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Introduction

Cucumber is an economically important crop, containing vitamins, minerals, antioxidants, and flavonoids. However,
due to loss of weight and firmness, microbial contamination, mechanical damage, and yellowing, the storage duration of
cucumber is limited to 3-5 days at room temperature. Therefore, pretreatments are crucial for prolonging its shelf life.
Chitosan is a cationic polysaccharide and can interact electrostatically with anionic, partially demethylated pectin.
Besides, chitosan has inhibitory effects on fungal rot and prevents weight loss in fruits. Pectin can form excellent films.
Because of increasing demand to reduce synthetic chemicals as antimicrobial agents, substances derived from plants, such
as essential oils, can play a significant role in the future. Several essential oils and essential oil components have shown
antimicrobial activity against spoilage and pathogenic microorganisms during fruit and vegetable storage. Essential oils
of thyme and cinnamon contained phenolic groups have been found to be most consistently effective against
microorganisms, however, essential oils are volatile and irritant. Therefore, forming an inclusion complex using b-
cyclodextrin can improve solubility, control volatile, and induce off-flavors and unpleasant odor of the essential oils. The
objectives of this study were to develop the microencapsulated thymol (thyme) and trans-cinnamaldehyde (cinnamon)
essential oils to produce antimicrobial agents and subsequently evaluate the effectiveness of edible coating made of
chitosan and pectin containing microencapsulated trans-cinnamaldehyde or thymol essential oils to improve qualitative
and quantitative characteristics and shelf life of cucumber.
Materials and Methods

The inclusion complexes of trans-cinnamaldehyde and thymol in beta-cyclodextrin (CD) were prepared separately by
freeze-drying. Each essential oil was dispersed in 1000 ml of beta-cyclodextrin agueous solution (16 mmol/L, 18.15 g) in
molecular ratio 1:1 (2.4 gr thymol, 2.11 gr trans-cinnamaldehyde) and mixed in a laboratory stirrer for 24 hour at room
temperature , then frozen (-70 °c) and freeze-dried (<20Pa, 48 h). Lyophilized samples were stored inside a freezer (-20
°c) until further use. Cucumbers cv. Nagene with uniform size, appearance, ripeness and without mechanical damage or
fungal contamination were selected. Then They were then sanitized by immersion in chlorine solution (150 mg/kg) for 1
min and air dried. Edible coatings were prepared as three immersion solutions of chitosan, pectin, and calcium chloride
(CaClp). The fruits were coated with pectin (1%) and chitosan (0-0.5%-1%) containing beta-cyclodextrin
microencapsulated trans-Cinnamaldehyde or thymol each (0-0.25%-0.5%). After coating by chitosan, the fruits were
immersed in 1% Calcium chloride solution to induce crosslinking reaction. After dipping step, fruits dried for 8 minutes

©2023 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0), which permits use, sharing, adaptation,
B distribution and reproduction in any medium or format, as long as you give appropriate credit to the
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at room temperature to remove the excess solution attached to the surface .Uncoated fruits served as control. Then fruits
were preserved in cold storage (temperature: 10°c; relative humidity: 90-95%) for 15 days. chemical (total soluble solids,
titratable acidity) and physical (total color difference, Hardness, and weight loss) Characterization of fruits were measured
immediately after harvest and after 5, 10 and15 days. Microbial tests (total count, mold, and yeast) were done at the end
of preservation time. Analytical data were subjected to analysis of variance and factorial adopted completely randomized
design and a Duncan comparison test was used.

Results and Discussion

The results showed that weight loss, total soluble solids, and the total color difference increased and hardness and
titratable acidity decreased gradually in all samples during cold storage (<0.05). Chitosan and essential oils slowed down
this rising or decreasing trends. Interactive effects of chitosan, essential oil type, essential oil concentration, and storage
time had positive effects on these quality attributes. The fruits coated with the highest concentration of chitosan (1%) and
thymol (0.5%) essential oils showed the least weight loss, loss of hardness, and color change throughout 15 days of
storage. Besides thymol in comparison with trans-Cinnamaldehyde was more efficient to prevent yeasts and molds on the
surface of cucumber. By increasing chitosan and essential oil amounts, the ability of inhibiting microbial growth by
coating is enhanced.

Conclusion

The results of chemical, physical and microbial tests, showed that multi-layer coating solution containing chitosan 1%
with thymol 0.5% was effective in extending the shelf life of cucumber .The combined usage of microencapsulated thymol
essential oil and chitosan-based coating on cucumber could be considered a healthy and effective treatment that reduces
microbial spoilage and preserves quality and color characteristics in cucumber and represents an innovative method for
commercial application. Therefore, this coating can be used as an alternative to chemical fungicides to prevent fungal rot
of cucumber and other fruits, however, it is suggested that more studies should be done in this field.

Keywords: Cucumber, Edible coating, Chitosan, Essential oils, Shelf life
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Table 1- Mean square concentration of chitosan coating, type and concentration of essence and storage time on quality
characteristics of cucumber fruit

©laye (be
Bove iy 3o >, Average Squares
Sources of variables (SOV) &3 Oi90sel ol dlge adaw! b I oyl
Degrees Weight f )3 Jgloeo Acidity (mg malic Firmness (N) Total Color
of Loss (%0) Total Soluble Acid/100 g) Difference
Freedom Solids (%)
(A) & e o o o - "
(Storage Time) 3 106.57 1.17 0.018 386.52 1897.56
(B)oljs ke
o _ 545" 017" 0.004"" 18.06™ 7.23"
(Chitosan Concentration)
(A*B) iz 5
i 6 1.06™ 0.04™ 0.001™ 3.64™ 12.26™
Interaction Effect
(C)Q""l“’l &9) ns ns ns ns ns
(Essence Type) 1 0.076 0.01 0.00 0.00001 3.51
(A*C) e 5
. 3 1.28™ 0.00™ 0.00™ 1.59" 4.99™
Interaction Effect
(B*C) s 5
i 2 0.62™ 0.02™ 0.00™ 7.53™ 27.74™
Interaction Effect
(A*B*C) Jlizo I N . 27.95™
. 6 0.31 0.01™ 0.00™ 2.08
Interaction Effect
(D) Lol clale " " B o 20.83"
. 3.21 0.17 0.001 104.50
(Essence Concentration)
(A*D) Jlizo
. 6 1.18™ 0.03" 0.0001" 15.71™ 96.61™
Interaction Effect
(B*D) iz i
i 4 0.14™ 0.02™ 0.00™ 2.53™ 7.70™
Interaction Effect (B*D)
(A*B*D) iz I
. 12 1.46™ 0.01™ 0.00™ 2.65™ 36.29™
Interaction Effect
(C*D) e 5
. 2 0.13™ 0.01™ 0.00™ 0.29™ 60.13™
Interaction Effect
(A*C*D) iz I
. 6 0.97" 0.01™ 0.00™ 0.81™ 13.96™
Interaction Effect
(B*C*D) Jlize |
Interaction Effect 4 0.16™ 0.01" 0.00™ 2.19" 85.08™
(A*B*C*D) Jslize i
Interaction Effect 12 1117 0.00™ 0.00™ 2.37" 14.87™
(Error) s 144 0.12 0.01 0.0001 0.72 3.64

*** and ns: Significant at 5% and 10% levels of probability and non significant ,respectively
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Fig. 1. Effect of chitosan coating concentration on titratable acidity of cucumber fruit during storage
(P> 00) Col 3103 A0 s )3 )l sime MBI 3929 pis 0amI LIS (g 2 ($9) g 485 8 LSy By
The same letters placed on each column indicate the absence of significant differences at the 95% level (p<0.05).
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Fig. 2. Effect of essence concentration on titratable acidity of cucumber fruit during storage
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The same letters placed on each column indicate the absence of significant differences at the 95% level (p<0.05).
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The same letters placed on each column indicate the absence of significant differences at the 95% level (p<0.05).

3.80
3.70
3.60
3.50
3.40
3.30
3.20
3.10
3.00

<l 32 Jglomo ol 2150

Total soluble solids (%)

2.90
after ol ;I
havest

o

0 essence, il

SR o (b 53 b o9a0 Jglowe o

m0.25%essence, .l

' 0.5%essence, .l

o Slgo 1 il Ciliiseo Clale 51 —£ S

Fig. 4. Effect of essence concentration on total soluble solids of cucumber fruit during storage

(P> o 140) Cunl 103 AD i j3 I gime BB S

529 pas oMBLE (gt 3 g9y 2 45 )5 luSy By

The same letters placed on each column indicate the absence of significant differences at the 95% level (p<0.05).
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The same letters placed on each column indicate the absence of significant differences at the 95% level (p<0.05).
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Fig. 6. Effect of essence type and concentration on weight loss of cucumber fruit during storage

(P> o 1+0) ol Mo > A0 s ) 5 e B 35 pie b U gt 2 (g5y p 4B )S H1E S, By

The same letters placed on each column indicate the absence of significant differences at the 95% level (p<0.05).
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Fig. 7. Independent effect of storage time on fruit flesh firmness in cucumber
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The same letters placed on each column indicate the absence of significant differences at the 95% level (p<0.05).
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The same letters placed on each column indicate the absence of significant differences at the 95% level (p<0.05).
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Fig. 9. Independent effect of storage time on total color difference in cucumber fruit
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The same letters placed on each column indicate the absence of significant differences at the 95% level (p<0.05).
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The same letters placed on each column indicate the absence of significant differences at the 95% level (p<0.05).
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Table 1- Mean square concentration of chitosan coating, type and concentration of essence on microbial characteristics in
cucumber fruit

e gl @33l p Olazyo 8o
Sources of Variables (SOV) Degrees of Average Squares
Freedom (log CFU x 10°) 5" (4 yLowss (log CFU x 10°) yodo g S5
Total Count (log CFU x 10°) Mold and Yeast (log CFU x 10%)
(A)lygs clale " -
] . 2 618.67 592.67
(Chitosan Concentration)
(B)rslel g9 . "
( Essence Type) 1 98.66 42.67
(A*B) ise
. 2 26.96™ 16.89™
Interaction Effect
(C) bl clake " -
(Essence Concentration) 2 3412.06 395.06
(A*C) ise
i 4 1841.56™ 189.22™
Interaction Effect
(B*C) i 5
. 2 69.8"™ 1117
Interaction Effect
(A*B*C) bliza
4 57.41™ 7.39™

Interaction Effect
(Error)las 36 24.76 0.57
***and ns: Significant at 5% and 10% levels of probability and non significant, respectively
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Introduction

Doogh is a fermented dairy product that is produced by blending yogurt with water and some salt. This fermented
beverage is widely consumed as a refreshing drink in Iran and other Middle East countries. Doogh is a source of calcium
needed by the body on a daily basis and contains B vitamins that are effective in the health and strength of teeth and
bones. In addition, doogh contains a low percentage of fat, which makes it a diet drink. Whey Protein Concentrate (WPC)
is a product contains 25 to 89% protein and different amounts of lactose, fat and minerals. Due to the functional properties
of whey protein and its nutritional value; whey protein is widely used in dairy products. The development of cross-linking
bonds between protein chains by enzymes is very important today. Enzyme cross-linking of proteins can affect some of
their functional properties such as solubility, water absorption, rheological and emulsifying properties. One of the most
widely used enzymes in the food industry is the transglutaminase enzyme. In this study the effects of WPC in three levels
(0%,1% and 2%) and the transglutaminase enzyme in two levels (0 and 1 unit per gram of milk protein) in two method
of dough preparation (adding water to yogurt and fermented milk diluted with water) on rheological characteristics, and
microstructure of doogh were studied.

Material and Methods
Raw milk was provided by Pegah Khorasan Company, WPC from Multi Company( Mashhad) and Trans glutaminease

enzyme from BDF Company of Spain. WPC was first added to milk at 45° C at three levels of zero, 1 and 2%.The milk
samples were then pasteurized at 85°C for 30 min. After lowering the temperature to 45° C, the enzymatic operation was
performed at two levels of zero and one unit (per gram of protein).To complete the enzyme function, the samples were
incubated for 180 minutes at 45°C. Then a temperature of 90°C was applied for 1 minute to inactivate the enzyme. The
samples were then cooled to 45 °C. At this stage, the samples were divided into two parts. In one part of the samples;
milk was diluted with water in a ratio of 6% of the total dry matter for direct production of doogh. After adding the starter,
the samples were transferred to an incubator and hold at 43-42°C, until the pH reaches about 4.1.Thefermented samples
were then transferred to a refrigerator. In the second part, starter was added to milk to produce yogurt; after adding starter,
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the mix was transferred to an incubator and hold at 43-42° C, until the pH reaches about 4.1. Doogh was produced by
diluting yogurt with waterto givethe final product with 6% of total dry matter.

Results and Discussion

In both production methods, in samples treated only with WPC, the average particle size increased with increasing
WPClevel. In both methods, the production of only enzymatically treated samples led to the formation of smaller particles
with a more uniform shape and distribution. In samples of doogh produced by both production methods, WPC and
transglutaminase enzyme changed the flow characteristics of doogh to non-Newtonian behavior. Samples made directly
from milk had significantly higher viscosity than samples made from yogurt. In samples without enzymatic treatment,
the microstructure was smooth and homogeneous with smaller particles than other samples. These particles settle very
quickly. In the samples where WPC treatment was applied, the amount of large particles and non-uniformity increase
with increasing WPC level. The distribution of particles in samples made directly from milk was more regular than
samples made from yogurt.

Keywords: Doogh, Rheology, Serum separation, Transglutaminase, Whey protein concentrate
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1- Whey Protein Concentrate (WPC)
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Table 1- The chemical composition of Whey Protein Concentrate (WPC) used in this research (in percentage)
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Table 2- Coding table of samples

eeligls (il 5 o 35T

< g ‘”"9" 2y Transglutaminase enzyme My o) .
Code Whey Protein Concentrate (units per gram of protein) Method of production

. Milk
M1 1% 0 Unit i

. Milk
M2 2% 0 Unit "

. Milk
M3 1% 1 Unit s

. Milk
M4 2% 1 Unit i

. Milk
M5 0% 1 Unit i

. Milk
M6 0% 0 Unit s

. Yogurt
Y1 1% 0 Unit ol

. Yogurt
Y2 2% 0 Unit o

. Yogurt
Y3 1% 1 Unit e

. Yogurt
Y4 2% 1 Unit e

. Yogurt
Y5 0% 1 Unit e

Yogurt

Y6 0% 0 Unit o
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Table 3- Particle size indices of doogh samples treated with Whey Protein Concentrate and transglutaminase enzyme by
fermented milk diluted with water method

Sample d(0.1) (um) d(0.5) (um) d(0.9) (um) D[4,3] Span
dged Wl ojlail paslh Ol ojluil sadll Ol ajlal adlh Ofyd lawgle JaB 1)) ajei gl
M1 341 9.32 19.02 21.1342.37° 1.67
M2 6.11 17.43 34.78 36.94+2.102 1.64
M3 3.07 8.89 18.26 20.28+1.61° 1.70
M4 5.72 16.94 32.73 35.11+1.972 1.59
M5 2.68 6.23 11.12 13.25+1.30¢ 1.35
M6 2.86 6.57 12.92 15.12+1.00¢ 1.53
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Similar letters in each column indicate no significant difference at the 95% confidence level.
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Table 4- Particle size indices of doogh samples treated with Whey Protein Concentrate and transglutaminase enzyme by
adding water to yogurt method

Sample d(0.1) (um) d(0.5) (um) d(0.9) (um) D[4,3] Span
dged Wl ojlal paslh Ol ojlel jadll Ol ajlal adll Oy lawghe JaB 1)) &jei gl
Y1 4.12 10.10 19.85 21.96+2.92° 1.55
Y2 6.91 18.31 35.73 37.89+2.512 157
Y3 3.57 9.44 18.89 20.91+2.23° 1.62
Y4 6.12 17.42 33.31 35.69+1.142 1.56
Y5 2.92 6.51 11.52 13.65+1.32°¢ 1.32
Y6 3.24 7.03 13.42 15.62+1.00°¢ 1.44
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Similar letters in each column indicate no significant difference at the 95% confidence level.

