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Abstract
The present study aimed at assessing the antimicrobial properties of a water and ethanol ultrasound-assisted extraction 
(UAE) of dry goji berries and of lyophilised powdered pomegranate peel in vitro. Minimum inhibitory concentration (MIC) 
and minimal bactericidal concentration (MBC) methods, turbidity (cell density) measurement, and well diffusion assay 
were used to determine the antimicrobial activity against several species of foodborne bacteria (Gram – , Escherichia coli, 
Salmonella typhimurium, Campylobacter jejuni), (Gram + Staphylococcus aureus, Listeria monocytogenes, Clostridium 
perfringens), yeasts (Yarrowia lipolytica, Metschnikowia fructicola, and Rhodotorula mucilaginosa), and fungi (Penicil-
lium expansum, Aspergillus niger, Fusarium oxysporum, and Rhizoctonia solani). Carbohydrate and phenolic contents were 
measured, and DPPH (2,2-diphenyl-1-picrylhydrazyl) and ABTS (2,2΄-Azino-bis-(3-ethyl-benzthiazoline-sulphonic acid)) 
radical scavenging assays were used for the assessment of antioxidant activity. Fourier transform infrared (FTIR) spectrums 
of all samples were also evaluated in order to determine their chemical profiles. The lyophilised pomegranate peel exhibited 
the highest antioxidant, antimicrobial, and antifungal activity among all samples, while among the goji berry samples-who 
had only antibacterial and very little or no antifungal activity—the lyophilised aqueous extract with the lowest content of 
maltodextrin (2%) and highest phenolic content, had also the highest antioxidant, antimicrobial, and antifungal activity. 
The antioxidant and antimicrobial bioactivities seemed to be related to the content of polyphenols, the low concentration 
of maltodextrin in the encapsulated lyophilised samples and the use of optimised ultrasound assisted extraction. Minimum 
inhibitory concentration or zones of inhibition were in many (but not all) cases lower for the aqueous extracts compared to 
the ethanol or ethanol/hexane extracts of goji berries. In conclusion, the lyophilized powder of pomegranate peels and the 
aqueous extracts of goji berries encapsulated with minimal maltodextrin content and high polyphenol content exhibited high 
antioxidant and antimicrobial activity which could be utilized in food preservation or plant protection.

Keywords  Goji berry · Pomegranate · Antimicrobial activity · Antioxidant activity · Ultrasound assisted extraction · 
Lyophilisation · Encapsulation

Introduction

Recently, great interest has been paid to natural substances 
isolated or extracted from natural sources such as plants 
regarding their antimicrobial properties and beneficial health 
effects [1, 2]. Many plant species have a long history and 
great interest as part of widely accepted herbal formulas 
that have been used as preventative and curative agents in 
traditional medicine, for example in ancient Greek or tra-
ditional Chinese medicines [3].Two of the most important 
plant species considered to be functional or bioactive are 
Lycium barbarum (goji berry) and Punica granatum (pome-
granate) [4, 5].
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Lycium barbarum fruit contains bioactive components 
and is not only known as a medical herb but also as a func-
tional food. Polysaccharides are the most explored for their 
bioactivity and are considered as the most important bioac-
tive constituent of the fruit in terms of quantity [6, 7]. The 
second largest constituent is carotenoid compounds, such as 
zeaxanthin dipalmitate [8], while the fruits also contain vita-
mins like riboflavin, thiamine, and ascorbic acid [9]. Flavo-
noids (rutin, myricetin, quercetin, kaempferol) and phenolic 
acids (cafeic acid, chlorogenic acid and coumaric acid) are 
also major components of goji berries, which are especially 
liked to bioactivity and especially antioxidant and antimi-
crobial activity [10, 11]. The rich variety of these bioactive 
compounds of goji berry and their various health effects 
and protective properties (immune enhancing, antioxidant, 
hepatoprotective, hypoglycaemic, hypolipidemic, antimicro-
bial, and other properties) have led to the exploitation of 
goji berries in an emerging market of function foods (teas, 
yogurts, beverages, wines) and dietary supplements [12], but 
they could also be utilized as novel natural antimicrobials 
for use in food and biological phytochemicals, which is at 
the core of the present research. Notably, in order to design 
such natural antimicrobials, the exact role and the optimal 
concentration of bioactive molecules involved in antimicro-
bial activity, as well as the optimal extraction processes for 
obtaining these compounds will need to be addressed, which 
is a major aim of this work.

The extraction process and the solvents (e.g. water, 
alcohol) and conditions (e.g. temperature, time) that are 
applied are crucial for determining the final composition 
of bioactive compounds, and thus the antimicrobial prop-
erties of goji berries, as has been shown previously for 
microwave-assisted extraction [13].Ultrasound assisted 
extraction (UAE) is another modern extraction technique 
for the production of high quality bio-active extracts from 
natural materials, which enables the advantageous extraction 
of polysaccharides, polyhenols-flavonoids and others func-
tional compounds at lower temperatures, with low energy 
and solvent consumption, and is considered as one the most 
efficient methods for extraction of fruit bioactive compounds 
[14].Therefore, in our research the UAE-assisted extracts 
of goji berries were studied for their antimicrobial activity, 
based on the composition of bioactive compounds (polysac-
charides, phenols) achieved by each extraction.

In many cases, the bioactive plant components, after 
initial isolation, are encapsulated and freeze dried into 
powder form, in order to optimally preserve their bioac-
tivity and facilitate their commercial applications [15].
Encapsulation is a technique by which active solid, liq-
uid, or gas compounds are introduced into a matrix or 
polymeric wall system (e.g. maltodextrin) to protect them 
from environmental conditions (light, oxygen, tempera-
ture, and water), avoiding oxidation, increasing shelf life, 

preserving interactions with other food components, or 
controlling their release for a specific place and/or time 
[16]. However, the ratio of the encapsulation agent is cru-
cial for the level of bioactivity, since the use of high con-
centration of encapsulation agent will inevitable reduce 
the content of the bioactive compounds, which is a matter 
of concern for the present work. Another important factor 
concerning bioactivity is the method of drying the fruit 
extracts into powder form. Freeze–drying or lyophilisa-
tion, which has been applied in the present experiment, is 
the most preferable processes for protecting thermosen-
sitive and unstable molecules such as fruit polyphenols, 
enhancing their antioxidant activity and masking undesir-
able color or flavor effects [17, 18].

