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Introduction

Donut is a type of sweet fried snack which is usually produced from leavened and deep fried dough. The
deliciousness and high energy of donut has made it very popular among sweet products made from wheat flour.
The sensitivity of wheat flour to weather conditions as well as bad economic conditions in recent years led to
perfomingt research to replacewheat flour with other grains. Quinoa is a rich source of protein (the essential amino
acids lysine, methionine, cysteine, and threonine), magnesium, fiber, vitamin B, potassium, and other minerals
such as iron. Quinoa seeds have less starch than other grains (wheat, barley, corn, and rice). The value of dietary
fiber in quinoa is much more in comparison to other grains, it had about 31% insoluble fiber. Also, as a source of
phytoestrogens, it prevents cancer, cardiovascular diseases, and osteoporosis. The main problem with quinoa to be
used for human diet is the presence of saponin in the outer shell of the seed. Saponins are considered anti-
nutritional agents due to their hemolytic activity on red blood cells, bitterness, foaming ability, and inhibition of
enzymes. Therefore, the most important step for using quinoa in food products is to remove saponin. The other
problem with using saponin its too bitterness hence causing bloating and heartburn. This study aimed to choose
the best saponinization method from quinoa and the possibility of using the saponinization quinoa instead of wheat
in donut formulation and investigation the quality, texture, and sensory properties of the donuts.

Materials and Methods
The methods for saponin removal include (maceration, microwave, ultrasound, wet method, and a combination
of wet and dry methods) were compared. Donuts were produced with quinoa flour at two levels of 20 and 40%
substitution. The Fiber, ash, and protein values of wheat flour, saponinized quinoa flour, and donuts with different
levels of saponinized quinoa flour were measured. The effect of replacement wheat flour with saponinized quinoa
flour on oil absorption, texture, SEM, and sensory properties of donuts was evaluated.

Results and Discussion

A comparison between different methods of saponinization indicated that the ultrasound method had the
minimum efficiency in saponin removal and the highest amount of saponin removal was in the combined wet and
dry methods, followed by the maceration method. The difference between the combined method and maceration
was not significant and had the most influence in extracting saponin from quinoa flour. Of course, the maceration
method is economically important due to the long time of the process and production of a lot of waste water leading
to loss of nutrients from quinoa. The highest amount of protein, fiber, and ash was obtained in saponinized quinoa
flour and a donut containing 40% quinoa flour. The amount of firmness, elasticity, SEM, and sensory properties

©2023 The author(s). This is an open access article distributed under Creative Commons
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in the sample with 20% quinoa flour had similar characteristics to the control sample, but increasing the amount
of quinoa flour reduced these factors. The oil absorption percentage in donuts containing 40% quinoa flour was
higher than in other samples. The results of using saponinized quinoa flour on the sensory characteristics (color
crust and crumbs, taste, smell, texture and overall acceptance) of donuts showed that donut with 20% quinoa was
similar to the control sample and was acceptable for panelists but increased the concentration up to 40% wasn’t
pleasant.

Conclusion

In this study, the saponinized quinoa flour used in donut formulation to increase the nutritional value and
reduced the calories of donuts also overcame the challenges of wheat shortage. The saponinization methods were
compared to choose the method with the highest saponin removal. Then donut with saponinized quinoa flour was
prepared. The use of saponinized quinoa flour as a replacement of wheat flour increased the nutritional value of
donuts. Adding saponinized quinoa flour to the donuts formulation significantly declined the oil absorptions.
Generally, the donuts containing saponinized quinoa flour had relatively similar sensory properties to the donuts
with wheat flour (commercial donuts). Therefore, it seems that saponinized quinoa flour could be used successfully
to improve the nutritional value of donuts and also consumers' acceptance.

