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Abstract:

Industrial whey wastes contain organic substances that cause serious harm to the environment, which makes whey recycling a
relevant research objective. Whey can serve as an extractant of biologically active substances from plant raw materials. This
research compared a 70% aqueous-ethanol solution and whey as extractants of bioactive components from a plant blend of
Heracleum sibiricum L., Syringa vulgaris L., Arctium tomentosum Mill., Achillea millefolium L., Thymus vulgaris L., and
Pulmonaria officinalis L. The method of high-performance liquid chromatography revealed catechin, chlorogenic acid,
astragalin, ferulic acid, coumaric acid, and some trace amounts of other compounds. The samples subjected to water-ethanol
extraction demonstrated a better quantitative and qualitative profile than those processed with whey: 637.92 vs. 380.45 mg/kg
for chlorogenic acid, 93.05 vs. 2.34 mg/kg for coumaric acid, and 53.12 vs. 3.09 mg/kg for astragalin. Whey proved unable to
extract catechin and ferulic acid. However, whey made it possible to obtain compounds that water-ethanol solution failed to
extract, namely rutin and caffeic acid. By fractionating the extracts and isolating individual biologically active substances, we
obtained chlorogenic acid (90.0%), ferulic acid (92.0%), and coumaric acid (88.0%) with water and ethanol, as well as caffeic
acid (84.5%) and rutin (78.0%) with whey. Both ethanol and whey proved industrially relevant and demonstrated good prospects
for commercial extraction of biologically active substances from various plant raw materials.

Keywords: Extraction, biologically active substances, whey, plant extract, extractant, fractionation, blending
Funding: This research was supported by the Russian Science Foundation, grant No. 23-16-00113.
Please cite this article in press as: Stepanova AA, Mitina AD, Velichkovich NS, Kozlova OV, Larichev TA, et al. Whey

and water-ethanol solution as extractants of biologically active substances: Comparative analysis. Foods and Raw Materials.
2026;14(2):432—442. https://doi.org/10.21603/2308-4057-2026-2-687

INTRODUCTION
The recent decades have seen a growing scien-
tific interest in medicinal plants with therapeutic ef-
fects. New methods for the extraction, isolation, and

materials is applied to treating diabetes mellitus and
some cancers, as well as Alzheimer’s and Parkinson’s
diseases, not to mention various microbial and fungal in-
fections [9—-11]. The holistic properties of plant extracts

analysis of phytochemical components make it possible
to utilize their pharmacological potential in all their di-
versity [1-3]. Such advanced analytical techniques as
high-performance liquid chromatography and gas chro-
matography-mass spectrometry have revolutionized the
authentication and analysis of bioactive molecules [4—6].
In combination with genomic technologies, e. g., DNA
barcoding, these techniques optimize the phytochemi-
cal synthesis in order to increase the yield and range of
bioactive compounds, thus promoting novel plant-based
therapies [7, 8]. The high therapeutic potential of plant

result from a complex mix of bioactive compounds, i. e.,
alkaloids, flavonoids, terpenes, phenols, etc. Each of these
compounds provides therapeutic benefits, enhanced by
their synergistic interactions. The synergetic effect and
natural origin, combined with lower risks of side effects,
make plant compounds promising alternatives to syn-
thetic pharmaceuticals [12, 13].

In addition, the food industry is currently facing ex-
ternal problems caused by epidemics, military conflicts,
etc. In this respect, medicinal plants offer a solution to
the so-called hidden hunger issue, i. e., a deficiency of
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phytonutrients in the national diet [14, 15]. A compre-
hensive use of plant components upgrades traditional
products into functional foods. Their chemical compo-
sition contains non-traditional plant components respon-
sible for bioactive properties with a long-term physio-
logical antioxidant, antiseptic, immunomodulatory, radio-
protective, or anticancer effects [16—19].

Countries that boast plant biodiversity have certain
advantages in the fields of national economic growth
and healthcare. By stimulating R&D in herbal medicines
and plant food products, they turn their natural resources
into innovative solutions in the food industry and health-
care [8, 20].

Phytoextraction is a complex process that depends on
a number of factors. Extraction remains the main chemi-
cal method of producing bioactive compounds from plant
raw materials [21]. An effective extraction technique
produces a maximal yield of target components that ren-
der the resulting extracts with the highest biological ac-
tivity possible. However, the yield of biologically active
substances and their activity also depend on the solvent
used. Traditional solvents applied in phytoextraction in-
clude methanol, ethanol, acetone, and water. Bioactive
compounds differ in solubility, which means that the pro-
cess of solvent selection should take into account the spe-
cifics of plant materials and target compounds. There-
fore, choosing an optimal extraction solvent is a difficult
matter that depends on each individual plant material [22].

