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Introduction

Sweet Pepper (Capsicum annum) has a very important place among the vegetables produced in the world. Therefore, it
is necessary to apply practical solutions to increase their sustainability to develop and improve production. The growing
consumer rejection of chemical additives and the demand for more natural products have increased attention to some
methods, including the drying method. One of the physical changes that occur during the drying of food is its reduction
in volume. Vacuum drying is a method in which water and other solvents that have been absorbed into the volume or
surface of the material are removed. Combining vacuum with heating can be an effective way to dry; because in this case,
a high level of dryness can be achieved without the need for a large increase in temperature. A thermal process that is
applied to vegetables and fruits as a pre-process step for freezing, drying and canning to inactivating enzymes, modifying
texture, preserving flavor and nutrients, and extracting Interstitial air.

Materials and Methods

This study aimed to investigate the impact of various factors ethyloleate (concentrations 0,2,4%), sodium
chloride(concentrations 0,2,4%) and blanching on the drying kinetics, physical properties, chemical composition and
nutrients of green bell pepper, dried under vacuum at 60°C and pressure of 10 kpa using the response surface
methodology. At the end of the drying time, 10 g of the treated samples were weighted to investigate the drying kinetics
and the rest of the samples were kept for analysis. To achieve the drying kinetics, the samples were taken out of the oven
(Behdad Company, model 3494, made in Iran) at 30 minute intervals and weighed by a digital scale, and dried down to
moisture content of 12% ., and then for relevant analyzes on dried samples, the samples were stored in plastic packages
until the day of experiments. Investigation of independent and interaction effects of immersion in different concentrations
of sodium chloride and ethyloleate solution on the kinetics and drying time separately in blanching and non-blanching
samples on the parameters of color, chlorophyll content, phenolic substances and vitamin C remaining in dried Sweet
peppers were evaluated using minitab16 software and response level method (RSM).

Results and Discussion

The results showed that the drying process occur in the range of falling rate and also effect blanching in boiling water
for 3 minutes and immersed in an alkaline solution of ethyloleate and sodium chloride with concentrations of 2 and 4%
for 1 minute, significantly increase the drying rate. In blanching and treated samples with 4% ethyloleate and sodium
chloride, the drying time was about 3.5 hours, while the control sample was dried under the same conditions for 7.5 hours.

1, 2, 3and 4- M.Sc., Associate Professor and Ph.D. Students, Department of Food Science and Technology, Islamic Azad
University, Tabriz branch, Tabriz, Iran, respectively.
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Pretreatment of samples, showed the chlorophyll content, phenolic compounds and vitamin C were higher than the control
sample. Due to the effectiveness of ethyloleate in the protection of ascorbic acid, phenolic compounds and residual
chlorophyll, the highest amount of ascorbic acid with a value of 39.77 was related to the samples treated in ethyloleate
solution with a concentration of 4% and 4% NaCl and the minimum value of 17.98 was related to the control treatment.
The highest amount of residual chlorophyll was 23.6 in the pretreated samples with a concentration of 4% ethyloleate and
4% NaCl and the lowest amount was related to the control sample with a concentration of 12.9%. The color of the dried
samples showed that the lowest amount of color changes was related to the non-blanching sample with 4% ethyloleate
and 4% NaCl with a value of 4.94. While the blanching and ethyloleate solution had no positive effect on the color of
pepper and dried samples were dark. Comparison of blanching with non-blanching shows that blanching samples cause
darkening of the primary color of the samples.The best sample in terms of quality and speed of drying, was belonged to
the samples which blanched, treated with 4% solution of ethyloleate and sodium chloride.

Conclusion

In order to achieve the best quality in vacuum drying of pepper samples, pretreatments of blanching and using a
concentration of 4% solution of ethyloleate and sodium chloride showed the most desirable quality. The best quality of
dried samples were obtained when subjected to constant temperature and pressure during drying conditions. The benefits
obtained using the pretreatment of ethyloleate and sodium chloride as an appropriate method of drying include increasing
the absorption of water, keeping the chlorophyll, phenolic compounds and vitamin C content with time-saving in drying.

Keywords: Blanching, Ethyl oleate, Response surface methodology, Sodium chloride, Sweet pepper (Capsicum annum),
Vacuum drying
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Fig. 1- Cut and treated samples (photo by the author)
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Table 2- Showing the quantitative independent variables of the process
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Table 3- Kinetic data of the tested samples

Applied treatment

Reaction order

Reaction equation

The reaction rate constant
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Fig. 6- The interaction of ethyl oleate and sodium chloride solution on the ascorbic acid content of blanched samples: a) two-
dimensional line diagram. and (b) 3D response surface plot
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Fig. 7- The interaction of ethyl oleate and sodium chloride solution on the phenolic compounds content of non-blanched
samples: a) two-dimensional line diagram. and (b) 3D response surface plot.
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Fig. 8- The interaction of ethyl oleate and sodium chloride solution on the phenolic compounds content of blanched samples:
a) two-dimensional line diagram. and (b) 3D response surface plot
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Fig. 9- The interaction of ethyl oleate and sodium chloride solution on the chlorophyll content of non-blanched samples: a)
two-dimensional line diagram. and (b) 3D response surface plot
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Fig. 10- The interaction of ethyl oleate and sodium chloride solution on the chlorophyll content of blanched samples: a) two-
dimensional line diagram. and (b) 3D response surface plot

e oy |y Slie sole daw Glusgas (0,8 Suis
Oy Sdiged NS (o0 i 5 S5) 9 )98 Sl Copols dons
w5 5005 5 by 5y SIS Joloxs b 0rd o
(Doymaz YU 5 jles 9o clisiss 5l fols bt gillee .5l ndiges
T3os & oS pldl 5e,8 Jald (gq,, a5 and Pala, 2002)
Sl 308 S5y s D do Ad/A 5 lidg) pd o3 V58]
Joyd O g Slgl ol Mo ¥V Jolowe 10 oads jgabge (sladiges
ol 0l sadlie by il ,S

~digad yu Ky S ljee s Clide (sla lasipha S
ouuds gfﬁjﬂ sl

Jae (g cawbie s jglateds laodls (g lal Julos g 455 )
9 Jite Ol Sl gols a8 0dlatul (pgd > Juo) 48y )1 (225
Sdigel 3 Ky Sy Gl 2 1) iliie slajloss Gy Jilite
pis g (P +/+0) Juo o351 o ste s StS 5 00 (5 e 3l
e 053 Ulg oaind (L (P> +/+0) 1y pie (139 5l ixe
3T L ollae ool ialojl ol (0y20 (slaodly (35l 55 34390
bt S5y Sl e JI8,8T laite e 1 bl
bgiye OMox (izmon (Xz) s IS 9 (X1) Syl st Jolore
Sy Sl i g (XaXa) Jolie 31 g Xo? pgd as )3 3l &
(P o1+ 0) asdly (gyl> iz

lrodls )3 pg> 423 Juo (9005 3T 6080 L aslsl 5>
ddly yoite g it sloyeiio o dlal) npbe ¢l hile]
&S ol s 35 (VD) alaly sl o 1)) &y plis 158l
() @l il o 13l Jgl 4o yd 3l 4 bgyye Mas
Sy oo g (Xa) rsuodtylS Jgomo 5 (X1) Al s sl
45 )_vl 4:]09)).0 u)’to.>9 Scsly oS d)’w’)"] Lngduﬁo) 0 &)
26 X pg> a1 5 () Slyts Sl B) e 1L Xi? pg
saals) Cute pSb (XiXo) blite 5l 5 S5y Olyuss ialS) Cute
01 &yl lodiged )3 ) Sl e g (S5 Dy
sl

(V0 dlayly)
Y= YO/AY — A/FAOF Xi— «/0AYY X + V1Y 0 Xi? —

VYYD X7 — [ 08Y XiXo

rb.:J.wJu)lf J}bu X fC)Lﬂle}gl J9l.’>u X1 f&ﬁ) Ql).wu Y

s lS Joloee il glacdale )5 g gabes 1V S
) laads Jals ous Sid sladiges Sy Olpuss p gl Ll 5
bgsye K5y Ol puass oy i (@WHVY) S5 L ollas a2 o Lt
borpe ) Olyass (e (168 9 Y210V (lien b S8 diged &
FIAY o b plb Ko ¥/ 5 ldgl il ZF (e b (slaiges &
Jsbro clale T3l L aS 1555 oanlive (o-))) JS3 j ail e
P A 568 Ages b S Sy Sl Sl L1 5 oty S
b Bl 03,5 St jlas i g bl les



YiY

Slands Jald M cond (o Sl 5 w31 9 o T OIS (5l o iy (32

(«)
" §w
.‘3! P ;‘
5 8 ;
:1 % 20 i ':p&‘.&
¥ 38 w» 0 &
4
& O
b
& 7
F i

Sodium chloride concentration

Ol Son g ollo pule
" (%)
" ()
2 10 —|
3
2
1
30
0 | T T T 2
] 1 2 3 4

Ethyl oleate concentration

Sl ot cdalé

§6um 93 5l ,Ig00 (W) 151 o3l b o 5y T (GRAIgod Sy il gt (Yl g3 aawaty B 9 L9l it Jolome Jiliio 51— UK

S dw Tl s 1903 (<)
Fig. 11- The interaction of ethyl oleate and sodium chloride solution on the chlorophyll content of non-blanched samples: a)
two-dimensional line diagram. and (b) 3D response surface plot
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Introduction

Sorghum is a valuable source of starch for human use, being a drought-tolerant cereal grain that contains a large amount
of starch (approximately 70%). However, native sorghum starch has limited application in the food industry due to its
poor functional properties. Modification of sorghum starch would overcome its shortcomings and tailor it to the targeted
application. Among physical methods, non-thermal plasma is a novel method for starch modifications. Plasma is an
ionized gas including electrons, atoms, ions, radicals, and quanta of electromagnetic radiation that affects the functional
properties of starch. The effect of plasma on starch is influenced by apparatus type, treatment conditions (feed gas, time,
and power), and the source of starch. Two main mechanisms of starch modification are known as cross-linking and
oxidation together with depolymerization. Although the effect of plasma on many types of starch has been investigated,
no research has yet been found on sorghum starch modification by non-thermal plasma. So, this investigation
determines the effects of non-thermal plasma on sorghum starch to overcome the deficiency of the native form and to
explore wider applications for sorghum starch.

Materials and Methods

Sorghum starch was extracted by alkaline steeping and purified using toluene-salt-water treatment. Dielectric Barrier
Discharge (DBD) plasma was performed to modify sorghum starch. The applied DBD plasma setup consisted of two
flat rectangular aluminum electrodes with the dimension of 6.5x45 cm and 7x18 cm and an electrode distance of 3 and
6 mm for air and argon plasma, respectively. Each of the electrodes was covered with a mica sheet as a dielectric
barrier. DBD reactor was supplied with alternating current (AC). The frequency was adjusted to 375 Hz. Starch samples
were treated for 1, 10, and 20 min at 23 kV at atmospheric pressure. The amylose content of sorghum starch was
determined by iodine binding colorimetry. Evaluation of other chemical parameters including protein, lipid, ash, and
moisture was carried out according to AAC methods. The clarity was determined using a spectrophotometer at 650 nm.
The swelling and solubility of 1.5% sorghum starch suspension (at 55, 65, 75, and 85 °C) were measured using the
centrifuge method. The centrifuge-filtration method was performed to evaluate freeze-thaw stability of sorghum
starches up to 4 cycles.

Results and Discussion

Chemical parameters showed that the extracted sorghum starch was purified. The amount of protein, lipid, ash, and
amylose was 0.39, 0.15, 0.59, and 29.23%, respectively. Plasma caused significant altering in sorghum starch
properties. Compared to the argon plasma, the air plasma was more effective at increasing the clarity, solubility, and
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freeze-thaw stability. Increasing the time of treatment also improved the above-mentioned functional properties. The
clarity of native starch (14.02%) was increased to 56.10% for the sample treated with air plasma for 20 min, probably
due to intense oxidation and depolymerization of starch molecules. While the lowest clarity (13.07%) belonged to the 1-
min argon plasma treated sample, this value was improved with increasing time of treatment. Probably cross-linked
bonds were predominantly formed during the first minute of argon plasma treatment, resulting in a reduction of paste
clarity, while a competitive depolymerization and oxidation reaction could be a reason for the increase of paste clarity.
Solubility was increased for all treatments (except for argon-1 min). The highest solubility in each of the temperatures
was found for 20 min air plasma treated sample. Depolymerization of starch molecules under plasma treatment
produces low molecular weight fragments which leach out easily and increase solubility. The swelling power of 20 min
air plasma treated starch was lower than that of native starch, probably due to the structural disintegration. Other
samples had higher swelling power. The lower freeze-thaw stability of 1 and 10 min argon plasma treated samples may
be due to cross-linking which increase retrogradation. The 20 min air-plasma treated sample had higher stability than
other samples in 3 and 4th cycles of freeze-thawing. The freeze-thawing stability of other samples was similar to that of
the native starch.

Conclusion

Non-thermal plasma treatment improved the functional properties of sorghum starch. The best results were detected for
the sample treated with air plasma for 20 min. Cross-linking may be the main reaction in the first minute of argon-
plasma treatment. However, this mechanism was suppressed in a longer treatment time. It may also be stated that the
effect of oxidation along with depolymerization was predominant in air-plasma treatment.

