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Table 1: Comparison of the average amount of phenolic compounds of extracts extracted with
different solvents (mg of gallic acid per 100 grams of dry matter)

run Time Solvent type The amount of phenolic compounds
(m)
1 1 Ethanol 0: water 100 4 11+261.72
2 2 Ethanol 0: water 100 Hb 321 +263.14
3 3 Ethanol 0: water 100 Ga1.42+270.12
4 1 Ethanol 20: water 80 Hb 936 +263.43
5 2 Ethanol 20: water 80 Hb 2 19 +£265.16
6 3 Ethanol 20: water 80 Fa6.87+£279.22
7 1 Ethanol 50: water 50 Gb1.83 £269.12
8 2 Ethanol 50: water 50 G323 +271.61
9 3 Ethanol 50: water 50 Fa2.12+284.23
10 1 Ethanol 80: water 20 Fe 422 +281.16
11 2 Ethanol 80: water 20 Ev3.11+290.35
12 3 Ethanol 80: water 20 Da 243 +303.77
13 1 Ethanol 100: water 0 €c2.13+341.91
14 2 Ethanol 100: water 0 5322 £352.02
15 3 Ethanol 100: water 0 A1 412 +384.34
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Capital dissimilar letters indicate significant differences between all samples and small
dissimilar letters indicate significant differences in each of the samples at different extraction

times (p < 0.05).
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Table 2 Antimicrobial properties of selected samples

Antifungal effects

iable
Treatment
Ethanol 100:
water 0 in 1
minute
Ethanol 100:
water 0 in 2
minutes
Ethanol 100:
water 0 in 3

minutes

Antibacterial effects
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Fig 1: Antibacterial effects of ethanol extracts extracted in 1, 2 and 3 minutes. Capital dissimilar
letters indicate significant differences in one sample on different days and small dissimilar
letters indicate significant differences between different samples on the same day (p < 0.05).
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Fig 2: Antifungal effects of ethanol extracts extracted in 1, 2 and 3 minutes. (Capital dissimilar
letters indicate significant differences in one sample on different days and small dissimilar
letters indicate significant differences between different samples on the same day (p < 0.05))
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Table 3: The type and amount of phenolic compounds of the extracted extracts of the optimal
treatment (mg of polyphenol per 100 grams of olive seed)

Run RT(min | Amount Phenolic Chemical structure
) (%) compound
CH,  CH,
1 6.134 0.51 Alloocimene
HSCJ\M/CHS
ALPHA.
2 8.53 0.23 TERPINEOL o
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The aim of the present study was to investigate the extraction conditions of
olive kernel extract using an ultrasonic homogenizer and to investigate the
antimicrobial properties of the extract with the highest amount of phenolic
compounds. According to the results, the ethanolic sample which was
extracted in 3 minutes has the highest amount of phenolic compounds. The
kinds of solvent and extraction time have significant effects (P<0.05) on the
amount of the sample phenolic compounds. The treatments extracted with
solvent (water 0: 100 ethanol) in all three times (1, 2 and 3 minutes) and then
the treatments extracted with solvent ethanol 80: water 20 in 2 and 3 minutes
had the highest amount of phenolic compounds thus as the treatment for
performing microbial tests were selected. In relation to antimicrobial
properties, according to the results obtained from the well diffusion test, all
three ethanolic extracts had antimicrobial properties. Also, the optical
density measurement test (OD or OD600) was done to choose the optimal
treatment. The results showed that the ethanolic extract in 3 minutes has the
highest antimicrobial properties, thus this extract was selected as the best
treatment and its phenolic compounds were measured by GC-MS. The
results showed that the highest percentage of phenolic compounds in this

extract is related to hydroxytyrosol and tyrosol.
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Table 1. Encapsulation Efficiency and Mean Diameter of the alginate (ALG) and WPI coated alginate

(WPI/ALG) beads
Treatments Diameter (um) EE (%)
ALG bead 170* 88.05 £ 1.05
WPI coated ALG bead 250° 91.85+0.08

Means followed by different lowercase letters differ statistically in column (p < 0.05). The values obtained are

the means =+ standard deviation of triplicates.

Figuel. Encapsulated and coated probiotics under microscope
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Figure 2. Antioxidant capacity (DPPH) of beads and substrate for sport drink samples with alginate (ALG) and
WPI-coated alginate (WPI/ALG) beads, during fermentation and 28 days of storage at 4 °C. Means in a column

shown with different lowercase letters are significantly

different (p <0.05). Means in a raw shown with different

uppercase letters are significantly different a row (p <0.05).
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Table 2. pH and titratable acidity values of sport drink samples containing Alginate (ALG) and WPI coated
alginate (WPI/ALG) beads during refrigerated storage.

Treatment Storage ALG WPI Coated ALG
1 day 4.81 +0.02¢ 4.84 +0.19¢
7% day 4.69 +0.15° 4.72 £ 0.12¢

pH 14t day 4.61 £ 0.06* 4.69 +0.23"
21 day 4.42 +0.06° 4.51 + 0.06"
28 day 4.10 +0.12° 4.21 +0.15
1% day 1.21 +1.09° 1.24 + 1.09*
7% day 1.31 £ 0.09% 1.29 + 0.08*

ﬁl?t(licl;y (oAcid = 1 day 1.35 +0.03% 1.32 % 0.15%
21% day 1.66 + 0.03 1.70 + 0.15"
28 day 2.54+0.10° 2.51 £ 0.10¢

Numbers are expressed as mean + standard deviation. Means in a column shown with different lowercase letters

are significantly different (p <0.05).
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Figure Y. Viability of probiotic bacteria for encapsulated cells (Log cfu/g) and released cells (Log cfu/ml) in
sport drink samples with alginate (ALG) and WPI-coated alginate (WPI/ALG) beads, during 28 days of storage
at 4 °C. Means in a column shown with different lowercase letters are significantly different (p <0.05). Means in

a raw shown with different uppercase letters are significantly different a row (p <0.05).
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This study aimed to formulate a functional isotonic sports drink
based on whey permeate containing probiotics and whey
peptides encapsulated by alginate. The effect of hydrolyzed
whey production as a natural antioxidant and whey as a coating
of microcapsules in the formulated drink was investigated.
Encapsulation of probiotics and whey peptides helped to
improve the mechanical properties of the capsule, fermentation
activity and survival of probiotics during 28 days of storage.
Alginate capsules coated with whey culture showed better
encapsulation efficiency, sphericity factor and antioxidant
composition before and after fermentation compared to
uncoated capsules. Hydrolysis had a positive effect on the
antioxidant properties and viability of probiotic bacteria during
28 days of storage. Formulated whey-based sport drink can be a

natural and functional alternative to existing commercial drinks.
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Tablel: DPPH radical scavenging activity (%) of protein hydrolysate in different molecular

weight
Molecular Concentration (mg/ml)
weight (kDa)
0.5 1 1.5 2 2.5
<3 15.05£0.61 4 42.70+1.23 B 5529+1.27  62.31+£1.71 P 78.48+1.06
3-10 27.92+£0.88 A°  50.20+1.03 B> 70.37+0.63 ¢ 80.65+0.61°°  97.06+2.97 F¢
>10 25.04+0.34 A 50.73+£0.53 B®  62.94+0.61 ©®  73.98+£0.46 °*  90.12+1.39 F*

Different uppercase and lowercase letters in each raw and column show significant difference among different
concentrations and molecular weight, respectively (p< 0.05).
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Table 2: ICs value for DPPH radical scavenging activity

Molecular weight (kDa) >10 3-10 <3

ICso (mg/ml) 0.99+0.010°
Different letters show significant difference (p<0.05).
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0.90+0.007* 1.27+0.020¢
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Table 3: ferric ion (Fe*™) reduction power of protein hydrolysate in different molecular

weight
Concentration (mg/ml)
Molecular weight (kDa)
1 2 3
<3 0.160+0.00342 0.262+0.008 B2 0.323+0.011 <
3-10 0.267+0.0044° 0.35440.004 B° 0.43240.003 <°
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>10 0.283+0.003 A° 0.367+0.007 B¢ 0.493+0.008

Different uppercase and lowercase letters in each raw and column show significant difference among different
concentrations and molecular weight, respectively (p<0.05).
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Table 4: ABTS radical scavenging activity (%) of protein hydrolysate in different molecular

weight
Molecular Concentration (mg/ml)
weight (kDa) 05 1 15 2 25
<3 3.39+0.924  24.93+0.71 8 34.66+2.00 ©* 54.17+1.08 P*  70.09+0.56 &2
3-10 13.88+0.43 A 38.68+0.70 B¢ 62.48+0.08 ©©  76.14+2.88 D¢ 82.94+1.41 F¢
>10 9.20+0.57 A 30.79+0.43 B> 54.45+£0.07® 68.11+0.85°°  77.60+1.27 £

Different uppercase and lowercase letters in each raw and column show significant difference among different
concentrations and molecular weight, respectively (p<0.05).
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Table 5: ICs value for ABTS radical scavenging activity

Molecular weight (kDa) >10 3-10 <3
ICso (mg/ml) 1.35+0.01° 1.10+0.01* 1.78+0.02¢
Different letters in each raw show significant difference (p<0.05).
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Aquatic wastes management through the production of value-added products
is very important. Among these products with many properties (including
foaming, emulsifying, antioxidant, antibacterial, etc.), hydrolyzed proteins
can be mentioned. Various factors, including molecular weight and
concentration of hydrolyzed proteins, can affect the mentioned properties.
Therefore, in the present study, the antioxidant properties of hydrolyzed
protein obtained from Caspian Sea mullet wastes were investigated in
different ranges of molecular weight and different concentrations. For this
purpose, fish waste was first hydrolyzed with alcalase (1% concentration) at
55°C and pH = 8 for 120 minutes (Optimum conditions based on pre-test).
Then, the hydrolyzed protein solution was divided into molecular weights of
less than 3, between 3 and 10 kDa, and more than 10 kDa with 3 and 10 kDa
ultrafilters. In order to evaluate the effect of molecular weight and
concentration on the antioxidant activity of hydrolyzed protein, the indices
of DPPH and ABTS free radicals scavenging power and ferric ion reducing
power were used. Evaluation of DPPH and ABTS radicals scavenging
activities showed that there is a significant difference between different
molecular weights, and the highest and lowest values were recorded in
molecular weights of 3-10 and less than 3 kDa, respectively (p<0.05). The
lowest IC50 values for DPPH and ABTS radicals scavenging power were
also obtained for sample with molecular weight between 3 and 10 kDa
(»<0.05). The free radical scavenging power and the ferric ion reduction
power increased with increasing concentration in all molecular weights
(»<0.05). Among the different fractions, the sample with a molecular weight
of more than 10 kDa showed the highest ferric ion reducing power (p<0.05).
According to the results, it can be stated that hydrolyzed protein produced in
this research can be used as an antioxidant compound (especially in the
molecular weight of 3-10 kDa).

41


mailto:skyeganeh@gmail.com
mailto:s.yeganeh@sanru.ac.ir

VErE sls e XY 6555 VY ojled Ol gl mbis 5 ok alne

Ol e s 5 pske alaus

www.fsct.modares.ac.ir :dow Colu

‘;:JJB_‘;QJ\& Jlae

J;_,ﬁj})&bclylﬁjbw)ﬁjeﬁjﬁagﬁdud}»ﬁijwsjbs‘le Mﬁﬁib‘}gdﬂfg‘.ﬁ‘

Lol chle als

*Slie 5 3) ¢£r.l.5.n )UJ\ Lo jdass ¢Y’r*6>‘ﬁ J:..;.e( ‘\uj'b- JS‘

Ol Olias godlal 5131 oK 23ls (Sl Al 5 ¢ lde glo s oslees 5

Qlﬂ‘ ‘jij""." c&m\ )‘JT al{.ﬁ.’v‘: ‘J:’.j‘; é“:‘jﬂ ﬁjl; Jo-b “}__v‘.-LG )l)ﬁ CA...::\J.@; c}; -y

Ol e ol STl 5y 55 (S pske Aol cwdl sl Sk S e Y

Q\ﬁ‘uﬂfﬁ ‘J'i)"’” é‘iﬁ (:}LC«@&L:‘J cj)bjl.lpwld;ucjﬂ)s}a—i

Ol e e el ST o8l (S oty ¢ (S pals oSl e sl go Stltgs 05 8 -0

oS>

. e

Adlae Ol

23l Ll SNV ame gl el dle 2 SV pames Sl eslizd (3528 6 s L
A5le) apanS 550k il o8 5 eSS0l ¢3S ol agls ediladl ASle o dNT 458
ssb s pls Sl lie slse sl VT 5 e Slge 5l (gletas (b 5 A oS 51 S a3
Slp et 53 S 555l pam Lsd o A5 gyl Sl ol el gl 5l b 5b 4 &S dnen
o &l Ol 5 IS (o (Sl s) an 5l pliy sl S st oy 08 U e oDl
st mal Pl ol 8 350 50 A oS ST s My S ST e a8 5 S0l
bodd oS5 oo el 50 gl sl e a8 (gl o s o oty IS cnl s il
b Sl Bad 1A S SIST 5 My oS T 2l sl sl pie mlmmle ol sl S
el 5 il il sl S5 4 e Vo LS L e 1S 5oy S L 0T LT 5 65l
VAASXVE\APRYAL CXVA LU PP PR GRS I SV Sr S KW EPRROYE-SA PN PR LIU TN 2] RGO
-Yta LSLA@J_’JM)J%I?Qdfdﬂ\&b&\)}%}}fuw.JJMJ.pb-Jicjﬁr;‘}Ju
Gle &ged 5l doys Ve 3) My S 50T 55 s &ged 51 (g3l 5 el s A¥=AQ 7. 5 YTV
b oermed s S3b (ol ) e s 505 51 ho)a Ve 52) A (S ST 5 (o oy e
TY/0 B YV 63 dome 53) My oS 5T Ol5me K15 oo 055,500 (2l ool s e 4 ey

Aas 2alS (Lo ys Yo/A BAVY o3 gds 53) A S 51 ST 5 (s s

Pl sl b
VYN S sl

VESY/OIYA 1 by b

1S wlds

P TIRVIESgIE C‘P:MA." |
s Sele gl
VLSS L glo 318 5l S

o osaly

:10.22034/FSCT.22.162.42.

e J gt "

Javadi@iaut.ac.ir

42


mailto:Javadi@iaut.ac.ir
http://www.fsct.modares.ac.ir/

\i'i.:‘éf Y 092 Ay UL“"':'

P sl 030 pyes 5 5508 Dl 5 wdid Ol s o

L el s 2l mlbe ot M (p e
Glpdb 0 bl o ole sl gls eI i
23 b ale il gladol b 5laus opl 4 Odews
tC)J‘)} tﬁj‘)jiiu ax g&.&i}.{b‘jlﬁ x| ‘LaijJﬂL
salail .[V c-\] Gl 0 onlae! w):.os_}uwuf,s‘
Sl a5 5 e Geb O IS e e By Gl )
Ckl zals 5 Jlml Gles o s ot NT IS0 4

.::ﬁuQTJbJQM@LgLAQTwP:

IV sl @ s Lol 5l ol o
Sl Sl Olge &L L L mle 15 5y S
35 oo o3l ba oS 5 5Sole il ¢l 30 JUT (6l
o3lizal O gk Lo S 5 5SGle s 5T wlawlze Ll [A]
oSl Shamy W o ol bl gla iy,
Gl Ol 0T 5 ol ke olie 5 bad gas
Gl osbel gla sy Sl eslizal 5 anwsi cplplu [4]
o et Sl Sl b wges IUT 1 LB LIS 5 old
G a5 (3l 03] g oame gla s, 0sSU AL
—CLc C‘W\MQ‘)}&MJ(J‘AS@M ede.:.wH.A
R RNVIE E PP

S oLl syl mle 2 Sl S
Sla has n A3 2 5l (S Ry el U |
r.,‘.!:.:m»)j.la_: u:b— C)‘)J [)TJJ)@J‘E Mj.o..: Ls)Lw eJLaT
bl g 3l s il e bS53 4 ges Jgles L
303 L3l 3 5 se DS 5 Al e Ol Jele e S
S sl 6 dows 4 ) o3 S Ol 1 e U
lin IV S (5 s 4 5 0 I i la3T J gl

3- Dispersive liquid-liquid microextraction
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Table 1. Optimal condition of HPLC-FLD

Type of column
Mobile phase
Injector
Wavelength of Emission
Wavelength of Excitation

Gemini Cys , length: 150 mm, ID: 4.6 mm, particle size: 5 pm
Acetonitrile: water (35:65 v/v), flow rate: 1.1 ml/min

40 °C, loop: 20 pL

360 nm for Aflatoxin M; and 333 nm for Ochratoxin A
430 nm for Aflatoxin M; and 470 nm for Ochratoxin A
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2 -Fluorescence Detector
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Figure 1. Optimizing the amount of trichloroacetic acid
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Figure 2. Optimizing the amount of absorbent
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Relative

Linear Limit of Limit of Correlation Standard Extraction Enrichment
Analyte range Detection Quantification . . efficiency + factor + SD
coefficient Deviation - .
(ng/L) (ng/L) (ng/L) %) SD (n=3) (n=3)
AflatoxinM;  0.97-10° 0.29 0.97 0.997 39 83+3 232+8
Ochratoxin A 0.77-10° 0.23 0.77 0.998 4.2 89+4 249+11
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Table 3. Examination of the matrix effect of pasteurized milk samples

Relative recovery =+ standard deviation (n = 3)

Analyte Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
Spiked samples containing each of the analytes at a concentration of 10 ng/L
Aflatoxin M, 8943 87+4 99+2 10042 9143
Ochratoxin A 88+2 94+3 101£5 103£5 102+£3
Spiked samples containing each of the analytes at a concentration of 50 ng/L
Aflatoxin M, 93+2 90+£2 10143 98+4 9543
Ochratoxin A 9343 96+4 103+£3 100+£2 103+4
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Table 4. Comparison of the efficiency of the proposed method with other methods

Relative Limit of Limit of Linear range
Sample Analyte standard . Quantification & Method Reference
S Detection (ng/L) (ng/L)
deviation (%) (ng/L)
Red wine Ochratoxin A <16.9 130 410 - a [18]
Mother milk Aflatoxin M <5.9 10 30 100-15000 ) 1o]
Ochratoxin A <173 10 30 100-15000
Aflatoxin M 123 60 210 210-5000 c [20]
Milk ; 3.9 0.29 0.97 0.97-10°
Affatoxin My s Present work Present work
Ochratoxin A 4.2 0.23 0.77 0.77-10

a) Solid phase extraction coupled with liquid chromatography equipped with a sequential mass detector
b) Liquid-liquid extraction coupled with liquid chromatography equipped with a fluorescence detector
¢) Liquid phase microextraction with hollow fiber coupled with liquid chromatography equipped with a sequential mass detector
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Due to the extensive use of dairy-products like pasteurized milk, these
products should be free of any contaminants such as drug residues,
pesticides, mycotoxins, and etc. Mycotoxins (such as aflatoxins, ochratoxin
A, and etc.) are a group of toxic and pollutant substances in foodstuffs,
animal and poultry feed that are naturally produced from certain types of
fungi. The presence of mycotoxins in milk is very dangerous for the health
of the consumer. Therefore, the development of fast, efficient and easy
methods for investigating the presence of mycotoxins such as aflatoxin M;
and ochratoxin A in foodstuffs is of great importance. In this research, an
efficient analytical method based on the combination of dispersive solid
phase extraction and dispersive liquid-liquid microextraction has been
proposed for the extraction of aflatoxin M; and ochratoxin A from
pasteurized milk samples and analyzing them with high-performance liquid
chromatography equipped with a fluorescence detector. Under the optimum
condition, limits of detections and quantifications within the ranges of 0.23—
0.29 and 0.77-0.97 ng L~! were obtained, respectively. Enrichment factors
and extraction recoveries has been obtained in the ranges of 232-249 and
83-89%, respectively. Aflatoxin M; (in 70% of the examined milk samples)
and ochratoxin A (in 10% of the -examined milk samples) were found in a
number of samples. Also, according to the obtained results, microwave
radiation can reduce the amount of aflatoxin M; (in the range of 27.6 to
33.5%) and ochratoxin A (in the range of 17.3 to 20.8%).
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Figure 1- Oil extraction efficiency of microwave roasted pistachio samples at different moisture content

JS s b e Y-y

L;al."S/ e LSLACA.QJ_%L:.« 3 us/))‘. m;dbc;lﬁsjj
sy 3l 30 Lol Slast ol LUy oS dsl e
A:JL:SJ: k.ﬁ-‘ .&:».w\ QL;:)L:}LA DL L}:.\ASJ‘)J.:_A L;LAUJf
o) s el b g ) o SleST 4 e

Llsy o 55 B dll.l.b slee gladss uj‘).)\ 5 S

62

Oy Odd pegdle &5 (Y IS5) sl 0L e o C-::Lu
A AlE e s ae al by Gl s Sl
b oawdls ol iy, Jlasaal OLXL, L (gols oms
A 5 Al s Ol cliS L Sgosba () i)
S 3l QLS falS 855 lasetnd Ol e (o sb s (6 5s
5 sl slge g pdoilanl 2alS 4 Kig e O s

DYl ko e 5, 0L Ol 2als

7 -Induction time



VErEals 0 YY 6,55 ANY ol

Qlﬂl L;l"lb Gw‘gf}l&&u

gls s e s ols sl s slad S se
635 Ol 4 1 s, SGle (6550 ad g oksS
o A 3l 5 bes I3l O a5 aS e s
@L:; AT 352 00 o0, s LS5l
elidles! 55 Sl Ol ¥ ja s sl QLS e e
sdalin duoys /0 Casby 53 IS L Olye S
Sl l s ol Sde il L Ss ol S
SR B DS Jlamil Ol el S,
oSl g O3l o 5 ol o sby ST 1 dL
u.l;— Q‘ﬂ.a 4(.',0).2) 6‘)”“ u,:..ﬁls l; sl &‘J& osle BEl
B e e R N P R e

S oS sls Ol (Y IS8 S bk 0sasT s 4]
o3 ekl dlesl 555,50k Gallg il 5 Casb; Ol
J3d) Golsgme gl Ll g any 03 Sard Al 3
Aol anals Lol e ey LS 5t lade 5 ()
S5 sboled Jh e s S0l Ol SIS L
AL A sba ol Ll (gols pae b )
GS o3l Slg Qe Ol 3 ates Glak s (gl Of e
30 2 (110) 0L 5 oo s U Laasily cpl
Sl als gy 2 (T2) 0L 5 Ol 5 aneg <l

IVY 5 Y] cdls cilae
4 35Sl gl RSB o JB Sl 5
Oxs 33T 5 Jshe il Lol 5 ol Kge (oS
e L8] 355 o 0315 Cnd el 255 s

- X= 300 W

140 - = ceeedhees GO0 W
on * W
= S o - ® =900 W
= 120 ~
2 Se
2 ™
= 100 -
&8n
OD ..-
g 80 X. *....
= ~ e e
= B -~ Tty
L 60 o
S *. -~ *
e -~
2 40 Sk
% >
= 20
(=9

0

0 0.01 0.02 0.03 0.04

Moisture content (g Water/ g Dry matter)

Figure 2- The total phenolic compounds in the oil of microwave roasted pistachio samples at different
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Figure 3- The chlorophyll (a) and carotenoid (b) contents in the oil of microwave roasted pistachio
samples at different moisture contents
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Table 1- Comparison of means of the effect of temperature and moisture content on quality parameters of
pistachio oil

Extraction Oxidation Carotenoid  chlorophyl Total Anisidine  Peroxide  Total polar  Antioxida
yeild stability phenolic value value content nt activity
Moisture content
0.035 10.880* 69564.00° 9.110° 10.582°¢ 61.077° 2.209% 0.033° 7.000° 735.88°
0.02 9.901° 94209.00° 15.710° 19.807° 81.971° 1.703° 0.037¢ 8.400° 832.68°
0.005 15.036° 108893.00° 32.503% 30.376* 116.13% 0.467°¢ 0.039* 10.333% 1147.82%
Power
300 7.353° 65509.00° 10.372¢ 11.897¢ 53.863° 0.889° 0.030° 7.833¢ 695.82°
600 9.505° 94665.00° 19.862° 20.923° 88.615° 1.426% 0.038 8.400° 892.46°
900 11.959¢ 112492.00° 27.089* 27.944* 116.70° 2.064° 0.042* 9.500* 1128.11°
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Figure 4- Antioxidant activity in the oil of microwave roasted pistachio samples at different moisture
content
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Figure 5- Peroxide value in the oil of microwave roasted pistachio samples at different moisture contents
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Figure 6- Anisidine value value in the oil of microwave roasted pistachio samples at different moisture
contents
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Figure 7- Total polar content in the oil of microwave roasted pistachio samples at different moisture
contents
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Figure 8- Oxidative stability in the oil of microwave roasted pistachio samples at different moisture
contents

S a Sulm ol 5L 5 il sae e ls
RGIRAR L;k"j Q\) Qe

J":),\.Z\ 9 ;g""":ﬂ‘. -0

JJ\) J&Lisls Mu}}i Jz» )‘ U’"'A}J"T’. UJ“‘ ‘;TLE.:}aJ Lo
ced s1E sl (IR-UOZ-GR-0946) )l 4,

69

S (5 S -t

Loy GF 50 LetS 5 gl Oblil) Ol e Gl ol 53
Sl Qee 5Tee Foe ol 5o 55,0k Lol 4zl
O3 bl 350 Ao ys Y70 5 Y /0 shy (glse
s el 015 Sl S 813 DL Jolo mlss w23 S
sl 58 (6,3 s b as any ls 8y el Glell
sl e by Qv Ol 4 Oleily o 5 A 5 8L
GLols 55 s dig Seslll A5 5558 5 Jby IS s fid
Sl o3 sl Ol Rl 5ol Sk Slage 5 5L
LS A LS S o A5 A s Sl Ol Rl
SEa g Eas A 3 35,50k Sl el ol b
S Al b ey SIS S ) s
St sad deeS1 205 555,550 Ol I3 L ax S
e s ekl sde b el il es jles
L b ga ialaS] oIl o 3l 0LES 5= o5l

S 5 el sl il s il Ols Rl



OLer 5 5 5 by

[1] Terzo, S., Baldassano, S., Caldara, G. F.,
Ferrantelli, V., Lo Dico, G., Mulg, F., & Amato,
A. (2019). Health benefits of pistachios
consumption. Natural Product Research, 33(5),
715-726.
Valasi, L., Zafeiri, E. C., Thanou, 1., & Pappas,
C. S. (2023). Study of volatile compounds in
Greek pistachio (Pistacia vera
L.‘Aegina’cultivar) oils wusing Soxhlet and
ultrasound assisted extraction. Heliyon, 9(5).
Yahyavi, F., Alizadeh-Khaledabad, M., &
Azadmard-Damirchi, S. (2020). Oil quality of
pistachios (Pistacia vera L.) grown in East
Azarbaijan, Iran. NF'S Journal, 18, 12—18
Rabadan, A., Alvarez-Orti, M., Gomez, R.,
Alvarruiz, A., & Pardo, J. E. (2017).
Optimization of pistachio oil extraction regarding
processing parameters of screw and hydraulic
presses. LWT-Food Science and Technology, 83,
79-85.
Durmaz, G., & Gokmen, V. (2010). Impacts of
roasting oily seeds and nuts on their extracted
oils. Lipid Technology, 22(8), 179-182.
Asadi, S., Aalami, M., Shoeibi, S., Kashaninejad,
M., Ghorbani, M., & Delavar, M. (2020). Effects
of different roasting methods on formation of
acrylamide in pistachio. Food Science &
Nutrition, 8(6), 2875-2881.
[7]Su, T., Zhang, W., Zhang, Z., Wang, X., & Zhang,
S. (2022). Energy utilization and heating
uniformity of multiple specimens heated in a
domestic  microwave oven. Food and
Bioproducts Processing, 132, 35-51.
Shahi Chehragh, A., Raftani Amiri, Z., &
Esmaeilzadeh Kenari, R. (2022). Investigation of
the effect of microwave pretreatment on oil
extraction efficiency from safflower oilseed and
physicochemical properties of produced oil and
meal. Journal of Food Research, 32(4), 103—120.
Hu, Q., He, Y., Wang, F., Wu, J., Ci, Z., Chen,
L., Xu, R, Yang, M., Lin, J., & Han, L. (2021).
Microwave technology: A novel approach to the
transformation of natural metabolites. Chinese
Medicine, 16, 1-22.
[10] Hu, H., Liu, H., Shi, A., Liu, L., Fauconnier, M.
L., & Wang, Q. (2018). The effect of microwave
pretreatment on micronutrient contents, oxidative
stability and flavor quality of peanut oil.
Molecules, 24(1), 62.

Catalan, L., Alvarez-Orti, M., Pardo-
Giménez, A., Gomez, R., Rabadan, A., & Pardo,
J. E. (2017). Pistachio oil: A review on its

[2]

[4]

[6]

[8]

[11]

70

@L’w—'\

chemical composition, extraction systems, and
uses. European Journal of Lipid Science and
Technology, 119(5), 1600126.

Ojeda-Amador, R. M., Fregapane, G., &
Salvador, M. D. (2018). Composition and
properties of virgin pistachio oils and their by-

[12]

products from different cultivars. Food
Chemistry, 240, 123-130.
[13]  Ojeda-Amador, R. M., Trapani, S,

Fregapane, G., & Salvador, M. D. (2018).
Phenolics, tocopherols, and volatiles changes
during virgin pistachio oil processing under
different technological conditions. European
Journal of Lipid Science and Technology,
120(10), 1800221.

Borello, E., & Domenici, V. (2019).
Determination of pigments in virgin and extra-
virgin olive oils: a comparison between two near
UV-vis spectroscopic techniques. Foods, 8(1),
18.

Dini, A., Falahati-pour, S. K. &
Hashemipour, H. (2023). Oxidation kinetic
studies of virgin and solvent extracted pistachio
oil under Rancimat test conditions. Journal of
Food Measurement and Characterization, 17(1),
653-663.

Shantha, N. C., & Decker, E. A. (1994).
Rapid, sensitive, iron-based spectrophotometric
methods for determination of peroxide values of
food lipids. Journal of AOAC International,
77(2), 421-424.

Dini, A. (2021). Optimization of the
Pistachio Roasting Process with Hot Air Using
the Response Surface Methodology. Pistachio
and Health Journal, 4(4), 4-27.

Alizadeh Khaledabad, M. (2020). Effect of
roasting and microwave pre-treatments of
pistachios on the yield and the quality of the
extracted oil. Journal of food science and
technology (Iran), 17, 43-51.