Keywords: Donuts, Nutritional properties, Oil absorption, Quinoa flour, Saponinization
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Saponin removal methods
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Fig. 1. Saponin removal rate by different methods
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Oil aborption

Table 1- Chemical properties of wheat flour and quinoa flour

3! Cagb, 9 FuS e
Flour Moisture content (%) Protein (%) Ash (%) Fibre (%)
PS5 3) 11.56+0.15 11.96+-.76 0.71+-.00 1.62+..11

Wheat flour
9 2] 11.0340.22 1387023 273011 5.00+-.22
Quinoa flour

Hardness (g)

(%)

©Ugd (rbonsd Oluoguas Y Joaa
Table 2- Chemical properties of donuts

S8 Ty FaSs o
Cake (Protein %) Ash (%) (Fibre %)
aali by 227°40.16  0.76%£0.15  1.64%£0.07
Control donuts
(58 7Y +) gy b b b
. 4.56%"+0.42 1.32%+0.28 2.25°+0.19
Donuts (20% quinoa flour)
(1 75:) 2l 5494035 197030  3.74%:0.24
Donuts (40% quinoa flour)
54 a
45 -
4 4
3.5 b
3 b
2.5
2 4
15
1 4
0.5
0 4
(AY+) g8 ) (ASISA
lgd (slo diges
Donuts samnle
Gligd srdiges > S ylime -F UKW
Fig. 2. The amount of hardness in donut samples
14 -
12 - a
10 -
8 C
6 N
4 4
2 4
0 4

ABIFESS

lgd sl gl
Donut samples

©lgd sbdiges 15 (g, o (yliae T S
Fig. 3. Oil absorption rate in donut samples
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Fig. 4. Sensory properties of donut samples
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Introduction

With the growth of the population and increasing demand for obtaining food and supplying the required food,
the interest in the cultivation and consumption of edible mushrooms has increased. Since 1990, the world has
focused on the mushroom production industry. In recent years, mushrooms have become one of the most important
food and medicinal sources. One of the largest species of edible mushroom is button mushroom (Agaricus
bisporus), which has high nutritional value due to the presence of fiber, carbohydrates, protein, amino acids,
minerals, vitamins, etc., and also its antioxidant, anti-cancer, and anti-diabetic properties. This commodity has
shown good health benefit for humans. The quality of button mushrooms is determined by their color, texture, and
taste. Color is the first characteristic that is perceived by consumers. Browning is one of the main reasons for the
loss of mushroom quality, which reduces the commercial value of mushrooms. Edible coating is considered as the
best method for maintaining quality of perishable foods, these coatings almost prevent the penetration of oxygen,
depending on the type of coating used, and reduce the loss of moisture during storage. Chitosan has functional
characteristics such as antimicrobial and antioxidant properties. The purpose of this research was to find a suitable
chitosan coating for button mushrooms that can maintain its characteristics such as color, texture hardness, and
moisture during the storage period and increase the shelf life of mushroom.

Materials and Methods

To make chitosan solutions, first, each type of chitosan (70% deacetylated, 80% deacetylated, 90%
deacetylated, and 100% deacetylated) was weighed in amounts of 0.5g, 1g, and 2g., then it was dissolved in 100
ml of 0.5% acetic acid and stirred for 12 hours at a speed of 2000 rpm at room temperature to dissolve uniformly.
After 12 hours, each sample was centrifuged for 15 minutes at 6000 rpm at 25°C to separate undissolved materials.
Mushrooms were prepared freshly harvested, washed with water, and then excess water was removed. After sorting
and screening in terms of size and approximate weight, the mushrooms were added to 0.5%, 1%, and 2% chitosan
solutions without being sliced and were immersed in the solution for one minute. The control sample was immersed
in 0.5% acetic acid solution for one minute. After that, the mushrooms were air-dried at room temperature for one
hour, and at the end, their excess water was removed with a tissue. The mushrooms were placed in 18*14 size
polyethylene zip lock bags and stored in a refrigerator at 4°C. The effects of chitosan coating on weight loss, color
and browning index, enzyme activity, texture, and total phenolic compounds of mushroom were studied.

