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Abstract

Background: Today, individuals tend to use natural products instead of synthetic additives in many areas. The hazelnut tree
produces many by-products and fruit. Nuts and their by-products are rich in bioactive compounds.

Objectives: This study investigated the biological activities of water and ethanol extracts obtained from hazelnut and its waste
products to determine their potential usage in the cosmetic industry.

Methods: In this experimental study, disc diffusion test, minimal inhibitory concentration (MIC), minimal bactericidal
concentration (MBC), or minimum fungicidal concentration (MFC) were applied to evaluate the antimicrobial potential of the
extracts. The sun protection factor (SPF) of the extracts and commercial cream + extract mixtures was determined in vitro.
In addition, antimicrobial cream formulations containing hazelnut extracts and Limosilactobacillus fermentum MA-7 probiotic
candidate lactic acid bacteria from human milk were developed for the pharmaceutical industry to prevent infections. The good
diffusion test was applied against test microorganisms to evaluate antimicrobial activity.

Results: The hazelnut husk methanol extract had the highest inhibition zone diameter (19.41 mm) against Yersinia ruckeri. The MIC,
MBC, or MFC of the extracts ranged from 1.25 to > 40 pg/uL. The SPF values of the extracts (range: 6.85-27.64) and commercial
cream + extract (range: 11.92-26.28) mixtures were determined in vitro to obtain their potential use in sunscreens. The cream
groups containing hazelnut extracts and probiotics showed a high antimicrobial effect on the tested microorganisms. The results
of statistical analysis indicated that the cream + extract + probiotic pellet + probiotic supernatant group was statistically significant
(P< 0.05) compared to other test groups.

Conclusions: The results showed that hazelnuts and their by-products have the potential to be used as a natural source of
antimicrobials. Hazelnut and its by-products can be an alternative to synthetic antimicrobials and sunscreens in the cosmetic
industry as a natural bioactive substance. In addition, it might contribute to the country’s economy by evaluating hazelnuts and
their waste and by-products resulting from their processing in the cosmetic industry.
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1. Background

Hazelnut (Corylus avellana L.), of the Betulaceace family,
is one of the nuts containing high amounts of nutrients
and lipids (1). The Ministry of Agriculture and Forestry
of the Republic of Tirkiye has published Turkey as the
country producing the most hazelnuts worldwide, with
665 thousand tons in 2020 (2). Turkey, which meets
approximately 65-70% of the world’s hazelnut production,
is the most important hazelnut producer in the world
(3). Hazelnut, which has a rich phenolic content, is used
directlyasasnackin human nutrition and as an ingredient

in various food products (4).

The fact that it has a rich content in terms of
functional food composition will increase the interest
in hazelnut in Iran and the world. It is known that some
waste products (e.g., green leafy cover and shell) are
formed during hazelnut production. The evaluation and
functionalization of waste and by-products produced
as a result of production will prevent environmental
pollution and increase the economy and interest in
hazelnut (1). Therefore, the importance of worldwide
hazelnut production can be increased by developing new
alternatives for the use of hazelnuts and their wastes as
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bioactive substances in the cosmetic industry.

Probiotics are defined as live microorganisms that
provide various benefits to the host (5). Probiotic
microorganisms mainly have beneficial effects, such
as strengthening the epithelial barrier, stabilizing the
gastrointestinal microbiota, degrading toxins, producing
antimicrobials, and enhancing immune response (6).
Limosilactobacillus fermentum, one of the probiotic
microorganisms, shows antioxidant, antimicrobial,
and anti-photoaging properties and intestinal barrier
function (7-9). Under the Generally Recognized as Safe
status, L. fermentum can be used as a safe food, drug,
and cosmetic and is not subject to pre-market approval
requirements (10). It also has healing properties on skin
health and skin flora (11).