Pomegranate P. granatum is another fruit with significant 
bioactive properties, which is gaining increasing attention 
in the last years. During the processing of fresh P. grana-
tum for the production of fruit juice, large amounts of peel 
and seed are discarded as waste, representing about 50% of 
the total weight [19]. Therefore, pomegranate peel could be 
used in applications that are beneficial to food industries, 
since it contains greater amounts of bioactive compounds 
and with stronger biological activities, compared to pome-
granate juice [20–25]. Among commonly consumed fruits, 
pomegranate peels have the highest concentration of puni-
calagin, a water soluble ellagitannin (polyphenol), which 
contains a gallic acid component linked to a glucose mol-
ecule and comprises 11–20 g/kg of the pomegranate peel 
powder ellagitannin [26]. Studies have shown that punica-
lagin hydrolyses into smaller polyphenolic compounds in the 
small intestine under normal physiological conditions and 
has antioxidant, antifungal, and antibacterial properties [27].

Polyphenols, carotenoids, flavonoids and hydrolysable 
tannins extracted from fruits, vegetables, herbs, and spices 
have been considered as potential agents for treating or pre-
venting a wide range of infections [28, 29]. The antimicro-
bial mechanisms of phenolic compounds involve the reaction 
of phenolics with microbial cell membrane proteins and/or 
protein sulfhydryl groups that cause bacterial death through 
membrane protein precipitation and enzyme inhibition, such 
as glycosyl transferases, which lead to cell lysis [30–32]. 
Pomegranate peel extracts have been widely used as natu-
ral antimicrobial agents against S. aureus, Escherichia coli, 
Listeria monocytogenes, and Yersinia enterocolitica [32, 
33] and on the Indian subcontinent food-borne diseases 
and urinary tract infections are conventionally treated with 
pomegranate peel extract [34, 35]. Due to their strong anti-
microbial properties and the ease of preparing pomegranate 
peel extracts, pomegranate peels were used for reference as 
a natural antimicrobial in the present study, in order to com-
pare the antimicrobial activities of goji berry extracts, after 
different extraction and encapsulation protocols applied for 
the goji berry fruits.
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Purpose of the research work

This research was designed to evaluate the comparative anti-
microbial effects of goji (L. barbarum) berry extract and 
pomegranate (P. granatum) peel on some species of bacteria 
fungi and yeast that are either food or plant pathogens or 
involved in food spoilage. The in vitro assessment of dif-
ferent concentrations and forms of the extracts (i.e. water 
extracts and alcohol or alcohol–hexane extracts) as potential 
natural antimicrobial agents for food protection was at the 
core of this research.

Materials and methods

Plant materials

Goji berries were collected from a 3 year old experimental 
plantation of L. barbarum located in the region of Thessaly, 
Greece and were dried in a desiccator at 45 °C for 5 days. 
The samples were stored under refrigeration (0–4 °C) for 
further analysis. The pomegranate peel was collected as a 
by-product from the process of producing pomegranate juice 
from fruit collected from a plantation also located in Thes-
saly region. Further treatments of pomegranate peels and 
goji berry fruits are described below.

Extraction procedure

Extracts were taken from the dry goji berries through the 
use of a UAE device (Hielscher UP400S) that included a 
water bath for temperature regulation, based on the follow-
ing extraction conditions, which were optimized in a previ-
ous study, in order to obtain optimal antioxidant activity 
[5]. The extraction was performedat a temperature of 55 °C 
with an extraction power of 220 W/cm2 for 25 min, at a ratio 
of dry goji berry to extraction solution equal to 1/20. After 
extraction, the extract was filtered and then used for lyoph-
ilisation. Distilled water, ethanol, and/or hexane were used 

as extraction solvents. The type of solvent used for each goji 
berry extract is described in Table 1.

Encapsulation, lyophilisation, and milling of the goji 
berry extract and pomegranate peel

It is well-known that freeze-dried carbohydrates and proteins 
may exist in an amorphous state with time-dependent physi-
cal properties that affect their storage stability. An amor-
phous material undergoes a change from a “glassy” state to 
a viscous rubbery state at the glass transition temperature 
(Tg), which may result in structural changes such as sticki-
ness and collapse, while increased moisture content strongly 
plasticises the amorphous structure and reduces the Tg [36].

After the UAE process, the goji berry extract was mixed 
(encapsulated) in liquid form in different volumes (14, 7, and 
2% w/v) with maltodextrin DE 18 (Amylon, S.A.) before 
lyophilisation in order to avoid the glass transition of the 
lyophilisation powders. The amount of maltodextrin used 
for encapsulation of each extract is described in Table 1. 
In the sample with the lowest percentage of maltodextrin 
(2% w/v), 1% w/v of silicon dioxide (SiO2) nanoparticles 
was also added to increase Tg and allow encapsulation, by 
optimising the thermal properties of the polymer system. For 
example, it has been shown that silica additives in an epox-
ide resin matrix considerably increase (by 50–70 °C) the Tg 
of composites [37]. Two samples (No1, No3) were extracted 
with a solvent comprised of a mixture of 70% v/v ethanol 
and 30% v/v distilled water, three samples (No2, No4, Νο6) 
were extracted only with distilled water, and one sample 
(No5) was extracted with a mixture of 33% v/v of hexane, 
33% v/v distilled water, and 33% v/v ethanol (Table 1). 
These extracts were then lyophilised in order to produce the 
encapsulated lyophilised powder form that was used for the 
evaluation of antimicrobial activity.

The lyophilisation process was performed in a Zirbus 
GmbH Sublimator 4 × 5 × 6 freeze dryer and involved the 
three steps described below in a 24 h cycle process.

Table 1   Description of the 
samples used in this study. Goji 
berry extract, extraction solvent, 
and percentages of maltodextrin 
and silicon dioxide used for 
encapsulation

Samples Extraction solvent Maltodextrin or SiO2 percentage used 
for encapsulation (%w/v of liquid 
extract)

No1 70% ethanol + 30% distilled water 7% maltodextrin
No2 Distilled water 7% maltodextrin
No3 70% ethanol + 30% distilled water 14% maltodextrin
No4 Distilled water 14% maltodextrin
No5 33% hexane + 33% distilled water + 33% 

ethanol
14% maltodextrin

No6 Distilled water 2% maltodextrin + 1% SiO2

No7 – –
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•	 Step 1. The product was cooled to a final temperature of 
– 30 °C. Duration approximately 2 h.

•	 Step 2. The product was heated to a shelf temperature 
of 0 °C under a vacuum of 0.15 mbar. Duration approxi-
mately 12 h.

•	 Step 3. The product was heated to a shelf temperature of 
40 °C under a vacuum of 0.15 mbar. Approximately 10 h.