Results and Discussion
The spoilage of edible mushrooms happens in a short time, and the storage of mushrooms has become one of
the most important challenges in mushroom marketing. Coating edible mushrooms is one of the suitable methods
to increase the shelf life of edible mushrooms. In this research, chitosan with four degrees of deacetylation and
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three different concentrations was used as a coating for button mushroom. The results indicated that coating the
mushroom with chitosan could delay the occurrence of spoilage and change its color or texture. Due to the very
strong antimicrobial properties of chitosan, it is suggested to investigate the microbial load of edible button
mushrooms ans other tissue factors of the mushroom, such as gumminess, adhesive properties and cohesieveness.

Conclusion

The spoilage of edible mushrooms happens in a short time, and the storage of mushrooms has become one of
the most important things in mushroom production. Coating edible mushrooms is one of the suitable methods to
increase the shelf life of edible mushrooms. In this research, chitosan with four degrees of deacetylation and three
different concentrations was used as a coating for button mushroom. The results indicated that coating the
mushroom with chitosan could delay the occurrence of spoilage and change its color or texture. Due to the very
strong antimicrobial properties of chitosan, it is suggested to investigate the microbial load of edible button
mushrooms, also other tissue factors of the mushroom, such as gumminess, adhesive properties and cohesieveness
can be studied.

Keywords: Button mushroom, Chitosan, Coating, Shelf life
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Table 2- Percentage of weight loss of treatments

B lowd PP 395
Treatments Day 3

ool 395 e 395

23193 59,
Day 9 Day 12

C7-0.5 0.78+0.11"¢  1.08+0.13K¢  1.70+£0.20"  2.69+0.29%2
C7-1 1.34+0.16P¢  1.56+0.135¢ 1.86+0.16%° 2.72+0.207
C7-2 2.90+1.11A9  3.42+1.4%°  4.72+159%° 6.59+1.70%

C8-0.5 0.76£0.15%  1.12+#0.19'¢ 1.52+0.19® 2.31+0.28"
C8-1 1.64+0.53%  2,09+0.69% 2,51+0.52%>  3.26+0.47¢2
C8-2 2.74+1.06%¢  3.23+1.53B¢  4.06+2.06%° 4.81+2.5852

C9-0.5 0.73+0.12%¢  1.04+0.22'¢  1.36+0.24'° 1.91+0.14Ka
Co-1 0.82+0.256¢  1.24+0.33"°  1.89+0.447  2.74+0.60%2
C9-2 1.09+0.46F¢  1.70£0.75P° 2.09+0.64P° 3.12+0.75P2

C10-0.5

0.62+0.07"¢  1.10+0.06 1.50+0.06¥*  2.14+0.30%

C10-1 1.1140.44%¢  1.44+0.427  1.96+0.845° 2.69+1.30¢2
C10-2 0.77+0.28'  1.03+0.36M°  1.36+0.45° 1.88+0.80%-2
CT 0.76x0.07  1.31+0.116° 1.80+0.21H° 2.42+0.20"a
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= Small letters are related to the comparison of averages in each row and capital letters are related to the comparison of averages in
each column, and different letters in each row and column mean a significant difference.
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Table 3- difference of browning index of treatments

;Lo Jol 39 ot 39, 23193 59,
Treatments Day 1 Day 6 Day 12
C7-0.5 87.99+0.1K¢ 112.94+0.15° 115.61+0.1"
C7-1 93.657+0.1' 104.02+0.16P 115.02+0.162
C7-2 106.89+0.1%¢ 124.35+0.14 147.48+0.1%
C8-0.5 87.6310.14¢ 92.32+0.1%° 93.58+0.14%
C8-1 101.38+0.16¢ 116.19+0.18° 138.15+0.1B2
C8-2 84.44+0.1¢ 100.15+0.08" 124.33+0.1P2
C9-0.5 79.17+0.1Pb 78.7240.1%¢ 85.4740.1%
C9-1 69.82+0.17¢ 87.89+0.1Mp 110.11+0.1"
C9-2 99.39+0.1M¢ 102.61+0.1H° 111.84+0.14a
C10-0.5 71.33+0.15¢ 79.25+0.1¢P 83.80+0.1%2
C10-1 93.21+0.1% 107.99+0.1F 130.34+0.1¢2
C10-2 86.05+0.15¢ 92.84+0.1%® 104.60+0.1Ka
CT 87.81+0.1-¢ 93.79+0.1% 108.86+0.10%
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= Small letters are related to the comparison of averages in each row and capital letters are related to the comparison of averages in