Keywords: Argon plasma, Clarity, Freeze-thaw stability, Solubility
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Table 1- Effect of air and argon plasma on the clarity of
sorghum starch

diged (W y3) Cudlind
Sample Clarity (%)
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48,85 V-Iga (air-1 min) 14.03+0.15¢
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43,85 ¥ +—Iga(air-20 min) 56.10 = 0.26 2
48,35 V- 65 | (argon-1 min) 12.64+0.13°¢

48> Yo- o5 )l (argon- 10 min)  16.74+0.14°
48,85 Y +— 5 )l (argon-20 min)  17.09+0.19°
5,16 (p<0.05) (g ime glds ¢ gt S 53 S e Bgys b dlael

Numbers with the same letters in a column are not
significantly different (p < 0.05).
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Swelling power (g/g)
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55°C 65°C 75°C 85°C

2l (Control) 401+0.11%° 732+0.28% 1158+0.36*®®  20.66+ 0.62°A
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Numbers with the same small letters in a column and with the same capital letters in a row are not significantly different (p < 0.05).

wols b JsSIge Cyomlisyoukd 5 GomolienS] s 4 Yiazsl
b v J9ge Lig b lageaS] b Mg 4 oo 1
Sarangapani ) uGS e lag Culs o 4 Joil,S 1 oy 4 oS
oial33l yicxes o Thirumdas et al., 2017b; et al., 2016;
sl Gk 5l byl )S aaw il s 4 canl Ses culMs
B 4 o glasSge 295 o8 23l SIS > JUS 5 0pi
ol 03,5 e 1y S 3 soleel e 255 5 JsS
ohler 5 SLKLL  (Mohammadamini,  2015)
Thirumdas ) l,Sea o wliel,s (Sarangapani et al., 2016)

Sl

Slodly b 0d5lass 5 S8ld oS g dtolis ol o

M Hlade il o el il g puSoslil les il
ke o8 gle 535 Jaz 551 cslawdl 31 550 Ign (clawdl
Lol o1y a8l aoys Ve o VY 51 oguans 4350 AD (slod jo 1) )]
oYL iy Voo 4 Ip slawdl b oo jlow A9l

& ol ol onds dﬁfo)'lhl sl Ll Iy cadMs o\)‘,..o



YYO oS gu ainlits (50 ,Shas gl (F519 0gute 32 (5132 3 slowsdly T (K00 9 (1S

Gl s 0o 4 ol st e el (sl slewdly
Col 015 by ClMo g Sse ol Cul o (pyg5
Vo slaglej p oyl 09dMe (Wongsagonsup et al., 2014b)
5 sl iond 5 CsslienS] 3l s b Vil aids Yo g
il Gl el wlis sl aps doudy
(Wongsagonsup et al., 2014b) Ko § luisSlussy
o sl Jlail (sl g Gl L oS WS )8
ol 003 4lS 55 s ke 1 pye LEalS L g aBl 38l
Py ey g M yuals (Koo et al., 2010) ,Sen 4 55

53)5 )5S alend sl by, b asdly Jladl slaannlis

oil38l 35 (wu et al., 2019) l,ISen 4 99 o (et al., 2017b
038 Iy lsn slowsdl b s los (slastolis el
Dyl Gimgh 5l yieS jeSde sagiagg )3 clMe ol
b9y il edlaiwl b (Biduski et al., 2017) ,Ken § (Swgin
5520 45kis CMo (03,5 Sl 5 spelipus] o sln
IRERIRRS¥] S IRVESTIL W< S KESIVR o gt
5 00 clod )3 poS o awlis CulMs 1 565, sloawdl ]
omdis 4333 FO 5 OO (slod ;3 g0 b bxe Lwomud 4> > £O
ABEY Yo g Ve Sde 4y 505)] (clowdl L odd jlos sladiges
b oddyloss sladiwlis (0 sl aald diges 1 (g b cuMs

o Salod ;3 095 o diuslui CMl> 1 (355 ) 3 192 (SlowsBly U Y U
Table 3- Effect of air and argon plasma on the solubility of sorghum starch in different temperatures
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Numbers with the same small letters in a column and with the same capital letters in a row are not significantly different (p < 0.05).
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Background and Objectives
Natural preservatives extracted from herbs are important sources for bioactive compounds that can be used in
protection of food products. Essential oils are aromatic oily liquids, obtained from plant material like flowers, buds,

seeds, leaves, and roots. Unfortunately, most natural compounds are biologically instable, poorly soluble in water and

they distribute poorly to target sites. Currently, some novel methods have been introduced in order to improve their
stability and their bioavailability, among which is the use of liposomal encapsulation. Microencapsulation reduces
reactivity with the environment (water, oxygen, light), decreases the evaporation or the transfer rate to the outside
environment, promotes handling ability, masks taste and enhances dilution to achieve a uniform distribution in the final
product when used in very small amounts. Essential oils, as natural extracted compounds extracted from plants, are
unstable compounds with low water solubility and unable to achieve target cells. Essential oils encapsulation by
nanoliposomes is a novel method for increasing their biological activity and protecting them from destructive factors.
The aim of this study was production and optimization of nanoliposomes containing Z. teniur essential oil and
investigating their antibacterial effects against pathogens (Staphylococcus aureus and Escherichia coli).

Materials and Methods

Lipid film hydration method was used to produce nanoliposomes containing Z. teniur essential oil. Soy
phosphatidylcholine and cholesterol were the main wall materials and chloroform was used as the mixing solvent . The
particle size of nanoliposomes and their zeta-potential were investigated using laser diffraction method. In order to
determine the minimum inhibitory concentration and the minimum bactericidal concentration of Z. teniur essential oil
against examined bacteria, serial dilution method was used. Also, antioxidant activity of free and nano-encapsulated
essential oil of Z. teniur was determined by DPPH method.

Results

According to the results, highest encapsulation efficiency achieved by using 80:20 ratio of soy phosphatidylcholine to
cholesterol in nanoliposomes’ wall structures. In general, by increasing the ratio of phosphatidylcholine to cholesterol,
encapsulation efficiency was improved. Zeta-potential of nanoliposomes was equal to -5.3 mv and mean particle sizes
were in the range of 94.7-119.9 nm. Results indicated that essential oil ejection from nanoliposomes has direct relation
to the time of storage and after 30 hours, ejection rate will increase considerably. Ejection rate was higher in phosphate
buffer pH=7.4 in comparison with phosphate buffer pH=5.4. Minimum inhibitory concentration and minimum
bactericidal concentration of free essential oil against Escherichia coli was 100 and 175 (ul/ml) respectively. Although,
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Minimum inhibitory concentration and minimum bactericidal concentration of nanoliposomes containing Z. teniur
essential oil were equal to 75 and 150 (ul/ml) respectively. Also, results shown that , minimum inhibitory concentration
and minimum bactericidal concentration of encapsulated Z. teniur essential oil against Staphylococcus aureus were
lower in comparison with free form of Z. teniur essential oil. Staphylococcus aureus (as Gram-positive bacteria) was
more susceptible than Escherichia coli (as Gram-negative bacteria).

Conclusion

Encapsulation of Z. teniur essential oil by nanoliposomes led to improve antibacterial effects of essential oil against
Staphylococcus aureus and Escherichia coli. Also, investigating of antioxidant activity showed that encapsulated Z.
teniur essential oil in nanoliposomes was more effective than free form of Z. teniur essential oil in scavenging of DPPH
free radicals. Using nanoliposome encapsulation technology can be an effective way for increasing the efficiency of
natural antibacterial compounds and essential oils encapsulated in nanoliposomes are suitable alternatives for synthetic
preservatives used in food industry nowadays. The use of liposomes containing Z. teniur essential oil can provide the
necessary protection against growth of spoilage and pathogenic microorganisms such as Staphylococcus aureus and
Escherichia coli in food products.

Keywords: Antibacterial activities, Antioxidant properties, Encapsulation, Nanoliposome, Z. teniur essential oil
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Fig. 3- Scanning electron microscope (SEM) image of nanoliposomes containing kakuti essential oil
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Table 1- MIC and MBC of free essential oil and nanoliposome containing essential oil against two bacteria Escherichia coli
and Staphylococcus aureus
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Introduction

Introduction: Mayonnaise is one types of sauces that has always been loved and preferred by consumers because of
its unique texture and taste. Sauce is a semi-solid or liquid food ingredients that consists of emulsifying edible vegetable
oils (at least 66%) in a liquid phase including vinegar, water, lemon juice, and egg yolk (Bortnowska and
Makiewiewicz, 2006). According to the National Standard of Iran (No. 2454), if the amount of fat in mayonnaise is
reduced by at least 25% (from 66% of fat), it is considered reduced fat mayonnaise, and if it is reduced by 50% in fat,
mayonnaise is considered low-fat. (National Standard of Iran 2454, 1394). Fibers are edible parts of plants or similar
carbohydrates that cannot be absorbed in the gut and only irritate the gut. Dietary fiber contains polysaccharides,
oligosaccharides, lignin and related plant materials. Dietary fiber intake can reduce the risk of cardiovascular disease,
high blood pressure, diabetes, obesity, cancer and some gastrointestinal disorders. They can alter tissue properties,
eliminate hydration, stabilize high-fat foods and emulsions, and improve shelf life (Zhang et al., 2017). Barley (Avena
sativa L.) is an important crop with about 21 million tons annually production worldwide. The seed has been used to
raise public awareness about the health benefits of beta-glucan, which helps lower blood cholesterol and glucose levels.
Protein is the second most abundant element (12 to 20%) in barley after starch, which contains organic amino acids, due
to its high lysine content because globulins make up 70 to 80% of total barley protein. Alcohol-soluble prolamins, on
the other hand, are the main storage proteins in other cereals (Nito et al., 2015).

Materials and Methods

In this study, nitrate, ethanol, methanol, chloroform, ethylene glycol and acetic acid were prepared from Merck
Company (Germany) and sunflower oil from Rana Company, vinegar from Somayeh Company, salt from Aali
Company, sugar from Pardis Company, mustard from Bijan Company and Barley Malt Pulp was prepared from
Behnoosh Company. Chemical extraction method was used to extract fiber. (Salehifar and Fadai Noghani, 2013). To
prepare the mayonnaise samples, the powder ingredients including salt, mustard and sugar, vinegar and water were first
mixed well and uniformly with a mixer (IKA WERK, Germany). Then, according to the formulation, the fiber extracted
from barley malt pulp was gradually added to the above mixture, which was stirring, and the eggs were added to the
mixture and mixed thoroughly to obtain a uniform composition. At this stage, the oil was added dropwise with
continuous pouring. Finally, the samples of mayonnaise prepared were kept at refrigerator for further analysis. In all
samples, the amount of sugar (11.5 g), white vinegar (23.1 g), eggs (39.45 g), salt (4.50 g), water (24.6 g) was constant
(Bostani et al., 2011). In this study, in order to reduce the amount of oil, it was replaced with fiber extracted from barley
malt pulp at five levels of 0, 5, 10, 15 and 20% (w / w).
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Results and Discussion

The effect of replacing different percentages of fibers extracted from barley malt pulp with fat at levels (5, 10, 15
and 20%) on physicochemical properties (fat, fiber, ash, viscosity and colorimetry (L*) a*, b*) and sensory
characteristics (taste, smell, color, texture and general acceptance) were determined using analysis of variance at 5%
probability level. Various properties of low-fat mayonnaise showed that as the percentage of barley malt fiber
increased, the amount of fat, radiance and yellowness in low-fat mayonnaise treatments (P <0.05) decreased, and the
addition of fiber increases the viscosity, fiber, ash and redness of mayonnaise, treatments (P> 0.05) as well as protein
content. In the treatments, which was statistically significant (P> 0.05), the results of sensory evaluation of mayonnaise
samples showed that the addition of fiber extracted from barley malt pulp resulted in a significant reduction in taste,
texture, color and the general acceptance of mayonnaise samples (P <0.05), while the decrease in odor score was not
statistically significant (P> 0.05), so that the treatment containing 20% barley malt fiber had the lowest sensory score
(taste). Smell, texture, color, acceptance k Li) and treatments containing 5 and 10% barley malt fiber received the
highest sensory scores (taste, odor, texture, color, general acceptance) from the panelists.

Conclusion
According to the results, treatment 3 (containing 10% barley malt fiber) was introduced as the best treatment in the
present study.

Keywords: Barley, Barley malt pulp, Fiber, Low fat, Mayonnaise
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Table 2- The results of comparing the average effect of fiber on the amount of fat, ash, fiber, and viscosity in low-fat
mayonnaise samples

o e P P 4 j9Swny
Treatment Fat Fiber Viscosity
1 71.36 + 0.26° 1.34+£0.8° 131+£17¢ 27856 * 143¢
2 66.11 +0.13° 1.71+£0.7¢ 4,50 + 21¢ 31427 + 499¢
3 61.52 +0.21° 2.10£0.8° 7.58 £ 12¢ 35592 + 180°
4 57.74 £ 0.14¢ 2.61+£0.8 10.63 £ 12° 39405 + 188°
5 52.09 + 0.34¢ 3.13+£0.8% 13.650 £ 192 45364 + 172°
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1:control treatment, 2: treatment containing 5% barley malt fiber, 3: treatment containing 10% barley malt fiber, 4: treatment
containing 15% barley malt fiber, 5: treatment containing 20% barley malt fiber
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Table 3- The results of comparing the average effect of fiber on the amount of color (L*, a*, b¥) of low-fat mayonnaise

samples
slowd ELY) 330 &35
Treatment L* A* B*
1 24.99 + 342 -2.12 £ 0.09¢ 131172
2 21.15 + 38P 7.69 = 0.50¢ 4,50 £ 21°
3 16.83 + 48° 8.25 + 0.02¢ 7.58 £12¢
4 15.12 + 154 9.02 £ 0.08° 10.63 + 12
5 13.72 + 15¢ 10.20 £ 0.622 13.650 £ 19¢
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1:control treatment, 2: treatment containing 5% barley malt fiber, 3: treatment containing 10% barley malt fiber, 4: treatment
containing 15% barley malt fiber, 5: treatment containing 20% barley malt fiber
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Table 4- The results of comparing the average effect of fiber on the sensory score of low-fat mayonnaise samples

sl b ¥ b ) Ug u*’)-ll-’-i.
eneral
Treatment Taste Odur Texture Color acceptance
1 4,33 +0.58» 5.0+ 0.02 3.67 £ 0.58¢ 4,33 +0.58» 4.67 +£0.582
2 5+0.0% 4.67 +0.58% 4,33 +0.58% 4.67 +0.58?2 4.67 +£0.582
3 4.33 +0.58% 4.67 +0.58% 4.67 +0.58?2 4.0 £ 0.18¢ 4.67 +£0.582
4 3.67 £0.58° 4,33 +0.58» 3.33 £ 0.58¢ 3.33 £ 0.58 4.0 +0.582
5 3.33+0.58° 40+0.0° 3.0+ 0.0¢ 3.0+ 0.0¢ 3.0+ 0.0°
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1:control treatment, 2: treatment containing 5% barley malt fiber, 3: treatment containing 10% barley malt fiber, 4: treatment
containing 15% barley malt fiber, 5: treatment containing 20% barley malt fiber
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Introduction

Sargassum and Padina are two genera of brown algae that are widely scattered in temperate regions. Sargassum
species are categorized as tropical and sub-tropical brown seaweed which are valuable sources of bioactive compounds
including dietary fibers, carotenoids, vitamins, and minerals. These brown algae demonstrate diverse biological
activities such as antioxidant, antimicrobial, and anti-Alzheimer, due to the presence of flavonoids, triterpenoids,
flavonoids, sterols, polyphenols, and pheophytine. The genus Padina is scattered in many environmental conditions,
mainly in the tropical marine waters, and belongs to the family Dictyotaceae. Some bioactive components isolated from
Padina species have been demonstrated hypoglycemic, hypolipidemic, anti-obesity, hepatoprotective, cardioprotective,
immunostimulatory, and antimicrobial activities., The aim of this study was to prepare an extract from two species of
algae Padina and Sargsum by massaging and ultrasound assisted-methods as well as analyzing their compounds and
investigating the antioxidant, antimicrobial and enzymatic properties of the extracts. According to the obtained results,
ultrasound assisted method was a suitable method for extraction. This extract can be used as a combination of
antioxidant, antimicrobial, anti-Alzheimer's and nitrate reducing agent in food additives.

Materials and Methods

Chemical materials were supplied by Sigma-Aldrich GmbH (Sternheim, Germany). The algal species utilized in the
current investigation; namely, Padina distromatic and Sargassum angustifolium were collected from the coastal region
of Chabahar bandar, Sistan and Baluchistan Province, Iran. To eliminate all the impurities and extraneous materials,
they were washed by using distilled water and then dried at ambient temperature (24-48 h) until the constant weight.
Extraction by maceration was compared with the extraction using ultrasonic assisted method. Determination of
chemical compounds was parformed using GC-MS device. Investigation of antioxidant properties and total polyphenol
and flavonoid content were also performed. The degree of free radical scavenging was done according to DPPH
method. Evaluation of antimicrobial effect of algae extracts were the main challenges in our research. S. aureus
ATCC25923, Listeria innocua ATCC 33090, E. coli ATCC 25922 and S. typhi ATCC 6539 were used for antimicrobial
test. Determination of minimum growth inhibitory concentration (MIC) and minimum bactericidal concentration
(MBC) were performed using wells in agar.The enzymatic activity was also determined. In this study, the activity of
acetylcholinesterase was investigated using the method introduced by Ellman et al. (1961) and also the activity of nitric
oxidase was determined using a kit protocol (Nvand-Iran). Factorial experiment in the form of a completely randomized
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design was used to analyze the data. Duncan's multiple range test was used to determine the difference between the
means at the 95% confidence level, and SAS software version 2.9 will used for statistical analysis.