For the pomegranate peel, the peel was lyophilised 
according to the aforementioned conditions and mechani-
cally milled into a powdered form using a commercial mill 
in order to prepare sample No7 (Table 1). All samples were 
sealed in opaque plastic flasks and stored at a constant tem-
perature oven at 30 ± 0.3 °C for up to 15 days to avoid Tg 
degradation.

Antimicrobial extracts/samples composition 
and coding

Six different goji berry extracts were used (No1–No6), as 
well as a freeze–dried pomegranate peel sample (No7), 
which was used as a reference antimicrobial for comparison 
(Table 1).

Determination of total phenols content (TPC) 
of the extracts

The method described by Waterhouse [38] was used for 
the determination of TPC. Briefly, 20 µL of each extract 
was mixed with 1.58 mL water, and then with 100 µL of 
Folin–Ciocalteu reagent (0.2 N). Subsequently, 300 µL of 
Na2CO3 solution (200 g/L) was added and after 2 h of incu-
bation in the darkthe absorbance was measured at 765 nm. 
TPC was calculated on the basis of the calibration curve of 
gallic acid and expressed as gallic acid equivalents (GAE) in 
mg/mL of extract. The linearity range of standard gallic acid 
was determined as 50–500 mg/L (R2 = 0.999). The equa-
tion of the standard curve was obtained by linear regression: 
y = 0.0021x - 0.0161 (data not shown), where y is absorb-
ance at 765 nm, x is concentration of gallic acid (mg/L) 
and further expressed per g of dry extract. The assay was 
replicated three times.

Determination of total antioxidant capacity 
of the extracts

DPPH (2,2‑diphenyl‑1‑picrylhydrazyl) radicalscavenging 
activity

The scavenging activity on DPPH radicalsby different 
extracts was determined following the method of Brand-
Williams et al. [39]. Test solutions of different concentra-
tions were prepared from a stock solution of each extract. 

DPPH (100 μM) was dissolved in ethanol and mixed with 
an aliquot of 50 μL of each dilution with a total volume of 
1 mL (control 950 μL ethanol + 50 μL DPPH solution). The 
mixture was shaken vigorously and left to stand for 20 min 
in the dark at room temperature. After the reaction sam-
ples were centrifuged at 10,000 rpm for 10 min, absorbance 
was measured at 517 nm to determine the concentration of 
the remaining DPPH with ethanol as blank. The radical-
scavenging activity was calculated as % inhibition with the 
following formula:

where AS is the absorbance of the solution when the sam-
ple extract has been added at a particular level and ADPPH 
is the absorbance of the DPPH control solution. Effective 
concentration calculated at 50% (EC50) values denotes the 
effective concentration of a sample required to decrease the 
absorbance at 517 nm by 50%. All measurements were per-
formed in triplicate.

ABTS (2,2΄‑Azino‑bis‑(3‑ethyl‑benzthiazoline‑sulphonic 
acid)) radical scavenging activity

ABTS+ radical scavenging activity was measured as 
described by Kerasioti et al. [40]. The reaction was carried 
out at 1 mL final volume, containing 400 μL H2O, 500 μL 
ABTS (1 mM), 50 μL H2O2 (30 μM), and 50 μL of the 
enzyme horseradish peroxidase (HRP 6 μM). Immediately 
after the addition of the enzyme, the contents were mixed 
and incubated at room temperature in the dark for 45 min. 
After incubation, the tested extracts were added in different 
concentrations, the contents were mixed, and the absorbance 
was measured at 730 nm. In each experiment, the samples 
without HRP were used as blanks, and the samples without 
goji berry extract were used as controls. All experiments 
were carried out in triplicate and on at least two separate 
occasions. The ABTS+ radical scavenging activity was cal-
culated according to the following equation:

where Abscontrol and Abssample are the absorbance values of 
the control and the tested sample, respectively.

Infrared spectroscopy

FTIR spectroscopy has been used successfully for qualitative 
and quantitative analyses of biomolecules that determine the 
biological activity of natural plant specimens and extracts 

%DPPH =

[

ADPPH − As

ADPPH

]

× 100

%ABTS� + radical scavenging activity

=
[(

Abscontrol − Abssample

)/

Abscontrol
]

× 100
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or phytochemicals [41, 42]. Chemical bonds between light 
atoms (such as C–H, O–H, and N–H) generally have molecu-
lar vibrations, which can be monitored in the mid-infrared 
(MIR) region (400–4000  cm–1), providing reliable and 
reproducible measurements of the chemical composition of 
a biological sample [42].

In the present study, goji berry extracts and pomegranate 
peel FTIR measurements were performed in the mid-infra-
red region (4000–650 cm−1) using a Nicolet 6700 (Thermo 
Scientific Co.) in order to estimate the chemical profile of 
each sample. The FTIR spectrophotometer, configured with 
the attenuated total reflectance (ATR) sampling technique, 
deuterated triglycine sulfate (DTGS) detector, and KBr beam 
splitter, was controlled by OMNIC 9 software. The samples 
to be analysed were placed on a diamond crystal sampling 
plate (accessory Smart iTX) and clamped with a pointed tip. 
A background scan was obtained before each sample scan 
with an empty sample plate. In addition, the ATR crystals 
and pointed tip were cleaned to remove any interference 
from the preceding sample. A total of 32 successive scans 
from each sample were collected at 4 cm−1 intervals, and 
the averaged spectra of each sample were used for analysis. 
All spectra were processed following a three-step procedure 
(ATR correction, baseline correction, and normalization).

Microorganisms used for the determination 
of antimicrobial activity

Pathogenic and spoilage microorganisms used in this study 
were obtained from different culture collections. These 
included the pathogenic bacteria E. coli ATCC 8739, S. 
typhimurium ATCC 14028, S. aureus ATCC 6538, L. mono-
cytogenes ATCC 19115, C. perfringens ATCC 13124, and 
C. jejuni ATCC 33291. The yeasts used in this study were 
Y. lipolytica ATCC 9773, M. fructicola CBS 8853, and R. 
mucilaginosa DSM 70403. Finally, the aflatoxin-producing 
fungus A. flavus strain 1959 was obtained from the DSM 
culture collection, while the rest of the fungi used in this 
study (P. expansum, A. niger, F. oxysporum and R. solani) 
were kindly provided by the Greek Benaki Phytopathologi-
cal Institute culture collection. All bacterial stockcultures 
were grown at 37 °C for 48 h in Tryptone Soy Broth (TSB) 
(Neogen, USA), except for C. jejuni, which was grown in 
Bolton Broth, while all fungal stockcultures were grown at 
25 °C (for 72 h for yeasts and 120 h for molds) in Potato 
Dextrose Broth (Neogen, USA), in order to be used as inocu-
lums in the assays of antimicrobial activity.