each column, and different letters in each row and column mean a significant difference.
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Table 4- Amounts of total phenol on different days of storage (U.g~?1)

) Lows Js! 595 i 59 m235193 39,
Treatments Day 1 Day 6 Day 12
C7-0.5 0.41+0.008M 0.51+0.0055%¢  0.45+0.0055%F
C7-1 0.44+0.002°- 0.23+0.002¢P 0.63+0.0015%
C7-2 0.49+0.0055°¢H  0.82+0.018%E 0.40+0.0115¢
C8-0.5 0.58+0.005C 0.91+0.053*  0.43+0.0045°FC
C8-1 0.47+0.0045¥%  0.23+0.003°P 0.48+0.003%¢
C8-2 0.51+0.0032F¢ 0.23+0.01°P 0.44+0.00950EFC
C9-0.5 0.48+0.0015%*Y  0.17+0.0015%F  0.46+0.007°°F
Co-1 0.53+0.003% 0.16+0.001F  0.44+0.0015PEFC
C9-2 0.60+0.0025%®  0.084+0.0035"  0.41+0.0025!
C10-0.5 0.49+0.0015%! 0.11+0.002¢¢ 0.45+0.003°F
C10-1 0.53+0.0025%  0.16+0.0015F  0.42+0.0015°CH
C10-2 0.69+0.004%A 0.18+0.008°¢ 0.43+0.001°F¢
CT 0.55+0.0055%°  0.11+0.0015°¢  0.56+0.0005%

4 g 9 dy 0 50 OlaSy el Bg o iz en g LBl (g 8 3 BSile duslie 4 bgrye S5 B9 g ol 0 50 1 Sile dunlie 4 by e So g8 By
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* Small letters are related to the comparison of averages in each row and capital letters are related to the comparison of averages in
each column, and different letters in each row and column mean a significant difference.
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Table 5- The amount of polyphenol oxidase enzyme during the storage period (U.mg~1protein)

) Lows PP 39, 39, 235193 39,
Treatments Day 3 Day 6 Day 12
C7-0.5 0.65+0.0155°¢  1.64+0.0025°%  1.05+0.001°F
C7-1 0.81+0.028°¢ 0.92+0.002% 0.84+0.009°H
C7-2 0.58+0.002¢H 1.35+0.011°F  1.90+0.0045*
C8-0.5 0.85+0.0025°°  1.75+0.0105*A  1.04+0.024°F
C8-1 0.59+0.019"  1.00+0.0015°H  1.25+0.002%
C8-2 0.46+0.001¢ 1.17+0.0035*  1.10+0.0095°
C9-0.5 0.66+0.0115°¢  0.93+0.008%”  0.84+0.006°!
C9-1 0.89+0.001¢¢ 1.14+0.004°¢  1.18+0.0015%
C9-2 0.74+0.001°F 1.18+0.026%  0.67+0.0235%
C10-0.5 1.06+0.0095°8  1.61+0.0045%C  1.04+0.0255%F
C10-1 1.21+0.0395"*  1.60+0.007%C 0.95+0.006°C
C10-2 0.82+0.001° 1.38+0.001°P 1.57+0.003%
CT 0.85+0.0035°°  1.15+0.0005*¢  1.18+0.015%°
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* Small letters are related to the comparison of averages in each row and capital letters are related to the comparison of averages in

each column, and different letters in each row and column mean a significant difference.
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Table 6- Peroxidase enzyme levels during the storage period (U.mg~protein)