25 -
20 - X
XXXXX
X
T x
& 15 % X ...A:f ¢ M1(wpc 1%, Tg 0)
X n A
g x '.:::A“ e m M2(wpc 2%, Tg 0)
é xX..l:AA 0000 X XX A M3(wpcl%, Tg 1)
X _m A .
S 10 - Xl aAL e D XX x M4(wpc2%, TG1)
< X ] A A TS L 4 ¢ x X X ,
7] Xél‘:o;xx X M5(wpc0%, Tg 1)
x W X
5 | S : Py ; § x X ® M6(wpc0%, Tg0)
x4 xX eoooe?®
iQQX .00000000°'°.
Xéooo"""
O z T T T T T 1
0.00 50.00 100.00 150.00 200.00 250.00 300.00

Sheare rate (1/s)

2 31 E90 oo MIgi (ygy &1 85 At jUsoliglS il 5 o 35T 9yt OF (i 055l sols £93 (SAiges by Hlaged - JSS

Fig. 1. Flow diagram of doogh samples containing Whey Protein Concentrate and transglutaminase enzyme prepared by

fermented milk diluted with water method
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Table 5- Indexes calculated by power law model

Coefficient of consistency

Treatment (mPa.s")(k) " . R Adi-R® RMSE

o i ol W) pasle
Pl capd

M1 478.27+4.16° 0.6392£0.0087  0.9961 0.996  0.2857
M2 569.10+5.74¢ 0.4880+0.007"  0.9931 0.9928  0.3913
M3 543.18+6.56¢ 0.589240.008"  0.9948 0.9946 0.3445
M4 725.55+9.522 0.2194+0.0080  0.9938 0.9936 0.4633
M5 393.56+6.25" 0.7383£0.009°  0.9937 0.9935 0.2854
M6 138.37+3.86/ 0.92014£0.004>  0.9873 0.9869 0.3721
Y1 414.28+6.019 0.7489+0.014°  0.9948 0.9946 0.0844
Y2 552.60£10.421 0539740.0109  0.9945 0.9943 0.1524
Y3 506.1543.79¢ 0.6144+0.018¢  0.9943 0.9941 0.0884
Y4 665.03+8.700 0.3214+0.015  0.9932 0.993  0.1782
Y5 299.80£6.57' 0.7483£0.002°  0.9991 0.999  0.0135
Y6 6.48+5.31% 0.9783£0.008  0.9969 0.9968 0.1523
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Similar letters in each column indicate no significant difference at the 95% confidence level.
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Fig. 5. The microstructure of the samples produced under the influence of the applied treatments
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Introduction

The use of safe ingredients to preserve food is steadily increasing. The high time and cost of production and approval
of synthetic food additives and the reduction of public acceptance of these compounds have caused serious problems in
their utilization. Excessive use of synthetic preservatives, which some of them are suspected to be toxic, has completely
eliminated these additives and led to the use of natural alternatives to preserve or extend the shelf life of food products.
Many plant-based bioactive compounds are good alternatives to synthetic antimicrobial and antioxidant supplements.
Plant extracts have significant biological activity including antioxidant, antibacterial, and antifungal properties, which
has increased their use in food products. In addition, plant-derived antimicrobial compounds have been considered in the
pharmaceutical industry to control microbial pathogens. Natural antioxidant and antimicrobial compounds are receiving
a lot of research and industrial attention in food preservation technologies. In the last 2 decades, the use of herbal
medicines rich in bioactive molecules (including polyphenols, carotenoids and flavonoids) with medicinal and health
effects such as delaying the onset of some diseases such as cardiovascular disorders, diabetes, and cancer have increased.

The plant Prosopis farcta grown in arid and semi-arid regions. In Iran, it is found in the southern regions of the
country. In traditional medicine, this plant is used to prevent hyperlipidemia and hyperglycemia, to treat hemorrhoids,
intestinal diseases and diarrhea, and leprosy, and to reduce abortion. In addition, antimicrobial and antioxidant properties
of various species of Prosopis have been reported. Accordingly, in this study, after examining the of total phenols and
flavonoids concentrations, the antioxidant and antimicrobial properties of ethanolic extract of Prosopis farcta were
determined.

Materials and Methods

The ethanolic extract of P. farcta was obtained maceration method. Total phenol content (by Folin-Ciocalteu reagent
method), total flavonoid content (by aluminum chloride method), antioxidant activity (by DPPH and ABTS free radical
scavenging and beta-carotene bleaching methods), and antimicrobial effect against Escherichia coli, Shigella dysentery,
Staphylococcus aureus, and Bacillus subtilis (by disk diffusion agar, well diffusion agar, minimum inhibitory
concentration, and minimum fungicidal concentration) of the extract were evaluated.
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B distribution and reproduction in any medium or format, as long as you give appropriate credit to the
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Results and Discussion

P. farcta ethanolic extract showed high phenol content (145.58 + 1.30 mg GAE/g), while its total flavonoid content
was 72.37 = 1.48 mg QE/g. Antioxidant activity of ethanolic extract of melon root using different methods of DPPH and
ABTS free radical scavenging and beta-carotene bleaching inhibition were 62.60, 71.82 and 54.50%, respectively.
Antibacterial activity of P. farcta ethanolic extract against Escherichia coli, Shigella dysentery, Staphylococcus aureus,
and Bacillus subtilis according to disk diffusion agar and well diffusion agar methods showed that the antimicrobial
activity of the extract was concentration dependent and Shigella dysentery and Staphylococcus aureus were the most
resistant and sensitive bacterial strains to the extract respectively. The minimum inhibitory concentrations of ethanolic
extract of P. farcta root for Escherichia coli, Shigella dysentery, Staphylococcus aureus, and Bacillus subtilis were 8, 8,
4 and 4 mg/ml, respectively; while the minimum bactericidal concentrations for these bacteria were 128, 256, 32 and 64
mg/ml, respectively.

Conclusion

In the present study, ethanolic extract obtained from the roots of P. farcta was identified as a rich source of phenolic
and flavonoid compounds. The ethanolic extract showed effective antimicrobial and antioxidant properties. The results
greatly indicated the promising effect of P. farcta root extract against Gram-positive and Gram-negative bacterial species.
As the microbial resistance is constantly increasing, ethanolic extract of P. farcta root can be considered as a suitable
complementary option to tackle this problem. In addition, the identification of individual components of P. farcta
ethanolic extract and their biological functions or their combination with common antioxidant and antimicrobial agents
could be the subject of future research.

Keywords: Antibacterial effect, Antioxidant activity, Bioactive extract, Phenolic compounds, Prosopis farcta
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Introduction

Celiac disease is one of the most common digestive disorder. Chicken nugget is one of the most popular instant and
ready-to-eat foods, and wheat flour is one of its main coating ingredients, which contains approximately 60% gluten.
Quinoa is a gluten-free grain, as a good source of dietary fiber, has various applications in the meat products processing
system as a stabilizer, fat substitute, structural components, etc. The addition of hydrocolloids also helps to improve the
rheological properties of gluten-free products. The purpose of this research was to evaluate the effect of quinoa-corn
mixed flour in the preparation of nugget batter as a gluten-free combination as an alternative to wheat flour, and also to
investigate the effect of adding HPMC hydrocolloid on the final product characteristics. In this research, a rotatable central
composite design was used to investigate the effect of two independent variables including different proportions of
quinoa-corn flour (0-100, 50-50, 100-0%) and different levels of hydrocolloid (0.5-1-1.5%) on the quality characteristics
of nugget. With the increase of quinoa replacement level, moisture content (0.60), batter pick up (138) and redness level
5.5 (a*) increased, and oil content (11), hardness (7.5), brightness level 41(L*), yellowness level 20(b*) decreased. The
increase of HPMC also caused an increase in moisture content (0.59), brightness level (L*) of 0.39, batter pick up (137)
and decrease in oil content (10) and hardness (7). Optimum conditions for the production of gluten-free nugget were
determined by considering the optimal amounts for the production of high quality and healthy products, contained 90%
quinoa and HPMC at a level of about 1%.

Materials and Methods

Corn flour was purchased from the pilot of Ferdowsi University of Mashhad. The de-saponified quinoa was prepared
from Kashmir and then ground. In order to make the grains more uniform, both flours were sieved using a 30 mesh.
Hydrocolloid hydroxypropyl methylcellulose was also prepared from Kian Shimi Mashhad. Oyla frying oil was used for
frying the samples.

The chicken nugget formulation was a mixture of 86% minced chicken, 10% onion, 1.5% garlic powder, 1% salt and
1.5% pepper. After complete mixing, these materials were poured into a freezer bag until a homogeneous and uniform
mixture was obtained, and they were flatted until they reached the desired thickness (1 cm). Plastics containing chicken
paste were stored in the freezer for 2 hours to facilitate cutting. Then molding was done with a circular mold with a
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diameter of 4 cm (Dehghan Nasiri et al., 2012).The batter formulation consisted of flour, water, baking powder, salt and
hydrocolloids. In order to investigate the effect of quinoa and corn flours, and hydrocolloids, these substances were added
to nugget water paste in different percentages (quinoa-corn ratio: 0-100, 50-50, 0-100 and hydrocolloids at the level of 1-
1/5-0.5%) and then mixed with water by mixer for 1 minute. The molded samples were first coated with flour and then
immersed in the batter for 60 seconds and dripped for 30 seconds. Finally, deep frying was performed in the fryer at 170
° C for 3.5 minutes. The fried samples were taken out of the fryer basket and the excess oil on the surface of the nuggets
was removed with absorbent paper. The oil was changed after twice frying. After cooling the samples at room temperature,
the tests such as moisture content, oil content, texture (hardness), color, batter pick up, peroxide and overall acceptance
were performed.

In this study, Design Expert 10.0.7 software and a rotatable central composite design to investigate the effect of two
independent variables including different ratios of quinoa-corn flour (0-100, 50-50, 0-100%) and hydrocolloid (0.5-1-
1.5%), Was used on the quality characteristics of the nugget. Finally, different models were fitted to the data obtained
from the experiments and the best model was selected according to the results of analysis of variance.

Results and Discussion

With increasing quinoa replacement level, moisture content, redness (a*) and pH increased and oil content, batter pick
up, texture (hardness), brightness (L*), yellowness (b*) and cooking loss decreased. Increasing the HPMC also increased
the moisture content, brightness (L*), cooking loss, batter pick up, and decreased oil content and hardness. Optimum
condition for production of gluten-free chicken nuggets, considering the appropriate properties was found to be 90%
quinoa flour and 1% HPMC.

Conclusion
In general, it can be concluded that the addition of quinoa and HPMC leads to the production of high quality products
with high moisture and low oil content and high nutritional value.

Keywords: Celiac, Chicken nugget, Gluten free, HPMC, Quinoa
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Table 1- Levels of independent variables

Independent variables Code Sample level
JEwo (oW puiio a5 L digos xhaw
+1 0 -1
&,3-lgns Quinoa-Corn (w/w) A 0-100 50-50 0-100
HPMC 15 1 0.5
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Table 2- Chemical compounds of quinoa flour, corn and wheat

Title Moisture %0 Fat % Protein% Ash % Fiber %
olye Cugb, @2 O SSE d
Quinoa ly.s 6.522 5.768 17.142 2.651 13.1
Corn &) 9.821 5.135 7 1.465 4.4
Wheat g pai5 10.248 1.218 9.4 0.529 1.2

iyg03l (sl Gy hams Jao il ly 0T s Y Jgae
Table 3- Results of analysis of variance of response surface methodology for experiments

Source Sum ofSquares Df MeanSquare F Value p-value
e O ggome (@3lilan s Oluye ke Fllin! Pl

(Moisture content) b, (clgxe
Je 8.203E-004

5 1.641E-004 10.13  <0.0042
(Model)
A 2.40E-004 1 2.407E-004 14.86  <0.0063
B 2.282E-004 1 2.282E-004 1409  <0.0071
A2 2.667E-004 1 2.667E-004 1647  <0.0048
B2 2.077E-004 1 2.077E-004 12.82
5 G 1.686E-005
LRI e 5.058E-005 3 1.07  0.4545"
(Lack of Fit)
ot gl 6.280E-005 4 1.570E-005
(Pure Error)
(Oil content) ¢4, 5o
Jo 0.56 6 0.094 7308 <0.0001
(Model) ' ' ' '
A 0.047 1 0.047 36.64  <0.0001
B 0.043 1 0.043 33.79  <0.0001
AB 0.22 1 0.022 174.83  <0.0001
53l e Chrs
LRI e 0.011 8 1.347E-003 43470
(Lack of Fit)
el s 5.670E-003 5 1.134E-003
(Pure Error)
(Hardness) céluziw
Ju 28.23 2 14.11 71.10  <0.0001
(Model) ' ' ' '
A 21.74 1 21.74 10950  <0.0001
B 6.49 1 6.49 32.69  <0.0002
53l e Chrs
O e 0.89 6 0.15 0.54  0.7600m
(Lack of Fit)
oAl gl 1.09 4 0.27
(Pure Error) ) '
alped Gl
(Batter pick up)
Ju 10792.93 5 2158.59 18121  <0.0001
(Model) ' ' ' '
A 5520.67 1 5520.67 463.46  <0.0001
B 3952.67 1 3952.67 331.83  <0.0001
AB 72.25 1 72.25 6.07  <0.0001
A2 1015.22 1 1015.22 85.23  <0.0001
53l e Chrs
LRI e 46.18 3 15.39 1.66  0.3120m
(Lack of Fit)
oAl gl 37.20 4 9.30

(Pure Error)

Lol ()b dxe pis xe 4 NS
ns means not significant.
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Table 4- Results of analysis of variance ofof response surface methodology for L *,a * and b *

p-value (a*) p-value (b*)
(@*) PJlis!  (b*)P Jloxsl

Source p-value (L*)
F (L*) PJlezs !
Je <0.0001

Model

A <0.0001
B 0.0280
AB
A? <0.0001
BZ
Gily s g 25071
Lack of Fit

<0.0001 <0.0001
<0.0001 <0.0001
<0.0001 0.0008
0.0022 0.0015
<0.0001 0.0015
0.0422

0.0672m™ 0.0590™

Ll ()b dze pis xe 44 NS
ns means not significant.
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Fig. 1. Effects of quinoa and HPMC on moisture content
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Introduction

Appropriate and effective decolorization of raw and thin juice in sugar refineries is considered as an important process
to obtain premium quality sugar, which due to the problems of its conventional process, membrane processes as effective
and environmentally friendly processes can be used in parts of sugar industries. Among the disadvantages of the usual
methods to remove membrane fouling, it can be mentioned the destruction of the membrane, environmental pollution, the
remaining detergents in the membrane and the product, especially in the pharmaceutical and food industries, and the
increase in production costs. Therefore, it seems that physical methods such as pre-filtration of the incoming feed, using
turbulent and pulse currents to prevent excessive compression of the gel layer formed on the membrane surface are more
effective and have fewer disadvantages. One of the ways to change the flow of feed entering the membrane surface is
bubbling, which causes mixing the flow and increases the tangential shear stress. In fact, the hydrodynamic force that
creates bubbles causes both the dragging force and the lifting force and leads to the removal of fouling and reducing the
phenomenon of concentration polarization.