Antimicrobial assays

MIC/MBC assay

The above mentioned pathogenic bacteria were inoculated 
in test tubes with 9,9 mL liquid growth medium (TSB) sup-
plemented with the antimicrobial samples/extracts in order 
to determine the Minimum Inhibitory Concentration (MIC) 
of each sample [43]. More specifically, the test tubes with 
growth medium contained 0 mg/mL (control), 10, 50, 100 
and 200 mg/mL of the above powder samples (No1 through 
No7), except that for No7 the 200 mg/mL concentration was 
partially insoluble and was not applied. These concentrations 
were chosen based on results of similar studies examining 
antimicrobial activity of natural antimicrobials, where a 
minimum of 10 mg/mL was necessary for expressing anti-
microbial activity, even in non-encapsulated samples [44, 
45]. One mL of paraffin was also added to the test tubes for 
the incubation of C. perfringens and C. jejuni in order to 
facilitate anaerobic and microaerophilic incubation, respec-
tively. The test tubes were then sterilised and subsequently 
inoculated with 0.1 mL of 48 h grown cultures of each of 
the six pathogenic bacteria, resulting in a 1/100 dilution of 
the cell suspension, and incubated at 37 °C for 48 h in order 
to determine MIC, which was defined as the lowest antimi-
crobial sample concentration that resulted in the absence of 
growth (absence of cell debris, turbidity or biofilm) of the 
inoculated microorganism after incubation [44].

MBC was determined after inoculation of 1 mL from the 
MIC tube (i.e. the test tube with lowest inhibitory concen-
tration), as well as fromall tubes of higher concentration 
of antimicrobials, into test tubes containing 9 mL of the 
same growth medium but without any antimicrobial agents. 
The test tubes were again incubated at 37 °C for 48 h and 
observed for the presence of microbial growth. MBC was 
the lowest concentration where no growth was observed.

Turbidity assay

The turbidity assay was performed to assesses the bacte-
rial cell density via the measurement of cell suspension tur-
bidity, before and after addition of the antimicrobial goji 
berry extracts [46]. The inoculated test tubes of the MIC 
assay (containing 0, 10, 50, and 100 mg/mL of extract, as 
described above) were used for the turbidity measurements 
after the end of their incubation period. One millilitre of 
each growth medium that exhibited microbial growth was 
diluted in 9 mL of distilled water and then inserted into the 
turbidometer. Turbidity was measured in Nephelometric 
Turbidity Units (NTU), using a Eutech turbidometer (TN 
100, Eutech Instruments Pte Ltd) with a resolution of 0.01 
NTU.
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Well diffusion assay

For the determination of inhibition zones after microbial 
growth in petri dishes, the well diffusion assay was used, 
following the method described by Weinstein [43]. The 
seven antimicrobial samples were dissolved in phosphate 
buffered saline solution (PBS) with pH 7.0–7.2 at concen-
trations of 10, 50, 100 and 200 mg/mL, and sterilized. For 
sample No7, the 200 mg/mL concentration was omitted 
due to poor dilution, as explained above. 100 μL of a liq-
uid culture containing ~ 106 cfu/mL of the above pathogenic 
bacteria was inoculated (spread) on NA with the exception 
of C. jejuni, which was grown in CSA. In order to have a 
relatively uniform cell density of ~ 106 cfu/mL in each cell 
suspension, the population of each microbial stock culture 
was measured after serial dilutions and inoculation in solid 
media, and where necessary, appropriate dilutions were 
made with Maximum Recovery Diluent (Neogen) in order 
to yield a ~ 106 cfu/mL final population. Escherichia coli 
stock culture was enumerated after inoculation in TBX agar 
(Neogen), S. Typhimurium was spread on XLD agar (Neo-
gen), S. Aureus was spread on Baird Parker agar with egg 
yolk tellurite (Neogen), L. monocytogeneswas spread on 
ALOA agar (Oxoid), C. Perfringens was inoculated in TSC 
agar (Neogen), and C. jejuniwas spread on Campylobacter 
selective agar (Neogen). Similarly, an equal amount of each 
of the fungal cultures (Penicillium expansum, Aspergillus 
niger, Aspergillus flavus, Fusarium oxysporum, Rhizoctonia 
solani, Yarrowia lipolytica, Metschnikowia fructicola, and 
Rhodotorula mucilaginosa) was spread on PDA plates. In 
order to have a relatively uniform fungal population added in 
each plate, all fungal stock cultures in Potato Dextrose Broth 
were diluted and enumerated after inoculation in PDA, and, 
where necessary, dilutions where made in order to obtain a 
cell density of ~ 106 cfu/mL for each fungal culture that was 
tested in his assay.

Four cylindrical wells of 7 mm diameter were formed in 
each plate using a reversed sterile Pasteur pipette, and 25 μL 
of antimicrobial sample solution was poured into each well. 
The PDA plates were incubated at 25 °C for 5 days, while 
NA were incubated at 37 °C for 2 days and CSA plates were 
incubated at 37 °C for 3 days. Clostridium perfringens was 
incubated anaerobically using Anaerocult A sachets (Merck, 
USA), and Campylobacter jejuni was incubated with addi-
tion of Anerocult C sackets (Merck, USA) in anaerobic jars. 
All other microorganisms were incubated aerobically. Anti-
microbial activity was evaluated by measuring the diameters 
(mm) of the inhibition zones-the clear (transparent) zone 
beyond each well where no growth was observed [47–49]. 
Measurements of the inhibition zones of the well-diffusion 
assay were carried out in triplicate from which the mean 
values were estimated.

Statistical analysis

Standard deviation (SD) was calculated and the averaged 
values along with the SDs are documented in their respective 
tables or figures. Statistical differences among the means, as 
well as interactions between the variables, used in chemical 
analyses were detected through one-way ANOVA followed 
by a Tukey’s test, and statistical significance was set at the 
P ≤ 0.05 level. MiniTab®17.1.0 software was used as a tool 
to carry out the above mentioned tests.

Results

Total polyphenol content

The TPC of all samples is presented in Table 2. Sample 
No7 has the highest concentration of total polyphenols, 
with 79.458 ± 4.61 (mg/g of encapsulated extract dry 
weight gallic acid equivalent), followed by sample No6, 
with 25.307 ± 1.72 mg/g polyphenol content, which is a 
sample extracted only with water and encapsulated with the 
minimum amount of maltodextrin. Lower percentages of 
maltodextrin in the encapsulation process apparently lead 
to higher percentages of dry goji berry extract and higher 
TPC in both ethanol-extracted and water-extracted samples.