Environmental protection and sustainability are an-
other issue to be considered in relation to extraction and
processing. Whey is a non-conventional raw material
that can act as an extractant for bioactive substances of
plant origin. It may reduce environmental burden by re-
placing inorganic extractants. As whey is rich in organic
substances, its industrial wastes are bad for the environ-
ment. Its recycling as an industrial extractant is a rele-
vant solution to all the above-mentioned problems. How-
ever, whey requires a detailed comparative analysis with
other extractants to confirm its effectiveness.

Surprisingly, the whey extractant issue has gained a
rather narrow scientific coverage. Velichkovich ef al. [23]
tested plant extracts obtained with whey for flavonoid
compounds, antioxidant activity, and effective extrac-
tion parameters.

Melnikova et al. [24] obtained dairy-plant extracts
from yacon tubers (Polymnia sonchifolia) using a curd
whey ultrafiltrate. The resulting optimal parameters in-
cluded 50—60 min extraction time, 40—60°C, and pH 4-5.
The optimal ratio of yacon pulp and whey ultrafiltrate
ranged from 1:4 to 1:6. The method improved the effi-
ciency of nutrient extraction, thus increasing the nutri-
tional and biological value of the finished product.

Kaledina et al. [25] extracted vitamin C and rutin
from green tea, thyme, and rose hips using unsalted
cheese and curd whey. The optimal parameters included
30 min extraction time and 40—60°C. The optimal amount
of raw material was 1-10% of extractant mass.

Khalanskaya et al. [26] extracted bioactive substances
from aloe, hawthorn, and licorice using whey and skim
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milk permeate. The optimal parameters included 30 min
extraction time and 40—60°C. The most effective ratio of
raw material to solvent was 1:2.

Lodygin et al. [27] used whey to isolate bioactive
components from milk thistle, peppermint leaves, sage
leaves, and purple echinacea. The optimal processing
parameters included 2 h extraction time, 55—-60°C, and
70 rpm. The optimal whey-to-plant ratios were 1:8 for
milk thistle and peppermint and 1:10 for sage and purple
echinacea. The experimental whey extracts demonstrated
a higher antioxidant activity than the aqueous ones. The
yield of phenolic compounds was higher at the ratio of
1:8. The sage extracts yielded much more phenolic com-
pounds than the extracts of purple echinacea.

Sargin et al. [28] obtained a water-fat extract from
plant raw materials. The procedure involved calendula,
St. John’s wort, and chamomile as herbs or inflorescences
and a water-fat emulsion as an extractant, i. e., whole nat-
ural milk, milk or curd whey, or their mixes. The plant
raw material was soaked in deionized water until swol-
len. The water-fat emulsion had a 3-15% fat content.
The extraction relied on the percolation method. The ra-
tios of plant raw materials to the extractant ranged from
1:25 to 1:10; the extraction time was 2-24 h at 10—80°C.
The 1:1 ratio of calendula flowers and a milk-and-whey
mix served as an example. The optimal processing para-
meters included 2 h, 80°C, and 1:10 calendula-extractant
ratio. Using the HPLC method, they detected 8% ter-
penoids and 4.5% tannins in the extracts. The extraction
of St. John’s wort herbs and flowers with a 1:1 mix of
milk and curd whey had the following optimal parame-
ters: 24 h, 10°C, 1:10 of raw material and extractant.
The resulting extract contained a total 12% of terpenoids
and tannins, 10% carotene, and 3.2% vitamin C. The
optimal parameters for extracting bioactive substances
from chamomile with whey included 3 h, 40°C, and a
chamomile-to-whey ratio of 1:20. The liquid chroma-
tography revealed 13.5% tannins and terpenoids, 14.1%
carotenes, 2.7% polyphenols, and 2.1% vitamin C.

Daudova & Ramazanova used milk whey to extract
bioactive compounds from barberry [29] and cranber-
ry [30]. The berries were ground, extracted with milk
whey, and filtered. The optimal ratios of raw materials to
extractant were 1:10—1:20 at 40 or 60°C for 60—90 min.
The purified extract could be used as a food additive in
bakery products.

