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1. Nalidixic acid, neomycin sulfate, lithium chloride, and
paromomycin sulfate
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Table 1 Evaluation of chemical compounds in Anethum graveolens essential oil

Compounds RT (min) Concentration (%)
E,E-2,6-dimethyl-3,5-octatetraene 5.763 0.783
Limonene 6.970 12.938
Gamma-terpinene 7.404 0.152
m-cymene 8.177 0.594
Trans-dihydrocarvone 10.924 10.799
R-(-)-carvone 13.009 36.899
S-(+)-carvone 13.581 0.104
1-methoxy-4-[ 1-propenyl]-benzene 14.401 1.054
Myristicin 18.978 0.724
Apiol 22.253 30.952

Table 2 Evaluation of chemical compounds in Nasturtium officinale essential oil

Compounds RT (min) Concentration (%)
a-Pinene 15.583 0.399
B-Pinene 16.233 2.601

B-Myrcene 16.466 0.882
Limonene 17.083 43.623
Trans- B -ociemen 17.416 0.727
a-Terpinolene 18.116 19.668
p-Cymene-8-ol 19.720 7.618

a-Terpineol 19.866 2.282

a-Copaen 22.864 1.100

B-Caryophyllene 23.566 6.402
a-Humulene 24.153 1.503
B-Sesquiphellandrene 25.383 0.501
Caryophyllene oxide 26.759 6.360
§-Cadinol 27.516 1.056
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Table 3 Evaluation of minimum inhibitory concentration (MIC) and minimum bactericidal
concentration (MBC) of Nasturtium officinale and Anethum graveolens essential oils

Essential oil Nasturtium officinale Anethum graveolens
Microorganism MBC (pg/mL) MIC (ug/mL) MBC (pg/mL) MIC (ug/mL)
Staphylococcus aureus 0.50° 0.25° 0.36° 0.18°
Listeria monocytogenes 0.50° 0.25° 0.36° 0.18°
Salmonella 2.10° 1.05° 1.14° 0.73"
Escherichia coli 1.05° 0.50° 0.73° 0.36°

Superscript lower letters (a—c) beside mean values in the same column show the difference in Duncan’s multiple
range test (p < 0.05)
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Table 4 Evaluation of antioxidant activity (%) of Nasturtium officinale and Anethum graveolens
essential oils in different concentrations

Essential oil

Concentration (mg/L)

650 600 500 400 350
Anethum graveolens 15.01£0.21°  13.91£0.27°  10.50+0.23"  8.37+0.20°  7.65+0.25"
Nasturtium officinale 13.79+0.25°  11.1540.30°  7.41+0.26"  5.16+0.19°  4.13+0.23"

Superscript lower letters (a—b) beside mean values in the same column show the difference in Duncan’s multiple

range test (p < 0.05)
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Fig 1 SEM images of produced capsules containing different concentrations of Anethum graveolens L. and
Nasturtium officinale L. essential oils at 80% magnification. (a) 350 mg/L, (b) 400 mg/L, (c) 500 mg/L, (d) 600
mg/L and (e) 650 mg/L of A. graveolens essential oil. (f) 350 mg/L, (g) 400 mg/L, (h) 500 mg/L, (i) 600 mg/L
and (j) 650 mg/L N. officinale essential oil.
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Table 5 Capsule particle size range (um) containing Nasturtium officinale and Anethum graveolens
essential oils in different concentrations

Essential oil

Concentration (mg/L)

350mgl oo @ee400mgL ==li==300mgL ==de=G0) mg/L w650 mgL
Fig 3 Evaluation of Bifidobacterium lactis in dough
prepared from different concentrations of
Nasturtium officinale essential oil during storage
time
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(FJK3) s S 5.0 o ;
7 J59) 42 8 lod 50 58 Slo gt mp 0T
82
a Xsd gl B & 93
3l B % 2 et &
0 Grsssisininininin L IITT e - N . .. .
O S Sigmsp oS Sboekiy gLyl -V-o-¥
= LXTTY 209
§ 19 S S bkl
& E EVs 5 st ol csbie CBLE s 0pa51 Sl e
%7'7 SSgmsn Comer pide bi- skl 4 iy Sl
3 76 } . ) ;
8 SAre 3G Sl s eSY e Sl
75
1 7 14 2 O Plas sy  SSgmsn OV pame slaaasis
Storage time (day)

