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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
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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
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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. 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).
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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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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
(P> /4 0) ol 1o yd A0 oy 5 dme BMR] 3525 pas odimd LS s b (g9, p 485 )3 LS, gy

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.
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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



olnl olhé gbos g pole Sleldgly a yid
https://ifstrj.um.ac.ir

PLEI T

oo 35 Je

FO-FF .o VoY ol d )l — (529358 o) 0 ko (Yo s

5 SN, sty pblg (S U5 SN 5 I s 18,5545 olS aky; J L0 o las

I s gons 5 S gie Jole slas U I S 0T g9 Sk S

‘;L:,s oo —';lﬂ.).;q o Ahae —# ol o3l yde 5,
LV VAT SN

VRPN 5y e st

oS
Prosopis ) 58 4, (Jbl o lac (29,80 15 g 3131 JISG3), sl Codled (o g JS A553936 9 IS Jgid (im0 sglatods pols gy
Mg QE/g o JS 15959Mé (clgizmo cymizman (VFO/OA £ VY- Mg GAE/Q) ol olis 1y oYL Joib (lgime )8 Joibil o)las .05 plsl (farcta
Jls; Jlae s ABTS 5 DPPH 3lj] (clo JIS,, jlge cilisee (sla b, 51 oolital L oS )5S adiyy Jsl oylae gl il callud .55 VYIFY £ \/¥A
sl M (IS L3l slos 35S s 33 S8 osbeae STy 0> b 393 Moy OF/B+ 5 VVIAY SVIS+ by plyy i iy 5,51ty 55,
Clale & s o)lae gg,Seers ol o b Ui BT Saly 5 BT ooy S slagiy il kg ushaol g oshigl usSS sl
LSl sladigw (p gowlas 5 cn fpglie o) pie dlla a5y s g 0 S b o 5 uslysl s g hSlin] g (6 ptilns KD (Sl ySL g Cunl
sl 5 osingl osSsS phdlio] gyl M&us (A5 L il Sl 5 yS |y sl S HrS adyy Jgibl o)las (SaiiS o clile fBlus iings o)l il
P ke P 9 YV NOF AVAL ply o i jg5 da (slas 8L sl (Saits clale Pl o Jioyd 0392 i oo 53 p)5 (o ¥ 9 ¥ A A iy kg
D92 yidshes 5

S lled Jlob Gy ojlias 5008 ¢ I8 OS5 e 2l 0o ST gS g0y

o o GBI L ()5 e o SRl Sl slizal dodio

$2LS b Cunw; OlS 5 3l ol ol s glie Y gae

5 @aSeeds 2le sl ln el Rk

Ortega-Ramirez et al., ) sul oo jlod 4 (coime Jlams] ]
(2014

dox | g B (Sjglon colld (b (LS slaojlas

ol ol o asl o (2B 15 5 (2l S o ¢Sl T olss

2l g ()05 (sl ol i dlge il ol g

S50 9 g YL e g loj cal 4Bl (Rl Gl sl
Spas )3 (pges ok (Bl 9 (2138 e plierd (sl 53959
Gl 035 gydu9y (g Mo b 1) oyl 5l ool bS5 o]
4 ol By & (oghan ookl I us I i edlitl
Joloe ol JalS i el ctisiats S gSudin b (5091 (oo

u‘f' ‘JLM“’ (uL.n-')P wa]c @L.a 9 ng)}l..f.vs P}'L“ olKiily idl» CJL.AD 9 uaolb ,ﬁ}l.c 04SUSly ‘ua‘.)& éJl.uo (WA 9 F?‘Lc 09; ()L.:.iljlb =)

(Email: B.alizadeh@asnrukh.ac.ir 2 o 0 5 =)

Al e cylisjsd anb mlio s (655l psle RS ¢(g)ysliS Sl (UL wige 5 psls 05,5 bkl ¥

https://doi.org/10.22067/ifstrj.2022.76780.1173


mailto:B.alizadeh@asnrukh.ac.ir
https://doi.org/10.22067/ifstrj.2021.69556.1028
https://orcid.org/0000-0000-1447-5088
https://ifstrj.um.ac.ir/

VP Cllgm 8yl = (1285959 ) oylosds Yv aler (Il (2138 2uluo g pole slosidghy 4 pis YA

WY SR WS P 51 eolazwl b c_{)}Q; oS L_J}SU‘ o lac

o & 10> il 1) Joo 00 L diged p)5 ) S 5 s
ool lo 18 51 ealizul b bglbke (yuaw L5 03jen sl V-
Feoolod 10 W cov Blsl s zoys g hd Sis b g ik
J(Alizadeh-Behbahani et al., 2021) s i 3,5 Sl 455

JS Jgs Gaas
e yidisden ¥ oolyon 4 ojlas ) e +/0 gy cul
Loy Vr) 2lg — o Gy 4 (2 )5 VO) Sy
4B Yo Sde & Wiges (£) eSS 5l L B A8l (o> [ o>
Mde ad (6,505l yogil YEO zgo Jsbo 4 ‘_’JT wda bl gled o
o)las S g p)S 0 deel SIS p S e bl 5 S S5
Rahmati-Joneidabad & Alizadeh ) .5 i,l55 (mg GAE/Q)

