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Abstract: The presented research evaluates the medical use potential of Lonicera caerulea leaves, which
are waste plants in cultivating berries. The study’s screening activity included the leaves of five
varieties of Lonicera caerulea: Atut, Duet, Wojtek, Zojka, and Jugana. The microbiological analysis
confirmed the safety of using Lonicera caerulea leaves without significant stabilization. Lonicera caerulea
leaves standardization was carried out based on the results of the chromatographic analysis, and
it showed differences in the contents of active compounds (loganic, chlorogenic and caffeic acids,
and rutin), which are attributed to biological activity. For the Lonicera caerulea leaves varieties tested,
the differences in the content of total polyphenol content, chlorophylls, and carotenoids were also
confirmed. The screening of biological activity of five Lonicera caerulea leaf varieties was carried out
concerning the possibility of inhibiting the activity of x-glucosidase, lipase, and hyaluronidase as
well, and the antioxidant potential was determined. The defined profile of the biological activity
of Lonicera caerulea leaves makes it possible to indicate this raw material as an essential material
supporting the prevention and treatment of type II diabetes. However, this research showed that
tested enzymes were strongly inhibited by the variety Jugana. The health-promoting potential of
Lonicera caerulea leaves was correlated with the highest chlorogenic acid and rutin content in the
variety Jugana.

Keywords: active substances; antioxidants; diabetes mellitus; haskap berry leaves; inhibition of the
enzyme; Lonicera caerulea

1. Introduction

Haskap berry (Lonicera caerulea L.) belongs to the Caprifoliaceae family and is native
to the Kamchatka area in Northeast Asia [1]. Blue honeysuckle fruits have been used in
folk medicine [2]. Haskap berry has recently gained popularity thanks to its tasty and
nutritionally rich fruits, now available in raw and dried form and preserves on world
markets. Haskap berry fruits are characterized by a rich composition of active substances,
including anthocyanins, phenolic acids, and a large amount of vitamin C [3-6]. The fruit of
haskap berry, thanks to the composition of active substances, is characterized by a potent
antioxidant and anti-inflammatory effect; moreover, the latest research indicates a high
potential for their use in supporting the treatment of diabetes mellitus type 2 (DM2) [7-11].
Lonicera caerulea L. is a relatively little-researched plant material; however, all scientific
research to date focuses on the activity of berries, which are used in the food industry;
however, there is no particular attention paid to the rest parts of the plant.

Currently, we are observing a trend based on the reduction in generated waste and
complete management of plant material due to the growing demand for food and the need
to obtain the total value of the crops grown [12,13]. In the case of haskap berry crops,
only fruits thoroughly tested in biological activity are used in the production. However,
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it should be remembered that active substances are present throughout the plant [14,15].
Haskap berry is a perennial plant that lives up to 35 years and can become a source of
additional raw materials; however, obtaining them should not damage the bush itself [16].
For this reason, it seems reasonable to estimate the potential for the use of haskap berry
leaves, the collection of which will not adversely affect the perennial itself.

The possibility of developing another part of the plant will allow greater use of
the cultivated crops, generating potentially new pharmaceutical raw materials, which
were treated as production waste. Due to the accumulation of different active substances
in different parts of the plant, we do not necessarily have to observe overlapping or
equally potent biological effects; however, studying unused raw materials seems crucial for
developing novel natural-based compounds.

In addition, attention should be paid to the gaining popularity of the use of herbal
infusions to support pharmacotherapy, particularly in the treatment of diabetes [17-19]. As
a civilization disease that acts on many levels, it creates severe therapeutic problems [20,21].
Often, standard multi-level therapy is insufficient to control sugar levels, so patients benefit
from raw materials of natural origin, often used as infusions [22]. In addition to controlling
glucose levels in patients, a severe problem is often the co-occurring disease or side effects
of constantly elevated blood sugar levels resulting from chronic inflammation in the body
and the conditioning or exacerbation of symptoms caused by oxidative stress [23,24]. The
conducted studies confirm that the administration of the extract in this way is a rich source
of flavonoids and other polyphenols, which have a confirmed hypoglycemic effect, often
showing at different levels of the glucose metabolic pathway, as well as showing high
antioxidant activity [18,25]. Currently, the most common and most frequently used raw
material in the form of infusions are white mulberry leaves; from the perspective of the
wealth of plant raw materials, it seems necessary to look for new sources of raw materials
that we will be able to administer in this form [26,27]. Therefore, the research aimed to
determine the therapeutic potential of blue honeysuckle leaves as a new plant raw material
with a specific action potential.

2. Materials and Methods
2.1. Plant Material

Leaf blades for analysis of 5 varieties (Atut, Duet, Wojtek, Zojka, Jugana) of Lonicera
caerulea (haskap berry) were collected from shrubs grown on the plantation of the Research
Centre for Cultivar Testing at the Experimental Station in Sulejéw, the Department of
Cultivar Testing in Mastowice (L6dz Voivodeship).

Five varieties of the haskap berry were cultivated on the soil of the excellent rye soil
agricultural usefulness complex, quality class IVa, and soil abundance in available forms of
nutrients was at an average level. The average air temperature was 8.7 °C, while the total
atmospheric precipitation for the growing season was 542 mm. Leaf blades for analysis
were collected during the planting period in the 3rd year of plantation management. The
pH of the crop field was 5.8. The plantation was fertilized exclusively with manure at
25 tons per hectare. Shrubs in a row were grown 1.5 m apart; the distance between the
rows was 3 m. Due to the lack of herbicide application on the plantation, the soil around
the shrubs was covered with fine pine bark.

2.2. Materials

Standards of the determined substances: loganic acid, chlorogenic acid, caffeic acid
and rutin were obtained by Sigma-Aldrich (USA).

Reagents used in conducted studies: o-D-glucopyranoside (PNPG), x-glucosidase, acar-
bose, 2,2-Diphenyl-1-picrylhydrazyl, TPTZ (2,4,6-tripyridyl-S-triazine) and Iron (III) chlo-
ride hexahydrate (FeCls x H,O), Folin—Ciocalteu’s phenol reagent, sodium carbonate, 2,4,6-
tris(2-pyridyl)-1,3,5-triazine (TPTZ, C1gH12Np), iron(Ill) chloride hexahydrate (FeCls-6H,0),
sodium chloride, bovine serum, hexadecyltrimethylammonium bromide (CTAB), hyaluronic
acid (HA), Pancreatic lipase, Tris-HCL buffer, para-Nitrophenylphosphate (pNPP), Triton-X,
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sodium deoxycholate, gum Arabic were supplied by Sigma-Aldrich, St. Louis, MO, USA.
Methanol, isopropanol, and acetone (Super Purity Solvent, Methanol 215 SPS) were supplied
by ROMIL Ltd., Cambridge, England.

High-quality pure and ultra-high-quality pure water were prepared using a Direct-Q
3 UV Merck Millipore (Burlington, MA, USA) purification system.

Media used in microbiological assays: total count of aerobic bacteria (PCA, Merck, St.
Louis, MO, USA), count of anaerobic bacteria (Schaedler Agar, Oxoid, Basingstoke, UK),
count of yeasts and molds (YGC Agar, Oxoid), Enterobacteriaceae family bacteria count
(VRBD, Merck, St. Louis, MO, USA), Escherichia coli count (TBX, Merck, St. Louis, MO,
USA), Salmonella count (Chromogenic Salmonella Agar, Oxoid, Basingstoke, UK, temp.
37 °Q).

2.3. Extract Preparation

Obtaining aqueous extracts from blue haskap berry leaves was preceded by grinding
in a mill (2 times). Then, the raw material prepared this way was sieved through a 1 mm
sieve to eliminate uncrushed leaf fragments. The extracts were prepared by weighing 1.0 g
of the raw material into a flat bottom flask and adding 50 mL of distilled water obtained
from the Direct-Q 3 UV Merck Millipore purification system (Merck, Darmstadt, Germany).
The extraction was performed in a 30 °C ultrasonic bath (Bandelin Sonorex DT 1028 H;
Bandelin, Germany, Berlin) for 60 min; the flask was kept off the light during the process.
The ultrasonic bath was operated under predefined operating conditions at 35 kHz. The
extracts were filtered through a filter paper to separate the remaining plant matrix from
the extract. The extract prepared this way was divided into small portions and frozen at
—20 °C to maintain the quantitative and qualitative composition throughout the research.

2.4. Microbiological Purity of the Haskap Berry Leaves

The microbiological quality of haskap berry leaves was determined using the standard
plate count (SPC) method following the PN-ISO standards. Briefly, a portion of ground
raw material (10.0 g) was weighed into sterile stomacher bags and homogenized with
90 mL sterile 0.1% w/v peptone buffered water (BPW) for 2 min. Serial 10-fold dilutions
of each homogenate to 10° were prepared in BPW. Portions of 0.1 mL from each dilution
were spread on triplicate plates of PCA, Schaedler, YGC, VRBD, TBX, and Chromogenic
Salmonella Agar. The total aerobic bacterial count (PCA), the count of anaerobic bacteria
(Schaedler), the count of yeasts and molds (YPD), Enterobacteriaceae family bacteria count
(VRBD), Escherichia coli count (TBX), and the count of bacteria belonging to the genus
Salmonella (Chromogenic Salmonella Agar) were determined. Plates were incubated in
conditions appropriate for a detected group of microorganisms: unlimited oxygen at 37 °C
for 48 h (total aerobic count, Enterobacteriaceae, Salmonella), 44 °C for 48 h (Escherichia coli),
30 °C for five days (total yeast count) and in limited oxygen at 37 °C for 48 h (total anaerobic
count). After incubation, typical colonies on the plates were enumerated, and the count of
analyzed microorganisms in a 1.0 g sample was determined (CFU/g Dry leaves (DL))).