QS G yme by JW¢K»J> K g b s
3 §oe 3 ekl e sl Glauilal s skl ol
Flo Y Sy Sgmsn S T G
Glachle 3 wud el ¥ IS Gllae ol Coanl
Comer oS, el or mg/L G oo mg/L

A2 (355 YV eSS 0555 Isb )3 Jsames (S5 55
83
8.1

77
5 n—-\.\1
73

71
69

6.7
6.5

Bifidobacteritim lactis (log cfu/ml)

1 7 14 2
Storage time (day)

I50mgL +o@+r400myL ==l=300myL =G0 mE/L el 650 mg/L

Fig 2 Evaluation of Bifidobacterium lactis in dough
prepared from different concentrations of Anethum
graveolens essential oil during storage time
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Table 6 Evaluation of non-fat dry matter, acidity and pH of doogh produced in optimal concentrations
of essential oils

Storage

Sample Corl(:sg;rlfl)tlon (t(lir;;) pH Acidity Ijr?; t:?t(gj )y

1 4.44+0.25" 60.18+0.53° 421+0.33°

15 4.23+0.21°  60.50+0.55° 4.26+0.33%

Control - 20 4.04+0.21*  60.62+0.51° 4.3140.33"

45 3.85+0.27°  62.62+0.61° 4.11+0.33%

60 3.0440.23°  65.62+0.51% 4.41+0.33%

1 4.46+0.23*  60.34+0.57° 4.44+0.25°

Doogh with Anethum 15 4.24io.27:E 60.27i0.67z 4.28i0.352
lots L 400 20 4.04+0.29®  60.43+0.61 4.43+0.29
graveorens L. 45 3.83+0.26°  61.43+0.61% 4.37+0.25
60 3.2540.23°  62.43+0.51% 4.40+0.31°

1 4.46+£0.24*  60.454+0.43¢ 4.21+0.42°

Doogh with Nasturtium 15 424+0.21®  60.51+£0.51° 4.36+0.29"
g icinale L 500 20 4.04+0.24®  60.57+0.40° 4.27+0.34°
ojjremnate L. 45 3.80£0.28°  61.37+0.61% 4.1840.39

60 3.36+£0.26°  62.42+0.51® 4.18+0.41%

Superscript lower letters (a—c) beside mean values in the same column show the difference in Duncan’s multiple
range test (p < 0.05)
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Table 7 The rate of phase separation in doogh samples at the optimal concentrations of essential oils

Sample Concentration (mg/L) Stor&ii/;lme sepaf£?§§ (%)

1 50.21+0.33°¢

15 50.37+0.31°¢

Control - 20 50.20+0.42¢

45 53.46+0.39"

60 57.54+0.43°

1 1.41+0.25™

15 6.56+0.57"

Doogh with Anethum graveolens L. 400 20 8.24+0.35'
45 20.52+0.61#

60 28.48+0.85°

1 3.17£0.39'

15 9.42+0.39’

Doogh with Nasturtium officinale L. 500 20 12.3640.39"
45 25.12+0.39

60 33.17+0.39"

Superscript lower letters (a—m) beside mean values in the same column show the difference in Duncan’s
multiple range test (p < 0.05)
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Table 8 Evaluation of rheological properties of doogh samples

n (flow Relative

Concentration . Coefficient of . . 5
Sample (mg/L) behavior consistency(Pa.s") viscosity R
& index) yira. (mPa.s)
Control - 0.893% 1.10° 5.01°¢ 0.99
Doogh with Anethum 400 0.690° 1.97° 6.13 0.99
graveolens L.
Doogh with Nasturtium 500 0.791° 1.59 5520 0.99

officinale L.

