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Table 1 The effect of antimicrobial activity (MIC and MBC) of free and alginate encapsulated oil by

the microdilution method

. . Free Oil Encapsoulated Oil
Microorganism

MIC(ug/ml)

MBC(ug/ml)

MIC(ug/ml)

MBC(ug/ml)

Salmonella typhimurium (PTCC: 1761) 34.77+4.90Cb
Escherichia coli (PTCC:1769) 35.0145.14Da
Staphylococcus aureus (PTCC:1337)  28.33+2.31Dd

38.16+3.03Bb
39.19+5.34Ba
33.33£1.41Bd
37.19+7.40Bc

36.25+0.12Db
38.34 +0.20 Da
31.96 £0.21 Dd
34.73+0.71Dc

40.11+0.10Cb
42.88+0.13Ba
36.20+0.45Bd
39.20+0.26Bc

Aspergillus niger (PTCC:5154) 32.1246.33Cc
Candida albicans (PTCC:5027) 26.66+7.98De  31.32+6.53Be 29.61+£0.72De  32.03+0.62Be

Different small letters in each column and captal letters in each row represent significant difference from one
another (p< 0.05).
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Table 2 The effect of antimicrobial activity of free and alginate encapsulated oil in chocolate ganache

(Log CFU/qg)
Microorganism G (Control) GM GOM GEOM
Salmonella typhimurium (PTCC: 1761) - + - -
Escherichia coli (PTCC:1769) 0.52 bD 3.11bB 2.84aC 3.47aA
Staphylococcus aureus (PTCC:1337) 1.07 aD 3.25aA 2.14bC 2.41bB
Aspergillus niger (PTCC:5154) - 2.84cA 1.72cC 1.82cB
Candida albicans (PTCC:5027) - 2.48dA 1.69dC 1.77dB

Different small letters in each column and captal letters in each row represent significant difference from one
another (p< 0.05).
G (control): Chocolate with Ganache GM: Chocolate with Ganache + Inoculation of microorganisms GOM:
Chocolate with Ganache +free oil + Inoculation of microorganisms GEOM: Chaocolate with Ganache +
encapsulated oil + Inoculation of microorganisms.
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Fig 2 Sensory properties of chocolate ganache
treatments during 28 days
G (control): Chocolate with Ganache GOM:
Chocolate with Ganache +free oil + Inoculation of
microorganisms GEOM: Chocolate with Ganache
+ encapsulated oil + Inoculation of microorganisms
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Today, with the rise of awareness and changing attitudes, the demand
for healthy foods has increased. The effective compounds of black seed
with its antioxidant and antimicrobial properties are of interest to many
researchers. The aim of this study was to benefit from the functional
properties of black seed oil in a food model. In the first phase, the
peroxide index, color and antimicrobial properties of free and alginate
encapsulated black seed oil were investigated. In the second phase,
microbial and sensory properties of 4 chocolate ganache samples
(preservative free (G or Control), preservative free + inoculated
microorganisms (GM), containing 3% free black seed oil + inoculated
microorganisms (GOM) And containing 3% of encapsulated black seed
oil + inoculated microorganisms (GOM)) were compared. The results of
the first phase showed that MIC and MBC of free black seed oil on
Salmonella typhimurium, Escherichia coli, Staphylococcus aureus,
Aspergillus niger and Candida albicans were higher than the
encapsulated black seed oil. Also, the highest and lowest antimicrobial
effects of black seed oil were observed on Candida albicans and
Escherichia coli, respectively. The peroxide index and color of free
black seed oil was more than encapsulated black seed oil . Also, the
results of the second phase showed that the presence of black seed oil in
the chocolate ganache formulation reduced the microbial load of the
produced samples. However, the antimicrobial action of free black seed
oil on the microbial load of the food model was more than encapsulated
black seed oil. Finally, the results of sensory evaluation showed that
chocolate ganache containing encapsulated black seed oil had better
sensory properties compared to the sample containing free black seed
oil.
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