Materials and Methods

In this research, an ultrafiltration membrane (MWCO=10 KDa) pilot with a flat module (effective surface 40 square
centimeters) was used to purify raw beet juice (which had passed a stage of pre-treatment with microfiltration) at the
temperature of about 30 degrees Celsius and a trans membrane pressure of 3.5 bar during the process. Nitrogen gas in the
amount of 0.5, 1 and 1.5 liters per minute was used in two continuous and interrupted modes for bubbling. In this way, in
the interrupted mode, after every 3 minutes of filtration, the filtration process was carried out with gas for one minute.
The factors such as flux, fouling and membrane resistance as membrane efficiency's factors and parameters like color,
purity and turbidity as purification factors was investigated in the form of a completely random design and compared with
control filtration conditions (without bubble generation). The results of this research were statistically analyzed using
SAS (version 1.9) and Microsoft Office Excel 2019 software. The average data of each test in three repetitions was
compared with the least significant difference (LSD) test at the 95% level.

Results and Discussion
Increasing the amount of gas during the bubbling process improved the flow rate. Also, the results showed that the
decreasing trend of the permeate flux at the gassing rate of 1.5 L/min was less than other treatments and more stable
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conditions were seen in the sap flux during the process. Also, the amount of flux in the interrupted form of bubbling
showed that after the application of bubbling, although the amount of flux increased, but after that, during the ultra-
refining process, the flux decreased again and did not remain constant at that level. But in general, despite the fact that
the average flux was higher in the continuous process compared to the interrupted state, there was no significant difference
between them. The results related to the amount of membrane fouling after applying the process showed that by applying
bubble generation in both continuous and interrupted mods, the fouling was significantly reduced compared to the usual
state of ultrafiltration. Also, as the amount of gas entering the feed stream increased, the membrane fouling decreased,
which was slightly higher in the continuous state than in the interrupted mod. The overall hydrodynamic resistance of the
membrane in different filtration modes showed that the difference between the overall resistance of the membrane in the
ultrafiltration and the ultrafiltration process with gasification is quite significant. However, although the overall resistance
of the membrane in the interrupted gassing state is higher than its continuous state due to more clogging, there is no
significant difference between them (P<0.05).Since the flux changes and the amount of gel layer formation affect the
properties of the purified syrup, the properties of the syrup were also investigated in the best flux created in two continuous
and interrupted modes. The results showed that the continuous flow of gasification caused a small defect in the purification
properties such as purity, color and turbidity due to the improvement of the permeate flow flux, which of course can be
ignored in the sugar industry due to the improvement of the permeate flow flux.

Conclusion

Therefore, in general, it can be said that the discontinuous method, due to less gas consumption during bubbling and
no significant difference in the amount of flux compared to the continuous mode, can be considered as the optimal mode
of gasification during the experiments conducted in this research be placed.

Keywords: Bubbling, Concentration polarization, Purity, Raw juice, Ultrafiltration
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Introduction

In recent years, increasing consumer awareness of the dangers of consuming high-fat products, sensitivity to proper
nutritional patterns and the impact of health factors has increased consumer demand for low-fat or free-fat foods.
Scientific researchers have provided a great quantity of evidence between the consumption of high-fat products and the
development of diseases such as obesity, hardening of the arteries, chronic hypertension, etc. Fat removal is not an easy
task because fat, in addition to nutritional aspects, affect rheological and sensory properties such as mouth feel and texture
properties of the final product. Using alternative materials that can be completely or partially replaced fat in the
formulation of low-fat products by imitating the properties of fat is great important. Unlike fat, which its high consumption
causes many problems; fiber can play a vital role in many of the nutritional, functional, and sensory properties of food
products, Some types of fiber act as fat substitutes, while producing less energy, provide a large effect of fat function
properties. Increasing consumption of easy-cook meat products such as sausages induced replacement the fat content in
the formulation of these products, by fat substitutes such as maltodextrin. The aim of this study was to evaluate the
chemical and sensory properties of low fat German sausages produced by maltodextrin.

Materials and Methods

In this study, 0, 6, 12, and 18% of fat was replaced by maltodextrin in the formulation of German sausage. The
chemical and sensory properties were then investigated. Chemical properties including moisture, protein, ash, and fat
were accomplished according to the ISIRI standard. Evaluation of sensory properties was done by 5-point hedonic method
according to Click et al. (2006). Data analysis was performed using SPSS software in a completely randomized design
with a 95% confidence level.

Results and Discussion

The results showed that with increasing the level of maltodextrin, the amount of moisture, ash, and starch of sausage
samples increased significantly. As the concentration of maltodextrin increased, the protein content of the samples
decreased. The highest protein content observed in the control sample and the sample contained 6% maltodextrin and in
contrary, the lowest protein content was in the sample containing 18% maltodextrin and there was no statistically
significant difference between the test samples (p>0.05). Changes in maltodextrin concentrations had a significant effect
on the fat content of sausage samples so that with increasing the concentration of maltodextrin in the sausage formulation,
the fat content of the samples decreased (p<0.05). Also, with increasing the percentage of maltodextrin replacement in
German sausage samples, the cooking yield decreased significantly (p<0.05). In the evaluation of sensory properties, it
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was found that the use of maltodextrin reduced the score in all parameters studied so that the lowest score in terms of
color, texture, flavor, and total acceptance of sausage samples was related to sample with 18% maltodextrin replacement.

Conclusion

The vital role of the effect of dietary fiber on improving and managing the health has been proven by researchers for
many years. Due to the need to reduce fat in products such as sausages, which considered as a popular meat product and
based on the results observed in the present study, it is recommended to use maltodextrin fiber at the level of 6% as a fat
substitute in the formulation of German sausages.

Keywords: Fat replacer, Low fat, Maltodextrin, Sausage
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Table 2- Comparison of the average chemical properties of treated sausages with different levels of maltodextrin
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Treatment containing 18% maltodextrin
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Introduction

Thermal processing is an important method of canned food production (Farid & Abdul Ghani, 2004). Estimation of
the heat transfer rates is essential to obtain optimum processing conditions and to improve product quality. In addition, a
better understanding of the mechanism of the heating process will lead to an improved performance in the process and to
some energy savings (Abdul Ghani et al., 1999). Computational fluid dynamics (CFD) is an efficient way to study flow
behavior and temperature distribution of thermal processing in the food technology (Ghani et al., 2003). As the semi-
rigid aluminum packaging market recently has been introduced, there is limited information about the temperature
distribution during the heating process of such containers. In this paper the temperature distribution was predicted and
location of cold zone was determined. The effect of headspace (air and water vapor) in heat transfer mechanism was
investigated.

Materials and Methods
Physical properties

Malt extract properties such as density, specific heat, thermal conductivity and viscosity values are necessary for the
equations solution. Viscosity and density of the sample was measured as a function of temperature (Vatankhah et al.,
2015). Specific heat and thermal conductivity of sample were estimated using the mass fraction of its constituents. For
simulation, the experimental results were applied by piecewise-linear method in the material part of the software to
describe viscosity, thermal conductivity and specific heat.

Experimental methodology

For the experimental, a thermocouple probe was located at point (0, 0, -2.76) in a semi rigid aluminum based
packaging to measure the temperature distribution inside the container. Then the package was filled with malt extract
(°Brix ~ 60) and then the package was sealed at 280 °C using Alcan machine. Another thermocouple was placed near the
containers, in the water cascading Barriquand steriflow retort. The thermocouples were attached to Ellab data logger by
PT100 cables. The data logger was connected to a personal computer and E-val 2.1 software was used to export time
temperature profile of each thermocouple in 1 min intervals.

©2023 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0), which permits use, sharing, adaptation,
B distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source.
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Geometry and meshing

Gambit 2.3.30 was used to develop geometry and set of grid (0.2 cm, and 0.1 cm mesh size) was performed. Then
software of fluent 6.3.26 with 3-D, double precision, pressure-based solver, implicit formulation, unsteady time, laminar
flow was applied to solve the system of the governing equations (Vatankhah et al., 2015).

Boundary conditions and initial values

Unsteady temperature function was imposed to all faces of the geometry in 1 min time intervals. No-slip boundary
condition was supposed for velocity components relative to boundaries. The boundary conditions used at top surface,
bottom surface and side walls included: T = Tw, Vx =0, Vy =0 and Vz = 0. The initial temperature was assumed as the
first temperature which was measured by the thermocouple at the starting time of processing.

Solution methodology

Fluent software was used to solve the Navier-Stokes and energy equations simultaneously. A preset convergence limit
of 1072 for continuity and momentum equations and 1078 for the energy equation were used, in order to achieve an
appropriate convergence. The under-relaxation factors were adjusted smaller than 1 to obtain a good convergence of the
numerical solution. SIMPLEC algorithm was used for pressure-velocity coupling.

Results and Discussion

There was no significant difference between predicted and experimental temperatures for point (0, 0, -2.76) in models
with and without head space using t-test (p<0.01). Temperature contours of predicted models (with headspace) were
similar to model without headspace at the different stages of the process. Simulation result showed slowest heating zone
located in (0.02 <X< 0.8, -1 <Y< 0.3 and -3.27<Z< 3.27) for model of malt extract with headspace and in (-3.58 < X<
3.76, -3.44 <Y< 0.48 and -3.46 <Z< -3.05) for model of malt extract without headspace.

Conclusion

The heating process of malt extract in semi rigid aluminum container during thermal processing was simulated
successfully using CFD. The CFD based model showed that the position of SHZ was located in the third end of the
container.

Keywords: Computational fluid dynamics, Malt extract, Semi rigid aluminum container, Slowest heating zone
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Table 1- Chemical analysis of malt extract

Pl yud PSS =2 o9 Ol gy S <!
Crude Fiber Ash Fat Protein Carbohydrate Water
o Pb 0.98+0.2g 1.5+0.001g 3.62+0.01g 52.80+0.01g  41.10+0.2g
insignificant
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3- Head space
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Introduction

Since heat treatments and special standards are not used in the production of traditional (homemade) tomato paste,
fungal and bacterial spoilage in the product occurs extensively during storage in the refrigerator (4°C). Astaxanthin
extracted from aquatics has antimicrobial activity and color similar to tomato and can probably be effective in preventing
spoilage of tomato paste. In addition, astaxanthin has other properties in the field of preventing and controlling diseases
and maintaining human health, which justifies its use in food formulations as an enrichment. Since heat, enzyme, acid,
etc. treatments are practiced during the production of tomato paste, these factors may change the structure and thus the
function of astaxanthin. For this reason, astaxanthin nanoencapsulation is necessary for its use in tomato paste
formulation.

Materials and Methods

In this research, first, astaxanthin was extracted from Haematococcus pluvialis microalgae using the acid-acetone
combined method. Then, this pigment was nanoencapsulated using maltodextrin-sodium caseinate coating and the
resulting nanocapsules were used together with the pure form of astaxanthin in the formulation of tomato paste. The
research treatments were control, tomato pastes containing 3 and 6% astaxanthin (A and B, respectively) and also 3, 6
and 9% nanocapsules carrying the pigment (C, D and E, respectively). These treatments were kept at refrigerator for 28
days and were evaluated (on days 0, 7, 14, 21 and 28) in terms of the total number of fungi, Howard's number (HMC),
pH, fungal flora, total bacteria count, amount of lactic acid bacteria and sensory properties. This research was conducted
in a completely randomized design. Data were analyzed by One-way Anova and the difference between the means was
evaluated by Duncan's test at 95% confidence level.
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Results and Discussion

The results showed that the fungi proliferation, total count and lactic acid bacteria were slower than the control during
the storage period in the treatments containing astaxanthin and its carrying nanocapsules, and the minimum number of
the mentioned microorganisms and Howard's number were related to treatments D and E (p>0.05). Treatments C, B and
A were ranked next in this respect (p<0.05). The number of fungi in two treatments D and E from day 0 to 28 varied from
128 to 332 cfu/gr. Also, the Howard number of these treatments was recorded from 18 to 34% in the mentioned time
period. However, these two indices in the control ranged from 121 to 792 cfu/gr and 18 to 91%, respectively, during the
storage period. The count of total bacteria and the amount of lactic acid bacteria in the control on day 28 were equal to
8.9 cfu/gr and 311 mg/kg, respectively, but these two values were recorded in the E and D treatments on the same day,
about 4.8 cfu/gr and 110 mg/kg, respectively. Counting the total number of fungi, bacterias and also Howard's number in
control and other treatments showed that the effect of nanocapsules carrying astaxanthin on microbial growth and
proliferation is significantly greater than pure astaxanthin (p<0.05). The pH of the treatments varied from 3.9 to 5.8 during
the storage period and the most standardized pH (3.9-4.4) was recorded in C, D and E (p>0.05) treatments (p<0.05). The
pH of two treatments A and B (p>0.05) was higher than the three mentioned treatments and lower than the control
(p<0.05). This finding showed that nanocapsules carrying astaxanthin have a greater effect on controlling the pH of
tomato paste than pure astaxanthin during storage at refrigerator (p<0.05). The identification of the fungal flora of the
treatments on the 28th day confirmed that two genus of Penicillium and Aspergillus form the main flora of the product.
The results of the sensory evaluation of the treatments on day O showed that adding astaxanthin and its carrier
nanocapsules does not change the color, aroma, taste and texture indicators (subsequently the general acceptance) of
tomato paste (p>0.05). On the 28th day, the mentioned sensory indices only in the two treatments D and E were not
significantly different from the 0 day, but they changed negatively in the other treatments (p<0.05).