Results and Discussion

The current study investigated the antioxidant, antibacterial, anti-inflammatory, and anti-Alzheimer’s attributes of
two brown algae namely Padina distromatic and Sargassum angustifolium which were collected from the coastal region
of Chabahar Bandar, Iran. The results clearly indicated that the type of algae and extraction techniques used in this
investigation highly affected phytochemical compositions, antioxidant, AChE inhibitory, scavenging, and antimicrobial
activities. Considering both extraction yield and phytochemical components, extraction by ultrasound assisted method
provided better results. Among all algal extracts, UPE presented the highest AChE inhibitory activity, and antibacterial
activity and USE presented the highest antioxidant activities, total phenols and flavonoids, reflecting the presence of
various bioactive components. The extracts of two various seaweeds utilized in the current study highlighted
considerable inhibitory action against four pathogenic bacteria. According to the observations of the antibacterial assay,
S. aureus was the most sensitive microorganism, while L. innocua was revealed as the most resistant bacteria to the
extracts of P. distromatic and S. angustifolium. Further, the chemical components responsible for the antioxidant, AChE
inhibitory, and antibacterial power were confirmed by GC-MS analysis. The findings of the current investigation
confirmed the potential of the health benefits and therapeutic effect of brown marine algae. Thus, the extract of P.
distromatic and S. latifolium could be an effective supplement to be incorporated into the products’ formulation in the
food and pharmaceutical industries as well as in medication to alleviate several disorders such as Alzheimer.

Keywords: Algae, Antimicrobial, Enzymatic properties, Extraction, GC-MS
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Table 1- The chemical compounds of Padina extract (maceration)

OS5

Compounds

SNl ol ey
Retentiontime (%)

4- Heptanol

Tetradecanoic acid
Palmitoleic acid

SBoovwoobwnr

Phytol

4- Heptanone,3-methyl
Butanoic acid,butul ester
3-Deoxy-d-mannitol
Butane,1,1-dibutoxy

n-Hexadecanoic acid
Cis-13-Octadecanoic acid

8.3 2.82
9.022 1.17
10.80 9.45
11.65 1.6
18.05 36.12
30.15 511
32.52 3.95
32.82 27.16
34.27 9.29
34.64 3.34




VoY 15— 10,5 ¥ o leud I8 s o)yl (I @ibio g pole loddly 4 pid VAP

(‘S\égm‘)ﬂg,) U.:bb D)Lan @W UL%S)J LSRN -y JS"?’
Table 2- The chemical compounds of Padina extract (ultrasonic)

S 5 SN ol;  wep
Compounds Retention time (%)

1 1-Butanol-2-methyl-(S)- 6.219 1.18
2 4- Heptanol 8.382 5.99
3 4- Heptanone,3-methyl 9.091 3.56
4 Butanoic acid,butul ester 10.831 23.58
5 3-Deoxy-d-mannitol 11.666 5.04
6 Silane,dimethylisobutoxybutoxy 13.772 2.59
7 Butane,1,1-dibutoxy 17.994 7.32
8 Tetradecanoic acid 30.074 3.78
9 Hexadecanoic acid,methyl ester 32.191 2.02
10 Palmitoleic acid 32.465 5
11 n-Hexadecanoic acid 32.751 22.97
12 Cis-Vaccenic acid 34.594 8.02
13 Phytol 34.622 4.67
14  Stigmasta-5,24(28)-dien-3-ol(3p,247)- 47.46 4.27

(Ol sawle) @9l ylus 0,028 (o broudd S )5 (B 53 w0 yd Y Jgu
Table 3- The chemical compounds of Sargassum extract (maceration)

©OluS 5 SHPiL by wey

Compounds Retention time (%)

1 1-Butanol-2-methyl-(S)- 6.301 2.71
2 4- Heptanol 8.424 8.45
3 4- Heptanone,3-methyl 9.128 3.06
4 Butanoic acid,butul ester 10.85 32.43
5 Silane,dimethylisobutoxybutoxy 13.78 2.48
6 Butane,1,1-dibutoxy 18.008 20.1
7 Palmitoleic acid 32.451 1.62
8 n-Hexadecanoic acid 32.70 13.81
9 Cis-Vaccenic acid 34.579 7.98
10  Stigmasta-5,24(28)-dien-3-o0l(33,2472)- 47.471 7.36

(Sigwl gl) pgmls sl 05l (loonnd OS5 (& 2 w2 yd - € Jgoa
Table 4- The chemical compounds of Sargassum extract (ultrasonic)

bS5 SNl ol ey
Compounds Retentiontime (%)
1 1-Butanol-2-methyl-(S)- 6.21993 2.65
2 4- Heptanol 8.424 6.65
3 4- Heptanone,3-methyl 9.120 1.85
4 Butanoic acid,butul ester 10.848 23.13
5 Dodecane 16.547 0.94
6 Butane,1,1-dibutoxy 17.983 3.19
7 Tetradecane 21.994 1.09
8 Acetic acid(2,4-dichlorophenoxy)-ethyl ester 28.958 1.01
9  6-Hydroxy-4,4,7a-trimethyl-5,6,7,7a-tetrahydrobenzofuran-2(4H)-one 29.816 1.43
10 Tetradecanoic acid 30.073 3.16
11 Neophytadiene 31.046 1.01
12 Palmitoleic acid 32.465 4.55
13 n-Hexadecanoic acid 32.746 27.79
14 Cis-Vaccenic acid 34.588 6.92
15 Stigmasta-5,24(28)-dien-3-0l(3$3,247)- 47.48 14.63
ol Gl aoyd VIYY 5 YAOY L w5 4 dibutoxy oleS 5 (Abdel-Aal et al., 2015) | \Kea o dblis
lSy & WS Jesuie 500 sladlas sl e ojlas ol s g ol )8 dalllas 390 1) (glogrd Sl o9 (oland

5l Bog ke iy b ey Sils ojlac snad S Lo Butane,1,1- 4 1-Butanol-2-methyl-(S)- &5 sl ;L puisre
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Fig. 1- Chromatogram of chemical compounds (GC-MS) of maceration (a) and ultrasonic (b) Padina extract and maceration
(c) and ultrasonic (d) Sargassum extract
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Table 5- Mean inhibition zone (mm) of four samples alga extract on pathogenic bacteria (well diffusion agar)

-1
Concentration (mg/ml)
Lodiged W omdlS 19 ySu0 Sl J 58
Samples Microorganisms
P g 50 100 150 200 Control +
(USuidal )
(chloramphenicol)
sl pesSsSphsleal
gl puanlo— gy Staphylococcus aureus  12.45+0.63 13.10+0.31 13.20+0.42 14.05+0.12 20
B pl byt
. . Listeria innocua
Maceration- Padina 1 3] 11.60+£0.43 12.42+0.18 13.00%0.44 15.40+0.37 23
Escherichia coli
i Migalls 9.51+0.03 9.90+0.13 10.10£0.21 11.52+0.23 25
Salmonella typhi 0 9.30£0.29  10.20+0.36 9.30£0.35 18
siig] sS S pldlel
Sgul gk-looly Staphylococcus aureus  13.36+0.53 16.42+0.17 17.54+0.41  18.30+0.25 20
b5l by
. . Listeria innocua
Ultrasonic- Padina 1) 14.46+£0.53 15.22+0.32 16.50+0.23 17.00£0.42 23
Escherichia coli
i Mipall 8.60£0.41  8.40+0.15 11.00+0.45 12.23+0.34 25
Salmonella typhi 7.11+0.01  8.94+0.53  9.00+0.30 11.64+0.24 18
singl sS S sl
O] plo—pguls Lo Staphylococcus aureus  10.51+0.03  9.30+0.30  10.2040.21 11.30+0.35 20
550/ Lyt
. Listeria innocua
Maceration- Sargassum i) 9.16+0.33 10.42+0.17 11.12+0.71 11.30+0.25 23
Escherichia coli . .
i Mipall 0 0 7.17£0.24 8.00£0.42 18
Salmonella typhi 7.53+0.25  8.40+0.15  8.06+0.34 8.40+0.42 25
osigl sS S sl
Sl ydghpouls )l Staphylococcus aureus  10.51+0.13  8.70£0.64  9.01+0.15 10.60+0.22 20
BS54 Ly
. Listeria innocua
Ultrasonic- Sargassum 1i ) 9.51+0.02  9.36+0.25  9.46+0.25 10.30+0.35 18
Escherichia coli
i Mipall 7.424¢0.51  7.45+0.14  8.30+0.74 9.69+0.36 23
Salmonella typhi 0 8.20+0.36  8.10+0.22 9.08+0.44 25
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Fig. 2- Minimum inhibitory concentration (MIC) and minimum bactericidal concentration (MBC) of of maceration (a) and
ultrasonic (b) Padina extract and maceration (c) and ultrasonic (d) Sargassum extract
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Table 6- The amount of acetylcholinesterase enzyme absorption and the combination of enzyme and algae extracts

Ll
Absorption
Sl 0,bas+s 551
(45) 5lo; pegt] Enzyme+algae extract
Time(s) Enzyme Opl plo—Uasly Seiguldgl-Wooly Ol ol pgurS 5 Lo Sigul gl gl
Maceration- Ultrasonic- Padina Maceration- Ultrasonic- Sargassum
Padina Sargassum
0 1.058 0.976 0.927 1.027 0. 949
20 1.112 1.030 0.954 1.012 1.009
40 1.163 1.081 1.031 1.096 1.056
60 1.242 1.112 1.069 1.140 1.112
80 1.309 1.127 1.060 1.168 1.130
100 1.317 1.166 1.087 1.241 1.174
120 1.369 1.209 1.109 1.288 1.186

LSUs sboslas bwgi 3yl (oS Jw! o2 331 Hleo duoyd =¥ Joua
Table 7- The inhibition percentage of acetylcholinesterase enzyme by algae extracts

Type of algae extract

ISP M NS H T
AchE nhibitory (%)

Oy polo— Ly
Maceration- Padina
Sogul Joh-Lusl
Ultrasonic- Padina
Ol ol pguslS Lo
Maceration- Sargassum
Sigul gk pguls L
Ultrasonic- Sargassum

31.240.72

42.56+0.40°

11.63+0.81¢

25.06+0.11°
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Fig. 3- Nitric oxide scavenging activity of different concentration of algae extract (mg/ml)

(Varshney et al., by gloazey blie <l il o bls,l o155, 4
(2018
S 38 S (Lin et al, 2017) oKen 5 o
WS s Sargassum fulvellum boldow slas 8l b
W1 oo (s slagaS\al ) 258 DPPH (5Ll NO
381 oy cilo slooriS oo ) odlinul s JgybsSs
A Sg)g SRS g oS (598 ISl i el
sl 2yb 5l e & ()6l 4 dog bl e SRl Ll
oty ol Sl el Sllllas o)l oy ) ST S
(Linetal., ) slos)S" sy 5550655 (sl Jdo 5 adiges ;5 LS
5 oo o)las I (FUjii et al., 2004) ;)San 5 253 2017
IL-VYg 1l oy W i 2 1y o 59 ¥ske gigesl o3lo
joslest) 4 o3gll balb/e sla 9o (Blaw (lajligSle Lwg
VLIS L US4 oagll ela ise calls gl p> 05,8 o)y
ol )5Ygse gisasl odlo g s ojlas L ojgy cdm loyd 0)9>
O ol b ool cuiS Blas slailg, Sl Luud oy
3 Blio SlafligSlo ol s S gy b 4T S5
93 U 1) 2laST G0 a5 in)S b 1) o 0)las o5 (298
135395 5l s plool clalllas el sl ialidl )5S 09,5 il
58 g Marzsio S| S5 gl Iy bojas
s Oyse |y Clelie ) g e aidy T (gladlas
Glasl 5 el ol g e &5 (BT 4 g bl 033
035 pasde el g o )3 oylas Pl 6Bl e Lo )l
(FUjii conl (yi9y (265 4 ebluST S s a3 o 1)
oS sy 0 & wmd e oLt b ibejl b (et al., 2004

ol Gl e Jelge dlawly st S

JUSl 5 (oal jomogys coledl (Bgpe (3L aBlo (Sfolg 8
NOS 9 su)uﬁl ‘L)Wj)] NADPH )LQ(o 641,@»5 g 04ud (smas
w3l i L8] Syt 5] g ] S a3k e
4 BuwgS) (Shz 9 (SN g5 (§g)e Slo alae 5Ll
L NOpasuis )b 8,5 Gge jlwgiagn 1> podighl
555 Onlns] g 05 Mg i 85 Sl (5 agid Sl
Syt 4 ol g3l ptals b 5l lzs 30T (ol Wl e
;4.5 ¢ uw)f &9) u»lwl » (Lln et al., 2017) .)9»» odlaiwl
g djged Bl dawdly oy Al (SloS 5 olols Natrix™
sob o B8t G0 e (g ol 3 NS (0 wal )3 1) Jslo s
4 Sdolgwipol &5 Cygo Pl d5d 0 00w paiiians b
iS5 1y 331 S5, S sl Jplone 3 Syt by 28Ty elals
S5l gl B B AY+ (g)5 ©ln 40 Wle o 45 D 0
Sl 31 02lizl U 5 JLliassl el Jobo Lausgy 53LuST (o2 305
3LS] S5 3l Ay a5 o5ST JoSbo g oif)] dil
a oS cal ol Il wluST oy Deb o able b
ST Sy 945 0 Mg5 05l LS| Gy sl 3l aluog
oyt Aoy 4 oyl disel dsl Joho (3900 (pgmmlinusT |
b Bl Sl Db e Wy bl ST
bls)l (Goys (K5 5 9ltS s alex 1 S cloar] 8
@ bS] Sy o) €858 el Slagel 5 ras gladsle
b oy g Glis & emelisT S50 g cal oLl cans
25095 Silom b bS] S5 o a0 Lt bnaalllas 355 o0



YVo

gl e gloged LS o lac 10 392 g0 Jd Cany ) WS 5 o lulid () Kon g sobTow Sy

byt 655k o bl Sl og i cile 4 Ladly (sigel 3
w295 b g unl ol Congone Jalo sbais Sl on iare Sl o
3 gicse s 4 e laSI Bl polgs g ond Lol Sl 5 4
Sl mlio ) b 05 lsie 4 Sl oylas (oS 5
Lulyd ) a2 losjinS slaginghy 295 o0 Saidey 285 00
S s e Sy 3 0,8 plodl gl o3l 3 a5 2R L
irweds clled s Sl slaojlas &5 55 plo Glgis
b apl ojlac )3 (aSgaM g (b LS5 2g2g idg
355 Pl o3 iuS ygo dy ll slagygeil b 93,5 oo Slaiy
glo ) poulile g Lk lacsile ogdll Jouily I olgn b

BB (oo diged )3 392 90 M| S5 51 VL com> (2o &
L e ohpogiel I 4 dag by Cud (loxie g pasll
olBICgwy leis 4 pr g Coyid & Ol saiSlal laie
Loolyon (S 29y 45 5,8 Loal Glgion w3 39290 (g
S plonie lp 5 oolsl BB g Sowle (b9 (gt

ol SluS 5y LS

(8 5 4o
P9y 95 R 45 3)S S g e pols imghy s eluly

10.

