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to determine the quantification of phenolic compounds in 
permeate and concentrate streams. In addition, all of the 
concentrate samples with high phenol content showed a high 
antioxidant activity as 100% with MF concentrate, UF con-
centrate, NF concentrated and RO concentrated. Likewise, 
concentrate samples were found to have very high antibio-
film activity as 82.86% for NF concentrate againts S. aureus, 
85.80% for NF concentrate against P. aureginosa, 80.95% 
for RO concentrate against S. aureus, and 83.61% for RO-
concentrate against P. aureginosa. When the antimicrobial 
activity of the extracted phenol from WGH and its different 
concentrate and permeate samples were evaluated by micro 
dilution and disk diffusion methods, it was found that the 
ability of the concentrate samples to inhibit bacterial growth 
was much higher than permeate ones. In addition, extracted 
phenol from WGH and its different concentrate and perme-
ate samples showed significant DNA nuclease activity.

Keywords  Walnut green husk · Phenolic compounds 
extraction · Membrane process · Antioxidant · Biofilm · 
Antimicrobial · Cell viability · DNA cleavage

Abbreviations
DPPH	� 2, 2-Diphenyl-1-picrylhydrazyl
MF	� Microfiltration
MIC	� Minimum inhibition concentration
NF	� Nanofiltration
RO	� Reverse osmosis
UF	� Ultrafiltration
WGH	� Walnut green husk

Abstract  In this study, antioxidant (DPPH and metal 
chelating), DNA cleavage, biofilm, and antimicrobial 
properties of extracted phenol from the walnut green husk 
(WGH) and its different concentrate and permeate samples 
were evaluated. For maximum phenolic compound extrac-
tion from the WGH first, the effects of solvent type (deion-
ized water, methanol, n-hexane, acetone, and ethanol), sol-
vent temperature (25–75 °C), and extraction time (0.5–24 h) 
were optimized. Then to concentrate phenolic compounds a 
pressure-driven membrane process was used with four dif-
ferent membrane types. The phenol contents of the concen-
trate samples were found to be microfiltration (MF) concen-
trate 4400 mg/L, ultrafiltration (UF) concentrate 4175 mg/L, 
nanofiltration (NF) concentrate 8155 mg/L, and reverse 
osmosis (RO) concentrate 8100 mg/L. LC-MSMS was used 
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Introduction

Walnuts (Juglans regia L.) are mostly grown in un-reclaimed 
and poor soil and harvested as covered with green organic 
husk (Oliveira et  al. 2008a). According to FAO, world 
walnut production is 3.32 million tons (FAO, 2020). The 
green husks of the harvested walnuts are peeled and dried 
so that there is no quality loss in walnuts. The green husks 
make up a considerable percentage of the fruit by weight 
(∼ 20%) (Jahanban-Esfahlan et al. 2020). Different parts 
of the walnut, such as its green husk, leaves, shells, and 
seeds, find industrial use in areas such as pharmaceutical 
and cosmetics (Ramezani et al. 2020). The extraction steps, 
which can be applied in unlimited ways, are very effective 
on the purity and obtain components from plants (Naczk and 
Shaidi 2004). Components extracted from flowers, leaves, 
fruits, and stems of some other plants have been used in 
the treatment of various diseases such as malaria in history 
(Aminov 2010). The interest of researchers on this subject 
is increasing day by day due to the rapid increase in popula-
tion, decrease in resources, and unexpected harms of chemi-
cal products. Herbal by-products can be used as antimicro-
bial agents. The interest in the use of natural antimicrobial 
substances has increased because consumers do not prefer 
to use chemical preservatives (Kadiroğlu and Ekici 2018). 
It is known that the green husk of walnut is rich in polyphe-
nols, flavones, and other active components (Li and Deng 
2020). Several studies have been conducted to determine the 
phenolic composition, antibacterial and antioxidant prop-
erties of walnut green husks. In a study, the total phenol 
content, as well as antioxidant and antimicrobial activities, 
in aqueous extracts of five different cultivars of walnut (Jug-
lans regia L.) was investigated and it was reported that total 
phenols content was determined as 32.61 to 74.08 mg/g of 
GAE. (Oliveira et al. 2008b). In another study, methanol and 
petroleum ether were used to extract phenolic compounds 
from walnut (Juglans regia L.) seed, green husk, and leaf. It 
was reported that methanol extracts have better antioxidant 
action in comparison to petroleum ether extracts (Carvalho 
et al. 2010). Fernández-Agulló et al. (2013) investigated the 
effect of solvent (water, methanol, ethanol, and 50% aque-
ous solutions of methanol and ethanol) on extraction yields 
and bioactive properties. Results showed that water had the 
highest extraction yield (44.11%), and samples extracted 
with water/ethanol (1:1) had the highest bioactive potential 
(84.46 mg GAE/g extract). Juglone is an organic compound 
that is used as a dye for fabrics and inks, as well as a coloring 
agent in foods and cosmetics (Ramezani et al. 2020). Cabal-
lero et al. (2019) investigated the impact of three concentra-
tion technologies such as speed vacuum, vacuum oven, and 
rotavapor over the concentration yield of juglone from the 
extract of walnut in ethanol and methanol. The concentra-
tion of juglone obtained with ethanol for three technologies 

has been reported 2.94, 23.21, and 58.07 ppm respectively. 
Membrane separation is a filtration technique that involves 
the passing of solute molecules through an inorganic or 
organic selectively permeable membrane. When it used to 
recover valuable compounds from extracts, concentrates the 
properties of bioactive compounds and increases the final 
commercial value of them. The use of walnuts and their 
by-products such as green husk as a natural antioxidant and 
antimicrobial agent should be increased therefore these 
wastes turn into environmentally friendly raw materials.

