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Abstract

This study aimed to optimize the extraction conditions for Sorbus umbellata (Desf.) Fritsch var. umbellata leaves to maximize the
phenolic content and their antioxidant activity and to investigate (3-glucuronidase (GUS) enzyme inhibitory, antimicrobial and
cytotoxic potentials of the extracts obtained under optimum conditions. The optimum extraction conditions were found to be 78.2
and 79.7% solvent, 73.1 and 71.5 °C, and 89.9 and 88.8 min to maximize phenolic content and antioxidant activity, respectively.
Low values of coefficient of variations indicate the high reliability and reproducibility of the conducted extraction experiments.
Bioactivity results showed that extracts had cytotoxic effect on the MCF-7 and A549 cells where the highest cell proliferation
inhibition was observed for the A549 cell line (71.8% at 150 wg/mL). Staphylococcus aureus showed highest zone of inhibition
(19.3 mm) in all bacteria followed by Escherichia coli. Additionally, extracts displayed potential GUS inhibitory activity. In
conclusion, Sorbus umbellata leaf extract can be obtained by optimized cost-saving extraction and has a potential bioactivity to
be utilized as a food ingredient for high value-added products and/or nutraceuticals development where it can combat oxidative

stress and GUS mediated reactive metabolite formation.
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Introduction

Sorbus is a plant genus consisting of 100-200 species of trees
and shrubs in the subfamily Maloideae of the rose family
Rosaceae [1]. Sorbus umbellata (Desf.) Fritsch var. umbellata
is one of the 12 species (17 taxa) growing in Turkey, and the
most common varieties are Sorbus domestica (L.) Crantz,
Sorbus aucuparia (L.), Sorbus umbellata (Desf) Fritsch, and
Sorbus torminalis (L.) Crantz [2]. Leaves of sorbus species
have been used in various traditional medicine systems. The
leaves of Sorbus umbellata (Desf.) Fritsch var. umbellate were
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traditionally used as tea against diabetes and blood coagula-
tion [3]. The leaves of other sorbus species such as Sorbus
aucuparia L. were used for prostatitis, cancer, diarrhea; the
leaves of Sorbus domestica L. were used for prostatitis, dia-
betes, nephritis, gallbladder ailments, diuretic, diarrhea, kid-
ney stones, cholesterol lowering, the leaves of Sorbus
torminalis (L.) Crantz var. Torminalis were used for diabetes
and stomach ache [4].

Extraction techniques used to obtain natural products from
plants, either as pure compounds or as standardized extracts,
provide unlimited opportunities for finding new sources for
natural antioxidants, functional foods and nutraceuticals, food
ingredients, and dietary supplements. An economical tool that
is commonly used in the experimental design step of extrac-
tion is response surface methodology (RSM), and it is very
efficient in terms of time, material and cost [5—7]. RSM suc-
cessfully optimizes processes related to food/natural product
systems, including the extraction of phenolic compounds
[8—11] where bioactivities of those systems are highly affected
by extraction conditions. The main aim of this study was to
optimize the extraction conditions of Sorbus leaves and to
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investigate the potential bioactivity of the extracts obtained
under optimum conditions. Antioxidant, cytotoxic and antimi-
crobial activity of the extracts were investigated and potential
of the Sorbus as a new inhibitor for the microbial S-glucuron-
idase enzyme (EC.3.2.1.31) was analyzed to reflect if there is
a more realistic health promoting role by mediating reactive
metabolite formation related to health and diseases in human
intestinal system. To the best of the authors’ knowledge, there
is no research in the literature about health promoting potential
of Sorbus umbellata (Desf.) Fritsch var. umbellata leaves.
This is also the first detailed report on the optimization of
extraction conditions for maximal phenolic and antioxidant
activity.