In recent years, microorganisms have become
resistant to antibiotics, and the inadequacy of synthetic
drugs has increased the interest in natural-origin drugs
(12, 13). Scientists have proven the medicinal effect of
plant-based products on microorganisms (14, 15). Food
poisoning caused by pathogenic microorganisms in
food poses an important health problem worldwide.
Pathogenic microorganisms cause food spoilage, digestive
system diseases, or nervous system disorders (16).

Nosocomial infections are one of the serious health
problems caused by clinically pathogenic microorganisms
despite sterilization and disinfection precautions (17).
Bacterial infections of the skin and subcutaneous tissue
are among the most common nosocomial infections in
the community (18). Skin infections caused by yeasts,
especially those associated with Candida albicans, are quite
common. In addition, Candida species are emerging with
new strains with greater resistance to existing antifungal
agents (19). Diseases caused by pathogenic bacteria have
also increased in aquaculture (20). Therefore, this issue
causes significanteconomic loss in aquaculture (21). Plants
can produce compounds with many biological activities
effective against pathogens. Consequently, plant extracts
are expected to be effective in drug-resistant pathogenic
microorganisms (22).

Different types of electromagnetic radiation come
from the sun to the earth. Ultraviolet (UV) radiation is a
form of “invisible and non-ionizing” radiation to which
humans are exposed throughout their lives (23). The UV
radiation, with wavelength energy of 100-400 nm, spans
between the X-ray and visible light spectrum. These rays
are UV-A, UV-B, and UV-C. The ozone layer absorbs 100%
of UV-C and approximately 90% of UV-B and almost does
not absorb UV-A (24). Exposure to UV radiation produces
harmful effects on the skin, such as dryness, wrinkles, skin

cancer, and pigment abnormalities (25). Using sunscreen
products can prevent the skin from the harmful effects
of UV rays and negative skin effects (26). The bioactive
substances of plants can help prevent harmful rays from
the sun and protect the skin.

2. Objectives

The present study aimed to determine the potential
usage of hazelnut and its by-products as natural bioactive
additives in the cosmetic industry.  Therefore, the
antimicrobial effect of various extracts obtained from
hazelnut and its waste products on foodborne, clinical,
and fish-originated microorganisms was investigated.
Additionally, the sun protection factor (SPF) value
of the extracts and the commercial cream + extract
mixtures developed by using hazelnut extracts was
assayed to reveal the potential use as cheaper and safer
alternatives to sunscreens containing harmful chemicals
used in cosmetics. Moreover, cream formulations
containing hazelnut extracts and L. fermentum probiotic
microorganisms were developed, and their antibacterial
and antifungal activities on Escherichia coli 0157:H7 and
C. albicans ATCC 10231 were investigated for the cosmetic
industry.

3. Methods

3.1. Preparation of Hazelnut Extracts

Hazelnut whole fruit (with brown shell), green husk
(green leafy shell), and leaf samples were obtained
from Ordu/Turkey in July 2021. The hazelnut materials
were separately air-dried at room temperature. In the
extraction, 10 gr of powder obtained from whole hazelnut
fruit (WHF), hazelnut green husk (HH), and hazelnut
leaves (HL) was separately extracted with 30 mL of water
or methanol using a hot water bath for 24 hours. The
solvents were evaporated after extraction. The extracts
were dissolved with dimethyl sulfoxide (DMSO) and then
sterilized with 0.45 ym Millipore filters. They were then
kept in dry conditions at 4°C until use.

3.2. Test Microorganisms

The antimicrobial activity of water and methanol
extracts from WHF, HH, and HL was tested against 10
pathogenic microorganisms. The foodborne or clinical
(i.e., E. coli O157:H7, Enterococcus faecalis ATCC 29212, Listeria
monocytogenes ATCC 7644, Pseudomonas aeruginosa ATCC
27853, Salmonella enteritidis ATCC 171, Candida glabrata RSKK
04019, and C. albicans ATCC 10231) and fish pathogens
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(Aeromonas hydrophila ATCC 19570, Yersinia ruckeri, and
Lactococcus garvieae) were used as test microorganisms.
Foodborne or clinical pathogens were cultured at 37°C in
tryptic soy broth (TSB) or nutrient broth (NB) media for
24 hours. The yeasts were grown at 30°C in yeast peptone
dextrose media for 48 hours. The A. hydrophila ATCC 19570
fish pathogen was cultured at 25°C in NB. Y. ruckeri and L.
garvieae fish pathogens were grown in TSB medium at 25°C
for 24 hours.