In this study, we investigated the recovery of phenolic 
compounds from the walnut green husk (WGH) which is 
an agricultural waste produced by walnut in high amounts 
after harvest. Some variables such as solvent type, solvent 
temperature, and extraction time were optimized for maxi-
mum phenol extraction from walnut green husks. Then, a 
pressure-driven membrane process was used to concentrate 
phenol from the husks. To the best of our knowledge, our 
study is the first which is using a membrane technology for 
concentrating extracted phenolic compounds from walnut 
green husks. Furthermore, antimicrobial activity, DPPH 
scavenging activity, cleavage of pBR322 DNA activity, bio-
film inhibition activity, and metal chelating activity were 
tested to investigate the antimicrobial and antioxidant prop-
erties of the recovered phenol.

Materials and methods

Materials

Deionized water, methanol, acetone, n-hexane, and ethanol 
were used as solvents to extract phenol from WGH. MCE, 
UP150, NF270, and BW30 membranes were used as micro-
filtration (MF), ultrafiltration (UF), nanofiltration (NF), and 
reverse osmosis (RO), respectively. The properties of the 
membranes are given in Table S1.

Peeling process description

To peel WGH, there are different processes all over the 
world (Karimi et al. 2008). In this study, WGH were kindly 
provided by a local producer located in Mersin, Turkey 
which has using mechanical peeling method without water. 
WGH were stored at + 4 °C in a refrigerator until use.

Phenol extraction from walnut green husk

For the characterization of the WGH content, the phenolic 
compounds in the green husk were extracted with various 
solvents. First, the husk was dried at 50 °C for 1 day, and the 
grain size was ground to less than 600 µm using a labora-
tory-type grinder. To recover the phenolic compounds from 



75J Food Sci Technol (January 2023) 60(1):73–83	

1 3

the WGH, extraction experiments were carried out with 5 
different solvents such as n-hexane, acetone, ethanol, metha-
nol and water. The solvent type, temperature, and extrac-
tion time were optimized for the extraction of the maximum 
concentration of phenolic compounds. To determine the best 
solvent type, 5 g of dried WGH was ground (Fig. S1) and 
50 mL of solvent was added at different times (0.5, 1, 2, 4, 
8, 24 h) and different temperatures (25, 50, 75 °C). Then, the 
solution was filtered through filter paper. Before starting the 
membrane experiments, 50 mL of water was added to each 
of the filtrates and the solvents were removed at 75 °C and 
phenolic compounds were transferred to the water phase. 
Total phenols, antioxidants, and total flavonoids were ana-
lyzed in the samples.

Phenolic compounds recovery using the membranes

The performance of the commercially available membranes 
were tested for phenolic compounds recovery using a dead-
end filtration system (Sterlitech, HP4750 Stirred Cell). First 
pure water was filtrated for 30 min at the different oper-
ating pressures then dead-end filtration system was filled 
with 100 mL aqueous solution which was rich-phenolic 
compounds. The rejection of phenolic compounds was cal-
culated using Eq. (1).

where Cf and Cp are phenol concentrations in feed and per-
meate samples, respectively.

Analyses

Total phenol analysis

The total phenolic content of extracted and concentrated 
samples were spectrophotometrically measured at approxi-
mately 760 nm, using the Folin-Ciocalteu method which is 
based on the redox reaction of phenolic compounds (Sin-
gleton et al. 1999). Gallic acid was used as a standard to 
construct the standard curve in this assay.

LC‑MSMS

Quantification of the selected phenols was performed via 
LC– MS/MS in negative ionisation mode on a 6410 triple 
quadrupole mass spectrometer from Agilent Technologies 
(Palo Alto, CA, United States) equipped with an electrospray 
ionisation (ESI) interface. Nitrogen was used as desolvation- 
and collision gas. The detailed decsription can be found in 
elswhere (Jaitz et al. 2010).

(1)R (%) =

(

1 −
Cp

Cf

)

× 100

DPPH scavenging activity

The antioxidant activities of the extracted phenol from 
WGH and its different concentrate and permeate samples 
were examined using a 2, 2-Diphenyl-2-picryl-hydrazyl 
(DPPH) free radical scavenging assay. This technique is one 
of several commonly used methods to evaluate the capacity 
of radical scavenging activity. The test is widely used in 
antioxidant screening because it is simple, fast, and clear 
(Daravath, Rambabu, Shankar, & Nile, 2019). The extracted 
phenol from WGH and its different concentrate and perme-
ate samples were evaluated for in vitro antioxidant activ-
ity against 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical. 
(Ağırtaş et al. 2015). The DPPH scavenging effect was 
found by calculating the percentage of color degradation of 
the DPPH in the equation below (2).