11.

12.

5l Mlg u.mli.i’.;"laﬂ Ia;l)..) FRRETCaY S 9 L;ﬁfo)l,a.c
2 Sgul gl gy andl a8 8 (6 S ola g jlowy sladygu A5,
oylas g5y Seets culld Ll gpp emlpele S,

W) ..\:\Ab).Q‘J' Lg)l“’ﬁ)b 9 u..)‘lA.C

&bo
Cox, S., Abu-Ghannam, N., & Gupta, S. (2010). An assessment of the antioxidant and antimicrobial activity of six
species of edible Irish seaweeds. International Food Research Journal, 17(1), 205-220.
https://doi.org/10.21427/D7HC92.
Duarte, M.E., Cardoso, M.A., Noseda, M.D., & Cerezo, A.S. (2001). Structural studies on fucoidans from the
brown seaweed Sargassum stenophyllum. Carbohydrate Research, 333(4), 281-293.
https://doi.org/10.1016/S0008-6215(01)00149-5.
Yende, S.R., Harle, U.N., & Chaugule, B.B. (2014). Therapeutic potential and health benefits of Sargassum
species. Pharmacognosy Reviews, 8(15), 1. https://doi.org/10.4103/0973-7847.125514.
Latifi, A. M., Sadegh Nejad, E., & Babavalian, H. (2015). Comparison of extraction different methods of sodium
alginate from brown alga Sargassum sp. localized in the Southern of Iran. Journal of Applied Biotechnology
Reports, 2(2), 251-255.
Amini, F., Riahi, H., & Zolgharnain, H. (2013). Metal concentrations in Padina species and associated sediment
from Nayband Bay and Bostaneh Port, northern coast of the Persian Gulf, Iran.
Rohani-Ghadikolaei, K., Abdulalian, E., & Ng, W.K. (2012). Evaluation of the proximate, fatty acid and mineral
composition of representative green, brown and red seaweeds from the Persian Gulf of Iran as potential food and
feed resources. Journal of Food Science and Technology, 49(6), 774-780. https://doi.org/10.1007/s13197-010-
0220-0.
Devi, K.N., Kumar, T.T., & Balasubramanian, T. (2014). Antibacterial and antioxidant effects from seaweed,
Sargassum wightii (Greville, 1848) against marine ornamental fish pathogens. Journal of Coastal Life Medicine,
2(10), 773-83.
Kordjazi, M., Etemadian, Y., Shabanpour, B., & Pourashouri, P. (2019). Chemical composition antioxidant and
antimicrobial activities of fucoidan extracted from two species of brown seaweeds (Sargassum ilicifolium and S.
angustifolium) around Qeshm Island. Iranian Journal of Fisheries Sciences, 18(3), 457-475.
https://doi.org/10.22092/1JFS.2018.11549.
Hlila, M.B., Hichri, A.O., Mahjoub, M.A., Mighri, Z., & Mastouri, M. (2017). Antioxidant and antimicrobial
activities of Padina pavonica and Enteromorpha sp. from the Tunisian Mediterranean coast. Journal of Coastal
Life Medicine, 5, 336-342.
Vieitez, 1., Maceiras, L., Jachmanian, I., & Alborés, S. (2018). Antioxidant and antibacterial activity of different
extracts from herbs obtained by maceration or supercritical technology. The Journal of Supercritical Fluids, 133,
58-64. https://doi.org/10.1016/j.supflu.2017.09.025.
Pezeshkpour, V., Khosravani, S.A., Ghaedi, M., Dashtian, K., Zare, F., Sharifi, A., & Zoladl, M. (2018).
Ultrasound assisted extraction of phenolic acids from broccoli vegetable and using sonochemistry for preparation
of MOF-5 nanocubes: Comparative study based on micro-dilution broth and plate count method for synergism
antibacterial effect. Ultrasonics Sonochemistry, 40, 1031-1038. https://doi.org/10.1016/j.ultsonch.2017.09.001.
Hameed, I.H., Hussein, H.J., Kareem, M.A., & Hamad, N.S. (2015). Identification of five newly described
bioactive chemical compounds in methanolic extract of Mentha viridis by using gas chromatography-mass


https://doi.org/10.21427/D7HC92
https://doi.org/10.1016/S0008-6215(01)00149-5
https://doi.org/10.4103/0973-7847.125514
https://doi.org/10.1007/s13197-010-0220-0
https://doi.org/10.1007/s13197-010-0220-0
https://doi.org/10.22092/IJFS.2018.11549
https://doi.org/10.1016/j.supflu.2017.09.025
https://doi.org/10.1016/j.ultsonch.2017.09.001

VoY 15— 10,5 Y o leud I8 il eyl ol I @ulio g pole sloiungyy 4y pis  YVF

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

spectrometry  (GC-MS).  Journal  of  Pharmacognosy and  Phytotherapy,  7(7), 107-125.
https://doi.org/10.5897/JPP2015.0349.

Papandreou, M.A., Dimakopoulou, A., Linardaki, Z.1., Cordopatis, P., Klimis-Zacas, D., Margarity, M., & Lamari,
F.N. (2009). Effect of a polyphenol-rich wild blueberry extract on cognitive performance of mice, brain antioxidant
markers and  acetylcholinesterase  activity.  Behavioural =~ Brain  Research, 198(2), 352-358.
https://doi.org/10.1016/j.bbr.2008.11.013.

Chang, C.C., Yang, M.H., Wen, H.M., & Chern, J.C. (2002). Estimation of total flavonoid content in propolis by
two complementary  colorimetric methods. Journal of Food and Drug Analysis, 10(3).
https://doi.org/10.38212/2224-6614.2748.

Brand-Williams, W., Cuvelier, M.E., & Berset, C.L.W.T. (1995). Use of a free radical method to evaluate
antioxidant activity. LWT-Food science and Technology, 28(1), 25-30. https://doi.org/10.1016/S0023-
6438(95)80008-5.

Ellman, G.L., Courtney, K.D., Andres Jr, V., & Featherstone, R.M. (1961). A new and rapid colorimetric
determination of  acetylcholinesterase  activity. Biochemical Pharmacology, 7(2), 88-95.
https://doi.org/10.1016/0006-2952(61)90145-9.

Behbahani, B.A., Yazdi, F.T., Vasiee, A., & Mortazavi, S.A. (2018). Oliveria decumbens essential oil: Chemical
compositions and antimicrobial activity against the growth of some clinical and standard strains causing infection.
Microbial Pathogenesis, 114: 449-452. https://doi.org/10.1016/j.micpath.2017.12.033.

Noshad, M., Hojjati, M., & Behbahani, B.A. (2018). Black Zira essential oil: Chemical compositions and
antimicrobial activity against the growth of some pathogenic strain causing infection. Microbial Pathogenesis, 116,
153-157. https://doi.org/10.1016/j.micpath.2018.01.026.

Ferrazzano, G.F., Scioscia, E., Sateriale, D., Pastore, G., Colicchio, R., Pagliuca, C., & Pagliarulo, C. (2017). In
vitro antibacterial activity of pomegranate juice and peel extracts on cariogenic bacteria. BioMed Research
International. https://doi.org/10.1155/2017/2152749.

Abdel-Aal, E.I., Haroon, A.M., & Mofeed, J. (2015). “Successive solvent extraction and GC-MS analysis for the
evaluation of the phytochemical constituents of the filamentous green Alga Spirogyra longata.” Egyptian Journal
of Aquatic Research, 41(3), 233-46. https://doi.org/10.1016/j.ejar.2015.06.001.

Sarpal, A.S., & Costa, I.C.R. (2016). Investigation of Biodiesel Potential of Biomasses of Microalgaes Chlorella,
Spirulina and Tetraselmis by NMR and GC-MS Techniques. Journal of Biotechnology & Biomaterials, 06(01), 1-
15. https://doi.org/10.1016/j.ejar.2015.06.001.

Awula, S.G.C., Belovich, J.M., & Xu, Y. (2017). Determination of fatty acid methyl esters derived from Algae
Scenedesmus dimorphus Biomass by GC-MS with one-step esterification of free fatty acids and transesterification
of glycerolipids. Journal of Separation Science, 40(10), 2214-27. https://doi.org/10.1002/jssc.201601336
Barbalace, M. C., Malaguti, Giusti, L., Lucacchini, A., Hrelia, S., & Angeloni, C. (2019). Anti-inflammatory
activities of marine algae in neurodegenerative diseases. International Journal of Molecular Sciences, 20(12),
https://doi.org/10.3390/ijms20123061.

Boi, V.N., Dang, X. C., & Phan, T. K. V. (2016). Effects of extraction conditions over the Phlorotannin content
and antioxidant activity of extract from brown algae Sargassum serratum (Nguyen Huu Dai 2004). Free Radicals
and Antioxidants, 7(1), 115-22. https://doi.org/10.5530/fra.2017.1.17

Chemat, F., Rombaut, N., Sicaire, A.G., Meullemiestre, A., Fabiano-Tixier, A.S., & Abert-Vian, M. (2017).
Ultrasound assisted extraction of food and natural products. Mechanisms, Techniques, Combinations, Protocols
and Applications. A Review.” Ultrasonics Sonochemistry, 34, 540-60.
https://doi.org/10.1016/j.ultsonch.2016.06.035.

Franco, D., Sineiro, J.,, Rubilar, M., Sanchez, Jerez, M., Pinelo, M., Costoya, N., & Nufiez, M. J. (2008).
Polyphenols from plant materials: extraction and antioxidant power. Electronic Journal of Environmental,
Agricultural and Food Chemistry, 7(8), 3210-16.

Fujii, T., Y. Gao, R., Sharma, E.L., Hu, DenBaars, S.P., & Nakamura, S. (2004). Increase in the extraction
efficiency of GaN-based light-emitting diodes via surface roughening. Applied Physics Letters, 84(6), 855-57.
https://doi.org/10.1063/1.1645992

Gaysinski, M., Ortalo-Magné, A., Thomas O.P., & Culioli, G. (2015). Springer Protocols, Natural Products from
Marine Algae, 2, 207-223. https://doi.org/10.1007/978-1-4939-2684-8-13.

Hielscher-Michael, S., Griehl, C., Buchholz, M., Ulrich Demuth, H., Arnold, N., & Ludger, A.W. (2016). Natural
products from microalgae with potential against Alzheimer’s disease: Sulfolipids Are Potent Glutaminyl Cyclase
inhibitors. Marine Drugs, 14(11), 203. https://doi.org/10.3390/md14110203.

Hlila, M.B., Majouli, K., Jannet, H.B., Mahjoub, A., Mastouri, M., & Selmi, B. (2017). Antimicrobial activity of
Tunisian Euphorbia paralias L. Asian Pacific Journal of Tropical Biomedicine, 7(7), 629-32.
https://doi.org/10.1016/j.apjth.2017.06.008.


https://doi.org/10.5897/JPP2015.0349
https://doi.org/10.1016/j.bbr.2008.11.013
https://doi.org/10.38212/2224-6614.2748
https://doi.org/10.1016/S0023-6438(95)80008-5
https://doi.org/10.1016/S0023-6438(95)80008-5
https://doi.org/10.1016/0006-2952(61)90145-9
https://doi.org/10.1016/j.micpath.2017.12.033
https://doi.org/10.1016/j.micpath.2018.01.026
https://doi.org/10.1155/2017/2152749
https://doi.org/10.1016/j.ejar.2015.06.001
https://doi.org/10.1016/j.ejar.2015.06.001
https://doi.org/10.1002/jssc.201601336
https://doi.org/10.3390/ijms20123061
https://doi.org/10.5530/fra.2017.1.17
https://doi.org/10.1016/j.ultsonch.2016.06.035
https://doi.org/10.1063/1.1645992
https://doi.org/10.3390/md14110203
https://doi.org/10.1016/j.apjtb.2017.06.008

Yvyv

gl e gloged LS o lac 10 392 g0 Jd Cany ) WS 5 o lulid () Kon g sobTow Sy

3L

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Kausalya, M., & Narasimha Rao, G. M. (2015). Antimicrobial activity of marine algae. Journal of Algal Biomass
Utilization, 6(1), 78-87.

Lin, HW., Liu, C.W,, Yang, D.J., Chen, C.C., Shih Yin, C., Jung Kai T., Tien Jye C., & Yuan Yen, C. (2017).
Dunaliella salina alga extract inhibits the production of Interleukin-6, Nitric Oxide, and Reactive Oxygen species
by regulating nuclear factor-KB/Janus Kinase/Signal Transducer and activator of transcription in Virus-infected
RAW?264.7 Cells. Journal of Food and Drug Analysis, 25(4), 908-18. https://doi.org/10.1016/j.jfda.2016.11.018
Machu, L., Misurcova, L., Ambrozova, J.V., Orsavova, J., Mlcek, J., Sochor, J., & Jurikova, T. (2015). Phenolic
content and antioxidant capacity in  Algal food products. Molecules, 20(1), 1118-33.
https://doi.org/10.3390/molecules20011118

Mekini¢, I. G., Skroza, D., Simat, V., Hamed, I., Cagalj, M., & Perkovi¢, Z.P. (2019). Phenolic content of brown
algae (Pheophyceae) species: extraction, identification, and quantification. Biomolecules, 9(6), 244.
https://doi.org/10.3390/biom9060244.

Moein, S., Moein, M., Ebrahimi, N., Farmani, F., Sohrabipour, J.,, & Rabiei, R. (2015). Extraction and
determination of protein content and antioxidant properties of ten algae from Persian Gulf. International Journal of
Agquatic Science, 6(2), 29-38.

Olasehinde, T. A, Olaniran, A. O., & Okoh, A. I. (2019). Macroalgae as a valuable source of naturally occurring
bioactive compounds for the treatment of Alzheimer’s disease. Marine Drugs, 17(11), 609.
https://doi.org/10.3390/md17110609.

Olasehinde, T.A., Olaniran, A.O., Okoh, A.l., & Koulen, P. (2017). Therapeutic potentials of microalgae in the
treatment of Alzheimer’s disease. Molecules, 22(3), 480. https://doi.org/10.3390/molecules22030480.

Otero, P., Quintana, S. E., Reglero, G., Fornari, T., & Garcia-Risco, R. M. (2018). Pressurized liquid extraction
(PLE) as an innovative green technology for the effective enrichment of Galician algae extracts with high quality
fatty acids and antimicrobial and antioxidant  properties.  Marine  Drugs, 16(5), 156.
https://doi.org/10.3390/md16050156.

Patil, P.D., Dandamudi, K.P.R., Wang, J., Deng, Q., & Deng, S. (2018). Extraction of bio-oils from Algae with
supercritical carbon dioxide and co-solvents. Journal of Supercritical Fluids, 135, 60-68.
https://doi.org/10.1016/j.supflu.2017.12.019.