It was generally observed that the use of distilled water 
as extraction solvent lead to higher polyphenolic content in 
the extract, while the use of ethanol and water, or the mix-
ture of ethanol with hexane and water led to lower polyphe-
nolic concentration in the extract, which is probably related 
to the water solubility of the phenolic substances in goji 
berry samples and the specific extraction methodology [2]. 
Interestingly, the substitution of part of ethanol by hexane 
(sample 5) diminished the extraction efficiency with regard 
to polyphenol content, in comparison to the use of ethanol 

Table 2   Total polyphenols content, IC50 of DPPH▪ and ABTS▪+ radi-
cals scavenging of all samples

TPC total polyphenols content, DW extract dry weight. Different let-
ters indicate differences in the means within each column. Means that 
do not share a letter are significantly different in P ≤ 0.05

Samples TPC 
(mgGAE/g 
extract DW)

ΕC50 of DPPH· 
radical scavenging 
(μg/mL)

ΕC50 of ABTS·+ 
radical scavenging 
(μg/mL)

No1 18.99c ± 1.21 1.520d ± 19 273c,d ± 2.51
No2 20.94b,c ± 1.62 1.410c ± 21 265c ± 4.61
No3 16.21c,d ± 1.14 1.810e ± 43 305e ± 3.12
No4 18.66c ± 1.72 1.600d ± 38 280d ± 5.22
No5 11.60d ± 1.84 2.100f ± 52 541f ± 3.57
No6 25.31b ± 1.75 1.305b ± 47 250b ± 6.15
No7 79.46a ± 4.61 25a ± 2.30 4.2a ± 0.40
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and water and the same content of maltodextrin in sample 
3 (Table 1).

Overall, the value of total polyphenol content obtained in 
the extracts of the present study is in agreement with previ-
ously reported values for goji berry [9, 50] and pomegranate 
peel [4, 51].

In vitro antioxidant activity

In this study, the six samples of goji berries were exam-
ined at concentrations of 155, 313, 625, 1250, 2500, and 
5000 μg/mL, while sample No7 was examined at con-
centrations of 9.68, 19.37, 38.75, 77.5, 155, and 313 μg/
mL due to its strong scavenging capacity of DPPH· and 
ABTS·+ radicals, which corresponded to an IC50 value 
of 25 and 4.2 (μg/mL) respectively (Table 2). Aqueous 
UAE samples of L. barbarum fruit appeared to have a 
higher antioxidant activity than those with a mixture of 
ethanol and water (and the same percentage of maltodex-
trin), and this is not in full agreement with the literature 
where in several cases ethanol, methanol or other organic 
solvents are preferable to water extraction, in terms of total 
polyphenol concentration and antioxidant activity of the 
extracts [50, 52]. This discrepancy probably lies in the 
extraction parameters and the use of an aqueous optimised 
UAE method in our study [5]. Indeed, although Pedro et al. 
proposed a 70% ethanol extract of goji berry as the one 
with highest polyphenol content and antioxidant capacity 
and quite higher than those of simple water extracts, their 
extraction process was carried out by simply stirring the 
sample with the solvent at room temperature [52]. In con-
trast, the results of Yang et al. [53] show that ultrasound 
assisted extraction, especially with hot subcritical water 
extraction at 110 °C, was the optimal extraction method 
for obtaining the highest polysaccharide yield and in vitro 
antioxidant and immune-stimulating activity, compared 
to simple hot water extraction or use of sonicated water 
at 30–40 °C. The fact that our extraction process param-
eters have been previously optimized for use in ultrasound 
assisted water extraction, may explain why we observed 
higher yields of total polyphenol and increased antioxidant 
activity in the UAE water extracts, instead of the ethanol 
or ethanol-hexane extracts (which may be more effective 
than distilled water in the absence of ultrasonication).

In our study, sample No5 exhibited the lowest radi-
cal scavenging activity, reaching the highest IC50 value, 
while sample No6 was the goji berry extract with the high-
est radical scavenging capacity using the DPPH method 
(Table 2). TPC showed a strong negative correlation with 
IC50 in the scavenging of the DPPH· radical (R2 = – 0.971 
TCP/DPPH· IC50). Ιn other words, radical scavenging 
capacity of samples increased in parallel with TPC, which 
is in line with the results of previous reports [53, 54]. The 

Pearson correlation between the results of the scaveng-
ing of the two free radicals (DPPH·, ABTS·+) performed 
with Minitab 17.1software showed a value of 0.930 with 
a P = 0.002 and identified a strong correlation between the 
two methods (results not shown).

In vitro evaluation of the antimicrobial effects 
against bacteria, yeast, and fungi

The results of the MIC/MBC test of all samples are sum-
marized in Table 3, while Fig. 1 shows (in diagrams 1a to 
1f) the reduction in turbidity (a measure of cell density) of 
each tested bacteria, caused by the different antimicrobial 
extracts. The inhibition zones for each sample and tested 
microorganism (according to the well diffusion assay) are 
presented in Table 4. The results obtained in the present 
study revealed that the reference sample No7 was found 
to be the most active sample against bacterial, yeast, and 
fungal strains, while among all goji berry extracts sample 
No6 appears to be—in most but not all cases—the preferable 
antimicrobial preparation. According to the in vitro results 
based on MIC assay sample No7 was inhibitory against all 
tested microorganisms at only 10 mg/mL concentration and 
bacteriocidal to C. jejuni at the same concentration (Τable 
3). Among goji berry extracts sample No6 (the one with the 
highest polyphenol content and antioxidant activity among 
goji berry extracts) had the lowest MIC of 50 mg/mL in all 
tested bacteria, except for E. coli (where MIC was equal to 
100 mg/mL) (Τable 3).The comparison of sample No2 and 
No4 (the latter having higher percentage of maltodextrin) 
also revealed that in most cases the MBC for sample No2 is 
lower, in other words the lower the maltodextrin content, the 
better the bacteriocidal activity (Table 1). Similar compari-
son can be made between sample No1 and No3 which were 
the ethanol extracted goji berry samples with 7% and 14% 
maltodextrin, respectively. In that case, both MIC and MBC 
are lower for the sample with the least amount of encapsula-
tion agent and the highest content of antioxidant polyphenols 
(No1).