.(Behbahani, 2021

JS 33355 938 (s
o <) 3588 oS b eslaae 1 len o/ jolate
(303 B) o oy Jglone yidideo /Y L (ddee 2 oS
Vo) 2 65 poregll e /Y (9331 5l G 205 bl
day dls yo )3 A5 03 30n dBBY £ e 4y balos (el S Moy
DY+ zoedob ) badiges o g ALl V5o N 25wy Lo ¥
PGk pololp IS 39 (i ad (5pSojlul pegil
235 ()55 (MG QE/Y) ojlias Suid (59 p)5° ) (s oS

.(Barzegar et al., 2020)

) 5T caallad (s yaSo jladl

ABTS I35l JI6sl) ylee DPPH Sl JGol, sl gy dus 3l
ol (g pSoill cap dpul Segid — i)l 0 SS) b9 5
A ol 55008 olS bl ojlae SlansT 5l

DPPH 31 Jisauly ylgo (5 yaS0 3l
Fko 0 S wgai b ojlas iy Seo 00 glaio
Ve e 4y Joloee 53,5 bglo (;¥ g0 lue +/VY) DPPH gl
Wged da (bl 2 8 (6)le S BlS (Bl 3 VO (slod 5 aids
ISl (S48 oo 5,5 4 (55031l o VY g0 Jsbo 13
Alizadeh ) 10,5 awls yj Jse,d b oylas DPPH
:(Behbahani et al., 2021

(U G905 0l —ojlae i )X
S diges il

SHjL e b ws 3= 100 (V)

2 ogMe sl o3l tal3bl liE Y gans )3 1y sl ) slizl
Sl il i 3 (LS Lite b (9)Se 25 LS 5
o ) ol 65,5 )5 s 3100 s Sam sl JyisS
S0 1y Sl slacisie (loy (pSady gbas S ol
4 e Sgn bl 4 pglie byl gladgw Hebs cise o
S ol 05 b 29,500 15 S5 sl polae syt
S ) 308y el ] S Sl e eS|
o 2l 50 5 ol ol odas ile DS i o
oo, las .(Duffy & Power, 2001) 5> (g0l cuonl 553l ias
SapSll g 2950 1 cllad il 2LS clopuill
.(Poudineh et al., 2015) wlosl> Lis 545 11, oYL

4 slso Prosopis farcta ole pb b asos b Sya0S olS
A6 pol Siiddas 9 S sblie > 45 02y Fabaceae ooyl
ool ) 508 gt 3ble 1 5 olal 53 dagyie0 bl o i 8
Bl by g o0yl g (el § liaw (i (S 50y
2LS o Bl Voo B Y. 2o glii)l b )08 ol 09 0
claime; 5 93,15 5L ool Of 4 oS il o Al > g clasg
JGxSsle car ol ol il e Gl ) dgd e il Sis
Joel 9 slodg) acslow slyr Gloyd (B 18 9 (22 I
nl oM 298 o o3litul (i ok (Lol g il (S5 g plix
01 (35S ol cilisee cloaisS ST 5l g 29,50 15 0lsS
Azizniaetal., 2019; Khatami et al., 2016; Morovati ) ¢l
9 9y5we Ao Ol 4 ang L .(Sharifabad & Salehi, 2017
U5 clise a3 oo s o) 9 S8 oS Sapes i
Il ojlas (05,500 15 5 ST Bl Cools (S 435M6
3)5 e ol

W g, 9 S0

ouldical 390 (absascti 3l 9o 9 (39,500 SLALI g

syl MSS U5 Ldpi] gayguw 51 imgsy cpl
2 o3 SIS ukligw ushal 9 ugs) osSsS sl
pole oSl ( olid plio (pwdipe 5 pole 09,5 (29)Sue (oSS
2 ol lwsjer anb wlie g (5jy9lis

Sl S ool 5 b g Joloe (SN slacSiuns
5 (Olll) Sye 855 5 iy gtiem Jgo 9 )BT (ysiien Jgo cutS
s DPPH il Kot /o5, ABTS (glacs peo
D0 g (16]) Lo 8 5 51 28 s

S,9¢5 obS (A 93l o jluas asgs



YA LSS Sl o ble (5 aisigd g Jeid ot 1S 008 oLS ey Joilil o jlac oyl 5o g oty o0l e

40 slachle 1Sy ya i alg)See £ecuitS laboe (o)
&l.} ).Q )0 ();.J‘;L'.n )) P;LSL:A ¥ 9\‘“ AR G\‘) D)La.c IR
3)S ol asd YV glod o cels VY e 4y laculy (0l disy
» bSal bl s, pie sladls Jad g Bad 515wk, S

J(Shahidi et al., 2019) 1> )5 (5,503l yo Juo o

SSAaS lge GulAlE J8lan (jaanh

e ) iy Koo Voo oSS oo il Jiis s
EY XY A8 A LX) Gly siad Jee cuilS lasre ) diges alise
seloge 5ls S0V eha & () ko 5 p5 o YOF YA
) Ol Gk 5l e 8 AL Al AP ol 4 (2950
Fadg o Vo oS il an > YV gl cele VF o
g Bl bSaly I Sy jo 4 w0y 0 18 padgil T b
2o Sals sl 4idd Yo 5l L s pbol 6)iS sl Toaos
clle Blhe olgea Sals ol cdale wus sanlie 30,3 S5y o
(Yeganegi et al., 2018) s ¢l SuiS ke