Abadi, Z. D., Mortazavi, S. A., Moghimi,
M., Sekhbabadi, H., & Steari, S. H. (2018).
Optimization of oil extraction process from
safflower seeds with microwave pavement and
estimation of process parameters by artificial
neural network. Journal of Innovation in Food
Science and Technology, 10(4).

Hojjati, M., Noguera-Artiaga, L., Wojdylo,
A., & Carbonell-Barrachina, A. A. (2015).
Effects of  microwave roasting on
physicochemical properties of pistachios

[14]

[15]

[16]

[17]

[18]

[19]

(20]



VErEals 0 YY 6,55 ANY ol

Qlﬂl L;l"lb Gw‘gf_y\&&bu

(Pistaciavera  L.).  Food  Science  and
Biotechnology, 24, 1995-2001.

[21] Hayat, K., Abbas, S., Hussain, S., Shahzad,
S. A, & Tahir, M. U. (2019). Effect of
microwave and conventional oven heating on
phenolic constituents, fatty acids, minerals and
antioxidant potential of fennel seed. Industrial
Crops and Products, 140, 111610.

[22] Suri, K., Singh, B., Kaur, A., Yadav, M. P.,
& Singh, N. (2020). Influence of microwave
roasting on chemical composition, oxidative
stability and fatty acid composition of flaxseed
(Linum usitatissimum L.) oil. Food Chemistry,
326, 126974.

[23] Suri, K., Singh, B., & Kaur, A. (2022).
Impact of  microwave  roasting on
physicochemical properties, maillard reaction
products, antioxidant activity and oxidative
stability of nigella seed (Nigella sativa L.) oil.
Food Chemistry, 368, 130777.

[24] Martinez, M. L., Fabani, M. P., Baroni, M.
V., Huaman, R. N. M., Ighani, M., Maestri, D.
M., Wunderlin, D., Tapia, A., & Feresin, G. E.
(2016). Argentinian pistachio oil and flour: a
potential novel approach of pistachio nut
utilization. Journal of Food Science and
Technology, 53, 2260-2269.

[25] Ali, M. A., Nargis, A., Othman, N. H., Noor,
A. F., Sadik, G., & Hossen, J. (2017). Oxidation
stability and compositional characteristics of oils
from microwave roasted pumpkin seeds during
thermal oxidation. International Journal of Food
Properties, 20(11), 2569-2580.

[26]  Budilarto, E. S., & Kamal-Eldin, A. (2015).
The supramolecular chemistry of lipid oxidation
and antioxidation in bulk oils. European Journal
of Lipid Science and Technology, 117(8), 1095—
1137.

[27] Kheto, A., Joseph, D., Islam, M., Dhua, S.,
Das, R., Kumar, Y., Vashishth, R., Sharanagat,
V. S., Kumar, K., & Nema, P. K. (2022).
Microwave  roasting  induced  structural,
morphological, antioxidant, and functional
attributes of Quinoa (Chenopodium quinoa
Willd). Journal of Food Processing and
Preservation, 46(5), €e16595.

[28]  Abbas Ali, M., Hadi Bin Mesran, M., Abd
Latip, R., Hidayu Othman, N., & Nik Mahmood,
N. A. (2016). Effect of microwave heating with
different exposure times on the degradation of
corn oil. International Food Research Journal,
23(2).

[29]Tsimogiannis, D. 1., & Oreopoulou, V. (2004).
Free radical scavenging and antioxidant activity
of 5,7,3',4'-hydroxy-substituted  flavonoids.
Innovative  Food  Science &  Emerging
Technologies, 5(4), 523-528.

71



JEST No. 162, Vol. 22, August 2025 ABSTRACT

N

L Journal of Food Science and Technology (Iran)

Homepage:www.fsct.modares.ir

Scientific Research

Effect of microwave roasting pretreatment on extraction efficiency and quality
characteristics of pistachio oil
B. Farajpour', S Soleimani Fard**, S. M. Ahmadi®, S. Niknia*, A. Dini®

1- MSc student of department of Food Science and Technology, Faculty of Agriculture, Univercity of
Zabol, P.O. Box 98615-538, Zabol, Iran.
2- *Ph.D., Assistant professor, Department of Food Science and Technology, Faculty of Agriculture,
Univercity of Zabol, Zabol, Iran.
3- Ph.D., assistant professor, Department of Food Science and Technology, Faculty of Agriculture,
Univercity of Zabol, Zabol, Iran.
4- Ph.D., assistant professor, Department of Food Science and Technology, Faculty of Agriculture,
Univercity of Zabol, Zabol, Iran.
5- Ph.D., Assistant Professor, Department of Food Science and Industry, Head of Food, Beverage,
Cosmetic and Health Products Supervision Management, Rafsanjan University of Medical Sciences,
Rafsanjan, Iran.

ARTICLE INFO ABSTRACT

Pistachio oil is an oxidation-resistant oil known for its healing
properties. The application of a microwave pretreatment process
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Oxidation, testing within a completely randomized block design, employing SAS
Anisidine, software version 9.4. Mean values were compared using Duncan's
Pistachio oil. method at a 5% significance level. The results indicated that oil

extraction efficiency increases with both microwave power and
moisture content, as well as with the levels of polyphenols,
chlorophyll, carotenoids, and the total amount of polar compounds.
10.22034/FSCT.22.162.58. Additionally, DPPH radical inhibition activity significantly increased
with higher power and lower humidity. Furthermore, the findings
revealed that while increasing power and decreasing humidity led to
s.soleimanifard@uoz.ac.ir a rise in the peroxide value in the examined treatments, the levels of
anisidine and thermal stability exhibited a significant decrease and
increase, respectively. These results suggest enhanced oxidative
stability of pistachio oil extracted at higher microwave powers. The
highest thermal stability index was observed in samples treated with
900 watts of power and 0.5% moisture content.
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Table 1 Uncoded and coded levels of independent variables used in the RSM design

Range and levels

Independent variable Symbols

-0.5 0 +0.5 +1

Basil seed gum (%) X
Fenugreek seed gum (%) X2

0.05 0.10 0.15 0.20
0.05 0.10 0.15 0.20
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Table 2 Regression coefficients and analysis of variance (ANOVA) for predicted models for different response

Acidity (%) Syneresis (%) WHC (%) Viscosity (Cp)
Source Coefficie P Coefficie P Coefficie P Coefficie P Coefficie P
nt value nt value nt value nt value nt value
Constant 427 <°'f00 0.92 <0';)00 1427 00020  59.45 <0'{)°0 3691 <0'10°°
Linear
X -0.09 <O'{)°0 0.08 <0'f00 5.3 0.0016 9.30 <0'?°0 1165 <0'1000
Xz -0.06 <°'f00 0.07 <0';)00 464 0.0031 771 <0'{)°0 968.8 <0'10°°
Interacti
on
Xi2 0.002 0.588 0.015 0.128 2.65 00489  226* 00014 1425  0.0318
Quadrati
C
Xii 20.028  0.155 0.012 0.753 3.02 05230  -6.13 0.0113 211 0.3604
X2 20.008  0.651 20.008 0816 232 0.6213 3.53 0.0904 205 03734
R2 0.9907 - 0.9650 ; 0.9024 - 0.9940 - 0.9827 -
R>-adjust  0.9840 - 0.9400 ; 0.8327 - 0.9897 - 0.9875 -
La‘;ﬁ of - 0.398 - 0392 ; 0272 - 0.073 - 0207
[e\Y% 021 ; 1.90 ; 13.79 - 1.58 - 3.00 -

X1& Xz are Basil seed gum and Fenugreek seed gum, respectively.
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Fig 3 Response surface plots for interaction effects of gums on WHC of low-fat yogurt
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Fig 4 Response surface plots for interaction effects of gums on viscosity of low-fat yogurt
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Table 3 Regression coefficients and analysis of variance for predicted models for different responses

Source Color (1-5) Flavor (1-5)

Coefficient

P value

Texture (1-5)

Overall acceptability

Constant

Linear
Xi
X2
Interaction
X2
Quadratic
X1
X22

R2

391

-0.022
-0.11

0.000

-0.38
0.42

0.5542

0.2436

0.6756

0.0654

1.00

0.1251
0.0967

Coefficient
3.90

0.26
0.14

-0.04

-0.19
-0.11

0.8603

P value

0.0067

0.0023
0.0452

0.5233

0.4656
0.6733

81

Coefficient
3.97

-0.17
-0.12

-0.12

-1.87
-1.07

0.9965

P value

<0.0001

0.0122
0.0435

0.0495

<0.0001
0.0015

Coefficient
4.01

-0.29

-0.22

-0.15

-1.05
-1.85

0.9893

P value

<0.0001

0.0125
0.0371

0.1463

0.0252
0.0016
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0.5583

Xi1& Xz are Basil seed gum and Fenugreek seed gum, respectively.
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Fig 4 Response surface plots for effects of formulation ingredients on organoleptic characteristics of low-fat
yogurt
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Table 4 Predicted and experimental values for responses at the optimum point ingredients

pH Acidity Syneresis WHC Viscosity Flavor Texture  Total point

Predicted 4.21 0.974 11.12 64.50 4410.8 3.99 3.47 3.46
Experimental 4.25+0.23 0.982+0.08 11.67+0.85 63.96+1.04 4350+82.1 3.89+0.11 3.52+0.12 3.55+0.13
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Table 5 Means+SD of pH and acidity of different low-fat yogurt samples during storage

Treatment Ph
Day 1 Day 7 Day 14 Day 21
Control low-fat 4.39+0.0434 4.33+0.02%* 4.2540.01¢A 4.09+0.0244
Optimized low-fat 4.25+0.038 4.18+0.04%¢ 4.11£0.01¢¢ 4.01+0.0248
Control low-fat+ Probiotic bacteria 4.37+0.032A 4.28+0.04%B 4.20+0.04¢B 4.06+0.039A
Optimized low-fat+ Probiotic bacteria 4.23+0.03%8 4.13+0.05°° 4.07+0.05P 3.9840.05%
Acidity
Treatment Day 1 Day 7 Day 14 Day 21
Control low-fat 0.780+0.0069° 0.795+0.003P  0.812+0.001°®  0.850+0.001%P
Optimized low-fat 0.982+0.005 0.994+£0.002°8  1.09+0.001*B  1.15+0.005%5
Control low-fat+ Probiotic bacteria ~ 0.789+0.0019¢ 0.810£0.005°C  0.832+0.007°C  0.869+0.005%¢
Optimized low-fat+ Probiotic bacteria 0.994+0.009¢* 1.09+£0.005¢*  1.18+£0.006™  1.29+0.001*A
24 Means within the same row with different superscripts differ (P<0.05)
A-D Means within the same column with different superscripts differ (P<0.05)
SNl el cle s S S5 tass Jsl Caed o &S ILT =Y vy

22 FeSlre J5 el s 4 L8 e Lres 035581 L
313 o gl O Dl ol 5 a3 IS 55 n s
Ol5 o 5w SIS b s ol il Sl b bl s
o ek ol (S 0553 b 3pH eSS oS
Sl isn 0L s J s 5 edd s b

3 LE Tl e Gl IIoT et sl3T 0T & fuaze

84

ST Ol e 48 513 0LES (U Js) (oLl oo ol
35 Iy il e 0oy Ll L W sad ales
SHUICT Olpn SO )35 55 izmen (P<2/+0)
3 S e wo polie ol S lad e
SSL Oos3l Ll (P</00) 55 deo Ok Sladiyal



VErEals 0 YY 6,55 ANY ol

Qlﬂl L;l"lb Gw‘gf}l&&u

Qb&mﬁ E) L;..@; E) [QEXED) leim E) gf"’w\ e
L ol of gl Oley il 5l e JI 55 (YYAY)

(W’ﬁ/\) Q“)K.Q.ﬁ B ab}m)) Jiﬁjﬁ U'l‘ @L’.‘; Lv MLZJ
Sleros 5 5y 3l S pes 3T Ol 2l 331
[i\]&J;&)(ﬁd)‘i&y)ﬁbdt}u“)jjf4.0‘.5

Table 6 Means=SD of syneresis of different low-fat yogurt samples during storage

Treatment Syneresis
Day 1 Day 7 Day 14 Day 21
Control low-fat 25.87+0.19°4 25.90+£0.22¢4  26.73£0.12%4  27.25+0.20*
Optimized low-fat 11.67+0.22<B 11.75+0.17>B  11.95+0.30"®  12.43+0.31°B
Control low-fat+ Probiotic bacteria 25.15+0.25 25.39+£0.25%4  26.43£0.32%*  26.90+0.25*
Optimized low-fat+ Probiotic bacteria 11.43+0.29°8 11.44+0.315®  11.83+0.29°8  12.33+0.21%8
2d Means within the same row with different superscripts differ (P<0.05)
A-D Means within the same column with different superscripts differ (P<0.05)
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Table 7 Means+SD of viscosity of different low-fat yogurt samples during storage
Treatment Viscosity
Day 1 Day 7 Day 14 Day 21
Control low-fat 129945348 1690+61°8 2046+70°8 247347340
Optimized low-fat 4350+829A 4832+95¢A 523249204 5621487
Control low-fat+ Probiotic bacteria 1310+5698 15784918 2001+71°8 2560+828
Optimized low-fat+ Probiotic bacteria 443949044 4841964 5168+87°4 5770+98%

*d Means within the same row with different superscripts differ (P<0.05)
A-D Means within the same column with different superscripts differ (P<0.05)
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Table 8 Means+SD of bifidobacterium bifidum count (logl10 cfu/ml) of different low-fat yogurt samples during

storage

Bifidobacteriumbifidum

Treatment Day 1 Day 7 Day 14 Day 21

Control low-fat+ Probiotic bacteria 7.35+0.11%8 7.05+0.08%8 6.5340.08°B 6.03+0.15%
Optimized low-fat+ Probiotic bacteria 7.95+0.15%4 7.64+0.06"* 7.32+0.16%A 6.94+0.159%

ad Means within the same row with different superscripts differ (P<0.05)
A-D Means within the same column with different superscripts differ (P<0.05)
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The use of fat substitutes with prebiotic properties, such as seeds gum, can
be a suitable solution to improve the quality characteristics of low-fat
products. In this research, response surface method with central composite
design used to investigate the effect of basil seeds (0-0.2%) and fenugreek
seeds gum (0-0.2%) on the physicochemical, textural and organoleptic
properties of low-fat yogurt. The results showed that with the increase in the
amount of gums in the low-fat yogurt formulation, the pH decreased.
Addition of basil and fenugreek seeds gum reduced the syneresis of low-fat
yogurt, while the water holding capacity and viscosity increased. Based on
the results of sensory evaluation, the highest overall acceptance score was
obtained in the treatments containing intermediate amounts of gums. The
results of optimization with the central composite design showed that the best
sample with optimum physicochemical and sensory properties was obtained
when 0.14% of basil seed gum and 0.13% of fenugreek seed gum were used
in the yogurt formulation. In the second part of the research, the viability of
Bifidobacterium bifidum in the optimal yogurt formulation and different
characteristics of low-fat yogurt was evaluated during the storage period. The
results showed that by adding probiotic bacteria and increasing the storage
time, the pH of the samples decreased while the acidity increased. The
findings indicated that during the storage time, the amount of syneresis and
viscosity of all samples increased, while the addition of probiotic bacteria
did not have a significant effect on these parameters. Based on the results of
counting probiotic bacteria, the use of optimal amounts of basil and
fenugreek seeds gum had a positive effect on the viability of probiotic
bacteria. In general, the results of this research showed that the use of basil
and fenugreek seeds gum as a fat substitute in probiotic low-fat yogurt
formulation can improve the quality properties of low-fat yogurt and increase
the viability of probiotic bacteria.
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Table 1 Yogurt treatments

