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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
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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

Danz ) Y swssS ¢ 3l Luls 5 (CaMPos naPan et al., 2021)
Ol s lekily Yoens (615 ugew (& Quisocala, 2016
Gria Jdd (e pasi ol @l 4 argi L s 0 700,

Sged g |y (St g wgb ja) (oS 5 gy 4 Bl
» ool sleie (Sharma et al., 2022) |\ Ken o Loyls

Cgle Bla 63,9l s 1 )5 10 )5 Jue WIAY p1 15iS” &l
sty JB b Mgl g (4883 V0) (LB (bg) 93

aoles l liie img}y yd (Hou et al., 2018) ) Kon g o2

Baa b oSl gl gl | St (oo )0 gl jlisl
ol 3 05,8 odliss | il (godh T S s S0 50,5 olS
458> 5 Sty 35 bl ax Fe glod p ud atuih e ddllae
g & liwd Gl Slg e oS saaily 13 39290 (gl
09y Lok (S Ggn sl Bpae sl ol piokas
S 5 oL oseels ol b el g5 gl ul oo



Vo aliomisbe sl 0,1 il ooliil b wligs gy wier GalS 3 sladid (olss gt oo 3 Lol ye

Gligs ol (b5

2 lise eSS &S ol lis clbgd bl aw byl
Sl do Y+ (gl digei b snls aiged cpw 4l g0 dals diges
Satl381 b el (P>0/05) s osml e (6 St (33 152
Ol s iy cligd (i e oS 5) o )3 ¥e g
< 39 9 31 (3l b 5ol (liee Rl Jlins 8L (i
Gl bis )3 o] bl 4o 0 5 0d (glS b Cmd
W o Ugd il does (o cdl ials glon

9 (Iglesias—Pui et al., 2015) ,Se 5 (557 Lol IS
9 b cdl b caw (Turkut et al., 2016) -, San 5 <S)q5
Ken g s 00l i 528 3, Ltal3dl b (s 1) S
SR D coke WEB 35 Cugby (seie (NoUri et al., 2017)
0 8 o] ol st Sy 1 doay e (lmod gl 3 a0
o) 3ol b gl i GhalS b S e ] hedygl
Jd 5 b oo (2ol Ol Gl aon )3 00l a3 (35lS lguS

W Glgd ¢l

Gliga 69 i wo

A6 Sbg> Jsap 3158 31 2 5Sole il &5 @l
A plits ©ligdy ladssed 29y @i (i 3 )bixe
3 19S5, ool ligd sladiges nég, s i .(P<0/05)
13 1528 5,1 31 odlits | 48 313 s gl a0 &1 IS
{P<0.05) u_i €9, o b sxe ialS & youie ligd Jgo,8
P ofg) Pl onyeS IS 0T a0 Yo (ol wisal oS (s sk
by 1giaS 0l duo jd Fo (ool digad g aali diged b duslds

iy ()5 G 313 o I 03l Cugy il az o
4 4>g5L (Sakhale et al., 2011) d4 oo yidy 9y Qo Al
5 0Ban YL ol Jelas 1S 2l b puiS )] 5S4
Rl 4o )3 33,5 (o Dligd p3 Cugh) bads Ll o yod
bl el iz 1918 2,1 pliee SRl L lgs o (9 ol
@STad gy de Gl cuw do ¥ gaw b0l
ORI L g yiaS aall diges | wail 89y ol Aoy Gl
bl ol Jole bl oo (talS Slgd sl 13 (595 (liee 92
3506 1558 3,1 45 el (glS A ol Lais g iy Yy
P g9 9y sl o yide (0B 5 039 (glS
35 gy pul e dom D 5 Cagb)

P Al el ko 3 WY 5 FY/VY cwpa ]y fpsle @b g
(45 8) ya95,5ale 55 (53918 5 (4B $10) (5,8 by o5 Jlo
a8l o8l (pe>00) oy AN YOIND sl ey

Sl ¢ly (Gil-Ramire et al., 2018) |)Son 5 yuol) Jo>
uT/Jyu )l odla ! b c:Lo—..\AB C‘)}“‘—‘J u,o9) 93 ‘.mu,uyl_»)
ol gl 53,8 o3l o Sl o g 4550 5wl
b5 5 s L Sl S Gy ol 908 (s
sl gl il (gly G jlouro

gl 45" 3905 Lo (Nickel et al., 2016) )SKen 5 S5
Sl alS Y0 a1y Lol gle mdaw (s b ol e

Ciligs digad g Laa )T (abasdd 933 538 sla S5

Jloas Qbl 2bjomnle (bey crae Ol (oS 5 Ub9)
(Mo ¥r 5 Vo) mdaw 93 ;0 ©lgd ags ;3 oo pdgle 19SS )]
D9y 9 S B pud lie Ab duglie dals lsd b ad edlats]
ol oas &)Y Jgan > ligd sladiges ¢ lgns 5] g puiS o)
2oy b3y 698 b Lawgio (clad )] odgame ;5 piS 3,1 Glusguas
b 198 5,1 5JUT ] canlio lign (ly 45 soyd VY g ysias]
PS5 31 i )] cpl )3 g g pud S i 48 0
pAS 3yl g oy VWX & o /VY 14 5] Cugby lie g YL
e (P>0/05) 34 (5,5 ixe (5 lo] BMB] 90 VV/OF £ +/V0
O -A% /A 198 3,1 1ud o)liee OYIAVE </YY 198 5] (g s
sk (P<O/05) (g5 size &y ds ljan ol g 2ol Cow s b0y
Prager et ) ,Ken 4 )51, 4 (Iglesias et al., 2015) I, Kon
iy YU cladis 55,1 L o) 6 laim 1y 1928 551 4 (al., 2018
3150 ol )3 (S dlge g pud By oljwe 3 i g Wledges
]y w JolS puS 5

oL (V Jgi2) ©lgs ladiges (plon sl Sy (s
392 03 odliiwl paiS 3] 5l Lo a5 amls lign diges 45 Amd oo
9 O8Son md Ol (i g2 oS sl pud i S Gl
;b odalioe lgnS 5) o 3 Fe bodd s diges ;0 yiw SB
3 eiSely dm e it Cilises (sladiges (p duglio ggeoo
ssker b 5 S (g (Slgiome IS 0,1 o3 Fe Ly puiS
gy bt Sl (ldss (b)) Aot yd b ey (g pSeds
5,0 51 eslaiul a5 wisly o Lis (Lorusso et al., 2017) o, Ken 4

Sl Gl Bl Lol (sladiges (3689 9 pud (slyone ad )3 IgiS



VEF Hle o oylods YY) als (ol (2138 2olo g pole sledidg}y o s A

o9y Dl

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
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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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A: control Donut
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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

©2023 The author(s). This is an open access article distributed under Creative Commons
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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 1- Code of treatments studied in current research
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Treatment

£
Code

Chitosan70% decetyled-consentraion0.5%

o pd [0 cdale 5 aoyd Ve oo il de 3 b 558

C7-0.5

Chitosan 70% decetyled-consentraion1%
lop Vebale g aop Ve oy el 4y b oljens
Chitosan 70% decetyled-consentraion2%
lop ¥ akle g aop Ve oy el 4y b oljens
Chitosan80% decetyled-consentraion0.5%
oy o[ cdalé g dop A 1o ol a3 b ol
Chitosan 80% decetyled-consentraion1%

lop v ekale g asp A oy el 4y b ljens
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C7-2

