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Table 1 Effect of SWR, stirring time and particle size of micro-emulsions at standard conditions.

SWR Stirring speed (rpm) Stirring time (h)
50 100 150 200 500 1000 1 2
m‘."“(“d"mn) 1138001° 24400 6604023 12007054  1252051° 24400 1073014 244002° 650400
"Different letters in the same column indicate significant differences between treatments (P<0.05)
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Fig 1 Flow chart of microemulsions.
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Table 2 Droplet size average and dispersion of two-layer emulsions prepared from biopolymers.

SPCS SPC10 AGS5 AG10 Ps P10
Fresh emulsion ~ 430+2.53° 350+3.21°  700+7.53¢ 574+5.25¢ 1147410.02° 2010+12.34"
1™ month 541+7.61° 429+4.32°  898+6.74°  680+11.23¢ 1310+19.84° 2156+24.45"

"Different letters in the same column indicate significant differences between treatments (P<0.05)
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Table 3 Biopolymers viscosity changes at 5 and 10% levels.

Shear rate(15)
10 20 30 40 50 ) 70
SPC5% 824+021° 9534005 961+0.14° 11158022 11324025 1047003° 945+032°
< SPC10% 823+042" 833033 845+020° 7512024 7144054 675032 6312023
é, GA% 1031200 1023+041° 1045+004° 9354032 943+0.13° 90034 9414020
=  GA10% 10.12+042° 11214045 1145+001 12114014 12.154023° 1222+021 1134+0.15°
'é P5% 10921:2.11° 10732+401° 105342.11° 10421132 12.14+:054° 10441321° 1043342.14°
P10% 854143.13 8631201° 8644+041° 8636105 11512036" 85244074 8554076

"Different letters in the same column indicate significant differences between treatments (P<0.05)
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Table 4 Flow behavior of two-layer emulsion stabilized with biopolymers at the levels of 5 and 10%.

Emulsion SPC AG P
5% 10% 5% 10% 5% 10%
Power law
K(Pa") 0.0032¢ 0.016° 0.009% 0.013% 0.059" 0.181°
n 0.991° 0.852° 0.923% 0.859" 0.901% 0915
R’ 99.8 98.6 99.8 99.2 99.6 97.9
Herschel bulkley
K(Pas") 0.002° 0.014° 0.006° 0.025¢ 0.065" 0.213°
n 0.985° 0.856° 0.956™ 0.881¢ 0.936™ 0.871°¢
7, (Pa) 0.005° 0.231° 0.007° 0.012° 0.231° 0.321°
R? 99.9 98.2 99.9 99.2 0.251 98.1
Bingham
K(Pas") 0.002° 0.003° 0.005° 0.007° 0.041° 0.123*
7, (Pa) 0.004° 0.251° 0.026° 0.026° 0.098° 0.125"
R’ 99.9 98.1 99.6 99.1 99.5 78.8
Casson
K(Pas") 0.004* 0.058% 0.004° 0.095° 0.394° 1.213*
7, (Pa) 0.011° 0.015° 0.001° 0.012° 0.016° 0.117°
R’ 92.1 98.1 93.2 99.7 99.9 97.9

“The components of the model for each biopolymer are compared with each other in columns at a significance level

of 0.05
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Fig 2 Crocin standard curve.
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Table 5 Percentage of crocin release from double-layer emulsion stabilized with biopolymers at 5 and

10% levels

Time ()
1 2 3 4 5 6 7 8
SPC5%  2021+0.13° 4023:033° 48154045 6507+0.14" 71234023 772140207 783240547 80224055
SPC10% 644045 162140.14° 23112012  3033055° 352240.16° 427047 4728+041° 495440 20°
§ GAS% 8744034 21014002  2823+03F  40224035° 4736+041° 5365+023° 5624+025° 5932+031°
GA10% 4214054 1154007 1633046 22314024 27244037 3565008 3986+03& 4128019
% P5% 403:001° 10326008 15372047 22254008 2654:041° 2963+038” 3136:044° 3426017
P10% 3314021° 834+0,08" 1087+037" 13244017 2025+009" 271051 2733+007" 2981+025"

“Different letters in the same column indicate significant differences between treatments (P<0.05).
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Table 6 Comparison of mean physicochemical properties of Crocin fortified chocolate

Fortified Control
0.36+0.01° 0.32+0.04° Water activity
0.73+0.05" 0.27+0.01° Moisture (%)
1133.41£10.15° 1125.04+11.21° Viscosity (mpa)
23.81+0.12° 19.14+0.34° Hardness1 (N)
13.07+0.23° 11.61+0.08" Hardness2 (N)
20.47+0.17° 19.12+0.12° D90 (20-33) Particle size (1)
1.23+0.12° 1.12+0.07° D10<6
20.11+0.71° 21.31£0.21° L
12.61+0.18° 11.71£0.41° a color
18.11+0.09° 16.91+0.08* b

"Different letters in the same column indicate significant differences between treatments (P<0.05)
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ABSTRACT

ARTICLE INFO

The prevalence of depression in our country is an average of 7% of people aged 15
and older. Almost all depressed patients cannot do their tasks easily due to lack of
energy. One of the types of medicinal plants for treating depression is saffron, which
is used in traditional medicine as an uplifting and reducing sadness. One of the types
of medicinal plants for treating depression is saffron, which is used in traditional
medicine as a happy and reducing sadness. Crocin, as a bioactive compound effective
on depression, is sensitive to temperature, pH and oxygen, and its efficiency
decreases. Surfactant ratio (50% to 200%), stirring speed (500 and 1000 rpm) and
stirring time (1, 2 and 3 hours) were used as the variables of primary emulsion
production. The optimal ratio of surfactant to the aqueous phase was 100% and the
viscosity increased with increasing surfactant ratio in all microemulsions. High
energy homogenization at high pressure was used to make the secondary emulsion
and to compare and increase the stability of biopolymers including Soy protein
concentrate, Arabic gum and Pectin at two levels of 5 and 10%. Then the
nanoemulsion was added to the chocolate. All treatments were evaluated using
Duncan's test at a significance level of 5%. The results showed that both surfactants
were able to form nanoemulsions. Emulsions stabilized with pectin showed the
highest viscosity and the lowest crocin release in simulated stomach and intestine
conditions. Also, the physicochemical and sensory properties of chocolate containing
nanoemulsion were compared with the control and it had a higher score than the
control.
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