Sample number

Treatment

Blank (probiotic yogurt without soy, barley or almond milk)
Probiotic yogurt containing 25% soy milk
Probiotic yogurt containing 50% soy milk

O 0NN N M WIN —= O

Probiotic yogurt containing 75% soy milk
Probiotic yogurt containing 25% barely milk
Probiotic yogurt containing 50% barely milk
Probiotic yogurt containing 75% barely milk
Probiotic yogurt containing 25% almond milk
Probiotic yogurt containing 50% almond milk
Probiotic yogurt containing 75% almond milk
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Table 2 The effect of different concentrations of soy, barley and almond milk on
changes in the viability (log cfu/ml) of yogurt probiotic bacteria during storage time

Yogurt sample day
0 7 14 21
TO 8.00+0.00 ®® 834+0.10 *“ 736+022 B 6.66 +0.31 A
T1 8.00+0.00 ** 8.46+0.05 ¢ 8.68+0.11 *¢  822+0.19 >B
T2 8.00+0.00 ** 8.87+0.11 «©  8.91+0.12 ™€  8.60+0.14 <
T3 8.00+0.00 ** 8.83+022 B 912+0.10 ¢  8.90+0.12 B
T4 8.00+£0.00 ** 8.81+0.11 «¢ 8.66+0.10 *B€ 851+0.00 B
T5 8.00+£0.00 ** 9.04+0.08 ¢ 9.11+0.13 ¢  878+0.08 B
T6 8.00+£0.00 ** 9.15+0.01 &  9.65+028 < 936+0.21 BC
T7 8.00+£0.00 ** 8.51+0.33 ®  846+0.02 "B 8.12+0.09 A
T8 8.00+£0.00 ** 838+0.13%8  872+£0.17 *C 8.19+0.04 bAB
T9 8.00+0.00 ** 8.72+£0.04 *B 9.02+0.10 ¢  8.56+0.27 9%

* Lowercase letters in each column indicate a significant difference of p <0.05 and uppercase letters in each row indicate a significant

difference of p <0.05.

* TO blank sample, T1 Yogurt with 25% soy milk, T2 yogurt with 50% soy milk, T3 yogurt with 75% soy milk, T4 yogurt with 25% barely

milk, TS5 yogurt with 50% barely milk, T6 yogurt with 75% barely milk, T7 yogurt with 25% almond milk, T8 yogurt with 50% almond milk,

T9 yogurt with 75% almond milk

PH Sk Gos 38 SSsmsn Sole ot s (S
35 Y)Y C2dS L 5 (P</00) Ak Sls pas canle gladd o
) Sl osls OLES |y e 55 B 2als pH (b sal 4
adllas cpl S el s S alal S b (F
o el g s b e lado s 5 Ol sla ol
23S A e 25 PH St s Slaine Ol e
bl s s g b Ao Gl L e sl Ol mls &S
G ses 5 Fowl glchle w cud PH (ls sne 55k

Ll Bl alS sl

Cosle pH —Y-Y

A0 Dlaabl w3 sdal oy bl =B Al
PH Slois 555 2 gl 5 s b ol e lacble
L las a5 (gow 4 (P70 0) WS Sl pme Cnsle (slad god
03500 b 1y Js5 sy Ol (b oo i PH Y Jsu
S 025 5 el 45503 (SIS nin T3 ay S (55 5b 4
L $gas 5 (TO) i Ao 3 YO 5 g b Ao 3 VO (g5l

Ole Lol LS L pH o VG 5 cp Sl s 5 0 (TO)

Table 3 The effect of different concentrations of soy, barley and almond milk on
changes in the pH of yogurt probiotic bacteria during storage time

Yogurt sample day
0 7 14 21
TO 6.76 £0.01 <€ 645+0.08 B 593+0.05 & 5.85+0.04
T1 6.74+0.02 *P  642+0.02 € 583+0.09 B 543+0.03 ¢
T2 6.77+0.01 ®  633+£0.08 < 571+£0.06 ¥B 532+0.04 A
T3 6.72+0.01 ®P  622+0.02 < 560+0.06 B 512+0.05 ®A
T4 6.71+0.02 ®  626+0.11 <€ 567+£0.03 <8 543+0.04 ¢
T5 6.73+0.01 ®P 6.12+£0.05 ®C 545+0.02 8 509+0.07 ®A
T6 6.72+0.01 ®®  6.07+0.02 € 527+0.04 8 4.82+0.05 *A
T7 6.71+£0.01 ®  6.30+0.06 ¢ 580+0.02 «® 568+0.05 A
T8 6.71+£0.00 ®®  621+0.01°C 571+£0.04 «® 561+0.08 A
T9 6.71+£0.00 ®®  6.21+0.06 *¢ 564+0.04 4 526+0.05 A
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* Lowercase letters in each column indicate a significant difference of p <0.05 and uppercase letters in each row indicate a significant

difference of p <0.05.

* TO blank sample, T1 Yogurt with 25% soy milk, T2 yogurt with 50% soy milk, T3 yogurt with 75% soy milk, T4 yogurt with 25% barely

milk, T5 yogurt with 50% barely milk, T6 yogurt with 75% barely milk, T7 yogurt with 25% almond milk, T8 yogurt with 50% almond milk,

T9 yogurt with 75% almond milk
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Table 4 The effect of different concentrations of soy, barley and almond milk on changes in the
brix of probiotic bacteria of yogurt during storage time

Yogurt sample day
0 7 14 21

TO 1829+0.10 aC  17.11+0.09 aB  16.61+0.32 aA  16.54+0.17 aA
T1 22.31+0.15 ¢cC 22.06£0.06 cC 20.56+0.73 deB 19.05+0.05 fA
T2 2436+0.32 dC 23.86+0.33 dC 20.43+0.50 cB  18.36+0.10 deA
T3 26.90+0.09 fC 26.62+0.20 fC 22.47+0.10 fB 18.15+0.24 dA
T4 2471 +£0.80 dC 24.01+0.00 dC 20.20+0.10 cdB 18.55+0.18 eA
T5 2771+0.22 gD 27.19+£022 gC 24.08+0.11 gB  17.72+0.24 cA
T6 30.08+0.47 hC 29.68+0.58 hC 25.19+0.20 hB  17.02+0.25 bA
T7 2140+0.05 bB  21.04+£0.05 bB 1937+042 bA  19.51+0.24 gA
T8 2245+0.01 cC 22.17+042cC  19.66+0.57 bcB  18.98+0.02 fA
T9 25.50£0.50 eC  6.21£0.06 eC  21.16+0.24 ¢B 18.98 £0.02 fA
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* Lowercase letters in each column indicate a significant difference of p <0.05 and uppercase letters in each row indicate a

significant difference of p <0.05.

* TO blank sample, T1 Yogurt with 25% soy milk, T2 yogurt with 50% soy milk, T3 yogurt with 75% soy milk, T4 yogurt
with 25% barely milk, TS yogurt with 50% barely milk, T6 yogurt with 75% barely milk, T7 yogurt with 25% almond milk,
T8 yogurt with 50% almond milk, T9 yogurt with 75% almond milk
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Table 5 The effect of different concentrations of soy, barley and almond milk on
changes in the viscosity(upascal/sec) of probiotic bacteria of yogurt during storage time

Yogurt sample day

0 7 14 21
TO 1500.22 £0.20 aA  1501.79+0.48 aB  1505.12+0.34 aC 1506.93 + 0.69 abD
T1 1503.58 £ 0.52 cdA 1504.92+0.68 bB  1506.05+0.07 abC  1507.68 + 0.39 bcD
T2 1503.45+0.56 cdA 150542+0.62 bB  1507.26 £0.16 cdC  1508.91 +0.39 deA
T3 1504.41 £ 0.69 deA 1506.43+0.84 bcB 1508.46+0.47 edC  1510.96 +0.80 gD
T4 1502.77 £0.65 bcA 1507.19£0.22 c¢dB 1509.11 £0.16 fC 1508.32 £ 0.70 cdBC
T5 1505.23 £0.23 efA 1507.73+0.92 ¢cdB 1508.33+0.70 defB 1510.22+0.19 fgC
T6 1507.01 £0.38 gA  1508.77+0.14 dA  1509.41 +0.12 fB 1512.82+0.72 hC
T7 1502.24 +0.17 bA  1506.49 £ 0.87 becB  1506.41 +£0.50 bcB  1506.11 +£0.10 aB
T8 1504.23 +0.28 dA  1506.60 +0.39 bcB  1507.46 + 0.67 cdeB 1509.38 + 0.55 efC
T9 150590+ 097 fA  1508.15+0.25 c¢cdB 1509.66 + 0.90 B 1510.30+£0.24 fgC

* Lowercase letters in each column indicate a significant difference of p <0.05 and uppercase letters in each row indicate a

significant difference of p <0.05.

* TO blank sample, T1 Yogurt with 25% soy milk, T2 yogurt with 50% soy milk, T3 yogurt with 75% soy milk, T4 yogurt
with 25% barely milk, T5 yogurt with 50% barely milk, T6 yogurt with 75% barely milk, T7 yogurt with 25% almond milk,
T8 yogurt with 50% almond milk, T9 yogurt with 75% almond milk
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Table 6 The effect of different concentrations of soy, barley and almond milk on
changes in the percent of syneresis of probiotic bacteria of yogurt during storage time
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Yogurt sample day
0 7 14 21

TO 62.73 +0.46 aA 62.04+043 cA 69.19+0.91 dB 78.07+£0.79 eC
Tl 61.38+0.11 aA 61.61+0.20 abcA 66.19+0.05 bcB  74.36 £ 0.37 dB
T2 6120+ 0.08 aA 61.49+024 abB  65.95+0.10 abcC 72.87+0.70 cD
T3 60.18 +£0.05 aA  61.68+0.20 abcB 65.06+0.06 abC ~ 71.15+0.06 bD
T4 61.17+0.06 aA 61.61+0.31 abcA 6596+0.23 abC  73.15+£0.25 cC
T5 61.24+0.00 aA 61.68+0.21 abcA 65.66+0.35 abB  71.84+0.72 bC
T6 59.48+0.37 aA 61.30+£0.05 aB 64.97£0.85 aC 69.47+0.35 aD
T7 61.60+0.14 aA 61.80+0.05 abC  70.05+0.14 dB 74.61+0.19 dC
T8 61.66+0.23 aA 61.75+0.26 abcA  66.87 +0.08 cB 72.83+£0.32 cC
T9 61.47+0.24 aA 61.55+0.16 abA  65.81+0.72 abcB  71.53+£0.79 bC

* Lowercase letters in each column indicate a significant difference of p <0.05 and uppercase letters in each row indicate a

significant difference of p <0.05.

* TO blank sample, T1 Yogurt with 25% soy milk, T2 yogurt with 50% soy milk, T3 yogurt with 75% soy milk, T4 yogurt
with 25% barely milk, T5 yogurt with 50% barely milk, T6 yogurt with 75% barely milk, T7 yogurt with 25% almond milk,
T8 yogurt with 50% almond milk, T9 yogurt with 75% almond milk
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Table 7 The effect of different concentrations of soy, barley and almond milk on
changes in the percent of syneresis of probiotic bacteria of yogurt during storage time

Yogurt sample
color taste smell Overall acceptance
TO 440+0.51 e 440+047 bc 4.00£047 bc 420+042 a
T1 4.00+ 047 bcde 490+£031 e 4.00+047 bc 440+0.51 a
T2 344 +£0.69 ab 4.66+048 de 4.00£0.81 bc 422+042 a
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T3 3.60+£0.84 abc 4.60+0.51 de 3.70£0.67 a 4.10+0.31 a
T4 430+0.48 de 330+082 a 4.60+051 ¢ 4.00+0.66 a
T5 4.10£0.56 cde 4.50+0.70 de 4.40+0.51 ¢ 420+£042 a
T6 4.10£0.56 cde 3.60+0.69 bc 4.20+0.63 bc 4.50+£0.70 a
T7 3.80+0.63 abcd 4.30+0.48 de 4.10£0.31 bc 4.50+0.52 a
T8 330+048 a 4.10+0.56cd 4.20+0.32 bc 4.00+0.47 a
T9 3.80+£0.63 abcd 3.90+0.31 cd 4.60£0.16 ¢ 430+048 a

* Lowercase letters in each column indicate a significant difference of p <0.05

* TO blank sample, T1 Yogurt with 25% soy milk, T2 yogurt with 50% soy milk, T3 yogurt with 75% soy milk, T4 yogurt
with 25% barely milk, TS yogurt with 50% barely milk, T6 yogurt with 75% barely milk, T7 yogurt with 25% almond milk,
T8 yogurt with 50% almond milk, T9 yogurt with 75% almond milk
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ARTICLE INFO ABSTRACT

Probiotics are beneficial bacteria that can be added to foods,
especially dairy products, and produce their own health effects in the
body. In this study, yogurt was prepared with a combination of soy,
Received:2024/2/15 barley and almonds milk in three concentrations (75:25, 50:50, 25:75

ratio of milk/soy milk, barley and almond) and incubated with 10®

Article History:

Accepted:2024/7/17 cfu/ml of two probiotic bacteria Lactobacillus acidophilus and

Lactobacillus plantarm and studied for 21 days. Yogurt samples were
Keywords: tested for probiotic viability, pH, acidity, brix, viscosity, syneresis,

and sensory evaluation on 0, 7, 14, and 21 days after production. The
probiotic yogurt, results showed that the probiotic bacteria initially increased and then
soy milk, decreased during storage. Yogurt samples containing soy, almond and
barley milk, barley milk had a smaller decrease in the number of probiotic bacteria
almond milk and at the end of 21 days, they showed an acceptable level of bacterial

viability. The trend of decreasing pH and acid production by these
bacteria was observed in yogurts over time, and this trend was more
in samples containing. Syneresis in all samples increased during time
10.22034/FSCT.22.162.90. but sample containing soy milk, barley and oats milk had less
syneresis. The percentage of soluble solids of all samples showed a
decreasing trend during storage, but this trend was slower in the
zerjaee@yahoo.com samples of yogurts containing soy, barley and almond milk. The
viscosity of the produced products showed an upward trend during the
storage time, and the samples containing soy, barley and almond milk
had a higher viscosity. Overall acceptability in all our samples was
not significantly different from the control sample. Finally, yogurt
containing 25% milk and 75% barley milk had better quality than
other treatments in terms of physicochemical characteristics.
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Figure 1. FTIR spectrum image (a), thermal gravimetric test results (b) and XRD (c) of chitosan/gum
Arabic/natamycin edible coating
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Figure 2. FE-SEM image of chitosan (a) and chitosan/gum Arabic/natamycin edible coating (b)
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Figure 1. Changes in the growth percentage of aspergillus mold in treated raw pistachios during storage
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Figure 2. Sensory changes in taste (a), aroma (b), color (c), texture (d) and overall acceptance (e) in treated raw
pistachios during storage

Table 1. The results of total counting of bacteria, mold and yeast in raw pistachios treated during
storage. Non-similar upper and lower case English letters indicate significant differences between different days
of keeping in the same treatment and different treatments in the same day, respectively (P<0.05).
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Table 1. The results of total counting of treatments in the same day, respectively
bacteria, mold and yeast in raw pistachios (P<0.05). '
treated during storage. Non-similar upper Table.l. The results of t'otal cou.ntmg.of
and lower case English letters indicate bacteria, mold and yeast in raw pistachios
significant differences between different days treated during storage. Non-similar upper
of keeping in the same treatment and different and lower case English letters indicate
treatments in the same day, respectively significant differences between different days
(P<0.05). of keeping in the same treatment and different
Table 1. The results of total counting of treatments in the same day, respectively
bacteria, mold and yeast in raw pistachios (P<0.05).

treated during storage. Non-similar upper
and lower case English letters indicate
significant differences between different days
of keeping in the same treatment and different
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Table 2. Average changes in weight loss
and moisture content in treated raw
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Table 2. Average changes in weight loss and moisture content in treated raw pistachios during storage.