Superscript lower letters (a—c) beside mean values in the same column show the difference in Duncan’s multiple
range test (p < 0.05)
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Table 9 Investigation of microbial properties (log cfu/mL) of doogh produced in optimal
concentrations of essential oils

Storage

Sample Concentration time Staphylococcus mold and Escherichia coliform
P (mg/L) (day) aureus yeast coli

1 10.56+0.38% 9.45+1.05°  10.89+0.38"  31.25+0.32°
15 10.54+0.35° 12.5241.12¢  10.32+0.40°  30.68+0.38®
Control - 20 10.23+0.34° 15.65£1.09°  9.70£0.35°  30.06+0.34°
45 8.96+0.30° 18.2140.99°  7.87+0.29°  28.23+0.31°
60 6.23+0.38¢ 21.36+0.97°  4.81+0.37¢  25.17+0.40°
1 9.25+0.38° 9.53+1.11°  10.01+£0.35°  30.37+0.37°
Doogh with 15 9.12+:0.38° 9.87+0.95°  9.12+£0.49"  29.48+0.45"
Anethum 400 20 9.01+0.38° 9.23+1.12°  7.89+0.219  28.25+0.27¢
graveolens L. 45 7.23+0.38° 9.64+1.15°  4.84+0.317  25.20+0.29°
60 4.37+0.38f 9.78+1.30°  1.89+£0.24"  22.25+0.28"
1 9.45+0.28° 9.56+0.99°  10.23+0.26°  30.59+0.30°
Doogh with 15 9.35+0.38" 9.34+0.97°  9.76+0.35"  30.2240.31°
Nasturtium 500 20 9.25+0.38" 9.62+1.10°  8.2440.10°  28.60+0.15°
officinale L. 45 7.9840.38° 9.8241.08"  6.63£0.37°  26.99+0.35°
60 5.3440.38° 9.89+1.30*  3.41+0.33%  23.77+0.36°

Superscript lower letters (a—h) beside mean values in the same column show the difference in Duncan’s multiple

range test (p < 0.05)
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Overall acceptance

Oral sensation
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Doogh with Anethum graveolens L.
¢ %+ Doogh with Nasturtium officinale

Fig 4 Sensory evaluation of control doogh sample,
doogh containing 400 mg/L dill essential oil and
doogh containing 500 mg /L essential oil of
Nasturtium officinale
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ABSTRACT

Effect of encapsulated wild watercress (Nasturtium officinale L.)
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In the first step of this study, Anethum graveolens and Nasturtium
officinale essential oils prepared with Clevenger apparatus and then,
essential oils ingredients evaluated by GC-Mass. Minimum Inhibitory
(MIC) and Minimum Bactericidal Concentration (MBC) and antioxidant
activity of essential oils were evaluated at concentrations of 350, 400, 500,
600 and 650 mg/L. during 60 days. Then, encapsulated essential oils of A.
graveolens and N. officinale in the mentioned concentrations by
maltodextrin and coacervation methods to evaluate morphology and
particle size distribution. Finally, to achieve the optimal concentration of
essential oils in order to further preserve the probiotic population of
Bifidobacterium lactis, the viability of this bacterium in doogh was
evaluated for 21 days. In the second step of the study, the effect of adding
essential oils on optimal concentration to the product investigated
according to dry matter content, pH, acidity, serum separation rate,
rheology and sensory evaluation. The results showed the essential oils have
high terpene and phenolic content, which caused proper antioxidant and
antimicrobial activity. The viscosity, consistency and acidity of the final
product increased on the other hand, pH and serum separation rate
decreased significantly. Considering the results of sensory evaluation and
lack of any negative effects at optilam concentrations of 400 mg/L and 500
mg/L for A. graveolens and N. officinale essential oils, respectively, the
possibility of its industrial application can be examined.
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