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

the microdilution method

Microoraanism Free Oil Encapsoulated Oil
g MIC(ug/ml) MBC(ug/ml) MIC(ug/ml) MBC(ug/ml)
Salmonella typhimurium (PTCC: 1761) 34.77+4.90Cb  38.16+3.03Bb  36.25+0.12Db  40.11+0.10Cb

Escherichia coli (PTCC:1769) 35.0145.14Da

39.19+5.34Ba

38.34 +0.20 Da

42.88+0.13Ba

Staphylococcus aureus (PTCC:1337)  28.33+2.31Dd  33.33+1.41Bd  31.96+0.21 Dd 36.20+0.45Bd
Aspergillus niger (PTCC:5154) 32.1246.33Cc ~ 37.19+7.40Bc 34.73+0.71Dc  39.20+0.26Bc
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).

s lssl ISk 5l wlsel sy La S B1S s bl s b ol ladag b 4 058 sed izmen
O5S 30 SAHIa3L 1 el cpl Sle Oldies ol Ll s oodkd Jate sledly glie 3 sl sy glagss
S 5 S ATP 5T Jlee Gk 51 JSLi 3l gl As, SLlst s Lol s Shae o35, s 3l Cels
5 e Geios S el [38] s sk a2 ploa B dzy s bl wlselw o dle 4y 355 0
sool chle Jalpl s dlselw s, i (2013) ol Kes

[39] A5 St sl eSS el sl S

obas ol 5l s el Ns-D2 ; Ns-D1 sl

(2015) o1San 5 ol [37 5 36] ls s (sdial o3

338



1401 5, o2 49 oy5s 127 ol

LS5 poedle i s St S b«
A3 o5l O 4 93 & &lselow 255 53 357 50 5 Sends
Gl 53 35 O 53 sre oz sladend 51 L
Ml o 5 (Cr)) Syl gl oo
(Cip1) STsmaly sl (6855 Lpmy S ol) pldl 2
(855 Wpm SO 51 She Jold) pldld w3 s
N I I Tl (L) I PR
oS Gl S Ga o St Ysens s
sl S gl (LIS e U b s 5 e
10-12 5 Los sk Llae s baad o les a5 12-16
[4] dns b s Ladd Sl S
U o shyls wlselew 255 355 00 ezl &S 4 Sles
Lsn b ets el ble pl 5 ol Ciga o sladud
B b o BUE he L oSS s ) e Ol
oSS 3550 53 JLalS Gl ey el glabdl
gl sl 53 a8 Al Ll .ol sdalie LB 55 pesisl
ISR 2l Sl S w8 S e Sk
S Jeol pl 4 Wlge el gl She 5 el eyl
Loy L pin bl 05 Go 2o sl

LAl

DEa S ol Ol sl mls rames
ool eag T I Sl xS ST b el Sli g 5y 4lselw
@ opl g oedle [41 5 40] el O pdsol 4 b wilsel
b ST b dbelw oy, LSS Ad jame
o b Sbas ol Gl 4 s Glag s dul
EI S P BRGNS VS T TP,
bl et ol (2015) o1, Kan 5 L= 5 (2006) s
LoS NS A sleess 5 el 035 s

[43 542]
ST Il s &lselew 85, JI awalie -5-4

S Lb SalS p edd SUen) o
S e L oSS

L. J\AJUA QLL.: 2 J}J} BE) ol 43\_)\ Cil:; oS _))lé.:LAA
)\Jbgﬂbbmdwy}dﬁMM‘Ja[:MJO})QJ)JJ‘
Sl S5 a o3V Ll S a5 sk e o5 S L
Sl b eds las ) alselew sy o5, Sl Jl &
.;ﬁ;\ijbj\;AS

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
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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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