Non-similar upper and lower case English letters indicate significant differences between different days of
keeping in the same treatment and different treatments in the same day, respectively (P<0.05).
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This study was done to investigate the effect of edible coating of chitosan
and gum Arabic containing natamycin on the microbial, chemical and
sensory properties of raw pistachios during 28 days of storage in the
refrigerator (4+1 C’" and 90-95% relative humidity). Samples were designed
in five groups include control (C), coated with chitosan (Ch), coated with
gum Arabic (Ga), coated with chitosan and natamycin (Ch+Na), coated with
gum Arabic and natamycin (Gat+ Na) and coated with chitosan, gum Arabic
and natamycin (Ch+Ga+Na). Then preparation and characterization tests
(Fourier transform infrared spectrum, X-ray diffraction, thermal gravimetric
analysis and scanning electron microscopy), microbial (total count,
Aspergillus growth and mold and yeast count), chemical (weight loss and
moisture) and sensory tests were done. The results of microbial tests showed
that the samples coated with chitosan/gum Arabic/natamycin were
significantly more effective in inhibiting the growth of microorganisms
compared to other treatments, as total count, mold and yeast and Aspergillus
growth were reached from 3.47 log cfu/g to 4.61 log cfu/g, 2.22 log cfu/g to
1.04 log cfu/g, and from 20% to 12% respectively at the beginning and at
end of the study period. Also, coating with chitosan/gum Arabic/natamycin
had a positive effect on the chemical properties, especially preventing weight
loss, as it increased from 12.5% on day 0 to 77.3% on the final day, while in
control group it increased from 4.08 to 7.03. Coating with chitosan/gum
Arabic/natamycin not only did not adversely affect the appearance of
pistachios, but also improved the sensory characteristics in all parameters
except taste. In general, the results showed that the coating of chitosan and
gum Arabic, especially when it contains natamycin, can be considered as an
effective food coating in maintaining and improving the quality of food,
especially nuts.
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Table 1. Analysis of variance of selenium nanoparticles on quality and shelf life of Solanum lycopersicum L., cv Roma

* and ** are significant at the 5% and 1% levels, Respectively

Mean square

. Cell
Relative . . I
Source of DF fresh V\;elght merrébfane SOhII.téle Tltrg‘:tlgble pH Carotenoid thotalll 1 Vmémm Phenol Tot% Shelf life
variation weight 0ss st.a 11ty sol1 acidity chlorophy antioxidant
index
Treatment 4 137.277  47.126" 132.51 8.65 174" 10.71 9.45™ 1.47° 8.17" 63.33" 11.42" 57.63"
Time 3 246.117  89.328" 178.15 15.13" 4.02" 34.26" 14.75™ 3.15" 13.12"  97.22° 18.16" ---
TreatmentxTime 12 25.73" 13.14™ 23.16™ 4.64™ 0.82" 5.09" 6.12" 0.79" 4.86" 38.65™ 437 ---
Error 40 0.81 0.137 0.785 0.041 0.008 0.072 0.081 0.012 0.089 0.775 0.075 0.042
CV (%) --- 11.19 10.25 9.42 10.37 9.58 10.43 10.74 11.08 10.21 11.56 9.46 10.32
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Table 2. Effect of selenium nanoparticles on physicochemical traits of Solanum lycopersicum L., cv Roma

Cell

Days Treatm_el:nt Rglzzil:/e Wei goht loss meml.)r.ane (m;? 00 OTS.S pH

(mg 1) weight (%) (%) irsl?:;lé% ml) (°Brix)

Control 1002 0.002 100.002 0.52¢ 5.42¢ 5.49°

selenium nanoparticles 2 100? 0.00? 100.00? 0.56° 5.71° 5.69°

1 selenium nanoparticles 4 100? 0.00* 100.00° 0.592 5.87* 5.61*

selenium nanoparticles 6 100? 0.00? 100.00? 0.514 5.264 5.38¢

selenium nanoparticles 8 100? 0.00* 100.00° 0.48¢ 5.07% 5.31¢

Control 80.36° 9.674 86.16° 0.48¢ 5.13¢ 5.07¢

selenium nanoparticles 2 86.31¢ 6.12¢ 92.45° 0.514 5.37¢ 5.38¢

7 selenium nanoparticles 4 88.47° 5.31° 90.37° 0.54¢ 5.51¢ 5.35¢

selenium nanoparticles 6 75.25% 12.45F 80.254 0.45f 4.82f 4,841

selenium nanoparticles 8 70.16" 15.798 76.59° 0.38¢2 4.64¢ 4.57¢h

Control 73.198 14.83¢ 74.32¢F 0.32h 4.32h 4.5]¢eh

selenium nanoparticles 2 77.62f 9.314 80.67¢ 0.39¢ 4.64¢ 4.86"

14 selenium nanoparticles 4 83.274 11.06¢ 81.594 0.42% 4618 4.67%

selenium nanoparticles6 66.451 18.82i 69.83f 0.26! 4.081 3.92i

selenium nanoparticles 8 63.381 19.941 62.43¢ 0.20% 3.76% 3.61

Control 57.38 17.35M 68.57F 0.21k 3.86k 4.13i

selenium nanoparticles 2 65.15 15.41¢ 73.32¢f 0.26/ 4,031 4.65%

21 selenium nanoparticles 4 72.46h 13.26¢f 76.41¢ 0.32h 425 4.420

selenium nanoparticles 6 54.74% 21.97 62.518 0.17" 3.59! 3.79i

selenium nanoparticles 8 49.92! 24.82% 57.68" 0.11m 3.10m 3.35%

Values marked by different letters are significantly different (P< 0.05).
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Fig 1 Effect of selenium nanoparticles on carotenoid content of Solanum lycopersicum L., cv Roma
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Fig 2 Effect of selenium nanoparticles on total chlorophyll content of Solanum lycopersicum L., cv Roma
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ARTICLE INFO ABSTRACT
Nowadays, the demand for healthy and quality products has increased among
. . consumers, and the use of selenium nanoparticles has beneficial effects in
Article History: delaying aging and maintaining the quality of horticultural products due to
Received:2024/5/4 its antioxidant properties. This research was carried out with the aim of
investigating the effect of selenium nanoparticles on the quality and shelf life
Accepted:2025/1/2 of cherry tomato fruit in a factorial experiment in the form of a completely
random statistical design with three replications. First, cherry tomato seeds
were cultivated in pots containing perlite and vermiculite (1-2) after
Keywords: disinfection. Then, the seedlings were sprayed with selenium nanoparticles
(2, 4, 6 and 8 mg I'!) at flower formation 3 times with an interval 10 days.
Antioxidant, After harvesting, the containers containing 5 fruits were placed in a
Shelf Life, refrigerator with a temperature of 4+1°C and a humidity of 85-90%.
Selenium Sampling and evaluation of traits were done on the day of the experiment, 7,
S 14 and 21 days after harvesting. The results showed that the highest
Soluble solids, f fruit relative fresh weight and cell membrane stability index
Vitamin C percentage of fruit relative fresh weight and cell me y ,
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amount of soluble solids and titratable acidity, total carotenoid and
chlorophyll content, amount of vitamin C and total antioxidant activity in the
treatment of selenium nanoparticles was 4 mg 1! and the highest amount pH
and total phenol were obtained in the treatment of selenium nanoparticles of
2 mg I'l. Also, the maximum and minimum storage life of fruits were
observed with 29.5 and 18.3 days respectively in the treatment of selenium
nanoparticles 4 mg 1! and 8 mg I". According to the results obtained from
this research, the use of selenium nanoparticles with concentrations of 2 mg
I'is an effective treatment for maintaining the quality and shelf life of Roma
cherry tomatoes.
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Table 1. Sample characteristics (N=43)

Characteristic n (%)
Gender

Female 25 (58.1)
Male 18 (43.1)
Age (vear)

18-24 7 (16.3)
25-34 10 (23.3)
35-44 14 (32.6)
45-54 9 (20.8)
55-60 3(7.0)
Marital status

Married 28 (65.1)
Unmarried//Divorced/Widow 15 (34.9)
Household size

<3 7 (16.3)
3-4 33 (76.7)
5° 3(7.0)
Education

Under diploma 3(7.0)
Diploma 12 (27.9)
University 28 (65.1)
Employment status

Unemployed/ Housewife 10 (23.3)
Worker 1(2.3)
Employee 19 (44.2)
Self-employed 12 (27.9)
Retired 1(2.3)
Children < 18 years

Yes 18 (41.9)
No 25 (58.1)
Responsible for household food shopping

Yes, always 19 (44.2)
No 24 (55.8)
Frequency of sausage consumption

Never 5(11.6)
Rarely 22 (51.2)
1-3 times/ month 14 (32.6)
1-3 times/ week 2 (4.6)
More than 3 times/ week 0 (0)
Residential area

North 8 (18.6)
South 9(20.9)
Center 9 (20.9)
West 8 (18.6)
East 9 (20.9)
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Table 2. Participants' perception and attitude towards sausages

Categories

Sub-categories

Codes

Distrust in
the
manufactures

Low- quality raw
materials

- The use of poor-quality raw materials
- The procurement of meat from unsanitary centres

Fraud in manufacturing the
product

- The utilization of meat and chicken waste

- The use of unconventional meat such as cat and
donkey meat

- The substitution of beans for pistachios in the
production of sausages

Distrust in the information
provided on the label

- The inaccuracy of the information on the label

Distrust in the safety and
health of the product

- Negative experiences regarding manufaturing the
product

- Failure to comply with standards in manufaturing the
product

- lack of hygiene in the manufacturing process

The
harmfulness
of the
product to
human

health

Having harmful additives

- Containing a substantial quantity of preservatives

- The presence of artificial colors

- The presence of a considerable quantity of spices
and salt

- Containing unauthorized additives

- The use of chemicals to create dependence in
consumers

Causing a wide range of health
problems

- A risk factor for obesity

- The occurrence of digestive problems
- A risk factor for fatty liver disease

- A significant factor in the aetiology of cancer
- The occurrence of high blood pressure

- A risk factor for diabetes

- A risk factor for heart disease

- The exacerbation of migraine headaches

- The Exacerbation of allergies

- Increased thirst

- Early menopause/infertility

Lack of trust
in
surveillance
systems

- Belief in the lack of control over the production
process

- Belief in the non-implementation of the principles
of proper supervision and control

- Lack of confidence in the standard mark on product
packaging
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In recent years, there has been a notable increase in the consumption of
sausages, particularly among younger individuals. However, the perception and
attitude of consumers towards these products in the country remain poorly
documented. This study was designed to investigate this issue among consumers
in Tehran.The research was carried out using a qualitative approach. The study
examined adults aged 18 to 60 years who lived in Tehran. Semi-structured face-
to-face interviews were used to collect qualitative data. A total of 43 individuals
(25 women and 18 men) participated in the study. Participants were selected
using a purposeful sampling technique to ensure maximum diversity.
Qualitative content analysis of the data was conducted using MAXQDA2020
software. The participants, including those who consumed sausages, perceived
sausages as unhealthy and unsafe due to several factors. These factors include
poor quality raw materials, fraudulent production, harmful additives such as
nitrates, and high levels of fat and salt. Furthermore, sausages are believed to
have the potential to cause a range of diseases, including heart disease, high
blood pressure, and cancer. This contributes to a negative attitude towards these
products. Participants' lack of trust in the information provided on food labels,
particularly regarding product ingredients, caused them to disregard it. In this
study, participants expressed distrust not only towards manufacturers but also
towards regulatory institutions and their performance. This research plays a
pivotal role in enhancing the quality of these products at the national level by in-
depth examination of the understanding and attitude of consumers towards
sausages. The findings of this study demonstrate the necessity for meat product
producers to enhance the quality of their raw materials, adopt healthier
production methods, provide transparent labelling and reinforce consumer
trust in order to address concerns and meet consumer expectations.
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Table 1- Particle size, zeta potential and encapsulation efficiency encapsulated grapefruit peel essential oil

Ultraturrax Speed (rpm) Particle size (nm) PDI Zeta potential  Encapsulation efficiency (%)
10000 264.0+2.82 0.32+0.04*  -22.6+7.1° 83.92+0.372
15000 258.6+1.5° 0.29+0.03>  -23.6+2.9° 81.25+0.25°
20000 226.9+2 4¢ 0.194+0.01°¢  -21.65+5.7* 78.76+0.48¢

* Different lower case letters in the same column indicate significantly different (p < 0.05)
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Figure 1- Stability of emulsions in different storage conditions: A) At room temperature (25 °C) B) At
refrigerator temperature (4 °C) (Uppercase and lowercase letters show a statistically significant difference
between different storage times in the same sample and different samples at the same time, respectively.)
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Figure 2. FTIR spectrum of encapsulated grapefruit peel essential oil with alginate.
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Figure 3- DSC diagram of encapsulated grapefruit peel essential oil with alginate gum.
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Figure 5- Flow behavior diagram encapsulated grapefruit peel essential oil with alginate gum.

Table 2 - Rheological parameters of Herschel-Bulkley and Power law model for encapsulated grapefruit peel
essential oil with alginate gum

Power Law model Herschel-Bulkley model
Ultraturrax Speed (rpm) 3
K, (Pa s?) np R? ki (Paxsn) ny ton(Pa) R
10000 1.91£0.05° 0.68+0.01* 1 1.90+0.04°  0.68+0.01*  0.02+0.01* 1
15000 2.73+0.03*  0.66+0.01° 1 2.74+0.04*  0.66+0.01* 0.02+0.01* 1
20000 2.60+0.17*  0.66+0.00* 1 2.51£0.13°  0.67+0.00® 0.03£0.00* 1

* Different lower case letters in the same column indicate significantly different (p < 0.05)

Table 3- Rheological parameters of Bingham and Casson model for encapsulated grapefruit peel essential oil
with alginate gum

Bingham model Casson model
Ultraturrax Speed (rpm) N R?
Top (Pa) g R Toc (Pa) Ne
10000 1.794£0.06°  0.47+0.00° 0.97 3.58+£0.11°  0.21+0.01* 0.97
15000 2.56+0.00* 0.61+0.05* 0.97 5.11+0.00* 0.20+0.01* 0.98
20000 2.4240.03° 0.58+0.00* 0.98 4.84+0.07° 0.20£0.00* 0.97

* Different lower case letters in the same column indicate significantly different (p < 0.05)
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In this study, the effect of different homogenization speed (10,000,
15,000 and 20,000 rpm) on the structural, rheological and antioxidant
properties of nanoencapsulated grapefruit peel essential oil coated in
alginate gum wall was investigated. Increasing the homogenization
speed led to a decrease in particle size (from 264.0 to 226.9 nm) and
PDI index (from 0.32 to 0.19) of nanoemulsion. All nanoemulsions
had negative zeta potential (-23.6 to -21.65 mV). The
nanoencapsulation efficiency of the essential oil decreased from 83.92
to 78.76% with increasing the speed of homogenization.
Nanoemulsion of essential oil at 4 ° C had full stability (100%) for 5
days, while at 25 °© C over time, the stability of the nanoemulsion
decreased and the highest stability was related to the prepared
nanoemulsions at 15000 rpm because of a smaller zeta potential. The
results of Fourier transform infrared spectroscopy and differential
scanning calorimetry showed that the essential oil was encapsulated
by alginate. The produced nanoemulsions had antioxidant activity and
with increasing the concentration of nanoemulsions, the speed of
DPPH free radical scavenging increased. The highest antioxidant
activity was related to the prepared nanoemulsion at 10,000 rpm. All
nanoemulsions showed pseudoplastic (shear thinning) behavior.
Herschel-Bulkley and Power law models had higher R, than other
fitted models. Homogenization had almost no effect on kp and kH.
The results of this study introduce the use of 15,000 rpm to produce a

nanoemulsion of grapefruit peel essential oil in the alginate gum wall.
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Table 1- The effect of treatments on the moisture of cupcakes during one month.

