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The black seeds are manifesting healthy properties and nutritional values. Black seed oil composition 
varied among volatile and fixed components that awarded it is more useful properties and less stable. 
Encapsulation is a better application to preserve oil against oxidation.  This research aimed to protect oil 
using micro or nano-capsules and enhanced its characteristics. Also, to determine the antimicrobial, 
anti-mycotic, and anti mycotoxigenic impacts of capsulated materials. Oil has gained by a cold pressed 
technique. Oil characteristics, total phenolic, total flavonoids, antioxidant, and fatty acid compositions in 
the crude, micro, and nano-capsule were evaluating. Oil and emulsion antimicrobial and antifungal were 
determining against toxigenic fungi and pathogenic bacteria. The emulsion droplets evaluation had been 
done using the electron microscope. Tocotrienols and tocopherols were a presence in four types (α; β; γ; 
δ). The oil-emulsion types’ stability and its oxidative properties, recorded as peroxide and thiobarbituric 
values, showed fewer changes in oil drops. Reducing the effect of aflatoxins were higher for the nano-
emulsion, the inhibition ration reached 60.5% in compared to 56% for crude oil. 
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INTRODUCTION 
Black seed (BS) is particularly interesting as a 
source of phytochemicals, antioxidant and health 
benefits (Ramadan et al., 2003). Black seed oil 
(BSO) contains many natural components that 
have amazing health benefits (Hassanien et al., 
2014). Encapsulation is a soft treatment of oil, it 
promotes oil solubility, avoids oil unsuitable 
release. In food manufacturers, spray drying is the 
more exceedingly procedure used for 
encapsulation due to its efficiency and cost-
effectiveness, aside from the feature of resulting 
tolerably good quality particles. It is an economic 
and large-scale technique for bioactive ingredients 
encapsulation. To get spray-dried microcapsules, 
wall materials with excellent emulsifying 

characteristics required (Dobry et al., 2009, Chen 
et al., 2013). Stability of encapsulated product and 
the process efficiency affected by wall material 
selection and emulsion properties. Successful 
encapsulation should result in a powder with most 
retention of the active material and minimum 
surface oil (Carneiro et al., 2013).  
The stranger compounds that may contact food 
material, similar to toxigenic fungi and mycotoxins, 
are contaminants causing harmful cases (Sabry et 
al., 2016). If the raw food and its manufacturing 
products contaminated, it turned out to be 
dangerous. Aspergillus was the dominant 
toxigenic fungi on many foods with high aflatoxins 
excretion (Badr et al., 2017a). The main types of 
Aflatoxins are aflatoxin B1 (AFB1), Aflatoxin B2 
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(AFB2), Aflatoxin G1 (AFG1) and aflatoxin G2 
(AFG2), by highly dangerous for AFB1 (Abdel-
Razek et al., 2017), AFB1 considered as a class A 
carcinogenic material. For this reason; there is an 
essential to treatment food materials with novel 
natural components able to extend its resist 
against fungi. On the other hand, these natural 
components can reduce the mycotoxin presence 
in food. 
The aim is to maximize BSO benefits using nano- 
micro capsulation technique, which limited oil 
oxidation and extended the shelf life. Furthermore, 
evaluate the antimycotic, antimicrobial, and anti-
mycotoxigenic of encapsulated materials. Utilize 
encapsulated oil as an additive in food and dairy 
products which could extend shelf life and 
reducing the mycotoxicological risk in food 
materials 
 
MATERIALS AND METHODS 

Oil extraction: 
The oil extraction performing with the cold press 
technique using screw pressing without heating, 
collected oil filtered, packed in dark brown bottles 
and stored at –20°C until used 

Total phenolic content (TPC) of BSO  
Total phenolic content (TPC) of BSO determined 
by using Folin–Ciocalteu’s phenol reagent (Kim et 
al., 2003). TPC expressed as mg Gallic acid 
equivalent (GAE)/100g of the fresh sample.  

Total flavonoids content (TFC) of BSO  
TFC of BSO determined using a 
spectrophotometric method. The absorbance 
measured immediately at 510 nm versus blank 
and drew the calibration curve. Total flavonoid 
content expressed as mg catechin equivalent 
(CE)/100g fresh sample (Floegel et al., 2011). 