Conclusion

According to the findings of the present research, astaxanthin extracted from Haematococcus pluvialis microalgae
has the ability to inhibit fungal and bacterial spoilage and stabilize the sensory properties of tomato paste stored at
refrigerator. This properties were improved by adding nanoencapsulated pigment using maltodextrin-sodium caseinate
combined coating. Since there were no significant differences between the two treatments containing 6% and 9% of
nanocapsules carrying astaxanthin (D and E) in terms of quality indices and microbial spoilage, therefore, the treatment
containing 6% nanocapsules is introduced as the optimal treatment.

Keywords: Astaxanthin, Carrier nanocapsules, Maltodextrin, Microbial spoilage, Sensory properties, Tomato paste
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1- Phosphate-Buffered Saline or PBS
2- Dynamic Light Scattering
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Table 2- Physical properties of nanocapsules carrying

) astaxanthin
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Fig. 1. Total counts of fungi in the research treatments during the storage period (Cfu/g)
Different letters in each day indicate significant difference between the data (p<0.05).
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5- Escherichia coli

6- Pseudomonas aeruginosa
7- Aspergillus fumigatus

8- Penicillium
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1- Rhodosporidium paludigenum
2- Candida albicans

3- Candida glabrata

4- Staphylococcus aureus



WY ol o8 90 50 uedligply wsSpTpilar Skors ySono (paetil S Lol 5l oolicias! ST (K08 9 Joy (Slxs

100
90
80
70
60
50
40
30
20
10 aaaaaa

0
0 7 14 21 28

Howard value (%0)
3,lg das

Storage time (day)
SR oo

—o—Control —e—A B C ——-D —o—E

() 5519055 2595 Job 15 aaindi (W slond 3,19k dus —Y IS
(P<+1+0) Casl Lodly (yu o ixe BMB] dg2g 0ind LS jgy p2 53 Gglitio By y>
Fig. 2. Howard value of the research treatments during the storage period (%)
Different letters in each day indicate significant difference between the data (p<0.05).
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Fig. 3. Average abundance of fungal genus of research treatments on the 28th day of storage (%)
Different letters indicate significant difference between the data (p<0.05).
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Fig. 4. Total counts of bacteria in the research treatments during the storage period (Log cfu/g)
Different letters in each day indicate a significant difference between the data (p<0.05).
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Fig. 5. Amount of lactic acid bacteria in the research treatments during the storage period (mg/kg)
Different letters in each day indicate significant difference between the data (p<0.05).
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(Suganya & Asheeba, 2015)
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5- Penaeus monodon

6- Enterobacter aerogenes

7 - Portunus sanguinolentus, Callinectes sapidus,
Paralithodes brevipes
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1- Clostridium perfringens
2- Parapenaeus longirostris
3- Total flora

4- Fecal coliform
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235 3 5ne g e Opgods jless (S (Bl Llate 5 (8L 5|
ol s Sy 56 sl ] dgn 8l ) (pel-0) 255
o9 Sam 0550351 Jelge 55 5 13, eilio 3 51 55151
SIS oo S b s o 23 ls bas 4 [S5,84565 Oy j0
(asly, gollao) 4ol 2939 b aiiS 0 S8 Sy lod o
ot 3L b ablio collB Il Sl (g5l csloylas
Cd 500 slasS 4 ol s objl 5o Lol wiily sals 4 o

Gl slajlass s (3l
o (YA 9 Yo j9y 93 ).)) (3850 Lng)Lo.J > u.sl;»‘ C.:L)
Qg o 0dlie Jodo (pl o &S jelailan .l o0 &1 Y Jgas
Huo 593 5 B85 Sla)le Sl g 0je e (S5 (a3LE e
86 5 (LS Loy (S 0y LBlaie g oddans” slajlel jlas 5l
sl adls sbjliel dwlio (p>/40) Liws b gxe AN
olyor ) by jasls cpl &S ol i YA 5y (sbajgy o e
b )05 09> S S E 5D g 93 55 L (LIS indy



VNO o o5 58 99 50 ulligsds a3l Sl o (i35 a3l eolitanl 51 51508 9 3y ilxs s

S L bl s jles ple ) Jpae ) cudeS E 4
SFp e s wBl (pl & Bl (il (g pKede g0 o) YA
Lain ;> (el (] Sl & s 013l ol (gl JguuS
sobilen Al oo Jloxdu ) ()0 0)93 (b (K perS ©) K,

b aolS loj cusdS b aylas cpl CutsS 5l &S Oy ol 4
sl lsl clale GRIEIL o (ol CobS Sl (b 425
25 o) (p 90 ) oSl o Salel b e (S
Sleom (i Db e orie Jyarme S0y i b g e 4 (5,8
-dgeyd glojlass g ald )3 Joase STy (bl S I g 0k el
D jlos 95 My .l glalans Mo bl OS] yous jgy 40 0l

YA 5 o Wjg, ;5 3805 S jlow (o (2L, =Y Joi
Table 3- Sensory evaluation of research treatments on days 0 and 28

boslibles O, » 50 el 5 by
Treatments/indices ( dleg]/? Color Aroma Taste Texture  General acceptance

Control 0 7.89+£0.128 6.32+0.29% 7.19+0.95% 7.38+1.14° 7.19+0.812
Jals 28 3.51+0.19 2.86+0.18¢ 3.92+0.09¢ 7.35+0.83% 4.41+0.1¢

A 0 7.86+0.39 6.39+0.86% 7.26+0.96% 7.45+1.03% 7.24+1.052

28 3.62+0.07¢ 2.92+0.15¢ 3.83+0.11¢ 7.53+0.562 4.47+0.04¢

B 0 7.91+0.51* 6.33+0.192 7.2+1.08° 7.41+0.93% 7.21+0.382

28 4.78+0.09° 3.71+0.04° 4.69+0.1° 7.46+1.182 5.16+0.03¢

c 0 7.84+0.55% 6.41+0.82% 7.23+0.79% 7.51+1.32? 7.24+0.88?

28 6.12+0.2> 5.05+0.52°> 5.98+0.08° 7.44+1.26° 6.14+0.05°

D 0 7.92+0.48% 6.38+0.73% 7.18+0.15% 7.42+0.842 7.23+0.69?

28 7.75£0.64% 6.33x0.4% 7.09+0.76% 7.49+1.15% 7.16+0.312

E 0 7.88+0.84%7 6.34+0.12% 7.18+0.53% 7.43+1.08? 7.2+0.182

28 7.87+0.39% 6.42+0.25% 7.21+0.19% 7.52+0.96° 7.26+0.78?

(P 1 0) Gl odly cp o gime BB 3929 00id LS gy 4D Cgliio By >

Different letters in each column indicate significant difference between the data (p<0.05).

@959 5 S Sluogas 5 odlitul 55 ()b s o) Wy
) YA 5 F) iz slaled 3 ()l 0yed b Jae
Ober S 4 bape ;03 dleddy 2gd wyp (35 Sle
Cullad g oolital (iidg ) (pS3gdle (ISl lpiedr GlignS
—OligS (oS Hidgy b A5 Job gla oS 55U (0290 25

23)S byl (58 45 Oy e Y908 ) e SIS

S 51 35wl
b @l 9 (65)9liS pole oSy Jlo colan b imggy ol

Db 8yl

References

5 5 4
rellasl s 5S pilan Sy Sae 5l onis] el oyl Sl
9 2B old e Cobl pgtwlapul S5 ey I edliull
2l e @led 13 0a3) S gt (¥ o) 2l
Slb9r 3590 b g ySitme dliSSy ol pl o)l dale S Sloj 65
4 ot S S oglle (S5 by 5l edlizl b
¥ ool by sl Slil 5 oozl b oo ) a2y B g
Job s oS5l 40> 8 5 5 Y (pizmen 5 ald p 3 a0 F
2oy3 £ gl o &5 0l LS (S esS ) (gme¥gerd
Lais 5 by )Sin 05 5lee yslaiody (el Sl Jols (slo JgunsS 93l
b slod 13 )l 0)93 (b Jparme (s 5 (S Sliogad:
3 298 o0 ey ¢35 ol @B (Ppcute 4 drgi b sl Ao
o (o )3 o Glige) 9 g (I £y g3 )3 (el Sl

1. Arasteh, N. (1992). Identification of spore producing bacteria in tomato paste, Master's thesis, Faculty of
Agriculture, Ferdowsi University of Mashhad. (In Persian)

2. Abdelmalek, B.E., Sila, A., Ghlissi, Z., Taktak, M.A., Ayadi, M.A., & Bougatef, A. (2016). The influence of natural
astaxanthin on the formulation and storage of marinated chicken steaks. Journal of Food Biochemistry, 40(4), 393-

403. https://doi.org/10.1111/jfbc.12224


https://doi.org/10.1111/jfbc.12224

\f"" %‘éﬂ—w‘o)s)ﬁ J o)w J” ..\.19 ‘0‘)‘.’.‘ @I;\.{: évLa.w 9 p91.9 6%5}' A.v).-.'u \ \f

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

Ahmed, E.A., Mohamed, H.E., & Abd EIl-Salam, H.S. (2022). In vitro antimicrobial activity of astaxanthin crude
extract from Haematococcus pluvialis. Egyptian Journal of Aquatic Biology, 26, 95-106. https://dx.doi.org/
10.21608/ejabf.2022.224854

Battilani, P., Chiusa, G., Cervi, C., Trevisan, M., & Ghebbioni, C. (1996). Fungal growth and ergosterol content in
tomato fruits infected by fungi. Italian Journal of Food Science, 4, 283-289.

Bennedsen, M., Wang, X., Willén, R., Wadstrom, T., & Andersen, L.P. (2000). Treatment of H. pylori infected mice
with antioxidant astaxanthin reduces gastric inflammation, bacterial load and modulates cytokine release by
splenocytes. Immunology Letters, 70(3), 185-189. https://doi.org/10.1016/S0165-2478 (99)00145-5

Dong, S., Huang, Y., Zhang, R., Wang, S., & Liu, Y. (2014). Four different methods comparison for extraction of
astaxanthin ~ from green alga  Haematococcus  pluvialis. The  Scientific ~ World  Journal, 1-7.
https://doi.org/10.1155/2014/694305

Dewati, P. R., Rohman, A., & Budiman, A. (2020). A Preliminary Study of Extraction and Purification Processes
of Astaxanthin from Haematococcus pluvialisas a Natural Antioxidant. In IOP Conference Series: Materials
Science and Engineering (Vol. 778, No. 1, p. 012032). IOP Publishing.

Elhami Rad, A., & Shahidi, F. (2005). Identification of bulk tomato paste fungal contamination in cold store and
determination of prevalence for different species. Iranian Food Science and Technology Research Journal, 1(1),
19-26. (In Persian)

Elhami Rad, A., & Shahidi, F. (2007). Evaluation of physicochemical and microbial changes of bulk tomato paste
during cold storage. Journal of Science and Technology of Agriculture and Natural Resources, 8(1), 171-180. (In
Persian)

Gu, Z., Deming, C., Yongbin, H., Zhigang, C., & Feirong, G. (2008). Optimization of carotenoids extraction from
Rhodobacter sphaeroides. LWT-Food Science and Technology, 41(6), 1082-1088.
https://doi.org/10.1016/j.1wt.2007.07.005

Huhtanen, C.N., Naghski, J., Custer, C.S., & Russell, R.W. (1976). Growth and toxin production by Clostridium
botulinum in  moldy tomato juice. Applied and Environmental Microbiology, 32(5), 711-715.
https://doi.org/10.1128/aem.32.5.711-715.1976

Hasan, H.A.H. (1995). Alternaria mycotoxins in black rot lesion of tomato fruit: conditions and regulation of their
production. Mycopathologia, 130(3), 171-177. https://doi.org/10.1007/BF01103101

Hasani, Sh., Shahidi, M., & Ojagh, M. (2018). The production and evaluation of nanoliposomes containing bioactive
peptides derived from fish wastes using the alkalase enzyme. Research and Innovation in Food Science and Industry,
8(1), 31-44. (In Persian)

Irna, C., Jaswir, I., Othman, R., & Jimat, D.N. (2017). Document details. International Food Research Journal, 24,
508-513.

Jacques, S. (1999). The potential preventive effects of vitamins for cataract and age-related macular
degeneration. International Journal for Vitamin and Nutrition Research, 69(3), 198-205. https://doi.org/10.1024/
0300-9831.69.3.198

Kalyoncu, F. (2005). Determination of fungi associated with tomatoes (Lycopersicum esculentum M.) and tomato
pastes fatih kalyoncu, A. usame tamer and mustafa oskay. The Plant Pathology Journal, 4(2), 146-9.

Kang, C.D., & Sim, S.J. (2007). Selective extraction of free astaxanthin from Haematococcus culture using a tandem
organic solvent system. Biotechnology Progress, 23(4), 866-871. https://doi.org/10.1021/bp0700354

Khaleghi, A., Rezaei K., Kasai, M., Khosravi, K., & Soleymani, M. (2013). Evaluation of antioxidant properties of
Berberis crataegina extract on fat oxidation of beef sausages during refrigerated storage. Iranian Journal of
Nutrition Sciences and Food Technology, 7(5), 345-353. (In Persian)

Karazhyan, R., Habibi, M., Yavarmanesh, M., Edalatian, M., & Pourianfa, H. (2016). Aspergillus niger
measurement in tomato paste using Real Time, Journal of Applied Microbiology in Food Industry, 2(1), 1-14. (In
Persian)

Liu, ZW., Zeng, X.A., Cheng, J.H., Liu, D.B., & Aadil, R.M. (2018). The efficiency and comparison of novel
techniques for cell wall disruption in astaxanthin extraction from Haematococcus pluvialis. International Journal
of Food Science and Technology, 53(9), 2212-2219. https://doi.org/10.1111/ijfs.13810

Mundt, J.O. (1978). Effect of mold growth on the pH of tomato juice. Journal of Food Protection, 41(4), 267-268.
https://doi.org/10.4315/0362-028X-41.4.267

Mortazavi, A., & Tabatabaei, F. (1997). Fungal toxins. Publications of Ferdowsi University of Mashhad. (In Persian)
Machado, A.R., Assis, L.M., Costa, J.A.V., Badiale-Furlong, E., Motta, A.S., Micheletto, Y.M.S., & Souza-Soares,
L. A. (2014). Application of sonication and mixing for nanoencapsulation of the cyanobacterium Spirulina platensis
in liposomes. International Food Research Journal, 21(6), 2201-2214.