Doronin et al. [31] produced pectin powder from
beet roots, using curd and cheese whey as extractant.
They ground the beet and treated it with acidified cit-
ric acid to a pH of 3.5-3.8 at 95-100°C for 60—90 min.
The extraction with curd or cheese whey lasted for
60—80 min at 90-95°C and 0.2-0.3 MPa; the ratio of
pulp, water, acidified citric acid, and curd/cheese whey
was 1:2:5-1:2:6. Another extract was obtained by ex-
tracting crushed beet leaves with curd or cheese whey
at 1:7-1:12, 65-70°C, and 0.2-0.3 MPa for 60—80 min.
Both extracts were mixed at 80-90—-20-10, evaporated
to 12-15% solids, and dried to 3—5% moisture. The re-
sulting content of soluble pectin was 1.1-1.57%.
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This study focused on a comparative analysis of
ethanol and whey extracts of a blend of lilac, lungwort,
yarrow, burdock, hogweed, and thyme. The research ob-
jective was to assess the effect of the extractant on the
yield of bioactive substances.

STUDY OBJECTS AND METHODS

The research involved 70% water-ethanol solution
and whey as extractants. The list of plant materials in-
cluded hogweed (Heracleum sibiricum L.), lilac (Syringa
vulgaris L.), burdock (Arctium tomentosum Mill.), lung-
wort (Pulmonaria officinalis L.), thyme (Thymus vul-
garis L.), and yarrow (Achillea millefolium L.) [32, 33].
The extracts were obtained from the plant blend using
whey and water-ethanol solution.

To compare the extractants used to extract bioactive
compounds from the plant blend, we isolated the bioac-
tive substances individually in several stages:
—composing a plant blend based on the metabolomic
analysis of the extracts;

— obtaining extracts from the blend using whey and a
70% water-ethanol solution;

— phytochemical analysis;

— fractionation;

— isolating individual bioactive substances from one ma-
jor peak per fraction; and

— drying the bioactive substances separately.

Metabolomic analysis of the extracts to compose
the blend. We used the method of high-efficiency lig-
uid chromatography (HPLC) to define the metabolome
of the plant materials. The process involved a LC-20AB
Shimadzu Prominence chromatograph (Shimadzu, Japan)
with a binary pump, an SPD-M20A diode array detector,
and a Zorbax 300SB-C18 4.6 Column (250 mm, 5 pum;
Agilent Technologies, USA). The separation tempera-
ture was 40°C in the gradient elution mode. The data for
the mobile phase were as follows: 0.1% eluent A, trifluo-
roacetic acid (TFA) in bi-distilled water, acetonitrile B,
1 mL/min flow rate, 254, 280, and 325 nm analytical wave-
lengths. The components were identified by their reten-
tion times and the spectra of standard substances. Their
concentration was calculated using calibration equations.
The metabolome analysis made it possible to compile a
plant blend for further research.

Figure 1 Evaporating the blends
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Obtaining extracts from the blend with whey and
70% water-ethanol solutions. To prepare cheese whey,
we heated it to 45°C and centrifuged it to separate the
milk fat. After that, the solution was brought to 95°C
and held for 15 min to coagulate the remaining whey
protein and provide additional pasteurization. The heated
whey was centrifuged to separate it into liquid (extract)
and thick (protein) fractions. The resulting extract was
passed through a cotton-gauze filter for additional puri-
fication [23]. This cheese whey was used as extractant.
The extraction parameters were as follows: 3 h, 90 + 1°C,
2.5 g raw material to 450 mL whey or 70% water-ethanol
solution. Upon extraction, we filtered the extracts through
a sterile cotton gauze and an ash-free filter. They were
stored in the dark at +2 to +6°C in 500 mL conical flasks
with rubber stoppers.

Phytochemical composition. The phytochemical
analysis of the blends relied on the analytical HPLC
method described above.

Fractionation. The blends were evaporated in a vacu-
um rotary evaporator at 40°C with silica gel (5 g silica
gel per 80 mL extract) until the solvent was completely
removed (Fig. 1).

The resulting mix was dried and loaded into the col-
umn of a Biichi Pur-C150 preparative chromatograph
(Biichi, Switzerland). The processing parameters were as
follows: flash mode, FP ECOFLEX Si 40 g, ELSD and
UV detectors (254, 270, 280, and 320 nm). Vials from each
peak were collected separately and evaporated.