W)lowd Js! 395 235193 59,
Treatments Day 1 Day 12
C7-0.5 1.03+0.0325%°  (.80+0.0015"
C7-1 0.57+0.0065"' 0.87+0.013"
C7-2 0.87+0.0435%  0.67+0.0015%
C8-0.5 0.65+0.1005°"  1.04+0.0015%
C8-1 0.51+0.001% 0.99+0.0005%¢
C8-2 0.88+0.0015°F  1.23+0.0045%°
C9-0.5 1.17+0.049°8 1.25+0.0023°
C9-1 0.70+0.0225bH 1.36+0.0022¢
C9-2 0.52+0.0095" 0.87+0.0013
C10-0.5 0.79+0.0435"¢  1.40+0.0065%
C10-1 1.08+0.05°C 1.68+0.011%
C10-2 0.91+0.035%F 1.12+0.008%
CT 1.41+0.002*4  1.39+0.0015%8¢
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* Small letters are related to the comparison of averages in each row and capital letters are related to the comparison of averages in
each column, and different letters in each row and column mean a significant difference.
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Table 7- The degree of hardness on different days of the test (g)

W, Lo Js! 39, s 39, 23193 59,
Treatments Day 1 Day 6 Day 12
C7-0.5 2092+732H® 2390+39"¢a 1403+294FFCHD
C7-1 3888.5+605.55¢2 3009.5+1.5B5 1759+61PEFC
C7-2 3097+191P¢? 2413+398EFCa 2696+593ABCa
C8-0.5 2890+751PFca 2868+349CEFa 1165.5+151,5FCHD
C8-1 3816.5+662.58°02  2960.5+412.5CE® 1217+192FCHe
C8-2 3607.5+78.5CPE? 33641854482 2300+3558¢€0b
C9-0.5 3200+750CPEFa 2550+78CEFa 873+77HP
C9-1 3315+346CPEa 2438+144FFCh 1193. 5+445 5FCHe
C9-2 3920.5+425.58C2 3572 54232 5A8a 1654161 2PEFGh
C10-0.5 3793.5+73.58Pa 2556 5+66,5CEF 1315.5+45 5FCHe
C10-1 4501+241A8a 2815.5+48 5CFF 2059+44CDEc
C10-2 3714+172CPEa 3176+147B0Ea 999.5+378.56H0
CT 468037742 2836.5+529.5PEF0  1294,5+80.57CHe

Op 9 ) 2 g Gl By Guzen g Mdlge gy ) Sile dunlie 4 bgrpe S5 By g sl 8 0 lapSile dulie &) bgype So g8 By
Gl Yo gxe glas glize 4
# Small letters are related to the comparison of averages in each row and capital letters are related to the comparison of averages in
each column, and different letters in each row and column mean a significant difference.
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Table 8- Sensory evaluation based on taste, color, odor and total acceptability

s Lows ) 030 ? e
Treatments Color Flavor Smell Total Acceptability
C7-0.5 2.6£1.07F°  4.8+0.42%  4.9+0.317 3.6+0.695F
C7-1 3.1+0.73P¢  4.9+0.31"  4.7+0.487 4.1+0.56CPE
C7-2 2+0.81F 4.7+0.48"  4.2+1.038 3.3+0.48F
C8-0.5 4+0.47%C  4.9+0.3178  4,9+0.317 4.6+0.51ABC
C8-1 3.2+0.63°¢  4.9+0.31°  4.8+0.63~ 4+0.47PF
C8-2 2.8+1.13F°  4.8+0.42%  4.7+0.48°A 3.9+0.73PE
C9-0.5 3.3+1.15P¢  4.9+0.31"  4.9+0.31~ 4.2+0.6328¢P
C9-1 4.9+0.314  4.9+0.31*  4.9+0.31~ 4.9+0.31~
C9-2 3.2+1.13°¢  4.9+0.31" 4.5+0.97AB 4.1+0.73C0E
C10-0.5 4.6+0.69°%  4.9+0.31%  4.9+0.317 4.7+0.4878
C10-1 3.4+1.17°¢  4.9+0.317  4.9+0.317 4.2+0.638CP
C10-2 3.8+0.635C  4.9+0.31"  4.7+0.48~ 4.2+0.428¢D
CT 3.840.918C  4.4+0.698  4.9+0.317 4.3+0.678CP

bl oo jholine @oles glize 4y (gt 2 3 LSy s By i
* Different letters in each column mean a significant difference.
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Introduction