C8-0.5

C8-1
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lop ¥ akle g aop A oy el 4y b ljens

C8-2

Chitosan90% decetyled-consentraion0.5%

oy [0 cdale 5 aoyd A oo il a3 b 558

C9-0.5

Chitosan 90% decetyled-consentraion1%

Jop N cbale g aop e oyl 4y b oljeus

Co9-1

Chitosan 90% decetyled-consentraion2%

Jop ¥ ocbale g aop e oyl 4y b oljeus

C9-2

Chitosan100% decetyled-consentraion0.5%

o> [0 cdale 5 ao)d Voo ol Jitel ds o b e

C10-0.5

Chitosan 100% decetyled-consentraion1%

Jop ) cbale g aop Voo oI il a0 b l5ens

C10-1

Chitosan 100% decetyled-consentraion2%

Jop ¥V cbale g aop Voo o ol a0 b l5ens

Control
Jald

C10-2

CT
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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

g g iy ya 0 GluSG e By > rized g Wbl oo (ot y2 )0 Sk duslie 4 by S5 g g slaw ja ) b pSSle duslie 4 bgsje Ko g8 By >
ol Iy gime 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 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%

OF 9 dy yp yd sy By ek g bl ge (gt o 5 lapSilhe duslie 4 bgje 55 By > g jlaw ya 0 lapSike duslie 4 byyje So S By
Gl Hlo gme glas glize &
= 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
Gl Hly gime glas slizo
* 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%°

O 9 udy pp pd Sy yf By e g Wbl oo (g b )3 i pSile duglie 4 byyje S5 By g s j2 50 b Sike duslie 4 byyje SpS By
Gl Hly gme 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 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¢

O 9 ) b pd Gl pé By (izeh g Mbbie (g b )d Sl dumllio 4 bgyje Sy By gl y0 53 I pShe duslie &) by je S8 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 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.

boad ooy yidies Hlows byl Has 5l diges oy yio S pMel
o 909 e 0 S cdale bosd oo Juitw | s ;0 R0 ljenS
b ooss u.sl.))J.u_wl ul)}uf b ooas odly U9 dLm)Lo.u L )Lo.u
lopd b clale b do )0V v g ao gy [0 cdale LA gl sy
S S slaopel bjlas iy Colye dy w6yl xe glas
o | o (905l 3 dmi iy IS jgbody a8 il
M b duo Y clale Lo A linS b et 0ol b g
Chienetal., ) Ko g o a5 38190 ¢ oo b ols (A Joi)
@30 g pabo Cunl dtuilgy l55nS id e &Sl w034 (2007
g 18 i ()5S G Job 3 1) 43l S5y g (e Sl Sy

[(Chien et al., 2007) 5jluly yab & 1y as (cloged

S 5 4
9 48l oo 1 (2UsS (loj e Jsbo 3 (S|hgs )b sl
2 e e 5l (o S oYsk loj e 13 )8l )l
F e Sh @B (pa0i—dg cwload his )8 My
el (Shed @) B8l Gloj Gl cap cslio sy,
9 N Ar Ve ol il a3 e b (g 5l Gtk ol
@B i g Olgisds (2o Y 9 ) /) chale 4w bao Ve
i loss plas oS 390 1 31 S oo polis 15 olit ] STyos
S5y s 9 3d jo )3y e ge Ml JighS ARy,
Ve sl de o b g oled it g ol 2l L
e 9 My il cdled S oIS S8 ol Lo )3 o)

igS b g1 Jlaeh ) g ol olin] g0 5 G5 StalS

33 (S 295 o Jpazme €l ol 53 g Caghy Lais el
Sloogee b5 5 1l el (a0 il p ST LY
(Rezaiyan Attar et al., 2023) uib 5908 b osd oald yiuds

e (305
AR e 93] 3 o Cad Sl )b Sy byl 5
Ve ebidsie e o b glisns o 4 lee o)l b 5l )
Lo olionS Jlew o) 5l w909 dod G cale b a o
Cas 2 lyeped cp Vb ds s /0 clale b aspy Voo oy !
el d p b 5608 sl jlosd 2y Ly Sidgin
b gligns sl jles b oo /0 clale gu o V.-
Veble buao pVer wo p /b cdale b oo p A Sy e |
O 055 i Sl (S psbody s S dme gl Sals g a0y
Vbl g u o e lisnS bod b el i gy Hles Iy aoes
005 0a 03 Lyiud gy (slslewd oled quabs Llod s by duo yo
6l o ol (ol M L ) il s b)) 5 Jad L
Sly 593 3)90 9 e Wald (seiges | 598 L oad o3l by
Lyt s god olad (gl cor (s 0l olis g L 5y
503 2 4 b 105 0520 ool L ()l im0 gl g 390 ()l S
Yoadale bosd oo do )0 Ve ol508 b osds oaly yid o
awlgd L)l 5l og Jlayss 1 (65508 (opds a0 5l &S o)
293 (IS (il 425 9 i Slael (S jolody diges oy b 0



YO 1S gl oy aike 5o (210 il cilisio ol 30 b 33955 Gindigy il o))y K0 g 00130 48

(Siproo Caol Jio )b Bl la g5 Sod e
25 )8 dalllas 590 Ll o 55 plomai] g (Siwe Cools

S ylio ol 3ae

—0Rbg ol 3Ble 5 dmosly S e g 5 e 103135158 (g
el (S3lpsrde i Mo 0315 Mosne i f Lol gty
G cUilng 5 oop —s )l plie 0y n Copie i Jlo
Oitlng 9 s g o)l 1 B3] jaeine

o ool golio
pols oSl Lawgs A3 (bt Salihl B 3 3o ol
2355 10y 0 (Jlo colos Sl gyl (b @lio 9 (55)5LiS

Sl ijp <8l S8 >l o3 505 Job 9 B stk
@l S les (e gojl 5 Me St 3L w3l
S 5l g il 1> 6yt donl Mo 2D Ar g o 3 Ver ol i |
Ao oo Tas o b liens Jlows adly 5 b (gloggd yus il
Sglas oy .l o3y L 35 51 g iiwlio 2,Slas o yd
dogi b aS 0ad oo dlaiuig o olaiw! sla i gy lgil (63, Slos
Glp &S olis g b eolar wl 2 i dg gleil 51 Sl Gl
3 cal yigg exdly jlaise yuty (Shd )l cdl 5 K)o (63)l9e
aslis 05,5 odlatw | o p Ae ol b Tan o b 5508 Jlows
Cowl o Bl 5lai 3590 (> 3)l90 b (19 S Ggzen 3)l9e
Jadody g oolatw | oads olo; Juiw | a3 Voo 90 slaless )
)b 48 595 o0 i (g (598 S (295000 ol
Dgih gy 0I5 odl> Uiy (5‘4‘05\) ‘;])?C)L’é U.,”Swa

K g 9 Ky @je g pab bl 1 o (b5l A oo
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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Nanoniosome formulations
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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)
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Fig. 6. FTIR spectra for A = polyphenol, B = cholesterol, C = blank nanoniosome (F3), and D = polyphenol -loaded
nanoniosome
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Introduction

Fish supplies a type of nutrients containing protein and long-chain omega-3 polyunsaturated fatty acids (n-3
PUFAs) and micronutrients such as selenium, iodine, potassium, D and B-vitamins. Groupers are one of the best
fishes in the south of Iran that are extensively distributed in tropical and warm waters all over the world. The
perishability is considered as one of the main problems for fish with high nutritional value in food supply chains
during the shelf life. The use of edible coatings indicates a novel method to extend the shelf life. The aim of present
research was to apply biodegradable chitosan/ chia mucilage coating containing Rubia tinctorum L. plant extract
(0,0.5,1and 2% as T, T, Tzand also T.) on the surface of grouper fillet fish to maintain qualitative and microbial
attributes during the shelf life (1, 15, 30 and 45 days).