3.3. Disc Diffusion Test

The antimicrobial activity of the hazelnut extracts
against the test microorganisms was determined using
the disc diffusion test (27). The test microorganisms
were adjusted to 0.5 McFarland concentrations. Then, the
microbial suspensions (100 uL) were spread on the solid
medium. The sterile filter discs (6 mm in diameter) were
placed on the solid medium. The hazelnut extracts (20
1L, 2000 pgldisc) were dropped onto the discs. The plates
were then incubated at 37°C for 24 hours for bacterial
strains and at 30°C for 48 hours for yeast. Ampicillin
(10 pg/disc), kanamycin (30 pg/disc), and fluconazole (25
pgldisc) were used as positive controls. The extract solvent
DMSO was used as the negative control. The inhibition
zone diameters were measured using Vernier calipers. The
study was repeated twice.

3.4. Microdilution Assay

Minimal inhibitory concentration (MIC) and minimal
bactericidal concentration (MBC) or minimum fungicidal
concentration (MFC) values of the extracts were obtained
by the microdilution method against test microorganisms
(27). The medium and hazelnut extracts were added to the
tubes and diluted to determine the MIC of the extracts.
The microbial suspension (0.5 McFarland) was added into
the tubes containing various extract concentrations (40,
20, 10, 5, 2.5, 1.25, and 0.625 pg/ul). The mixture of
medium and test microorganisms (without extract) was
used as a positive control in the study. After mixing, the
tubes were incubated for 24 and 48 hours at appropriate
temperatures. The lowest hazelnut extract concentration
that inhibited the growth of test microorganisms was
recorded as the MIC value. The MBC or MFC values were
obtained by inoculating a 5 uL sample from the incubated
tubes on solid media. After the incubation, the lowest
concentration without microbial growth was recorded
as the MBC value, and the lowest concentration without
fungal growth was recorded as the MFC value. The data are
expressed in ug/uL.
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3.5. Determination of In-vitro Sun Protection Factor of Extract

The SPF values of hazelnut extracts are based on the
in vitro determination of extracts (2 pg/uL) diluted in
ethanol (96%). The diluted solutions were measured by a
spectrophotometer (Beckman Coulter Inc., United States)
in a wavelength range of 290 - 320 nm (UV-B) at 5 nm
intervals. The SPF value was calculated using the Mansur
equation (28) given in the subsequent section 1.

In addition, the SPF values of the commercially
available cream and hazelnut extract mixture were
also examined. For this purpose, Imam et al.’s (29) and
Bambal et al.’s (30) studies were used after modification.
Commercial cream (10% w|v) and the extract (5% w|v) were
mixed and made up to the final volume with distilled
water. The mixture was diluted with ethanol (40%) and
then sonicated for 5 minutes. The mixtures with a final
volume of 2.5 - 5-10 mL were measured in the wavelength
range of 290 - 320 nm (UV-B), as mentioned above. The SPF
values of the cream and extract mixtures were calculated
using the Mansur equation (28) as follows:

320
SPF=CF x Y EE(X) xI(X) x Abs())
290

CF: Correction factor (10); EE (\): Erythemetogenic
effect radiation wavelength (\); [ (\): Intensity of sunlight
atthe wavelength (\); Abs (\): Absorbance value of extracts
at the wavelength (\)