SSauis QIS fSlan e

Got ool don (SuiS Cll Sl g jglaien
s ools cusS BT ygiin Joe bae g9y 4l8Tas Hebdy < )yqaS
435S0l 05 il ax 2 YV glod jd Celu VF o @ ooy o
g 3,55 45, 35k ol o & bl ojlas 5l ke s
Alizadeh Behbahani & ) us o)l Saus clale sl
(Fooladi, 2018

JrS Glp Olge 1) (2158 dlge (651655 slaig 3l (sl

955w b Jolge do 815505 odlitnl amlicwsST 5 (09,500 dlud
o3latusl ol o A5G b 9uiS” 31 (6 )l )3 S ginme (Sl T g
G S S S g oml b shesluS ]
glon Sl gpSiin g (oMo SYMBT floyd (4l (s ok
98l Lol b Jbcun; SlaS 5l arie 9 sl e ool
At  Joi8 Gl 5 g by 3 51 5L 09 ) lalS s plie
Alizadeh ) )l G;L@S\u;ﬂ PRPTS SIS O
Behbahani et al., 2019; Alizadeh Behbahani & Shahidi,
o » (2019; Alizadeh Behbahani, Shahidi, et al., 2013
e 9 23,5 gyl SnS oS adyy Jsbl ojlas i)
Ol 9sSeerid g SlanSI gl clld g 289 5 (Jgid LS 5

ABTS a1yl Jlssaly lgs g,

VYO sly Sllgy 5l pln slopoes gy onl
3 dols Jlors 5 554 Lgba Vga s Y ABTS 5 Vso Lo
sl esls Wgi (ol el V8 Cse 4 S5, S o U1 sled
ISty Jolors & Jsiio o 51 o 33 (555 ABTS JI),
oy yiogl VIF j3 /Y £ /Y Glo 4 b as ailsl ABTS
b oojlas ke <) b (ke YR) ABTS JISusl, Jsbs
o 4y 31 (slod )3 (6515 I g 9 bgloee 38 (lgis ey Joilie
1SS oo b 0 oklgs yiogl VIF 5 ] Gl s £
Alizadeh Behbahani et al., ) sd s ) ©jsody Coles
(2021

S Bges wlo —o,lac Lls
Sk el so = U oo ol =) 100 (v)
S dges 0l

sl Said gl - (3 g )lS L 6 3 gy

At 3 Ceaglio ol 1 o) ol 53 a1 5 )8 0
Bk 3l el ) e s el Sdsld gselins]
S35 elbspsTg)hn 155 5 wlo & 3l o 5T sla IS4,
Jse)® G U39y ol 39 (FPemSTl clled 2950 )8 LS 5
(Tanavar et al., 2020) b5 )3 duwlro pj

(4585 120 1 sy igni ol — 2553 120 s Jy25 )

Yo olej 33 S5 ol aids 120 5l am J5S s

sy Qs s o= x100 v)
olas (o9 55s0 b Cuallad oy 5

b sy ety SaS Bl Ji y SaS ks
A5 ealiiwl J)}e({ oS uJyl.:l o lkac u.s”&.ow

O8I 0593883 Ses (hg

e T g Yo Y ) ylas ilivee clhedale 4 il
¥ slojild by ) odlaal L lag] oyl 5 (ke 2 25
ans lacdale 13 dd 8 Ve e 4y SO lacSiund (g yiog ySuo
05 Jgo CulS Slalazie (55) Shnd g D (651055 003
@ il (oIl )S I e nd ot g8l sl ]
sed da gL (gl oS ol s YV glod 3 celw YF e
Alizadeh Behbahani et al., ) us (5 ,Sejlul Ad) pac sladla
(2019

8T sala
sk » e 7 ks 4 olacSaly Ll b9y ol )
logs S (oo Sl g 03,5 2l BT gtin Jge (ool



\Fey W‘é)l —O..[o),)é d c)l.o.& ACIRYES ‘O‘J‘l‘ t5~'~“;\‘é eLuo 9 |°5'L° 6%53‘% A gl ¥

5 DPPH (o Jooly Jlao cslagig) ol p o) shaaSlosl £ V¥ Mg GAE/G ool oyl 48 sl ol zults 133,50
Ve by gty g5l S5y s 5] 6xSsle s ABTS S asgiod VY/FV £ \/¥A mg QE/g 4 JS Jg VEO/OA
Dgr daoyd OF/Q+ = o/Fe g o3 YVAY £ < /FA o 3 £Y/5- () JSs) sl e

cdlé s SyuS ad, Jobl ojlas oyl ogdle
ol Sgpgh (V0 JSE) 3 P bB Slasl

160

145.58

140 A

120 -

100 H

72.37

60 -

40 -

20

(5T sl SIE 0,5 o) JS Jgpd (slgiome (0,5 (o 595 0,5 o) JS sdgiMld (slgicmo
Total phenol content (mg GAE/qg) Total flavonoids content (mg QE/qg)

S )8 iz I 0 e IS sigish g gt lyions —) JSL

Fig. 1. Total phenol and flavonoid contents of ethanolic extract of Prosopis farctaroot

80

71.82

70 A

545

40 A

(o)) %0

30

20

DPPH s J5sl, ABTS b J5ol, o9yl
DPPH radicals ABTS radicals beta-carotene

S90S iy JU1 0 las (oS T Collad Y S
Fig. 2. Antioxidant activity of ethanolic extract of Prosopis farctaroot