Materials and Methods
Materials

Sorbus leaves were harvested in the second half of August
from natural habitats (Afyonkarahisar Sultandag: region,
Turkey; 2016). For enzymatic assays, p-nitro phenyl 8-D-glu-
curonide, (B-glucuronidase from Escherichia coli
(EC.3.2.1.31), 2,2-diphenyl-1-picryl-hydrazyl (DPPH),
Folin—Ciocalteu reagent, NaHCO; were purchased from
Sigma (Sigma-Aldrich GmbH, Sternheim, Germany).
Nutrient agar was obtained from Merck (Germany). 8§ mm
diameter standard sterile discs obtained from Oxoid
(Basinstoke, UK). HPLC standards of gallic acid,
protocatechuic acid, catechin, p-hydroxy benzoic acid,
chlorogenic acid, caffeic acid, epicatechin, syringic acid,
vanilin, p-coumaric acid, ferulic acid, sinapic acid, benzoic
acid, o-coumaric acid, rutin, rosmarinic acid, eriodictiol,
cinnamic acid, quercetin, luteolin, kamferol, apigenin were
purchased from Sigma (St. Louis, MO, USA). All solvents
and reagents were analytical or HPLC grade.

Experimental Design and Extraction

The Box—Behnken design was applied to determine the best
combination of extraction variables. Analysis was performed
using Design-Expert® software ver. 7 (Stat Ease, USA). A
more detailed description can be found in supplementary ma-
terial (ESM 1).

Determination of Total Phenolic Content (TP)

The TP analysis was performed using the Folin-Ciocalteu
method as previously described [12]. The results of TP were
expressed as gallic acid equivalents (GAE) in mg/g of the
sample. All the tests were carried out in triplicate.

Antioxidant Activity (AA) Assay

An antioxidant activity test was performed on the Sorbus ex-
tracts based on DPPH free radical scavenging activity as previ-
ously described [13]. All the tests were carried out in triplicate.

HPLC Analysis

Phenolic characterization analyses were carried out by the
HPLC system (Shimadzu Corp., Kyoto, Japan) equipped with
a diode array detector (DAD) at A, of 280 nm as previously
tested and validated for plant extracts [13].

B-Glucuronidase Activity Measurements

[-Glucuronidase inhibition assay was carried out as previously
described with slight modifications [14]. A more detailed de-
scription can be found in supplementary material (ESM 1).

Antibacterial Tests

Antibacterial tests were performed using The Kirby-Bauer disc
diffusion assay for bacterial strains according to the method
previously described in detail [13]. A more detailed description
can be found in supplementary material (ESM 1).

Cell Culture Studies and Cytotoxicity Tests

Cell survival was determined by an MTT
(methylthiazolyldiphenyl-tetrazolium bromide) test using a
cell counter (CEDEX-XS Analyzer, Roche GmbH,
Germany). A more detailed description can be found in sup-
plementary material (ESM 1).

Results and Discussion

Extraction Process Modeling and Optimized
Extraction Conditions

In RSM, a three-factor, three-level Box—Behnken design was
used to determine the responses R1 (TP) and R2 (AA %) for
the independent variables; X;, X,, and X3. To analyze the effect
of only the three selected parameters, particle size and liquid-to-
solid ratio were fixed at 106—150 um and 30:1 (v/w), respective-
ly. The empirical relationships between the two responses and
the independent variables were expressed by the following qua-
dratic polynomial equations (Eq. 1 and Eq. 2) in terms of actual
factors.

R1 = —21.6127 + 0.3004(X ) + 0.6265(X ) + 0.2744(X )
+0.0022(X ) (X2) 4 0.0025(X5) (X3)-0.0030 (X?)—0.0066 (X3)—0.0022 (X?2)

(1)
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R2 = 16.03674-0.2450(X ) + 0.3742(X;) + 0.2310(X3) + 0.0073(X ) (X) 2)
+0.0061(X>)(X3)~0.0079(X3)~0.0028(X3)

According to these model equations, the temperature vari-
able (X5,) had the most significant (p <0.05) effect on both
responses (linear coefficients of 0.6265 and 0.3742 for R1 and
R2, respectively). This was followed by the concentration
term. However, the interaction term 3;3 was not significant
for concentration X; and time X3 in both models, and the
quadratic term (f3;;) was not significant for concentration in
R2 (p>0.05) with p values of 0.3201 and 0.0528,
respectively.