3.6. Antimicrobial Activity of Cream Formulations

The antimicrobial activity of the cream formulations
was determined with a developed method using
Handali et al’s (31) and Chen et al’s (32) studies. The
antimicrobial cream formulations contain commercial
cream and/or hazelnut extracts and/or probiotic candidate
strains originating from human milk Limosilactobacillus
fermentum MA-7. The L. fermentum MA-7 strain has good
probiotic properties (33). The precipitated pellet and
supernatant obtained by the centrifugation of the
active culture of L. fermentum MA-7 strain were used in
different cream formulations. In this study, 10% cream,
20% hazelnut extracts, and 10% L. fermentum MA-7 pellets
were used in the content of the prepared cream groups.
In addition, the groups containing the supernatant of the
L. fermentum MA-7 strain were filled with a supernatant
to the final volume, and the cream groups that did not
contain the L. fermentum MA-7 strain were completed
with distilled water. The extract concentration of all
groups containing extract was 200 pg/uL. Table 1 shows
the prepared cream groups. The cream groups were
homogenized and sonicated for 30 minutes. The cream
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formulations were then sterilized using a 0.45 pum filter
and kept at 4°C in dry conditions until use.

Table 1. Cream Formulations Containing Hazelnut Extract and Probiotic

Cream Groups Containing Hazelnut Extract and Probiotic

C Cream

CE Cream + extract

cp Cream + probiotic pellet

CS Cream + probiotic supernatant

CEP Cream + extract + probiotic pellet

CES Cream + extract + probiotic supernatant

CPS Cream + probiotic pellet + probiotic supernatant

CEPS Cream + extract + probiotic pellet + probiotic supernatant

The antimicrobial activity of the antimicrobial
cream groups was tested against E. coli O157:H7 and C.
albicans ATCC 10231 using the good diffusion method. The
test microorganisms were adjusted to a 0.5 McFarland
concentration after washing twice with saline. Then, the
microbial suspensions (100 pL) were spread onto the solid
medium, and 100 uL of cream groups was dropped into
the wells (a diameter of 6 mm). The plates were incubated
at appropriate conditions, as mentioned before. After
the incubation, the inhibition zones were measured with
Vernier calipers. The study was conducted in triplicate.

3.7. Statistical Analysis

The antimicrobial activity of the cream formulations
was analyzed using GNU SPSS software (version 25.0), and
statistical significance was confirmed by one-way analysis
of variance with Tukey’s post-hoc test. The difference
between the cream groups was considered statistically
significant at P < 0.05.

4. Results

4.1. Antimicrobial Activity of Extracts

In the present study, the antimicrobial effects of
various extracts from hazelnut and its by-products on
foodborne, clinical, and fish-originated microorganisms
were determined using disc diffusion and microdilution
assays. The hazelnut extracts showed antimicrobial
activity against most of the tested microorganisms
(Table 2). The hazelnut leaf methanol (HLM) extract had
the highest inhibition effect against P. aeruginosa ATCC
27853, with an inhibition zone diameter of 15.55 mm.
The hazelnut husk methanol (HHM) extract showed the
greatest inhibition effect against C. glabrata RSKK 04019

(17.25 mm) among fungal test microorganisms. Yersinia
ruckeri is the most inhibited fish pathogen by the HHM
extract, with an inhibition zone diameter of 19.41 mm.
The MIC, MBC, or MFC values of hazelnut extracts varied
from 1.25 to > 40 ug/uL (Table 3). The lowest MIC value (5
pglul) was determined against P. aeruginosa ATCC 27853
for the hazelnut leaf water (HLW) extract and against L.
garvieae for the hazelnut husk water (HHW) extract. The
best MBC or MFC value (1.25 p1g/14L) was obtained against A.
hydrophila ATCC 19570 for the HHM extract.

4.2. In-vitro Sun Protection Factor of Extracts

The SPF values of WHF, HH, and HL extracts were
determined in vitro spectrophotometrically. The SPF
values of the hazelnut extracts varied from 6.85 to
27.64 (Table 4). As a result of spectrophotometric
measurements, the methanol hazelnut extracts generally
had higher SPF values than the water extracts. The highest
SPF value was 27.64 for the HLM extract. The methanol
hazelnut extracts presented over 96% UV blocking,
according to Imam et al.’s study (29).