Metal chelating activity

The ferrous iron chelating activity of the extracted phenol from 
WGH and its different concentrate and permeate samples were 
made by adding minor changes to the reference cited in the 
source (Dinis, Madeira, and Almeida 1994). Percent inhibition 
of iron-ferrozine complex formation, Eq. (3).

Cleavage of pBR322 DNA activity

DNA cleavage studies for extracted phenol from WGH and 
its different concentrate and permeate samples were investi-
gated using pBR322 DNA by gel electrophoresis technique 
using 1% agarose. Reaction mixtures (20 μL) containing 
pBR322 DNA together with extracted phenol from WGH 
and its different concentrate and permeate samples were 
prepared and then allowed to incubate at 37 ℃ for 1 h in 
the dark. After the appropriate incubation time, the sam-
ples were loaded onto the agarose gel. The samples were 
subjected to electrophoresis at 80 V for 1 h. Evaluation was 
done with a UV illuminator using the Bio-Rad Gel docu-
mentation system.

(2)

Capacity (%) =

(

Abs(control) − Abs(sample)

Abs(control)

)

× 100

(3)
Metal Chelating Effect (%)

=

(

Abs(control) − Abs(sample)

Abs(control)

)

× 100
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Antimicrobial activity of the extracted phenol from WGH 
and its different concentrate and permeate samples 
by microdilution method

Antimicrobial activity studies of the extracted phenol from 
WGH and its different concentrate and permeate samples 
were investigated with minor modifications to the present 
reference (Elbeshehy, Elazzazy and Aggelis 2015). Micro-
dilution assay was employed to test the antimicrobial prop-
erty of the extracted phenol from WGH and its different con-
centrate and permeate samples. The tested microbial strains 
were Enterococcus faecalis (ATCC 29,212), Staphylococcus 
aureus (ATCC 25,923), Enterococcus hirae (ATCC 10,541), 
Escherichia coli (ATCC 25,922), Pseudomonas aeruginosa 
(ATCC 27,853), Legionella pneumophila subsp. pneumoph‑
ila (ATCC 33,152), Candida parapisilosis (ATCC 22,019), 
and Candida tropicalis (ATCC 750).The extracted phe-
nol from WGH and its different concentrate and permeate 
samples solutions were first prepared in microplates wells 
and a serial two-fold dilutions (1:2) at different concentra-
tions. Then, the microbial strains which were prepared 0.5 
McFarland Scale were inoculated to the microplate-wells 
and incubated at 37 ℃ for one day. Later, antimicrobial 
activity was evaluated with minimum inhibition concentra-
tion (MIC) values defined as the lowest concentration that 
inhibits microbial growth.

Antimicrobial activity of the extracted phenol from WGH 
and its different concentrate and permeate samples by disc 
diffusion method

The antimicrobial activity of extracted phenol from WGH 
and its different concentrate and permeate samples were 
evaluated using the disc diffusion method described in the 
previous reference, but with minor revisions (Chandramohan 
et al. 2016). The tested microbial strains were Gr ( +), Gr 
(–), and fungal strains mentioned above. Microbial cultures 
were adjusted to 0.5 McFarland turbidity standards to deter-
mine antimicrobial activity. Empty antimicrobial test discs 
were placed on nutrient agar plates with a sterile loop and 
then soaked with extracted phenol from WGH and its dif-
ferent concentrate and permeate samples. Then the plates 
were incubated at 37 °C for 24 h. Antimicrobial activity was 
determined by measuring the inhibition zone around each 
paper disc with the aid of a digital caliper.

Biofilm inhibition activity of the extracted phenol 
from WGH and its different concentrate and permeate 
samples

Biofilm inhibition activity was measured using a crystal 
violet-based staining procedure. S. aureus and P. aer‑
uginosa were used as test microorganisms for biofilm 

formation inhibition of extracted phenol from WGH and 
its different concentrate and permeate samples. Extracted 
phenol from WGH and its different concentrate and per-
meate samples solutions were added into the wells which 
contain Nutrient Broth and then incubated at 37 °C for 
72 h. When the incubation period was over, the super-
natants were removed. The remaining biofilm biomasses 
were washed with twice distilled water and air dried. After 
drying, crystal violet was added to each well and incubated 
for 30 min at room temperature. After 30 min of incuba-
tion, the unbound dye was washed off with distilled water 
and the wells were air-dried. Finally, optical density at 
595 nm was measured using a spectrophotometer (Thermo 
Scientific). The determined results were calculated accord-
ing to the biofilm inhibition Eq. (4).