Materials and Methods
The qualitative and qualitative assays (peroxide index (meq O2/kg sample), thiobarbituric acid (mg MA/Kg),
total volatile nitrogen (mg /100 g) and trimethylamine (mg /100 g)), microbial counts (aerobic mesophilic and
lactic acid bacteria, total coliforms, mold and also yeast), texture (hardness, adhesion, flexibility, cohesiveness and
gumminess), sensory attributes (taste, smell, color, texture and overall evaluation) and measurement of identified
biogenic amines were carried out during the shelf life.

Results and Discussion

The results illustrated that oxidation parameters of treatments such as peroxide index, trimethylamine, total
volatile nitrogen components and thiobarbituric acid were declined by increasing the extract concentration in a
fixed time period (p > 0.05). The highest and lowest microbial loads were obtained in T1 and T4 during the storage,
respectively. The microbial counts increased significantly (p < 0.05) by extending the storage time of treatments
and on the other hand, this decreased significantly (p < 0.05) by increasing the concentration of Rubia tinctorum
L. extract in a fixed period of time. The utilization of Rubia tinctorum L. extract and chia mucilage in a coating of
chitosan created a synergistic effect and led to a lower microbial load in treatments. On the other hand, a reduction
was occurred in textural attributes particularly cohesiveness and hardness through moisture loss and drying of
coating surface in fillets during storage (p < 0.05). The softening tissue could be related to the higher microbial
activities during storage, although intensity of these changes was lower in T3 and T treatments due to the lower
microbial load, which indicated the positive effect of Rubia tinctorum L. extract on maintaining tissue quality. All
examined factors changed and most of the mentioned parameters in T, and T, exceeded the permissible limit
during storage, but T3 and T, had better conditions during storage. Finally, fish fillet coated with 1 % Rubia
tinctorum L. extract (T3) compared to others demonstrated better sensory evaluation at the end of shelf life, which
was selected as the superior treatment. The type and amount of biogenic amines in control and T3 (superior sample)
illustrated that the highest amine compound was recorded for histamine at 79.87 (mg/kg) on the 15™ day and the
lowest level in tyramine at 0.79 (mg/kg) on the 1% day of storage. The concentration of amines increased
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significantly during storage time (p < 0.05).
Conclusion
The results shown that applying chitosan/ chia mucilage coating including Rubia tinctorum L. extract has
significant effect on extending the shelf life of fish fillets.

Keywords: Anitoxidant, Edible coating, Grouper fillet, Rubia tinctorum L., Shelf life
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Table 1- The results of qualitative parameters (PV, TBA, TVB-N and TMA) of uncoated and coated fish treatment in 4 °C
during 45 days

Lo Bl
) Responses
Treatments 1 15 0 5
Ta 0.63+0.07° 1.33+0.07F 0.09+0.00°¢ 0.03£0.01~
SeSTy sl ol T2 0.68+0.08° 0.95+0.05FF 2.10£0.11C¢H 0.05+0.028
PV (meq Oz2/kg sample) Ts 0.57+0.05° 0.77+0.06¢ 1.09:0.045F 2.58+0.06H
Ta 0.59+0.06° 0.75+0.08% 0.93+0.045F 1.70+0.05¢
Ta 0.60+0.05B 1.47+0.10° 4.08+0.137 4.24+0.22¢
S5t ybgss Aol T2 0.64+0.048 0.94+0.05¢ 2.04+0.12¢ 4.01+0.35F
TBA (mg MA/kg) Ts 0.52+0.04A 0.71+0.068 1.19+0.10°0 2.48+0.12F
Ta 0.50+0.067 0.63+0.038 0.90+0.04¢ 1.69+0.13P¢
Ta 3.45+0.13~ 13.45+0.374 32.74+0.97' 39.05+1.02°
b JS o3enis T 3.36+0.194 9.50+0.51P 21.42+0.32H 33.02+0.81'
TVB-N (mg /100 g) Ts 3.39+0.10 6.53+0.37C 11.760.30F 18.190.196
Ta 3.49+0.21A 5.04+0.128 8.57+0.22P 14.41+0.27F
Ta 0.47+0.02~ 13.58+0.394 21.09+0.11" 25.71+0.20°
ool i 65 T2 0.48+0.08* 7.77+0.207 19.36+0.394 22.05+0.39
TMA (mg /100 g) Ts 0.51+0.08A 1.91+0.09¢ 7.63+0.27F 16.01+0.276
Ty 0.59+0.088 0.94+0.10°¢ 2.56+0.25P 4.05+0.22F

(P < e1o0) smoise (M5 gl g (sl ) ()laisime gl By o
*Letters indicate a significant difference for each test (p < 0.05).
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Table 2- Microbial count (Mesophilic aerobic bacteria, mold and yeast, coliform and lactic acid bacteria) of uncoated and
coated fish treatment in 4 °C during 45 days

295500 (9w
o Microbial count (Log cfu/g)

(“f )) 1 jlod S3lor e S Y o]
Timf()day) Treatments Cowgd wilo o g S o y8lS’ ‘Tglb‘_g,isl-g Le{ctic a;id

Mesophilic Mold and yeast Coliform bacteria

aerobic bacteria

T 3.08+0.02° 2.27+0.03% 2.56+0.078 2.24+0.078

1 T, 3.060.03* 2.29+0.058 2.06+0.074 2.16+0.04*
Ts 3.12+0.0378 2.18+0.03* 2.54+0.068 2.21+0.088

Ts 3.05+0.03* 2.17+0.02* 2.53+0.038 2.13+0.08*

T 7.84+0.06° 3.10+0.13% 3.51+0.165 7.42+0.20'

15 T, 6.37£0.11F 2.51+0.05°¢ 2.8310.12° 3.55+0.05°
Ts 4.79+0.07¢ 2.27+0.078 2.69+0.07¢ 3.56+0.12P

Ts 3.96+0.128 2.26+0.068 2.68+0.07¢ 2.82+0.04°

T: 9.55+0.25°¢ 4,01+0.30¢ 6.71+0.08’ 9.50+0.05’

30 T, 8.11+0.10°¢ 3.96+0.09° 3.60+0.11F 4.61+0.147
Ts 5.82+0.11° 3.230.075F 3.92+0.07° 3.96+0.07¢

T4 4.98+0.10° 3.10+0.10% 3.94+0.107 3.94+0.11F
T: 11.20+0.14" 6.00£0.11' 7.41+0.05% 12.01+0.22%

45 T, 9.82+0.33¢ 4.71+0.25" 6.08+0.02' 9.11+0.15'
Ts 7.47+0.13° 2.78+0.10° 5.22+0.15" 6.28+0.11"

T, 6.65+0.15% 2.58+0.08P 3.9540.11°¢ 5.36+0.12°¢

(P < e1o0) mdse Gt (g3l y (sl ) (5l sime glis By ot
*Letters indicate a significant difference for each test (p < 0.05).