BV ST SIS0ty U155 o5 giat 3 J5id e 155045 oS iy ST o s )00 5 St 090k

W0)5 sanlin jio Juo WW/Fe 5 yio Lo VF/A g jeShe
sl pesSsSsklio] g syl M5S Glas S (S gy
9 eipglie by pas e jlad pjle g (pyieS L cupa
B e opiman K39 0)lae &y Cud (2l S oy (ol
9 rshsl osSsShiliv) Cuta )5 SlasySL )3 A3) pas Al
A b)) e £33 Slag S b dualie ) (biiper bl
3 egS ol s Comlus oS 39 SSyh (bl MRS

Ao 555k |y s st

20

2l > SHnS aday Jpbl o)las bk ws clld ol

Opind> Seud (g bl Capogonna Jale g (il o S
olas clale 158l amls Billas sl ks 35S Y S5 5o
pae Ay )l gtae (il o yid (o )3 )5 (o ¥y V-l
Vool 3 a)S adlas 0)5e oSl (les sl A
slp e VIVe jlad) pae dlla Jlad i e 3 )5 e
S8l gl gee AP B gl MSD 580
pie s jlad olie & Jb )3 gy pike yuplis/ upSsSphslis]
Sk lp olas dide ) p S ke ¥rochle > ui)

18 -
16
14 b

c
CCI

12

Ay pas Al Hlad
1Z (mm)

10 A d
] ddip

d
I

b
I

=T

® Escherichia coli
m Shigella dysenteriae
Staphylococcus aureus

Bacillus subtilis

8

6 -

4

2

0 - , .
10 20

- Jale

c
I
3I0

Concentration (mg/ml)

40

1 O5amiad S gy bl 2 SH0S Al ) (JU1 8 5las (019 Spond Collad ¥ USS
Fig. 3. Antimicrobial activity of ethanolic extract of Prosopis farctaroot, based on disk diffusion agar method

A Cawd Cute p)S oSl i canles &S (0 JS)
3o oLt 1y ojlas ply 5> (ke )5 slais S

S Sl plyp o ojlas (Saiis chle Pl mls & o
slp Sass clale JBlas yolis waad o lis 1y adlllas 590
5 rshysl sS85 pllio] o piilnss MEus (N5 il (glns Sy
13 P, ke ST o TV 05 AYA Ll s pusbitigms poshoasly
sS85 klin] g (opiiliass 53 5y @l illae gyl lee
ojlas ply > baygw sl 5 nppglie iy usly/
Sbggell plo @i livly 1 & Wy S)nS ad, Jobl
Bl oo (29)8p0 S

Siapd ggojl sloadly by 3,81 Saly fg0il @l

Gl s oglae ke il (F US5) gy ST cp5amied
235 adlas 5)50 slags Sl (sl a5 pas dlla jlad o v
b sty I 681 e 3 p S ke ¥ ke joe
5585 sklee] 538l g yia e VO Jolae A3 pac dla b
i yiake WY Pl ad) pas dlla Jhd b jusdys/
Il ojlac & Cuns oL Sl Gladiguw (5 wlas g 0 pglie
pe dln 5 o ol 1S5 Lo il ogdle iz 5508 A
25T (3ared Saad (g3l 5l 555 BT Saly 0] 50 1)
Sl SHnS Ay JPbl ojlas (S )le clale Jolu

5 rosiysl w55 5S plliol o g pilnss MES (S5 L bl gls S
39 e eSSk ¥ o ¥ A A i kg ol



VP Cllgm 8yl = (1285959 ) oylosds Yv aler (Il (2138 2uluo g pole slosidghy 4 pis ¥y

20
18
16
14
12
10

1Z (mm)

2y pas dlla b

o N OB~ OO ©

MIC (mg/ml)

S NS Yoo clile Bl

o

o
o

10 20 30
Concentration (mg/ml) cdalé

40

m Escherichia coli
Shigella dysenteriae
Staphylococcus aureus

Bacillus subtilis

ST Sale gy (ol 52 S yrS auls ) (JU1 05l (o9 ,Smds Codlad —£ JSS
Fig. 4. Antimicrobial activity of ethanolic extract of Prosopis farctaroot, based on well diffusion agar method

A bl Srld WS oslyg) g hlin]

Escherichia coli Shigella dysenter y

Staphylococcus aureus

rdiisgwr puisbals

Bacillus subtilis

5 NS oo CllE Bl (g (bl 32 Sy Ay Il b jlas (o19,5uend Cullad -0 JS
Fig. 5. Antimicrobial activity of ethanolic extract of Prosopis farctaroot, based on minimum inhibitory concentration method



FY o S S0 o bled oS s g Joid o 15908 obS iy Joilil o jlac oyl 5o g oty o0l ke

300

N
a1
o

MBC (mg/ml)
S S clls il
N
8

150
100
50
: B

A L pit]
Escherichia coli

Pl W oslyg) sy skl
Shigella dysentery

g wslasls

Staphylococcus aureus Bacillus subtilis

S NlS S JBlas (g (bl g SRS sy Jgbl o las o190 Cllad -1 UK
Fig. 6. Antimicrobial activity of ethanolic extract of Prosopis farctaroot, based on minimum bactericidal concentration

method

byl s cdld oy iaS ojlas o Jbsys b sanlie  ywsl)s/
ojlas 09y db clad by i (gpiilugs MKLS plp o 1y
Sl ss cdld oy clale 4 dtwly SyeS ady, Jebl
)JL.\) 9 llb..\ﬁyﬁMS ile JLB Gy ) ul.u..{)) )9@ LAWY odnlin
(Ageel et al., 1989) cusl oads 03l Carund (Joid bS5