Mohammadpourfard, 1., Khanjari, A., Akhonzadeh Basti, A., Herrero-Latorre, C., Shariatifar, N., & Hosseini, H.
(2021). Evaluation of microbiological, chemical, and sensory properties of cooked probiotic sausages containing


https://dx.doi.org/%2010.21608/ejabf.2022.224854
https://dx.doi.org/%2010.21608/ejabf.2022.224854
https://doi.org/10.1016/S0165-2478%20(99)00145-5
https://doi.org/10.1155/2014/694305
https://doi.org/10.1016/j.lwt.2007.07.005
https://doi.org/10.1128/aem.32.5.711-715.1976
https://doi.org/10.1007/BF01103101
https://doi.org/10.1024/%200300-9831.69.3.198
https://doi.org/10.1024/%200300-9831.69.3.198
https://doi.org/10.1021/bp0700354
https://doi.org/10.1111/ijfs.13810
https://doi.org/10.4315/0362-028X-41.4.267

VY

e 13T 35 95 35 ulligly posSpTpilad Spkerg S (il Uil 31 oliia 51 51,150 3 S (s

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

different concentrations of astaxanthin, thymol, and nitrite. Food Science and Nutrition, 9(1), 345-356.
https://doi.org/10.1002/fsn3.2000

Oladiran, A.O., & Iwu, L.N. (1992). Changes in ascorbic acid and carbohydrate contents in tomato fruits infected
with pathogens. Plant Foods for Human Nutrition, 42(4), 373-382. https://doi.org/10.1007/BF02194098

Porretta, S., & Vicini, E. (1993). Changes in tomato pulp quality caused by lactic acid bacteria. International Journal
of Food Science & Technology, 28(6), 611-616.

Palozza, P., Torelli, C., Boninsegna, A., Simone, R., Catalano, A., Mele, M.C., & Picci, N. (2009). Growth-
inhibitory effects of the astaxanthin-rich alga Haematococcus pluvialis in human colon cancer cells. Cancer
Letters, 283(1), 108-117. https://doi.org/10.1016/j.canlet.2009.03.031

Ramezanzade, L., Hosseini, S.F., & Nikkhah, M. (2017). Biopolymer-coated nanoliposomes as carriers of rainbow
trout skin-derived antioxidant peptides. Food Chemistry, 234, 220-229. https://doi.org/10.1016/j.foodchem.
2017.04.177

Reyhani Poul, S., & Yeganeh, S. (2022). Physicochemical and antioxidant properties of chitosan-coated
nanoliposome loaded with bioactive peptides produced from shrimp wastes hydrolysis. Iranian Journal of Fisheries
Sciences, 21(4), 987-1003. https://doi.org/10.22092/ijfs.2022.126498

Samano, S.G. (1983). The capability of some common tomato molds to produce mycotoxins and their relationship
to Howard mold count. Dissertation Abstracts International, 41(4), 1049.

Sarada, R., Vidhyavathi, R., Usha, D., & Ravishankar, G.A. (2006). An efficient method for extraction of astaxanthin
from green alga Haematococcus pluvialis. Journal of Agricultural and Food Chemistry, 54(20), 7585-7588.
https://doi.org/10.1021/jf060737t

Suganya, V., & Asheeba, S. (2015). Antioxidant and antimicrobial activity of astaxanthin isolated from three
varieties of crabs. International Journal of Recent Scientific Research, 6(10), 6753-6758.

Sun, W., Lin, H., Zhai, Y., Cao, L., Leng, K., & Xing, L. (2015). Separation, Purification, and Identification of (3S,
3’ S)-trans-Astaxanthin from Haematococcus pluvialis. Separation Science and Technology, 50(9), 1377-1383.
https://doi.org/10.1080/01496395.2014.976873

Safari, R., Mirbakhsh, M., Ghaffari, H., Reyhani Poul, S., Rahmati, R., & Ebrahimzadeh, M. (2022a). Effect of
temperature, pH, and time factors on the stability and antioxidant activity of the extracted astaxanthin from
haematococcus microalgae (Haematococcus pluvialis). Iranian Scientific Fisheries Journal, 31(1), 109-120. (In
Persian). http://dorl.net/dor/20.1001.1.10261354.1401.31.1.10.2

Safari, R., Raftani Amiri, Z., Reyhani Poul, S., & Ghaffari, H. (2022b). Nanoencapsulation of phycocyanin extracted
from the alga Spirulina (Spirulina platensis) and use of resulting nanoparticles in ice cream formulation. Iranian
Journal of Food Science and Technology, 123(19), 145-159. (In Persian). http://doi.org/10.52547/fsct.19.123.145
Sartaj, K., Gupta, P., Tripathi, S., Poluri, K.M., & Prasad, R. (2022). Insights into the extraction, characterization
and antifungal activity of astaxanthin derived from yeast de-oiled biomass. Environmental Technology and
Innovation, 27, 102437. https://doi.org/10.1016/j.eti.2022.102437

Tanaka, T., Morishita, Y., Suzui, M., Kojima, T., Okumura, A., & Mori, H. (1994). Chemoprevention of mouse
urinary bladder carcinogenesis by the naturally occurring carotenoid astaxanthin. Carcinogenesis, 15(1), 15-19.
https://doi.org/10.1093/carcin/15.1.15

Tracy, R.P. (1999). Inflammation markers and coronary heart disease. Current Opinion in Lipidology, 10(5), 435-
441. https://doi.org/10.1097/00041433-199910000-00008

Uylaser, V., & Basoglu, F. (1997). Research on changes of bacteria and yeasts and effects of spoilage on tomato
paste production stage. Gida, 22(1), 62-85

Uchiyama, K., Naito, Y., Hasegawa, G., Nakamura, N., Takahashi, J., & Yoshikawa, T. (2002). Astaxanthin protects
B-cells  against glucose  toxicity in  diabetic db/db  mice. Redox  Report, 7(5), 290-293.
https://doi.org/10.1179/135100002125000811

Yuan, J.P., & Chen, F. (2000). Purification of trans-astaxanthin from a high-yielding astaxanthin ester-producing
strain of the microalga Haematococcus pluvialis. Food Chemistry, 68(4), 443-448. https://doi.org/10.1016/S0308-
8146(99)00219-8

Yan, M., Liu, B., Jiao, X., & Qin, S. (2014). Preparation of phycocyanin microcapsules and its properties. Food and
Bioproducts Processing, 92(1), 89-97. https://doi.org/10.1016/j.fbp.2013.07.008


https://doi.org/10.1002/fsn3.2000
https://doi.org/10.1007/BF02194098
https://doi.org/10.1016/j.canlet.2009.03.031
https://doi.org/10.1016/j.foodchem.%202017.04.177
https://doi.org/10.1016/j.foodchem.%202017.04.177
https://doi.org/10.22092/ijfs.2022.126498
https://doi.org/10.1021/jf060737t
https://doi.org/10.1080/01496395.2014.976873
http://dorl.net/dor/20.1001.1.10261354.1401.31.1.10.2
http://doi.org/10.52547/fsct.19.123.145
https://doi.org/10.1016/j.eti.2022.102437
https://doi.org/10.1093/carcin/15.1.15
https://doi.org/10.1097/00041433-199910000-00008
https://doi.org/10.1179/135100002125000811
https://doi.org/10.1016/S0308-8146(99)00219-8
https://doi.org/10.1016/S0308-8146(99)00219-8
https://doi.org/10.1016/j.fbp.2013.07.008

Iranian Food Science and Technology
Research Journal
Homepage: https://ifstrj.um.ac.ir el

Research Article
Vol. 20, No. 1, Mar.-Apr. 2024, p. 119-134

Assessment of Cadmium, Lead and Nickel Removal Capacity of Lactic Acid
Bacteria from Aqueous Solutions and Fresh Edible Vegetables

M. Mostafidi’='!, M.R. Sanjabi‘~ 2, N. Mojgani‘* 3, S. Eskandari'='4, S. Arbabi Bidgoli‘='®

1- Ph.D. Candidate, Department of Food Science and Technology, Faculty of Pharmacy, Tehran Medical Sciences, Islamic Azad
University, Tehran, Iran

2- Iranian Research Organization for Science and Technology (IROST), Tehran, Iran

(*- Corresponding Author Email: msanjabii@gmail.com)

3- Research & Development Department, Razi Vaccine & Serum Research Institute-Agriculture Research Education and Extension
Organization (AREEO), Karaj, Iran

4- Associate Professor, Food and Drug Laboratory Research Center (FDLRC), Food & Drug Administration (IR-FDA), Ministry of
Health and Medical Education (MOH+ME), Tehran and Department of Food Sciences, School of Nutritional Sciences and Dietetics,
Tehran University of Medical Sciences (TUMS), Tehran, Iran

5- Professor, Department of Toxicology and Pharmacology, Faculty of Pharmacy and Pharmaceutical Sciences, Islamic Azad
University, Tehran Medical Sciences (IAUTMU), Tehran, Iran

How to cite this article:
Received: 11.12.2022 Mostafidi, M., Sanjabi, M.R., Mojgani, N., Eskandari, S., & Arbabi Bidgoli, S. (2024).
Revised: 29.03.2023 Assessment of cadmium, lead and nickel removal capacity of lactic acid bacteria from
Accepted: 20.05.2023 aqueous solutions and fresh edible vegetables. Iranian Food Science and Technology
Available Online: 20.05.2023 Research Journal, 20(1), 119-134. (In Persian with English abstract).
https://doi.org/10.22067/ifstrj.2023.79869.1220

Introduction

The food and water contamination with heavy metals is increasing due to the environmental pollutions. Heavy metals
are the elements with the density of more than 5 g/cm?® and have become a serious problem as a result of the urbanization
and industrialization. These toxic metals pollute water, soil, plants, and eventually foodstuffs and our bodies. Several
methods exist to remediate heavy metal pollution in waters such as membrane filtration, ion exchange mechanisms, or by
precipitation. Yet, these techniques are not cost effective, in some cases, and do produce wastes that need to be properly
disposed of. Microbial bioremediation could be an alternative. The use of microbes for remediation of heavy metals has
been well studied. Some microorganisms, especially soil bacteria, have the ability to tolerate these contaminants. In
addition, certain bacterial strains are capable of binding to heavy metals or transforming them into less toxic forms. Low
operating costs, usable in foodstuffs, selective removal for specific toxic metals, minimal use of chemicals (resulting in
low sludge production) and high efficiencies at very low levels of heavy metals are some of the advantages of biosorption
methods. In this regard, the purpose of this study was to investigate the ability of active and passive absorption of heavy
metals by a number of Lactic Acid Bacteria (LAB) strains in laboratory environment and food.

Materials and Methods

Seven LAB isolates including Lacticaseibacillus casei (RTCC 1296-3), Lacticaseibacillus rhamnosus (RTCC 1293-
2), Lactiplantibacillus plantarum (RTCC 1290), Limosilactobacillus fermentum (RTCC 1303), Enterococcus faecium
(RTCC 2347), Lactobacillus helveticus (RTCC 1304) and Lactobacillus acidophilus (RTCC 1299) were obtained from
Razi type culture collection (RTCC), located at Razi vaccine and Serum Research Institute, Iran. All isolates were cultured
in MRS (Scharlau, Spain) broth medium, at 37 °C for 24 hours, under anaerobic conditions. Pure cultures were preserved
for long term by freezing at -70°C with 20% Glycerol. Heavy metals including Nitrate of Pb (1), Cd (1) and Ni (11) were
purchased from Merck (Darmstadt, Germany). All standard solutions were prepared from the stock solutions containing
1000 mgl* in distilled water. Other chemicals used in study including Nitric acid (65%) and Hydrogen peroxide (37%),
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were also purchased from Merck, Germany. This study was conducted in two in- vitro and in-vivo phases; in the in- vitro
phase, seven strains of bacteria with probiotic properties (L. casei, L. rhamnosus, L. plantarum, L. fermentum, Ent. facium,
L. helveticus and L. acidofilous) were screened and then their ability to bind to cadmium (Cd), Lead (Pb) and nickel (Ni)
in aqueous solution was investigated. Then, in the in-vivo stage, three probiotic strains that had the highest biosorption
efficiency in the previously stage were selected and their effect with a ratio of 1:1:1 and contact time of 15 and 30 minutes
on the removal of these toxic metals in coriander, leek and parsley fresh vegetables was evaluated. The residual
concentrations of heavy metals in solution were measured by Inductively Coupled Plasma Mass Spectrometer (ICP-MS;
ELAN DRC-e, PerkinElmer SCIEX, Canada) and Morphology of bacteria cell surfaces incubated with metals were
monitored by scanning electron microscopy (JEOL JSM 5400 LV, Japan).

Results and Discussion

The results of the in vitro stage showed that the most ability to heavy metals adsorption was related to the Ent. Facium
bacterium which were equal to 79.75+0.11, 75.28+0.05 and 83.99+0.10% for Pb, Cd and Ni, respectively. In general, the
removal efficiency of heavy metals by LAB bacteria in the inactive and killed state was significantly higher than the
active removal efficiency of these bacteria, so that the highest percentage of passive absorption of lead, cadmium and
nickel metals by inactive strains of L. casei, L. plantarum and Ent. Facium were 90.01, 81.98 and 86.56%, respectively.
Electron microscopy observations and energy dispersive X-ray (EDX) analysis confirmed that the majority of these toxic
metals significantly damage the surface of living cells by accumulating and binding on the surface of bacterial cells. A
combination of three bacterial strains had a synergistic effect on the binding properties of toxic metals compared to the
single state of these bacteria, so that in both active and inactive states, 90-99% of heavy metals from edible leafy
vegetables were removed in less than 15 minutes. The results of this research generally showed that the binding capacity
of dead biomass is significantly high and it is possible to dispose and reuse biomass in case of biological absorption.