After determining the SPF values of the extracts, they
were mixed with the commercial cream, and then the SPF
values of the cream mixture were obtained. The results
are shown in Table 5. The SPF value of the commercial
cream was determined as the control. The SPF values of the
cream-extract mixtures showed that the highest SPFvalues
were observed for the HLM extract as 2.02, 9.84, and 26.28
at concentrations of 2.5, 5, and 10 mL, respectively.

4.3. Antimicrobial Activity of Cream Formulations

The cream formulations prepared with hazelnut
extracts and probiotics showed antimicrobial activities
against E. coli O157:H7 and C. albicans ATCC 10231 (Table
6). The Cream Extract (CE), Cream Probiotic Supernatant
(CS), Cream Extract Probiotic Pellet (CEP), Cream Extract
Probiotic Supernatant (CES), Cream Probiotic Pellet
Probiotic Supernatant (CPS), and Cream Extract Probiotic
Pellet Probiotic Supernatant (CEPS) groups showed
statistically significant antimicrobial activity,compared to
the C and CP groups, against E. coli 0157:H7 (P < 0.05). The
mixture of the HLM extract containing CEPS showed the
highest activity on the E. coli O157:H7 with an inhibition
zone diameter of 22.61 mm. The antimicrobial activity
results of the CE group prepared with the HHM or HLM
extract on C. albicans ATCC 10231 indicated a statistically
significant difference (P < 0.05), compared to the control,
except for other CE test groups. In addition, CEP groups
on C. albicans ATCC 10231, except for the HHW extract,
showed statistically significant antimicrobial activity (P
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Table 2. Disc Diffusion Assay Results of Hazelnut Extracts

Inhibition Zone Diameter (mm + SD)

WHFW HHW HLW WHFM HHM HLM AM K
Foodborne and clinical pathogens
Escherichia coli 0157:H7 10.27+ 0.50 83+ 0.00 NA 13.51% 0.20 12.24+ 0.09 814+ 0.49 16.81+ 0.20 12.97+ 0.30
Enterococcus faecalis ATCC 29212 6.08+ 0.02 7.44 + 1.96 NA 872+ 117 10.60 = 0.07 8.28+ 0.65 30.27+ 0.90 19.36+ 0.10
Listeria monocytogenes ATCC 6.09t 0.11 6.10 £ 0.07 NA NA 8.58 + 1.43 814+ 0.49 17.76 £ 0.00 19.33 £ 0.40
7644
Pseudomonas aeruginosa ATCC 11.47+ 0.99 9.23+ 0.28 10.55+ 0.77 14.83+ 0.40 14.60 + 0.36 15.55+ 1.31 21.04+ 0.80 19.91+ 0.50
27853
Salmonella enteritidis RSKK 171 10.65 + 1.53 820+ 112 6.03+ 0.00 13.59 + 0.37 12.24+ 0.83 814+ 0.49 14.02+ 030 15.48 + 1.40
Fungal pathogens FCA
Candida glabrata RSKK 04019 12.62 + 0.18 12.46 % 111 9.79 £ 0.16 16.67 £ 1.50 17.25+ 0.99 10.46 + 0.10 20.35% 0.10
Candida albicans ATCC 10231 9.47+ 037 812+ 1.80 6.66+ 0.71 11.54 £ 0.91 1.7+ 0.02 NA NA
Fish pathogens AM K
Aeromonas hydrophila ATCC 11.08 £ 0.41 9.94+ 0.46 NA 18.93+ 0.57 19.35+ 0.67 10.59 £ 1.67 12.2+ 0.06 16.16 + 0.05
19570
Yersinia ruckeri 10.93 + 1.28 9.24+ 0.45 7.49 + 0.94 15.72+ 2.29 19.41+ 0.08 7.49+ 0.40 323% 0.15 17.54 %+ 0.03
Lactococcus garvieae 12.01+ 1.84 9.16 £ 1.15 NA 13.91+ 0.68 18.98+ 0.41 1.0+ 0.43 331+ 0.12 23.05+ 0.14