YL BT Sals yg05l 5 4 pac dlla yhad cadllas oyl )
ol s 4 ol (S b opl g ST p5aais Kawd g,
BT Saly 9y 53 musil)lgSee 5 xS 1S o3le (g ot
e 4 Sand mwaw 1 GgyShe A Jole il a5’ Jbsy> il
S5 (oo o BT (3gres Sand gy 2 ) o 2l s gl
.(Alizadeh Behbahani et al., 2021)

S Comolus & caib dog &S5 pl & Gl o uiced
o B S)seS adyy ol o)las 4 cute p)5 2L SL laaisS
ok w22 53 AtsS 0 3,00 5 3B &Y K225 i 4 L
buwg it p)S slodisS )5 Jolw clic a5 Jb > cunl Ll
dgu oo Cladls g 0u XLy (wSlpoS” (g0 ) Sl Ligd 4Y S
205 9540 25 Jalse JLazl ulyy > ailo lsieds Sl e oS
Tabatabaei Yazdi et al., 2014; ) &5 Joe Johw yuolyw ;o
(Tanavar et al., 2020; Yazdi & Behbahani, 2013

LS g JKaly sl oled (i cpl slbasdl L Salen
5 o S by SHRS oge Jpll ojlas (95
3,8 o, (Farboodniay Jahromi et al., 2018) I, ISen

Slinte 5 o3 sty il Wilo J9b S cpin

Sloas  olelis Prosopis slaassS ple jl Seoluw  duul
ol s 4 Jgd oS (Almaraz-Abarca et al., 2007)
LS g 455 Sl Sl ple 5 29)See 15 ¢ s ]
Alizade Behbahani et al., 2014, Behbahani et al., ) sloas
2017; Ebrahimi Hemmati Kaykha et al., 2020; Yeganegi

She S lasa Job aluS g oYL glee (et al., 2018
olsS s ,1 09)5 ol s s cdl Sy Joblojlas ang B
e Sl 3 sl BT clocdls ool ol sl
Alghooneh et al., 2015; Alizade ) wload asls o «
Calld o bl guin oldles (Behbahani et al., 2019
cal ols L 1y alS (slro)las Jod (clyizo o (s il
Alizade Behbahani et al., 2014; Alizadeh Behbahani et )
al., 2021; Alizadeh Behbahani & Shahidi, 2019;
L;};éub bS5 (Alizadeh Behbahani, Yazdi, et al., 2013
yobieds Sl la Il 4 5o, lal 4 0B
JK-.’.-") Sloyes gla STy 5l e )3 g A 35800 glagyg Sl
il gl 4y s sl (S o 415 o (£ Sole pllasl 1]
Falah et al., 2021; Garavand et al., 2021; ) 155 o g;low
(Nooshkam et al., 2019; Tanavar et al., 2020

P P I 29See 1o cullsd SyrS adsy Sl o)las
A ol esd Jlojl it p)5 g Cute £S5 oSl
8555 phdlin] ply > ojlas QLS as clld e



VFoY ol o)l — (20558 O o )los Yo ey (ol (0 aalio g pole sleitrgfy aspis Y

A8l Pl pa (SGerhes Bgn QUlF g Culad > Oglds s
ogen > JolST ghzeiwl b (Joid Gl 5 plise (i (iomen
Al custs (VEISA mg GAE/G) by 4 (F0/¥0 mg GAE/Q)
Il 5 Jolie slaojlae Lauwsi s boojlas (oL Sk AS (ol
Ll g s pllin] Ay J) &S A5 CS ogee SlaBME
.(Poudineh et al., 2015) 35" o (55 5l>

ady) Jobl oyl wmd o oLt adllas ol gl & jgb slon
355§ AP IB SlanSIl g g pSee 18 o Shy SHS
b OS5l e plyea Mg cplply @rd e ol
g badggd wile (Joid OlS 5 298 ab)S Jl5 > Jlbcaw
kol Glipl plasa cunl (See oylas 1> 2950 S gid clasuul
Hgd wid)S jlas 5 el ol Jotes

8 25 4o

SHorS ol a5l ool sy 4 Jgilil o jlas il dslllas jo
o)las ub (glolid (3599 M 5 Jg26 OLeS 5 5l (8 mie Olgis s
550 oIl g (29,50 15 sl Sy )08 ) Joibl
L) SHos adey oylas 0ailSloncel Sl zgdg & mls b ol |y
S bl 5l ol i 5 5 Cute p)F slacs Sl
Il oylas sl JlEl Sl 55 polae jsbodr (09)Sue Cunglia
Ol p e el ralie JoSo 435 lpie s Slgi e S)50S Ak
ol Gl OSSR nl g ogde g8 aiB)S e ke
Jsens a1 3l 5 (29,50 15 Jolse b gl oS5 b o)lae
2l 0] Sligdisg g g0 Llg5 o