2.5. Determination of the Water Content

The analysis was performed using a moisture analyzer Ohaus MB120 (OHAUS Europe
GmbH, Nénikon, Switzerland). 1.0 g sample was weighed into an aluminum tray and
placed in the apparatus. Then, the sample was subjected to a drying process at 120 °C until
a constant weight was obtained. The water content was expressed in % as the loss of the
original sample weight in the heating process.

2.6. Determination of Total Phenolic Content (TPC)

TPC was determined using the Folin—Ciocalteu method with minor modifications.
A 50 puL plant extract solution diluted 20 times was mixed with 50 uL of Folin—-Ciocalteu
reagent (F.-C.) and 100 uL distilled water. The mixture was pre-incubated for 5 min at
37 °C with shaking at 100 rpm. Then, 100 puL 20% NayCOs aq. the solution was added and
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incubated for 30 min at 37 °C with shaking at 100 rpm. The absorbance was read at 750 nm
against the blank sample (water instead of the extract) in sixplicate. TPC was expressed as
mg of gallic acid equivalent (GAE) per g of dry leaf mass utilizing a standard curve of gallic
acid (y = 9.80847x — 0.2828; R? = 0.9983) in the concentration range 0.06-0.2 mg/mL [28].
The content of TPC in the tested extract was calculated following the standard curve for
gallic acid. The curve used to calculate the TPC content in the form of gallic acid as a
conversion factor is presented in Supplementary Materials (Figure S1).

2.7. Chlorophyll and Carotenoids Content-Spectroscopic Determination

Chlorophyll A, B, and carotenoid content in haskap berries leaves was determined
using the modified method described by Lichtenthaler et al. [29]. Briefly, 50.0 mg of
homogenized dry leaves were incubated in 5.0 mL of 80% acetone and 20% 0,1% CaCOj for
30 min in an ultrasonic bath at 30 °C. The obtained suspension was centrifuged to separate
a portion of the solid leaf fragments. The obtained supernate was filtered through a 0.22 um
nylon syringe filter (Chemland, Stargard, Poland). Then, 100.0 uL of the resulting solution
was added to a 96-well plate. Measurements were performed in n = 8 replicates, and the
mean was calculated. The detections were performed at 470, 645, and 662 nm wavelengths
using a Multiskan GO plate reader (Thermo Fisher Scientific, Vantaa, Finland).

The contents of chlorophyll A and B and carotenoids were calculated using the de-
scribed equations [30-33]:

Chl a (mg/g DL):Ca = (11.24 Absgs, — 2.04 Absgys) X (v/w)

Chl b (mg/g DL):Cb = (20.13 Absgss — 4.19 Absggr) X (v/w)
Total Carotenoids (mg/g DL) = [(1000 Absszy — 1.90 Chl, — 63.14 Chl,)/214] x (v/w)

where:

Absx—absorbance at x nm;
v—volume of solvent (mL);
w—the weight of the sample (mg);
DL—dry leaves.

2.8. Phenolic Acids Content-Chromatophical Determination

The HPLC analytical method was developed to determine phenolic compounds such
as loganic acid, chlorogenic acid, caffeic acid, and rutin. The determinations were carried
out using UHPLC Nexera (Shimadzu, Kioto, Japan) with the column: Zorbax SB-C18
(4.6 x 100 mm 3.5-Micron); the mobile phase contained 0.1% acetic acid (A) and acetonitrile
(B). The developed method is based on the gradient elution following the scheme (%B):
0 min, 10%; 30 min, 20%; 60 min, 30%; 70 min, 45%; 70,1 min, 10%,; followed by 10 min
of washing the column with the starting phase. The phase flow was set at 1.0 mL/min,
injection volume was 10.0 uL, and the column oven was set at 40 °C. Detections were
carried out at multiple wavelengths: 210, 240, 254, 270, 320, and 380 nm.

2.9. Inhibition of In Vitro Activity of Enzymes
2.9.1. Inhibition of «-Glucosidase

A modified spectrophotometric method developed by Telagari et al. [34] was used
to determine the inhibition of x-glucosidase by the haskap berry leaves water extracts.
Briefly, 50.0 1L of sample solution (118.8-277.2 ug mL~! Atut; 206.0-370.8 pug mL~! Deut;
208.0-370.4 ug mL~! Wojtek; 204.0-367.2 ng mL~! Zojka and 121.2-282.2 ug mL~! Jugana)
or acarbose (positive control, 1.0-5.0 mg mL~1) in different concentrations, the concentra-
tions used are due to the different water content of the raw material and thus ultimately
a different final maximum extract concentration, 50.0 uL of 0.1 M phosphate buffer (pH
6.8) and 30.0 pL x-glucosidase solution (1.0 U mL~!) was pre-incubated in 96 well plates
at 37 °C for 15 min. Next, 20.0 pL of 5 mM p-nitrophenyl-a-D-glucopyranoside (pNPG)
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solution in a 0.1 M phosphate buffer (pH 6.8) was added incubated at 37 °C for 20 min. The
reaction was terminated by adding 100.0 pL of sodium carbonate (0.2 M) into the mixture.
The absorbance of the liberated p-nitrophenol was measured at 405 nm (Multiskan GO 1510,
Thermo Fisher Scientific, Vantaa, Finland). The absorbance of enzyme solution without
plant extracts/acarbose served as the control with total enzyme activity. The absorbance
in the absence of the enzyme was used as the blind control. The enzyme inhibition rate
expressed as a percentage of inhibition was calculated using the following formula:

% inhibition activity = ((AC -AS)/AC) x 100

where:

AC—the absorbance of the control (100% enzyme activity);
AS—the absorbance of the tested sample (haskap berries leaves water extract or acarbose).

Three independent experiments were carried out for the investigated substances,
and the average from n = 8 measurements was calculated. Results were expressed as
means + S.D.

2.9.2. Inhibition of Lipase

Inhibition of lipase by the aqueous extracts of haskap berries leaves was determined
by a modified method described by Lewis and Liu [35]. Briefly, 20.0 uL of plant extracts
(concentrations: 5.0; 10.0; 20.0 mg/mL) or positive control (Orlistat; 50.0 ug/mL) or negative
control (water) was added to 96-well plates. Pancreatic lipase solution (10.0 mg/mL) was
then freshly prepared in 50.0 mM Tris-HCL solution (pH 8 at 37 °C) and centrifuged to
remove insoluble material. Then, 30.0 uL of enzyme solution and 100.0 uL of 50 mM
Tris-HCl (pH 8) buffer were added to each well. After 20 min of incubation at 37 °C with
continuous shaking at 200 RPM. A total of 150.0 uL of a substrate solution consisting
of 30.0 mg pNPP dissolved in 10.0 mL isopropanol made up to 100.0 mL with 50.0 mM
Tris-HCl buffer (pH = 8) containing 100.0 mg sodium deoxycholate, 50.0 mg gum arabic,
and 1.0 mL Triton X was added and incubated with the same conditions for 30 min; The
absorbance was then measured at 405 nm using Multiskan GO 1510, (Thermo Fisher
Scientific, Vantaa, Finland). Three independent experiments were carried out for the
investigated substances, and the average from #n = 8 measurements was calculated. The
percentage of inhibition was calculated by using the equation below.

_ ABS test — ABS blank
ABS negative control — ABS blank

% inhibition activity = (1 ) x 100%

where:

ABS test—absorbance of sample;
ABS blank—absorbance of blank sample;
ABS negative control—absorbance of the negative control sample.

2.9.3. Inhibition of Hyaluronidase

Inhibition of the aqueous extracts of haskap berry leaves was determined by the
modified method described by hyaluronidase by Grabowska et al. [36]. Briefly, 25.0 uL
of incubation buffer (50 mM, pH 7.0, with 77 mM NaCl and 1 mg/mL of bovine serum
albumin), 25.0 puL of the enzyme (30 U/mL of acetate buffer pH 7.0), 10.0 pnL solutions of
the examined water extracts (5.0; 10.0 and 20.0 mg/mL), and 15.0 uL of acetate buffer (pH
4.5) were combined. The samples were incubated at 37 °C for 15 min. Next, 25.0 uL of HA
(0.3 mg/mL in acetate buffer) was added. After incubation at 37 °C for 45 min, 200.0 pL
of 0.325 g cetrimonium bromide (CTAB) dissolved in 18.0 mL of 2% NaOH was added to
undigested HA precipitated. The turbidity of the reaction mixture was measured as the
absorbance at 600 nm (Multiskan GO 1510, Thermo Fisher Scientific, Vantaa, Finland) after
10 min of incubation at room temperature. Kaempferol was used as the positive control
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(0.2-1.0 mg/mL). Three independent experiments were carried out for the investigated
substances, and the average from 1 = 8 measurements was calculated. The percentage of
Inhibition was calculated by using the equation below:

% inhibition activity = (Ts — TEblank)(THblank — TEblank) x 100%

where:

TS—absorbance of sample;
TEblank—absorbance of the enzyme + examined substance;
THblank—absorbance of the HA + examined substance.

