this compound has been only rarely reported in this sample
matrix, suggesting that its detection may represent a novel finding.

Furthermore, a compound with m/z 433.1129 and the molecular formula C21H20010
was tentatively identified as genistin, an isoflavone O-glycoside. In the positive-ion
mode, genistin undergoes a characteristic neutral loss of a glucosyl moiety (162 Da),
yielding the protonated genistin aglycone at m/z 271. Additional fragment ions at m/z
243, 215, and 150 are consistent with the reported fragmentation pattern of genistin, fur-
ther supporting this assignment.Although genistin is predominantly associated with
soybeans and other legumes, previous studies have reported trace levels of isoflavones
in grape-derived materials, particularly in grape seeds. [79]. The detection of this com-
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pound in the present study is consistent with these observations and suggests that grape
pomace may contain minor isoflavonoid constituents.

At a retention time of 10.84 min, a compound with the molecular formula Ci9H30s
and a protonated molecular ion at m/z 387.1931 was tentatively assigned as a megastig-
mane glycoside based on accurate mass and mzCloud spectral matching. The observed
fragment ions at m/z 351.17, 225.14, 207.13, 149.09, and 147.11 were consistent with the
library spectrum. Megastigmanes (Cisnorisoprenoids) are naturally occurring terpenoid
derivatives that have been isolated from numerous plant species and have attracted con-
siderable attention for their reported antioxidant and hepatoprotective activities [80].
The presence of this class of compounds in grape pomace is plausible, as norisoprenoid
glycosides are known secondary metabolites in grape tissues and contribute to the aro-
ma precursor pool of grapes and wines. Although information on this specific mega-
stigmane glycoside in grape pomace is limited, its tentative detection broadens the phy-
tochemical profile of grape-derived by-products and warrants further structural confir-
mation using authentic standards.

At a retention time of 10.51 min, a compound with the molecular formula CisH10s
and a protonated molecular ion at m/z 291.0706 was tentatively identified as catechin.
The observed MS/MS fragmentation pattern supports this assignment. The fragment ion
at m/z 273 corresponds to the loss of a water molecule (-18 Da), which is characteristic of
flavan-3-ols. The fragment at m/z 207 is attributed to retro-Diels—Alder (RDA) cleavage
of the C ring, a well-established fragmentation pathway of flavonoids. Additional frag-
ment ions at m/z 165 and 139 arise from further cleavage of the flavonoid skeleton,
providing additional support for the tentative assignment. These observations are con-
sistent with previous reports by Antonic et al. and Yu and Ahmedna, who identified cat-
echin as one of the major phenolic constituents of grape pomace [38,72].

At a retention time of 8.33 min, a compound with the molecular formula CisH1O7
and a protonated molecular ion at m/z 307.0812 ([M+H]*) was tentatively identified as
epigallocatechin (EGC). The observed MS/MS spectrum exhibited characteristic frag-
ment ions at m/z 289, 247, 181, and 139, which are consistent with the reported fragmen-
tation pattern of EGC. The fragment ion at m/z 289 corresponds to the loss of a water
molecule (18 Da), whereas the ions at m/z 247 and 181 arise from subsequent fragmen-
tation of the flavan-3-ol skeleton. These fragmentation characteristics are in good agree-
ment with previously published data [81] and support the tentative assignment of the
detected compound as epigallocatechin.

4. Conclusions and Perspectives

The chemical composition of the agro-industrial by-products, grape pomace and
pomegranate peel, was comprehensively characterized by HPLC-QTOF-MS/MS. Metab-
olite profiling revealed the presence of flavones, flavonols, flavonoid glycosides, and
polyenylphenols. To the best of our knowledge, kaempferol-3-O-p3-D-xylopyranoside,
kaempferol-3-O-B-glucopyranoside-7-O-a-rhamnopyranoside, quercetin-3-O-a-L-
arabinopyranoside, genistin, and a megastigmane glycoside were tentatively identified
in grape pomace extracts for the first time based on accurate mass measurements and
characteristic MS/MS fragmentation patterns. Likewise, myricetin and 5-(2Z,8Z)-
pentadeca-2,8-dien-1-ylbenzene-1,3-diol were tentatively identified in pomegranate peel
extracts and, to the best of our knowledge, have not been previously reported in this ma-
trix.

These findings deepen our understanding of the specialized metabolites present in
these underutilized plant-derived residues and further link their biosynthetic origins
and chemical diversity to potential functional roles. The data support the feasibility of
valorizing agro-industrial waste streams and underscore their relevance to a circular bi-
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oeconomy. By converting by-products into valuable phytochemical resources, we con-
tribute to waste reduction, environmental remediation, and sustainable industrial appli-
cations.

Supplementary Materials:The following supporting information can be downloaded at:
https://www.mdpi.com/article/10.3390/separations13080213/s1, Figure S1: The most remarkable
examples of ion chromatogram mass spectra of aqueous-alcohol extraction of pomegranate peel
obtained by tandem mass spectrometry in the positive mode; Figure S2: The most remarkable ex-
amples of ion chromatogram mass spectra of aqueousalcohol extraction of pomace mixture from
two grape varieties (Saperavi and Cabernet Sauvignon) obtained by tandem mass spectrometry in

the positive mode.
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