S 51 5wl

69l g (g Cglan jl A oo oY 355y dllie (B ain s
slcoles b 4 (liwjes (b gl 5 (g5)5liS pole olKuish
Ailed (1008 5 S dilosens (s5ixe g (5L

References

Mg ) s lis 1y (Vb Jsid slyie S8 Il oge olae
Jobeo o a53sMs S (clie a5 s, (/00 £ +/-Y GAE/g
bl ojlae Slans sl o8 54 VYo £ +/-A mg QE/g
4 ABTS 5 sal Swals @i DPPH I sslizul | sgse
Fike 3 )5S WY il i 53 p)59)Se PYIFO L
95w 35 6y @S g e )3 p)59)See OYVY 4
2y g0 oge Joill ojlae  SuiS o clale ol o ol olis
2055050 VL plyy (5 Ldpil 5 eshyg] esS 55 kslen] M)
ok Syt 5 1B S 55 L im0 il e
J(Farboodniay Jahromi et al., 2018) . sualiv Jebl ogee

oS 2lom (slo i ojlas SlinS1 5l g g, cllad
i)l (Saad etal., 2017) ) San g daw bawgi jas > S)yspS
S35 sl > gt (agsSan 25 Edl ol3So o las 38
2 S plte o)las g By pusTiny g (A L] A
Jools (U5 urdeastof opSeSphslin] g (A Ld s detsg)) Pl
e 1) 6Vl (29550 15 Clld Sl Sl o)las 505 (g5
e 4 0 L il LS IS L] MK glnaisS
s o8 Sl 1y iy Sl sy olas iy
8555 ol () By sTan (A Lyl by e
JBel e o> izman 3> jop uiSCel/ lilg pridea ot/
Sbojlas gl 1oy3 AV/e o AVIY AY/+ AY/\ o 54y ABTS
Al b dalie > Joilis g el sl aullS plite (55
.(Saad et al., 2017) 54 (duoy> A/Y) S oSl

e (Jgbl sloojlas 2yl 15 5 Glaes] ol cllab
buwg SyeS oge g aib BMe cacwond N 4 JlS]
8,5 318 wyy 290 (Poudineh etal., 2015) ), \Sen 9 434
ST clad i wl ol ojlas dbojlac e 5
2 Il s o ol | (o » 55,5 +1%0)
1 sl (Sae oS 3 ol Ty Tglize slasiy, cilie (sla M

1. Alghooneh, A., Behbahani, B.A., Noorbakhsh, H., & Yazdi, F.T. (2015). Application of intelligent modeling to predict
the population dynamics of Pseudomonas aeruginosa in Frankfurter sausage containing Satureja bachtiarica extracts.
Microbial Pathogenesis, 85, 58-65. https://doi.org/10.1016/j.micpath.2015.06.003

2. Alizade Behbahani, B., Noshad, M., & Falah, F. (2019). Investigation of antimicrobial activity of Fennel essential oil
on some pathogenic microorganisms causing infection and food poisoning and its interaction with kanamycin
antibiotic. Food Science and Technology, 16(91), 233-241.

3. Alizade Behbahani, B., Tabatabaei Yazdi, F., Heidari Sureshjani, M., Mortazavi, A., & Tabatabaei Yazdi, F. (2014).
Antimicrobial effect of the aqueous and ethanolic Satureja bachtiarica extracts “in vitro”. Iranian Journal of
Infectious Diseases and Tropical Medicine, 19(64), 13-19.

4. Alizadeh Behbahani, B., Falah, F., Vasiee, A., & Tabatabaee Yazdi, F. (2021). Control of microbial growth and lipid
oxidation in beef using a Lepidium perfoliatum seed mucilage edible coating incorporated with chicory essential oil.
Food Science & Nutrition, 9(5), 2458-2467. https://doi.org/https://doi.org/10.1002/fsn3.2186


https://doi.org/10.1016/j.micpath.2015.06.003
https://doi.org/https:/doi.org/10.1002/fsn3.2186

YO o (S S blei oS aigigd g Joid ot 15008 obS iy Joilil o jlac oyl 5o g Sloats o0l ke

5. Alizadeh Behbahani, B., & Fooladi, A.A.l. (2018). Evaluation of phytochemical analysis and antimicrobial activities
Allium essential oil against the growth of some microbial pathogens. Microbial Pathogenesis, 114, 299-303.
https://doi.org/10.1016/j.micpath.2017.11.055

6. Alizadeh Behbahani, B., Noshad, M., & Falah, F. (2019). Study of chemical structure, antimicrobial, cytotoxic and
mechanism of action of Syzygium aromaticum essential oil on foodborne pathogens. Potravinarstvo, 13(1), 875-883.

7. Alizadeh Behbahani, B., & Shahidi, F. (2019). Melissa officinalis essential oil: Chemical compositions, antioxidant
potential, total phenolic content and antimicrobial activity. Nutrition and Food Sciences Research, 6(1), 17-25.
http://dx.doi.org/10.29252/nfsr.6.1.17

8. Alizadeh Behbahani, B., Shahidi, F., Yazdi, F.T., & Mohebbi, M. (2013). Antifungal effect of aqueous and ethanolic
mangrove plant extract on pathogenic fungus" in vitro". International Journal of Agronomy and Plant Production,
4(7), 1652-1658.