Results and discussion

The effect of solvent type for phenolic compounds 
extraction

The effect of solvent type was tested to extract maximum 
total phenol from the walnut green husk. Five different 
solvent types such as n-hexane, acetone, ethanol, metha-
nol, and water were tested and the results are shown in 
Fig. S2. Accordingly, the phenol concentration after hex-
ane extraction had a mean value of 0.30 ± 0.025 mg/g 
with a standard deviation of 0.044. The 95% confidence 
interval for the mean was 0.19–0.41 mg/g. The extrac-
tion by acetone resulted in a mean phenol concentration of 
0.65 ± 0.03 mg/g with a 0.05 standard deviation. Also, the 
confidence interval (95%) ranged from 0.53 to 0.77 mg/g. 
Ethanol positively affected the extraction process (mean 
phenol concentration of 0.80 ± 0.05). The standard devia-
tion for the phenol extracted by ethanol was 0.09. The 
lower and the upper bounds for the 95% confidence for the 
mean were 0.58 and 1.02, respectively. The concentration 
of phenol extracted by methanol was 3.50 ± 0.36, with a 
standard deviation of 0.62 and a confidence interval of 
1.95 to 5.05. The results showed that water supplied the 
maximum phenol extraction (11.75 ± 0.26 mg/g) from the 
green husk with a standard deviation of 0.46. The lower 
bound was 10.61, and the upper bound reached 12.89. 
Table S2 shows the statistical analysis for the solvent type 
effects on the phenol extraction. The observed differences 
in phenol extraction could be attributed to differences in 
solvent strength and polarity, which alters the solubility 

(4)

Biofilm Inhibition (%) =

(

Abs(control) − Abs(sample)

Abs(control)

)

× 100
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of bioactive compounds in the hull matrix (Akinmoladun 
et al. 2022). Higher solvent polarity ensures higher total 
phenol extraction yields, so we obtained a higher total 
phenol extraction yield when water was used as a solvent, 
which is consistent with other studies (Goli et al. 2005; 
Ozay et al. 2021).

The effect of solvent temperature for phenol extraction

Temperature is another important factor in extraction pro-
cess. The effect of solvent temperature was investigated to 
extract maximum total phenol from the green husk. Three 
different solvent temperatures (25, 50, 75 °C) were tested 
and the results are shown in Fig. S3.

The results showed that the phenol extraction at 25 °C 
was 11.79 ± 0.47 mg/g with a standard deviation of 0.81. The 
confidence interval at 95% of the mean was 9.77–13.81. The 
increases in the temperature from 50 °C to 75 °C increased 
the phenol extraction concentration from 15.5 ± 0.29 mg/g 
to 17.05 ± 0.45 mg/g. The standard deviations for the phenol 
extraction at 50 °C and 75 °C were 0.50 and 0.79, respec-
tively (Table S3). The Pearson correlation test was per-
formed to confirm the correlation between the temperature 
and the extracted phenol concentration. Table S4 shows that 
the correlation is positively significant at the 0.01 level (2- 
tailed). Paired Samples T-Test was employed in temperature 
significance determination. Table S5 shows that the average 
difference for the concentrations at different temperature and 
50 °C and 75 °C were statistically significant at α = 0.05. The 
test also presented a significance between the mean con-
centrations at 25 °C and 75 °C at α = 0.01. Heating which 
is applied during the extraction process mellow the plant 
texture and decrease the phenol–protein and phenol–poly-
saccharide interactions, thus more phenolic compounds may 
transfer into the solvent (Mokrani and Madani 2016). But 
after a point, higher temperatures may reduce extraction 
yield because they cause oxidation and degradation of the 
desired compounds (Silva et al. 2007). Pinelo et al. (2005) 
investigated the effect of solvent temperature (values ranging 
from 25 to 50 °C) on the total phenolic content of extracts 
from grape pomace and concluded that the antiradical activ-
ity of phenolic extracts is maximized at 50 °C.

The effect of extraction time for phenol extraction

The effect of extraction time was investigated to extract 
maximum total phenol from the walnut green husk. Dif-
ferent extraction times were tested and the results are 
shown in Fig. S4. One of the most efficient parameters is 
the extraction time. The results showed that phenol extrac-
tion increased from 11.5 ± 0.29 mg/g (std. deviation 0.20) 
to 19.0 ± 0.29 mg/g (std. deviation 0.50) when extraction 
time increased from 0.5 to 4 h. At the end of the 24 h, there 

was an insignificant increase to 19.5 ± 0.55 mg/g. Longer 
extraction times do not have the same effect on the extrac-
tion yield of phenolic compounds. Paired Samples T-Test 
was employed to study the significance of the time for the 
extracted phenol concentration. According to Table S6, the 
difference between the means for the first pair (mean 0.5 h 
– mean 4 h) was − 7.5, which means that the mean con-
centration after 4 h is higher than the mean concentration 
after 0.5 h by 7.5 mg/g. The mean difference between the 
first pair was found to be statistically significant at α = 0.01. 
In contrast, the second pair was not statistically significant 
(p = 0.199), and the average extracted concentration after 
24 h was higher than the 4 h concentration of just 0.5 mg/g. 
The statistical results confirmed the obtained results. In a 
study, effect of different parameters such as temperature, 
solvent ratio or time (80–120 min) on the extraction of phe-
nolic compounds from plant leaves has investigated (Che 
Sulaiman et al. 2017). It was discovered that the extraction 
yield was highest at time of 80 min when the water to etha-
nol ratio was (80:20).