Treatments Moisture (%)

2 hours 1 week 2 week 1 month
1 19.2+0.7¢  18.0+£0.4° 15.6+0.74 14.1+0.84
2 20.1+£0.2°  19.7+0.92 18.2+0.2° 17.2+0.5°
3 19.9+£0.1*  18.4+0.2° 16.8+0.5¢ 14.9+0.2°¢
4 21.2+0.8*  20.9+0.12 20.2+0.9* 18.9+0.4*
5 20.3+0.2°  18.3+0.5° 17.1£0.2¢ 15.2+0.9¢
6 21.5£0.4*  21.0+0.72 19.8+0.32 19.240.38

Different letters in each column represent significant differences from one another (p<0.05).
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Fig 1- The effect of treatments on the specific volume of cupcakes.
Different letters represent significant differences from one another (p<0.05).
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Fig 2- The effect of treatments on the porosity of cupcakes.
Different letters represent significant differences from one another (p<0.05).
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Table 2- The effect of treatments on the firmness of cupcakes during one month.

Treatments Firmness (N)

2 hours 1 week 2 week 1 month
1 5.2+1.3¢ 7.9+0.4° 12.1£0.2¢  22.1+0.42
2 7.7+1.9° 8.3+1.72 14.7£0.5>  19.5+0.5°
3 9.0£1.2*  12.8£0.2°>  19.2+0.2*  20.2+0.2°
4 4.9+0.8° 6.1+0.22 8.9+0.94 9.4+0.7¢
5 9.2+0.2%  12.2+1.4>  14.5+0.6®  20.2+0.3°
6 7.4+0.9b 6.5+0.12 9.2+0.54 12.240.3¢

Different letters in each column represent significant differences from one another (p<0.05).
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Table 3- The effect of treatments on the crust color of cupcakes

Treatments

Crust color values

L*

b*

a*
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1 52.07+1.92°  6.52+£0.77° 23.41+0.09°
2 55.49+1.76*  5.87+£0.19¢  20.97+1.87°
3 47.09£1.21°¢  8.41+£1.24%  20.31+0.76°
4 50.94£0.22°  7.28+1.09° 18.58+0.25¢
5 45.81+0.95¢  8.53+0.21*  18.98+1.80°
6 48.044+1.89¢  7.40+0.38° 18.21+0.59°

Different letters in each column represent significant differences from one another (p<0.05).
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Table 3- The effect of treatments on the crust color of cupcakes

Treatments Sensory properties

Form upper surface Texture Porosity Chewiness  Odor&Taste
1 3.40+0.96° 4.00+0.81° 4.00+£0.472 3.20+0.44*  3.00£0.87°  4.40+0.81°
2 3.30+0.48° 3.30+0.67° 2.80+0.78¢ 3.30+£0.51°  2.80+0.56"  3.30+0.67"
3 3.70+0.95° 2.50+0.534 2.60+0.56¢ 4.00+£0.85*  3.00£0.49°  3.30+0.53°
4 4.20+0.922 4.80+0.422 4.00+0.812 4.20+0.822  4.10+0.78*  4.20+0.42°
5 2.40+0.51°¢ 2.70+0.67¢ 1.90+0.57¢ 2.60+0.51°  2.20+0.64° 3.10+0.67°
6 4.10+0.60* 3.90+0.87° 3.40+0.52° 4.10+0.58*  3.90+0.55*  4.20+0.87°

Different letters in each column represent significant differences from one another (p<0.05).
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Fig 3- The effect of treatments on the overall acceptance of cupcakes.
Different letters represent significant differences from one another (p<0.05).
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ARTICLE INFO ABSTRACT

The issue of separating bran from wheat has emerged as a principal challenge
in the production and consumption of wheat within the country. Beyond the

Article History: economic implications stemming from the exclusion of bran, which is
Received:2024/8/12 characterized by its fibrous texture and large particle size—both of which

contribute to the diminished quality of bran-containing flour products—there
Accepted:2025/4/15 is also a notable reduction in the nutritional value of refined flour compared

to whole flour. To enhance the quality of baked goods made with bran,
various additives are employed. Therefore, the objective of this research was
Keywords: to produce cupcakes using flour with extraction rates of 78%, 88%, and 96%,
while incorporating xylanase enzyme (0.4%), sodium stearoyl lactylate
(SSL) emulsifiers, and mono- and diglyceride esters of tartaric acid

Functional cupcake, (DATEM) (0.5%) as well as sorbitol (3%) as a sugar alcohol, followed by
Whole flour, the evaluation of the quantity and quality of the final product. The results
DATEM emulsifier, indicated that increasing the flour extraction rate and the presence of
Xylanase enzyme, additives in the formulation led to an increase in the moisture content of the
Sorbitol samples. Conversely, as the percentage of bran increased (resulting from a

higher extraction rate), both the specific volume and porosity of the cupcakes
decreased. The inclusion of the improvement agents (a mixture of enzyme,
10.22034/FSCT.22.162.171.  emulsifiers, and sugar alcohol) contributed to an increase in these two
parameters. The cupcake sample containing flour with an extraction rate of
88%, along with the enzyme, emulsifiers, and sugar alcohol, exhibited the
lowest textural firmness over a one-month storage period. Additionally, the
increase in flour extraction and the presence of improvement agents
corresponded to a diversification in the surface coloration of the cupcakes,
resulting in darker and lighter shades, respectively. Ultimately, the sample
comprising flour with an extraction rate of 88%, 0.4% xylanase enzyme,
0.5% DATEM and SSL emulsifiers, and 3% sorbitol emerged with the
highest overall acceptance score, thus being recognized as the optimal
sample.
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Fig 1. The effect of inulin and CaCl, on viscosity of synbiotic ricotta cheese during storage
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T, 0 300 2557 0.94 0.958
T3 1% 0 3072 0.86 0.984
Ty 1% 150 3230 0.85 0.973
Ts 1% 300 3457 0.84 0.934
Ts 3% 0 3777 0.73 0.988
T 3% 150 4115 0.65 9.953
Ts 3% 300 4318 0.52 0.941

S o S Gamaie S3L L w5l 15
Sl b il ssha oS 5 Olpe 4 35 sl
SaS a8y Sl Bl a5 adls 1 elS Llis L8
Lol aey 3 i s delis 14 AT aS s
58 dde Olss a0 Ol dde Yl5 50 o (SS550555
S Walsse s (S35 s 2Ll ¢lr el
ool Sl ss LS s e YY) L
glaesls 23l sln Olp Jse 5l S b oy (S5550

[Ye] ,lizjf oslaial gl
SLdgai 43 K, slaasle oL, —¢-Y

SE o e B 2y
Sl wses 5 ) L* v‘<‘) ool ol s 315 a0
S5 0555 b 3 S o U oy il
Sladd gad 4 ol 5ol A5 5IS 55 005381 s e DL
slaaize LF (S5 atls U5, Sise o oy
o=l Gl pre g ) S s e BS0, y
Comd i Gdsal Sl o 4503 (D0 /00) das e
Lol mls Gb 3y Fodss s Rl o
i L* (S parli onds o ks clile 215

190

335 el el by e OL 2 el Ol e 0 i
Al Ol k) el S IS e Al
A o el SRl LB s 3L
Ol By Gasla 2al a5 s S 0L pasls
oAb @ gl edS IS sl s s o
Sy g5 Sl Gl dise oS Aoy 555 ks
GBI Il L ol il Gl cd iy (sladises
53l Gl el pasly IS 55 IS Sl s sl
O U5 oy 9503 5 o153 el 1 S Aald 4
eeedS s A Ve mg/L 5 gl Y sl S

il 1y plgs jarld o iy

BsS) y gladised (S350, 0k, ol il b
€ ged 4dS 3 5 AS o and Olg die 1 S e
el ol adS 53 1503 015 Jite b oV (Soer oy 8
U5 ooy sbaaised a5 V51 208 0L > artls
boplsd a5 il s W Sse e
—i ol S S S sl b 1)
elS a8 S mhle GBI e e a3l
SEon sd N pn Sl S la S



VErEals e oYY 0)5s ATY 6,led

Olnl @l mleo 5 pole alone

2L o VL (e sl 55 L3 S Lo IS S
.;bu.al.,ab'-bjs-a.,l)L* JQ)

100,004
90.00

20.00

L*

70.00+

60.00

50.004

40.00-
1

hlll'.lin {%]

3

il EAlS (1 me s 4 S s e B S ey
sz G L* () jarls iman (p</00)
OB 0355 0 eSS 0553 Usb 5 s e U5
sl Job- @bt b (p<e/00) Coils s pne

CalC12

| [u
150 mgiL.
[ 300 mgL

--1;""'-;

§rord

o t
(daf‘
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Fig 5. The effect of inulin and CaCl, on a* color indexes of synbiotic ricotta cheese during storage(C(0%Inulin,
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Fig 6. The effect of inulin and CaCl, on L. acidophilus LA-5 Survival (CFU/g) in synbiotic ricotta cheese
(C(0%Inulin, Omg/L CaCly), T1(0%Inulin, 150mg/L CaCl,), T2(0%Inulin, 300mg/L CaCl,), T3(1%Inulin, Omg/L
CaCly), T4(1%Inulin, 150mg/L CaCl,), Ts(1%Inulin, 300mg/L CaCl,), Ts(3%Inulin, 0Omg/L CaCl,), T7(3%Inulin,

150mg/L CaCl,), Ts(3%Inulin, 300mg/L CaCl,))
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This research was conducted with the aim of investigating changes in
viscosity and color characteristics of synbiotic ricotta cheese with the
addition of inulin and calcium chloride during the storage time. To produce
synbiotic ricotta cheese, whey, Lactobacillus acidophilus, inulin, and
calcium chloride were used.Inulin at three levels of 0, 1% and 3% and
calcium chloride salt at three levels of 0, 150 and 300 mg/L were applied and
changes in viscosity and color (color indexes L*, b* and a*) and the survival
of Lactobacillus acidophilus during the storage investigated. The results
showed the addition of inulin and calcium chloride significantly increased
the viscosity of synbiotic ricotta cheese (p<0.05%). The diagram of apparent
viscosity-shearing rate indicated that with increasing shearing rate, the
apparent viscosity of the samples decreased; Therefore, synbiotic ricotta
cheese are non-Newtonian food. In the evaluation of the rheological
parameters of different synbiotic ricotta cheese, it was found the cheese had
a high correlation with the power law model and the synbiotic ricotta cheese
showed pseudoplastic behavior. The changes of L* color indexin of synbiotic
ricotta cheese revealed the addition of inulin to cheese significantly increased
the L* color index and the presence of calcium chloride decreased the L*
color index of synbiotic ricotta cheese significantly (p<0.05). Also,
increasing the concentration of inulin and calcium chloride in different
synbiotic ricotta cheese was associated with a significant decrease in b* and
a* color index of cheese (p<0.05). According to the results, the addition of
inulin and calcium chloride improved the survival of Lactobacillus
acidophilus (p<0.05). According to the results, in the synbiotic ricotta cheese
containing 3% inulin and 300 mg/L calcium chloride, the viscosity and color
characteristics of the sample was favorable. In addition, this sample had the
highest survival rate of Lactobacillus acidophilus among the synbiotic ricotta
cheese.
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Table 1 Fatty acid composition of canola oil (CO), palm kernel stearin (PKS), commercial butter (CB)

and blends of CO and PKS
Fatty CB PKS CcO CO:PKS CO:PKS
acids (93:7) (90:10)
C6:0 1.75+0.00 - - - -
C8:0 1.10+0.01 1.88+0.00 - 0.13 0.19
C10:0 2.64+0.01 2.73£0.00 - 0.19 0.27
C12:0 3.38+0.01 54.334+0.00 - 3.80 5.43
C14:0 11.09+0.01 21.51+0.00 - 1.51 2.15
Cl4:1 0.14+0.00 - - - -
C15:0 0.99+0.01 - - - -
Cl15:1 0.19+0.00 - - - -
C16:0 38.19+0.01 9.554+0.00 3.92+0.01 431 4.48
Clé6:1 1.68+0.00 - - - -
C17:0 0.63+0.01 - - - -
Cl17:1 0.20+0.00 - - - -
C18:0 9.734+0.00 9.36+0.00 1.75+0.00 2.28 2.51
C18:1 24.744+0.02 0.60+0.00 56.71£0.00 52.78 51.10
C18:2 2.63+0.00 - 31.77+0.00 29.55 28.59
18:3 - - 4.91+0.00 4.57 4.42
C22:0 - - 0.29+0.01 0.27 0.26
SFA 69.43+0.13 99.37+0.01 5.96+0.00 12.50 15.30
MUFA 26.97+0.01 0.60+0.00 56.71+0.00 52.78 51.10
PUFA 2.63+0.00 - 36.68+0.00 34.11 33.01
UFA 29.60+0.00 0.60+0.00 93.39+0.00 86.89 84.11
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TFA 0.97+0.00 0.03+0.00

0.65+0.00

0.61+0.00 0.60+0.00

Data are shown as means + standard deviation of three replicates. SFA: sum of saturated fatty acids;
MUFA: sum of monounsaturated fatty acids; PUFA: sum of polyunsaturated fatty acids; UFA: sum of

unsaturated fatty acids; TFA: Trans fatty acids.
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Table 2 Thermal characteristics of the structured W/O emulsion samples

Sample Thermal characteristics

code Tonset (°C) Tpeak(°C) Tottset("C) AH (J/kg) SMP (°C)
P7GO60 19.23+0.00  28.77+0.00  38.32+0.00 7.86+0.00 38.35+0.01
P7S060 19.20+0.00  28.74+0.00  38.28+0.00 7.86+0.00 38.33+0.00
P7GO70 19.32+0.00  28.86+0.00  38.40+0.01 7.89+0.00 38.39+0.00
P7S070 19.26+0.00  28.80+0.00  38.34+0.00 7.87+0.00 38.37+0.00
P7GO80 19.45+0.00  29.01+0.00  38.56+0.00 7.94+0.01 38.45+0.00
P7S080 19.40+0.00  28.90+0.00  38.41+0.00 7.90+0.00 38.43+0.00
P10GO60  28.12+0.00  34.61+0.00  41.13+0.00 9.46+0.00 41.17+0.01
P10SO60  28.12+0.00  34.61+£0.00  41.13+0.00 9.46+0.00 41.16+0.01
P10GO70  28.40+0.00  36.17+2.31  41.20+0.00 9.52+0.00 41.23+0.01
P10SO70  28.36+0.00  34.77+0.00  41.19+0.00 9.51+0.00 41.21+0.00
P10GO80  28.53+0.00  35.44+0.00  41.26+0.00 9.68+0.00 41.28+0.00
P10SO80  29.46+0.00  35.34+0.00  41.23+0.01 9.66+0.00 41.26+0.00