9. Alizadeh Behbahani, B., Yazdi, F.T., Mortazavi, A., Zendeboodi, F., & Gholian, M.M. (2013). Effect of aqueous and
ethanolic extract of Eucalyptus camaldulensis L. on food infection and intoxication microorganisms “in vitro”.
Archives of Advances in Biosciences, 4(3), 89-99.

10. Almaraz-Abarca, N., da Graca Campos, M., Avila-Reyes, J.A., Naranjo-Jimenez, N., Corral, J.H., & Gonzalez-
Valdez, L.S. (2007). Antioxidant activity of polyphenolic extract of monofloral honeybee-collected pollen from
mesquite (Prosopis juliflora, Leguminosae). Journal of Food Composition and Analysis, 20(2), 119-124.
https://doi.org/10.1016/j.jfca.2006.08.001

11. Ageel, A., Khursheed, A., Vigaruddin, A., & Sabiha, Q. (1989). Antimicrobial activity of julifloricine isolated from
Prosopis juliflora. Arzneimittel-forschung, 39(6), 652-655.

12. Aziznia, H., Keramat, J., & Soleimanian Zad, S. (2019). Antioxidant properties and antimicrobial activity of Prosopis
farcta root extract on foodborne bacteria. Food Hygiene, 9(2 (34)), 47-59. https://doi.org/10.30495/jfh.2019.665680

13. Barzegar, H., Behbahani, B.A., & Mehrnia, M.A. (2020). Quality retention and shelf life extension of fresh beef using
Lepidium sativum seed mucilage-based edible coating containing Heracleum lasiopetalum essential oil: an
experimental and modeling study. Food Science and Biotechnology, 29(5), 717-728.

14. Behbahani, B.A., Shahidi, F., Yazdi, F.T., Mortazavi, S.A., & Mohebbi, M. (2017). Use of Plantago major seed
mucilage as a novel edible coating incorporated with Anethum graveolens essential oil on shelf life extension of beef
in  refrigerated  storage. International Journal of Biological Macromolecules, 94, 515-526.
https://doi.org/10.1016/j.ijbiomac.2016.10.055

15. Duffy, C.F., & Power, R.F. (2001). Antioxidant and antimicrobial properties of some Chinese plant extracts.
International Journal of Antimicrobial Agents, 17(6), 527-529.

16. Ebrahimi Hemmati Kaykha, M., Jooyandeh, H., Alizadeh behbahani, B., & Noshad, M. (2020). Antimicrobial
potential of Cordia myxa fruit on pathogenic bacteria: A study “in vitro” laboratory conditions. Food Science and
Technology, 17(101), 71-80. https://doi.org/10.52547/fsct.17.101.71

17. Falah, F., Shirani, K., Vasiee, A., Yazdi, F.T., & Behbahani, B.A. (2021). In vitro screening of phytochemicals,
antioxidant, antimicrobial, and cytotoxic activity of Echinops setifer extract. Biocatalysis and Agricultural
Biotechnology, 35, 102102. https://doi.org/10.1016/j.bcab.2021.102102

18. Farboodniay Jahromi, M.A., Etemadfard, H., & Zebarjad, Z. (2018). Antimicrobial and antioxidant characteristics of
volatile components and ethanolic fruit extract of Prosopis farcta. Trends in Pharmaceutical Sciences, 4(3), 177-186.

19. Garavand, F., Eghbal, N., Nooshkam, M., Miraballes, I., & Jafari, S.M. (2021). Salt, spices, and seasonings formulated
with nano/microencapsulated ingredients. In Application of Nano/Microencapsulated Ingredients in Food Products
(pp. 435-467). Elsevier. https://doi.org/10.1016/B978-0-12-815726-8.00010-6

20. Khatami, M., Azizi, Z., Sh, P., & Najarion, O. (2016). Antibacterial effect of silver nanoparticles synthesized by green

method against the standard strains Escherichia coli k12 and Escherichia coli 25922. Journal of Gorgan University
of Medical Sciences, 17(4), 119-124.

21. Morovati Sharifabad, M., & Salehi, E. (2017). The effect of feeding with Prosopis farcta aqueous extract in reduction
of hyperlipidemia risk and liver enzymes level in hypercholesterolemic rats. Veterinary Researches & Biological
Products, 30(2), 194-199. https://doi.org/10.22034/v}.2017.109243

22. Nooshkam, M., Varidi, M., & Bashash, M. (2019). The Maillard reaction products as food-born antioxidant and
antibrowning agents in  model and real food systems. [Food Chemistry, 275, 644-660.
https://doi.org/10.1016/j.foodchem.2018.09.083

23. Ortega-Ramirez, L.A., Rodriguez-Garcia, 1., Leyva, J. M., Cruz-Valenzuela, M.R., Silva-Espinoza, B.A., Gonzalez-
Aguilar, G.A., Siddiqui, M.\W., & Ayala-Zavala, J.F. (2014). Potential of medicinal plants as antimicrobial and
antioxidant agents in food industry: a hypothesis. Journal of Food Science, 79(2), R129-R137.
https://doi.org/10.1111/1750-3841.12341


https://doi.org/10.1016/j.micpath.2017.11.055
http://dx.doi.org/10.29252/nfsr.6.1.17
https://doi.org/10.1016/j.jfca.2006.08.001
https://doi.org/10.30495/jfh.2019.665680
https://doi.org/10.1016/j.ijbiomac.2016.10.055
https://doi.org/10.52547/fsct.17.101.71
https://doi.org/10.1016/j.bcab.2021.102102
https://doi.org/10.1016/B978-0-12-815726-8.00010-6
https://doi.org/10.22034/vj.2017.109243
https://doi.org/10.1016/j.foodchem.2018.09.083
https://doi.org/10.1111/1750-3841.12341