2.10. Antioxidant Action
2.10.1. DPPH Assay

The DPPH assay was effected according to Studziriska-Sroka et al. with modifica-
tions [37]. Briefly, 25.0 uL of the aqueous extracts of haskap berry leaves was dissolved in
distilled water at different concentrations (79.2-158.4 mg mL~! Atut; 80.8-161.6 mg mL !
Deut; 83.2-166.4 mg mL~! Wojtek; 81.6-163.2 mg mL~! Zojka; and 82.4-164.8 mg mL !
Jugana) and was mixed with 175.0 uL of DPPH (Sigma-Aldrich, St. Louis, MO, USA)
solution (3.9 mg in 50 mL of MeOH). The reaction mixture was shaken and incubated in
the dark at room temperature for 30 min. The control contains 25.0 uL of distilled water
and 175.0 uL of DPPH solution. Absorbance was measured at 517 nm. The inhibition of the
DPPH radical by the sample was calculated according to the following formula:

DPPH scavenging activity (%) = (A0 — A1)/A0 x100%

where:

AO—the absorbance of the control
Al—the absorbance of the sample.

2.10.2. FRAP Assay

According to Tiveron et al. [38], the FRAP assay was performed with some modifi-
cations. The stock solutions of FRAP reagent included 300 mM acetate buffer (pH 3.6),
10 mM TPTZ solution in 40 mM HCI, and 20 mM FeCl;-6H,0 solution. The working FRAP
solution was prepared by mixing 25.0 mL of acetate buffer, 2.5 mL of TPTZ solution, and
2.5 mL of FeCl3-6H,O solution and then warmed at 37 °C before usage. Briefly, 25.0 uL of
the tested extracts dissolved in distilled water at different concentrations (0.2-1.0 mg/mL)
were mixed with 175.0 uL of FRAP solution, shaken, and incubated at 37 °C for 30 min. in
the dark condition. Then, the absorbance was read at 593 nm. The results were expressed as
the ICy 5, corresponding to the extract concentration required to produce a 0.5 O.D. value.

3. Results and Discussion

Four Polish varieties of haskap berries (Atut, Duet, Wojtek, and Zojka), as well as
one variety of Jugana of Russian origin, were tested. All varieties used in the research
are characterized by the possibility of industrial use due to the excellent plant habit and
abundant production of fruits, which are the main product used in the food industry.

Despite the high value attributed to the Kamchatka berry fruit, which is characterized
by high anti-inflammatory activity and antioxidant potential, the fruit has also found
application in potential diabetes therapy thanks to the ability to inhibit enzymes responsible
for the breakdown of carbohydrates into simple sugars [39—41]. Leaves of haskap berry, a
new potential source of biologically active compounds, have not been tested so far. The
leaves obtained after harvesting were dried at 40 °C for two days to reduce the potential
decomposition of active substances in the tested plant material [42].

An essential aspect of the value of using plant raw materials is their microbiolog-
ical quality. It is essential for raw materials that can be taken in simple technological
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preparations (e.g., dried leaves in the form of tea to be infused) [43,44]. Moreover, the
microbiological status of plant raw material is essential because treatments to remove
microorganisms from it are usually costly and may result in a reduction in the content
of active substances in it [45]. Therefore, our first research aimed to determine the mi-
crobiological quality of the raw leaves of the haskap berry. The obtained results were
compared with the requirements presented by the European Pharmacopoeia (EP), the
United States Pharmacopoeia (USP), and the requirements specified by the World Health
Organization (WHO), which are presented in Table S1 [43]. Contamination of the tested
samples with aerobic bacteria ranged between 2.0 x 10? and 6.4 x 10> CFU/g. Con-
currently, the total count of aerobic bacteria in the tested material was similar to that of
anaerobic bacteria. Contamination of the tested samples with yeasts and molds was low at
the level of 2.0 x 10'-3.2 x 10?> CFU/g. E. coli, Salmonella, and other Enterobacteriaceae were
not detected in any samples. Therefore, the obtained results showed that the tested plant
raw material was of high microbiological quality and suitable for further technological
processing. According to the EP and WHO, this raw material can be used without the
addition of boiling water. However, the requirements of the USP suggest the need to treat
it with hot water before direct use due to exceeding the acceptable standards for aerobic
bacteria (>10?> CFU/g) and mold and yeast (>10 CFU/g). It is worth emphasizing that the
tested plant material was not treated to any initial technological process, such as washing,
but only dried at 40 °C. However, due to the variability of the tested material’s composition
and the possibility of environmental factors” effect on its quality, it is recommended to
control the microbiological purity of each batch of raw material or consider implementing
simple methods to increase the tested material’s microbiological quality [46,47]. The results
of the microbiological quality assessment are presented in Table 1 as CFU/g DL.

Table 1. Microbiological purity of haskap berry leaves.

Counts of Microorganisms (CFU/g DL **)

Samples
AB* ANB * MY * En * E.coli Sal *
Atut 5.1 x 103 5.5 x 10° 2.1 x 10? n/f n/f n/f
Duet 9.2 x 102 9.9 x 10? 3.0 x 10! n/f n/f n/f
Woijtek 3.5 x 10? 3.8 x 10? 2.0 x 10! n/f n/f n/f
Zojka 20x 102 29x10> 5.0 x 10% n/f n/f n/f
Jugana 6.4 x 103 5.2 x 10 3.2 x 10? n/f n/f n/f

* AB-aerobic bacteria; ANB-anaerobic bacteria; MY-mold and yeast; EN-Enterobacteriaceae and other Gram-
negative bacteria: E.coli-Escherichia coli; Sal-Salmonella; n/f-not found; ** DL-dry mass of leaves material.

Because of the high microbiological quality of the tested material, the absence of
mold, and the lack of antimicrobial (toxic) activity, it was decided not to test the content
of aflatoxins. However, it should be remembered that this is one of the critical criteria for
approving a product batch on the market [48-50]. Due to the severe health consequences of
potential consumption, the WHO estimates that about 25% of the world’s production of
plant food products must be destroyed annually due to aflatoxin contamination [51].

To initially evaluate the quality of the examined haskap berry leaves, the raw material
was tested for the sum of polyphenolic compounds in the obtained aqueous extracts and
the content of chlorophyll A and B and carotenoids in the leaf itself. Moreover, the water
content in the dried leaves was examined using a moisture analyzer. The water content in
the samples tested was in the range of 5.43-6.38% after drying the raw material. Preliminary
content analysis showed significant differences between the haskap berry varieties tested.
The highest content of TPC was demonstrated for the variety Jugana (52.399 mg/g DL),
while the lowest content was obtained for the variety Wojtek (28.179 mg/g). A high
correlation between TPC and then the antioxidant activity of the raw material has been
demonstrated many times; therefore, after the initial screening tests of the content, we can
conclude the high antioxidant potential of the tested raw material and the fact that the
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Jugana variety as with the highest TPC content will be characterized by the highest ability
to scavenge free radicals [52,53].

Moreover, differences in the content of chlorophyll and carotenoids were observed;
however, they were less significant, but once more, the best results were obtained for the
Jugana variety and the lowest for the Wojtek variety (Table 2). So far, no haskap berries
for chlorophyll content analysis have been carried out, but a similar analysis has been
carried out for Lonicera japonica, belonging to the same genus [54]. The results indicate a
significantly higher level of chlorophyll in the leaves of Kamchatka berry because in the
case of chlorophyll A it is about three-fold and about two-fold for chlorophyll B. However,
it should be noted that the results are only illustrative due to the high variability between
species, the significant influence of the environment, and, more specifically, sunlight,
affecting the chlorophyll content. For the content of carotenoids, the analysis in the leaves
of the haskap berry was not carried out. However, an analogous analysis was carried out
for the flowers of two cultivars in different development cycles, indicating about 10 to
5 times higher leaf content [55]. However, as in the case of chlorophyll content, the number
of carotenoids can be significantly affected by environmental conditions; however, genome
analysis indicates the ability of the Lonicera family to synthesize them [56,57].

Table 2. Quantitative evaluation of haskap berry leaves at the begging and after 6 months.

TPC (mg/g DL *) Chlorophyll A (mg/g DL *) Chlorophyll B (mg/g DL *) Carotenoids (mg/g DL *) Water Content (%)
Variety T=0 T=6 T=0 T=6 T=0 T=6
T =0 Months T =6 Months T =0 Months T =6 Months Months Months Months Months Months Months

Atut 49.618 £1.352  47.494 + 1471 11.659 + 0.511 11401 +£0.131  4.540 £ 0.121 4.398 +0.141 1.956 4 0.084 1.901 =+ 0.061 5.43 +0.32 5.66 +0.15
Duet 44.893 £2344 43146 £0782 12753 +0.449 12483 +0.097 5484 +0.096 5.331 +0.135 2.163 + 0.095 2.096 4 0.023 5.75 4+ 0.41 597 +£0.18
Wojtek 28.179 £0.983 27.072 £ 0.761 10.642 4 0.387 10.293 4 0.190 4.463 +0.174 4.309 £ 0.136 1.848 £0.117 1.807 £ 0.021 6.23 £0.37 6.48 +0.33
Zojka 32.127 £ 1.085 31.223 +0.752 13.382 £ 0.533 12.902 £ 0.122 5.632 £ 0.153 5.474 £+ 0.152 2217 £0.126 2.150 £ 0.041 6.56 = 0.49 6.84 +0.40
Jugana 52.399 £1.730  50.956 & 0.971 14.003 £ 0.312  13.673 £0.097  5.575 £ 0.113 5.409 + 0.243 2.876 + 0.081 2.806 + 0.097 6.38 +0.37 6.59 £ 0.22

* DL-Dry mass of leaves material; Data expressed as mean =+ SD.