Rathnayake, A.U., Abuine, R., Kim, Y.J., & Byun, H.G. (2019). Anti-Alzheimer’s materials isolated from marine
bio-resources: a review. Current Alzheimer Research, 16(10), 895-906.
https://doi.org/10.2174/1567205016666191024144044.

Silva, A, Silva, S.A., Carpena, M., Garcia-Oliveira, P., Gullén, P., Barroso, M.F., Prieto, M.A., & Simal-Gandara,
J. (2020). Macroalgae as a source of valuable antimicrobial compounds: extraction and applications. Antibiotics,
9(10), 1-41. https://doi.org/10.3390/antibiotics9100642.

Uysal, S., Aktumsek, A., Picot, C.M.N., Sahan, A., Mollica, A., Zengin, G., & Mahomoodally, M.F. (2017). A
comparative: in vitro and in silico study of the biological potential and chemical fingerprints of Dorcycinum
pentapyllum Subsp. Haussknechtii using three extraction procedures. New Journal of Chemistry, 41(22), 13952-60.
https://doi.org/10.1039/C7NJ03497K.

Varshney, P., Beardall, J., Bhattacharya, S., & Wangikar, P.P. (2018). Isolation and biochemical characterisation of
two thermophilic green algal species- asterarcys Quadricellulare and Chlorella Sorokiniana, which are tolerant to
high levels of  carbon dioxide and  nitric  oxide.  Algal Research, 30, 28-37.
https://doi.org/10.1016/j.algal.2017.12.006.

Wen, C., Zhang, J., Zhang, H., Dzah, C. S., Zandile, M., Duan, Y., Ma, H., & Luo, X. (2018). Advances in
ultrasound assisted extraction of bioactive compounds from cash crops — a review. Ultrasonics Sonochemistry,
48(May), 538-49. https://doi.org/10.1016/j.ultsonch.2018.07.018.


https://doi.org/10.1016/j.jfda.2016.11.018
https://doi.org/10.3390/molecules20011118
https://doi.org/10.3390/biom9060244
https://doi.org/10.3390/md17110609
https://doi.org/10.3390/molecules22030480
https://doi.org/10.3390/md16050156
https://doi.org/10.1016/j.supflu.2017.12.019
https://doi.org/10.2174/1567205016666191024144044
https://doi.org/10.3390/antibiotics9100642
https://doi.org/10.1039/C7NJ03497K
https://doi.org/10.1016/j.algal.2017.12.006
https://doi.org/10.1016/j.ultsonch.2018.07.018

Research Journal 3, '/ ok,
Vol. 19, No. 2, May-June 2023, p. 279-290 s A TVA-YAe . 0 1P i —0lo,5 ¥ oyleds 4 uls

® Homepage: http://ifstrj.um.ac.ir
Research Paper

Investigating the Effect of Roasting Temperature and Storage Time of
Hazelnut Seed on the Color and Quality of its Dough

Iranian Food Science and Technology < >; Sytl st asleo 3 pole (slouiabyy s i
i [ AN 2 Loy 3 &
Y, "

S.H. Seyed Qavami!, A. Nasrollah Zadeh 2"

Received: 2021-11-07

Revised: 2021-12-23

Accepted: 2022-01-16
Available Online: 2022-05-15

How to cite this article:

Seyed Qavami, S.H., & Nasrollah Zadeh, A. (2023). Investigating the effect of roasting temperature and storage
time of hazelnut seed on the color and quality of its dough. Iranian Food Science and Technology Research
Journal, 19(2), 279-290. (In Persian with English abstract). http://doi.org/10.22067/ifstrj.2022.72914.1111

Introduction

All the different species of hazelnut trees produce edible nuts. Hazelnuts are one of the most nutritious nuts, with a
protein content of about 12%. They are also a good source of energy, with a fat content of about 60%, and an excellent
source of carbohydrates, half of which are dietary fiber. Hazelnuts also contain minerals (Ca, Mg, P, K), vitamins (E
and B), and antioxidants. Hazelnut kernels may be eaten raw or roasted. Roasting alters and significantly enhances the
color, texture, and appearance of nuts. These changes increase the overall palatability of the nuts and are mainly related
to non-enzymatic browning. Non-enzymatic browning, however, causes a decrease in nutritional value due to decrease
in protein digestibility and loss of essential amino acids. The most widely used nut roasting method is the convective
heat transfer process, which is performed in a hot air oven working either in continuous mode or in batch systems.
Therefore, modifying this process for improving product quality is very important. Color is among the most important
quality attributes of dehydrated foods for consumers. Empirically, color is also an effective quality indicator because the
brown pigments increase as the browning and caramelization reactions progress. Therefore, this study aimed to
investigate the effect of high roasting temperature and storage time on color changes and oxidation of hazelnut paste oil.

Materials and Methods

After getting hazelnut kernels, the Roasting process was performed with hot air at 130 and 170 °C for 20 minutes.
Hazelnut paste is produced as practiced in the industry. Quality analysis was roasted hazelnut paste color changes and
fat oxidation. L *, a *, b * color index, (AE), acidity, and peroxide value were measured in three intervals (0, 10, 30
days’). All experiments were performed in three replications. Average Data was compared using one-way ANOVA and
done by SPSS version 21.

Results and Discussion

The main purpose of roasting is to improve the flavor, the color, and the crispy and crunchy texture of the product.
The roasting process is very important to determine the characteristic roasted flavor and color of the product: in
particular, temperature modulation is an important independent variable significantly affecting the quality features of
hazelnut. In this study, ANOVA analysis results showed a significant difference between the treatments. Both roasting
temperature and storage time affect the acidity and peroxide value. The increased temperature and storage increased the
acidity and peroxide index, which indicated fat oxidation at higher temperatures. For ten days, the sample's peroxide
value increased. After that, these parameters decreased because the first autoxidation products changing to the second
product. Due to the release of free fatty acids after the basic hydrolysis of triglycerides, the acidity of the samples
increased. The Browning color of roasted products was desirable. Discoloration during the roasting process of hazelnut
kernels is mainly related to non-enzymatic browning. The brown pigments increase with the development of browning
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reactions. Results showed that the color index includes the L*, a*, b*, and AE values of the samples only affected by
roasting temperature. With increasing the temperature, the L* value decreased but other values increased. Color
indicators significantly changed and are not desirable for the consumers. The rate of color changes increased, including
browning, indicating a non-enzymatic browning reaction in the samples during roasting.

Conclusion
According to the results, hazelnuts roasted at 130°C introduced as the best treatment. It is recommended that the
storage time does not exceed ten days.

Keywords: Color changes, Hazelnut, Oxidation, Peroxide, Roasting
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Introduction

The consumption of milk and its products is considered as a main indicators of development of human societies. In
order to promote the health of children and provide the sufficient amount of calcium and nutrients and make the
consumption of these products attractive. Necessary measures should be taken to increase milk consumption in society
and increase the diversity of these products (Keshtkaran et al., 2013). Gelatin as one of the gelling agents used in dairy
desserts is a hydrocolloid with unique functional properties and has been used in various industries for a long time
(Karim & Bhat, 2008). Gelatin is extracted from the partial hydrolysis of skin collagen, white connective tissue, and
animal bones. One of the problems with using gelatin in dairy desserts is the instability at ambient temperature.
Therefore, it is necessary to evaluate the characteristics of other native hydrocolloids as an alternative. Tragacanth is a
dried gum secreted from several plant species and Iran is the largest exporter in the world. Structurally, the material is
regular, odorless and hard. It can be used in various food products. The simultaneous utilization of hydrocolloid
mixtures is used to create a synergistic property and to improve these products. Starch originated from a variety of
sources , including corn, rice, wheat, potatoes, cassava, bananas, and sorghum (Murphy, 2000) is used in the food
industry. Among the sources of starch production, wheat is cultivated in large quantities in Iran.

Materials and Methods

In this study, pasteurized milk was purchased from Salamat Dairy Products Company, gelatin made in Pakistan,
tragacanth gum and Gonabad wheat starch were purchased from Kian Shimi Company and sugar and vanilla were
purchased from confectionery stores located in Mashhad. Ingredients for dessert production include 80% milk, 10%
sugar, 0.1% vanilla, tragacanth gum at concentrations of 1.3%, 1%, and 0.7% and starch at concentrations of 3% , 2%,
and 1% by weight (powder selection) according to the method of Tarrega et al. 2004 with a slight modification. A
sample containing 1.5% gelatin was considered as a control sample. The mixture was heated to 90 ° C for 20 minutes,
stirring at medium speed. The samples were then placed in special containers and cooled to ambient temperature. Prior
to testing, the samples were refrigerated (4-5 ° C) for 24 hours. The samples were coded based on the concentration of
gum and starch (: T% of tragacanth gum and: S% of wheat starch).

Results and Discussion

The flow behavior in all dairy dessert samples was similar to the control and was pseudoplastic type. The Power
model was selected as the best model (R <98, RMSE> 1.6). As the concentrations of tragacanth gum and wheat starch
increased, the parameters of hardness, consistency, adhesion and adhesion strength increased significantly, and the
samples 0.7T2S, 0.7T3S and 1T, 1S had the same value in terms of all textural parameters. At constant concentration of
starch, with increasing tragacanth gum from 0.7% to 1.3%, the rate of syneresis of samples decreased from 0.34% to
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0.06% and at constant concentration of gum, with increasing concentration of wheat starch, Syneresis decreased
significantly from 0.34 to 0.24%. Increasing the shelf life of the samples naturally led to an increase in syneresis. In the
samples 0.7T3S, 1T3S, 1T2S, and 1.3T3S, the increase of syneresis occurred to a lesser extent.. According to the results
of analysis of variance, the effect of gum on zeta potential was very significant (p <0.05). Increasing the concentration
of hydrocolloids in most samples led to an increase in the amount of negative charge and zeta potential. In most
samples, at a constant concentration of tragacanth gum, with increasing the concentration of wheat starch from 1% to
3%, the span decreased, while at a constant concentration of starch, the increase in tragacanth gum from 0.7% 0 to 1.3%
led to increase the span. Among the dairy dessert samples, 5 dairy dessert samples include: 0.7T2S, 0.7T3S, 0.7T1S,
1T2S and 1.3T1S, were selected the best in terms of physical and rheological characteristics to the control sample. They
were more similar, selected and used for sensory evaluation. The results of comparing the mean of the data showed that
different concentrations of tragacanth gum and wheat starch had a significant effect on the sensory characteristics of the
samples including: color, flavor, sweetness, adhesion, gum state and overall acceptance (P> 0.05) and increasing the
concentration of tragacanth gum and wheat starch had no significant effect on other sensory properties (p> 0.05).

Conclusion
In general, due to the similarities of the physical, rheological and sensory properties of the treatment samples with
the control, 1S1T sample was selected as the most suitable sample to replace the sample containing gelatin.

Keywords: Dairy dessert, Rheological properties, Physicochemical properties, Tragacanth
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Table 1- Definition of sensory evaluation parameters for solid and semi-solid materials

& 30 igod
Sy Definition «y y2 Reference sample
Property
Color' s 3 . . R S 2230 gl o 5 - Healthy pasteurized
The intensity of whiteness of the target sample compared to milk milk
v S plalay (lod 3 (o) jd Bpas (b & Jly wab g e Cad ER
Aroma and taste b g jlac The intensity of the vanilla flavor that is released in the mouth during the var'1billa
consumption of dairy dessert
Appearance | jals _ilo Sged ghaw 2 0dd sdalie (Sl (jee O Slbroo dols
smoothness The degree of smoothness observed on the surface of the sample Mihan breakfast cream
. a X LUA>| . S . L?L‘l’ . .
Sweetness 5 > Bpan (b odd (plus] (e ) pwd (55l Aiged

Adhesiveness® S Ko

guminessyw b
mouth cover’ jlas g

Hardness” o

General *6‘5 Sy
acceptance

The sweetness felt during the consumption of dairy dessert
Spas (b (g ywd ) (St plus] oljee
The degree of stickiness in dairy dessert during consumption
old ) diges @y bl (el 5L 3590 9 e
The amount of force required to be able to swallow the sample in the mouth
il am s 3 diges jlosile (b &Y (e oyt
The maximum amount of the remaining layer of the sample in the mouth after
swallowing

o 55 3B b wiges USG5 i sl 290 g9y
The force required to change the shape of the sample or spoon it

Ol ) Elgil 4 s (1 o> 905 205 Sy
The final acceptance of dairy dessert sample compared to its commercial types

dairy dessert commercial

e gl el iy
Mihan cream cheese

O S al
Mihan cream cheese
Mihan cream cheese

Saly oo puis
Ramak local cheese
S b ()b digal
dairy dessert commercial

1 Color

2 Aroma and taste

3 Appearance smoothness
4 Sweetness

5 Adhesiveness

6 guminess

7 Oral coverage

8 Hardness

9 General acceptance
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Fig. 1- Flow behavior (relationship between apparent viscosity and cutting speed) of dairy dessert samples in the presence of

different percentages of Tragacanth gum and wheat starch with the control sample (1.5% gelatin) at a constant temperature
of 4°C, T of katira gum and S of wheat starch
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Table 2- Power law model parameters to describe the time-independent flow behavior of dairy dessert samples with different

percentages of Tragacanth gum and wheat starch at a constant temperature of 4°C

N aded () &ee ol No kP (Pa.sn) R? RMSE
Samples Gum Starch
concegtratlo (Z)
15G 0 0 0.25 +0.01 B¢ 43.71%5.5E 0.90 1.81
0.7T, 1S 0.7 1 0.29+ 0.008 27.18+0.21A 0.96 1.91
0.7T, 25 0.7 2 0.27 +0.005¢ 39.81 £1.71F 0.98 1.89
0.7T, 3S 0.7 3 0.25+0.05 B¢ 49.98 +0.86F 0.98 1.75
1T, 1S 1 1 0.36% 0.05* 41.5 +6.85F 0.96 1.07
1T, 2S 1 2 0.25 +0.008¢ 73.64 +5.67° 0.95 0.99
1T, 35 1 3 0.26 + 0.015C 89.26 +6.56° 0.98 0.93
1.3T, 1S 1.3 1 0.22 *./..C 74.35 +4.28P 0.94 1.06
1.3T, 2S 1.3 2 0.21%0.00¢ 157.28 +4.918 0.94 2.71
1.3T, 3S 1.3 3 0.20 £0.00° 168.85 +6.294 0.98 1.86
.Data in a column with different letters are significantly different from each other (p<0.05)
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Table 3- parameters of Casson model to describe the time-independent flow behavior of dairy dessert samples containing
different percentages of Tragacanth gum and wheat starch at a constant temperature of 4°C