Antioxidant Activity Assays 

Scavenging activity on DPPH radicals 
The DPPH assay performed according to the 
method developed by (Floegel et al., 2011).  

Scavenging activity on ABTS+ radicals 
The ABTS assay was based on the method of 
(Floegel et al., 2011). The measuring was done at 
734 nm. Vitamin C has been used as a standard.  

 Fatty acids content of BSO  
Methyl esters of fatty acids (FAME) prepared 

according to AOCS Official Method Ce 1k‐07 
(Alves and Bessa, 2009). Diluted FAME 

separated on an Agilent 7890 gas chromatograph, 
(Agilent technologies, Santa Clara, CA) equipped 
with an Innowax capillary column (30 m_0.20 
mm_0.20 mm) and FID.  The flow rate of carrier 
gas (hydrogen) 1.5 mL/min. The column 
temperature was isotherm at 210°C. Detector and 
injector temperatures set at 240°C. Fatty acids 
identified by comparison of the retention times 
with authentic standards, the results reported as 
weight percentages after integration and 
calculation using Chem. Station (Agilent 
Technologies). 

Total tocopherols and tocotrienols contents of 
BSO 
 The diluted oil injected into High-
Performance Liquid Chromatography (HPLC), the 
sample volume 10 µL, the mobile phase was 
methanol; the isocratic system applied with 1.0 
mL/min flow and wavelength of 292 nm, using UV 
detector according to (Cert et al., 2000). 

Micro and nano capsulation of BSO  
Maltodextrin (MD) and Arabic gum (AG) dissolved 
in a distilled water (50 ºC/1h). Whey protein 
concentrate (WPC) completely dissolved in water 
(60 ºC/30 min). BSO added to wall material. The 
micro-capsules emulsion (MBSO) formed using 
Ultra-Turrax homogenizer T18 basic (IKA, 
Wilmington, USA), operating speed 18,000 
rpm/5min. Black seed oil nano-capsules (NBSO) 
prepared by ultra-sonication at 160 W powers, 20 
kHz frequency 50 % pulse (Sonic Ruptor 400, 
OMNI International Homogenizer.  A 0.5 g of AG 
added to each MBSO and NBSO emulsion, 
homogenized using Ultra-Turrax homogenizer at 
18,000 rpm/5min and 30,000 rpm/5min for MBSO 
and NBSO, respectively. Finally, BSO micro-
capsules and nano-capsules emulsion dried to 
produce powdered micro and nano-capsules (Na 
et al., 2011). 

Drying of coacervate micro and nano-
capsulation materials 
The suspension containing micro or nano-
capsules produced before drying by the spray 
dried (Mini spray dryer B-290, BÜCHI Labor 
technik, Switzerland). The emulsion fed at a flow 
rate controlled by pump rotation speed. The flow 
rate of drying air adjusted at 2.5 m3/ min and 
compressor air pressure at 0.06 MPa. Inlet and 
outlet air temperature adjusted at 180-195 and 71-
75 ⁰C, respectively. Feed flow rate at 5 cm3/ min 
to prepare the powder form. Micro and nano-
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capsules powder collected for further 
characterization 

Emulsion characterization 

Emulsion Stability 
The emulsion transferred to a 20 ml cylinder; 
capped and stored for 24, 48, 72, 96, and 120 h, 
at 25 ºC (Carneiro et al., 2013). The height 
separated serum from the emulsion was 
monitored, separation % calculated using the 
following equation: 

 𝑆𝑒𝑝𝑎𝑟𝑎𝑡𝑖𝑜𝑛 % =
𝐻1

𝐻0
× 100 

Where: H1 - is the height of the upper phase;   
            Ho - represents the initial height of the 
emulsion. 

Lipid Oxidative Stability 

Peroxide Value (PV) 
     Emulsions set in 50 mL disposable tubes, dark 
incubated (Memmert GmbH incubator, IN30) at 
55º C/10 days. Lipid hydroperoxides measured 
using the method of Walker et al., 2015.  

Thio-barbituric acid reactive substances 
(TBARS) 
Emulsions incubated at 55ºC/14 days in dark 
conditions. TBARS measured using the method of 
Tong et al., 2000.  