Effects of factors on the responses were determined statis-
tically by ANOVA. Table IS (online resource) presents the
results of ANOVA for the two fitted quadratic polynomial
models. The significance of the models and each coefficient
was determined using an F-test and p values [15], and a lack-
of-fit test was used to verify the adequacy of the fit. The F
values (72.73 and 37.98 for R1 and R2, respectively) and
p values (less than 0.05) were significant for both models.
However, the results of the lack-of—fit test were not significant
for the two models indicating that both models adequately fit
the experimental data. Determination coefficients (R?) were
0.986 for R1 and 0.967 for R2. The R values being close to
1 confirm that both experimental models fit the real data well
[16, 17]. The coefficient of variations (C.V) for R1 and R2
were calculated as 3.1 and 4.39%, respectively. These low
values of C.V indicate the high reliability and reproducibility
of the conducted experiments [18, 19]. To the best of the
authors’ knowledge, there is no study in the literature
concerning the antioxidant activity of the leaf extracts of
Sorbus umbellata (Desf.) Fritsch var. umbellata. The results
of RSM experiments revealed that extraction process can suc-
cessfully expressed by a mathematical model and the analyzed
leaf extracts had potential antioxidant activities. These results
are in good agreement with those reported by previous studies
demonstrating the antioxidant potential of other Sorbus spe-
cies, such as S. aucuparia, S. domestica, S. aria, and
S. torminalis [20-22].

The optimum parameters were calculated using Design-
Expert 7.0 (Table 2S, online resource). Those values were
numerically higher than expected. Further extraction process-
es were applied under optimized conditions to verify the suit-
ability of the equation model. The lower error (%) values
between the experimental and predicted results confirmed that
the optimum extraction conditions had been achieved and
consistent results were obtained.

The overall results of RSM showed that the TP content
increased with the increasing ethanol concentration. The opti-
mum solvent concentrations (78.2 and 79.7% for R1 and R2,
respectively) were in good agreement with the previous re-
ports on the extraction of phenolics: 75.3% for Flos
Chrysanthemi [15], 75% for black bamboo leaves [23], 70%
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for black pepper [24], and 80% ethanol concentration for man-
gosteen peel [25]. Furthermore, these results also revealed that
the ethanol-water mixture was more efficient than a mono-
component solvent where using the combination of organic
solvent and water facilitated the extraction of all compounds
that were soluble in both water and organic solvents. It has
been reported that polyphenols with several hydroxyl groups,
such as glucosides, are hydrophilic and generally present
higher solubility in hydroalcoholic mixtures than in a pure
alcoholic solvent [26]. Increased solubility of phenolic com-
pounds in the mixture of ethanol and water has also been
suggested by other researchers [13, 15, 26].

The optimum extraction temperature was found to be
73.1 °C for R1 and 71.5 °C for R2. According to the 3D plots
(Fig. 1S, online resource), increased temperature resulted in an
accelerated increase in R1 and R2 up to a certain value, then
showed a decelerating trend (the surface became planer rather
than curved). This result was confirmed by the negative qua-
dratic effects of temperature (X5) in both response models
[19]. The accelerating effect of temperature was also reported
by other researchers [13, 15, 27]. This can be explained by the
effect of temperature on the diffusion coefficient of molecules.
Higher temperatures result in higher diffusion rates and in-
creased solubility [19, 28, 29]. It was reported that phenolics
were sensitive to heat where heat treatment using boiling wa-
ter on green fruit extracts led to a 7.6% reduction in phenolic
content even in short term (10 min.) heat process [30].
Therefore, an upper limit should be determined in experiments
where bioactivity is of major importance to avoid degradation
of thermosensitive phenolics.