g bl bllanl ((Satmer () (Bl byl F
dalos (0SS loj wae l38l b wl L (e (e
29 P < /b)) il al b dne JSb 4 (Bl s Shy
(Bl Slogas his 4 e ojlas gl Gl ble
Rl b by plradl g (Do ohigt (Bl la Shy Shal
Orred O SIS ploj Gde ) aw (A5 SUiS g Cugh,
2 plo (SMae €8l (g ol Jdoay Cunss g )3 ity s
Sy Oy Olaioee s b il a8 Cawl (6)laS5 0y9d (gl
Karim et al., 2010; Marhoume et al., 2021; Youssef et )
ol 4 Wl e cdl (Sadpy S5 e ;I L(al, 2021
Gl Wil iy (680l floj e 13 05,500 (slaculs
Fomb ieS (29550 )b a4 Ta 9 Ts slaaiges > Sl
oS Ly by, slas SVl LI Cuto il Sl o 55
0)55 bl o)las o s Lide il oy ) Cusl by
3978 b ale (5 £ ESsle o syl s S
buwg oad plodl saiss b (YU et al, 2022) cuwl 0153
Lates =l (Chaijan et al, 2020) ,Ken 5 [bols
sloojlac ggls p Ol g p Liuder b sl oaube calcarifer

Sde Job )3 syt (B hd e sl g ged (Juod; (Jod

S Sk ()b slis daoslas )3 35250 SoSglon LS 5
I Aoy Bloged 93 a9 038 )5S ) (e oS
@ e & 29800 ATP z95 5 (oo sliS (60058
(Shafaghi Rad & i aalss Jolw S pe 5 (555l 03> Lials
o)las gsls s ite oSS Libs yei Nouri, 2023)
w9s5ee Sloodi; hals saimd ylis o ale cudS bais Ul gy
5 ey » JyuS dged b dwlas » VY (Log cfu/g);l io
go Sl Sl dogs MBS s Sl o8 43 Loy > (55 bo
lenS Lides 5l oolizl (YU etal,, 2022) sg; ' Milgs aisle slud
Colled (Sl jouS ale by (olp Jalb gliss ojlas b ol jon
Gy el VIV Jad a4 wdy pae Al b 0g,S000s
sald (Marhoume et al., 2021) >4 jwgdys/ w5 a5 plesli/
b JSI ey G olisns 2 e JUb pld b oad oy b
@ Comd (55565 (2950 )l gl 5y WVl gy /A il
{Chenetal., 2024) culs aals 45

sl (b))

Wadiges 95550 5 (bordsSassd s piales] @l o ol
20y olpl e dyluiliwl se 5l YL (6l0eS5 G5y VO S 3l am
Jode 1 plosl (059, 10) (5, 585Le 093 el 5 nstlejl i aorss

y. Shewanella


https://medlabnews.ir/%D8%A7%D8%B1%D8%AA%D9%82%D8%A7%D8%A1-%D8%B5%D9%86%D8%B9%D8%AA-%D8%A8%D8%B1%D9%82-%D8%A8%D9%87-%DA%A9%D9%85%DA%A9-%D8%A8%D8%A7%DA%A9%D8%AA%D8%B1%DB%8C-shewanella-oneidensis/
https://medlabnews.ir/%D8%A7%D8%B1%D8%AA%D9%82%D8%A7%D8%A1-%D8%B5%D9%86%D8%B9%D8%AA-%D8%A8%D8%B1%D9%82-%D8%A8%D9%87-%DA%A9%D9%85%DA%A9-%D8%A8%D8%A7%DA%A9%D8%AA%D8%B1%DB%8C-shewanella-oneidensis/

B0 . lo Al o, Fuile poe a3 5 )ye8 ol o

S559,18 sl oS 5 Lidey 15U (Chaijan etal., 2020) w3905
olo ;> w5 ,u > Snakehead fish ale ¢l asww p oyljeus
by jlows oo w2y olo b loj a8 L Lol gy I sine (5,155 pod

(Cao et al., 2020) w5 ssalin (o)l sxe cugles aali o

Iy yol cpl e liize gy Jald diged 4 Cuns 09y Vo (6)l0SS
5 ojbas Joidl Sy (Sonl (eon Ole oad Sbml slakigy
Slg oo &S o)las b g 39 38,50 b Of Lais y3 a5 OV iy
S5 S Jas ale Sitdgfian sl 5l Cullad 033)b3l lsica,

£l 8w 8313 yiwigs 9 Lyivigl (9N Bl sl (939'3 oo Sl 5 plonwd] i Blhasil ¢ S Suws ‘u’bw;) Cdb by gl ,b - Jgus
39510 (b (g dx

Table 3- Texture parameters (hardness, adhesiveness, flexibility, cohesiveness and gumminess) uncoated and coated fish
treatment in 4 °C during 15 days

R Texture properties
olej ol S s R
Time (day) Treatments (Fw & N Sl IR
Hardness (N) Adhesiveness Flexibility (cm) Cohesiveness G "f”e )
umminess
T, 11.72+0.15F -0.16+0.02° 0.24+0.06F 0.22+0.04F 0.68+0.3"
1 T, 11.65+0.44F -0.18+0.01F 0.23+0.02° 0.22+0.05F 0.61+0.18F
Ts 12.00+0.537 -0.17+0.01% 0.26+0.027 0.21+0.028 0.67+0.09
Ty 11.80+0.95F -0.17+0.02F 0.29+0.07°¢ 0.21+0.01F 0.74%0.17°
T, 6.32+0.22A° -0.11+0.077 0.15+0.03~ 0.10£0.024 0.17+0.5%
15 T, 5.41+0.098 -0.12+0.01® 0.17+0.058 0.12+0.01® 0.21+0.078
Ts 9.37+0.36¢ -0.14+0.03¢ 0.20+0.09¢ 0.17+0.17°¢ 0.34+0.02°
T4 10.14+0.28° -0.1440.02° 0.21+0.04° 0.19+0.03° 0.24+0.06°
(P < e1o0) smose (Mt gl g (sl ]y ()losime oglis By o
“Letters indicate a significant difference for each test (p < 0.05).
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Fig. 1. Sensory evaluation parameters (taste, smell, color, texture and overall acceptance) of uncoated and coated fish
treatments at 4 °C on the 15" day.
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Table 4- Analysis of biogenic amines (mg/kg) in untreated and coated fish with 1 % extract (T3) at 4 °C for 15 days by HPLC