Nowadays, the attention and desire of consumers to the role of food in health and nutrition has led the
manufacturers to produce functional food and researchers to study this field. Polyphenols are secondary
metabolites produced by many plants. They have anti-obesity, anti-inflammatory, anti-cancer and antioxidants
activities. Despite all the mentioned benefits, due to the wvulnerability of phenolic compounds to the
environmental conditions and their low bioavailability in the digestive system, efforts have been made to
encapsulate them with nanoniosomes. Encapsulation of polyphenolic compounds with nanoniosomes is an
effective way to increase their stability and bioavailability as well ashinder their undesirable taste and smell.
Niosomes are class of bi-layered structure formed by hydration of non-ionic surfactant, cholesterol or other
amphiphilic molecules. This structure has two hydrophilic and hydrophobic properties, so it has the ability to be
encapsulated with different solubility. Fortification food with polyphenols promotes community health.
Therefore, the aim of this research was to produce nanoniosomes containing polyphenolic compounds, and to
determine their important physical and chemical properties.

Materials and Methods

In this research, four polyphenol-loaded nanoniosomes were prepared using Span 60 and Tween 80
surfactants with a ratio of 3:1, and cholesterol with the concentration of 0, 10, 20 and 30 (mg/140 mg surfactant)
as F1, F2, F3 and F4 treatments respectively. Physicochemical properties of the polyphenol-loaded niosomes
(particle size, polydispersity index (PDI), zeta potential, encapsulation efficiency (EE)) were analyzed, and the
formulation with the best characteristics was selected based on having the smallest size, less PDI and the highest
EE. The selected formula was analyzed for morphology (scanning electron microscope (SEM)) and probably
interactions (Fourier transforms infrared spectrometry (FTIR)). Additionally, the ability to preserve polyphenolic
compounds as free or inside the nanonisomes during the storage period of 60 days was investigated. Further, the
in vitro release of polyphenol from niosomes (gastric and intestinal simulated fluid) was also evaluated. The
experiment was performed as completely randomized design (CRD) and the obtained data were analyzed with
one-way analysis of variance (ANOVA).

Results and Discussion

Results indicated that the effect of using different amounts of cholesterol on the average particle size (Z-
average) of nanonisomes was significant (p<0.05). With increasing cholesterol up to 20 mg (F1 to F3), the Z-
average decreased, but with further increase to 30 mg (F4), the Z-average increased. Different concentrations of
cholesterol showed significant influence on the PDI of nanonisomes. The minimum value was observed for F3
(20 mg cholesterol) and the maximum for F4. The incorporation of cholesterol in the nanonisomes decreased the
zeta potential (p<0.05), dedicated an increased electrostatical stability of the particle, and the values were in the
range of -50.35 to -65.36 mV. The value of EE was in the range of 88-95%, and F3 treatment had the maximum
EE. Based on particle size, PDI, zeta potential and EE, F3 was selected as the best nanoparticle for other assays.
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According to the FTIR results, there was no change in the spectrum of nanonisome (F3) containing polyphenol
peaks, and the polyphenols were properly enclosed in the nanonisomal vesicles without changing its nature.
SEM results also showed vesicles with a uniform and appropriate structure. Nanonisome (F3) containing
polyphenol was more stable than the control sample (polyphenol) during 60 days of storage at ambient
temperature, which indicated the higher potential of nanonisomes to preserve the polyphenolic compounds
during storage. The release behavior in the simulated digestive system (gastric and small intestine media)
indicated a diffusion-based release system, and the Kopcha model was the best model to describe the release
behavior of polyphenol from the fabricated niosomes in the simulated digestive environment.