The optimum extraction times for maximum response were
89.9 and 88.8 min for R1 and R2, respectively. The negative
quadratic effects of time (X;) in both response models (Eq. 1
and Eq. 2) revealed deceleration in the extraction responses.
This can be explained by Fick’s second law of diffusion,
which states that a final equilibrium should be reached be-
tween solute concentrations in the solid matrix and bulk solu-
tion after a certain time [19]. Additionally, it has been reported
that phenolic compounds might be re-adsorbed on the
smashed plant particles under extensively extended extraction
time conditions [31]. Therefore, extending the extraction time
more than the optimum values would not lead to significant
differences in the amount of phenolic compounds extracted.

The Phenolic Characterization Results

Various polyphenols have been found in different Sorbus spe-
cies, and flavonoids have been reported as the main bioactive
components in S. aucuparia, S. aria, and S. intermedia [32].
These studies referred to several quercetin and kaempferol
glycosides in different parts of the plant, such as inflores-
cences, leaves, and fruits. However, to date, no study has been
undertaken on the phenolic characterization of the leaves of
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Sorbus umbellata (Desf.) Fritsch var. umbellata. The phenolic
profiles of Sorbus leaf extracts were analyzed by HPLC. The
HPLC chromatogram of the extract is shown in Fig. 2S (on-
line resource). A total of seven compounds were identified by
a comparison with the reference standards mix but some of the
peaks in the chromatograms were not identified due to a lack
of reference compounds. The results showed that catechin
hydrate (0.38 mg/g), chlorogenic acid (0.89 mg/g), caffeic
acid (0.07 mg/g), epicatechin (0.84 mg/g), p-coumaric acid
(0.03 mg/g), ferulic acid (0.05 mg/g), rutin (0.77 mg/g) and
quercetin (0.04 mg/g) were present in the leaf extract where
chlorogenic acid and epicatechin were the two main phenolic
compounds in Sorbus leaves. Comparing with the current lit-
erature about the retention times (tg) data for the polyphenols
in S. domestica leaf extracts (at UV Amax: 280 nm.), the two
unidentified peaks in this study between 23 and 25 min might
be procyanidin trimer B-type (tg: 23.1 min.), procyanidin di-
mer hexoside (tg: 25.1 min.), and the peak at tg ~14.5 min
might be procyanidin B2 (tg: 14.8 min.) [33]. Those com-
pounds detected in leaf extract in this study can contribute to
its medicinal and antioxidant properties. In literature it was
reported that chlorogenic acid had several health benefits,
such as reduction in the relative risk of cardiovascular dis-
eases, type 2 diabetes, and Alzheimer’s disease [34]. It also
has antibacterial and anti-inflammatory properties, and ex-
hibits hepatoprotective effects against acetaminophen toxicity
[34]. Tt was reported that (—)-epicatechin modulated the pro-
duction of reactive oxygen species, and played a role for the
improvement of parameters related to cardiovascular disease
[35]. Additionally, it was shown that (—)-epicatechin and cat-
echin improved insulin sensitivity [SR1]. The phenolic com-
pounds; p-coumaric acid and quercetin reported to prevent
TNFa-induced increase of inflammation and oxidative stress
[35] and rutin showed cytoprotective effects including antiox-
idative, and neuroprotective action [SR2].