Sifon S ool il
Concentration of biogenic amines(mg/kg)
Sl ploj e j95) SETAL
Shelf life 1 day 15 days
L ol KEAWIAPW) T bl T,
Amines Control Control
O 1.76+0.06* 1.64+0.024 15.92+0.36° 13.10+0.28"8
Putrescine
’*y‘”bls. 2.50+0.09* 1.20+0.05* 8.54+0.308 8.29+0.298
Cadaverine
“‘"L”f 1.16+0.02* 1.62+0.05* 5.02+0.308 4.62+0.11°8
Tryptamine
ol o ST 15240024 0.95£0.014 4.92+0.30° 3.84+0.09°
2-phenylethylamine
""‘“"‘".”ﬁ"' 2.16+0.038 0.84+0.01# 9.24+0.22° 7.65+0.10¢
Spermidine
W’Ml 2.72+0.058 1.52+0.05* 34.19+0.46° 11.08+0.37¢
Spermine
“"’m 10.08+0.348 4.41+0.117 79.87+0.97° 38.19+0.65°
Histamine
Wl’w 1.00+0.014 0.79+0.017 6.09+0.14° 4.80+0.08°8
Tyramine
"”LJI 1.54+0.05* 1.99+0.03* 8.26+0.33° 6.11+0.12°8
Agmatine
*Letters indicate a significant difference for each test (p < 0.05)
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Fig. 2. Chromatogram obtained from the HPLC device in investigation of biogenic amine concentrations in treatment a:
uncoated and b: T (chitosan/chia mucilage with 1 % Rubia tinctorum L. extract) in 15 days, treatment c: uncoated and d: T3
at 45 days (1: putrescine; 2: cadaverine; 3: tryptamine; 4: 2-phenylethylamine; 5: spermidine; 6: spermine; 7: histamine; 8:
tyramine; 9: agmatine)
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Introduction

Mayonnaise is one of the world’s most popular sauces. It is a semi-solid oil-in-water emulsion made by mixing
vegetable oil, egg yolk, water, vinegar, and other ingredients. Due to the high calorie and cholesterol content of
egg yolks, excessive consumption of mayonnaise can lead to health-related problems. Major issues faced by
mayonnaise producers include fat oxidation during storage, which leads to off-flavor and taste, as well as reduction
in nutritional value and food safety. These factors may negatively affect on the consumer acceptance of
mayonnaise. With increasing consumer demand for low-fat and low-cholesterol foods, low-fat mayonnaise has
significant consumption potential. One of the consumer demands is to reduce the fat content in mayonnaise and
salad dressing. Fats play many functional roles in food emulsions, contributing to the taste, appearance, texture,
and shelf life of the product in specific ways. Therefore, it is challenging to maintain the quality of traditional
products when preparing low-fat foods. It is possible to select specific fat substitutes in particular amounts to create
a product with a texture similar to traditional mayonnaise. Light mayonnaise often contains certain fats added to
help stabilize the emulsion and thicken its consistency. This research studied the possibility of using aloe vera gel
as partial fat substitute in mayonnaise.

Materials and Methods

All the powdered ingredients were mixed together with eggs, water, and half of the required amount of vinegar
in a blender for 3 minutes. To form an emulsion, oil was added in two stages while stirring together with starch
and gums for 5 minutes. Mixing oil and the aqueous phase simultaneously leads to the formation of a water-in-oil
emulsion. Finally, the remaining vinegar was added and mixed for 3 minutes until the fat particles were evenly
dispersed in the sauce. Aloe Vera gel was also added in proportion to the reduction of oil according to the
formulation of the samples. The optimal mixture design was used for three independent variables: oil A 15-60%,
gel B 0-55%, and water C 0-10%. The multiple combinations of these variables led to an experimental design with
16 samples that were determined using Design Expert software, and the physicochemical, rheological, and textural
characteristics of the samples were investigated. Additionally, suitable regression equations and mixed contour
diagrams were obtained by this software for each response.

Results and Discussion
The results showed that increasing the replacement percentage of aloe vera gel and decreasing the percentage
of oil led to an increase in pH and a decrease in acidity, stability, textural properties, and transparency of the
samples. To describe the rheological properties, Bingham's model was used, and the viscosity parameters and
Bingham's yield stress were investigated with an increasing the percentage of aloe vera gel replacement.

©2025 The author(s). This is an open access article distributed under Creative Commons
BT Attribution 4.0 International License (CC BY 4.0).

https://doi.org/10.22067/ifstrj.2024.89260.1354



mailto:mjvaridi@um.ac.ir
https://doi.org/10.22067/ifstrj.2024.89260.1354
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22067/ifstrj.2024.89260.1354
https://orcid.org/0000-0001-7956-2986
https://orcid.org/0000-0003-0885-3975
https://ifstrj.um.ac.ir/

\Fo¥ %.é)l—m.é”)é & oylods ¥ wl> ‘O‘)‘l' sg.l.’\.é 2lo g pole Glbdg}y 4y yid Y

Additionally, the apparent viscosity of the samples exhibited a decreasing trend and thinning behavior with shear.
These changes in characteristics are attributed to the effect of adding fat to the mayonnaise formulation. The
optimal values of independent variables in the production of low-fat mayonnaise were oil (40%), aloe vera gel
(30%) and water (0%), respectively.

Conclusion
This research showed that aloe vera gel can be used in the formulation of mayonnaise as apartial substitute to
oil. Due to the strong demand from consumers for this product, reformulating this high-fat emulsion is a
fundamental need in the food industry. The use of aloe vera gel offers many benefits, including reducing
cholesterol and fat levels overall, increasing microbiological stability, and, in some cases, lowering manufacturing
costs.
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Introduction
The rapid increase in population has raised concerns about food security in the world. On the other hand, to
produce more food, in line with population growth, it is necessary to consider sustainable development goals so
that the increase in production does not lead to excessive use of resources and environmental damage. Therefore,
one of the effective ways to develop food security in line with sustainable development is to reduce the waste of
agricultural products, especially garden products.

Materials and Methods

This study aims to investigate the effect of chitosan and essential oil foliar spraying pre- and calcium chloride
immersion post- harvesting on Golden delicious apple fruits grafted on MM 111 (Malling Merton 111) in an 18-
year-old apple orchard. A factorial experiment in the form of a completely randomized design and in four
replications (each replication containing at least 30 fruits) was carried out in 2 hectares orchard located in the
Abistan region of Khorram Abad city in 2021. The first factor of pre-harvest and post-harvest foliar treatments
including control treatments (spraying solution with distilled water), foliar spraying of chitosan (100 mg/l) and
essential oil (2500 mg/l), and immersion of harvested fruits with Calcium chloride solution (2 %) in the post-
harvest stage, and the second factor is the storage period (in days 0, 60, 90 and 120 days after storage (which
according to the high storage life of the apple fruit and performing the pre-test and until the end of life) Fruit
storage was achieved.