Abbreviations: SD, standard deviation; WHFW, whole hazelnut fruit water; HHW, hazelnut husk water; HLW, hazelnut leaf water; WHFM, whole hazelnut fruit methanol;
HHM, hazelnut husk methanol; HLM, hazelnut leaf methanol; AM (10 tg), ampicillin; K (30 ©g), kanamycin; FCA (25 ng), fluconazole; NA, no activity

Table 3. Minimal Inhibitory Concentration and Minimal Bactericidal Concentration or Minimum Fungicidal Concentration Values of Hazelnut Extracts (11g/(L)

WHFW HHW

HLW WHFM HHM HLM

MIC MiIC MBC

MiIC

MBC MiIC MiIC MiIC MBC

Foodborne and clinical test
pathogens
Escherichia coli O157:H7 40

20 40

Enterococcus faecalisATCC
29212

40 20

Listeria monocytogenes ATCC 40 40

7644

Pseudomonas aeruginosa ATCC 20

27853

Salmonella enteritidisRSKK 171 20 20

Fungal pathogens MFC MIC

Candida glabrata RSKK 04019 20

Candida albicans ATCC 10231 40

Fish pathogens MIC

Aeromonas hydrophila ATCC 20

19570

Yersinia ruckeri 40 10

Lactococcus garvieae 20 40 5

20 20 20

20 20 20 40

40 40 20 20 40

20
MFC MIC
20 20
40 40
MIC

125

20 10

20 5 5

Abbreviations: MIC, minimal inhibitory concentration; MBC, minimal bactericidal concentration; MFC, minimum fungicidal concentration; WHFW, whole hazelnut fruit water; HHW, hazelnut husk water; HLW, hazelnut leaf water;

WHEM, whole hazelnut fruit methanol; HHM, hazelnut husk methanol; HLM, hazelnut leaf methanol.

< 0.05) compared to the control group. The CEPS group
containing the WHEM extract had the best inhibition zone
diameter of 20.94 mm against C. albicans ATCC 10231. As a
result, the antimicrobial activity of the CEPS group against
E. coli 0157:H7 and C. albicans ATCC 10231 was observed as
statistically significant (P < 0.05) compared to other test
groups.
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5. Discussion

The indiscriminate, irregular, and excessive use
of antibiotics has caused antimicrobial resistance
and rendered many drugs ineffective (34, 35). For this
reason, there is increasing interest in the development of
alternative antimicrobial agents with natural ingredients
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Table 4. Sun Protection Factor Values of Hazelnut Extracts

Extracts SPF Value
WHFW 9.78
HHW 6.85
HLW 9.52
WHFM 25.97
HHM 2634
HIM 27.64

Abbreviations: WHFW, whole hazelnut fruit water; HHW, hazelnut husk water;
HLW, hazelnut leaf water; WHEM, whole hazelnut fruit methanol; HHM,
hazelnut husk methanol; HLM, hazelnut leaf methanol; SPF, sun protection
factor.

Table 5. Sun Protection Factor Values of Hazelnut Extracts and Commercial Cream
Mixtures

SPF Value

Extracts

2.,5mL 5mL 10 mL
Cream (control) 0.16 0.47 129
WHFW + cream 0.30 1.53 14.97
HHW + cream 0.22 135 11.92
HLW + cream 0.35 2.19 19.89
WHEFM + cream 038 1.93 17.56
HHM + cream 0.50 2.62 20.63
HLM + cream 2.02 9.84 26.28

Abbreviations: WHFW, whole hazelnut fruit water; HHW, hazelnut husk water;
HLW, hazelnut leaf water; WHFM, whole hazelnut fruit methanol; HHM,
hazelnut husk methanol; HLM, hazelnut leaf methanol; SPF, sun protection
factor.

that can reduce the use of antibiotics. Plants are an
almost unlimited source of bioactive compounds that
have the potential to be used as antimicrobial agents
(36). The antimicrobial effect of herbal extracts is being
investigated for new treatments.