GUS Inhibitory, Antibacterial and Cytotoxix Activity
Results

The phenolic compounds in Sorbus species can make them a
potent inhibitor for bacterial (-glucuronidase (EC 3.2.1.31)
enzyme. This bacterial enzyme in the intestinal system is re-
sponsible for reactive metabolites and carcinogenic com-
pound formation, and there are ongoing efforts to find natural
dietetic inhibitors of this enzyme [14, SR3-SR6]. Results
showed that plant extracts obtained under optimum conditions
(Table 2S) have an inhibitory activity against enzyme in dose
dependent manner (Fig. 3S, online resource). ICsq, which is
the concentration of the Sorbus extract required to inhibit the
enzyme’s activity by 50% was calculated as 117.9 (ug/mL). In
literature, it was reported that the ICso values of Nymphaea
pubescens Willd. plant flower and pedicel extracts against
GUS were 270.27 and 868.46 pg/ ml, respectively [SR7]. In

another study ICsq values of Swertia chirayita and Swertia
decussate extracts against GUS were found as 210.97 and
269.7 ug/ml, respectively [SR5]. Compared to the recent lit-
erature, Sorbus extracts are active against GUS and this plant
has a potential to be utilized as a novel GUS inhibitor.

Table 3S (online resource) presents the comparative analy-
sis results on the antimicrobial activity of the selected test
bacteria using an agar diffusion test. The inhibitory zones for
the positive controls using ampicillin and gentamicin varied in
the range between 19.8-25.6 mm, and 21.5-29.2 mm, respec-
tively. When the results were compared with antibiotics, the
Sorbus leaf extracts obtained under optimum conditions
showed low antimicrobial activities against Bacillus cereus,
Bacillus subtilis, Pseudomonas aeruginosa, and Listeria
monocytogenes, where the clear zones had almost the same
results. These extracts had the highest antimicrobial effect on
Staphylococcus aureus with a zone diameter of 19.3 mm,
followed by Escherichia coli. To the best of our knowledge,
there is no published report on the antibacterial activity of
Sorbus umbellata (Desf.) Fritsch var. umbellata. Results were
in good agreement with previous reports where Sorbus
aucuparia fruit extracts have been shown to exhibit antibac-
terial activity against B. cereus, S. aureus, and P. aeruginosa
[SR8], and Sorbus sibirica fruit extract inhibited E. coli,
B. thuringiensis, S. aureus, B. subtilis, S. cerevisiae, with the
strongest inhibition against S. aureus [SR9].

The effect of the Sorbus leaf extract was also investigated
on the metabolic activity of A549 and MCF-7 cells which was
obtained under optimum extraction conditions. The results of
the MTT assay are given in Fig. 4S (online resource). The
Sorbus extract presented cytotoxic activity against both cell
lines. The metabolic activity of both cells showed a decreasing
trend with the increase in extract concentration, and the
highest cell proliferation inhibition was observed for the
A549 cell line (71.8% at 150 pug/mL). The current results
are in agreement with those of the limited number of studies
on other Sorbus species. For example, it has been reported that
Sorbus aucuparia L. leaves have a cytotoxic effect on prosta-
titis and cancer [20] Sorbus commixta Hedl. (Rosaceae) fruit
on human lung cancer cells [SR10], ethanol extract of Sorbus
rufopilosa on human colon carcinoma HT29 cells [SRI1].
The cytotoxic activity of Sorbus umbellata (Desf.) Fritsch
var. umbellata extract suggests that it is a potential nutraceu-
tical candidate for cancer remedy.

Conclusion

The RSM design used in this study showed that extraction con-
ditions including extraction time, temperature and solvent con-
centration markedly influenced the total phenolics, and antiox-
idant activity of Sorbus leaves. The high correlation of the
models exhibited that the quadratic polynomial model could
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be successfully used for optimizing the extraction parameters.
The optimum extraction conditions were found as 78.2 and
79.7% solvent, 73.1 and 71.5 °C extraction temperature and
89.9 and 88.8 min of extraction time to maximize phenolic
content and antioxidant activity, respectively. Additionally,
Sorbus extracts obtained under optimum extraction conditions
showed valuable GUS inhibitory, antioxidant, antimicrobial and
cytotoxic activities. The data presented in this study will provide
a basis for a cost-saving extraction process and show potential of
Sorbus umbellata (Desf.) Fritsch var. umbellata leaf extract as a
food ingredient or compound to produce high value-added prod-
ucts and/or nutraceuticals.