Results and Discussion

The results of the analysis of variance showed that the effect of treatments and storage time on all desired
characteristics was significant at the 1% level. Treated fruits had higher total phenolic and flavonoid content,
antioxidant activity, vitamin C, and titratable acids and lower taste index, acidity, soluble solids, malondialdehyde,
PPO activity and weight loss than the control. The highest amount of total phenol and flavonoid content,
antioxidant activity, vitamin C, and titratable acids in all four measurement times belonged to chitosan + essential
oil + calcium chloride treatment and the lowest amount was related to the control treatment. Also, in the control
treatment, the amount of malondialdehyde, soluble solids, taste index and acidity increased during the storage
period. In the fruits treated with chitosan + essential oil, the lowest acidity and soluble solids were observed, and
in the chitosan treatment alone, higher titratable acids and the lowest taste index were observed. In general, based
on the obtained results, it was observed that the application of chitosan and essential oil before harvesting and
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calcium chloride after harvesting improved the quality characteristics of Golden Delicious apple fruit. Weight loss
is mainly caused not only by sweating but also by breathing. By forming a membrane on the surface of fruits,
chitosan biopolymer acts as a mechanical and physical barrier to reduce gas exchange, and as a result, fruit
maturation and aging are affected. Composite coatings reduce weight loss by maintaining hydration and reducing
gas exchange and water vapor emission. Edible coatings can act on the phenylpropanoid pathway and increase the
level of phenolic compounds in plants, and the phenylpropanoid pathway includes the synthesis of various plant
secondary metabolites such as lignin, flavonoids, phenolic volatiles, and tannins. The semi-permeable barrier of
the chitosan coating limited the rate of respiration, reduced water loss, and delayed ripening and aging, which
resulted in higher total phenolic content during storage. Composite coatings delay the oxidation of phenolic
compounds, eliminate metals and free radicals and create a quasi-bonded structure that prevents the passage of
infiltrating materials such as O,, CO,, and water vapor.

Conclusion

In this research, applying a combination of chitosan + essential oil + calcium chloride as a coating on apple led
to increase the vitamin C, antioxidant activity, total phenol and flavonoid content, and reduction the weight loss.
In addition, the application of this treatment led to the improvement of other characteristics such as the reduction
of malondialdehyde, acidity, soluble solids, taste index, and increase of titratable acids. Therefore, it can be stated
that in addition to the fact that these compounds alone improved the quality of apple fruit, their combined use is
also recommended as a biodegradable and natural coating to increase the storage life of Golden Delicious apple
fruit.

Keywords: Edible coatings, Malondialdehyde, Titratable acids, Total phenol content
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Fig. 1. Interaction effect of treatment and storage time on weight loss of apple fruit (LSD, p<0.05)
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Fig. 2. Interaction effect of treatment and storage time on pH of apple fruit (LSD, p<0.05)
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Fig. 3. Interaction effect of treatment and storage time on titrable acidity of apple fruit (LSD, p<0.05)
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Fig. 4. Interaction effect of treatment and storage time on TSS of apple fruit (LSD, p<0.05)
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Fig. 5. Interaction effect of treatment and storage time on TSS/TA of apple fruit (LSD, p<0.05)
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Introduction

In recent years, with increasing concerns about food safety and environmental issues related to waste generated
by non-degradable plastic packaging, study on novel biodegradable packaging materials has attracted the attention
of researchers. Active packaging based on biopolymers, which offers a sustainable and environmentally friendly
way to improve food shelf life, considered one of such packaging technologies. Edible coatings and films, are a
thin layer of edible compounds and biopolymers applied on the surface of foodproducts that play important role
to control physicochemical, microbial and physiological changes in food. Gelatin is obtained from partial
degradation of collagen. Due to its availability, relatively cheap price, biodegradability and good properties such
as its excellent ability to form a film and reduce the transfer of oxygen, oil and moisture, it is highly regarded as
an edible film and has antimicrobial and antioxidant activity. In general, the gelatin film showed high water
absorption due to the presence of several hydrophilic groups, which may weaken the mechanical properties and
water vapor transport of the film. For this reason, the combination of gelatin with other biopolymers such as
chitosan, starch and gum is a suitable method to eliminate the drawbacks of gelatin-based films.

Materials and Methods

To prepare the composite film of the four formulations studied in this research, gelatin powder (3% by
weight/volume of water) and glycerol (30% by weight/volume of gelatin powder) were added to deionized water
and magnetically stirred for 10 minutes at 2400 RPM. To prepare an aqueous suspension of carboxymethyl
cellulose, powder (CMC 2% by weight/volume of water) and glycerol (30% by weight/weight of carboxymethyl
cellulose powder) were mixed with deionized water. This suspension was heated to boiling temperature and kept
at this temperature for 15 minutes and then kept for 30 minutes at 90°C water bath and stirred. The G/CMC coating
was also prepared by dissolving 40 grams of gelatin, 10 grams of carboxymethyl cellulose and glycerol (30% by
weight/weight of polymer materials) in one liter of water. The mixture was stirred for 1 hour at 60 degrees Celsius.
The mixture was then dried at 25-35 degrees Celsius. Different concentrations of the extract (0, 0.5, 0.75, 1.5 and
3.25%) were added to the mixture and stirred for 2 minutes. In the next step, the mixture was added to a plastic
Petri dish with a diameter of 15 cm and placed under a vacuum hood for 1 hour. Then it was transferred to a fan
oven and kept for 20 hours. In the final stage, the dried films were placed in a desiccator at room temperature for
testing. The effect of different concentrations of Dorema aucheri extract for the production of edible films on the
physicochemical, mechanical, antioxidant and antimicrobial properties was analyzed with one-way analysis of
variance (ANOVA) and comparing the average data was performed based on Duncan's multi-range test using
SPSS26 software at probability level of 0.05.

©2025 The author(s). This is an open access article distributed under Creative Commons
Br Attribution 4.0 International License (CC BY 4.0).
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Results and Discussion

The highest tensile strength and elongation at break point and Young's modulus in the treatment was 1.5%. In
all concentrations, solubility and permeability were significant (p<0.05). The lowest solubility was observed in the
control. The highest permeability and turbidity were observed in the treatment of 1.5% Dorema aucheri extract.
In all edible film treatments, the antioxidant property using DPPH radicals was significant (p<0.05). The results
of the evaluation of the antimicrobial activity of the film with the help of diffusion discs showed that the maximum
diameter of the inhibition halo in the concentration of 3.25% was related to Escherichia coli with an average halo
diameter of 5.33 mm. Average halo diameter for Pseudomonas aeruginosaand Staphylococcus aureus was
reported as 4 mm and 3.99 mm, respectively. The overall results showed that the addition of Dorema aucheri
extract at a concentration of 1.5% produced films that, in addition to inhibiting the growth and proliferation of
bacteria, have strength and can be used for perishable food.

Keywords: Carboxymethyl cellulose, Dorema aucheri, Film, Gelatin
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Table 2- Physical properties of edible films
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Treatment  Solubility (%) Permeatability (gm?s’pa?l) Turbidity Thickness (mm)
0% 13.8+£0.552 1.6+0.24 0.21%0.02°¢ 0.21+0.832
0.757 10.8+0.56° 2.5+0.2¢ 0.24+0.02¢ 0.18+0.45°
1.5/ 8.4%0.75°¢ 4.3+0.22 0.84+0.042 0.12+0.01°
3.25/. 6.01+0.574 3.56+0.21° 0.31+0.02° 0.12+0.42°¢

ol (P<0.05) 10 )3 O s )3 (I3 ime iglds oaimd )lis Cydy yo )3 glitie g sl sl 35,185 ds 43 5 lislil Gl sl & 1 Sile & jgody uls
The results in the table have reported as mean +standard deviation of triplicate analysis. Different words in the same row represent
significant difference at 5 % (p< 0.05).
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Table 3- mechanical properties of edible films

slowd S Mo yd CowsSl abaii )3 Job b3 Kb Jage
Treatment  Tensil strength (Mpa)  Elongation at break (%) ~ Young modulous (Mpa)
0% 3.2+0.61°¢ 27.35+1.02° 64.76+0.2°
%0.75 5.4+0.36° 31.54+0.76° 88.71+1.222
%1.5 7.47+0.372 37.14£2.242 93.43+2.62
%3.25 6.66+0.282 28.76+0.65°¢ 73.63+4.2°