Selection of Bacterial and Fungal Strains 
To screen antimicrobial and antifungal activity of 
oil, micro, and nano-capsules emulsion; two 
different qualitative methods used: agar diffusion 
assay (disc and wells in dishes). Bacteria and 
fungi strains prepared and reactivate from a 
lyophilized stock, bacterial strains 
(Staphylococcus aureus, Campylobacter jejuni 
Bacillus cereus, and salmonella typhi) cultured on 
tryptic soy agar; whereas the toxigenic fungal 
strains were Aspergillus flavus, Aspergillus 
ochraceus, Fusarium solani, Alternaria sp., and 
these fungi cultured on Czapek-Dox agar media 
supplemented with tetracycline. 

Antibacterial Assay   
Oil emulsion prepared and diluted with solvents, 
the same number of subsequent concentration 
performed. The minimum concentration of the 
emulsion inhibits the growth determined by the 
micro-dilution method using serially diluted in 
sterile nutrient broth (Bussmann et al., 2010). 

Antifungal  Assay   
         Oil emulsion prepared and dissolved in 
dimethyl sulfoxide. The same number of 
subsequent concentration performed, and the 
minimal concentrations inhibit the toxigenic fungal 
growth determined. 

Preparation of Aflatoxins standard: 
A mixture of aflatoxins standard dissolved in 
acetonitrile for converting its dry film to be a 
solution. A known amount of each toxin used to 
make the four toxins mixture of AFB1, AFB2, 
AFG1, and AFG2 at concentrations of 200, 50, 
100, and 50 ng.mL-1, respectively. The mixture 
stored in an amber bottle under –20 °C until used. 

Aflatoxin determination 
High-performance liquid chromatography (HPLC), 
Agilent 1100 (Agilent Technologies, Hewlett-
Packard Strasse 876337 Waldbronn, Germany) 
used for aflatoxins determination. The mobile 
phase prepared with water: acetonitrile: methanol 
(6:3:1); the system equipped with a delivery 
system. The chromatographic separation 
performed with a reversed-phase column (Extend-
C18, Zorbax column, 4.6 mm i.d., 250 mm, 5 µm, 
Agilent Co.). The column temperature adjusted at 
40 ºC at a flow rate of 1.0 mL/min to achieve the 
optimum resolution of the aflatoxins. The injection 
volume maintained at 20 µL for both the sample 
and standard solutions. The fluorescence detector 
operated at 360 excitation /440 nm emission 
wavelength. Data were integrated and recorded 
using a Chem-station software Manager Hewlett-
Packard. 

Statistical analysis 
             The results expressed as mean values ± 
standard deviation from at least three replicates. 
The statistical analyses of data (linear regression 
analysis, standard errors of slopes) were 
performed using Graph Pad Prism 7 (Graph Pad 
Software Inc., San Diego, CA, USA). 
 
RESULTS AND DISCUSSION 

Total phenolic and total flavonoid content for 
Black seed oil 

The phenolic compounds and the 
flavonoid contents which presented in oil before 
and after encapsulation has determined. They 
considered the important part of active 
components conjugated in oil. As described in 
Table (1); TPC and TFC appeared less affected in 
micro-encapsulation than its values in nano-
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capsules. Otherwise, the recovered oil, either from 
micro or nano-capsules, showed more effectively 
in phenolic and flavonoid contents.    
   
Total antioxidant capacity of BSO   
 Antioxidant capacity of the crude oil, 
micro, and nano-capsules has determined using 
DPPH or ABTS methods. The result showed no 
significant differences between the crude oil, 
micro, and nano-capsules (Table 1). The 
significant differences between IC50 values of 
BSO, MBSO, and NBSO showed so closed 
values. The DPPH, ABTS, or IC50 values 
measured for release oil of MBSO and NBSO. 
The crude oil of BSO recorded the best DPPH 
inhibition just for the fresh. 
 As mentioned in the previous studies that 
nominated encapsulation to preserve the oil 
characteristics (Hwang et al., 2017). Moreover; 
the parameters of BSO as a mixed oil of fixed and 
essential oil (Mohammed et al., 2016), oil 
deliverable to a target site in bio-system with a 
little low or without loss of its characterization. 
Also, encapsulation for BSO may be deemed as a 
way to keep it active until it used. 