Acknowledgements The authors gratefully acknowledge the financial
support of the Afyon Kocatepe University Scientific Research Projects
Coordinatory Unit (Project No: 12.TEMATIK.05).

Compliance with Ethical Standards

Conflict of Interest Authors have no conflict of interest to declare.

References

1. Korkut S, Giiller B, Aytin A, Kok MS (2009) Turkey’s native wood
species: physical and mechanical characterization and surface
roughness of rowan. (Sorbus aucuparia L). Wood Res 54:19-30

2. Giltekin HC, Alan M (2007) Tirkiye’nin iivezleri. Floraplus
Dergisi 12:76-82 in Turkish

3. Fakir H, Korkmaz M, Giiller B (2009) Medicinal plant diversity of
Western Mediterrenean region in Turkey. J App Bio Sci 3(2):30-40

4. Kiltir S (2007) Medicinal plants used in Kirklareli Province
(Turkey). J Ethnopharmacol 111:341-364

5. Janghu S, Bera MB, Nanda V, Rawson A (2017) Study on power
ultrasound optimization and its comparison with conventional ther-
mal processing for treatment of raw honey. Food Technol Biotech
55:570-579. https://doi.org/10.17113/{th.55.04.17.5263

6. Akdeniz B, Kavak DD, Bagdathoglu N (2012) Use of factorial
experimental design for analyzing the effect of storage conditions
on color quality of sun-dried tomatoes. Sci Res Essays 7:477-489.
https://doi.org/10.5897/SRE11.1372

7. Demir H, Sezer S, Siifer O (2017) Determination of factors affect-
ing total color change of onion slices during drying using response
surface methodology. Gida 42(6):731-742. https://doi.org/10.
15237/gida.GD17059

8. Wijangaard HH, Brunton N (2010) The optimization of solid-liquid
extraction of antioxidants from apple pomace by response surface
methodology. J Food Eng 96:134-140. https://doi.org/10.1016/].
jfoodeng.2009.07.010

9. Pompeu DR, Silva EM, Rogez H (2009) Optimisation of the sol-
vent extraction of phenolic antioxidants from fruits of Euterpe
oleracea using response surface methodology. Bioresour Technol
100:6076—6082. https://doi.org/10.1016/j.biortech.2009.03.083

10. Spigno G, De Faveri DM (2007) Antioxidants from grape stalks
and marc: influence of extraction procedure on yield, purity and
antioxidant power of the extracts. J Food Eng 78:793-801. https:/
doi.org/10.1016/j.jfoodeng.2005.11.020

11. Cam M, Aaby K (2010) Optimization of extraction of apple pomace
phenolics with water by response surface methodology. J Agric
Food Chem 58:9103-9111. https://doi.org/10.1021/jf1015494

@ Springer

13.

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Singleton VL, Orthofer R, Lamuela-Raventos RM (1999) Analysis
of total phenols and other oxidation substrates and antioxidants by
means of Folin-Ciocalteu reagent. Method Enzymol 299:152-178.
https://doi.org/10.1016/S0076-6879(99)99017-1

Kavak DD (2017) Optimization of extraction time, temperature and
solvent concentration for the antioxidant activity and total phenolic
content of the Cydonia oblonga mill. leaves. Am-Eurasian J Sustain
Agric 11(6):1-6

Sekikawa C, Kurihara H, Goto K, Takahashi K (2002) Inhibition of
[-Glucuronidase by extracts of Chondria crassicaulis. Bulletin of
the Faculty of Fisheries, Hokkaido University 53(1):27-30

Wu Y, Wang X, Xue J, Fan E (2017) Plant phenolics extraction
from Flos chrysanthemi: response surface methodology based op-
timization and the correlation between extracts and free radical
scavenging activity. J Food Sci 82:2726-2733. https://doi.org/10.
1111/1750-3841.13916

Montgomery DC (2001) Design and analysis of experiments. John
Wiley and Sons Inc, 5th Ed, New York, USA, pp 218-276