VP Cllgm 8yl = (1285959 ) oylosds Yv aler (Il (2138 2uluo g pole slosidghy 4 pis \t4

24, Poudineh, Z., Amiri ,R., Najafi, S., & Mir, N. (2015). Total phenolic content, antioxidant, and antibacterial activities

of seed and pod of Prosopis farcta from Sistan region, Iran. Azarian Journal of Agriculture, 2(2), 51-56.

25. Rahmati-Joneidabad, M., & Alizadeh Behbahani, B (2021). Boswellia sacra essential oil: Antioxidant activity and
antifungal effect on some spoilage fungi causing strawberry rot. Food Science and Technology, 18(114), 25-34.
http://doi.org/10.52547/fsct.18.114.25

26. Saad, A.M., Ghareeb, M.A., Abdel-Aziz, M.S., Madkour, H.M.F., Khalaf, O.M., El-Ziaty, A.K., & Abdel-Mogib, M.
(2017). Chemical constituents and biological activities of different solvent extracts of Prosopis farcta growing in
Egypt. Journal of Pharmacognosy and Phytotherapy, 9(5), 67-76. https://doi.org/10.5897/JPP2017.0452

27. Shahidi, F., Tabatabaei, Y.F., Roshanak, S., Alizadeh, B.B., Vasiee, A., & Norouzi, N. (2019). Antimicrobial activity
of Taraxacum pseudocalocephalum leaves extract on pathogenic microorganisms and comparison with common
therapeutic antibiotics in vitro. Iranian Journal of Infectious Diseases and Tropical Medicine, 23(83), 37-46.

28. Tabatabaei Yazdi, F., Alizade Behbahani, B., & Heidari Sureshjani, M. (2014). The comparison of antimicrobial
effects of Chevil (Ferulago angulata) extract with a variety of common therapeutic antibiotics in vitro. Journal of
Arak University of Medical Sciences, 17(3), 35-46.

29. Tanavar, H., Barzegar, H., Alizade Behbahani, B., & Mehrnia, M. A. (2020). Evaluation of the antimicrobial activity
of Mentha pulegium essential oil on some foodborne pathogens and its interaction with gentamicin and
chloramphenicol in vitro. Food Science and Technology, 16(97), 77-87.

30. Yazdi, F.T., & Behbahani, B.A. (2013). Antimicrobial effect of the aqueous and ethanolic Teucrium polium L. extracts
on gram positive and gram negative bacteria “in vitro”. Archives of Advances in Biosciences, 4(4), 56-62.

31. Yeganegi, M., Yazdi, F.T., Mortazavi, S.A., Asili, J., Behbahani, B.A., & Beigbabaei, A. (2018). Equisetum telmateia
extracts: Chemical compositions, antioxidant activity and antimicrobial effect on the growth of some pathogenic strain
causing poisoning and infection. Microbial Pathogenesis, 116, 62-67. https://doi.org/10.1016/j.micpath.2018.01.014


http://doi.org/10.52547/fsct.18.114.25
https://doi.org/10.5897/JPP2017.0452
https://doi.org/10.1016/j.micpath.2018.01.014

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

Research Article
Vol. 20, No. 1, Mar.-Apr., 2024, p. 47-62

Evaluation of the Quantitative and Qualitative Characteristics of Gluten-free
Chicken Nuggets Containing Quinoa Flour and Hydroxypropyl Methyl
Cellulose (HPMC)

Gh. Shekari!, E. Milani'= 2", E. Azarpazhooh?®

1- M.Sc. Graduate, Department of Food Science and Technology, ACECR Kashmar Higher Education Institute, Kashmar, Iran

2- Associate Professor, Food Research Institute, Iranian Academic Center for Education Culture and Research (ACECR), Central Jihad
Organization of Khorasan Razavi University, Mashhad, Iran

(*- Corresponding Author Email: e.milani@jdm.ac.ir)

3- Associate Professor, Agricultural Engineering Research Department, Khorasan Razavi Agricultural and Natural Resources Research
and Education Center, AREEO, Mashhad, Iran

How to cite this article:
Received: 11.06.2022 Shekari, Gh., Milani, E., & Azarpazhooh, E. (2024). Evaluation of the quantitative
Revised: 08.11.2022 and qualitative characteristics of gluten-free chicken nuggets containing quinoa flour
A : 12.2022 and hydroxypropyl methyl cellulose (HPMC). Iranian Food Science and
Availablec(gimflg' 82 12 2822 Technology Research Journal, 20(1), 47-62. (In Persian with English abstract).
) T https://doi.org/10.22067/ifstrj.2022.75369.1149

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 *

Source p-value (L*)
F (L*) PJlezs !

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

Jue <0.0001
Model
A <0.0001
B 0.0280
AB
A2 <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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Fig. 2. Effects of quinoa and HPMC on oil content
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Fig. 5. Effects of quinoa and HPMC on batter pick up
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