Fatty acid composition of BSO 
 In the BSO fatty acid composition, linoleic 
represented the major one followed by oleic 
(Table 2). Otherwise, gadoleic and myristic acid 
showed the minor ratio. Nevertheless, the 
saturated fatty acid ratio recorded at 15.39%, the 
mono-unsaturated fatty acid ratio recorded at 
22.99%, and polyunsaturated fatty acid, as the 
major ratio, recorded at 61.62%. The out results of 
PUFA/SFA recorded at 4.003. Finally, the Cox 
value reported at (6.61) as a value seems close to 
the oil of sunflower (6.48), and the sesame oil 
(6.27). 

Each fatty acid possesses self-role in 
nutrition, the omega appellation systems 
unsaturated fatty acids into orders relied on its 
ability to be converted or inter-converted to each 
other. It does not denote that; all omega fatty 
acids have the same physiological tasks. 
Moreover; the PUFA/ SFA ratio reported as a 
significant nutrition indication. In a study on rats 
by Chang and Huang 1999, the results 
demonstrated that; by respecting the PUFA/SFA 
ratio of dietary fat at out division level equal to 1.0, 
it displayed an increase of plasma total 
cholesterol, tri-acyl glyceride, and phospholipids 
levels, also in rats liver cholesterol content in rats. 
The hypo-cholesterolemic effect of MUFA not to 
be shown in the recorded results. The plasma 

lipids of the very low-density cholesterol fraction 
were also increased in rats feed on the high-
MUFA diet. Even while PUFA or SFA fixed at a 
particular level, rats given higher ratios of 
MUFA/SFA showed higher cholesterol levels. 

Total content of tocotrienols and tocopherols 
in BSO 

The total tocopherols, as well as total 
tocotrienols (vitamin E), were determined as in 
Table (2). The fractionation of tocopherols 

indicated that;  - tocopherols has the highest 

fraction presence by 941.3 ppm, while -
tocopherols recorded 111.3 ppm. Otherwise, beta 
or delta tocopherols have appeared in a small 
amount (Table 2). BSO is rich in γ-tocopherols 
which support the fatty foods abundant of PUFA 
against oxidation processes (Rudzińska et al., 
2016).  

Much clinical research on the alpha-
tocopherols form, which is also the predominant 
style in supplements and in the body. Similarly 
alpha-tocopherols, gamma-tocopherols is a potent 
fat-soluble antioxidant (Helzlsouer et al., 2000). 
While, as the report given by the "Proceedings of 
the National Academy of Sciences USA," again, 
gamma-tocopherol has the unrivaled capacity to 
destroy existing toxic chemicals, for example; 
peroxynitrite, which destroying cells and promote 
chronic inflammation. Indeed, the gamma shape 
has more effectiveness in mitigating inflammatory 
characteristics than does the alpha shape. An in-
vivo investigation that previously published in “The 
FASEB Journal" demonstrated that gamma-
tocopherol shape and not the alpha one 
repressed the arrangement of cytokines that 
counted as a master of inflammatory biochemical. 
(Ju et al., 2010). 

Micro and nano-encapsulation of BSO 
According to electron microscopic capture 

of MBSO and NBSO emulsions as shown in 
Figure (1); the morphological characteristics of the 
micro and nano-capsules emulsions built by WB 
and MD captured using Trans Electron 
Microscope (Fig.1).  Captures from electronic 
microscope indicate the presence of micro and 
nano-capsules formulated in the emulsion, the 
hydrophobic portions of the emulsion appeared 
black, however; the lipophilic components were 
free of stain and appeared white. As shown in the 
figure (1); the particle size varied in range for 
Micro-emulation; that also done for Nano-
emulsion. The particle size was ranged from 50 
nm to 188 nm in case of NBSO, however; for 
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MBSO, the particle size where ranged from 250 
nm to 400 nm. 