The tests were repeated after six months. Samples were stored at 25 °C and 60%
humidity with no light exposure. Re-testing aimed to determine the drop in the quality
of the tested raw material during storage and the ability to absorb water to determine the
potential storage conditions. The obtained results are presented in Table 2.

The assumption was made of a change of at least 10% from the initial value as the
limit value allowing the raw material to be considered stable during storage. Under the
tested conditions, the obtained results meet the adopted criteria. However, we observe
a loss of tested substances and an increase in water content in the tested samples, which
allows us to believe that it is necessary to use packaging limiting the access of moisture to
the product to limit degradation over time and to accumulate water and thus to potential
development pathogenic microorganisms [58—60].

Composition analysis was performed using the HPLC-DAD method to obtain a
broader spectrum of active substances in the tested plant material. The study standardized
the raw material (Table 3) for selected active substances (loganic acid, chlorogenic acid,
caffeic acid, and rutin) present in all varieties with confirmed biological activity [61,62]. The
selection of the compounds determined in detail was based on their high biological activity
and the fact that they were excellent analytical markers of the changes taking place due to
the size of the observed peak in the analysis. The highest content for the selected standards
was demonstrated for the Jugana variety, while the lowest for the Wojtek variety and Zojka
for the loganic acid content. The obtained results correlate with the initial evaluation of
the raw material, presenting the Jugana variety as having the highest content of active
substances, thus potentially having the highest biological activity [63,64].
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Table 3. Results of the content of active substances by HPLC for haskap berry leaves in T = 0 and
T = 6 months.

Variety Loganic Acid (mg/g DL *) Chlorogenic Acid (mg/g DL *) Caffeic Acid (mg/g DL *) (mggté)nL #)
T = 0 Months T = 6 Months T = 0 Months T = 6 Months T = 0 Months T = 6 Months T = 0 Months T = 6 Months
Atut 2511 £0.121* 2498 £ 0.103 * 0.879 £0.112* 0.804 £ 0.107 * 0.039 £ 0.003 * 0.035 £ 0.002 * 0.730 £ 0.243 * 0.708 £0.222 *
Duet 1.870 +0.151 * 1.801 £0.125* 0.618 £ 0.157 * 0.578 £0.121 * 0.019 £ 0.002 * 0.017 £ 0.001 * 0.519 £ 0.353 * 0.498 £+ 0.334 *
Wojtek 1.764 £0.183 * 1.705 £ 0.091 * 0.345 £ 0.104 * 0.309 £ 0.070 * 0.045 £ 0.003 * 0.041 £ 0.003 * 0.125 £ 0.274 * 0.111 £ 0.207 *
Zojka 0.803 + 0.156 * 0.801 £ 0.103 * 0.389 & 0.156 * 0.366 + 0.123 * 0.056 + 0.001 * 0.055 £ 0.002 * 0.143 +0.196 * 0.140 + 0.204
Jugana 2981 £0.172* 2905 £ 0.150 * 0.987 £ 0.073 * 0.924 £ 0.097 * 0.078 £ 0.002 * 0.070 +£ 0.003 * 0.879 £0.124 * 0.877 £0.113

* Dry mass of leaves material; Data expressed as mean =+ SD.

The study was also repeated in the tested conditions after six months. The criterion for
recognizing stability was also used by maintaining at least 90% of the content of the active
compound compared to the initial sample. This criterion was met for all variants as well as
for all tested active compounds. Thus, the high stability of selected active compounds of
the raw material during the storage period was confirmed.

The plant-derived acids (loganic, chlorogenic, and caffeic acids) selected in the analysis
are characterized by high biological activity, particularly concerning the ability to inhibit
selected enzymes, e.g., a-glucosidase, which is essential in the development and course of
type 2 diabetes due to its ability to reduce absorbed simple sugars. In particular, chlorogenic
acid is demonstrated by high activity against the indicated enzymes, which is present in
large amounts in the tested plant material (0.987 mg/g DL for the Jugana variety) [65].
Loganic acid is also connected with anti-inflammatory properties and can reduce hyperlipi-
demia [66]. Caffeic acid is responsible for the anti-inflammatory and antioxidant activity;
despite its low content in the raw material, due to the coverage of biological effects, it will
potentially have an entourage effect enhancing the activity of the whole extract; in addition,
it can inhibit enzymes responsible for digesting simple sugars. However, it shows a higher
response to x-amylase than to x-glucosidase [67]. On the other hand, rutin has a broad
spectrum of biological activity, but mainly the ability to scavenge free radicals, which will
translate into a high antioxidant potential of the raw material [68].

To estimate the biological activity potential of water extracts obtained from haskap
berry leaves, the inhibitory activity was determined with selected enzymes in vitro models.
As part of the research, an x-glucosidase inhibition assay was used to determine the
antidiabetic potential [69,70], a pancreatic lipase inhibition assay was used to determine
the hypolipidemic potential [71,72], and a hyaluronidase inhibition assay was used to
determine the anti-inflammatory potential of the raw material [73,74]. Moreover, the
antioxidant potential of the extracts was determined in two independent models (DPPH
and FRAP) to complete the biological activity profile of the new raw material. The obtained
results are presented in Table 4 [75,76]. The presented results refer to the base concentration
of the extract used without considering the reagents used in a given model.

As a result of the x-glucosidase inhibition study, a high inhibitory potential of the
extracts (ICsp ranging from 227.43 + 2.98 to 354.45 &+ 4.01 pg/mL) was demonstrated
(Figure 1); the obtained results indicate a more substantial effect of the aqueous extract
than the acarbose used in the reference test (IC 50: 3573.22 + 5.47 ug/mL). Previous
studies indicated the high hypoglycemic potential of the haskap berry fruit through potent
inhibition of x-glucosidase and x-amylase; however, the leaves have not yet been studied
as the potential raw material with potent inhibitions against «-glucosidase [11]. The high
antidiabetic activity of the raw material cannot be strictly attributed to the content of a
given active compound due to the presence of the so-called entourage effect responsible
for enhancing the effect of the extract through all its components. However, attention
should be paid to the high content of chlorogenic acid, which is characterized by the
ability to inhibit a-glucosidase. Demonstrating activity in the remaining unused plant
fragments seems attractive due to the possibility of using them in dietary supplements or a
tea additive with a hypoglycemic effect. Natural raw materials are becoming increasingly
popular to fight against the first symptoms of civilization diseases and support traditional
pharmacotherapy. Patients will receive most plant materials due to their low cost and good
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biological response; however, it should be remembered that they will not fully replace

pharmacotherapy and can only be used as a fulfillment.

Table 4. In vitro activity of haskap berry leaves water extracts.

IC50 (p.g/mL)

For an Extract with a Concentration of 20 mg/mL

Cultivar Inhibition of x-Glucosidase % of Inhibition of Lipase O/OI-(I)}fIaIlrlll t;i};‘iit(ii(;rsle()f
Atut 234.53 £3.35% 2126 £1.32*% 2016 £1.77 %
Duet 285.76 £ 2.84 % 1521 +1.11* 1437 +1.65*

Wojtek 354.45 £ 4.01* 26.26 £2.01* 28.14 £1.43*
Zojka 336.23 £+ 3.07 * 2278 £1.87*% 24.14 £2.03 %
Jugana 22743 £2.98* 32.87 £1.56 % 36.37 £1.67 %
ICsp (ng/mL) ICp5 (mg/mL)
DPPH FRAP
Atut 121.04 £2.11* 0.79 £0.08 *
Duet 102.42 +-4.33 % 0.89 4 0.04 *
Wojtek 113.77 £1.79* 0.71 £+ 0.05 *
Zojka 140.57 £ 1.24 * 0.77 £0.07 *
Jugana 93.36 £2.18* 0.59 +0.02 *

Data expressed as mean 4 SD; * significance with p < 0.05.
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Figure 1. Inhibition of x-glucosidase activity by aqueous extracts of haskap berry leaves.

To estimate the potential hypolipidemic effect due to the ability to inhibit pancreatic
lipase by the obtained aqueous extracts of haskap berry leaves, a study was carried out in
which the original extract and its subsequent diluents (20.0, 10.0, and 5.0 mg/mL) were
used to estimate the lipase inhibition capacity of the water extract and thus determine the
hypolipidemic potential (Figure 2). In the study, the inhibition of the enzyme at the level of
at least 50% (ICsp) was not obtained. However, the inhibition of the enzyme is observed to a
lesser extent; moreover, we can observe significant differences between the tested cultivars.
The highest activity is observed again in the Jugana variety (32,87% of enzyme inhibition
for 20.0 mg/mL extract); the literature indicates the lipase inhibitory effect by loganic acid,
the content determined using the HPLC, was the highest in this cultivar. The raw material
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can be classified as showing a low hypolipidemic effect. However, it should be noted that
the model used is based solely on the digestive enzyme secreted into the intestine. So far,
studies have been performed only based on extracts obtained from fruit, which showed
anti-obesity and liver protective activity and inhibited fat accumulation in the liver [77-80].
The obtained results allow us to conclude about the possible hypolipidemic effect of the
raw material; however, to estimate the full potential, the effect of the raw material on
intracellular enzymes and signaling pathways should be investigated.