Conclusion
According to the results of this research, it is concluded that nanoencapsulation of polyphenols as a rich
source of antioxidant properties inside the nanonisomes can be an effective strategy to maintain their nutritional
value. These nanonisomes can be utilized to produce functional foods, and the effects of their addition on the
physico-chemical properties of a model food can be investigated.

Keywords: Antioxidant, Bioactive, Functional, Nanoencapsulation
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Fig. 1. The particle size of nanonisome samples prepared with Span 60 and Tween 80 surfactants with a ratio of 1:3 and
cholesterol in the amount of 0, 10, 20 and 30 mg.
Different letters on the top of bars indicate significant differences (p<0.05)
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Fig. 2. Polydispersity index (PDI) of nanonisome samples prepared with Span 60 and Tween 80 surfactants with a ratio of 1:3
and cholesterol in the amount of 0, 10, 20 and 30 mg.
Different letters on the top of bars indicate significant differences (p<0.05)
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Fig. 3. Nanoencapsulation efficiency (%) of nanonisome samples loaded with polyphenols
Different letters on the top of bars indicate significant differences (p<0.05)
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Fig. 4. Stability of polyphenols and nanonisomes-loaded polyphenols during two months of storage
Different letters on the top of bars indicate significant differences (p<0.05)



VP F Culigm oyl 005959 ) o)lods YY) ule (ol pl (219 2slo g pole sledidg}y o s ¥e

dsb w3 &) Sl bS5 jBle > apliy W) jasie
ol S sald s byl Gls s g Ko b clagge
J L 39 (gl IR & polyd 03500 3 Ll cabs Il o ime
29 205 (e dgrge lole slaog)S g ad sy Jo S 5
PoisPl 9 J& pigsgl (slp Eml )b 0giome 13 Ll b sl
JoyudS b p3 (8 JS) 0 duglie J0aS5 b JB( (5>
Job 3 (S ©ypot JuuSgyen slaog)S 5l (a8 )]
Sl e ol 0g)5 cpiman YNeo-YVes
o3g0e ;> (CH2 5 CH3.C=C gy oy)lizel oS likss))
CM elacSy pmimmed Aitun odnlie B YA- b YA- - cmt
S g g Jgpeds dil> 4 bgye iy 4 j3 AT 5 110V
S (JBL Jlsle s Jgyuds JoSdse 0C-C-C
O-H iS4 bgsye cus gy VEYA Ccm? 4 Y- cm?
a1 em? (I C-O) WAY em? sy LS 09,5 C=0
VYV em? (OH adgl (slaog,3) V+YA cmt(Sskeg,] OH)
3 C-0-C gyl 05,5 & bgye VN0V cm? 4 (JSI C-O)
ot s J5 piesl FTIR Gk )5 duaglio Atz ol i Ly
sdalie Joyuls il alio oSy JB pioigl &8 and e
Pl ) Lol cul 3y & bgrpe slacsy 286 5 5900
sk o2 g JgpdS 4 bgye paside (lacsy Jé 5l
Loy VEFY CML 290 Jgbo cido (] )3 dnls caslosalin 1B
JB ol posaisl JiBle o bl Silog)l (slag)S 4
AEYA emt bl 3 B L de 4 by oSy 2954 pis
bapgsamail ,o 1y 8 L o0 (Sligrs, VoYY ) +YA AYATNVOY
2 YEYD o Y¥F2 om? oSy d9vg owitmen md e ol
ol Slga b Bl piSeny a3 Vil pgjes il
poisegtl o S8 seloudbse Jliginy 2 sl 5 poisrsl
D e g Sy JSb g oad daolbuly pogdle il
Caol VE¥D CMT iS4 byye b lyuss o sy

b yigdly Glbgrn) il m & 9

Cm'l o.)s.l?m T9°

SEM s gluais 3alls]