We conducted the elution in a gradient mode in the
hexane-methylene chloride and methylene chloride-
methanol systems, increasing the content of the more
polar solvent by 20% for each subsequent column vol-
ume (Table 1).

We defined the total fraction yield gravimetrically,
analyzed their composition by analytical HPLC, and ex-
pressed in g/kg and mg/kg of plant material, respectively.

Isolating individual bioactive substances from
one major fraction peak. To isolate individual bioactive
substances from fractions of Blends 1 and 2, we used the
preparative liquid chromatography method in a Biichi
Pure C-850 chromatograph and a Prep Pure C18 column
(100 A; 5 um; 25020 mm; Biichi, Switzerland). The iso-
lation parameters included gradient elution mode and
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Table 1 Gradient elution

Column Solvent, vol. %
volumes Hexane Methylene chloride Methanol
0.0 100.0 0.0 0.0
1.0£0.2 80.0 20.0 0.0
1.0+£0.2 80.0 20.0 0.0
1.0+ 0.2 60.0 40.0 0.0
1.0+£0.2 60.0 40.0 0.0
1.0+ 0.2 40.0 60.0 0.0
1.0+ 0.2 40.0 60.0 0.0
1.0+£0.2 20.0 80.0 0.0
1.0+ 0.2 20.0 80.0 0.0
1.0+0.2 0.0 100.0 0.0
1.0+£0.2 0.0 100.0 0.0
0.0 0.0 100.0 0.0
1.0+£0.2 0.0 80.0 20.0
1.0+ 0.2 0.0 80.0 20.0
1.0+0.2 0.0 60.0 40.0
1.0+£0.2 0.0 60.0 40.0
1.0+ 0.2 0.0 40.0 60.0
1.0+£0.2 0.0 40.0 60.0
1.0+ 0.2 0.0 20.0 80.0
1.0+0.2 0.0 20.0 80.0
1.0+£0.2 0.0 0.0 100.0
35+£0.2 0.0 0.0 100.0

40°C; for mobile phase: 0.1% eluent A, TFA in bi-distilled
water, acetonitrile B, 10 mL/min flow rate; 254, 270, 280,
and 320 nm analytical wavelengths.

The fractions collected after separating the large
fractions of Blends 1 and 2 were analyzed and purified
by HPLC on an LC-20AB Shimadzu Prominence ana-
lytical chromatograph with a binary pump (Shimadzu,
Japan). To study and purify each bioactive substance
isolated from the blend fraction, we used an SPD M20A
diode-matrix detector and a Zorbax 300SB-C18 4.6 col-
umn (250 mm, 5 pm; Agilent, USA).

Drying the individual bioactive substances. The dry-
ing procedure involved a sublimation unit at the follow-
ing constant lyophilization conditions: 0.3 mbar, —20°C
at the final drying stage, —80°C cooler temperature [34].

RESULTS AND DISCUSSION

To study the metabolomic composition of the plant
extracts, we used the following chromatographic stan-
dards: 3,4-dihydroxybenzoic acid (protocatechuic acid),
hyperoside, gallic acid, apigenin-7-O-glucoside, quer-
cetin 3-D-glucoside, luteolin-7-glucoside (cinaroside),
(+)-catechin, astragalin (kaempferol-3-glucoside), chloro-
genic acid, acacetin, ellagic acid, rutin hydrate, p-cou-
maric acid, caftaric acid, rosemarinic acid, chicoric
acid, trans-caffeic acid, trans-ferulic acid, rutin, ferulic
acid (3-methoxy-4-hydroxycinnamic acid), caffeic acid
(3,4-dihydroxycinnamic acid), genistin, daidzein, for-
mononetin, oenothein B, morin (3,5,7,2°,4’-pentahydro-
xyflavone), 2,5-dihydroxybenzoic acid, and neochloro-
genic acid.
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The chromatographic profiles obtained were sum-
marized as a graph (Fig. 2).

The metabolome profile included astragalin, 2,5-di-
hydroxybenzoic acid, isoquercetin, chlorogenic acid iso-
mer, hyperoside, and gallic acid. The maximal astragalin
content belonged to lilac inflorescences (1230.88 pg/g)
while its leaves contained the maximal value of isoquer-
cetin (931.00 pg/g). High levels of astragalin were also
found in different parts of hogweed, the leaves of which
also contained 2,5-dihydroxybenzoic acid (1038.80 pug/g).
Chlorogenic acid isomer was detected only in lungwort
(350.00 pg/g). The herbal part of thyme and lilac inflo-
rescences had almost the same quantity of gallic acid, i. e.,
24.00 and 23.00 pg/g, respectively. The yarrow samples
were rich in hyperoside (335.00 pg/g). Hogweed, lilac,
and lungwort contained the highest volumes of bioac-
tive substances.