Cawl (P<0.05) 1o )3 & o )3 (6,l5 me gl oimd Ui sy yo )0 iglie g .l ol )35 1S5 dus 40 5 sl Gl ool £ 1Sl & jgods uls
The results in the table have reported as mean +standard deviation of triplicate analysis. Different words in the same row represent
significant difference at 5 % (p< 0.05).
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Fig. 1. Antioxidant properties of gelatin (GEL) and Carboxymethyl cellulose (CMC) films with different concentrations of
Dorema aucheri extract
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Fig. 2. Antimicrobial activity of gelatin GEL and of gelatin (GEL) and Carboxymethyl cellulose (CMC) films with different
concentrations of Dorema aucheri extract
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Introduction

Due to the high rate of respiration, strawberry is prone to water loss, mechanical damage and fungal decay
post-harvesting, which may reduce its shelf life (Yan et al., 2019). Food waste is an important global challenge
that estimated about 30% of the world's agricultural land. Every year, about 9.5 million tons of food is lost in the
post-harvest phase of agriculture crops (Bishop et al., 2021). Post-harvest storage of strawberry at low temperature
without using other combined treatments may reduce its shelf life due to its highly perishable nature. Therefore,
in addition to low temperature storage, other post-harvest techniques have also been reported to increase the shelf
life of strawberry fruits after harvest. One of these techniques is using chemicals (Kahramanoglu et al.,
2019).Glutathione is present in various plant tissues in concentrations of 2 to 3 mM and plays an important role in
many cellular processes such as cell differentiation, enzyme regulation, cell signaling and cell death and acts as an
antioxidant. (Diaz-Vivancos et al., 2015). During the experiment, spraying GSH on strawberry plants increased
the amount of total flavonoids and ascorbic acid in the harvested fruits, and the results showed that the application
of GSH can increase the shelf life of strawberries. (Ge et al., 2019). It has been reported that application of
glutathione after harvesting okra has reduced browning and prevented its weight loss, which has created a suitable
market for it, also GSH has increased the level of total phenol and the activity of ascorbate peroxidase enzyme and
reduced the level of ROS and malondialdehyde, which can increase the shelf life of okra in cold storage after
harvesting (Li et al., 2023).

Materials and Methods

Sabrina strawberry fruit was obtained from a commercial greenhouse located in Urmia in the full maturity
stage. The fruits were transported to the laboratory of Horticultural Sciences Department of Urmia University,
observing the necessary precautions to prevent mechanical damage. The fruits were separated in terms of size and
uniformity, so that the fruits were divided into 5 groups of 15, one group as a control group and 4 groups treated
with different concentrations of L-glutathione (4, 16, 32 and 64 mM respectively). After drying, the treated fruits
were placed in zipped nylon bags and stored for 15 days in a cold room at + 0.5 °C and a relative humidity of 90-
95%. Also, three biological replicates at each time interval were included in the analysis. Samples obtained at each
of specified time were placed to evaluate skin color, titratable acidity, soluble solids, taste index, pH, weight loss,
total antioxidant capacity, total phenol content, and polyphenol oxidase enzyme activity.

Results and Discussion
The results of variance analysis showed that the effect of GSH treatment after harvesting, the effect of storage
and the interaction between them differently affect each of the studied indicators. In terms of color, no significant
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effect was found. The effect of storage (p<0.01) and post-harvest treatment (p<0.05) were significant on TA trait
and its highest value was observed in 10 days of storage with 32 mM. In terms of antioxidant capacity (p<0.05)
and PPO activity (p<0.01), the effect of GSH treatment after harvest was significant, and the highest amount was
observed in 16 and 64 mM treatment, respectively. Also, the effect of storage time (p<0.05) and the effect of GSH
treatment after harvesting (p<0.01) were significant in the trait of total phenol content, and the highest amount was
observed in 15 days of storage and 64 mM treatment. However, both the storage (p<0.01) and the post-harvest
GSH treatment (p<0.05) effects on fruit weight reduction were significant and the lowest weight loss was observed
in 5 days of storage and 64 mM treatment. There were no significant changes in indices such as TSS, taste index

and pH.

Conclusion
According to the obtained results, the treatment of 64 mM GSH is the best concentration of GSH to increase

the shelf life of harvested strawberry fruits in cold storage.
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Table 1- Results of variance analysis of the effect postharvest L-glutathione application on the physicochemical
characteristics of Sabrina strawberry during cold storage

Ol @l a3 ©la e w5ke
Sources of variations &350 Mean squares
Degree of a’ b* L* Hue Chroma
freedom
ss55— I (L-glutathione) 4 11.29% 8.05™ 13.34 25.92"  14.52™
leylil ole; (Storage time) 2 4.2 1.88 4.96 8.58 10.87'
Sl glej x astighs=J 8 7,52 2.32 418" 152 1955
(L-glutathionex Storage time)
s 30 13.34 4.03 6.32 144 24.73
Error
(CV) (%) &l yuis oy - 12.67 15.58 8.34 15.62 16.06

NS &g %% xo iglis pie iy o> V9 O Jlais] prdaws )3 Iy e cglis ¢ >
ns*and **: No significant difference and significant difference at the probability level of 5 and 1 percent, respectively.

Jsb 3 L ples (S5 057 tleousipS job Cloogad (531 31 (3 UslS 1 Cadl 5 g 32,15 31 il fy 4358 b= Jgs aols

W3 3 (6,5l
The continuation of Table 1- Results of variance analysis of the effect postharvest L-glutathione application on the
physicochemical characteristics of Sabrina strawberry during cold storage

s aylio g lagye pSilke
Sources of variations &3l Mean squares
Degree of Ol s BB e Jobre dalrdlge pib asla pH
freedom TA) (TSS) (TSSITA)
49569l5— I (L-glutathione) 4 0.04* 2.98™ 0.9m 0.002"
9&.’
e . 2 018 147 26" 0.024™
Sl ol (Storage time) . 0.013"
Sl glej x Gesbigs- I 8 1.16™ 2.07™
(L-glutathionex Storage time) 0.034" 0.036
s 30 1.28 1.23
Error 0.016
(CV) (£) &lyuis cuyos - 11 129 14.6 4.62
2oy ) g0 Jlois] g 3 I xe gl g o e gl pie cud gy IFF 4 * NS

s *and **: No significant difference and significant difference at the probability level of 5 and 1 percent, respectively.



e S5 Ag 0gm0 (o1 Loornli g 708 SS9 12 (9wl - I bl 1 3y slooi S ygy e 5 (Sl

Job )3 L pilo (S5,8095 (abomisSy 38 Oluogad (&1 2 09 Ugls=JI Cudls 1 (o 52,15 5T (il lg @525 gl =) Jgaa sl

W3 53 (5,
The continuation of Table 1- Results of variance analysis of the effect postharvest L-glutathione application on the
physicochemical characteristics of Sabrina strawberry during cold storage