In a study evaluating the antimicrobial activity
of the water extract from the fruit of three different
hazelnut cultivars, the extracts showed high antibacterial
activity on gram-positive pathogenic microorganisms
(i.e., Bacillus subtilis, B. cereus, and Staphylococcus aureus)
with an inhibition zone diameter of 4 to > 9 mm. It
was determined that the hazelnut extracts had good
antimicrobial activity against the test bacteria with a MIC
value of 0.1 mg/mL. In the aforementioned study, it was
also determined that the tested gram-negative bacteria
and fungi (i.e., P. aeruginosa, Klebsiella pneumoniae, E. coli,
C. albicans, and Cryptococcus neoformans) were resistant to
the extracts (37).

Ozaslan et al. (38) tested the antimicrobial activity of
hazelnut husk (green leafy shell)and hazelnut leaf extracts

extracted with methanol on test bacteria (i.e., Bacillus
subtilis, Staphylococcus epidermidis, Staphylococcus aureus,
Klebsiella pneumoniae, Proteus vulgaris, L. monocytogenes, E.
faecalis, and E. coli). The extracts showed an antimicrobial
effect against some of the tested bacteria but no inhibitory
activity against E. coli and P. vulgaris. In the current study;,
all the hazelnut extracts showed antibacterial activity on
E. coli O157:H7 except for the HLW extract. The results of
the current study indicated that hazelnut and their waste
products with high antimicrobial activity might be natural
antimicrobial alternatives to chemicals.

Sunscreens are products developed to protect against
the effects of sunburn, skin cancer, aging, loss of collagen,
and undesired skin pigmentation caused by excessive
solar UV radiation. Ideal sunscreens should not show
allergic reactions or toxic effects; however, the side effects
that might occur in their use also bring about various
concerns for users (39). In addition, the accumulation
of sunscreens in the environment also poses important
risks (40). For this reason, the development of sunscreens
containing natural substances might be very beneficial for
the protection of both users and the environment (41).
Ivanovic et al. (42) obtained extracts from the roasted
shells of Serbian hazelnuts using various ethanol ratios
(10%, 50%, and 96%). Their SPF values were examined
spectrophotometrically at 220 and 440 nm intervals. The
SPF values of the extracts ranged from 0.24 to 0.31. The
extracts were also mixed with benzophenone-3, which is
considered a chemical sunscreen substance. The SPFvalues
of the hazelnut extract mixtures were obtained within the
range of 4.66 - 4.94. They indicated that hazelnut extracts
are not suitable for use as UV-enhancers in cosmetic
products. However, in the presented study, the hazelnut
extracts showed good solar protection activity. Especially
the HLM extract with high SPF values indicated that the
extract could be used as a natural UV-booster cosmetic.

Lactic acid bacteria (LAB), which constitute a
large group of probiotics, have therapeutic effects,
such as improving the immune system, reducing the
harmful microorganism population, and providing
and maintaining the microorganism balance in the
intestinal tract (43). Although antimicrobial activity was
not detected against E. coli 0157:H7 in the HLW extract (100
mg/mL) in the disc diffusion test, a higher concentration
of the extract (200 mg/mL) used to determine the
antimicrobial activity of cream formulations might have
created an inhibition zone. The HLM and WHEM extracts,
together with the probiotic candidate LAB strain L.
fermentum MA-7, might contribute to the cosmeticindustry
as alternative natural antimicrobial sources to chemical

] Skin Stem Cell. 2023;10(2):e137580.