Aslan N, Cebeci Y (2007) Application of Box—Behnken design and
response surface methodology for modeling of some Turkish coals.
Fuel 86:90-97. https://doi.org/10.1016/j.fuel.2006.06.010

Khajeh M, Moghaddam MG, Danesh AZ, Khajeh B (2015)
Response surface modeling of betulinic acid pre-concentration
from medicinal plant samples by miniaturized homogenous
liquid—liquid extraction and its determination by high performance
liquid chromatography. Arab J Chem 8:400—406. https://doi.org/
10.1016/j.arabjc.2013.03.001

Majd MH, Rajaei A, Bashi DS, Mortazavi SA, Bolourian S (2014)
Optimization of ultrasonic-assisted extraction of phenolic com-
pounds from bovine pennyroyal (Phlomidoschema parviflorum)
leaves using response surface methodology. Ind Crop Prod 57:
195-202. https://doi.org/10.1016/j.indcrop.2014.03.031
Hukkanen AT, Polonen SS, Karenlampi SO, Kokko HI (2006)
Antioxidant capacity and phenolic content of sweet rowanberries.
J Agric Food Chem 54:112-119. https://doi.org/10.1021/jf051697¢g
Olszewska MA, Presler A, Michel P (2012) Profiling of phenolic
compounds and antioxidant activity of dry extracts from selected
Sorbus species. Molecules 17:3093-3113. https://doi.org/10.3390/
molecules17033093

Olszewska MA (2011) In vitro antioxidant activity and total pheno-
lic content of the inflorescences, leaves and fruits of Sorbus
torminalis (L.) Crantz. Acta Pol Pharm 68:945-953

Shang YF, Kim SM, Um BH (2014) Optimisation of pressurised
liquid extraction of antioxidants from black bamboo leaves. Food
Chem 154:164-117. https://doi.org/10.1016/j.foodchem.2013.12.050
Bagpmar Y, Ustiindas M, Bayraktar O, Sezgin C (2017) Response
surface methodology for extraction of curcumin from turmeric and
piperine from black pepper. CBU J Sci 13(3):747-754. https://doi.
org/10.18466/cbayarfbe.339351

Samuagam L, Sia CM, Akowuah GA, Okechukwu PN, Yim HS
(2013) The effect of extraction conditions on total phenolic content
and free radical scavenging capacity of selected tropical fruits’ peel.
Health Environ J 4:80-102

Rostagno MA, Palma M, Barroso CG (2004) Pressurized liquid
extraction of isoflavones from soybeans. Anal Chim Acta 522:
169-177. https://doi.org/10.1016/j.aca.2004.05.078

Radojkovic M, Zekovic Z, Jokic S, Vidovic S (2012) Determination
of optimal extraction parameters of mulberry leaves using response
surface methodology (RSM). Rom Biotech Lett 17:7295-7308
Kavak DD, Ulkii S (2015) Kinetic and equilibrium studies of ad-
sorption of B-glucuronidase by clinoptilolite-rich minerals. Process
Biochem 50:221-229. https://doi.org/10.1016/j.procbio.2014.12.
013

Cacace JE, Mazza G (2003) Mass transfer process during extraction
of phenolic compounds from milled berries. J Food Eng 59:379—
389. https://doi.org/10.1016/S0260-8774(02)00497-1