60
S
>50 IC50
=
©
©
o 40+
(2]
©
o
S 30
=Rl A
2 7 v = Atut
= 204 o - y = e Deut
S) A ) _— .
5 ~ _— —4— Wojtek
o ,/ _— _—® .
p= s ~— _— v Zajka
0 104 _ v _—
= < e ¢— Jurgan
_ - //// = -

0 — T T T T

5 10 15 20

Concentration [mg/mL]
Figure 2. Inhibition of lipase activity by aqueous extracts of haskap berry leaves.

To assess anti-inflammatory activity study was carried out to determine the ability
to inhibit hyaluronidase by aqueous extracts of haskap berry. The prepared aqueous
extracts (20.0, 10.0, and 5.0 mg/mL) were tested in vitro (Figure 3). The obtained results
indicate the ability to inhibit the enzyme; however, 50% inhibition was not observed even
at high concentrations, allowing the determination of the ICsy value. As in the case of
other enzyme studies, we observe significant differences between the cultivars. As in the
previous tests, the Jugana variety showed the highest activity (36,37% of enzyme inhibition
for 20.0 mg/mL extract) due to the highest content of active compounds. However, one
should remember the simplicity of the applied in vitro test, which is natural screening. The
research using compounds obtained from the haskap berries has proven their effectiveness
in reducing pro-inflammatory cytokines [39].

To estimate the activity of the tested raw material, the obtained extracts were tested
in the DPPH and FRAP assays to determine the raw material’s antioxidant potential
(Figures 4 and 5). The obtained results indicate high antioxidant activity, which can be
attributed to the significant content of polyphenolic compounds such as chlorogenic acid or
rutin [68,81]. The obtained results indicate a similar antioxidant activity of the haskap berry
cultivars examined leaves. However, we observe the advantage of the Jugana (DPPH ICsg-
93.36 pg/mL and FRAP 1C(5-0.59 mg/mL, respectively) cultivar resulting from the higher
content of the sum of active compounds influencing the antioxidant potential, especially in
higher concentrations of the extracts used.
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Inhibition of hyaluronidase activity [%)]

Figure 3. Inhibition of hyaluronidase activity by aqueous extracts of haskap berry leaves.
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Figure 4. DPPH radical scavenging activity of aqueous extracts of haskap berry leaves.
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An essential aspect of the activity of plant materials is their ability to scavenge
and neutralize free radicals, which generate an inflammatory reaction by generating
oxidative stress.

The marked high antioxidant activity seems significant due to the tested plant mate-
rial’s demonstration of the biological activity profile to lower blood sugar levels. In type 2
diabetes, we observe an increasing production of free radicals that condition damage to the
beta islets of the pancreas and cause increased insulin resistance of tissues [23,82,83]. The
combination of activity inhibiting the absorption of simple sugars and providing protection
by scavenging free radicals classifies the raw material as desirable for use in supporting
treatment and preventing the origin of DM2 [84].

4. Conclusions

All the tested varieties of Lonicera caerulea meet the microbiological criteria of WHO,
FDA, and EU for raw materials used without pre-treatment with boiling water while
maintaining USP requirements. The storage tests were carried out for six months, indicating
no need to apply special storage conditions.

The screening of enzyme inhibition of a-glucosidase, lipase, and hyaluronidase indi-
cated the most active variety-Jugana, which was also characterized by the highest content
of active substances (loganic acid, chlorogenic acid, caffeic acid, and rutin as well as to-
tal polyphenols content). However, it should be noted that all the tested cultivars were
characterized by significant biological and antioxidant activity in the in vitro models used.

The studies indicate the possibility of using Lonicera caerulea leaves as infusions to
support the therapy of type 2 diabetes. The raw material has a pleiotropic effect, starting
from inhibiting enzymes responsible for the absorption of simple sugars and helping to
lower cholesterol, which is often a problem in overweight patients. The simultaneous anti-
inflammatory and antioxidant effect will potentially reduce the complications of diabetes
and, at the same time, alleviate the further course of the disease due to the inhibition of
pro-inflammatory processes, stimulating the cascade development of further complications.

The obtained results confirm the high potential for medicinal use of Lonicera caerulea
leaves in the form of simple infusions as a new plant raw material. In order to assess
the full spectrum of biological activity and the optimal route of administration, further
studies will be needed to explore the mechanisms of activity further. In addition, potential
pre-formulation work will allow for the optimal delivery of active compounds contained in
the raw material.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390/nu14193898 /51, Table S1. Microbiological purity standards for
plant raw materials, Figure S1. The calibration curve for gallic acid used to determine the TPC content.

Author Contributions: Conceptualization, S.S. and ].C.-P; Data curation, S.S.; visualization, S.S.;
software, S.S.; methodology, S.S., A.S. and ].C.-P; resources, P.S. and ].C.-P.,; writing—original draft
preparation, S.S., AS., PS. and J.C.-P; writing—review and editing, S.S. and ]J.C.-P.; supervision,
J.C.-P; funding acquisition, J.C.-P. All authors have read and agreed to the published version of
the manuscript.

Funding: This study was supported by the grant OPUS from the National Science Centre Poland
UMO-2020/37/B/NZ7/03975.

Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Data Availability Statement: The data are contained within the article or Supplementary Materials.

Conflicts of Interest: The authors declare no conflict of interest.


https://www.mdpi.com/article/10.3390/nu14193898/s1
https://www.mdpi.com/article/10.3390/nu14193898/s1

Nutrients 2022, 14, 3898 14 of 17

References

1. Smolik, M.; Ochmian, I.; Grajkowski, ]. Genetic Variability of Polish and Russian Accessions of Cultivated Blue Honeysuckle
(Lonicera caerulea). Russ. J. Genet. 2010, 46, 960-966. [CrossRef]

2. Liu, X,; Lv, Y,; Zheng, M.; Yin, L.; Wang, X.; Fu, Y.; Yu, B.; Li, ]. Polyphenols from Blue Honeysuckle (Lonicera caerulea Var. edulis)
Berry Inhibit Lipid Accumulation in Adipocytes by Suppressing Lipogenesis. J. Ethnopharmacol. 2021, 279, 114403. [CrossRef]
[PubMed]

3. Perova, IB.; Rylina, E.V,; Eller, K.I.; Akimov, M.Y. The study of the polyphenolic complex and iridoid glycosides in various
cultivars of edible honeysuckle fruits Lonicera edulis Turcz. ex Freyn. Vopr. Pitan. 2019, 88, 88-99. [CrossRef] [PubMed]

4. Li, F; Zhao, H.; Xu, R.; Zhang, X.; Zhang, W.; Du, M.; Liu, X,; Fan, L. Simultaneous Optimization of the Acidified Water Extraction
for Total Anthocyanin Content, Total Phenolic Content, and Antioxidant Activity of Blue Honeysuckle Berries (Lonicera caerulea
L.) Using Response Surface Methodology. Food Sci. Nutr. 2019, 7, 2968-2976. [CrossRef] [PubMed]

5. Zhang, J.; Sun, L.; Dong, Y.; Fang, Z.; Nisar, T.; Zhao, T.; Wang, Z.-C.; Guo, Y. Chemical Compositions and «-Glucosidase
Inhibitory Effects of Anthocyanidins from Blueberry, Blackcurrant and Blue Honeysuckle Fruits. Food Chem. 2019, 299, 125102.
[CrossRef]

6.  Senica, M.; Bavec, M.; Stampar, F.; Mikulic-Petkovsek, M. Blue Honeysuckle (Lonicera caerulea Subsp. edulis (Turcz. Ex Herder)
Hultén.) Berries and Changes in Their Ingredients across Different Locations. J. Sci. Food Agric. 2018, 98, 3333-3342. [CrossRef]
[PubMed]

7. Sharma, A.; Kim, JW,; Ku, S.-K; Choi, ].-S.; Lee, H.-]. Anti-Diabetic Effects of Blue Honeyberry on High-Fed-Diet-Induced Type II
Diabetic Mouse. Nutr. Res. Pract. 2019, 13, 367-376. [CrossRef]

8.  Podsedek, A.; Majewska, I.; Redzynia, M.; Sosnowska, D.; Koziotkiewicz, M. In Vitro Inhibitory Effect on Digestive Enzymes and
Antioxidant Potential of Commonly Consumed Fruits. J. Agric. Food Chem. 2014, 62, 4610-4617. [CrossRef] [PubMed]

9.  Heinrich, J.; Valentova, K.; Vacek, J.; Palikov4, I.; Zatloukalova, M.; Kosina, P; Ulrichov4, J.; Vrbkov4, J.; Simének, V. Metabolic
Profiling of Phenolic Acids and Oxidative Stress Markers after Consumption of Lonicera caerulea L. Fruit. ]. Agric. Food Chem. 2013,
61, 4526-4532. [CrossRef] [PubMed]

10. Jurgonski, A.; Juskiewicz, J.; Zdurniczyk, Z. An Anthocyanin-Rich Extract from Kamchatka Honeysuckle Increases Enzymatic
Activity within the Gut and Ameliorates Abnormal Lipid and Glucose Metabolism in Rats. Nutrition 2013, 29, 898-902. [CrossRef]
[PubMed]

11. Fu, X; Yang, H.; Ma, C.; Li, X;; Li, D.; Yang, Y.; Xu, Y.; Wang, L. Characterization and Inhibitory Activities on «a-Amylase and
a-Glucosidase of the Polysaccharide from Blue Honeysuckle Berries. Int. J. Biol. Macromol. 2020, 163, 414-422. [CrossRef]

12. Tanentzap, A.].; Lamb, A.; Walker, S.; Farmer, A. Resolving Conflicts between Agriculture and the Natural Environment. PLoS
Biol. 2015, 13, €1002242. [CrossRef]

13. Kanianska, R. Agriculture and Its Impact on Land-Use, Environment, and Ecosystem Services. In Landscape Ecology; IntechOpen:
London, UK, 2016; ISBN 978-953-51-2513-6.