Membrane rejection performance

To achieve ideal process design parameters and maximum 
yield of phenolic compounds, it is critical to select efficient 
extraction and separation technologies. Dead-end filtration 
system was used to concentrate the phenolic compounds 
from an aqueous solution. A wide range of commercially 
available membranes was screened from MF to RO. MFCE, 
UP150 NF270, and BW30 were operated at 1, 5, 10, and 
20 bar, respectively. Figure 1 shows total phenol concentra-
tion in permeate and concentrates at membranes were used. 
The results depicted that the BW30 membrane enhanced 
the maximum phenol recovery. Total phenol concentration 
increased up to 8300 ± 225 mg/L in the concentrate phase. 
These findings can be explained by the fact that the nomi-
nal MWCO of BW30 membrane is higher than the other 
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Fig. 1   Membrane rejection performance for membranes
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membranes. MCE, UP150, and NF270 membranes supplied 
4400 ± 160, 4500 ± 190, and 8155 ± 220 mg/L total phenol 
recovery in concentrate phase while 865 ± 110, 787,5 ± 90 
and 358 ± 35 mg/L in permeate phase, respectively. Similar 
results were reported by Machado et al. (2015) who studied 
extraction of antioxidant compounds from a typical fruit and 
concentrate it with UF and NF membranes. It was reported 
that NF membranes showed better efficiency. Moreover, 
Arend et al. (2017) concentrated phenolic compounds of 
strawberry extract by nanofiltration process and reported a 
recovery of anthocyanin in the retentate around 95%.

LC‑MSMS results

Table 1 shows the quantification of phenolic compounds in 
permeate and concentrate of the membrane process. The 
results depicted that the feed stream was rich for cafeic 
acid, cinnamic acid, ferrulic acid, gallic acid, coumaric 
acid, syringic acid, vanilic acid, and quercetin dihydrate. 
These phenolic compounds were concentrated by BW30 
membrane.

DPPH scavenging activity

DPPH free radical scavenging assay is also one of the most 
tested in vitro antioxidant activity methods for natural and 
chemical synthetic compounds. The method is also inex-
pensive, easy and effective. From that point of view, DPPH 
free radical scavenging activity of the extracted phenol 
from WGH and its different concentrate and permeate sam-
ples was tested in our study. The antioxidant activity of the 
extracted phenol from WGH and its different concentrate 
and permeate samples is shown in Fig. 2. MF, UF, NF, and 
RO from the concentrate samples had the highest concen-
trations of DPPH activity, as well as the highest phenol 
content. The DPPH scavenging activity of extracted phe-
nol, MF, UF, NF, and RO concentrate samples obtained 
from waste WGH was also found to be 100%. The DPPH 

scavenging activities of the permeate samples of UF, NF, 
MF, and RO were 98.56%, 97.73%, 92.95%, and 78.29%, 
respectively. Agullo et al. (2013) investigated the effect 
of solvent on the antioxidant and antimicrobial properties 
of walnut (Juglans regia L.) green husk extracts. They 
showed that the antioxidant activities of walnut green husk 
extracts changed at different concentrations. It was found 
that walnut green husk extract obtained from ethanol and 
methanol achieved the highest DPPH free radicals scav-
enging activity as 50% (Agullo et al. 2013). Mehdizadeh 
et al. (2020) investigated the antioxidant activity of Cu 
nanoparticles fixed on cellulosic WGH material and it was 
found that all samples showed antioxidant effects, but sig-
nificant changes were observed according to the concentra-
tions difference. It was observed that antioxidant activity 
increased depending on the increase in phenol content or 
concentration. These radical scavenging activities are vital 

Table 1   The quantification 
of phenolic compounds in 
permeate and concentrate 
streams (mg/L)

1: extracted phenol; 2: MF permeate; 3: MF concentrate 4: UF permeate; 5: UF concentrate 6: NF perme-
ate; 7: NF concentrate; 8: RO permeate; 9: RO concentrate

Phenolic compounds 1 2 3 4 5 6 7 8 9

4-Hydroxybenzoic acid 0.299 0.152 0.356 0.131 0.452 0.117 0.622 0.105 0.652
Cafeic acid 5.629 3.991 5.676 2.565 5.815 0.839 9.034 0.766 10.913
Ferulic acid 2.195 1.097 2.222 0.836 2.965 0.634 3.470 0.285 5.866
Gallic acid 21.914 16.217 21.966 15.362 22.063 13.012 32.632 11.889 41.622
Genistisie acid 0.666 0.352 0.717 0.328 0.775 0.310 0.977 0.255 1.160
Coumaric acid 1.111 0.440 1.382 0.421 1.414 0.160 2.403 0.031 3.649
Quercetin Dihydrate 5.776 3.641 6.790 2.437 8.021 0.775 10.242 0.394 12.707
Syringic acid 3.159 2.109 3.627 1.781 3.982 1.620 5.737 1.526 8.307
Vanilic acid 6.752 3.198 7.462 2.301 9.044 1.413 15.338 1.226 19.773

1 2 3 4 5 6 7 8 9
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Fig. 2   DPPH scavenging ability. (1: extracted phenol; 2: MF perme-
ate; 3: MF concentrate 4: UF permeate; 5: UF concentrate 6: NF per-
meate; 7: NF concentrate; 8: RO permeate; 9: RO concentrate)
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to prevent the opposite role of free radicals in certain dis-
eases. It should be noted that the antioxidant activity of the 
phenol content is also very important, just as it is impor-
tant whether the compounds are concentrate or permeate. 
In light of our results, we can conclude that especially 
concentrate WGH extracts samples offer a good radical 
scavenging effect.