Keywords: Biosorption, Edible vegetables, Heavy metals, LAB bacteria, SEM/EDX
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Table 1- Heavy metals removal efficiency of indigenous LAB isolates in aqueous solution

035 Sigmgy S 49w
Live Probiotic strains

i 1318 B a0

Heavy metal removal (%6)

Pb

Cd

Ni

L. casei
L. rhamnosus
L. plantarum
L. fermentum
E. faecium
L. helveticus
L. acidophilus

47.65+0.2098
62.35+0.15%8
66.60+0.12¢8
76.59+0.08>B
79.75+0.1128
50.70+0.12%8
55.62+0.18%8

24.87+0.17%C
49.74+0.219¢
53.06+0.10°C
52.60+0.07¢C
75.28+0.052¢
22.27+0.099¢
48.34+0.148C

67.72+0.1294
78.42+0.18%A
81.82+0.2204
81.53+0.15%4
83.99+0.102A
78.99+0.08%4
76.21+0.21%A

(P4 0) wisb oo 2oy A0 Jlasin | e 55 (1 Slio cyy I sime BB oiad LS () o )5 Syt il Sy By g g yb )0 Sy pt SogS By s ¥
* Different small letters in each column and uppercase letters in each row indicate statistically significant differences between groups
as determined by the Duncan test (p<0.05).
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Table 2- Heavy metal removal efficiency by inactivated (killed) LAB strains in aqueous solution

0N ;b Sigmg s Sl
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Inactivated probiotic strains

Heavy metal removal (%)

Pb Cd Ni

L. casei 90.01+0.26%4  55.31+0.15%¢  78.65+0.33%5

L. rhamnosus 87.29£0.15%~  75.57+0.25%C  79.34+0.2248
L. plantarum 91.01+0.21%A 81.98+0.18>C 83.98+0.18"B

L. fermentum 97.85+0.15A  79.87+0.33°C  83.89+0.25"B
E. faecium 08.28+0.11%A  79.95+0.28C  86.56+0.11%B
L. helveticus 85.35+0.18"4  61.37+0.21%¢  80.08+0.19°B
L. acidophilus 83.48+0.089  77.2240.14°C  79.12+0.21%B

(P<e1+0) ail oo 10> A0 Jlain] o )3 b :Slo yus J5 dize AMEE] 0aiad )Ll @30y )0 S yiidie i 53 By g (ot jb )0 S ey SoS g
* Different small letters in each column and uppercase letters in each row indicate statistically significant differences between groups
as determined by the Duncan test (p<0.05).
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Fig. 1. Scanning electron microscopy images of live Ent. faecium before and after Pb binding. (a) Untreated biomass, (b)

Biomass after Pb binding, (c) Energy dispersive X-ray (EDX) spectra of untreated biomass and (d) EDX spectra of biomass
after Pb binding
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Fig. 2. Scanning electron microscopy images of inactivated Ent. faecium before and after Pb binding. (a) Untreated biomass,

(b) Biomass after Pb binding, (¢c) Energy dispersive X-ray (EDX) spectra of untreated biomass and (d) EDX spectra of
biomass after Pb binding
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Table 3. Amounts of heavy metals in edible leafy vegetables before and after exposure to selected LAB isolates (L. plantarum,
L. fermentum and E. faecium) when used in combination for washing solution (mgkg™

Pb \ cd \ Ni
Time (min)
Sample ool loj G
Control 15 30 | Control 15 30 | Control 15 30

Coriander 1314  0.0038"C  0.00122A8 1118  0.0008%B  0.000324  36.111  7.631*F  3.1822D
ot +0.005  +0.0003 +0.0001  #0.001  +0.0001  #0.0001  +0.009 +0.004 +0.003
Leek 2.148  0.00282C  0.0011*®  1.053  0.0009%  0.00032A 33183  10.414°E  4.803°D
SS¥ey  £0.009  +0.0002 +0.0001  #0.002  +0.0000  #0.0001  +0.008 +0.002 +0.003
Parsley 1.856  0.0086°C  0.0039C  1.021  0.000628  0.0032*A  31.879  9.111PF  4002PE
&b +0.012  +0.0001 +0.0004  #0.002  +0.0001  #0.0002  %0.005 +0.005 +0.004

(P4 0) wisb oo 2oy A0 Jlasn | o 55 (1Sl cyy I gime BB 0iad LS () o )0 Syidio puf Syj B> g g yb )0 Syl p S g8 By *
ol 0025 S5 fe 0Vl a8 Jlre Blpl slasl puizeen
* Different small letters in each column and uppercase letters in each row indicate statistically significant differences between groups
as determined by the Duncan test (p<0.05)
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Table 4- Amounts of heavy metals in edible leafy vegetables before and after exposure to selected inactivated LAB isolates (L.
plantarum, L. fermentum and E. faecium) when used in combination for washing solution (mgkg>)

Pb \ Cd \ Ni
Time (min)
Sample ool ol e
Control 15 30 | Control 15 30 [ Control 15 30
Coriander 1.314°A  0.092808 0.04482.¢ 1.1182A  0.0286°8 0.01912¢ 36.1118A 15.483¢8 10.846°C
S +0.005 +0.0002 +0.0001 +0.008 +0.0003 +0.0001 +0.009 +0.002 +0.003
Leek 2.148%A  0.0656%B 0.0324bC 1.053°A  0.034228 0.0171bC 33.1830A 19.4070B 11.506bC
Npey  +0.009 +0.0003 +0.0001 +0.006 +0.0001 +0.0001 +0.008 +0.004 +0.001
Parsley 1.856>A  0.0209¢B 0.0192¢¢  1.021¢A  0.0231¢B 0.0132¢¢ 31.879%A 20.41828 12.118%¢
&y +0.012 +0.0004 +0.0001 +0.005 +0.0002 +0.0000 +0.005 +0.002 +0.001

(P<e/+0) dsl oo 2oy A0 Jlain] pdawws )3 Sl (yu HI5 ixe AMES] akimd ) Lis 3y )0 S yidie il S5 Bgys g gt )d Syidie pué SogS Bgys *

sl 08 )3 /oY 5l a8 Jlme Bl ool Slasl yien
* Different small letters in each column and uppercase letters in each row indicate statistically significant differences between groups
as determined by the Duncan test (p<0.05).
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Introduction

Caffeine is one of the most common bioactive compounds in the world that can enhance mental and physical
performance However its bitter taste has created challenges for the use of this compound in food. Nano-encapsulation
technology, such as the use of liposomes, is one of the simplest ways to overcome this issue. In this research, caffeine
was encapsulated in nanoliposomes coated with chitosan and then the drink powder enriched with caffeine nanochitosome
was produced.

Materials and methods

In this research, pure caffeine powder was purchased and stored in dry environment at room temperature. Ethanol
(96%) and acetic acid were obtained from Mojallali Company, Tween 80 from Merck Company (Germany), lecithin
(P3556), cholesterol (C8667), and chitosan (medium molecular weight) purchased from Sigma Aldrich Company
(Germany). Sugar, essential oil and citric acid used in the formulation of the drink were purchased from a local store.
First, nanochitosomes in ratios of 9:1, 8:2 and 7:3 lecithin-cholesterol, were prepared using thin-layer hydration method.
Then, the particle size and zeta potential were measured to determine the characteristics of the produced particles.
Encapsulation efficiency was measured for 9:1, 8:2 and 7:3 lecithin-cholesterol ratios. The stability of the chitosomal
sample with a ratio of 9:1 lecithin-cholesterol was evaluated through visual observation of precipitation formation and
the amount of release of encapsulated caffeine during 60 days of storage at ambient temperature was calculated. FTIR
was performed for each of the components of the wall of chitosomes, caffeine powder, chitosomal solution containing
caffeine and chitosomal solution without caffeine with a ratio of 9:1 lecithin-cholesterol. Nanochitosomes with 9:1
lecithin-cholesterol ratio were used in the formulation of beverages due to having the smallest particle size, favorable zeta
potential, the highest microencapsulation efficiency, and high stability during storage. The drink samples were prepared
in different formulations (samples containing 3 and 5% free caffeine solution, samples containing 3 and 5% chitosomal
caffeine solution and the control sample). Then, the drinks were evaluated in terms of sensory characteristics and other
physico-chemical characteristics (pH, acidity, Brix degree, etc.). The drinks produced were turned into powder with a
freeze-dryer machine, and two important characteristics of powdered products, i.e. water solubility index and their
hygroscopicity, were evaluated.

Results and Discussion

©2023 The author(s). This is an open access article distributed under Creative Commons
Attribution 4.0 International License (CC BY 4.0), which permits use, sharing, adaptation,
B distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source.
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The average particle size and zeta potential for different ratios of lecithin -cholesterol were obtained in the range of
133.3-443.6 nm and +40.96 to +48.36, respectively. The encapsulation efficiency for 9:1, 8:2 and 7:3 lecithin-cholesterol
ratios were 91.2%, 86.18% and 79.09 %, respectively. The chitosomal sample with 9:1 lecithin-cholesterol ratio showed
good stability during 60 days of storage at ambient temperature. FTIR results showed that caffeine was loaded in
nanochitosomes. The results of the sensory evaluation of the prepared beverages showed the acceptability of the taste of
the samples containing caffeine nanochitosome compared to the samples containing free caffeine, which indicates the
success of chitosomal nanocarriers in covering the bitter taste of caffeine. The results of measuring the color of different
drink samples showed that there is no significant difference between the color of samples. The results of measuring pH
and acidity did not show significant differences between different drink samples. The results of measuring the solubility
of different drink powder samples showed that the samples containing caffeine nanochitosomes have low solubility
compared to other drink powder samples. Also, the hygroscopic amount of the drink powder containing caffeine
nanochitosomes was lower than the other samples, which is considered as an advantage for powdered products.

The results obtained in this research showed that nanochitosomes are an efficient system in covering the bitter taste
of caffeine. Therefore, with the production of caffeine nanochitosomes and its usage in the formulation of powder drinks,
it is possible to produce energizing and desirable drinks without the need to use high amounts of sucrose.

Keywords: Bioactive compounds, Chitosan, Encapsulation, Instant drink powder
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Table 1- Concentration of sodium acetate and acetic acid to prepare sodium acetate buffer (1L,1M)
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2- Fourier-Transform Infrared Spectroscopy
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Table 2- Formulation of different drink treatments*
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Sl S s
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benzoate solution 0.05% (ml) Sodium
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N3: treatment with 3% nanoliposomal caffeine solution, F3: treatment with 3% free caffeine solution, N5: treatment with 5%
nanoliposomal caffeine solution, F5: treatment with 5% free caffeine solution.
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All the treatments has been adjusted with boiled water to 100 mL volume.
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1- Water Solubility Index



VFo ¥ Caligeu 0 )l (0959 ) oylouis Yo aler ol pl (10 aobuo g pole leidgy 4yt VYY

Jg S (i Blien (G Cumnd 0w dgd (8l (Gol (09590 (saiged Uj Jamnilly 9 13 0511 o5 1,5 03151 =Y Jgaar
Table 3- Particle size, polydispersity index and zeta potential of chitosomal samples containing caffeine prepared with
different Lecithin-Cholesterol ratios
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Fig. 1. Encapsulation efficiency of chitosomal samples containing caffeine prepared with different lecithin-cholesterol ratios
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Different letters in same column represent significant differences (P<0/05)
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Fig. 2. Physical stability of nanoliposome solution containing caffeine (9:1 lecithin/cholesterol ratio) during 60 days of storage
at ambient temperature (25°C)
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Fig. 3. FTIR analysis results. (A=cholesterol, B= lecithin, C=chitosan, D=caffeine, E=lecithin-cholesterol 9:1 ratio
nanochitosome containing caffeine, F=lecithin-cholesterol 9:1 ratio nanochitosome without caffeine)
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Table 4- Evaluation of the sensory characteristics of free or nano-coated caffeine-containing beverage samples

Aiged Sy (030) prb S polus o ook
Samples Color Taste Odor  Mouth feeling General acceptance
Lo 35+0.85 3.8+0.70° 41+0.74* 3.8+0.63 4.1+0.88
Control sample
F3 3.6+0.842 29+067° 3.8+1.032 35%0.712 3.9 +0.88%
N3 3.7£0.822 41+£0.79% 3.9+0.74¢ 4.1+0.822 45+0.71°
F5 3.4+1.07% 26+0.70° 3.6+0.84% 3.4+0.70° 3.3+0.82b
N5 3.8+1.14% 39+099 43+0.82° 3.9+0.98° 4.3+0.67°
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(P<eir0) Wl (o)l (dime glis gty 53 gliste SagS By b (sla Sk . BlS a9t 9
F3: treatment with 3% free caffeine solution, N3: treatment with 3% nanoliposomal caffeine solution, F5: treatment with 5% free

caffeine solution, N5: treatment with 5% nanoliposomal caffeine solution. Different letters in same column represent significant
differences (P<0.05).
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Table 5- Color of different drink formulations

wigo

Color indicators

Samples

Redness

Yellowness

Control sample

3.63+0.368 12.67 +0.582

Jals

F3 3.72+0.30* 13.66 +£0.582
N3 3.90£0.068 13.82+1.732
F5 3.81+£0.268 12.00 +1.002
N5 3.96 £0.108 13.93 +2.082
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(P<ee0) 35515 (o) sine Solds (g o 53 Sgliste Sa g8 B> L (slaSils (Bl (095555 5L
F3: treatment with 3% free caffeine solution, N3: treatment with 3% nanoliposomal caffeine solution, F5: treatment with 5% free

caffeine solution, N5: treatment with 5% nanoliposomal caffeine solution. Different letters in same column represent significant
differences (P<0.05).
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Table 6- pH of different drink samples

diged
Samples

pH

Jals

Control sample

N5

3.57 £ 0.005%

3.56 = 0.012
3.54 £0.012
3.56 £ 0.01°
3.55 +0.022
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F3: treatment with 3% free caffeine solution, N3: treatment with 3% nanoliposomal caffeine solution, F5: treatment with 5% free

caffeine solution, N5: treatment with 5% nanoliposomal caffeine solution. Similar letters in the same column indicate no significant
differences (P>0.05).
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Table 7- Total acidity of different drink samples

diged JS izl
Samples Total acidity (grams of citric acid/100 grams of drink)
aald 3.36+0.15°
Control sample
F3 3.34 £0.15%
N3 3.31+£0.15%
F5 3.26 £0.10?
N5 3.29£0.10°
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F3: treatment with 3% free caffeine solution, N3: treatment with 3% nanoliposomal caffeine solution, F5: treatment with 5% free

caffeine solution, N5: treatment with 5% nanoliposomal caffeine solution. Similar letters in the same column indicate no significant
differences (P>0.05).

Sy e cladisal sl i Sl g 09 (g0,
P9 Jobre @ a2 L (P</00) cull g2y ()3 dne gl
cly s FB caiges (Sivrikaya, 2020) ol ,» opisls
Dy S e it Ol gty (p8 Clale oy i
oS b duglie 3 N3 g NS ladiges (uSo polie (390 YL
Lpgjss sl jl 8l iale) 5 i (oL wald (saiges
oSy G e sl IS sy (b
B R A RVA WA P YTV TS WL R WP WS S T S AW Y
Kamel ) 55 colite oY s0,8 dlgo clale &y diwy a5 W25

(Rahimi et al., 2014

OIS L oudd dagl $ 98 (Panddiph yu 93 slaS s
s g 5393 (WSI) 0T 53 (5 a3 el pad L

Glp B slae g ol 5B Jgame Hld, asls WSI
sl 32 (5Lo3l S e

s g Szl

Syt gl sy Sl (6ySojlul ) Job b
08 (IS Y Jgda )3 Sy sk (sladiges 4l ‘(g/loog)
oloSy 5l o diged (ol (sl JS Al (5:S0ke Jlde
sl HIE YIVE— YIVE oy oS Sl do 0 ¥ slod jd (o)l
ol (588 sla Saude ygs (gl (Y=F) 3 lulis] (godgae p> oS
@ Sl e Sady sladiges JTandl Glie > S Sl
Mo ¢ g3y 3 Bl ddpsl 2 Fhe dlge pdlie (392 LSy S
13,5 )5 YIA a5l O jogs 3l ods ans Sawies gl JS 4l
(Akhter et al., 2010)

32455 (53 9) gt aska ol 9o 3130
) Shdg slbdiges Ol ;> Jobo dols dlge woyd A Jous
A A=V IEY gdals (o calisee (sladiged (glp &S wmd o lis

U Co Ghdy pSap A Jsie @ls 4 argi b sl ()98



VFeY Cllgm 8- 08,958 ) oylods Yo alo (ol pl (2138 2oluo g pole sleddg sy o s \FA

(g Al (rdiged Sy 2 423 -A Joua
Table 8- Brix degree of different drink samples

Kiges

Samples

oSy

Brix

Jals

Control sample

F3
N3
F5
N5

9.08 £ 0.14°¢

10.33£0.382
9.41 +0.14%
10.41 £0.292
9.58 +0.14°
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F3: treatment with 3% free caffeine solution, N3: treatment with 3% nanoliposomal caffeine solution, F5: treatment with 5% free

caffeine solution, N5: treatment with 5% nanoliposomal caffeine solution. Different letters in same column represent significant
differences (P<0.05).
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Fig. 4. Solubility of different drink powder samples
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F3: treatment with 3% free caffeine solution, N3: treatment with 3% nanoliposomal caffeine solution, F5: treatment with 5% free

caffeine solution, N5: treatment with 5% nanoliposomal caffeine solution. Different letters in same column represent significant
differences (P<0.05).
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Fig. 5. Hygroscopicity of different samples of beverage powder
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F3: treatment with 3% free caffeine solution, N3: treatment with 3% nanoliposomal caffeine solution, F5: treatment with 5% free

caffeine solution, N5: treatment with 5% nanoliposomal caffeine solution. Different letters in same column represent significant
differences (P<0.05).
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Introduction

Seaweeds contain a high amount of protein, essential amino acids, vitamins, minerals, unsaturated fatty acids such as
arachidonic acid, eicosapentaenoic acid (EPA) and docosahexaenoic acid (DHA), natural pigments, macro and micro
nutrient compounds. Microalgae Spirulina (Spirulina platensis) is a species with high nutritional value. About 60% to
70% of the dry weight (Spirulina platensis) is protein, which has all the essential amino acids. This is a cyanobacterial
microalga that is cultivated all over the world and used as a supplement in the human diet in the form of tablets, powder
and cookies, bread, salad and soup. Several studies have been conducted in the field of investigating the effect of
microalgae addition in food products. The purpose of the current research was to investigate the effect of this microalgae
powder on sensory, physical, protein and iron properties of three different products of bulk bread, cake and layered sweets
with different formulations.