Oxidative stability 
Peroxide Value (PV) and TBARs values  
 The result showed an ascent of 
peroxide values and Thiobarbituric acid reactive 
substances (TBARs) value of encapsulated 
materials.  MBSO and NBSO monitored pointing 
out to lipid hydro-peroxides and aldehydes 
quantities as primary and secondary oxidation 
outputs increased progressively, respectively 
(Figure 2). MBSO encapsulated in WBC plus MD 
had slightly lower PV than its counterpart NBSO 
after four days of storage. Whilst, at the same 
degree of significant (P = 0.05), an increase in the 
TBARs value observed when MBSO and NBSO 
encapsulated. 
 However; the products from primary 
oxidation had a shorter life than the secondary 
ones, the PV and TBARs recorded at low values. 
The values recorded less than after time storage. 
The encapsulated particles prepared by tween 20 
could protect mediator impediment of oxidation. 
Emulsifiers has bound the two phases at an 
interface amidst the oil and the polar phase form 
the preventive layer. Ever after this layer formed; 
it will minimize the conductivity of pro-oxidants to 
BSO drops, the oxidation of BSO encapsulated in 
WBC-MD double layers went lesser (Hwang et al., 
2017). 

Emulsion stability: 
 The encapsulated MBSO and NBSO 
emulsion stability evaluated during the next 25 
days of emulsion formation, the data monitored in 
Figure (3). At the first juncture of the storage 
period; NBSO appeared semi-stable till the middle 
of the storage period, then it decreased by 
increasing of the storage time (from 10 to 15 
days). After that; it was stable until the end of 25 
days. It recorded at 87% after 25 days of the 
storage. However; the encapsulated MBSO 
emulsion, which covered by a double layer of 
WPC-MD, seems more stable. At the storage 
primary stage; the MBSO stability increased 
during a third of the time of storage then it 
appeared semi-stable to the end. The MBSO 
emulsion stability recorded at 47% after 25 days 
of the storage time. 

In comparison between the encapsulated 
MBSO and NBSO stability, the last one recorded 
more stable than MBSO. The explanation reason 
may consequent to the droplet volume. According 
to the droplet size of BC oil droplets that 

measured by an electron microscope; the size of 
NBSO droplets varied between 50 to 188nm, but 
in case of MBSO, the particle size where ranged 
from 250 nm to 400nm. Referring to a physical 
base which recorded the spherical shape in 
liquids as the more stable shape depending on 
the surface-tension forces. Also, depending on the 
size of the droplet which makes it as “the smallest 
is more stable and less separated from the 
emulsion”; the more stability of NBSO may be 
explained as monitoring in Figure (3).   

Antibacterial characters of BSO against 
Pathogenic bacteria 

 Inhibition zone determined in millimeter 
(mm) as an indication for BSO activity against 
bacterial growth.  Among the three types of 
emulsions (BSO, MBSO, and NBSO), MBSO 
showed the best effective inhibition zone in 
comparing to the other emulsions.  The variation 
in BSOs inhibition impact listed in Table (3). 

To explain the antibacterial activity of 
BSO against the pathogens and other bacteria, 
this comes through describing the active 
components which presented in the oil extracted 
from black seeds. Referring to oil contents of 
tocopherols (1060.6 ±6 ppm) and tocotrienols 
(672.6±9.14 ppm), otherwise, the high content of 
polyphenolic and total flavonoid content, the BSO 
antioxidant activity as well its IC50 seems as good 
as many natural antioxidants from plant sources. 
Bakathir and Abbas, 2011, studied the 
antibacterial impact of Black seeds. Their results 
were so close to our results.  

They had studied the antibacterial influence 
for the water extract of Black grounded seeds 
against Staphylococcus aureus, these results 
were semi like to the antibacterial effect of 
azithromycin antibiotic, the antibacterial impact 
measured as agar inhibition zone on the plate 
using disk diffusion techniques. Also, Emeka et 
al., 2015, recorded good antibacterial properties 
of Saudi Arabian BSO where it tested against 
multi-drug resistant Staphylococcus aureus. 

Antifungal characters of BSO against 
Aspergillus strains of toxigenic fungi 
Antifungal characteristics of the BSO measured 
by the inhibition zone on the fungal media growth. 
Aspergillus considered the most dangerous fungi 
on food commodities, its toxic metabolites 
aflatoxins excreted by Aspergillus flavus or 
Aspergillus parasiticus, however, ochratoxins 
excreted by Aspergillus ochraceus fungi.  The 
BSO, MBSO, and NBSO efficacy to inhibit the 
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growth of three toxigenic fungi (Aspergillus flavus, 
Aspergillus parasiticus, and Aspergillus 
Ochraceus). 
    Antifungal efficacy amounted to the existence 

of Nystatin as a standard antifungal component. 
As recorded in Table (3); the results reflected a 
good impression of the BSO antifungal ability, 
especially, against A. ochraceus.