Metal chelating activity

Iron is an essential trace element for the human body, and its 
deficiency in the body causes iron deficiency anemia, poor 
cognitive development, increased maternal mortality, and 
low energy levels (Kong et al. 2021). On the other hand, iron 
and other metal ions can be caused cellular damage at high 
concentrations. Therefore, metal chelating agents are becom-
ing more and more important every day. This study aimed to 
determine the iron chelating properties of concentrate and 
permeate samples obtained from walnut green husks. The 
metal chelating ability of extracted phenol from WGH and its 
different concentrate and permeate samples was measured by 
the formation of ferrosine complex of iron ion and the abil-
ity of extracted phenol from WGH and its different concen-
trate and permeate samples to chelate Fe2+ ion is shown in 
Fig. 3. The chelating activities of the extracted phenol from 
WGH and its different concentrate and permeate samples 
were found to be concentration dependent and the concen-
trate samples showed better activity than the permeate ones. 
Iron ion chelating activity was 100% for extracted phenol, 
UF, NF, MF, and RO concentrate samples. Iron ion chelat-
ing activity was determined as 74.96% for extracted phenol 
RO permeate, 90.08% for extracted phenol NF permeate, 

95.21% for extracted phenol UF permeate, and 96.42% for 
extracted phenol MF permeate samples. The results of this 
study showed that all test samples had an effective capacity 
for iron binding, revealing their antioxidant potential. For 
example, various foods obtained from vegetables and animal 
such as whey, anchovies, chickpeas, date seeds, walnuts have 
shown iron chelating properties (Zarei et al. 2016; Lv et al. 
2017). Phenolic compounds with chelating effects on metal 
ions may be one of the antioxidant mechanisms and may be 
somewhat beneficial to protect against oxidative damage. 
Therefore, it was concluded that walnut green husk may be 
promising antioxidants for functional food ingredients and/
or pharmaceuticals.

DNA cleavage ability

DNA interactions of natural or synthetic compounds are 
very important. The most important reasons for this are that 
DNA is one of the most important target molecules in anti-
cancer and antimicrobial studies. Therefore, DNA cleavage 
activities of the of extracted phenol from WGH and its dif-
ferent concentrate and permeate samples were tested. In our 
study, DNA fragmentation activity of extracted phenol from 
WGH and its different concentrate and permeate samples 
was determined by agarose gel electrophoresis. As seen in 
Fig. 4, concentrate samples of waste WGH showed excel-
lent DNA nuclease activity. Extracted phenol from WGH 
and all tested concentrate samples were found to completely 
degrade DNA. While a double strand break (from Form I 
to Form II) was observed in plasmid DNA with WGH per-
meate samples of MF, UF, and NF, and DNA cleavage did 
not occur with WGH permeate sample of RO. Therefore, 
the DNA cleavage activities of newly synthesized and natu-
ral substances in the search for alternative products is very 
important in terms of shedding light on future research. In 
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Fig. 3   Ferrous chelating ability. (1: extracted phenol; 2: MF perme-
ate; 3: MF concentrate 4: UF permeate; 5: UF concentrate 6: NF per-
meate; 7: NF concentrate; 8: RO permeate; 9: RO concentrate)

Fig. 4   DNA Cleavage activity of extracted phenol from WGH and 
its different concentrate and permeate samples. Lane 1: pBR 322 
DNA + extracted phenol; Lane 2: pBR 322 DNA + MF permeate of 
WGH; Lane 3: pBR 322 DNA + MF concentrate of WGH; Lane 4: 
pBR 322 DNA + UF permeate of WGH; Lane 5: pBR 322 DNA + UF 
concentrate of WGH; Lane 6: pBR 322 DNA + NF permeate of 
WGH; Lane 7: pBR 322 DNA + NF concentrate of WGH; Lane 8: 
pBR 322 DNA + RO permeate of WGH; Lane 9: pBR 322 DNA + RO 
concentrate of WGH; Lane 10: pBR 322 DNA
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our study, striking and important results have emerged for 
DNA cleavage ability with waste WGH concentrate samples.

Antibacterial activity of extracted phenol from WGH 
and its different concentrate and permeate samples 
by using micro dilution method