Materials and Methods

Spirulina microalgae dry powder in 0.25%, 0.5%, 0.75%, 1% and 1.25% was added to the formula of three products:
bulk bread, layered pastry, and cake. From each product, a sample without microalgae powder was also prepared and
considered as a control. The treatments were evaluated in terms of sensory, color, texture, protein and iron content.
Sensory evaluation was carried out by 30 panelists using 7 hedonic points to evaluate the color, flavor, texture, smell and
overall acceptance. The color of the surface of the samples was done with a Minolta Chroma Meter (CR-300 Minolta
Japan). The results calculated based on L* (whiteness/darkness), a*(redness/greenness) and b*(blueness/yellowness).
Hardness of samples was measured with Texture Analyzer TA-XT2 (Stable Micro Systems, Surrey, England) and P/0.5
cylindrical probe (12.5 mm diameter) with 30 kg load cell. Protein of the samples was measured by Kjeldahl method and
the amount of iron was measured according to the standard method of AOAC 999.11. All analyses were performed in
three repetitions and one-way ANOVA and Tukey's test were used to compare the means.

©2023 The author(s). This is an open access article distributed under Creative Commons
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the original author(s) and the source.
https://doi.org/10.22067/ifstrj.2023.80461.1232


mailto:ymorady@yahoo.com
https://doi.org/10.22067/ifstrj.2021.69556.1028
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.22067/ifstrj.2021.69556.1028
https://ifstrj.um.ac.ir/

\f"" c;‘..‘i..e‘.,.:“.:)l _O'.’.‘))SJ’: J o)Lo.S: J” ..\.19 ‘0‘)‘.’.‘ g‘u\.ﬁ évLa.w 9 f°9‘1'° GWS}' A.v).-.'u \O\F

Results and Discussion

The results showed that the behavior of spirulina microalgae in changing the characteristics of the three products is
different, and this difference is especially significant in sensory characteristics. The addition of spirulina microalgae
increased the amount of protein and iron in different treatments. This increase for protein in bread, cake and sweets was
about 1, 0.6 and 1.2 percent, respectively. Also, the amount of iron in treatments containing microalgae in bread, cake,
and layered sweets was 4, 5, and 3 mg/kg, respectively. Spirulina microalgae is basically known as an aquatic plant with
high protein and iron. The microalgae used in this research contained a high amount of protein (67.97%) and 29.5 mg/100
grams of iron, so adding this microalga to the samples increased the amount of protein and iron. Sensory evaluation of
the samples showed that all three products had an acceptable acceptance score. However, in comparison among the three
products of bread, cake and layered sweets, bread had a lower score than the other two products. The instrumental analysis
of L*, a*, b* color indices showed that the increase of spirulina caused green color in the treatments and this color change
is more significant in the bread sample. Also, the results of texture analysis showed that the addition of spirulina reduces
the hardness of samples containing spirulina. It can be concluded that spirulina microalgae can be used to improve texture,
color, and also increase the amount of protein and iron in products.

Keywords: Bread, Cake, Cereals, Microalgae, Spirulina, Sweets
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Thermo 5-M Jue) 5 wlds miwcab o5 lawg 5,6kl
w0lBusy sloodly 1 eslazwl b 3,5 <il)8 (Solaar- Scientific
0ol (5o baled 9 93,5 s o] 1S dslas g s 2 il e

(AOAC 999.11, 2006) s (5 S 03l8] ladiges 39> g0

&bl U1

P<0.05 lase .15 plsl (Minitab 16) ljle 5 b (s bl ;U
S s jl g pbul One-way ANOVA I e, S0ke duslios 4
plosl S5 aw 50 Ul als s eolil byl dunlie (oly
A9 )5

=W
s 3l

Y b 9 S5 (b i sladiged ous 2bj)] @b
Ol ol canl odd 0oy (LIS Y 9V O b SS 0 e
o VO Jles 3 &S g g pab asls 90 Lol jou a5 0D
5351 3,5 1 Bl gl & Conmd (5 5V il S5 5 (i
als oL (o i g ;i,.fcol.} Jpase dw (o (owe u..sl.i)‘)‘ Ao
SHYL oy 5l U & o Y oyl 9 S5 syl oS
Ak 1055

S92y Job Slgiee (b 4 G (Guped 9 S8 YLl
uouwﬂosydmlghjyam§boil)bbwm3wxloéﬁ
b Lyl (999380 (Y Jgu) sl 3l )15 gladlleos 1) Sila i
.)l}ul u.Cl) UYQM LY \/Yo 9 3 n/V&) 6’/06 ’/Ya Lg[h..\ao).)
2 IVB Yo & bgsye by jlitel o it ol 04D s S5
Salehi far et ) Ko g 18 2dlo .l 039 Joame dw o
OBNFS 9 0313 )18 ()2 3)90 425IS” 3038 )3 Ll el 4u0y3 VD
3959 1y slitel oy it ol 51 s Aoy VD 9 ) (laylass 4 W0 S
pol g MBI (Salehi far et al., 2013) Llosls olais|
g e Sy 938 Mo > slatl i i ) gl g L
WSl oy Dyg90 OV guase 0dimd JsSis Dlyz wf)_v &

Sy ol Lawgs ond s slajliol il 2y owe 2j))
b oo 20 5 Ul il (gl ylas

BliSes Jgaswo dw yomw¥ g0 8 CuS )5 Y Joua
Table 2- Ingerints composition of three different products

1y (52 e S ob
Layerd sweets Cake Bread
PN PS5 P 3]
Wheat flour Wheat flour ~ Wheat flour
S EE S
Sugar Sugar Salt
09 09 S
Oil Oil Sugar
wlo o odind pabo wlo pod
Lavening Flavouring Leavening
09 Py SS 09
Oil Baking powder Oil
RIS onlle
Margarin Margarin
(R3] p.xlo
Flavouring
Xy :,:dl.ﬂ

Minolta Chroma Meter (CR-) olKuws b lads gos o S5,

oboly w4 s pbol (300 Minolta  Japan

s L*(whiteness/darkness), a*(redness/greenness)
23,5 ausl>e b*(blueness/yellowness)

sl Hulld
Texture oKy L adiges (Hardness) _swe 81

Analyzer TA-XT2 (Stable Micro Systems, Surrey,
L P/0.5 (12.5 mm diameter) (lalsuol gy o England)

.(Salheifar et al., 2013) .& (5,031l load cell 30 kg

O g g Hlade (aaas
AOAC, )15 i SIS g, 5l ndiges gy lade
(2002

OAT lulls (s
650551 AOAC 99911 5,15kl 39, yobl 2 5ol e
e lod > el ¥ e 4 o bl diges a3l 2,5 0 L
Bged 5l p)5 S Sid U S LB oyl o 0,5 ole as
FreSB ey oS b 423 00+ glod b o)sS 3 eud S5 gla
sbaJgle 5 SO Jslxo 4 bgiye Ol (lise e 9 28 s
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\f.¥ %a)l —&0)5} Al o)w AR ..\.19 ‘obﬂ g‘u\f: @Luo 9 Fg.l.c 6%5}' A.v).-.'u

\OA

Jadi

Treatment

E 3.79 |3.43 3.50 4.97 0 Color (1
[J Flavor [IT]
D 3.98 3.83 3.95 5.22

14

g Odor [ 1]
% C 5.46 5.53 5.43 6.02 5.74
(] Y Texture [ [
—
B 448 | 446 443 539 m © overall (10101 (101
| acceptance

:

A 4.20 4.86 5.46 5.81

W el ¢pila
Average of scores

ob sbdiged cws Uyl O5Lkel (pwSSle inled —Y JSG
(A: 0.25%, B:0.05%, C:0.75%, C: 1%, E:1.25%)

Fig. 1. Showing the average score of sensory evaluation of bread samples

(A: 0.25%, B:0.05%, C:0.75%, C: 1%, E:1.25%)

E 3.66 4.61 4.45 5.04 4.58

D 3.92 | 434 4.20 5.04 4.46

[ Color [ I

c 39 | 509 | 504 533 | 532 & Flavor (1]

()]

Odor [T

Texture [] [T

B 4.13 4.73 4.51 5.52 4.90 O Overall acceptance [ /]

A 4.20 @ 4.80 4.86 4.32 4.83

el e
Averag of scores

S sdiges (a2 541 O3l (lo i led —F JSUS
(A: 0.25%, B:0.05%, C:0.75%, C: 1%, E:1.25%)

Fig. 2. Showing the average score of sensory evaluation of cake samples
(A: 0.25%, B:0.05%, C:0.75%, C: 1%, E:1.25%)

I



104

e el M Uy e/ Sl 5099 (409 39 ).u-‘i‘i.’ Ay o ]y 80 g (01 30

E 552 |4.72 4.85 | 5.49 |4.90
D 4.50 4.20 4.90 4.90 | 4.55
IS D Color &,
3 £
_%: < C 518 482 520 5.7 | 5.18 Flavor sl
<5}
= i . i Odor g
Texture céu
B 4.20|4.39 4.47 5.23 (4.38
— e : OOverall acceptance s 4oy
A 490 | 5.05 4.87 5.22 | 4.83
kel (pile

Average of scores

Sl (b (ladigad (o (1l ©lkol (Sl e Y S
(A: 0.25%, B:0.05%, C:0.75%, C: 1%, E:1.25%)
Fig. 3. Showing the average score of sensory evaluation of layered cookeis samples
(A: 0.25%, B:0.05%, C:0.75%, C: 1%, E:1.25%)

Uibet 5 (Moatolizadeh et al., 2017) 4, Saa 5 0015 Jgiue
53,5 5,155 Ly o8 Ay Ll sl Sl 019938 56 sy o
S pdny (g3 e Aald b duolio )5 Ldg ponol (59l (slojloss oS

(Moatolizadeh et al., 2017) wlausls

oal
oy s ¥ Jods > caliseo (sladiges > oyl Hlade ol s
(b Jpame aw sals cladiges ;D d9390 oyl e .Cuwl oad
035 p)SoS y p)S e P15 5 YA 1D iy aped 9 S
aw yn ol JlaEe o) gy Wl e b gxe MBS &S
3 Gl Uil Gl Wy ] Koy 931 b g
3 obl e b dme il sl edgs Ly dxe layles plo
2o VYD o) /YO o0 Hlas dw j2 3> b yuid g 6 Jguare
Y loss 90 50 o b iz M) ST Jguazes 4o Lol olidl 5las]
3 ol e (a8l oy i (P<0.05) L snlie oy V/YO 4
B3] 39 (Lo )d V/VO) Udg yumsl Jlido (s (g5l> &S (E) Hlows
Vo0& cwipa oY Gupd 5 S8 ol Gl cnl oLl
& g (55l (slnisnd 3 (] lj8 251 Sk 3 )5
ol 2 (p5 Ve 0 e S ke YD) cal (Y Jie s
Gol> sz glS > cal jlade Hb dxe iulj8l sl 03g Sils s,
» (Salehifar et.al., 2013) s ssalie Lyl Kl>j,
Sl S ) oslizal L 85 sl a1d IS 650 Limg

5 -

o9
oLl Joaso dw bl obojlowd (piigyn e duglie .ol ol
3959 Joase dw dald slajlos o )b gxe BB &S 2> 0
s ¥/ ANY ey Sy 9 S ()b j0 sl piigy jlade .l
@ U gyl Sl 33y 09381 48"l o (4l ol .l b yd £15
da )3 (g sl (hljEl caely Jpamme du oaimd JSUS Jse )8
Gl 0355 410 Gxe jlass dar j> ]38l ol Lol .cuwl il o jlos
o yd [ ¢(Juo).) AT 9 Y /YO ));.)La.a » 09M.C d‘&y L;u):.w
ol 0dly L 1y b xe iol38l sald b duslie jo 50 Ug pu!
0393 (o yd VYD) Ldgpepl doyd iy (gol> &S (E) Hlows po
915 gk Gaped 9 S G p c A S sl Cul
Wy Slaisd 039y 5 olie don ol adly yiul38) Lo yd VY
Sl a8 us oanlie Uug el Sils iy )l oolaiwl b sixiuo 4z 6lS
o e e gl oy 4y Llg el 70,0 ) e (13931
.(Salehifar et al., 2013) cuol a8l yiol33l o> VA g ) /Y
2 oBgn Sl solateds (lgi oo & Canl 0dd ()1 (iomen
2,8 odlaiwl M Ly pn] Sds iy 5l olel &Y gaze
Joyd blusdl Copd il o gladasdMe LB s oS "j 19
(Danesi et al., 2010) >4 sboo] Jgpamo s Gipdy g Sy
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VFeY Cllqm 8yl — (129598 ¢ oyloss ¥e wle> (4l ] (2138 2y Lo g pole loidg iy 4y p25 \Fe

P do D pS e Wog Ve Y i cuily dald b dulie 5 035 Jgtms pizmen (Mamatha et al., 2007) x> i3l
bl ) Wepwl  gobs e gl e o938l &8 s S y)liS (Moatolizadeh et al., 2017) -, Son

.(Moatolizadeh et al., 2017)

Wdiged (g ylaile (59 Uy ! 15U - Jgu
Table 3- Effects of Spirulina platensis on protein content of the samples (%)

Vgou KEY A B c 5 c
Sample Control
Brizl;d 9.22+1.22% 9.40+£0.40% 9.45+1 454 9.80£0.804 9.70+0.70%  10.10+1.10%
Cjife 4.90+1.028 5.40+0.1084 5.4541,058 6.40£0.908 5.35+1.7080 5.55+1.1580
sl b 610200 64040700 7.354156%°  850:055% 8704235  808+2.10%

Layerd sweets

(A: 0.25%, B:0.05%, C:0.75%, C: 1%, E:1.25%)
(P<0.05) Wil o cindy <y 3 boylass j3 olis o sl sine O] oaind L5 aliseo oS (nalSS] g >
(P<0.05) 1l gt 5 ) oyl )3 ol oy o cime BB saimd ()l Cilisee 55 (oSSl B9 >
Mean under the same column bearing different Lowercase letters are different significantly (p < 0.05).
Mean under the same row bearing different capital letters are different significantly (p < 0.05).