‘69*3 K\ /) 1 b e Toc 2
Samples (/G)S;m (%) starch (Pa) ne (Pa-s) R RMSE
concentration
1.5G 0 0 76.24 +2.07 PF 0.06+0.00E 0.90 1.81
0.7T, 1S 0.7 1 54.94+ 2.11PF 0.07+0.00F 0.96 1.91
0.7T, 28 0.7 2 76.79 +3.31PF 0.08 +0.007F 0.98 1.89
0.7T, 3S 0.7 3 98.27+0.74¢ 0.11 +0.01P 0.98 1.75
1T,1S 1 ! 88.9+ 3.81P 0.12 +0.00°P 0.96 1.07
1T, 2S 1 2 139 +4.94°¢ 0.12 +0.0°P 0.95 0.99
1T, 3S 1 3 2423 +6.784 0.54 +£0.007A 0.98 0.93
13T,1S 1.3 1 126.85 +6/71¢ 0.07 £0.007 0.94 1.06
1.3T,2S 1.3 2 257.05+1.484 0.14 +0.008C¢ 0.94 2.71
1.3T,3S 1.3 3 203 +6.36"8 0.15 +£0.028 0.98 1.86
(P<0.05) seuds cglisie ;585 b (g blize yguo 4y iglite g > b ygien S5 (lodl
Data in a column with different letters are significantly different from each other (p<0.05)
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Table 4- Textural parameters of dairy dessert samples containing different percentages Tragacanth gum and wheat starch at
a constant temperature of 4°C

Cohesiveness

Wges &S (;;:fp awliis clals 'ée)lr‘jisj Consisten(jy Cohesi\feness Forc?
Samples Gum (/) starch (Pa) (MJ) lgd (MJ) Sxinnr dfr:-’
concentration (9) 5 s
1.5G 0 0 404.5+3.53P 19+0.48CE 4.65+1.15F 162.5+1.58¢€
0.7T, 1S 0.7 1 109.5+ 6.36%H 4.25+0.15" 2.2+0.1F 57.5+94.4P
0.7T, 2S 0.7 2 322+7.07" 13. 8 +0.2F 8.3+0.1¢P 201+38
0.7T, 3S 0.7 3 397.55+7.77F 18.25 +2.85CFF 8.35+0.05¢P 221.5+1.58
1T,1S 1 ! 138+ 7.075¢ 5.35 +0.75" 4.5+0.655F 103+1¢P
1T, 2S 1 2 376 +2.82F 12.1 £3.46 9.6+0.1¢P 147.5+2 5¢
1T, 3S 1 3 509.5 + 4,948 25.5+3.8° 11.05+0.358 356+3A
1.3T,1S 1.3 1 298 £7/07¢ 12.4 +0.5FC 7.65+0.25F 235.5+1.58
1.3T,2S 1.3 2 508+1.41¢ 21.7 +0.6ABC 11.8+0.5A8 395+2A
1.3T,3S 1.3 3 546 +4.247 25+0.6"B 12.4+0.00~ 389.5+0.54

(P<0.05) stzn it 18,05 b (6)bline & pg0 4 Siglite g o b (50 S sloedls
Data in a column with different letters are significantly different from each other (p<0.05)
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Table 5- Syneresis data of dairy dessert samples in the presence of different percentages of Tragacanth gum and wheat starch
at a constant temperature of 4°C

Samples () owo il wwlis cdale Day 1 Day 7 Dayl4
Wdiges S5 Gum concentration (2) starch Y 59 Y 59 V€ 59,
1.5G 0 0 0.34 +0.21 P 0.98+0.13PF 1.04+0.21F
0.7T, 1S 0.7 1 1.008+ 0.007¢ 8.22+0.02A 8.87+0.93~
0.7T, 2S 0.7 2 0.049+0.002°F 3.12+0.36° 3.11+0.21¢
0.7T, 3S 0.7 3 0.248+0.07° 0.644 +0.07°¢ 0.895+0.14FF
1T, 1S 1 1 4.2+ 091~ 4,34 +0.958 6.11+0.118
1T, 2S 1 2 0.14 +0.06° 0.98 +0.13P¢ 1.18+0.002P
1T, 3S 1 3 0.05 +0.07° 0.64 +0.2P 0.69+0.13FF
1.3T, 1S 13 1 1.047 +0/428 1.52 +0.76P 2.9+0.76¢
1.3T,2S 13 2 0.196+0.00° 0.248 +0.06F 0.346+0.06F
1.3T,3S 1.3 3 0.06 £0.07° 0.08+0.07F 0.099+0.00F

{(P<0.05) stzun it 18,05 b (6)bline & pg0 4 iglite g o b (50 S sloedls
Data in a column with different letters are significantly different from each other (p<0.05)
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Fig. 2- Zeta potential in dairy dessert samples with different percentages of katira gum and wheat starch with the control
sample (1.5% gelatin) at a constant temperature of 4°C, T of Tragacanth gum and S of wheat starch
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Fig. 3- The average volume diameter of dairy dessert samples in the presence of different percentages of katira gum and

wheat starch with the control sample (1.5% gelatin) at a constant temperature of 4°C, T of Tragacanth gum and S of wheat
starch
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Fig. 4- Span (particle size distribution index) of dairy dessert samples in the presence of different percentages of gum

Thragacant and wheat starch with the control sample (1.5% gelatin) at a constant temperature of 4°C, T gum Tragacanth
and S wheat starch
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Table 6- Sensory evaluation results of dairy dessert samples containing different percentages of Tragacanth gum and wheat

Samples
Sensory properties 15G 0.7T2S 0.7T3S 1T1S 1T2S 1.3T1s
C;E)r 7.1+1.1A 7.7+0.83A 6.9+1.288 6.3+1.1BC 5.7+1.05¢ 5.5+1.08¢
Aro?l; Z\r:(]iaste 6.4+ 13448 6.6+2.12A 4.911.28C 6.3+1.17B 6.3+1.3AB 7.3+1.2A
2l Sl
Appearance 7.7+1.254 6.6+2.6978 6.1+1.5948 6.9+1.22AB 6.7+1.567B 5.8+1.78
smoothness
Sv;iﬁss 7.4+2.06” 7.8+1.26”8 5.6+1.64¢ 7.3+1.1A 6.9+1.2ABC 6+1.9
Ad;ei ‘i;/"en"’ess 4.4+ 2417 3.3+0.528 4+1.4178 5.5+1.62A 2.8+2.398 5.7+1.6"
N
Guminess 4.5+ 24148 3.1+2.747B 3.9+2.07/B 5.8+1.66" 3.4+2.317B 5+0.8178
@tihﬁ:\/’;r 5+1.418 5,442,275 5,641,248 5.6+1.3448 6.1+1.52A 5.70.82°8
o Ak 6.3+ 2.86" 6.8+1.2A 6.5+1.9A 6.2+1.72A 6.5+1.43A 5+0.94A
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The data of a row with a different index are significantly different from each other (p<0.05). G gelatin, T Tragacanth gum and S
wheat starch
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Introduction

Lactic acid bacteria (LAB) and their bacteriocins are widely used as natural and safe preservatives in food products,
to control both pathogenic and spoilage microorganisms. This study aimed to isolate and identify LAB from several
traditionally produced fermented fruits and vegetables from different parts of Iran, screening their potentials for
producing bacteriocin-like substances production and evaluate their antimicrobial activities against various pathogens.
The effect of heat treatment and different pH values on the stability of bacteriocins were also assessed and compared
with commercial nisin for their possible application in the food industry as an alternative to chemical preservatives.

Materials and Methods

Lactic acid bacteria were isolated from several fermented products like hawthorn, mixed fruit pickles containing
quince and apple, mango, and medlar. pickle, and tThe isolates were identified using phenotypic (physiological and
biochemical) and genotypic (16S rDNA gene sequencing) methods followed by drawing phylogenetic tree based on the
neighbor-joining method. The bacteriocins were prepared from the neutralized and cell-free supernatant (CFS). To
precipitate the bacteriocins, ammonium sulfate (75%), potassium phosphate buffer, and methanol-chloroform were
used, and extraction was completed with a high-speed centrifugecentrifugation. After freeze-drying, the precipitate was
kept as crude bacteriocin. The bacteriocin activity was measured by the critical method, and the effect of heat, storage
time and pH on the stability of bacteriocins was evaluated. The minimum inhibitory concentration (MIC) and the
minimum inhibitory bactericidal concentration (MBC) of the examined bacteriocins were determined on against the
pathogenic strains of Escherichia coli and Staphylococcus aureus and compared with commercial nisin.

Results and Discussion

In this research, from 162 isolated strains of LAB, four isolates (10A, S6, Sa, and Ab) were selected based on the
highest amount of antimicrobial compounds and diameter of the inhibitory zone against pathogenic strains. then the
isolates were identified as different strains of Lactiplantibacillus plantarum (previously classified as Lactobacillus
plantarum). The phylogenetic position of the isolates was determined by drawing a phylogenetic tree. The drawn tree
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consists of two clusters and the first cluster consist of two sub-clusters, with two different strains of L. plantarum in
each of them. In the next step, bacteriocin of the isolates was extracted using saturated ammonium sulfate and high-
speed (23000g) centrifugingcentrifugation. Partially purified bacteriocins from different species showed high inhibitory
effects on tested indicators, which were estimated, for L. plantarum 3360 (10A) and L. plantarum 1b51 (Ab), 64000
AU/ml against Staphylococcus aureus and Escherichia coli. All selected bacteriocins indicated a stable effect at
different temperatures of 60 and 121°C for 20 min and 4 and -20°C for 6 months, this effect was the examined
bacteriocins were also stable against at acidic and alkaline pHs too. Also, the inhibitory property decreased under very
acidic (pH < 3) and very alkaline (pH > 8) conditions, but this reduction was not significant at the 95% confidence
level. Bacteriocins with 64000 AU/mL activity had higher antimicrobial properties against the pathogens compared to
an equal amount of commercial NiseenNisin-S (680 AU/mL). The results of MIC and MBC showed that isolates 10A
and Ab have the highest inhibitory properties compared to other extracted bacteriocins and/or nisin. Since heat and
chemical preservatives are used in food preparation, the stability of bacteriocins against heat and different pH is
important, therefore, after extraction and purification, the extracted bacteriocins can be used as a biological preservative
in the production of various food products in the range of acidic and alkaline pH, including juices, meat products, and
sauces. Encapsulation of these peptides and their application in food products needs further investigation.

Keywords: Bacteriocin, Lactiplantibacillus plantarum, Phylogenetic tree, Sequencing
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Gl b o s 25 alie 555 (sl b o ST
9 M) @l SYgarme elgl )l g Mg o ooleta
wasSeodd ol uoan 00,5 duglis Cunl atily 5,8 ()
slag Sl b 93 5 (o ol Gl Jladl ey S
ooy ©ie g calize sl PH 5 Lalod )3 uto p)5 5 b0 p,5
Dy 518 @bl 590 (Jle g dlecsl (glod ) (65l

LS9, 9 dlge
oudi ouldicul (slads g g ala 3l g0

MRS' ol imghy ol > odd odlitul oS slolaymo
BT =58 5 56T sian Jgo ol pgien Jse 5T MRS el
S b bl Sy g il Pgli <S5
5 59898 sele GeVE Gobly cJgiile ol o8y G,
G e a5 B yaalyy )l LeSs 5 (B> sl pd
(Jold isjlon sodige angils 5 sl sbes,s
NOAYY ATCC IS iy 3/ V50 PTCC s sislusgige i
5555 5hk8lisl AFAPTCC gy 90 Al l9g po 1S 2 Higallus
wgw Olyis & piph alawlsTY 9 YOAYY ATCC st/
9550 otlojl I aute J)1S g g g S S Ay
sbodygl (RIFST) olis mlio g pole (oimgh duwge
(OB e g 4 (9l (55T ogne bl wgee by (e
P ag lpl og & S5 5 asl Sl (g pmass 0395
(Siveele) s ys I Niseen — S (g0 ol 5 (e slayliL
LAd gl wila

093 SasYasel slads g 5 jleslsa
e o3 yglyd 5l SSY sl ladygu (gilubi> cax
ke Qe 3 badiged J1 Sy 2 5l e Ve ke ogee b
cuiS cJlgte glocdy ans Jl an g pSen byl Sy oty
5 4eliSe 1 sl BT MRS cuts’ b 55y 2 (b
Sl Shy sl Gglite sla S U b plogl (o S 39S

1- De Man, Rogosa and Sharpe
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5 ol sy oelel el cuss 4 NCBI jl gape sl

g oy 5,5 Vee e ilailely 395 5 L g Neighbor — joining

€83 ol S ekl Tog)S 5l Gy (s (L Ly

o1 032 pb (sladigas Jl odel Cunty (glaaylir (Sufold Condse

Schliep, ) s o Ui o 4 Cons |y diged 6yl zos Comd )
.(2011

b 93 S (b (53 Lpalls

YA ©so 4 «&lpy MRS cuis bz o baglis zali 51
solaie 4 ual oo I8 oS lwds ) YO albw S celw
Cbljygs ame 53 003 35 (| sl (5)lae colld talS
PH = £/0-Y 63940 3 g (25 Ve N g oS @y Jolw 5l (5)le
b SYBS 3l wisous] T 1 o (5 sy 0,5 ki
L Jsbo Sl sle Cbypm 4 sl dee g oS e ¥ il
Joyd YO podgel Oldaw I oolaiwl b cuwes Sl cluSy ai
Sy oS il ax 0 ¥ slod o celw ¥ 5 0dd 00 oy
Sl Sy e dlogo )3 ad (Kb gy 81 il (2 O
& W05 ey il oS e ds 0 ¥ ogled ;o YYereg 40 L
Joloes 9 V1) Caws & PH =V L roly land (8L alols gy
9 LSl oAb (ol &5 (e L) Y Cand 4 p 318 - Jpilie
b )b 95 OF 53 (LB Slaglas b Jaety il sl S 51w
.(Shokri etal., 2013) 1,55 jouts il 0)bgd 9 Jo> o sl

P (rana g3 3SL e L R v
o 85 plol TS S gy ) edlizel b lejl
bali> il 5 @l MRS cuiS’ sz ad jlam & G
= aile )5 31,5 lwds > YO lod > el YA Sae 4 (o
g I sl g)lhe el Jials date 4 wind ()8
Sgw S8 4y Cilblyygw PH «SaSYaoul lodyguw bawgi odd
Sl s 5 Gl 00,8 0ol V=510 039000 yd 9 3 NN
& e p oSk Y CBIE & VB il 5l s
ol jd sl YA o 4y 9 b Ll Jolw I (gle <ol pgm
<88 18 s cus (Korea) Operon / R-114 1y 3,8
BT ed) ond iy <ol 1 byl sloonds See 095
by 3 (a3l sladigw oy CudS lam g 23,5 ags VT
) dm s byl bSaly W)l Ko o 8, L MHA

2- Bootstrap
3- Qutgroup
4- Critical Method

5 oolial b agis )5 o g oelel » 9ol o
sorly ) dneslis pgis iS5 Cas 3,8 plos! RAPD (S,
Jgasme 5 oolitsl y5lSlisws 8,5 j1 00 a5 GTG (M13)
o 25 53 9 SeSE 20> VO S5 L 5558958 59y 2 (25T
VO K e SNy il e 05 eanlie ST
crsSelal VX o3le] uSian yimn 51 sl s VYID ool sy Sns
BIO- RAD) ,olugey olSiws ,> Gin DNA iy Sue
(Tafvizi et al., 2012) 13,5 sl (U.S.A

rep — PCR 3l Juola (sails (sladald g 5o 5aIlT

b S92y S o (glp ol sla by oytel Conss 5l A
b (Sl (ss) jho 9 S oS b ) o > Wb dgeg pae
o) JESh b s 9 03,5 jasuie EXcEl l58le 5,0 (binary
oo CMVSP ver.3.1" 5éls 5 & Excel l33le 5 5l slael g s’
Simple Matching cops | oolitel L S cald
(Tafvizi etal., 2012) 1> )5 L, Coefficient