https://doi.org/10.17113/ftb.55.04.17.5263
https://doi.org/10.5897/SRE11.1372
https://doi.org/10.15237/gida.GD17059
https://doi.org/10.15237/gida.GD17059
https://doi.org/10.1016/j.jfoodeng.2009.07.010
https://doi.org/10.1016/j.jfoodeng.2009.07.010
https://doi.org/10.1016/j.biortech.2009.03.083
https://doi.org/10.1016/j.jfoodeng.2005.11.020
https://doi.org/10.1016/j.jfoodeng.2005.11.020
https://doi.org/10.1021/jf1015494
https://doi.org/10.1016/S0076-6879(99)99017-1
https://doi.org/10.1111/1750-3841.13916
https://doi.org/10.1111/1750-3841.13916
https://doi.org/10.1016/j.fuel.2006.06.010
https://doi.org/10.1016/j.arabjc.2013.03.001
https://doi.org/10.1016/j.arabjc.2013.03.001
https://doi.org/10.1016/j.indcrop.2014.03.031
https://doi.org/10.1021/jf051697g
https://doi.org/10.3390/molecules17033093
https://doi.org/10.3390/molecules17033093
https://doi.org/10.1016/j.foodchem.2013.12.050
https://doi.org/10.18466/cbayarfbe.339351
https://doi.org/10.18466/cbayarfbe.339351
https://doi.org/10.1016/j.aca.2004.05.078
https://doi.org/10.1016/j.procbio.2014.12.013
https://doi.org/10.1016/j.procbio.2014.12.013
https://doi.org/10.1016/S0260-8774(02)00497-1

Plant Foods Hum Nutr (2019) 74:364-369

369

30.

31.

32.

33.

Jimenez P, Cabrero P, Basterrechea JE, Tejero J, Cordoba-Diaz D,
Cordoba-Diaz M, Girbes T (2014) Effects of short-term heating on
total polyphenols, anthocyanins antioxidant activity and lectins of
different parts of dwarf elder (Sambucus ebulus L.). Plant Foods
Hum Nutr 69:168-174

Dong J, Liu Y, Liang Z, Wang W (2010) Investigation on
ultrasound-assisted extraction of salvianolic acid B from Salvia
miltiorrhiza root. Ultrason Sonochem 17:61-65. https://doi.org/
10.1016/j.ultsonch.2009.05.006

Olszewska MA (2008) Separation of quercetin, sexangularetin,
kaempferol and isorhamnetin for simultaneous HPLC determina-
tion of flavonoid aglycones in inflorescences, leaves and fruits of
three Sorbus species. J Pharmaceut Biomed 48:629-635. https://
doi.org/10.1016/j.jpba.2008.06.004

Rutkowska M, Owczarek A, Kolodziejczyk-Czepas J, Michel P,
Piotrowska DG, Kapusta P, Nowak P, Olszewska MA (2019)
Identification of bioactivity markers of Sorbus domestica leaves

34.

35.

in chromatographic, spectroscopic and biological capacity tests:
application for the quality control. Phytochem Lett 30:278-287
JiL, Jiang P, Lu B, Sheng Y, Wang X, Wang Z (2013) Chlorogenic
acid, a dietary polyphenol, protects acetaminophen-induced liver
injury and its mechanism. J Nutr Biochem 24:1911-1919

Marcela A. Vazquez-Prieto MA, Bettaieb A, . Haj FG, Fraga CG,,
Oteiza PI, (2012) Epicatechin prevents TNF«-induced activation of
signaling cascades involved in inflammation and insulin sensitivity
in 3T3-L1 adipocytes. Arch Biochem Biophy 527:113-118

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.1016/j.ultsonch.2009.05.006
https://doi.org/10.1016/j.ultsonch.2009.05.006
https://doi.org/10.1016/j.jpba.2008.06.004
https://doi.org/10.1016/j.jpba.2008.06.004

	Sorbus...
	Abstract
	Introduction
	Materials and Methods
	Materials
	Experimental Design and Extraction
	Determination of Total Phenolic Content (TP)
	Antioxidant Activity (AA) Assay
	HPLC Analysis
	β-Glucuronidase Activity Measurements
	Antibacterial Tests
	Cell Culture Studies and Cytotoxicity Tests

	Results and Discussion
	Extraction Process Modeling and Optimized Extraction Conditions
	The Phenolic Characterization Results
	GUS Inhibitory, Antibacterial and Cytotoxix Activity Results

	Conclusion
	References