(eSS V00 13 0,5 o) Lrsiges (o2l jladle (g9, Uy yums! 1Sl —£ Jgo
Table 4- Effects of Spirulina platensis on Iron content of the samples (mg/kg)

digod Ky A B c 5 c
Sample Control
-U
B;)ead 2.50+0.05%2 3.01+0.2242 5.00+0.55% 6.60+0.654° 5.01+0.507° 6.70+0.85%°
S
CaI"<e 4.90+0.6552 5.20+0.8782 5.00+1.2282 5.10+0.8582 6.70+0.658° 9.10+1.358¢

Y oy
ST e 6.60+1.55C2 6.90+1.76%2 10.50+1.750 9.73+1.85Cb 9.11+1.90CP 9.90+1.55¢¢

Layerd Sweets
(A: 0.25%, B:0.05%, C:0.75%, C: 1%, E:1.25%)
(P<0.05) wib o cindy S5 ) W jlows 55 ol oyl cime OS] saimd L calise S S5
«* T ORI o > 9>

(P<0.05) w3l o 5 S > boylosd 3 gl (s S sine OS] oid (L s <30 oSl gy

Mean under the same column bearing different Lowercase letters are different significantly (p < 0.05).
Mean under the same row bearing different capital letters are different significantly (p < 0.05).

Layered sweets Cake Bread
1Y (5 e (S5 (U sladiged —€ JSU
Fig. 4. Samples of bread, Cake, Layered sweets
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Rl 3 (V Jga2 )0 5 (F Jgia) % 50> (adld 9 (e3ue jlade
S8 (Lightness) L* ibgy edls Lials .cwl abl
by (il s lis (Greenness) b* ¢ 5 (Redness) a*
Ul sl Sl 325 il 31 3153 ol (laaigas )3 o S5, 0bml
Lol

L*,a*,b* L;L.m » ;,J ).u‘.m olKtwsd Ja;.uy L.ii) =
ow ) Lyl il b a8 caol cdlas ol i L
Jade il L ajlos 1 (g S5 5950 Canwl 005 s Y guas
2 S5y S ol b0 Gl BEIP<0.05 (gl gixe jskay L gy
L b o M) cpl sl paag BB 4L dges 50 aald b duslio
P S Canl (b g odmdpab GluS 5 (A S )50 Jaase
2005 0559 U 50 Lol el ous d8LS] Jguame 93 (]

S;IJ Ny s 25

(Lightness) L* g, slajasls Sulolpy S5 o Shs
aw > (Greenness) b* (s o (Redness) a* (i,
b 9 S5 (b)) SV gae I Syl Blisie glajlegs
S b Jgarme o S5y (650l s D el (1Y
(0%), (@*%) L*) slaasls @l o ¥ IS5 )0 gy o b
b Gl Y 55 B s cuipa e glajles o, (
Cas] 005

gy padls sl saalie B O Joio > &S50k len
5 YY/AY DF/AY b gy o b 9 S ()b sl diged jo (L¥)
2 ibgy e Lyl a5y 1060 ial38l b Cowl 039y YA/AY
gy ylde il L lojed ! Bl ialS Jaase dw

digad S5, (L*) (ad L Ulg yumo! 1506 -0 Jga
Table 5- Effect of spirulina index (L*) of the samples

ob o Sy (oo b
Bread Cake Layerd Sweets
el 56.93 £0.944°  43.93 £1.30"°  39.83 £1.20"
Control
A 50.86+2.178¢  43.67+3.93%° 40.67+2.8372
B 47.55+0.73%  38.12+2.865P 37.12+1.8652
C 46.13+1.37°  34.60+1.00° 32.50+1.00¢2
D 45.8242.42>  33.75+1.62¢2 33.62+1.32¢2
E 44.42+2 465>  33.75+0.67P2 33.80+0.67P2

(A: 0.25%, B:0.05%, C:0.75%, C: 1%, E:1.25%)
(P<0.05) sl go <y S5 55 b jloss )0 golis oy H ime BMS simy ol Calises S8 Sl g >

(P<0.05) wib e (g K ) lajlosd )3 gols oy o cime BB saimd ()l Cilises 55 (ouned Sl B9 >

Mean under the same column bearing different Lowercase letters are different significantly (p < 0.05).
Mean under the same row bearing different capital letters are different significantly (p < 0.05).

Laiges S5, (a%) Hasbd Udg ! piG -1 Joao
Table 6- Effect of spirulina index (a*) of the samples

ob S Y G
Bread Cake Layerd Sweets
aals 10.70 £0.527°  2.60 £0.80"*  2.60 +0.80%2
Control
A 9.82+0.72AB>  2.40+1.817 1.61+1.40%2
B 8.75+0.40%  2.22+0.8782 1.22+0.8782
C 7.24+1.48%  2.73+0.358° 1.73+0.25%
D 5.77+1.848>  1.40+0.85% 1.40+0.8982
E 4.40+0.96"  1.80+0.70°2 1.40+0.80¢

(P<0.05) sl go cany G 5o bolass )0 gl oy H ime BMS] simd L Calises S8 Sl g >

(P<0.05) wib oo g <o ) lajlosd )3 ol oy o ime OS] saimd ()lis Cilises 55 a1 B9 >

Mean under the same column bearing different Lowercase letters are different significantly (p < 0.05).
Mean under the same row bearing different capital letters are different significantly (p < 0.05).
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VFeY Clligm 8yl = (129598 ) oyloss Fe wle> (Il (2188 2y Lo g pole Glocidghy 4y pis

\PY

Baiges S5, (b*) LasWs Udg pm! ;G - Jooo
Table 7- Effect of spirulina index (b*) of the samples

ob S5 1Y
Bread Cake Layerd Sweets
C&? | 25.87 £0.607° 18.90 +1.032 17.70 £1.02A2
ontro
A 22.84+0.887¢ 19.98+0.914 18.23+0.9142
B 21.08+0.2540 16.93+2.0788 16.93+2.0742
C 20.98+0.285¢¢ 14.78+0.66<> 15.71+0.63B2
D 17.60+2.320¢ 14.2242.11 16.22+1.11B2
E 19.90+0.76P¢ 13.58+0.53Pb 14.55+0.56¢2

(P<0.05) sl so ciudy S5 5o jlass 10 goli oy H dme BB simd s Calises S8 oSSl g >

P<0.05) wib oo fygiw S 50 bylad 3 2ol e I e BMS onims L cilisee S5 (ndSS1 G
< O 22 Byled P W O )P o P 9>

Mean under the same column bearing different Lowercase letters are different significantly (p < 0.05).
Mean under the same row bearing different capital letters are different significantly (p < 0.05).

(Salehfar silosly Lials” Jgame j3 1) by, ,gS1 5 05,5 3,
etal., 2013)

T o i
sloY b g SS b sladiees 4o (Hardness) oww
Wgad duglie .Cuwl oads 03y LS A Jouo )5 cilisee slajlog )0
o DAYV sww (o a5 b i Jgame dw dald sl
Vo FY LSS g WYY L ol ol 5l e Y opwd 4 basye
Sal> oy 92 (99381 298 g0 03 gl )3 oS (g pshailen )15 1,5
22l b duglis 0 Jaaswe dw yo )0 B LiblS caely Udg p!
) Y s Jaaze j e Ghals oy b Gl ol
Ol 568 o (VIVY & WYY ) 6 j0 o 51 e (e 4 DAY
Ll oA 0193 (A/VV & Vo /¥Y )1) S 4 Joy)n

Oed 49 )1)95 0 5yt (sduie Sl (U ald Wiges cnlpl

35 o )18 i U oS gyl Sla o) (099381 31 53
ol 03> LIS Y o & Jado 3 oS5 jslailen ;S5 )b 1A Jais)
SpB g S pa3ld Jl Gpd 5 S5 Ml adgel Cul
o Jgas 55 odal Caundds gl it 413,95 5 b 4 o (6 pdin
Sula 525 2938 Jald diged b duslde 3 a8 aad o L Y 95
b Jgpazme dw y 3 (LF) (g padls (ials corgo Ll el
o3l Ll b iy pasls il sl odd iy e 5 S
Lol 04 L,JG J9.4.‘>cn 0w &3} 9 039 D‘).o.b b*s a* dlﬁ
21y olie a5 (Salehfar et al., 2013) ), Ken 5 8 Sdlo
9 gyl Silriy (29381 58T g5y 485 Syp0 Simgy
4 Uyl (99381 o5 2008 ol Lol sio gl oty taiior gl
bl g by padld Y giae il Cage ixio 425l J5e)8
I i Sl 8 sl lisgSid g Jidg ) ol a9 s

(965 9 9) Waiges eas )86 Udg yopmsl 85T - Jgn
Table 8- Effect of spirulina hardness of the samples (Force N)

ol s Sl (5 pd
Bread Cake Layerd Sweets

el 12.32 £2.14°  10.42 £1.15%°  58.42 +4.50%

Control

A 10.30+0.90%°  7.40+0.80%° 58.77+8.302

B 9.70+0.08%  7.60+0.025° 47.60+5.608°

C 8.80+1.00%°  8.70+1.008° 48.97+3.6082

D 8.75+0.30%  7.75+0.07°° 32.21+0.93¢2

E 7.77+1.21¢ 8.77+1.41Bb 30.01+4.96¢2

P<0.05) il oo <y 5 50 jlows 5> zuls oo 400 sxe OS] saimd L5 calise S Sl 8
° ) 20 Bl 0 e O )P 8] > 9>

P<0.05) sl o fygiw S 50 baylass 30 2ol y0d e OS] snimd lis Calises 5 y5 Sl B
s O 22 Byled 2 W O )P o P 9>

Mean under the same column bearing different Lowercase letters are different significantly (p < 0.05).
Mean under the same row bearing different capital letters are different significantly (p < 0.05).
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o S5y 4 ,l3k 53 hpds g Mg dible & SV gare 3 (b
JB (eoias Sy b (b S5 (00l plgin rizen 9 )0
oS b Joamo dw 53 byjloy ituw jlde awyp Cowl ooliwl
Sls 32y 929580 a0l Lis ;5 (Texture Analayzer) sl 3JUl
Do 33,5 (o0 Jgpazro oA iy g (S (ialS el lidg prl
2 Joase dw calisee glaylass ;0 gy lde a8 ol lis ol
e 3929 cdn al8l nl Y Jgaz) <L ol jal aali b auslia
Sila oy ol Wyl 3 (30)3 FYAY) (4590 425 S
a3lid YU iy i b SIE oole Xy lsiny Lobul Ly e
018 e Ky plyim Slsie Sl gl 958 elplty sl 00
02958 Gmen 35 )3 odlatul 3)50 (g Il Ban L
Pire Gl cage oamd LSS Slge 4 Ly pl Sila )
op) ol ord Jals b dwslie (3 bayles > ol Hlade (P<0.05)
2 (p55hS 52 05 o YD) ol (VL oo s 4 8
398 sdoyd b Ly sl Sl i) ) el ol 039 Ly parsl
e il cdl sdimd dgup ¢ canb 00830, i g o
Q& dogi b ol 5,8 oolawl wyy 350 Y guazes jd ‘}mi 9 gy
&S b Jaaze 4y Udg yumsl o )3 VYD (33938 s L)l ol
9O & Cowd g g pab sl adls 0 S liel cabyy Lo
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Introduction

Intelligent food packaging as a new technology can maintain the quality and safety of food during its shelf life. This
technology uses indicators and sensors that are used in packaging and detects physiological changes in food (due to
microbial and chemical degradation). These indicators usually provide information that can be easily identified by the
food distributor and the consumer. However, most of the markers currently used are non-renewable and non-degradable
synthetic materials. Microalgae that live in both marine and freshwater are a versatile solution for building new biosensors
to detect pollutants such as herbicides or heavy metals. These photosynthetic microorganisms are very sensitive to their
environmental changes and allow the detection of pollutants. In the past few years, several studies have been conducted

in relation to the development, evaluation and application of biosensors using natural compounds in smart food packaging,
and some of them are reported and summarized in Table 2.

Materials and Methods

In these studies, examples are mainly focused on biosensors related to biopolymers, but some other synthetic polymers
that are easily degraded have also been used as examples. In Table 2, it is also specified what the function and application
of the sensor is and how it reacts to the loss of freshness of food. Most sensors are sensitive to the change in pH caused
by the release of volatile nitrogen compounds, and this change is characterized by a colorimetric response. Sensors are
usually placed in the space above the food container, avoiding direct contact with the food, but close enough to detect
changes in the environment and respond to changes in food quality. When these biosensors are integrated with
biopolymers, they are usually incorporated into the polymer structure, and the color change of the layers (film) indicates
changes in food quality in the packed product. The collected information also clearly shows that extracts rich in chemical
compounds of pigments that change color with pH and especially anthocyanins have been used in these biosensors. In
addition, most studies of biosensors have been conducted on fish, meat, and seafood, which is probably because their
quality degradation is an important economic loss and also because the pH of the surrounding environment is changed
during the degradation process. , and this change is easily detected through pH-sensitive biosensors. Smart food packaging
technology has made it possible to monitor food quality by incorporating markers, sensors and radio frequency
identification (RFID) into packaging. The technology also allows producers and consumers to trace the history of a
product through important points in the food supply chain.Interestingly, some compounds applied and tested in the sensor
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not only provide a pH-sensitive dye, but also have other bioactive properties, for example, antimicrobial properties, and
its presence in the polymer matrix can also increase the storage activity of packaging materials.

Results and Discussion

This paper shows that microalgae can be used as biosensors to detect pollutants such as herbicides, heavy metals and
volatile organic compounds. These biosensors are very sensitive and reproducible for physical or chemical analysis. One
of the main advantages of these microalgal biosensors is that repeated measurements can be performed without extensive
sample preparation. They can also be selective, for example chlorophyll fluorescence emitted from photosynthetic activity
allows the detection of herbicides, while inhibition of alkaline phosphatase and esterase allows the determination of heavy
metals and organophosphate insecticides. Recently, great progress has been made in the identification of genes and related

pathways in microalgae, and powerful techniques for genetic engineering have been developed. Collectively, the progress
achieved in these areas will rapidly increase our ability to genetically optimize the production of more sensitive
microalgae-based biosensors.

Keywords: Biosensors, Food preservation, Freshness of food, Microalgae, Smart packaging
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