CB 36.64+0.00  49.53+0.00  60.42+0.00  166.82+0.00  35.89+0.00

Data are shown as means + standard deviation of three replicates.Tonset= Initial temperature of
melting; Tpeak= Peak temperature; Tofre= Final temperature of melting; AH= Enthalpy of the
peak; SMP= Slip melting point; PG/SO=Palm kernel stearin, Glycerol monostearate/Sorbitan
monostearate, Oil ratio (P7&10% and O 60, 70&80%); CB= Commercial butter.
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Table 3 Physicochemical properties, physical stability and oxidative stability of structured
W/O emulsion samples

Sample code
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Textural Oxidation CS (%) OL (%) RS (%)
properties- stability-
Hardness (g Oxitest (h)
force)

P7G0O60 59.96+0.15 1.12+0.00 100.00£0.00  0.91+0.01 0.00+0.00
P7S060 84.02+0.09 4.2340.00 100.00+£0.00  2.03+0.06  0.00+0.00
P7GO70 38.03+0.06 8.29+0.00 100.00+0.00 1.04+0.13  0.00+0.00
P7S0O70 130.86+0.41 11.04+0.00 98.80+0.01 1.22+0.08  4.37+0.00
P7GO80 35.10+0.10 12.30+0.00  100.00+0.00  2.444+0.04  0.00+0.00
P7S080 153.01+0.08 13.17£0.00  100.00+0.00  2.68+0.04  0.00+0.00
P10GO60 84.70+0.01 3.15+0.00 100.00£0.00  0.93£0.06  0.00+0.00
P10SO60 100.99+0.00 5.32+0.00 100.00+£0.00  2.12+0.02  2.50+0.10
P10GO70 53.50+0.00 11.58+0.00  100.00+0.00 1.12+0.11 0.00+0.00
P10SO70 158.06+0.05 12.05+£0.00  100.00+0.00 1.15+0.01 3.75+0.01
P10GO80 49.80+0.00 12.31£0.06  100.00+0.00  2.10+0.11 0.00+0.00
P10SO80 185.02+0.59 15.18+0.00 98.00+1.00 2.65+0.05  5.00+1.00
CB 193.45+0.00  41.61£0.00 100.00£0.00  0.00£0.00  0.00+0.00

Data are shown as means + standard deviation of three replicates.CS=Centrifugal stability;

OL=0il loss; RS=Refrigerator

stability;

PG/SO=Palm kernel

stearint  Glycerol

monostearate/Sorbitan monostearatet+ Oil ratio (P7&10% and O 60, 70&80%); CB=

Commercial butter.
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Table 4 Sensory evaluation of the structured W/O emulsion samples prepared in this study
(means£=SD)

Sample Sensory evaluation

name H S L M R F MC
P7GO60  4.23+1.66 0.66+£0.01 0.40+£0.00 0.85+0.00 0.14+0.00 2.16+0.05 2.51+0.01
P7S0O60  3.86+0.05 1.25+0.00 1.85+£0.00 0.82+0.01 0.13+0.00 2.26+0.02 2.75+0.00
P7GO70  5.76+0.41 2.13£0.02 3.81+£0.01 0.92+0.02 0.11+0.00 2.75+0.00 2.91+0.00
P7SO70  4.27+0.01 1.35+0.01 2.25+£0.01 0.95+£0.00 0.17+0.00 2.65+0.00 2.72+0.01
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P7GO80  4.62+1.14 1.00£0.10 4.11+0.01
P7SO80  4.17+0.06 2.23+0.05 3.36+0.11
P10GO60 4.10+0.17 0.85+0.01 0.71+0.01
P10SO60 6.13+0.02 7.73£0.02 8.13%0.11
P10GO70 7.71+£0.01 5.43+0.05 5.95+0.01
P10SO70 7.97+0.02 6.13+0.02 5.45+0.00
P10GO80  7.11+0.01 8.06+£0.05 6.10+0.01
P10SO80 7.65+0.00 5.75+0.00 5.71+0.01

CB 3.71+£0.00 7.94+0.00 5.41+0.00

0.46+0.01
0.61+0.01
0.83+0.04
0.65+0.00
0.52+0.02
0.45+0.01
0.65+0.00
0.74+0.00
2.09+0.00

0.19+0.00
0.13+0.00
0.12+0.00
0.23+0.01
0.28+0.00
0.26+0.00
0.21+0.00
0.22+0.00
1.49+0.00

3.00+0.17
2.86+0.02
2.81+0.01
2.53+0.02
2.23+0.02
2.36+0.01
2.57+0.01
2.41+0.01
7.28+0.00

2.96+0.00
2.81+0.01
3.51+0.00
3.66+0.01
2.76+0.00
2.61+0.01
2.5440.00
2.414+0.01
2.91+0.00

Data are shown as means + standard deviation of three replicates. H=Hardness;
S=Spreadability; L=Liquefaction, M= Milky; R=Rancid; F= Fatty; MC= Mouth coating;
PG/SO=Palm kernel stearin, Glycerol monostearate/Sorbitan monostearate, Oil ratio (P7&10%

and O 60, 70&80%); CB= Commercial butter.
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This study investigates the production and evaluation of low-
saturated, trans-fat-free water-in-oil (W/O) structured
emulsions based on canola oil and lipidic oleogelators as a
butter substitute. This research aims to create emulsions by
utilizing canola oil, which is low in saturated fatty acids and
high in unsaturated fatty acids such as linolenic and oleic acid,
that are nutritionally and functionally comparable to or superior
to commercial butter. In this study, palm kernel stearin used as
the hard component, along with two types of emulsifiers:
glycerol monostearate and sorbitan monostearate. Their
properties were evaluated, including fatty acid composition,
thermal stability, physical stability, and textural and sensory
characteristics. The results showed that increasing the
percentage of palm kernel stearin led to increasing for hardness
and thermal stability of emulsions, while the choice of
emulsifier type had a significant effect on physical and oxidative
stability.  Additionally, samples containing  sorbitan
monostearate showed higher physical stability compared to
those with glycerol monostearate. The findings from this study
suggests that the produced structured emulsions could serve as
a suitable substitute for butter in the food applications without
compromising the sensory and functional quality of the final
product. This research highlights the high potential of modified
vegetable oils for producing healthy and high-quality food
products.
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Table 1. Approximate composition of pomegranate peel
Compositions Amount
Moisture (% of dry matter) 69.93
Ash (%) 5.49
crude fiber (%) 3.95
Lignin (%) 4.29
Total phenols (mg/g) 40.53
Vitamin A (ug/g) 14.06
Sodium (mg/kg) 763.66
Calcium (mg/kg) 645.70
Magnesium (mg/kg) 1644.70
Phosphorus (mg/kg) 33.96
Iron (ug/g) 22.6
Copper (ng/g) 6.20
Zinc (ng/g) 8.03
Selenium (pg/g) ND

ND: not detect
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7 -PHydroxybenzoic Acids
8 -Ellagitannins

9 -Gallagyl Esters
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3- Anthocyanidins
4 -Cyanidin
5 -Pelargonidin 3-Glucosides

6- Gallotannins
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Figure 1. The interaction effect of solvent type and extraction time on the amount of phenolic compounds
from pomegranate peel extract
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Figure 2. The interaction effect of solvent type and extraction time on the amount of Ferric reducing
activity of plasma (RRAP) from pomegranate peel extract
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Figure 3. The interaction effect of solvent type and extraction time on the amount of DPPH free radical-
scavenging from pomegranate peel extract
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Figure 4- The effect of different amounts of 70% methanol extract of pomegranate peel (concentration
0.3%) on the growth and inhibition of Aspergillus niger after 24 hr at 37 °C
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Table 2- Comparison of the mean effect of different treatments on the diameter of Aspergillus niger growth
inhibition zone

Extract Diameter of growth inhibition zone (mm)
Pomegranate peel methanolic extract (3000 mg/ml) 17.7+0.282
Methanol 70% (negative control) ND
Potassium sorbate (1000 mg/ml) 18.3+0.21?
The same superscript lower letters (a) beside mean values indicate a not significant difference from each other (t- test, P<0.05). ND: not
detect.
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The results showed that the Ferric reducing activity of plasma
(RRAP) and free radical scavenging activity (DPPH) in extracts
obtained with 70% methanol were higher than those with other
solvents. Also, in water and methanol solvents, with increasing
extraction time, the amount of polyphenol compounds and
FRAP were the highest and the lowest, respectively, but the
increase of DPPH was the highest in ethanol solvent and the
lowest in methanol solvent. The results of the investigation of
the antifungal effects of the methanol extract of pomegranate
peel (MEPP) showed that this extract with a concentration of
0.3% had an antifungal effect nearly equivalent to that of
potassium sorbate at a concentration of 0.1%, so that the mean
diameter on the diameter of Aspergillus niger growth inhibition
zone was 17.7 mm for pomegranate peel extract and 18.3 mm
for potassium sorbate. Therefore, pomegranate peel extract can
be used in food products as antioxidant compounds and
preservatives as a natural and effective alternative to chemical
preservatives like potassium sorbate.
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Fig. 1. Effect of ultrasound-assisted osmotic dehydration treatment against pathogenic bacteria (Escherichia coli,
Enterococcus faecalis, Salmonella Typhi and Shigella sonnei) artificially inoculated on yellow apple. Error bars
indicate the standard deviation of microbial population in treated samples. The same lowercase letters are not
significantly different between various bacteria strains within the same study treatment at P > 0.05. Different
capital letters indicate a significant difference between different treatments in the same studied strain at P<0.05.
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Fig. 2. Effect of ultrasound-assisted osmotic dehydration treatment against pathogenic bacteria (Escherichia coli,
Enterococcus faecalis, Salmonella Typhi and Shigella sonnei) artificially inoculated on yellow apple. Error bars
indicate the standard deviation of microbial population in samples subjected to the osmotic dehydration process
for 4 h. The same lowercase letters are not significantly different between various bacteria strains within the same
study treatment at p > 0.05. Different capital letters indicate a significant difference between different treatments

in the same studied strain at P<0.05.
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Fig 5. Changes in moisture content (%) of yellow apple samples. Error bars indicate the standard deviation of
moisture content in sonicated (at 40 and 70 % amplitude) and unsonicated (control) yellow apple samples during
12 h of osmotic dehydration. The same lowercase letters are not significantly different between various treatments
within the same study hour at P > 0.05. Different uppercase letters indicate significant differences between

different times in the same study treatment at P<0.05.
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Fig 6. Changes in total phenols (mg/100g) of yellow apple samples. Error bars indicate the standard deviation of
total phenols in sonicated (at 40 and 70 % amplitude) and unsonicated (control) yellow apple samples during 12
h of osmotic dehydration. The same lowercase letters are not significantly different between various treatments
within the same study hour at P > 0.05. Different uppercase letters indicate significant differences between

different times in the same study treatment at P<0.05.
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Fig 7. Changes in DPPH radical-scavenging effects (mg/g) of yellow apple samples. Error bars indicate the
standard deviation of DPPH in sonicated (at 40 and 70 % amplitude) and unsonicated (control) yellow apple
samples during 12 h of osmotic dehydration. The same lowercase letters are not significantly different between
various treatments within the same study hour at P > 0.05. Different uppercase letters indicate significant
differences between different times in the same study treatment at P<0.05.
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Osmotic dehydration is the process of extracting water based on placing food
in a hypertonic solution. The current study was performed to investigate the
effectiveness of ultrasound-assisted osmotic dehydration (UAOD) on
reducing foodborne pathogens (Escherichia coli, Enterococcus faecalis,
Salmonella Typhi and Shigella sonnei) on apple slices. Moreover, the effects
of UAOD treatment on moisture content, amount of total soluble phenolics
and DPPH radical scavenging activity in treated apples were measured.
Yellow apple slices were inoculated with each pathogen separately and
underwent ultrasonic waves at two levels of amplitudes (40 and 70 %) for 20
min. Afterwards, the osmotic dehydration process was performed by
immersing the samples in 70% sucrose solution for a contact period of 4, 8
and 12 h. Results indicated that US pre-treatment alone markedly diminished
the microbial count and the reduction levels of four pathogenic bacteria
enhanced with the increase of US amplitude. Furthermore, the results
showed that the degree of reduction of pathogens depended on the duration
of the osmotic dehydration process and the amplitude of sonication
treatment. The greatest reduction in pathogens was observed at 70%
amplitude after 12 h storage in an osmotic solution, in which the mean
number of E. coli, E. faecalis, S. Typhi and S. sonnei was reduced to 0.1, 4.0,
3.7 and 0.1 log CFU/g, respectively. Additionally, osmotic dehydration
treatment significantly reduced the amount of moisture content, total
phenolics and DPPH antiradical activity of samples, and this reduction was
greater in sonicated samples as compared to the control sample. It should be
added that increasing the ultrasound amplitude led to a further decrease in
the mentioned parameters. Therefore, this non-thermal combination
processing can be used to increase the overall safety and quality of apple
fruit.
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Table 1- The total phenol and flavonoid contents of the whole extract obtained from the defatted
flour of milk thistle seeds

Compound Amount

Total phenols (mg gallic acid/g) 34.40+1.85

Total Flavonoids (mg of quercetin/g)

26.20£1.30

Data are mean of three replicates = SD
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Figure 1- DPPH free radical scavenging activity (%) of different concentrations of milk thistle
seed extract compared to BHT
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Figure 2- Total antioxidant capacity of different concentrations of milk thistle seed extract
compared to BHT
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Figure 3- Ferric reducing power of different concentrations of milk thistle seed extract
compared to BHT
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Figure 4- Effect of different concentrations of milk thistle seed extract on the peroxide value of
soybean oil during accelerated storage (70°C, 12 days) compared to BHT
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Table 2- Effect of milk thistle extract and BHT on the stability of soybean oil expressed as
induction period (IP) and protection factor (PF) determined by peroxide value

Additive [P PF(IPsampie/IPoil)
None 1.80 0.00
Milk Thistle extract (100 ppm) 2.60 145
Milk Thistle extract (200 ppm) 2.87 1.59
Milk Thistle extract (400 ppm) 3.15 1.75
BHT (100 ppm) 2.60 1.45
BHT (200 ppm) 2.97 1.65
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Figure 5- Effect of different concentrations of milk thistle seed extract on the thiobarbituric acid
value of soybean oil during accelerated storage (70°C, 12 days) compared to BHT
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Due to health concerns related to synthetic antioxidants, extensive
research has been conducted on using natural antioxidants as
preservatives in food. The present study aimed to evaluate the impact
of milk thistle seed extract on the oxidative stability of soybean oil.
The extract of milk thistle seeds was prepared using ethanol and
ultrasound, its antioxidant properties were assessed and then different
concentrations (100, 200, and 400 ppm) of the extract were added to
refined soybean oil without any antioxidants. The peroxide value and
Thiobarbituric acid index of the oil samples were then monitored
during storage under accelerated oxidation conditions (70°C, 12
days). The results indicated that the milk thistle extract contained 34.4
mg of total phenols (as gallic acid equivalents) and 26.2 mg of total
flavonoids (as quercetin equivalents) per gram of dry matter. The
antioxidant properties of the extract evaluated using three methods
(2,2-diphenyl-1-picrylhydrazyl radical scavenging activity, total
antioxidant capacity and ferric reducing power) showed increase in
the antioxidant activity with increasing the extract concentrations (30
to 150 micrograms). Comparing the antioxidant capacity of different
concentrations of milk thistle extract with synthetic antioxidant,
butylated hydroxytoluene and the control sample (soybean oil without
any antioxidant) revealed that the peroxide and thiobarbituric acid
values rose in all samples during storage period. However, increasing
the concentration of milk thistle extract in soybean oil mitigated this
increase, with the most significant reduction observed at 400 ppm.
Ultimately, this study demonstrated that incorporating 400 ppm of
milk thistle seed extract was more effective in reducing the oxidation
rate of soybean oil compared to the synthetic antioxidant.
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Table 2. The overall accuracy (%) by classifiers in the training and testing data sets based on different pre-
processing methods (Intractance)

M B .‘ &
KNN (%) SVM (%) ANN (%) P Pl
Train Test Train Test Train Test Spectral Preprocessing
100 100 100 100 100 96.30 No Preprocessing
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Table 3. The overall accuracy (%) by classifiers in the training and testing data sets based on different pre-
processing methods (Reflectance)

KNN (%) SVM (%) ANN (%) A PR
Train Test Train Test Train Test Spectral Preprocessing
98.92 96.30 98.92 92.59 98.92 96.30 No Preprocessing
95.70 96.30 95.70 96.30 98.92 100 MSC
95.70 96.30 95.70 96.30 98.92 100 SNV

100 100 100 100 100 100 DI1+SG
100 100 100 100 100 100 D2+SG
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ARTICLE INFO ABSTRACT

Article History: Garl.ic m.edicinal plant powdc'ar. is s'igniﬁcant from a commerc'ial p.erspect.ive
and is widely used as an additive in the food and pharmaceutical industries.