The metabolomic analysis made it possible to com-
pile two blends of the plants (Table 2). The blends con-
sisted of the same plant materials in the same propor-
tions but had different extractants.

Figure 3 shows the blends obtained as a result of
extracting plant materials with whey and 70% water-
ethanol extractant.

Figures 4, 5 and Table 3 summarize the phytochemi-
cal composition of Blends 1 and 2. We identified the
components by their retention times and the spectra of
such standard substances as 3,4-dihydroxybenzoic acid,
2,5-dihydroxybenzoic acid, hyperoside, gallic acid, api-
genin-7-O-glucoside (cosmosiin), catechin, astragalin,
ferulic acid, caffeic acid, chlorogenic acid, neochloro-
genic acid, acacetin, quercetin-3D-glucoside, ellagic acid,
rutin, luteolin-7-glucoside (cinaroside), p-coumaric acid,
caftaric acid, rosemarinic acid, chicoric acid, oenothein B,
genistein, daidzein, formononetin, and morin. The con-
centration was calculated using calibration equations
(3—5% mean error).

According to the HPLC analysis, the greatest number
of phenolic components belonged to Blend 1. Onnonin
and formononetin were not detected.

Figure 4 and Table 3 show that Blend 1 contained
significant amounts of chlorogenic acid (637.92 mg/kg),
ferulic acid (507.43 mg/kg), catechin (416.38 mg/kg),
and coumaric acid (93.05 mg/kg).

Traces of 3,4-dihydroxybenzoic and rosemarinic acids
were below the detection limit (BLD) in Blend 2 (Fig. 5,
Table 3). However, Blend 2 proved to be rich in pheno-
lic acids, e. g., chlorogenic acid (380.45 mg/kg), caffeic
acids (265.91 mg/kg), and rutin (104.08 mg/kg). Blend 2
also contained coumaric acid (2.34 mg/kg) and astra-
galin (3.09 mg/kg).

To summarize, the phytochemical composition stud-
ied by the HPLC method showed that Blend 1 contained
a lot of catechin, chlorogenic acid, coumaric acid, and
ferulic acid while Blend 2 was rich in chlorogenic acid,
caffeic acid, and rutin.

The HPLC fractionation demonstrated that the
qualitative and quantitative profiles of fractions in Blend 1
(Fig. 6, Table 4) were quite diverse, as represented by
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Figure 2 Metabolomic analysis of bioactive substances in plant extracts, pg/g
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Table 2 Composition of blends

Blend Extractant
1

Composition

70% water-ethanol Hogweed, lilac, burdock, yarrow,
thyme, lungwort

2 Whey

Figure 3 Blends for phytochemical composition analysis

coumaric acid (fraction 2, Ne 4-6), chlorogenic acid
(fraction 2, Ne 4-5), formononetin (fraction 5), catechin
(fractions 5-8), ferulic acid (fractions 6-9), astragalin
(fractions 7—8), and rosemarinic acid (fraction 9).

Fraction 2 contained chlorogenic acid in very small
quantities; fraction 5 contained coumaric acid and for-
mononetin below the detection limit.

Fraction 5, Blend 1 had the highest amount of cate-
chin (5.20 + 0.23 mg/kg); in fraction 6, it was below the
detection limit. The biggest amount of catechin was con-
tained in fraction 7 (12.91 + 1.53 mg/kg) and fraction 8
(6.77 £ 1.48 mg/kg).

Fractions 6-9 were rich in ferulic acid: from 2.30 +
0.08 mg/kg in fraction 8 to 8.26 + 0.29 mg/kg in fraction 7.
Fraction 6 contained 5.36 + 0.17 mg/kg ferulic acid
whereas fraction 9 had 5.78 + 0.23 mg/kg ferulic acid.

Fractions 7 and 8 contained 2.43 + 0.12 mg/kg and
3.24 + 0.12 mg/kg astragalin, respectively.

Rosemarinic acid was detected nowhere but in frac-
tion 9, where it was below the detection limit.