Also, with regard to the type of solvent used, the choice 
of water versus ethanol or ethanol–hexane extraction does 
not seem to have clear and crucial effect on the minimum 
inhibitory concentration of extracts. Among samples No3, 
No4 and No5 the MIC of sample No3 (ethanol-extracted) 
is lower than the MIC of sample No4 (water-extracted) and 
No5 (ethanol–hexane-extracted) for L. monocytogenes, 
while No4 and No5 have the lowest MIC for E. coli, and 
other MIC values for S. aureus, S. typhimurium, C. perfrin-
gens are equal for these three samples.

According to the turbidity assay of goji berry 
extracts (Fig. 1a–f), sample No6 was the most effective 
at a concentration of only 50 mg/mL, leading to a zero 
increase of Nephelometric Turbidity Units (NTU) for 
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S. aureus, L. monocytogenes, C. perfringens, E.coliand 
S. typhumurium,while for C. jejuni, a concentration of 
100 mg/mL was required. Sample No3 (with ethanol–water 
solvent and the highest percentage of maltodextrin) had 
the lowest antimicrobial activity against E. coli, S. typh-
imurium and C. jejuni and sample No4 (with water solvent 
only and the highest percentage of maltodextrin) was also 
least effective against E. coli, S. aureus, C. perfringens, 
L. monocytogenes and C. jejuni, since a 200 mg/mL con-
centration was required for complete absence of turbidity 
(lack of growth). The comparison of samples No1 and No3 
(ethanol extracts with low and high maltodextrin content, 
respectively) shows that when less maltodextrin was used 
for encapsulation, a lesser amount of extract was needed 
for complete absence of turbidity. A similar observation in 
made for the antimicrobial effect of samples No4 and No2 
(water extracts with high and low maltodextrin content, 
respectively) where the extract with most maltodextrin 
(No4) had the weakest effect on reduction of turbidity and 

required 100 mg/mL concentration for zeroing the turbid-
ity of E. coli, S. aureus and C. perfringens (Fig. 1).

With regard to the role of each solvent on turbidity 
measurements, the results were rather inconclusive. Sam-
ple No1 was slightly more effective in reducing turbidity 
of E. coli, S. typhimurium, S. aureus, C. perfringens but 
the opposite occurred for L. monocytogenes and C. jejuni, 
and similar observations were made when comparing sam-
ples 3, 4 and 5(Fig. 1).

As concerns the measurements of inhibitions zones on 
agar plates (well diffusion assay) presented in Table 4, pome-
granate was by far the most effective antimicrobial solution, 
exhibiting inhibition zones at 10 mg/mL (for S. typhimu-
rium, C. jejuni) and 50 mg/mL (for E. coli, S. aureus, L. 
monocytogenes, C. perfringens). Among goji berry extract, 
sample No6 had the best inhibitory effect against S. aureus 
and L. monocytogenes (at only 50 mg/mL), as well as C. 
perfringens (at 100 mg/mL). Regarding the effect of the 
three different solvents, No5 (ethanol–hexane extract) had 
the best inhibition against E. coli (19,30 mm) and S. aureus 

Table 3   MIC/MBC assay results of goji berry extract and pomegranate peel samples against bacterial pathogens

Values are estimated as means of triplicate measurements

Tested Microorganism Sample con-
centration mg/
mL

Sample No1 Sample No2 Sample No3 Sample No4 Sample No5 Sample No6 Sample No7

MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC

E. coli 10 10
50 50

100 100 100 100 100 100 100 100 100
200 200 200 200 200

S. aureus 10 10
50 50 50

100 100 100 100 100 100 100 100 100
200 200 200 200

S. typhimurium 10 10
50 50 50 50

100 100 100 100 100 100 100 100
200 200 200 200

L. monocytogenes 10 10
50 50 50 50 50 50 50 50

100 100 100 100
200 200 200 200

C. perfringens 10 10
50 50 50 50

100 100 100 100 100 100 100 100
200 200 200 200

C. jejuni 10 10 10
50 50 50 50 50 50 50 50 50

100 100 100 100
200 200
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(15,51 mm) and L. monocytogenes (16,89 mm), while No4 
(water extract) had the best inhibition against S. typhimu-
rium(18,5 mm) at 200 mg/mL concentration. Sample No3 
(ethanol extract) had the lowest inhibition zones compared to 
No 4 and 5 (Table 4). Also, sample No2 (water extract) had 
clearly higher inhibition compared to No1 (ethanol extract) 
when used at 200 mg/mL against E. coli (19,4 mm vs. 
11,59 mm), S. aureus (14.06 mm vs. 5,86 mm), S. typhimu-
rium (9,01 mm vs. 2,69 mm) and S. perfringens (1,17 mm 
vs. 0 mm). Based on these results, a tentative trend of higher 
bacterial inhibition in water versus ethanol extracts can be 
proposed (Table 4). Overall, the most sensitive microorgan-
isms towards goji berry extracts (based on size of inhibi-
tion zone at a low concentration) appeared to be E. coli, S. 

aureus, which are in agreement with the reports of Fit et al. 
[55] and Asanica et al. [56] respectively, as well as L. mono-
cytogenes, as shown in this study (Table 4). Interestingly, C. 
jejuni also appears with very short or no inhibition zones in 
this well diffusion assay (Table 4), although it was relatively 
sensitive to goji berry extracts, based on the previous two 
methods of MIC–MBC and cell suspension turbidity. This 
may be attributed to the fact that for the well diffusion assay 
a very selective and growth-enhancing medium (Campylo-
bacter Selective agar) was used, instead of the least selective 
and growth-stimulating Nutrient agar that was used for all 
other bacteria.

All fungi studied in this experiment did not exhibit any 
inhibition zones caused by goji berry extracts, with the 
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Fig. 1   Turbidity of the growth medium of E.coli (a), S. aureus (b), 
S. typhimurium (c), L. monocytogenes (d), C. perfrigens (e) and C. 
jejuni (f) measured by Nephelometric Turbidity Units (NTU), as an 

effect of the addition of six different goji berry extracts at concentra-
tions of 10, 50, and 100 mg/mL, compared to a control (0 mg/mL) 
without antimicrobial extracts
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sole exception of F. oxysporum, which had an inhibition of 
4,00 mm only at 200 mg/mL of sample No6. Pomegranate 
solution, on the other hand, caused significant inhibition to 
all studied fungi even at 10 mg/mL, which was comparable 
to the inhibition against the studied bacteria. At this rela-
tively low concentration, sample No7 was the only sample to 
inhibit S.typhimurium (7.30 mm), L. monocytogenes (5 mm), 
C. jejuni (9.39 mm), R. mucilaginosa (9.32 mm), Y. lipol-
ytica (2.5 mm) and F. oxysporum (3 mm).