Ryl (8L ol pojoripl ojlul o S (bl jslaied,
P S 85 hilan 138 a8 gy (g s S
o3Il g Cunl (695 Ly yaods l)d jlidle dgu5 o odnlie
S epSeilul 4 bgyye gl b a8 il o Yoo NM 5 Ll 351
b calles (DLS) 5 (Seoliny SuiSly 5gy j eolatel b
Glo b o g sgin by 9 59,5 JSb b comizeen
Al o

b ol 90 b J3 (59l piassl il 3aB9 cnl
S5 poisspl AD wyn ume (slod )3 0jg) Feo0)9d Sy
@ Cuamd oMb 0jBgd g o3y (Ui 3 Sl g3 oylub Sk
bid > JopudS a2y (¥ JS3) 5l 55y a8 aald Liged
Poigrpl sLi b Jd h yglme 9 (o5 (Al el pionigil
4355 pojorigil (5 )lul lads el a5 g o

Oial3l 5 s )ll ol el T (Seelon s s 5 Sl
MLl case o sunlp o tage culply citun )3 65l
S 039> Job > b iagsl 33,5 o (535S ot
coge Glyd o ods slag s (Pezeshky et al., 2016) <ol
S5 sbldle Coled 3 g 0ad a4 Gy (Ses
Gl kb sl g L bl ] g dede S
O 0395 LIS by B s (6555 (o] 13 (09595393l
082 Ol Sy ol Joyiads 1L bl > el G
) g Lae (e il b dinge plie 3 Jopls o5 cis
g 390 Sl Sailtoly 1S asdly tal38l el &5 il
Sl dgme el g 1S o Canlos )b (Siuslen 4 )b
4blS cladss @b oyl (Bang etal., 2011) )5 . <y
oI ol S5 Sy bl Sldgny by S b aeb 5
&ly ) g Jedcuwmj SluS 5 Bxle Gl ot
9 LS g9 OFeS] plp p Bilre s G Wl Slig,
Jedcus; S 5 S hel BY> &5 a8 sbxl cugh,
Amjadiet) l,Ken ¢ gaoxel (Shaddel et al., 2018) siws
2 o8t )l & By eon ol @ oS > (al, 2018
el 5l i pojsedsl b ond Aol Gl g5l Jetwly
A bl ladiges ol 53 ol syl g o ST ol (gl
oloj e 5> s g GluST ply > pgjendyl (bli
ol Jitly 55 &S b 5 ol LialS TAR & T8 5l ol
3,8 1 Jul&s ZFY & ZAY 5l oyl e Sl oyl

(FTIR) 32,8 ¢ 3ols s il
5 I OlS 5 S8 5 s Ca islle (B9, FTIR (0]
Lng"ﬁ)f ‘-SJLA)LJ-A) Jyo‘ .le)uﬁ )]94 JLl .!9?9:: ulz::l.c ‘_ng09)§
5o L &S (g5 sl LS Syt 90l ol 3 olele
(d ©rd zge Jsb)
b ilS 5 3 e e ok Jale claog S 45 ol o)

e Sy wle ©ab

1- Flocculation
2- Coalescence



VS50 Y amalilyamd (igy b S yids cilizko WCdilé 1 09390393l k<ol 3 50l llabus axis

1645

4000 3000 2000 1000

cm” zsedsb
wavenumbers cm™

(Jgdk sl A1 09599 l=D ¢ (F3) (JB (< 0919w gili=C eyl =B ¢ 38 Jy=A) FTIR U1 gualis -0 JS5
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Fig. 7. a) Polyphenol release profile from selected nanoniosome in simulated gastric fluid (SGF) and simulated intestinal fluid
(SIF), b) Polyphenol release kinetics in simulated gastric fluid (SGF) and simulated intestinal fluid (SIF)
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Table 3- Modeling the release and Kinetics of polyphenol from selective nanoniosomes in simulated gastric fluid (SGF) and
simulated intestinal fluid (SIF)
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