A3 BT slus 43 LAB (lag Sby laesh  osbualicd
(PCR)1#S IDNA dals
255y I ey 4 gl 38> ololis 5 b Jly
Joe 5wl ol cladlre sl wlwl 5 aS VS TRNA - 45
P GrdeSae Vo bl & o (STl w05 sl S e
dl.m)wl)) )l oolawl L (&)AT BIO- RAD) /plSva}o)J oKwd
s AGTTTGATCCTGGCTCAG Jlgi | F: P8FPL _osas
GGACTACCAGGGTATCTAAT Jls L R: p8806R
sdalie g PCR pbxl ;5 ae (Ferchichi et al., 2007) i plbxol
by lp PCR &Y gamo 5558558l 50 cuslio (gusb (55Xl
o by Wl ol () ol oBop <S «
API 373 DNA wuu8 JIg o&iwd j> Cycle extention aluw,
g5 pbxl PBFPL gy yeulp jl ookl b (I 1) Sequencer
Gen Bank > dg340 SleMbl gla JIg b ol cunts cla Jlgs
4 NCBI ol ,» Blast abl, S L

.(Cotter et 15,5 awlis http:/www.nchi.nlm.nih.gov .,
al., 2012)

S elsd &l ya

1- MultiVariate Statistical Package
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G5 i SSud g9y il gy 4l Yol am wyd S sl
yho celw > (oldl chromTech) yu,l5 Y ol 1 oslatul L
—ailbro S Celw VY 5l am g Ad olles iegll £V zae Job 10 g
Syl olBiwd b base o5 il dsp YO sl o (o)lS
L3 g cudll @98 A lld e85 ekilsd e liee
Pl 13,5 SIS MIC oy A saalio o 53 5551
ol j s SuiS cbl JEhs Sl « MBC cws
2 ASee Ve ke (o] 1 e g MIC clale) g8 a3
Gooadls b ooad il BT s Joe cutS b sy,
Wb oals cutS N 2y b A5 by il g pwsygl opS 3kl
ol e 4 YO sl o)l 8alw,S celw VY I un
Olgie 903 o 1) s ySh do > AV &S (5 o jieS
Thomas and Delves-) . a35 i ,» MBC cd,

.(Broughton, 2005

Sbel aIlsl

2 dopudlS g Se (JoSUge (bl 5l e 4 lagygeil oles
5 40 Gl ol plodl dolal M8 zib LB o J1,ST dw
solel 1581 o5 (YFL) Jao 3l eslizwl b (ANOVA) esls Julos
Cd )3 pbol b, Sl oy BMiS 5539 40U 1y (tukey) S'¢
(Miraei Ashtiani et al., 2022)

Lads gou (5 jleslan g 4 9a3 (59 Tpan
@l g odd aBlid joS (g presS soodygd I (wyp ol
30059 03908 (4B o 9 & (Slrogee bglse (85 Jald s
oy ©Ygazme dd 45l oo & JSl (B9 g 45l 85 S5
50 )8 odlatul wdgy odd s el slapybinl Gl g ol
5 s slooisesl ploal Sl g SV dl lix VY ggeone
09,5 N AVe Sy g b analie 3 o8 s ololid (plardsn
s Y gsa s @l sliledg i (slo usliolssY
sloguplalssY 09,5 I il TN g p) i ushasd
skl lie 4 lal ol gslilegesn
o ) Anle 3L aslisl O balis ZVe g wsldstin/
=3y o las —ADb as b gladlis ous aslis sl gw
A gl Ly =56 SIS g e 03)5lyd 5 -5 (LS

g U] Ce daSaly (y9)0 €5y 5 | sy )Sn Ae ()51
Celo YAl s g 48,518 Jow 1 celo oo Gl 4 e
Ay pae dla b 5l ol 8§ sle 4y Ve gled o (g Sl S

(Ashari et al., 2019) L dwleo 5 Jso3 by (wyp
AUML=Y" (Voov + A+) ()

23,5 o cugy Al &S cul Sals op 3T ojless 0

O g3 Sl cullad p PH 9 gl @yl Al ey

uslgl

o (om0 5> il slady gl ond allS (sl g ST
L8 )8 )8 adBy Ve e & S Sl a0 WY 5 5 Sl
Udhayashree et ) sas )y (S605L (Shs o 5l
.@al., 2012

Jlasiil (pog 81 (61055 loj e Sl )y cax
byl cod oo & no @y 0,8 s ds 3 =Y+ o ¥ (glod )0 o
SHI3L Sy Ml s S R s Jbe  Jol
.(Udhayashree et al., 2012) s oy

wgw jload (ald (gl gy b PH Sl (o) pslaiods
-pH uo)ﬂ.a PN )Y}a d HCI 9 NaOH )I ool l) ol Lgl.tb
NS le S sl ¥ 5l sy 5 43,5 )5 (Y1) il sla
L Subil She o il g pblas pH =V & 561 glo> o
s goyp BT ot Jse bme > g lSSaly bl

.(Udhayashree et al., 2012)

Solad (el s ouds gl kel Slagius 93,38k duwlie
"MBC §'MIC 3031
ppm clale L (Siveele) Niseen — S (g)bs (sl
b 5 eolatwl bog ans Jloyg ooV SO Sl 5 Vel
FOeve Dever ppM glacdale Wb byl (509,800 +/VY
13,5 o3bel syl Hlae Ol oolizel b YAYD § SVO. AYD--
Slooas ags il slacd, L o (Ashari et al, 2019)
Silw odbol pgy aslan a5 ond Lals des (glo s SL
5 (MIC) Subjl clale Jole Jlai 5l wogs odid s oyl
D9 b g sl Salr 8 lacaly Ses 53 (MBC) (Sais
Lo Vool il wizd 3 )13 duslie dyg0 @l pubsblag o
Sd) 3l 5 ig ooy | Sy o 5 Sly st Jge cuiS
Blol bSaly 4V Wl oo & g Sl oad g cilisee

1- Minimum Inhibitory Concentration
2- Minimum Bactericidal Concentration
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o 0ximd LS Sl 3155 g yges] el oad 0dygl ) g
sl dorin (slace Sl cul 8L (g silleyd g g
N 55 (65Y 98 gaud s 351 gyl (o3Y gl oy il mdly 5y 0gMe
3B 9 b Sl g SESY @ 1) bnjoms and o ojlsl bl 4 a8
W (Ebrahimi et al., 2016) wsSalg JSU g sl CO2
YUK g cuzo p)S (sbd woluwligSY 09)3 s3> baalas oby o\l
Celo FA 3 S a0w g AD VA sl 5 diwe b

392 95le B9 it 9 Cute S5 g5 Jlas I (g5 abe S

Olgsdr () G 9 & (gl ogee bgle (Il end L
0X5)35b (g RSS9 crwar Sl e (i b cladygw
"\‘“‘3/5 )l)§ S LSL'”}-:JUT d)90 9 bl "}d)l@-},{ & g i)y )|

biasdion 5 (55919358 (s slagphsle)l malis
Ladlas beulid oya
55 31 518 sl

M Goeil olyen 4 (Sijdaied 5 asind sbge)l @b
)5 Giliss (glaos gl 5l oad bl alis ¥ ya (gl 35505 51 55

o9t 4l 2 (S eSS (SLodyly8 5l Jols sl (igid 9 (S99 90 SS9 Y oo
Table 1- Morphological and phenotypic characteristics of isolates obtained from fruit-based fermented products

wli J F98 38 sy Jgi! S e SiPe 90 A U
(Isolate) (Product) (Gas production (Indole) (Catalase) (Gram) (Morphology) (Colony
from glucose) form)
94 S5l ogpe byl (05
O ol oSS
10A : i . . ~ N
(F’Ickll?d mlx_ed fruit (Rod) (Crenate)
containing quince and
sour apple)
e Clo o)lged
6 SeS 4l _ - + el (Smooth
(Fermented mango) (Rod) wall)
. Glo o 19.1.)
sa ez Sl It - + N (Smoi)th
(Fermented hawthorn) (Rod)
wall)
Ab S35 S . - + kel (g:néfe
(Fermented medlar) (Rod)
colony)

YD NYY 655 pg i3 oshrls M Y 556 HeAl 19 655 oy lidl oshel i Y NBXYS o &5 g lidls uslosls 3 5 Y-10A

LaNd &s8 23l uphets 53
10A: L. plantarum strain 3360; V3 L. plantarum strain Heal 19; S6: L. plantarum strain 7232; Sa: L. plantarum strain 1b51; Ab: L.
plantarum strain Lan4..

En ol 5 SKaSY sl 3585 jlelis b akaly o (al., 2021
Cally (S35 Slgen (g eSS

Alide slales jo ady bl gs
Flo 420 YO (5lod )3 (g ySL oS5 g o o
lod & Cund (sl YY) (65108 loj Cde 3 Wby 4 0B oIS
(V' Joio) bt 4 dag b oy (el YY) 0,8 il 4 )0 VO
b ady Gl i gloy ©ae a4 Soml sbiley ) bl
IS poge ol wls g 0ol S8y ) sla S g 4l
@ Oy Cae (e sodjgl s )3 Gde (SYsb eSS Jle
Sl Slocs Sl plSin 5 Gl 5 0 cogllas (50 5wl
9 ol @B b oy o @B 8L ol sled o SV

LAG jash 5358 yaaid
S9SN 58l GSGIS sblinen S g5y oin ol @b
g 2 o> oLt 93598 ¢ jaillo Y ol Jsiile ¢kl
$go soud &) 5L 5 S5 Jgile sacling S ale
S 55l g sokly souid ) ey s 5eiSmall 5 g8
oo 0ptbl 5 03,8 a8 citn oty ol 5 c2)Ls gige
G e jd odd b cladgw ey o LSS (g b
3 JS5) 33,55 sl (55 e 655em sl 5 sl (sl
92935 90955 sy 3l Jol @i b Giaog cnl @l (Y Jg>
ikl jogas > (Grosu-Tudor and Zamfir, 2011) ,.e;
S35 Slmjo I SVl Sladgw Joge ololid 4
Szutowska et ) ,Ken 5 Kol jl Jols zuls 5 Slogy (o9
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g Yy sl S TV 635 3| Jolo (rwg U (Shg (e 9 Silwlaz (o) eb g Jgl i 4SS

sbagw (oilols (Kazemipoor et al, 2012) f,ISen
bl Slgsted (6 pesd Gloy juw 51 S Yol

F9Nse ol 9 (gilwlas (Ebrahimi et al., 2016) l,Ken
9 09 BB yp g ey S I gy JusleolssY

(Gl 9 3ohl; w8 ;050 pas &5 50,8 Sadly) alin bwgi libeo (SBWiB yposs Y JSu
Fig. 1- fermentation of different sugars by the isolates (red colored tubes of non-fermentation of xylose and arabinose
sugars)

O S0 0 Mg (Ladygus by liseo (SO )andgr ) jredd —Y Jgu>
Table 2- Fermentation results of different carbohydrates by bacteriocin-producing strains

ol e s N e - il 5ol . S5 ;
Tsolat 1:5355:5 sl Ve i 1\‘/)[9“9 it Arabinose o Glucose 55k
soea ruec 0§ Maltose Galactose Xylose 1'1"" Lactose Sucrose
10A N . + _ + - + + +
36 " " + _ + - + + +
Ab + + + - + +- + * *
Sa " " + _ + - + + +
Ctr N ¥ + _ + - + + +

AD NYYY 8555 o, 3 poslels i 5 96 Heal 19 865 pg, Ml uslel 5 5V NBXYS e &S mg bl ophesls 53 5Y(-):10A

JyiS Ctr Land &8 pg,lidl sl 5  SY
10A: L. plantarum strain 3360; V3 L. plantarum strain Heal 19; S6: L. plantarum strain 7232; Sa: L. plantarum strain Ib51; Ab: L.
plantarum strain Lan4; Ctr: Control.

05 S 055 (1) 0055 plol (+) B e s
no sugar fermentation, (+) fermentation, (-/+) very little fermentation(-)

Sl Sl pSl dler IS ply )3 polie (slapudlS)lg e
bl b osd 03938) S ol baslps )3 349l o ol 1, SaSY
Jos 035,05 G lgisar o] el Gials g Y (gjenl Lid
Spde by glage Bl cel coly oy W
.(Miraei Ashtiani et al., 2023;Persulessy et al., 2020)
Frpw Gy cel SaSVawl Gl cdld gl ply
(Sad 9 slraiges) JyuS cdbs 4y Cond (5 ymosd sloodjoly0
Lo ¥ gV Sad slgizme 50 (V Jo) guls & dogi b 225 o0
Boly S yelS” @l MRS cuiS’ oo 0 als jh> 2
2 88 8905 5 (o) (5550 o &5 0l 5 58 iS5
o2l 0 g balis Kol Jlaes dop £/ S glgie
S Sl aby sy (alie b 2oy ¥ Sos lgie il
ol 5 gilolis 5y90 4> (Ebrahimi et al., 2016) f,Ken

1) 5l cwles sl Pge pe8E S plyiea S

5 M K s polie aS dlud 0058 dbu) (sl S lg,Sie
Gib sl (6035 glood gl )3 SVl Sladygu A3,
et al, 2010) o Ken 5 odlile Limgp j Job mb
el o ¥ adale (5 Sad 09380 bodygl,8 ol > (Alizadeh
Vet CFUMYML ko 4y SaiSY dl (slog Sl e gl
o Ll oy Bl iin 4 S Hlade lial Loy el
@ a2 b gw)Sod 505 0 Oyge (29,50 Cumer 5D (o))
zdaw (Persulessy et al., 2020) -, g (dgwy i)l
3950 Sl 01 3l £la a5 yo sl Sas £V
Sly dby dige (5l laalpd (pl it pglie Sod plyy 53 &S

1- colony-forming unit
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dgw silwlis (Hwanhlem et al., 2017) )Ken 5 olosle>
Sdgw M) (yp g e ) SV al gl
sls lgean caslio PH > LuuoligisY
5 S sizd Sl Sl enel cossy @S & w2y b
Olyisdr alis gy SV el 4l VY ggeme 3l obendon
ladgw 13) jlon)bil (Shy (mFus 9 e b sbagw
b duolio ;3 08,5 518 (gam (sla Ul 5590 5 Cbl djs)lon
slo ugliolaisY 09)5 5 00 b sladsgu I AV Sy Jois
9 Pl ushaol (I (Y (lgisar g L] glole g im
—kes) glile dgegn (clopuplewlsiTY 09)S I laeplix VN
b 7Ny usbdpden] SupbaolssY s 4 )l
Gl osd Bl gbdgw ol Lsle 8L aslil ©)gns
ody9ly3 51 =Sa (Sl by 5l edd la> —AD lasT L sla
iy 5 ond lis VA g agl by 5 =SB WSl (g5
2 9 Sl llid Caa 55 cuw g 4 55l o byl

g odjide @i g (o Syl gy usbalsSY (JoSUse
S99 My p» Sad 3 (Alizadeh et al., 2010) ,\Ken
O 5 e ok I SV sl slacs Sl g Spods
Kazemipoor et al., ) o,en g yo (oL pw)yy g tww slo
5 8 pesd Gl il SaSYawl slbdsgw (g5luls (2012
Grosu-Tudor and Zamfir, ) ,ie; g ,935—gwg,S o)y
SVl glaagw Jolse alulid 5 (gilole (2011