FTIR spectroscopy

The importance of IR spectroscopy as a fingerprint tech-
nique for the qualitative analysis arises from the fact that 
there are no two bioactive compounds having the same FTIR 
spectra.The functional groups and the structure characteri-
zation of all peaks are presented in Table 5. Typical FTIR 
absorbance spectra of the L. barbarum encapsulated samples 
and pomegranate peel (No7) are presented in Fig. 2.

Table 4   Zone of inhibition 
(mm) of bacterial pathogens, 
based on the well diffusion 
assay, using 10, 50, 100, and 
200 mg/mL of goji berry extract 
(samples No1 to No6) and 
pomegranate peel (sample No7)

Absence of inhibition zone is indicated by (–). Mean values were estimated from triplicate measurements
*NA = not applicable

Tested Microorganism Sample’s concen-
tration mg/mL

Zone of Inhibition per Sample (in mm)

No1 No2 No3 No4 No5 No6 No7

E. coli 10 – – – – – – –
50 – – – – – – 11.60

100 11.16 6.50 7.20 8.40 13.40 11.15 16.44
200 11.59 19.4 17.20 16.9 19.30 17.60 NA*

S. aureus 10 – – – – – – –
50 – – – – – 7.71 7.60

100 1.63 7.82 3.61 – – 11.50 10.69
200 5.86 14.06 9.84 12.83 15.51 11.54 NA*

S. typhimurium 10 – – – – – – 7.30
50 – – – – – – 14.43

100 – 3.10 8.88 9.70 – – 16.5
200 2.69 9.01 16.14 18.5 11.42 13.51 NA*

L. monocytogenes 10 – – – – – – 5.00
50 – – – – – 6.15 11.23

100 14.80 13.60 – 9.75 8.50 10.15 16.34
200 18.38 18.00 13.95 14.73 16.89 16.14 NA*

C. perfringens 10 – – – – – – –
50 – – – – – – 1.67

100 – – – – – 1.50 2.43
200 – 1.17 0.50 – – 3.97 NA*

C. jejuni 10 – – – – – – 9.39
50 – – – – – – 12.13

100 – – – – – – 15.40
200 2.37 – – – – 1.01 NA*

R. mucilaginosa 10 – – – – – – 9.32
50 – – – – – – 11.83

100 – – – – – – 16.40
200 – – – – – – NA*

Y. lipolytica 10 – – – – – – 2.50
50 – – – – – – 10.56

100 – – – – – – 13.20
200 – – – – – – NA*

F. oxysporum 10 – – – – – – 3.00
50 – – – – – – 5.00

100 – – – – – – 9.00
200 – – – – – 4.00 NA*
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This study was focused on the absorbance differences in 
the fingerprint region as shown in Fig. 3c and more espe-
cially in the carbonyl and carboxyl frequency regions as 
shown in Fig. 3d, where it was found that the intensity of 
the peaks correlated (Pearson R2= – 96.4) with the antioxi-
dant and antimicrobial activity of the extracts in Fig. 4. In 
the carbonyl and carboxyl region, sample No7 had the most 
intense peaks compared with the other samples, centered 
at ~ 1723.59, 1604.51, and 1516.28 cm−1, with intensities of 
0.49, 0.37, and 0.09, respectively. Sample No6 also had three 
peaks in this area, with peaks at ~ 1729.86, 1660.44, and 
1521.10 cm−1 with lower intensities of 0.17, 0.19, and 0.07, 
respectively, as shown in Table 5. The difference in TPC 
between the two samples may be explained by the inten-
sity differences of the peaks around 1720 cm−1 which are 
attributed to the stretching vibrations of the carboxyls groups 
(polyphenolic acids and mainly gallagic acid in pomegran-
ates peels) [57].

Also, another difference is in the infrared absorp-
tion between the peaks at ~ 1604.51 (sample No7) and 
1660.44  cm−1 (sample No6) that are attributed to the 

presence of the ellagitannin/punicalagin in pomegranate peel 
[58] and flavonoids, mainly quercetin in goji berries [59].

Discussion

According to Wu et al. [60], many compounds extracted 
from plant materials have shown promise for inhibiting 
bacterial pathogens and spoilage fungi when applied to 
certain foods. However, many different extraction and dry-
ing methods exist for their isolation, which makes it hard 
to compare between experiments and isolate extracts with 
maximum antimicrobial activity. The latter is also variable 
and dependent on the tested microorganisms, so a variety of 
target microorganisms and methods should be used in order 
to draw safe conclusions. This study is the one of the first 
reports comparing the antimicrobial activity of UAE extracts 
of goji berry fruits in relation to type of solvent, amount of 
maltodextrin used for encapsulation into soluble powder, and 
polyphenol content and antioxidant properties, by applying 
different methods for measuring both antioxidant and anti-
microbial capacity.

Table 5   FTIR spectrum peak analysis of the functional groups of sample No6 and No7

Sample No6 
absorption 
(cm−1)

Peak intensity Sample No7 
absorption 
(cm−1)

Peak intensity Functional group Structural characteristic

3335.69 0.73 3311.23 1 Hydroxyl group (–OH)
Amino group (–NH2)

Stretching vibration of O–H
Stretching vibration of N–H

2925.05 0.34 2929.34 0.57 Alkyl group (–CH2–) Stretching vibration of C–H
2851.77 0.24 Alkyl group (–CH2 or –CH3) Stretching vibration) of CH2 and 

CH3
1729.86 0.17 1723.59 0.49 Carboxyl group (–COOH),

Aldehyde group (–CHO) or ester 
function (–COOR)

Stretching vibration of C=O

1660.44 0.19 1604.51 0.37 Carbonyl group (–C=O or –CHO)
Amide group (–NH2 or –COR)
Amino group (–NH2)

Stretching vibration of C=O bending 
vibration of N–H or stretching 
vibration of C=O bending vibration 
of N–H bound water

1521.10 0.07 1516.28 0.09 Amino group (–NH2) or Amide 
group(NH2) Carbonyl group (–
C=O)

Bending vibration of N–H Stretching 
vibration of C=O

1440.59 0.29 Alkyl group (–CH2– or –CH3) Bending vibration of C–H
1417.45 0.13 Carboxyl group (–COOH) Stretching vibration of C–O
1368.27 0.11 1328.73 0.46 Carboxyl group (–COOH) Symmetrical stretching vibration of 

C = O
1224.60 0.48 Carboxyl group (–COOH) Bending vibration of O–H

1097.80 0.92 Silicon bond (–Si–O–CH3) Stretching vibration of Si–O–CH3
1077.07 1 Hydroxyl group (–OH) Bending vibration of O–H
1047.66 0.95 1050.07 0.81