Received:2024/12/5 Spectroscopic techniques serve as non-destructive methods for assessing the
quality of food products, medicinal plants, and related products. In the

Accepted:2025/2/15 . . .
present study, the efficiency and potential of two widely used modes,
reflectance and intractance, in near-infrared spectroscopy in the range of 936

Keywords: to 1660 nm were compared to assess the feasibility of distinguishing fresh
garlic powder. In each spectroscopy mode, 120 spectra in 2 replicates were
obtained from garlic powder samples, resulting in a total of 240 spectra. Prior

Medicinal plant to modeling, 25% of the spectra were randomly selected for validation, while

Garlic powder,

the remaining spectra were used to compile the models. To mitigate potential
noise, the impact of common pre-processing methods on the performance of
the artificial neural network (ANN), support vector machine (SVM), and k-

Freshness, nearest neighbors (KNN) classifiers was investigated. The principal
components analysis (PCA) technique was employed to reduce the
Spectroscopy, dimensionality of the spectral variables, and the first four principal
Reflectance, components were used as classifiers inputs. In the intractance spectroscopy
condition, the SVM and KNN classifiers separated spectra obtained from
Intractance. powders at 3 days, 3 months, and 12 months with 100% accuracy. The ANN

classifier achieved 100% accuracy in distinguishing the mentioned spectra
in all preprocessing conditions under investigation, except for the raw spectra
(without preprocessing). Near-infrared spectroscopy in the 936-1660 nm

10.22034/FSCT.22.162.265.  range, combined with chemometrics, is effective for quickly detecting the
freshness of garlic powder. Considering its ease of application in both
industrial and laboratory settings, intractance spectroscopy mode is superior
to reflectance mode.
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Tablel Coded and actual values of the independent variables used in the central composite design

Independent variables

Coded values

Actual values

Sample —p " Salt SNF _ Fat Salt SNF
X] Xz X3 Xl XZ X3
1 1 1 1 282 028 9.82
2 0 0 0 475 055 11.75
3 0 0 0 475 055 11.75
4 0 0 +1.68 475 055 8.50
5 0 -168 0 475 1 1175
6 -1 1 +1 282 028 13.68
7 1+ 1 282 082 9.82
8 168 0 0 15 055 1175
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9 +1 +1
10 +1 -1
11 0 -1.68
12 +1 -1
13 +1 +1
14 -1 +1
15 0 0
16 +1.68 0
17 0 0
18 0 0

+1 6.68 0.82 13.68
+1 6.68 0.28 13.68
0 475 0.10 11.75
-1 6.68 028 9.82
-1 6.68 0.82 9.82
+1 2.82 0.82 13.68
0 475 055 11.75
0 8 055 11.75
0 475 055 11.75
+1.68 4.75 0.55 15

The unit of actual values is percentage.
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Figure 1 Three-dimensional response level of acidity versus SNF and salt percentage on day
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Table 2 The results of variance analysis of the appearance properties of probiotic stirred yogurt
samples during storage time

Sum of Squares (SS)

Source Storage time (Day)
1 7 14 21

Model 2.97™ 0.8™ 0.43™ 0.88™
Xi 0.43" 0.02™ 0.08"™ 0.10™

X, 0.038" 0.03™ 0.06™ 0.11m™

X3 0.29" 0.02™ 0.05™ 0.00™

X1 X2 0.16™ 0.11"™ 0.05"™ 0.05™
XiX3  0.067"™ 0.11™ 0.03™ 0.03™
X2 X3 1.12" 0.06™ 0.05"™ 0.53™
Xi? 0.57"™ 0.28™ 0.09™ 0.07™
X7? 0.59™ 0.07™ 0.01" 0.02™
X5? 0.15" 0.02™ 0.01" 0.00™

Residual 2.57m

0.2™ 0.092" 0.46™

Lack of fit 1.95m

0.11™ 0.016™ 0.1m

Pure error 0.62m

0.09™ 0.08" 0.36™

Linear 4.15m

0.85™ 0.26" 0.78™
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Intraction 2.8M™ 0.58™ 0.14" 0.18™
Quadratic 1.95" 0.11™ 0.016™ 0.1m
Total 5.54nms | 0.43m 0.35"

R? 0.5363 0.7964 0.8236 0.6564

Ns shows non-significance.
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Figure 2 Three-dimensional response level of consistency versus fat and salt percentage (a),
fat and SNF percentage (b) on day 21.
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Figure 3 Three-dimensional response level of texture mouthfeel versus SNF and salt
percentage on day 7.
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Figure 4 Three-dimensional response level of taste versus fat and salt percentage on day 7.
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Figure 5 Three-dimensional response level of general acceptancy versus fat and salt
percentage (a), salt and SNF percentage (b) on day 1.
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Table 3 Criteria for optimizing process condition along with responses

Limitation Target Lower Upper Importance Solution
limit limit

Fat  Inrange 2.82 6.68 3 5.45

Salt  Inrange 0.28 0.82 3 0.28

SNF Maximize 9.82 13.68 3 13.68

Color  Inrange 3.86 4.73 3 4.50

Consistency Maximize 2.9 4.46 3 3.79

Mouthfeel Maximize 2.9 4.46 3 4.01

Taste  Inrange 3.6 4.6 3 4.14

Old and  Inrange 4.06 4.8 3 4.24
musty taste

General  Inrange 34 4.5 3 4.13
acceptancy
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Table 4 Effect of composition and time on Streptococcus thermophiles count

Streptococcus thermophiles count during storage (Log cfu/ml)

S 1
atipe Storage time (day)
14 21
Control 7.62 £0.072 7+0.1020 5+£0.06¢
Optimum 7.60+0.112 7.07 £0.16° 7.09 +0. 43°

Non-identical Latin letters indicate a significant difference (p< 0.05).
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Table 5. Effect of composition and time on Lactobacillus bulgaricus count

Lactobacillus bulgaricus count during storage (Log

Sample cfu/ml)

Storage time (day)

1 14 21

Control 7.39+0.06° 6.97+£0.09° 6.45+0.10¢
Optimum 7.77£0.13% 7.73 £0.14° 6.56+0.221¢

Non-identical Latin letters indicate a significant difference (p< 0.05).
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Table 6. Effect of composition and time on Lactobacillus acidophilus count

Lactobacillus acidophilus count during storage (Log

Sample cfu/ml)

Storage time (day)

1 14 21

Control 6.94+0.67" 6.87+0.13 % 4.7240.17°¢
Optimum 7.36 £0. 05* 7.26 £0.16° 6.42+0.05°

Non-identical Latin letters indicate a significant difference (p< 0.05).
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that samples with composition of4.75% fat, 1% salt, 11.75% SNF and 6.68%
fat, 0.82% salt, 13.68% SNF obtained the highest score at the first day and
samples with composition of 8 fat, 0.55 salt, 11.75% SNF and 4.75 fat, 0.55
salt, 15% SNF had the lowest score on the 21st day. According to the results
of sensory evaluation, probiotic yogurt with composition of 5.45 fat, 0.28
salt, 13.68% SNF was selected as optimum sample and compared to
commercial stirred yogurt (1.4 fat, 0 salt, 10% SNF) as control sample with
respect to microbial characteristics. Statistical analysis showed that the
percentage of fat, SNF and salt had no significant effect on pH of samples,
but the SNF and salt and their interaction had a significant (p<0.05) effect on
acidity. The results of microbial analysis showed that composition, storage
time and interaction of them had a significant (p<0.01) effect on bacterial
and probiotic count. Decreasing in the number of starter and probiotic
bacteria in the control sample was due to an increase in the acidity. Finally,
5.45 fat, 0.28 salt and 13.68% SNF is introduced as the best probiotic stirred
yogurt formulation.
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Table 1. Major chemical composition of turmeric essential oil

NUMBER COMPONENT (%) AREA RETENTION
TIME(MIN)
1. a-Thujene T 10.897
2. o -Pinene 0.05 11.130
3. Sabinene T 12.730
4. . -Pinene T 12.808
5. Ocimene T 13.052
6. B.-Myrcene 0.03 13.463
7. o Phellandrene 0.91 13.930
8. o.-Terpinene 0.02 14.374
9. 0-Cymene (0-Cymol) 0.47 14.697
10. B- Phellandrene 0.09 14.830
11. V»A- Cineole 0.47 14.941
12. cis-Ocimene T 15.574
13. y.-Terpinene 0.03 15.930
14. a.-Terpinolene 0.05 16.974
15. Linalool 0.04 17.441
16. cis-p-Menthan-3-one 0.02 19.251
17. a.-Terpineol 0.07 20.507
18. Geraniol 0.14 22.596
19. Z- Citral 0.5 22.962
20. Thymol 0.09 23.751
21. Carvacrol 0.1 24.040
22. p-Vinyl guaiacol 0.04 24.362
23. p-Eugenol 0.04 25.584
24. trans-Caryophyllene 0.38 27.295
25. o. — Farnesene 0.04 27.628
26. B.-Farnesene 0.12 28.128
27. o.-Curcumene 3.08 28.384
28. y.-Curcumene 0.25 28.817
29. o.-Zingiberene 1.94 29.295
30. fB.-Bisabolene 0.67 29.595
31. a.-Cedrene 0.31 29.672
32. B.-Sesquiphellandrene 2.93 30.072
33. 2-Phenyl-1-D1-Aziridine 2.10 31.517
34. fB.-Bisabolene 1.35 32.339
35. B. Tumerone 43.43 34216
36. o. Tumerone 23.54 35.005
37. ar-Turmerone 1.18 35916
38. o.-Atlantone 4.54 39.649
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Table 2. Antioxidant activity of turmeric essential oil (DPPH and ABTS assays) *°

Concentration (ppm) Radical scavenging effect
(%)
DPPH ABTS
200 29.02 + 0. 052 27.40+0. 572
400 36.52+£0. 32° 37.42+0.20°
600 57.08 £ 0. 47° 4242 +0.32°¢
800 72,224+ 0. 154 52.44 + 0. 404
1000 81.52+0.23¢ 67.30+0. 35¢
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The data shown are “mean + standard deviation” with 3 replace. Different capital letters indicate a significant
difference (p<0.05) between the antimicrobial effect of essential oil on pathogens
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Table 3. Antifungal effect of Amphotericin B antibiotic and interaction with turmeric essential oil

Inhibition zone (mm)

Interaction
T i tial Amphoterici
Microorganisms urmerlc. essentia mphotericin Interaction result
oil B
Aspergillus niger 11.50 % 0.48° 13.80 4 0.42° 14.80+0.57° Synergy
Aspergillus fumigatus
12.10 £ 0.65¢ 14.00 £ 0.35° 15.40 +£0.47° Synergy
Candida albicans 15.40 £ 0.40° 17.80 £ 0.30? 19.90 £ 0.29° Synergy
Penicillium italicum 13.20 £ 0.34° 14.50 £ 0.39° 15.00 +0.48° Synergy
Penicillium digitatum 13.50 £ 0.41° 15.00 £0.33¢ 17.80 £0.72¢ Synergy
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The data shown are “mean + standard deviation” with 3 replace. Different capital letters indicate a significant

difference (p<0.05) between the antimicrobial effect of essential.
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Table 4. Antifungal effect of turmeric essential oil (well diffusion method) »°

Microorganisms well diffusion method (mm)
Aspergillus niger 12.80 £ 0.36°
Aspergillus fumigatus 12.90 £0.31¢
Candida albicans 17.50 + 0.50*
Penicillium italicum
14.00 £ 0.26°
Penicillium digitatum 14.20 =£0.39®
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The data shown are “mean =+ standard deviation” with 3 replace. Different capital letters indicate a significant
difference (p<0.05) between the antimicrobial effect of essential oil on pathogens.
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Table 5. MIC and MFB of turmeric essential oil

Microorganisms MIC (mg/ml) MFB (mg/ml)
Aspergillus niger 64 512
Aspergillus fumigatus 32 256
Candida albicans 8 128
Penicillium italicum 32 256
16 256

Penicillium digitatum
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The data shown are “mean =+ standard deviation” with 3 replace. Different capital letters indicate a significant
difference (p<0.05) between the antimicrobial effect of essential oil on pathogens
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With the increasing consumer demand for chemical-free food
products, the use of medicinal and aromatic plants with high
antimicrobial and antioxidant potential has gained considerable
attention, influencing the chemical properties of food products. In this
study, the chemical compounds, total phenol, and flavonoid content
of Curcuma longa essential oil were examined. Additionally, the
antioxidant properties were assessed using ABTS and DPPH tests,
and the antifungal properties of the essential oil were evaluated
through disk diffusion, agar well diffusion, MIC and MBC methods.
The results from the GC-MS analysis indicated that f-Turmerone was
the major compound in the essential oil, accounting for 43.43%. The
total phenolic content of the oil was 130.053 mg GAE/g, and the total
flavonoid content was 624.5 5 mg QUE/g. The antifungal ability of
Curcuma longa essential oil was tested against five fungal species:
Aspergillus niger, Aspergillus fumigatus, Penicillium italicum,

Penicillium digitatum, and Candida albicans. The results showed a
strong inhibitory effect on Candida albicans. Based on the obtained
results, Curcuma longa essential oil can be considered a promising
natural preservative as an alternative to chemical preservatives.
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