14. Zhang, C.; Yang, D.; Liang, Z.; Liu, J.; Yan, K.; Zhu, Y.; Yang, S. Climatic Factors Control the Geospatial Distribution of Active
Ingredients in Salvia Miltiorrhiza Bunge in China. Sci. Rep. 2019, 9, 904. [CrossRef]

15.  Liu, W,; Yin, D.; Li, N.; Hou, X.; Wang, D.; Li, D.; Liu, J. Influence of Environmental Factors on the Active Substance Production
and Antioxidant Activity in Potentilla fruticosa L. and Its Quality Assessment. Sci. Rep. 2016, 6, 28591. [CrossRef]

16. Lauritzen, E.; Maughan, T.; Black, B. Haskap (Blue Honeysuckle) in the Garden; Utah State University: Logan, UT, USA, 2016.

17. Studzinska-Sroka, E.; Galanty, A.; Gosciniak, A.; Wieczorek, M.; Klaput, M.; Dudek-Makuch, M.; Cielecka-Piontek, J. Herbal
Infusions as a Valuable Functional Food. Nutrients 2021, 13, 4051. [CrossRef]

18.  Etheridge, C.J.; Derbyshire, E. Herbal Infusions and Health: A Review of Findings from Human Studies, Mechanisms and Future
Research Directions. Nutr. Food Sci. 2020, 50, 969-985. [CrossRef]

19. Nie, J.; Yu, C,; Guo, Y,; Pei, P; Chen, L.; Pang, Y,; Du, H,; Yang, L.; Chen, Y.; Yan, S.; et al. Tea Consumption and Long-Term Risk of
Type 2 Diabetes and Diabetic Complications: A Cohort Study of 0.5 Million Chinese Adults. Am. J. Clin. Nutr. 2021, 114, 194-202.
[CrossRef] [PubMed]

20. Elliott, S. Cognitive Behavioural Therapy and Glycaemic Control in Diabetes Mellitus. Pract. Diabetes 2012, 29, 67-71. [CrossRef]

21. DeFronzo, R.A. Current Issues in the Treatment of Type 2 Diabetes. Overview of Newer Agents: Where Treatment Is Going. Am.
J. Med. 2010, 123, S38-548. [CrossRef]

22.  Willcox, M.L.; Elugbaju, C.; Al-Anbaki, M.; Lown, M.; Graz, B. Effectiveness of Medicinal Plants for Glycaemic Control in Type 2
Diabetes: An Overview of Meta-Analyses of Clinical Trials. Front. Pharmacol. 2021, 12, 3402. [CrossRef] [PubMed]

23. Dos Santos, ].M.; Tewari, S.; Mendes, R.H. The Role of Oxidative Stress in the Development of Diabetes Mellitus and Its
Complications. J. Diabetes Res. 2019, 2019, e4189813. [CrossRef] [PubMed]

24. Réus, G.Z,; Carlessi, A.S,; Silva, R.H.; Ceretta, L.B.; Quevedo, ]J. Relationship of Oxidative Stress as a Link between Diabetes
Mellitus and Major Depressive Disorder. Oxidative Med. Cell. Longev. 2019, 2019, e8637970. [CrossRef]

25.  Gorjanovi¢, S.; Komes, D.; Pastor, ET.; Bels¢ak-Cvitanovi¢, A.; Pezo, L.; He¢imovi¢, I.; Suznjevi¢, D. Antioxidant Capacity of Teas
and Herbal Infusions: Polarographic Assessment. J. Agric. Food Chem. 2012, 60, 9573-9580. [CrossRef]

26. Jan, B.; Parveen, R.; Zahiruddin, S.; Khan, M.U.; Mohapatra, S.; Ahmad, S. Nutritional Constituents of Mulberry and Their

Potential Applications in Food and Pharmaceuticals: A Review. Saudi J. Biol. Sci. 2021, 28, 3909-3921. [CrossRef]


http://doi.org/10.1134/S1022795410080077
http://doi.org/10.1016/j.jep.2021.114403
http://www.ncbi.nlm.nih.gov/pubmed/34245835
http://doi.org/10.24411/0042-8833-2019-10069
http://www.ncbi.nlm.nih.gov/pubmed/31860204
http://doi.org/10.1002/fsn3.1152
http://www.ncbi.nlm.nih.gov/pubmed/31572590
http://doi.org/10.1016/j.foodchem.2019.125102
http://doi.org/10.1002/jsfa.8837
http://www.ncbi.nlm.nih.gov/pubmed/29240233
http://doi.org/10.4162/nrp.2019.13.5.367
http://doi.org/10.1021/jf5008264
http://www.ncbi.nlm.nih.gov/pubmed/24785184
http://doi.org/10.1021/jf304150b
http://www.ncbi.nlm.nih.gov/pubmed/23581742
http://doi.org/10.1016/j.nut.2012.11.006
http://www.ncbi.nlm.nih.gov/pubmed/23422536
http://doi.org/10.1016/j.ijbiomac.2020.06.267
http://doi.org/10.1371/journal.pbio.1002242
http://doi.org/10.1038/s41598-018-36729-x
http://doi.org/10.1038/srep28591
http://doi.org/10.3390/nu13114051
http://doi.org/10.1108/NFS-08-2019-0263
http://doi.org/10.1093/ajcn/nqab006
http://www.ncbi.nlm.nih.gov/pubmed/33709113
http://doi.org/10.1002/pdi.1661
http://doi.org/10.1016/j.amjmed.2009.12.008
http://doi.org/10.3389/fphar.2021.777561
http://www.ncbi.nlm.nih.gov/pubmed/34899340
http://doi.org/10.1155/2019/4189813
http://www.ncbi.nlm.nih.gov/pubmed/31192263
http://doi.org/10.1155/2019/8637970
http://doi.org/10.1021/jf302375t
http://doi.org/10.1016/j.sjbs.2021.03.056

Nutrients 2022, 14, 3898 15 0f 17

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

Zhang, H.; Ma, Z.F,; Luo, X.; Li, X. Effects of Mulberry Fruit (Morus alba L.) Consumption on Health Outcomes: A Mini-Review.
Antioxidants 2018, 7, 69. [CrossRef] [PubMed]

Blainski, A.; Lopes, G.C.; De Mello, J.C.P. Application and Analysis of the Folin Ciocalteu Method for the Determination of the
Total Phenolic Content from Limonium brasiliense L. Molecules 2013, 18, 6852-6865. [CrossRef] [PubMed]

Lichtenthaler, H.; Buschmann, C. Chlorophylls and Carotenoids: Measurements and Characterization by UV-Vis Spectroscopy.
Food Anal. Chem. Pigment. Colorants Flavors Texture Bioact. Food Compon. 2005, 2, 171-178. [CrossRef]

Aono, Y.; Asikin, Y.; Wang, N.; Tieman, D.; Klee, H.; Kusano, M. High-Throughput Chlorophyll and Carotenoid Profiling
Reveals Positive Associations with Sugar and Apocarotenoid Volatile Content in Fruits of Tomato Varieties in Modern and Wild
Accessions. Metabolites 2021, 11, 398. [CrossRef] [PubMed]

Lichtenthaler, HK.; Buschmann, C. Chlorophylls and Carotenoids: Measurement and Characterization by UV-VIS Spectroscopy.
Curr. Protoc. Food Anal. Chem. 2001, 1, F4.3.1-F4.3.8. [CrossRef]

Nagata, M.; Yamashita, I. Simple Method for Simultaneous Determination of Chlorophyll and Carotenoids in Tomato Fruit.
Nippon Shokuhin Kogyo Gakkaishi 1992, 39, 925-928. [CrossRef]

Ito, H.; Horie, H. Proper Solvent Selection for Lycopene Extraction in Tomatoes and Application to a Rapid Determination. Bull.
Natl. Inst. Veg. Tea Sci. 2009, 8, 165-173.