In this study, antimicrobial activity was evaluated by the 
micro dilution method. At the end of 24 h, antimicrobial 
activity was evaluated as the lowest concentration inhibiting 
microbial growth. The results are shown in detail in Table 2. 
The MIC of sample 1 ranged from 8 to 256 mg/L. In our 
study, it was observed that concentrate samples showed bet-
ter antimicrobial activity and they were more effective on 
Gram-negative microorganisms. The MIC values efficiency 
of test samples were in the order of 7 > 1 = 9 > 3 = 5 > 2 = 4 
> 6 = 8 for E. coli and 9 > 3 = 5 = 7 > 1 > 4 > 2 = 6 = 8. On the 
other hand, MIC values of 7 were determined as 8 mg/L E. 
coli, 16 mg/L for P. aeruginosa, 32 mg/L for E. hirae, and 
L. pneumophila, 64 mg/L for E. fecalis, S. aureus and C. 
parapisilosis, and 128 mg/L for C. tropicalis. MIC values of 
9 were also found as 16 mg/L E. coli, 32 mg/L for L. pneu‑
mophila, P. aeruginosa, S. aureus, and E. fecalis, 64 mg/L 
for E. hirae, and C. parapisilosis, and 128 mg/L for C. tropi‑
calis. According to these results, E. coli was determined 
to be the most sensitive microorganism to the extracted 
phenol from WGH and its different concentrate and per-
meate samples and 8 was also exhibited the most ineffec-
tive antimicrobial activity against the test microorganisms. 
Dolatabadi et al. (2018) reported that methanol extract from 
walnut leaves was found to have good antibacterial activity 
against P. aeruginosa and it was found that the methanol 
extract showed a mean MIC value of 16 mg/mL and strong 
activity in preventing biofilm formation. In a different study, 
it was found that the permeate extract of J. regia did not 
show a significant antibacterial effect on S. mutans, unlike 
the ethanol extract. They also found that the ethanol extract 
of J. regia was effective against all tested bacteria, such as 

S. aureus, S. sanguis, and S. salivarius (Zakavi et al. 2013). 
Darvishi et al. (2019) investigated the antibacterial proper-
ties of zinc oxide nanoparticles synthesized using Juglans 
regia L. extract on E. coli, P. aeruginosa, and Acinetobacter 
baumannii resistant strains that cause wound and burn infec-
tions. It was observed that synthesized ZnO nanoparticles 
demonstrated antimicrobial activity and the anti-bacterial 
assay supported that A. baumannii was more sensitive than 
P. aeruginosa. The new extracted phenol from WGH and 
its different concentrate and permeate samples can be per-
formed as an antimicrobial agent in the medicine industry 
after further studies.

Antibacterial activity of extracted phenol from WGH 
and its different concentrate samples by using disc 
diffusion

In this study, extracted phenol from WGH and its different 
concentrate samples were also tested by the disc diffusion 
method for their antibacterial activity against Gram-posi-
tive and Gram-negative bacteria. It was also tested for their 
antifungal activity against two fungal species. The results 
obtained are tabulated in Table S7. When the antimicro-
bial activity of extracted phenol from WGH and its different 
concentrate samples were examined by the disc diffusion 
method, it was seen that NF concentrate and RO concen-
trate showed much better antimicrobial activity. The biofilm 
properties of samples NF concentrate and RO concentrate 
were also found to be the highest in parallel with their anti-
microbial activities as mentioned below. The highest anti-
microbial activity was measured against E. hire with a zone 
diameter of 16 mm, 17 mm, and 19 mm for the MF con-
centrate, UF concentrate, and NF concentrate, respectively. 
The highest antimicrobial activity was measured against P. 
aeruginosa and E. hirae with a zone diameter of 16 mm for 
the RO concentrate. The lowest antimicrobial activity was 
measured against E. faecalis with UF concentrate among 
the concentrate samples. Agullo et al. (2013) investigated 

Table 2   The minimum 
inhibition concentration (MIC) 
of test microorganisms

1: extracted phenol; 2: MF permeate; 3: MF concentrate 4: UF permeate; 5: UF concentrate 6: NF perme-
ate; 7: NF concentrate; 8: RO permeate; 9: RO concentrate

MIC values of samples (mg/L)

Microorganisms 1 2 3 4 5 6 7 8 9

E. coli 16 128 32 128 32 256 8 256 16
P. aeruginosa 64 256 64 256 64 256 16 512 32
L. pneumophila 128 128 64 128 64 512 32 512 32
E. hirae 128 256 128 256 64 512 32 512 64
E. fecalis 128 512 64 256 64 512 64 512 32
S. aureus 128 256 64 256 64 512 64 512 32
C. parapisilosis 256 512 128 516 128 256 64 512 64
C. tropicalis 256 256 128 256 128 512 128 512 128
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aqueous extracts of walnut green husk for their antimicrobial 
properties against various Gram ( +) bacteria and Gram ( −) 
bacteria. While the extracts showed antimicrobial activity 
for all Gram positive bacteria tested, they did not show anti-
microbial activity against Gram negative bacteria. It was 
concluded that the compounds found in the juicy walnut 
green husk extract were probably unable to pass through the 
cell membrane. Gram-negative bacteria have an outer mem-
brane for the transfer of molecules. The transfer of molecules 
is provided through this outer membrane. The antimicrobial 
effects of microorganisms are related to the size and shape 
of the compounds, their ability to reach the field of action, 
as well as their penetration into the outer membrane (Kavak 
et al. 2010). Gomes et al. (2018) investigated the combina-
tion of Juglans regia and different phenolic plant extracts 
with other drugs its effectiveness on S. aureus. Antimicro-
bial susceptibility tests were performed for Eucalyptus glob‑
ulus, Juglans regia, and Foeniculum vulgare extracts, which 
are the most prominent antibacterial potential. Regarding 
the results obtained in susceptibility tests, it was found that 
the bactericidal effect of J. regia extracts caused complete 
growth inhibition in S. aureus strains. These results also 
highlight that natural antimicrobial agents can be used as 
disinfectants in surface cleaning and disinfection to control 
some diseases and pathogenic microorganisms responsible 
for dairy industry contaminations.