Fractions 1, 3-5, 8, and 10 in Blend 1 contained some
unidentified compounds.

The qualitative and quantitative analysis of bioactive
substances in the fractions of Blend 2 (Fig. 7, Table 5)
revealed that fraction 1 contained traces of 3,4-dihydroxy-
benzoic acid (below the detection limit), as well as a num-
ber of unidentified compounds. Unidentified compounds
were also detected in fractions 4 (vials 14-18, fraction
yield 1.68 + 0.07 g/kg), fraction 6 (vials 23-25, fraction
yield 9.19 + 0.28 g/kg), and fraction 8§ (vials 28-35, frac-
tion yield 12.38 + 0.60 g/kg).

In fraction 2, we identified only two compounds, i. e.,
chlorogenic and caffeic acids. The content of chlorogenic
acid in fraction 2 was 38.42 + 1.58 mg/kg. Caffeic acid
was present in trace amounts.

Fraction 3, Blend 2 was a mix of phenolic acids, i. e.,
chlorogenic, caffeic, and coumaric acids. The content of
chlorogenic acid was 24.56 + 1.10 mg/kg while that of

437

mAU 2
400
4
300
200
1 3 5
100 8
6
7
0
0 10 20 30 40 50 min
Figure 4 Blend 1, HPLC chromatogram: (1) catechin;
(2) chlorogenic acid; (3) coumaric acid; (4) ferulic acid;
(5) astragalin; (6) rosemarinic acid; (7) daidzein;
and (8) formononetin
mAU
30 3
5
20
10 2
4
1 6 5
0
0 10 20 30 40 min

Figure 5 Blend 2, HPLC chromatogram:

(1) 3,4-dihydroxybenzoic acid; (2) caffeic acid; (3) chlorogenic
acid; (4) coumaric acid; (5) rutin; (6) astragalin;

and (7) rosemarinic acid

Table 3 Phytochemical composition of blends

Bioactive substance Retention  Content, mg/kg
time, min  Blend 1 Blend 2
3,4-dihydroxybenzoic acid  5.10 - traces
Catechin 8.99 416.38 —
Chlorogenic acid 10.35 637.92  380.45
Caffeic acid 10.76 — 265.91
Coumaric acid 14.56 93.05 2.34
Ferulic acid 15.44 507.43 -
Rutin 19.70 — 104.08
Astragalin 24.58 53.12 3.09
Rosemarinic acid 28.24 traces b.l.d.
Daidzein 31.80 b.Ld. —
Formononetin 53.87 b.l.d. -

b.l.d. — below the detection limit

caffeic acid was as low as 5.89 + 0.21 mg/kg. Coumaric
acid was present in fraction 3 in trace amounts.

The HPLC analysis of fractions 4 and 5 revealed caf-
feic acid (1.29 £ 0.05 and 86.67 £ 3.07 mg/kg, respectively)
and coumaric acid (0.98 + 0.04 and 0.52 + 0.02 mg/kg,
respectively). Fraction 4 was rich in chlorogenic acid
(5.73 £ 0.28 mg/kg).

Fraction 6 also contained rutin (67.92 + 2.40 mg/kg)
and astragalin (below the detection limit).
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Figure 6 Preparative separation in Blend 1, chromatogram: UV1 A =254 nm; UV2 A =270 nm; UV3 A =280 nm;

and UV4 X =320 nm

Table 4 Composition of fractions in Blend 1

Fraction Vial Yield of fraction, g/kg Bioactive substances Yield, g/kg
1 2 8.93+0.41 n.i. n.d.
Coumaric acid 33.74+£1.25
2 34 11.79+0.53 Chlorogenic acid b.ld.
3 5-7 14.94 +0.53 n.i. n.d.
n.i. n.d.
4 2-10 13.45 + 0.46 Chlorogem’c acid 18.29 +£0.54
n.i. n.d.
Coumaric acid 14.33 £ 0.51
Catechin 5.20+0.23
n.i. 6.95+0.21
5 12-16 7.19+0.26 Coumaric acid old
n.i. n.d.
n.i. n.d.
Formononetin b.l.d.
Catechin b.l.d.
6 16-20 3414011 Fe.rulic acid 5.36+0.17
n.i. n.d.
Coumaric acid 13.98 £ 0.64
Ferulic acid 8.26+0.29
7 21-25 2.11+0.08 Astragalin 243 +0.12
Catechin 1291 +£1.53
n.i. n.d.
n.i. n.d.
8 26-29 28.19+£1.02 Catechin 6.77+1.48
Ferulic acid 2.30+0.08
Astragalin 324 +0.12
9 30-36 12.57 +£0.43 Rosemarinic acid b.l.d.
Ferulic acid 5.78 £0.23
10 37-41 16.23 £0.58 n.i. n.d.

n.i. — not identified; n.d. — not detected; and b.l.d. — below the detection limit

In Fraction 7 was revealed nothing but rutin
(38.18 + 1.52 mg/kg).