 
 
Figure (1): Transmitted electron microscope for micro-capsules and nano-capsules formulated in 

the emulsion 

         
 
 

  
 

Figure (2):  Peroxide values and Thio-barbaturic acid reactive values of micro and nano-
encapsulated black seed oil. 
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Figure. (3):  The percentage of emulsion instability for micro and nano-encapsulated black seed 

oil 

 
 

Table (1): Total phenolic, total flavonoids, and antioxidants assay for the three types of BSO. 

Activity 
Black seed oil  

(normal) 
Black seed oil 

(Micro-capsules) 
Black seed  oil 

(Nano-capsules) 

Total phenolic content (mg GAE/g) 237.41±2.19 231.91± 3.42 237.23±3.78 

Total flavonoid content (mg catechol /g) 187.88±3.77 183±1.41 181±3.14 

DPPH Antioxidant activity(TE mg/ml oil) 1.63±0.02 1.57± 0.01 1.59±0.09 

ABTS Antioxidant activity(TE mg/ml oil) 3.1±0.08 3.2±0.01 3.1±0.02 

IC50  DPPH (µg/mg) 133±3.91 154±1.54 141±1.05 

Values are represented as mean ±SD                The LSD value = 2.89 
 

 
Table (2): Chemical compassion for BSO fatty acid contents, and its content of tocopherols and 

tocotrienols derivatives. 

 Fatty acid Percentage of presence (%) The fraction Content (ppm) 

C 12:0 Lauric acid 0.58±0.11 α-Tocopherols 111.3 ±1.41  

C 14:0 Myristic acid 0.18±0.09 β-Tocopherols 3.9±0.99 

C16:0 Palmitic acid 11.14±0.55 λ-Tocopherols 941.3±1.89 

C16:1 Palmitoleic acid 0.47 ±0.08 δ-Tocopherols 4.4±1.71 

C18:0 Stearic acid 2.5±0.13 Total Tocopherols 1060.6 ±6 

C18:1 Oleic acid 22.39± 1.7 α-Tocotrienols 3.3±0.77 

C18:2 Linoleic acid 61.2±2.3 β-Tocotrienols 281.8±3.44 

C18:3 Linolenic acid 0.42±1.61 λ-Tocotrienols 379.1±4.12  

C20:0 Arachidic acid 0.99±0.23 δ-Tocotrienols 8.4± 0.81 

C20:1 Gadoleic acid 0.13±0.04 Total Tocotrienols 672.6±4 

Values are represented as means ±SD. 
SFA: saturated fatty acid, MUFA:  mono-unsaturated fatty acid 
PUFA: poly-unsaturated fatty acid  
The measuring unit for the fractions content is in part per million. 
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Table (3): Inhibition effect of BSO, MBSO, and NBSO on pathogenic bacterial and toxigenic fungi. 
  

Treatment 
type 

Inhibition effect of BSO, MBSO, NBSO on Pathogenic bacteria  

Staphylococcus aureus 
ATCC 29213 

Bacillus cereus 
ATCC 12826 

Campylobacter jejuni 
NRRL B-30514 

Salmonella  
Typhi 

ATCC 19430 

 Inhibition zone (mm) at 12 hour incubation period 

BSO 9.5±1.51 10.0±1.37 9.0±0.94 7.0±0.44 

MBSO 8.5±0.53 12.0±0.42 8.0±0.82 8.5±1.0 

NBSO 8.0±0.43 9.0±0.65 9.0±0.33 9.0±0.67 

Tetracycline 18±0.14 18±0.35 16±0.19 16±0.27 

 Inhibition zone (mm) at 24 hour incubation period 

BSO 14.0±1.3 16.5± 0.79 13.5 ±0.88   12.5±0.34 

MBSO 18.5±1.28 18.5±1.24 16.1±1.37 14.3.0±0.93 

NBSO 18.9±1.0 18.9±1.4 18.2±1.7 16.1±0.97 

Tetracycline 28±0.3 28±0.1 26±0.9 26±1.1 

       Inhibition effect of BSO, MBSO, NBSO on Toxigenic fungi  

 
Aspergillus flavus 

ITEM  8080 
(mm) 

Aspergillus parasiticus  
ITEM 692 

(mm) 

Aspergillus Ochraceus 
 ITEM 2456 

(mm) 

BSO 5.5±1.79 4.0±2.4 9.5±1.65 

MBSO 6.5±0.77 6.0±0.39 6.5±1.21 

NBSO 7.0±1.5 8.2±1.17 9.0±1.84 

Nystatin 17±0.2 16±0.51 17.5±0.42 

The results are represented as value ± SD.      * Inhibition zone was measured in millimeter (mm). 
BSO: black seed oil; MBSO: microcapsules black seed oil; NBSO: nano-capsules black seed oil 
Tetracycline was used as a standard antibiotic.   The zone of inhibition measured in millimeters. 