Saglam A and Asan-Ozusaglam M

Table 6. Antimicrobial Activity of Hazelnut Extracts and Probiotic Containing Cream Formulations Against Escherichia coli 0157:H7 and Candida albicans ATCC10231°

Inhibition Zone Diameter (mm)

Microorganisms F (P-Value)
c CE cp cs CES cps CEPS

Escherichia coli 0157:H7
WHFW NAA 3.88+ 0.69B NAA 492+ I.OIC 432+ 0.62D 6.16+ U.SDE 9.91+ U.44F 1.96 + U.BSG 117.641 (O.DOU)
HHW NAA 412+ O.SSB NAA 492+ l.DlC 390+ 1.430 4.96+ U.4SE 9.91+ 0.44F 1255+ 1.37G 76.634 (D.OUO)
HLW NAA 323+ D.7OIB NAA 492+ I.OIC 456+ 0.58]) 14.56 + O.SSE 9.91+ O.44F 1832+ O.SIG 348.665 (0.000)
WHFM NAA 334+ D.SBB NAA 492+ ].ch 6.20+ D.“D 18.22+ Z.OSE 9.91+ 0.44F 2255+ D.75G 257.358 (D.ODD)
HHM NAA 280+ 0.68° NAA 2924 1.01C 4.02+ 030 434+ 0.43F 991+ 0.44F 19.41% 1358 255.449 (0.000)
HIM Na? 10.09+ 1.00° NAA 292+ 1.01¢ 101+ 034° 19.09+ 0.66° 9.91+ 0.44F 2261+ 0.90% 443.196 (0.000)

Candida albicans ATCC10231
WHEW Na? NAA NAA 5.44+ 0298 774+ 0.50¢ 812+ 0520 564+ 0.64F 12.89+ 037" 45786 (0.000)
HHW NaA NAA NAA 544+ 0298 132+ 0,207 7.85+ 0.09¢ 5.64+ 0.640 928+ 1.12F 189.087(0.000)
HIW NaA NAA NAA 544+ 0298 6.04% 037° 771+ 0580 5.64+ 0.64F 1272+ 0.87° 282329 (0.000)
WHFM NAA NAA NAA 5.44+ D.ZBB 531+ 0.37C 10.90 + 1.17D 5.64 D.G‘IE 2094+ I.SSF 260378 (0.000)
HHM NAA 512+ 0.53B NAA 5.44+ O.ZBC 10.24 + 0.430 6.87+ 0.73E 5.64+ 0.54F 1352+ I.OOG 202.585 (0.000)
HLM NAA 596+ I.OIB NAA 544+ O.ZBC 8.90+ D.G3D 12.68+ 0,64E 5.64+ 0.64F 1527+ 0,73G 245.447(0.000)

Abbreviations: WHFW, whole hazelnut fruit water; HHW, hazelnut husk water; HLW, hazelnut leaf water; WHFM, whole hazelnut fruit methanol; HHM, hazelnut husk methanol; HLM, hazelnut leaf methanol; NA, no activity; C, cream; CE,
cream + extract; CP, cream + probiotic pellet; CS, cream + probiotic supernatant; CEP, cream + extract + probiotic pellet; CES, cream + extract + probiotic supernatant; CPS, cream + cream + probiotic pellet + probiotic supernatant; CEPS,

cream + extract + probiotic pellet + probiotic supernatant.

2 Values with the different superscript letters in the lines are significantly different using a one-way analysis of variance followed by Tukey’s post-hoc test (P < 0.05).

antimicrobials. Montella et al. (44) also stated that
hazelnut shell extracts, as a growth-medium component,
significantly improved the growth of probiotic strains
Lactobacillus crispatus P17631 and L. plantarum P17630.

5.1. Conclusions

The present study investigated the biological activity
of the hazelnut and its by-products to obtain their
potential use in the cosmetic industry. The hazelnut
extracts showed good antimicrobial activity on all tested
microorganisms. The extracts and the cream + extract
mixtures with high SPF values can be bioactive-natural
protectors as an alternative to synthetic sunscreens.
Moreover, the cream formulations prepared with
cream, hazelnut extract, and probiotic candidate L.
fermentum MA-7 showed a high antimicrobial effect on
the test microorganisms. Finally, the current study
showed that hazelnut and its by-products can be used
as a natural substance in the cosmetic industry. As a
result, environmental pollution can be prevented, and
contribution to the national economy can be provided by
the use of waste and by-products resulting from hazelnut
processing in various industries.
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