Telagari, M.; Hullatti, K. In-Vitro a-Amylase and a-Glucosidase Inhibitory Activity of Adiantum caudatum Linn. and Celosia
Argentea Linn. Extracts and Fractions. Indian . Pharm. 2015, 47, 425-429. [CrossRef]

Lewis, D.; Liu, D. Direct Measurement of Lipase Inhibition by Orlistat Using a Dissolution Linked In Vitro Assay. Clin. Pharmacol.
Biopharm. 2012, 1, 1000103. [CrossRef]

Grabowska, K.; Podolak, I.; Galanty, A.; Zaluski, D.; Makowska-Was, ].; Sobolewska, D.; Janeczko, Z; Zmudzki, P. In Vitro
Anti-Denaturation and Anti-Hyaluronidase Activities of Extracts and Galactolipids from Leaves of Impatiens Parviflora DC. Nat.
Prod. Res. 2016, 30, 1219-1223. [CrossRef] [PubMed]

Studziniska-Sroka, E.; Piotrowska, H.; Kuciriska, M.; Murias, M.; Bylka, W. Cytotoxic Activity of Physodic Acid and Acetone
Extract from Hypogymnia Physodes against Breast Cancer Cell Lines. Pharm. Biol. 2016, 54, 2480-2485. [CrossRef]

Tiveron, A.P; Melo, P.S.; Bergamaschi, K.B.; Vieira, TM.ES.; Regitano-d’Arce, M.A.B.; Alencar, S.M. Antioxidant Activity of
Brazilian Vegetables and Its Relation with Phenolic Composition. Int. . Mol. Sci. 2012, 13, 8943-8957. [CrossRef] [PubMed]
Rupasinghe, H.P.V.; Boehm, M.M.A; Sekhon-Loodu, S.; Parmar, L; Bors, B.; Jamieson, A.R. Anti-Inflammatory Activity of Haskap
Cultivars Is Polyphenols-Dependent. Biomolecules 2015, 5, 1079-1098. [CrossRef]

Zehfus, L.R; Gillespie, Z.E.; Almendariz-Palacios, C.; Low, N.H.; Eskiw, C.H. Haskap Berry Phenolic Subclasses Differentially
Impact Cellular Stress Sensing in Primary and Immortalized Dermal Fibroblasts. Cells 2021, 10, 2643. [CrossRef]

De Silva, A.B.K.H.; Rupasinghe, H.P.V. Polyphenols Composition and Anti-Diabetic Properties in Vitro of Haskap (Lonicera
caerulea L.) Berries in Relation to Cultivar and Harvesting Date. J. Food Compos. Anal. 2020, 88, 103402. [CrossRef]

Miiller, J.; Heindl, A. Drying of Medicinal Plants. In Medicinal and Aromatic Plants; Murphy & Moore Publishing: New York, NY,
USA, 2006; pp. 237-252. ISBN 978-1-4020-5448-8.

Ratajczak, M.; Kubicka, M.M.; Kamifiska, D.; Sawicka, P.; Dlugaszewska, J. Microbiological Quality of Non-Sterile Pharmaceutical
Products. Saudi Pharm. ]. 2015, 23, 303-307. [CrossRef]

Reflection Paper on Microbiological Aspects of Herbal Medicinal Products and Traditional Herbal Medicinal Products. 2015.
Available online: https://www.ema.europa.eu/en/documents/scientific-guideline/ reflection-paper-microbiological-aspects-
herbal-medicinal-products-traditional-herbal-medicinal_en.pdf (accessed on 28 September 2021).

Mrozek-Szetela, A.; Rejda, P.; Wiriska, K. A Review of Hygienization Methods of Herbal Raw Materials. Appl. Sci. 2020, 10, 8268.
[CrossRef]

Khodadad, C.L.M.; Hummerick, M.E.; Spencer, L.E.; Dixit, A.R.; Richards, ].T.; Romeyn, M.W.; Smith, T.M.; Wheeler, R.M.; Massa,
G.D. Microbiological and Nutritional Analysis of Lettuce Crops Grown on the International Space Station. Front. Plant Sci. 2020,
11, 199. [CrossRef] [PubMed]

Konieczny, P; Cegielska-Radziejewska, R.; Mroczek, E.; Dziedzic, ]. Analysis of air quality in selected areas of a poultry processing
plant with the use of a microbiological air sampler. Braz. J. Poult. Sci. 2016, 18, 401-406. [CrossRef]

Kumar, A.; Pathak, H.; Bhadauria, S.; Sudan, J. Aflatoxin Contamination in Food Crops: Causes, Detection, and Management: A
Review. Food Prod. Processing Nutr. 2021, 3, 17. [CrossRef]

Loi, M.; Paciolla, C.; Logrieco, A.F.; Mule, G. Plant Bioactive Compounds in Pre- and Postharvest Management for Aflatoxins
Reduction. Front. Microbiol. 2020, 11, 243. [CrossRef]

Saleem, F.; Sadia, B.; Awan, ES. Control of Aflatoxin Production Using Herbal Plant Extract; IntechOpen: London, UK, 2017;
ISBN 978-953-51-3458-9.

Assessing Chemical Risks. Available online: https://www.who.int/activities/improving-treatment-for-snakebite-patients
(accessed on 28 September 2021).

Urbarnska, B.; Kowalska, J. Comparison of the Total Polyphenol Content and Antioxidant Activity of Chocolate Obtained from
Roasted and Unroasted Cocoa Beans from Different Regions of the World. Antioxidants 2019, 8, 283. [CrossRef]

Makori, S.I.; Mu, T.-H.; Sun, H.-N. Total Polyphenol Content, Antioxidant Activity, and Individual Phenolic Composition of
Different Edible Parts of 4 Sweet Potato Cultivars. Nat. Prod. Commun. 2020, 15, 1934578X20936931. [CrossRef]


http://doi.org/10.3390/antiox7050069
http://www.ncbi.nlm.nih.gov/pubmed/29883416
http://doi.org/10.3390/molecules18066852
http://www.ncbi.nlm.nih.gov/pubmed/23752469
http://doi.org/10.1002/0471142913.faf0403s01
http://doi.org/10.3390/metabo11060398
http://www.ncbi.nlm.nih.gov/pubmed/34207208
http://doi.org/10.1002/0471142913.faf0403s01
http://doi.org/10.3136/nskkk1962.39.925
http://doi.org/10.4103/0253-7613.161270
http://doi.org/10.4172/2167-065X.1000103
http://doi.org/10.1080/14786419.2015.1049175
http://www.ncbi.nlm.nih.gov/pubmed/26181315
http://doi.org/10.3109/13880209.2016.1160936
http://doi.org/10.3390/ijms13078943
http://www.ncbi.nlm.nih.gov/pubmed/22942744
http://doi.org/10.3390/biom5021079
http://doi.org/10.3390/cells10102643
http://doi.org/10.1016/j.jfca.2019.103402
http://doi.org/10.1016/j.jsps.2014.11.015
https://www.ema.europa.eu/en/documents/scientific-guideline/reflection-paper-microbiological-aspects-herbal-medicinal-products-traditional-herbal-medicinal_en.pdf
https://www.ema.europa.eu/en/documents/scientific-guideline/reflection-paper-microbiological-aspects-herbal-medicinal-products-traditional-herbal-medicinal_en.pdf
http://doi.org/10.3390/app10228268
http://doi.org/10.3389/fpls.2020.00199
http://www.ncbi.nlm.nih.gov/pubmed/32210992
http://doi.org/10.1590/1806-9061-2015-0156
http://doi.org/10.1186/s43014-021-00064-y
http://doi.org/10.3389/fmicb.2020.00243
https://www.who.int/activities/improving-treatment-for-snakebite-patients
http://doi.org/10.3390/antiox8080283
http://doi.org/10.1177/1934578X20936931

Nutrients 2022, 14, 3898 16 of 17

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

Lee, ].; Park, G.; Chang, Y. Nutraceuticals and Antioxidant Properties of Lonicera Japonica Thunb. as Affected by Heating Time. Int.
J. Food Prop. 2019, 22, 630-645. [CrossRef]

Li, J; Lian, X.; Ye, C.; Wang, L. Analysis of Flower Color Variations at Different Developmental Stages in Two Honeysuckle
(Lonicera japonica Thunb.) Cultivars. HortScience 2019, 54, 779-782. [CrossRef]

Royer, J.; Shanklin, J.; Balch-Kenney, N.; Mayorga, M.; Houston, P.; de Jong, R.M.; McMahon, J.; Laprade, L.; Blomquist, P;
Berry, T.; et al. Rhodoxanthin Synthase from Honeysuckle; a Membrane Diiron Enzyme Catalyzes the Multistep Conversion of
-Carotene to Rhodoxanthin. Sci. Adv. 2020, 6, eaay9226. [CrossRef]

Pu, X,; Li, Z,; Tian, Y.; Gao, R.; Hao, L.; Hu, Y,; He, C.; Sun, W.; Xu, M.; Peters, R.J.; et al. The Honeysuckle Genome Provides
Insight into the Molecular Mechanism of Carotenoid Metabolism Underlying Dynamic Flower Coloration. New Phytol. 2020,
227,930-943. [CrossRef] [PubMed]

Czerwinska, E.; Piotrowski, W. Microbiological Purity and Selected Physicochemical Properties of Cereal Products Stored in
Different Packages. 12. Annu. Set Environ. Prot. 2014, 16, 161-172.

Rezaei, F.; Vandergheynst, J.S. Critical Moisture Content for Microbial Growth in Dried Food-Processing Residues. J. Sci. Food
Agric. 2010, 90, 2000-2005. [CrossRef]

Chandra, D.; Lee, ].-S.; Choi, H.J.; Kim, ].G. Effects of Packaging on Shelf Life and Postharvest Qualities of Radish Roots during
Storage at Low Temperature for an Extended Period. J. Food Qual. 2018, 2018, e3942071. [CrossRef]

Kunle, O.F,; Egharevba, H.O.; Ahmadu, P.O. Standardization of Herbal Medicines—A Review. Int. ]. Biodvers. Conserv. 2012,
4,101-112. [CrossRef]

Djordjevic, S.M. From Medicinal Plant Raw Material to Herbal Remedies; IntechOpen: London, UK, 2017; ISBN 978-953-51-2978-3.
Yu, Y,; Li, H,; Zhang, B.; Wang, J.; Shi, X.; Huang, J.; Yang, J.; Zhang, Y.; Deng, Z. Nutritional and Functional Components of
Mulberry Leaves from Different Varieties: Evaluation of Their Potential as Food Materials. Int. J. Food Prop. 2018, 21, 1495-1507.
[CrossRef]