The total of ten fractions in Blend lcontained couma-
ric (fraction 2), chlorogenic (fraction 4), and ferulic acids
(fractions 8—9). Blend 2 had eight fractions which con-
tained rutin (fraction 7) and caffeic acid (fraction 5).

Fractions 2, 4, 8, and 9, Blend 1 were selected to iso-
late individual bioactive substances. Coumaric acid was
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isolated from fraction 2, and chlorogenic acid was iso-
lated from fraction 4. Since fractions 8 and 9 in Blend 1
were rich in ferulic acid, we decided to isolate it from
these fractions. Fractions 5 and 7, Blend 2 were used to
isolate caffeic acid and rutin. Table 6 demonstrates the
isolation results for individual bioactive substances.
Thus, Blend 1 yielded chlorogenic acid (90.0% mass
fraction), ferulic acid (92.0%), and coumaric acid (88.0%)



ELSD, mB

376

301

226

150

75 Ap

Stepanova A.A. et al. Foods and Raw Materials. 2026,14(2):432—442

10

Solvent, %

AB

20

ELSD

0.50
AB 0.40
030 D
<
AB AB o
0.19 3
0.09
AB
AB AB
AB -0.01
30 40 50 60 70
Time, min
UVl UV2 UV3  UV4  Scan UV

Figure 7 Preparative separation in Blend 2, chromatogram: UV1 4 =254 nm; UV2 42 =270 nm; UV3 1 =280 nm; and
UV4 2 =320 nm

Table 5 Composition of fractions in Blend 2

Fraction Vial Yield, g/kg Bioactive substances Yield, g/kg
1 1-3 1.77 £ 0.04 3,4-dihydroxybenzoic acid b.lLd.
n.i. n.d.
n.i. n.d.
n.i. n.d.
2 4-7 1.18 £ 0.05 Chlorogenic acid 38.42+1.58
Caffeic acid b.l.d.
3 8-12 7.73 £0.37 Chlorogenic acid 2456+ 1.10
Caffeic acid 5.89+0.21
Coumaric acid b.lLd.
4 14-18 1.68 £0.07 Chlorogenic acid 5.73+£0.28
Caffeic acid 1.29 £ 0.05
Coumaric acid 0.98 £0.04
n.i. n.d.
5 19-22 33.17+£1.32 Caffeic acid 86.67 +£3.07
Coumaric acid 0.52 +0.02
6 23-25 9.19+0.28 n.i. n.d.
n.i. n.d.
Rutin 67.92+2.40
Astragalin b.lLd.
7 25-28 0.57+0.02 Rutin 38.18+1.52
8 28-35 12.38 £ 0.60 n.i. n.d.

n.i. — not identified; n.d. — not detected; and b.l1.d. — below the detection limit

Table 6 Bioactive substances isolated from blends

Blend Bioactive substance

Concentration, vol. % (purity)

1 Chlorogenic acid 90.0 £3.5
Ferulic acid 92.0+4.0
Coumaric acid 88.0£4.0

2 Caffeic acid 84.5+4.2
Rutin 78.0 £3.8

in individual form. Blend 2 yielded caffeic acid (84.5%)

and rutin (78.0%).

Individual bioactive substances were obtained as
white crystalline powder by freeze-drying (Fig. 8). All

bioactive substances had a low moisture content (Table 7),

which means they could retain their biological properties

during long-time storage.

439

Sublimation made it possible to obtain individual
bioactive substances as solids with a moisture content
of 3.8-4.5%. A comparative analysis of the obtained ex-
tractants proved that Blend 1 (70% water-ethanol solu-
tion) contained more biologically active substances than
Blend 2 (whey). Unlike Blend 1, Blend 2 contained ru-
tin and caffeic acid. Unlike Blend 2, Blend 1 had traces
of catechin, ferulic acid, and some other bioactive sub-
stances. Figure 9 compares bioactive substances isolated
from the two blends.