 
 
 
 
 
 
 
 

Table (4): Effect of BS as normal oil, micro-encapsulated oil, and nano- encapsulated oil on 
aflatoxins reducing 

 

Oil type 
Aflatoxin B1 

(ng/kg) 
Aflatoxin B2 

(ng/kg) 
Aflatoxin G1 

(ng/kg) 
Aflatoxin G2 

(ng/kg) 

Control 200±6.71 50±3.17 100±5.44 50±6.31 

BSO 87.63±7.22 14.77±5.12 32.92±4.84 16.64±3.44 

MBSO 83.41±6.21 15.34±3.24 28.74±5.37 14.44±3.17 

NBSO 78.95±3.7 13.21±4.66 26.36±3.71 13.57±3.49 

 Values are represented as means ±SD 

 Values measured in ng/ kg (ppb). 
 

 
In the previous studies, oils extracted from 

plant seeds using the cold press technique 
recorded better fungal growth inhibition more than 

other extraction techniques. Moreover, its ability to 
reduce the fungal growth recorded better 
compared to the standard antifungal materials 
(Abdel-Razek et al., 2017, Badr et al., 2017b, 
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Shehata et al., 2017). 

Antiaflatoxigenic properties of BSO, MBSO, 
and NBSO 

As an application, the yogurt was 
supplemented by BSO, MBSO, and NBSO as a 
source of a nutritional values materials side to its 
properties as antifungal and antibacterial 
components. The oil either as crude or 
microcapsules or nano-capsules reported a good 
ability to reduce aflatoxins (Table 4).  Comparing 
to AFs spiked control, the AFs treatment emulsion 
samples supplemented by the BSO in the three 
phases recorded inhibition ratio varied between 
56.2 to 73.6% of its aflatoxins content.   

The NBSO showed the best aflatoxins 
reduced ratio compared to other emulsion types 
(Table 4). The reducing ratio ranged between 60.5 
to 73.6%. Otherwise; the viscosity values appear 
low efficiency than the micro-capsules; the 
reducing ratio in the MBSO appeared next to the 
NBSO ratio. While, the reducing ratio of aflatoxins 
ranged between 58.3 to 71.12% for AFB1 and 
AFG2, respectively. The crude oil showed the 
lowest ability to reduce aflatoxins except for AFB2, 
the reducing ratio ranged between 56.18 to 
71.46%, for AFB1 and AFB2, respectively.  
Furthermore; according to previous studies, the 
extracted seed oils reduced aflatoxins on the 
microbiological media (Abdel-Razek et al., 2017 
and Badr et al., 2017). Encapsulation of oils 
preserves its properties against nutritive values 
decreases and/or active components losses 
(Chang et al., 2016). This may explain the reason 
for oil capsules reduce aflatoxin better than crude 
one. Encapsulation protected and its components 
against the outer factors impacts. BSO contain 
many active materials. Some related to fixed oil 
components (tocopherols, tocotrienols, and 
omega fatty acids), and the other related to the 
essential oil content, especially flavoring 
components. The antioxidant potency of these 
components affected the aflatoxins reducing. 

CONCLUSION 
Black seeds deem a moderate source of TPC, 
TFC, and antioxidants. The distinctive structure 
highlights the oil nutritional and medical 
significances. The gained oil consists of a 
wonderful mix of fixed and volatile oil. To 
safeguard oil characteristics, encapsulation is 
required.  Micro or nano-capsules are a good 
preservative application. The stored encapsulated 
materials recorded close to fresh oil, the inhibition 
zone either for bacteria or fungi strains recorded 

as best in NBSO. Encapsulated oil reduce the 
aflatoxins levels from liquid media. 
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