Biofilm inhibition of the extracted phenol from WGH 
and its different concentrate and permeate samples

Biofilm formation makes some bacterial strains resistant 
to antibiotics and many conventional disinfectants, while 
some bacterial strains survive by forming a complex biofilm 
matrix (Lu et al. 2021). Biofilm is a very important resist-
ance mechanism for bacteria as it can help various bacte-
ria to withstand antimicrobial agents and immunological 
defense systems as well (Lee et al. 2019). In addition, it is 
known that there is a positive relationship between biofilm 
formation and some bacteria that provide resistance to anti-
biotics since biofilm can create a suitable environment for 
horizontal gene transfer (Shrestha et al. 2019; Sobisch et al. 
2019). For such reasons, it is important to search for more 
effective biofilm inhibitors including the use of plant origin. 
In our study, the effect of extracted phenol from WGH and 
its different concentrate and permeate samples on biofilm 
inhibition was tested against P. aeruginosa and S. aureus. 
Biofilm inhibition results are shown in Fig. 5. The extracted 
phenol from WGH, concentrate, and permeate samples 
showed higher biofilm inhibition on P. aeruginosa than on 
S. aureus. Concentrate samples also showed better biofilm 
inhibition properties than extracted phenol from WGH and 
all permeate samples. The biofilm inhibitions of 1, 2, 3, 4, 
5, 6, 7, 8, and 9 for P. aeruginosa than on S. aureus were 

found as 58.07% and 62.51%, 47.05% and 48.97%, 68.53% 
and 75.25%, 40.75% and 44.67%, 63.35% and 64.98%, 
37.19% and 41.08%, 82.86% and 85.80%, 19.43% and 
27.07%, and 80.95% and 83.61%, respectively. The highest 
the rate of biofilm inhibition was achieved with 7 as 82.86% 
for S. aureus and 85.8% for P. aeruginosa. Dolatabadi et al. 
(2018) indicated that they investigated the evaluation of the 
anti-biofilm effect of Juglans regia L. leaf extracts on P. 
aeruginosa. The results of inhibition of biofilm formation 
by extracts indicated that the addition of Juglans regia L. 
extracts to microtiter plates successfully affected the bio-
film formation of P. aeruginosa. Comparison of biofilm for-
mation levels between various cultures in microtiter plates 
showed that biofilm formation for the experimental group 
(containing Juglans regia L. extract) was 60% less than for 
the control (no Juglans regia L. extract). Both aqueous and 
methanol extracts appeared to potently inhibit biofilm for-
mation in a dose-dependent manner. The methanol extract 
was found to be more potent than the aqueous extract, and 
on the contrary, it reduced biofilm formation by 60% with 
an average of 16 mg/mL of 32 mg/mL (Dolatabadi, Mogh-
adam). Alam et al. (2020) informed that they authenticated 
the biofilm inhibition of different extracts of selected medici-
nal plant species viz. Clematis viticella, Clematis grata and 
Berginia ciliate. They found that B. ciliata 1% of metha-
nolic extract demonstrated more than 80% biofilm forma-
tion inhibition against P. aeruginosa. It can be concluded 
that extracted phenol of WGH, UF, NF, MF, and RO con-
centrate samples could be utilized as a powerful alternate 
to decrease the infection severity by biofilm inhibition in 
medical applications.
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Fig. 5   Biofilm inhibition extracted phenol from WGH and its differ-
ent permeate and concentrate samples. (1: extracted phenol; 2: MF 
permeate; 3: MF concentrate 4: UF permeate; 5: UF concentrate 6: 
NF permeate; 7: NF concentrate; 8: RO permeate; 9: RO concentrate)
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Conclusions

In this study, various biological activities of extracted phenol 
from WGH and its different concentrate and permeate sam-
ples such as antioxidant, DNA cleavage, antimicrobial, and 
biofilm inhibition were evaluated. As a result, it has been 
seen that WGH can be evaluated as a good source of antioxi-
dants and antimicrobial agents. LC-MSMS results showed 
that gallic acid, vanilic acid, and cafeic acid were the main 
phenolic compounds in WGH extracts. While the antioxidant 
properties were found 100% in the concentrate samples, it 
was observed that the antioxidant activity decreased with 
the decrease in the phenol content in the permeate forms. 
The phenol content of MF permeate was 865 mg/L and the 
DPPH scavenging and metal chelating activity were 95.6% 
and 96.42%, respectively and the phenol amount of RO per-
meate was determined 70 mg/L, and the DPPH scaveng-
ing and metal chelating activity were 78.29% and 74.96%, 
respectively. It was found that except RO permeate of WGH 
extract, all test samples demonstrated perfect DNA cleavage 
activities. In line with other findings, concentrate samples 
also showed much better antimicrobial activity when com-
pared with permeate samples. Likewise, it was found that 
concentrate samples displayed better anti-biofilm activity 
than permeate samples, and also test samples showed bet-
ter biofilm inhibition activity on P. aeruginosa than on S. 
aureus.
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