The samples with 70% water-ethanol extractant
yielded more bioactive substances than the whey ex-
tractant: chlorogenic acid (637.92 vs. 380.45), coumaric
acid (93.05 vs. 2.34), astragalin (53.12 vs. 3.09), cate-
chin (416.38 vs. 0), ferulic acid (507.43 vs. 0). However,
the whey extractant made it possible to isolate some
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Table 7 Mass fraction of moisture in fractions

Bioactive substance Moisture mass fraction, %

1 2 3 4 5 T
Chlorogenic acid 4.0+0.1
Caffeic acid 38+0.1
Ferulic acid 43+0.2
Coumaric acid 4.5+0.2
Rutin 42+0.2
Figure 8 Lyophilized bioactive substances: (1) rutin;
(2) chlorogenic acid; (3) coumaric acid; (4) caffeic acid;
and (5) ferulic acid
700 1 637.92
g) 600
%D 507.43
g 00 1 41638 380.45
g 400 -
E 265.91
2 300
[}
Z 200 A
] 93.05 104.08
g 100 A 53.12
@ 0 0 2.34 0 0 3.09
. | | _ B =
Catechin Chlorogenic acid  Caffeic acid ~ Coumaric acid  Ferulic acid Rutin Astragalin

EBlend 1 mBlend 2

Figure 9 Quantities of bioactive substances in Blend 1 (70% water-ethanol extractant) and Blend 2 (whey)

substances that the 70% water-ethanol extractant failed
to isolate, i. e., caffeic acid (265.91) and rutin (104.08).

To summarize, the water-ethanol extractants proved
more effective in extracting bioactive substances in
larger volumes. Yet, the industrial use of way might still
be feasible, given that whey is a massive waste prod-
uct of dairy production and its drain causes significant
harm to the environment. In addition, whey was able
to isolate some biologically active substances (rutin
and caffeic acid) that the water-ethanol solution failed
to extract.

CONCLUSION

The focus of phytochemical extraction research is
shifting towards more efficient but environmentally
friendly and scalable methods. While maximizing the
yield and purity of bioactive substances, these methods
ensure the sustainability of the extraction process.

Ethanol extraction is effective due to its wide solu-
bility range. It is a neutral solvent capable of extracting
a wide range of compounds, including both hydrophilic
(water-soluble) components and lipophilic ones. Its anti-
microbial properties reduce the risks of contamination
and preserve the quality of extracts. Ethanol is relatively
safe and economical. It evaporates after extraction, thus
facilitating the concentration processes. These charac-
teristics make ethanol a popular extractant of bioactive
ingredients, especially those with high antioxidant ac-
tivities [35].

Whey remains an unconventional extractant. However,
its status as a major pollutant makes it a prospective
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candidate for industrial recycling. Today, whey wastes
are recycled for the biologically active substances they
contain, which may complicate the purification of the
finished products. But whey can also be used to extract
bioactive substances from plant materials. While few
studies report whey as an effective extractant, some do
feature the whey extraction of terpenoid fractions, phe-
nolic compounds, vitamin C, and rutin.

We studied the phytochemical composition of plant
blends that had the same component composition but
different extractants, i. e., 70% water-ethanol solution
(Blend 1) and whey (Blend 2). Blend 1 contained large
amounts of catechin, chlorogenic acid, coumaric acid,
and ferulic acid. Blend 2 was rich in chlorogenic acid,
caffeic acid, and rutin. We also fractionated the blends.
Blend 1 yielded ten fractions, which mainly contained
coumaric acid (fraction 2), chlorogenic acid (fraction 4),
and ferulic acid (fractions 8-9). Blend 2 yielded eight
fractions, some of which contained rutin (fraction 7) and
caffeic acid (fraction 5).

We also isolated some individual bioactive substances
from the fractions obtained. Blend 1 yielded chlorogenic
acid (90.0%), ferulic acid (92.0%), and coumaric acid
(88.0%). Blend 2 yielded caffeic acid (84.5%) and rutin
(78.0%).

The bioactive substances underwent freeze-drying
to a moisture mass fraction of 3.8—4.5%, which makes
them a valuable ingredient with a long-term shelf-life to
be used in feed for live-stock animals.

The alcohol extractant proved superior to the whey
extractant in terms of quantity and diversity of bioactive
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