Burin, V.M.; Ferreira-Lima, N.E.; Panceri, C.P,; Bordignon-Luiz, M.T. Bioactive Compounds and Antioxidant Activity of Vitis
Vinifera and Vitis Labrusca Grapes: Evaluation of Different Extraction Methods. Microchem. ]. 2014, 114, 155-163. [CrossRef]
Wang, S.; Li, Y.; Huang, D.; Chen, S; Xia, Y.; Zhu, S. The Inhibitory Mechanism of Chlorogenic Acid and Its Acylated Derivatives
on x-Amylase and a-Glucosidase. Food Chem. 2022, 372, 131334. [CrossRef]

Sozanski, T.; Kucharska, A.Z.; Rapak, A.; Szumny, D.; Trocha, M.; Merwid-Lad, A.; Dzimira, S.; Piasecki, T.; Piérecki, N.;
Magdalan, J.; et al. Iridoid-Loganic Acid versus Anthocyanins from the Cornus mas Fruits (Cornelian Cherry): Common and
Different Effects on Diet-Induced Atherosclerosis, PPARs Expression and Inflammation. Atherosclerosis 2016, 254, 151-160.
[CrossRef] [PubMed]

Oboh, G.; Agunloye, O.M.; Adefegha, S.A.; Akinyemi, A.J.; Ademiluyi, A.O. Caffeic and Chlorogenic Acids Inhibit Key Enzymes
Linked to Type 2 Diabetes (in Vitro): A Comparative Study. J. Basic Clin. Physiol. Pharm. 2015, 26, 165-170. [CrossRef]

Enogieru, A.B.; Haylett, W.; Hiss, D.C.; Bardien, S.; Ekpo, O.E. Rutin as a Potent Antioxidant: Implications for Neurodegenerative
Disorders. Oxid. Med. Cell Longev. 2018, 2018, 6241017. [CrossRef] [PubMed]

Van de Laar, FA.; Lucassen, P.L.; Akkermans, R.P.; van de Lisdonk, E.H.; Rutten, G.E.; Weel, C. van «-Glucosidase Inhibitors for
Patients with Type 2 Diabetes: Results from a Cochrane Systematic Review and Meta-Analysis. Diabetes Care 2005, 28, 154-163.
[CrossRef] [PubMed]

Van de Laar, FA. Alpha-Glucosidase Inhibitors in the Early Treatment of Type 2 Diabetes. Vasc. Health Risk Manag. 2008,
4,1189-1195. [CrossRef]

Liu, T-T.; Liu, X.-T.; Chen, Q.-X.; Shi, Y. Lipase Inhibitors for Obesity: A Review. Biomed. Pharmacother. 2020, 128, 110314.
[CrossRef]

Seyedan, A.; Alshawsh, M.A.; Alshagga, M.A.; Koosha, S.; Mohamed, Z. Medicinal Plants and Their Inhibitory Activities against
Pancreatic Lipase: A Review. Evid.-Based Complementary Altern. Med. 2015, 2015, 1-13. [CrossRef]

Suksungworn, R.; Andrade, P.B.; Oliveira, A.P,; Valentao, P.; Duangsrisai, S.; Gomes, N.G.M. Inhibition of Proinflammatory
Enzymes and Attenuation of IL-6 in LPS-Challenged RAW 264.7 Macrophages Substantiates the Ethnomedicinal Use of the
Herbal Drug Homalium Bhamoense Cubitt & W.W.Sm. Int. J. Mol. Sci. 2020, 21, 2421. [CrossRef]

Bralley, E.; Greenspan, P.; Hargrove, J.L.; Hartle, D.K. Inhibition of Hyaluronidase Activity by Vitis Rotundifolia. (Muscadine)
Berry Seeds and Skins. Pharm. Biol. 2007, 45, 667-673. [CrossRef]

Kasote, D.M.; Katyare, S.S.; Hegde, M.V.; Bae, H. Significance of Antioxidant Potential of Plants and Its Relevance to Therapeutic
Applications. Int. J. Biol. Sci. 2015, 11, 982-991. [CrossRef]

Lourengo, S.C.; Moldao-Martins, M.; Alves, V.D. Antioxidants of Natural Plant Origins: From Sources to Food Industry
Applications. Molecules 2019, 24, 4132. [CrossRef] [PubMed]

Kim, J.W,; Lee, Y.-S.; Seol, D.].; Cho, L].; Ku, S.K.; Choi, ].-S.; Lee, H.-]. Anti-Obesity and Fatty Liver-Preventing Activities of
Lonicera caerulea in High-Fat Diet-Fed Mice. Int. ]. Mol. Med. 2018, 42, 3047-3064. [CrossRef]

Han, M.H.; Lee, W.S,; Nagappan, A.; Hong, S.H,; Jung, ].H.; Park, C.; Kim, H.J.; Kim, G.-Y.; Kim, G.; Jung, ].-M.; et al. Flavonoids
Isolated from Flowers of Lonicera japonica Thunb. Inhibit Inflammatory Responses in BV2 Microglial Cells by Suppressing TNF-oc
and IL-f Through PI3K/Akt/NF-Kb Signaling Pathways. Phytother. Res. 2016, 30, 1824-1832. [CrossRef] [PubMed]

Lee, Y.-S.; Cho, L].; Kim, JJW,; Lee, M.-K,; Ku, S.K.; Choi, ]J.-S.; Lee, H.-J. Hepatoprotective Effects of Blue Honeysuckle on
CCl4-Induced Acute Liver Damaged Mice. Food Sci. Nutr. 2019, 7, 322-338. [CrossRef]


http://doi.org/10.1080/10942912.2019.1599389
http://doi.org/10.21273/HORTSCI13819-18
http://doi.org/10.1126/sciadv.aay9226
http://doi.org/10.1111/nph.16552
http://www.ncbi.nlm.nih.gov/pubmed/32187685
http://doi.org/10.1002/jsfa.4044
http://doi.org/10.1155/2018/3942071
http://doi.org/10.5897/IJBC11.163
http://doi.org/10.1080/10942912.2018.1489833
http://doi.org/10.1016/j.microc.2013.12.014
http://doi.org/10.1016/j.foodchem.2021.131334
http://doi.org/10.1016/j.atherosclerosis.2016.10.001
http://www.ncbi.nlm.nih.gov/pubmed/27744131
http://doi.org/10.1515/jbcpp-2013-0141
http://doi.org/10.1155/2018/6241017
http://www.ncbi.nlm.nih.gov/pubmed/30050657
http://doi.org/10.2337/diacare.28.1.154
http://www.ncbi.nlm.nih.gov/pubmed/15616251
http://doi.org/10.2147/VHRM.S3119
http://doi.org/10.1016/j.biopha.2020.110314
http://doi.org/10.1155/2015/973143
http://doi.org/10.3390/ijms21072421
http://doi.org/10.1080/13880200701545018
http://doi.org/10.7150/ijbs.12096
http://doi.org/10.3390/molecules24224132
http://www.ncbi.nlm.nih.gov/pubmed/31731614
http://doi.org/10.3892/ijmm.2018.3879
http://doi.org/10.1002/ptr.5688
http://www.ncbi.nlm.nih.gov/pubmed/27534446
http://doi.org/10.1002/fsn3.893

Nutrients 2022, 14, 3898 17 of 17

80.

81.

82.
83.

84.

Chun, Y.-S.; Ku, S.-K,; Kim, ]J.-K,; Park, S.; Cho, I.-H.; Lee, N.-J. Hepatoprotective and Anti-Obesity Effects of Korean Blue
Honeysuckle Extracts in High Fat Diet-Fed Mice. J. Exerc. Nutr. Biochem. 2018, 22, 39-54. [CrossRef]

Sato, Y.; Itagaki, S.; Kurokawa, T.; Ogura, J.; Kobayashi, M.; Hirano, T.; Sugawara, M.; Iseki, K. In Vitro and in Vivo Antioxidant
Properties of Chlorogenic Acid and Caffeic Acid. Int. J. Pharm. 2011, 403, 136-138. [CrossRef] [PubMed]

Giacco, F.; Brownlee, M. Oxidative Stress and Diabetic Complications. Circ. Res. 2010, 107, 1058-1070. [CrossRef]

Asmat, U.; Abad, K.; Ismail, K. Diabetes Mellitus and Oxidative Stress—A Concise Review. Saudi Pharm. |. 2016, 24, 547-553.
[CrossRef]

Williamson, G. Possible Effects of Dietary Polyphenols on Sugar Absorption and Digestion. Mol. Nutr. Food Res. 2013, 57, 48-57.
[CrossRef] [PubMed]


http://doi.org/10.20463/jenb.2018.0029
http://doi.org/10.1016/j.ijpharm.2010.09.035
http://www.ncbi.nlm.nih.gov/pubmed/20933071
http://doi.org/10.1161/CIRCRESAHA.110.223545
http://doi.org/10.1016/j.jsps.2015.03.013
http://doi.org/10.1002/mnfr.201200511
http://www.ncbi.nlm.nih.gov/pubmed/23180627

	Introduction 
	Materials and Methods 
	Plant Material 
	Materials 
	Extract Preparation 
	Microbiological Purity of the Haskap Berry Leaves 
	Determination of the Water Content 
	Determination of Total Phenolic Content (TPC) 
	Chlorophyll and Carotenoids Content-Spectroscopic Determination 
	Phenolic Acids Content-Chromatophical Determination 
	Inhibition of In Vitro Activity of Enzymes 
	Inhibition of -Glucosidase 
	Inhibition of Lipase 
	Inhibition of Hyaluronidase 

	Antioxidant Action 
	DPPH Assay 
	FRAP Assay 


	Results and Discussion 
	Conclusions 
	References