Ol pts 23lo a Ol po (1SSl
Sources of variations &30 (mean squares)
(Degree of o9 ()39 iRl Cudyb Js s o
freedom) Fruit weight loss WA -LOta|I 5laaS1
Anti-oxidant pheno PPO
capacity
96g8-JI (L-glutathione) 4 0.223* 270.07* 24926.9**  90943.8**
le)lil ol (Storage time) 2 2.26% 76.31" 12522°  7789.01™
ol oles X gsssls=J) 8 . N
(L-glutathionex Storage time) 0.050™ 67.45 1518.4™ 9472.5
- 30
Error 0.027 98.35 33094 867406
10.71 16.82 85 45.35

(CV) (7) s s -

2oy ) 0 Jlainl pdaw )3 5l dme glis g o xe gl pae s 4 KT 4 * NS
ns*and **: No significant difference and significant difference at the probability level of 5 and 1 percent, respectively.
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Table 2- The results of some quality traits of Sabrina strawberry fruit at harvest time

Attributes &lhe

a* b* L Hue  Chroma W sl dlge sl pH - g s Js Js b
gl g Joloes b S| Total ) S|
(TA) (Tss)  (TSSIT Anti-oxidant)  (Phenol (PPO)
mg.100g ) () A (capacity mg ) U.min.100)
(FW (%) GA.100™. (gFW
(FW

2.98 1.01 2.84 2.39 31.8 1.18 8.33 6.98 3.3 60.99 772.7 320

PK;'“P&MLL;" 0940 dj;]jlwa\ﬁ-}b\&;ﬁ‘jw L dwol o430 X

Jalili Marandi, ) L9 0 B pas jlu g Coguw G158l b o,
g ool o] CatsS un D pre Sy < ogee dwl (2016
Sl sloisl Clale b pyins bLS) sl yzg LB clagul
BB anawl ials (Akhtar et al., 2010) )l oguo > 39390
8 ogme (Sglie Sl sy Slojlsl ploj 5> (gmlyis
Akhond et ) wib o i 213 5> JI lasl ©ad Gyae
35 9 uhS Ao ) ogue ydww plin 4 JT clanwl L(al., 2022
b it dlaly (2l pl g anb oo phalS B 4 (1d Jhas
aie o sy I gladl gl 3 ) (Sl (slacld
O L ol sy i g li g Jos 0gie gl phe 5 065
bl (Getenit et al., 2008) Wgis o B pas jlo g Cow
Jihass Boges )3 lo Ll 093 Jsbo )3 (ygml 5 Al (2lS” 31 sl
Span jlaled 3 b (w5 €55 9 K290 G355l il lalS
ol yiyl;5 (Goharietal., 2021) ble oo (635 gl I (sl
Sloy 4 Joo8 s (S5 S 50 Vi 28 oS

ool 2 28l on sl e (AS (aSLd S 090 K

o g a8l cudly g 1 e et (il )lg 45285 o> ol
a2 p Pl e g )l ( HESen p ismed g Slo)lil loj
o () Jsio) catlys gy gime 31 S5y @y slaadls jI S
i el W15 o 3556518 Jlass & 1l o ol e Lt gl
Mg o S5y GialS g s g 398 Slojlsl Job 13 ogee )

Ll 0395

O3l il S sl
WAAY) (Sloylsl g9y 53 o9 Ggmlyid BB sl e
@l 4 ey LY Joi2) 39 (090 5 0jg p)5 Vo 2 eSS ke
Oloj ©a 5 asbslS =l cudly 1 g slass sl 42525 Jg>
Adly gy g flaoyd Vg b Jleisl waw 53 cos ey Sl
FE Al Glie i Slolil o) bl () JS)
A5 odalie Slo)lil Ve 59y 53 9 ;Y50 ke YV slass )3 gl i



\F.¥F c;‘..‘.‘...e‘.,.g.o)l—w.a)”é d c)l.o.{;‘a ARIEYED ‘0‘)‘.’.‘ g‘u\.ﬁ évLa.w 9 f°9‘1'° GWS}' A gl

\YP

o o) Joko ojlges oSl (08 4SS Jdsa
355 oo Jslme soaid 4y o] a5 s g (064 g sk
b ol b s 5lo5 (So oo olspd s & ks ya
15 aalss TSS (oole p Laldl j opSsls el s ials
Job a8 ol oyl sas plosl wliséss ((Hazbavi et al., 2013)
Ciall ogee TSS wogbes ube 13, Sl ogse > slolil loj e
15 ogme Jobe obs dlge Lais el VI Lid Sl 5 cdly

.(Keshavarz, 2018)

PH 5 pab padls

—Jl ey 5l et uilyly s Jgio @l el
9 ol Om pRSery zmer 9 Slojlil Gloj ©de g (sl
biine 51 PH 5 pab sl sl 1 Ko b 2 (oloyli] ot
o s Sloylil g9, 50 by yadll (ulil G yo jlude 5 Conl anilas
g Ao TXY o 5AA

A
g % . a\: b
3 g 1 N\
3 < N
= 05 \
0 §

Storage time(Day)

o

O gl 5 BB 4 el

b ) Sl ] maw pioren g odd adwl D9 g
(Aghdam et al., 2019) cuol 03,5 Laas Slo Ll

Jslas ssla ul ga
Sl omle Jlite 3114l L5 i)y 329 51 Jol> ol
Jlosal aw 13 Slojlsl Gloj e 5 (asbslS—l il 5l
b > Lople 08y (K095 0900 TSS o ()3 dne Sl 03
95b5I5= 1 Vo leo S ot scuils sy 3 Sloylsl 3, 10
(¥ JS8) o> s )y gyt TSS inlsél o ylas olas &y g
Vb alaly &8 L5l e e (a5 (sl 51 Jgloe sl dlge
5955 9,5 ¢35 9IS catls able (plaaiB (ol ogpe )15 ogse S L
5 090 Gy 0395 ) B ol VL polie a5 Al e )L
Shee QR anls plone e caby 1 e
S Jdsa oo TSS julj8l (Davarpanah et al., 2013)
L8 405 5 W pig n jelg)ded ((SeSy lge dalimg: S (5
Oz g Bl o Bl i anl 8 (b )3 o8 classly 4

. 14 b a ab
a

= 12 b é 2z
g 1 ; = i
S 0.8 v, =
£ / = b
< 06 f = =2
[ 0.4 % = brd
—_— =
02 7 Z i
0 A — e
Control 4 16 32 64

0s5bsls

1o B

(Ui 0350 el il B &y 31500 1 (B) 9 Usl =1 a5 s sl 5 (A) oyl sloj 51 il gl Y 3
oyl 59, 10 Jgb 53 Ly b
Fig. 1. Comparison of the average effect of storage time (A) and L-glutathione post-harvest treatment (B) on TA
of Sabrina strawberry fruit during 15 days of storage
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soluble solids of Sabrina strawberry fruit during 15 days of storage
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percentage of Sabrina strawberry fruit during 15 days of storage
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Fig. 4. Comparison of the mean effect of post-harvest L-glutathione treatment on antioxidant capacity (A), total phenol
content (B) and comparison of the mean effect of storage time on total phenol content (C) and comparison of the mean effect

of post-harvest treatment L-glutathione on the amount of polyphenol oxidase (D) enzyme activity of Sabrina strawberry fruit
during 15 days of storage
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