874.57 0.12 α-type glycosidic linkage Bending vibration of C–H
807.04 0.11 815.75 0.08 α-D-galactopyranose

777.18 0.10 D-glucopyranose ring Symmetrical ring vibration
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In this experiment it was observed that aqueous UAE 
samples from L. barbarum fruit exhibited higher antioxidant 
activity than those extracted with a mixture of ethanol (or 
ethanol–hexane) and water. These results differ from those 
of previous research performed by Benchennouf et al. [50], 
where a Soxhlet extraction procedure was followed under 
boiling temperature and drying was accomplished by rotary 
evaporator, instead of freeze–drying. Τhis discrepancy is 
probably due to the use of ultrasound technology in our 
study during the extraction and the use of optimal extrac-
tion parameters for aqueous extraction in our study (ratio of 
water to dry goji berry, extraction temperature, ultrasound 
power, and extraction time), which was based on a previ-
ously optimized extraction model [5]. This indicates that 
optimization of extraction parameters is crucial before com-
paring the antimicrobial activity of extracts and choosing the 
most preferable solvent.

Solution of pomegranate peel showed the highest antimi-
crobial activity on all tested microorganisms and were used 
as a reference natural antimicrobial (Tables 3 and 4). From 
Table 2 it can be deduced that the pomegranate peel had an 

Fig. 2   a FTIR absorbance spec-
tra of all samples, b fingerprint 
region and c carbonyl region

Fig. 3   Correlation of peak height at 1720–1732  cm−1 wavenumber 
with IC50 of DPPH radical
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up to 50-fold higher antioxidant activity than the goji berry 
samples, based on the scavenging of DPPH· and ABTS·+ 
radicals. These results are in line with the studies of Bar-
athikannan et al. [64]. and John et al. [19] who evaluate the 
pomegranate peels and also showed that the antimicrobial 
effect of the samples depended on the polyphenolic con-
tent, the antioxidant activity, and the type of microorganism 
tested.

The closest to this strongly antimicrobial sample was sam-
ple No6 of goji berry extracts. This showed the highest anti-
oxidant activity and TPC (Table 2), which was accompanied 
with the best antimicrobial activity of all goji berry extracts, 
with minor exception for some microorganisms (Tables 3 
and 4, Fig. 1). This correlation between TPC—antioxidant 
activity and antimicrobial activity is also in agreement with 
the studies of Mocan et al. [61], who assessed the antimicro-
bial activity of goji berry leaf extracts and found a positive 
correlation of TPC and antioxidant activity with the antimi-
crobial activity of extracts of L. chinense and L. barbarum. 
Similar results were also reported for L. shawii and other 
herbal extracts [62, 63].

Generally, our results illustrate that the amount of 
encapsulation agent (e.g. maltodextrin) used for encap-
sulating goji berry (or other plant) extracts is very crucial 
to the final antimicrobial activity. If very little maltodex-
trin is used, then encapsulation may not be successful or 
complete, but a high percentage of maltodextrin reduces 
the concentration of bioactive molecules. Therefore, we 
observed that in most cases antimicrobial activity was 
higher when maltodextrin content was reduced from 14 
to 7% (Tables 3 and 4, Fig. 1) and it was optimal in sam-
ple No6 which was encapsulated with a minimum 2% 
maltodextrin, thanks to the anti-cacking properties of 
SiO2. Also, in many cases it appeared that water extracts 
with higher TPC also had higher antimicrobial activity 
(Table 4), although this trend was not very clear for all 
samples and all microorganisms and the turbidity measure-
ment were variable in this regard (Fig. 1).

The strong peak at ~ 1100 cm−1, which appears in the 
FTIR spectrum presented in Fig. 4 is attributed to the pres-
ence of glycoconjugated polysaccharides, while a similar 
peak is presented by Legaz et al. [65] in the FTIR analysis 
of an 870 kD glycoprotein fraction isolated from sugarcane 

Fig. 4   FTIR absorbance spectrums for goji berry extract sample No6, silicon dioxide, and maltodextrin. Spectral of silicon dioxide and malto-
dextrin were taken from the Omnic 9 software library
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juice attributed to their ether bond between fructose and 
galactitol units. The broad peak at ~ 1522 cm−1 is attributed 
to amide II (N–H) band, while the amide I (carbonyl) band 
emerges at ~ 1654 cm−1 [66].

The intensity of the band at ~ 1720 cm−1, which character-
izes the carboxyl group, shows a strong positive correlation 
with the antioxidant activity and this results is in agreement 
with the already known literature data where the organic 
acids (citric, malic, oxalic and quinic) and polyphenolic 
acids (caffeic, chlorogenic, coumaric and ferulic acids) are 
the most important bioactive compounds of the fruits in rela-
tion to antioxidant activity [57].

Furthermore, the IR spectra revealed a peak around 
3315 cm−1 for the hydroxyl group, and two bands at 2850 
and 2924 cm−1, which are assigned to the C–H stretching 
vibrations [67]. Sample No5 with the use of hexane as sol-
vent had the lowest TPC and radical scavenging capacity, 
achieving the highest IC50 value. These results are in accord-
ance-with the results of a previous study of the antioxidant 
and antimicrobial activities of Lycium shawii fruits extracts 
and the reported low activities with the same solvent [62].

Conclusion

Many reports are available on the antimicrobial and antioxi-
dant properties of plant extracts. Some of these studies have 
helped in identifying the active components responsible for 
these activities, especially with regard to the development 
of drugs and nutraceuticals.

However, very limited research is available on the anti-
fungal and antibacterial properties of goji berries extracts 
and especially water soluble extracts which are cheaper than 
alcohol extracts, consumer and environmentally friendly and 
could facilitate the commercial development of unique anti-
microbial formulations for use in the food industry.

The results of this study clearly indicate that UAE aque-
ous extracts of L. barbarum fruit encapsulated with minimal 
amounts of maltodextrin exhibited an important antioxidant, 
antibacterial and antifungal activity, which may be linked 
to enhanced concentration of polyphenol molecules, as evi-
denced by FTIR spectra of the antimicrobial samples.

Further, this study showed that freeze-dried pomegran-
ate peel, which is a by-product of the pomegranate juice 
industry, despite its low solubility at high concentrations, is 
a very efficient antioxidant and antimicrobial substance with 
very strong and broad antimicrobial activity (much higher 
compared to UAE goji berry extracts), and could be utilized 
in the production of added-value natural antimicrobials for 
food or even plant biological protection.
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