Amd e Ui 1) (o35 Sleen Slegy (o9 (8 eSS Slom s

Slida sLapH Ju widi, bl g3
ohalojl 3)00 slaaliz I g (7 Joto) b 4 4295 b
odgizme sl lod luyd Jo cubls gus, pH =Y
Sias i GSe ol 45 Wby L ss 5l ss 0, PH =¥-5/0
L eSS Sodygld peSS g SVl gy sl
alo S el YF 5l an S8 4lis gy 0 Hled 4 lagl K8
b dnlio > (glio s Al (15 S35 lare )3 bads (4,108
Oimess 5 ol b b oy ol b s bals b
(Alizadeh Behbahani et al., 2021) ;Ko 5 Sloare 03ljle

oadhiy JeuligSY slas S I Jols (mwg 8L cllad ob5))

Laylis wd, o pH § Soi Glidee cLCBIS (el VY 9 TE loj e 43 3,5 Glw an 13 £0 9 10 slod 1 -Y Joua
Table 3- Effect of temperature of 15°C and 45°C in 24 and 72 hours, different concentrations of salt and pH on the isolates

growth
pye )
(Variable)
wlss 24h 72h 24 h 72 h 2% 4% . =2 =£ =6.5
co o o o o . . Ses 6.5%

(Isolate) 15°C 15°C 45°C 45°C Sod Sod pH pH pH
S6 - - + + + ++ + - + +
10A - + + + + ++ + - + +
Ab - + + + + ++ + - + +
Sa - + - + + ++ g + - +- +

(Weak+)
Ctr - + + + + ++ + - + +

PD VY 855 )3 ophock (5% (55Y 86 HEAI 19 855 )53 ophaok (59 35V NBAVF - 8 g i3 gl i34 Y () 10A

J S O Land &5 o5 LM yophasls (5 (5TY
10A: L. plantarum strain 3360; V3 L. plantarum strain Heal 19; S6: L. plantarum strain 7232; Sa: L. plantarum strain Ib51; Ab: L.
plantarum strain Lan4; Ctr: Control.
Feder st S AT b g A8 (+ 4) ciind 0 (+) caslio 43 (F) ) pas ()

no growth, (+) good growth, (-/+) poor growth, (+ +) good growth with more bacteriocin production(-)

oslizal 5 glil Ngy )3 Syt LSl L b pol 'CTAB
g Syt gl K Say 5 mioid mpl 9 5l Glojen

1- Cetyltrimethylammonium bromide

52583550 5 g2 535 5 SHS
il S dge gwaw sl plld cox gy o
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Gl 4l6sS o calad i siay lis Ave D asb
Ferchichi et ) o, en 5 (o8 0ogeil 48 b oy il @S
5 oas s SVl cladygw JsSlse slulis (al., 2007
Sy VYbp g o SSY sl sladsgw sl 5 5 b

by (S35 Jlaten s s, alises (slady g

L 3 Ab 10A 36

To 9 e p)S s Sh Jsho 0))90> (sl & 12 e85
5599520 5 PCR plog] j1 amy ity olyomay |, DNA ity

(08 law) Veebp oo L UV g 55 ead g5l DNA
L4 odnlio Acr BP Sl )0 lassh «d 5 Oy Lol duslis

3 Se 3T U5 5188 (Y JS) gl IS5 calS g
ol 1y bl o )3 @gli lise ool odel Coavds doyd o

L 104 36 3 Ab

15K

LK

kD

YIS IRNA (45 WSS 51 Jeols (A+ + Dp axkad) PCR Jgaso (yilod . ¢ 0935 (5,0 Call . A=Y JSi
Fig. 2- a. Genomic fingerprinting, b. Showing the PCR product (800 bp fragment) resulting from the amplification

of 16s rRNA gene

L2 392 ) lidl Jushawl (B (Y 665 (g ey llat]
Silwlas 5y90 > (Hu et al., 2013) 4, 5 92 zuls o oS
sl (G (T g g G slodygl b I Sladge
wb p 2L e Glaodyglp b wgw e o9 3L
yob sl jimgt (sladdl b oS sl odd diBld (3w g 0500

by Jlosren

3blss
0liiS jasin oL Jlg 5l ol mls F Jodo 4 aag b
sboodyglp )3 pg)lidl uplewl (M (Y dgw (g S
b))9l)§ é;.‘.{\j Cuzo> L;’L»Lu:) )I dy Dy dguo 4;[) » ‘_g).a.o?U
ol ot b Jslse psefl 5l ol ad (gpes sl

9 0gu0 4;1; » d)»a?u L;Lmaﬁl)é L?’;b L;:9)§v.c Cuza> )‘ adlas
adllas og.l 5 sy Canlas 893> (i} u.»L.o.wyu dl—“o}”j @Lu

090 (& oSS sWa0d 91,8 51 Jols craylus 16S rDNA b Iy gl -€ Joas
Table 4- The results of 16S rDNA sequencing of isolates obtained from fermented fruit products

NCBI 3> Calul s
(% ID in NCBI)

2l laa sy g solw!
(Name of bacteria)

alas oS Cod 0 ylows
(Isolate code) (Accession number)
10A MT613643/1
S6 MT645503/1
Sa LT853604/1
Ab AY590774/1

98.75%

96.42% 3360 g oyl ughasls 5 S5

(Lactiplantibacillus plantarum strain 3360)
7232 g0 py Sl pushasl 5 5

(Lactiplantibacillus plantarum strain 7232)
99.58% Land dpu og LMy yoplel (5 5Y
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Fig. 3- Drawing a phylogenetic tree by comparing 16S rRNA gene using Mega 7 software
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Table 5- Diameter of Inhibition zone (mm) of different extracted bacteriocins against Gram positive and Gram negative

pathogens

OB sl ol 950
(Indicator microorganisms)

Ot S ; . bty pu/ o .
(Bacteriocin) 9] oS sSsbdliw] s o390 U Wigallws b
(Staphylococcus aureus) = . (Salmonella typhimuriyum) Hoptlwgiso
ATCC (Escherichia coli) PTCC (Listeria monocytogenes)
25922 gngg 1609 PTCC1165
108 CFU/mL 10® CFU/mL 8
/ 10° CFU/mL 10" CRU/mL
b10A 212A 162 182 1928
bSG 19abcA 12abcD 18abcC 18ach
bSB. 18bcA 15bcD 16bcC ]_gch
bAb ZoabA 13abD 17abC ]_7abB
Ol 18¢A 13D 16¢C 17¢8

(Nisin)

Y AD NVYY 865 o9 LM sl 5 5 56 HEAI 19 665 g liM puglisl 3 (SY NS XY+ 665 g, iy puglol 530 5V I0A € ppgy ySL D
Land $o5 o)l pughasls (5
I ime GMET gyl sy 5> S yidie By b dlael il o3 (P<+/+0) )b ime M (d)ly (g b 1> S yiiio By b dlisl Lad )l H1ST dr (3:80ke &jg0 4 @l
bl o (P -0)
b: bacteriocin; 10A: L. plantarum strain 3360; V3 L. plantarum strain Heal 19; S6: L. plantarum strain 7232; Sa: L. plantarum strain Ib51; Ab: L.
plantarum strain Lan4..

The results were expressed as the average of three repetitions. Numbers with same letters in each column do not have significant differences
(p>0.05). Numbers with same letters in each row do not have a significant difference (p>0.05).
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Fig. 4- Inhibition zones for all 4 strains in 108 of pathogen strain
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Table 6- Bacteriocin titers from Lactiplantibacillus plantarum strains in terms of AU/mL

0 Bl S0
(Indicator microorganisms)
, N b il
g Sy s okl 5
B ° . (Staphylococcus aureus) -
(Bacteriocin) ATCC (Escherichia coli )
25922 ATCC
10° CFU/mL 25923
108 CFU/mL
b10A 640002 6400028
bS6 3200004 3200008
bSa 3200004 3200008
bAb 6400024 6400028
Opl 3200004 3200008

(Nisin)

Y AD NYYY 65 g i usleals 53 25Y 356 HERl 19 8555 g, Ml puslsls (i 5Y N3 XYS+ 8365 a0 puphl 296 S Y-LOA t gy Sk D

Land &8 o) 3 sl (5

o sire BB (gyls sy o )3 S yiie g b slael sl i (P2 0) I gme MBI gh)b gt o )3 S yidie By Lliel Lad o LSS dw 5Ske Gyao 4 s

sty e (P<-/-0)

b: bacteriocin; 10A: L. plantarum strain 3360; V3 L. plantarum strain Heal 19; S6: L. plantarum strain 7232; Sa: L. plantarum strain Ib51; Ab: L.

plantarum strain Lan4..

The results were expressed as the average of three repetitions. Numbers with same letters in each column do not have significant differences
(p>0.05). Numbers with same letters in each row do not have a significant difference (p>0.05).
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Table 7- The effect of heat treatment 60°C and 121°C for 20 minutes on the neutralized supernatant at a dilution of 103

CFU/mL of the pathogen

0 Bl S
(Indicator microorganisms )
igallus by s sSshdlins] Sigallu by resSsSohdli]
o3 30 2 U F s/ o3 302U o sis)

. L (Escherichia (Staphylococcus (Escherichia (Staphylococcus
W"lf; : coli) aureus) coli) aureus)
(Bactericin) (Sqlmoqella ATCC (Sqlmor)ella ATCC

typhimuriyum) ATCC 25902 typhimuriyum) ATCC 25922
PTCC 25923 PTCC 25923
1609 1609
60°C 121°C

b10A 14%® 1328 154 1238 1438 154

bS6 118 118 12¢A 118 118 13¢A

bSa 14v8 148 12bA 148 148 1207

bAb 1308 1308 14bA 148 1308 1407
(LN)‘;:::) 118 10¢8 13¢A 12¢8 11¢8 14¢A

S AD VY &5 o, i sl 50 5Y 56 HEAl 19 @355 oy, 3 pushal i Y NB VS o 8365 g My ol M 5 YLOA gy S b

LaN4 &8 )53 gl 5%

I sime BMBT gyl Cany o 5> S e gy b dlasl aidl ol (P<+/+0) )b dme BMBT (g)s g yb 1> S ydio By b dlisl L ad )l H1,ST dw (5 0ke &0 4 @l

bl i (P<+/-0)

b: bacteriocin; 10A: L. plantarum strain 3360; V3 L. plantarum strain Heal 19; S6: L. plantarum strain 7232; Sa: L. plantarum strain 1b51; Ab: L.

plantarum strain Lan4..

The results were expressed as the average of three repetitions. Numbers with same letters in each column do not have significant differences
(p>0.05). Numbers with same letters in each row do not have a significant difference (p>0.05).
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Table 8- The effect of 6 month of storage on bacteriocin inhibition zone (mm) in dilution 10® CFU/mL pathogen

Crmwgt 7S 0L S 19 S0
actericin ndicator microorganisms
(B icin) (Indi i isms )
o Sigalles bigpdl — usS3Sphilins] Mol biapdl sy philin]
23990 o 3! o550 0l o siss!
Escherichia Staphylococcus Escherichia Staphylococcus
salmonell coli aureus (salmonell coli aureus
typiim?Jr?yL?m ATCC typr?imL?ri;u?n) ATCC ATCC
ATCC 25922 25923 25922
PTCC 25923 PTCC
1609 1609
4°C -20 °C
b10A 1428 14aC 184 168 18 214
bS6 158 130C 170 1608 160¢ 1804
bSa 138 12¢C 15¢A 148 14<C 164
bAb 1lch 12ch 14ch 15ch 14ch 17ch
(’L\l)“l‘;’rl;) 12d8 11dc 150A 1448 13dc 169A

Y AD NYYY 568 g lidl sl 5 5Y 56 Heal 19 &5 g, lidl ushuol (i3 S N3 KYF+ 6365 g i uglewl M 25V 10A ¢ s iSL D
LaNd 5 g L3 pophesl 5
Msine BB <y sy o )0 Syt Bgys b sl il sod (0<+/+0) 5 gme BWB (chyls (g 2 )d Syidie By Lsliel ad lo JLSS 4w 5:80ke G0 4 s
il i (pe/-0)
b: bacteriocin; 10A: L. plantarum strain 3360; V3 L. plantarum strain Heal 19; S6: L. plantarum strain 7232; Sa: L. plantarum strain Ib51; Ab: L.
plantarum strain Lan4..

The results were expressed as the average of three repetitions. Numbers with same letters in each column do not have significant differences
(p>0.05). Numbers with same letters in each row do not have a significant difference (p>0.05)
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Table 9- Effect of different pH on the diameter of inhibition zone (mm) of different bacteriocins against 108 CFU/mL

indicator microorganisms

ol 5519 S0
ol g S
Indicator Bacterioc pH
microorganisms in
108 CFU/mL
10 9 8 7 6 5 4 3 2
N b10A 12.5% 15 195A 21 18504 15%A 1207 10°A ofA
u";"/;"/;‘l"[‘“’/ bS6 1208 14c8B 1708 1928 16.508 15¢8 119 geB 6™
ol bSa 109 12 16b¢ 18 14bC 13 124 9eC ofc
(Staphylococcus bAb 10dco 12¢CD 17bCD 20cP 17bCD 14¢CD 11dco QeCD gfcp
AT""@EZ‘;%ZZ Ol 1160 140 1700 190 160 1350 10.80¢ 70 -
(Nisin)
g b10A 10A 13cA 15bA 1724 15bA 14.2A 110A QoA -
(Es:f}ecl;g:gi%ggll ) bss 10 12 1408 15 14.2%® 1352 108 ge® -
bSa 9.74¢ 11 12v¢ 13 120C 11¢C 104 gec -
bAb gdCD 10.5t:CD 12bCD 14aCD 12bCD 10.5cCD gdCD 7eCD —
, Kj’“‘“’“) g 1050 1250 145 12,50 10,8 g - -
ISin
il Migalls b10A 129A 14°A 175A 18%A 1754 14°A 1153 9eA 67
. bS6 11.28 138 168 188 168 13.2¢8 10.5%® 9e8 68
5105°
Salmonella
ty(phimuriyum) bSa 9.54C 11.5¢¢ 15b¢ 16% 15bC 13 114 8eC 7
PTCC1609
bAb 10dCD 11.50CD 15bCD 17aCD 15.5bCD 13cCD 10dCD 7eCD —
, ’t\l’“‘”"’) 10 120 14,2 160 150 1150 10 - -
ISIn
by b10A 139A 1554 175A 19%A 1750 14°A 1150 QeA 67
ogilgis bS6 1198 138 168 188 168 148 1198 9e8 68
(LiSteria dC cC bC aC bC cC dc eC fC
monocytogenes) bSa 10 11 16.3 19 15 12 11 8 6
PTCC1165
bAb 12dCD 150CD 15bCD 17aCD 15bCD 12<:CD 10dCD 7eCD —
WL’ 12dD 16CD 17.5bD 193D 17|JD 14CD 10dD 7€D —
(Nisin)

Y AD NYYY 8568 g LS sl M 5Y 56 Heal 19 &5 g, lidl ushuol b 5 N3 XY+ 6365 g M gl 5 35V 10A <y iSb D
LaNd 65 g, L3 pophsl 5
Misine BMET chly sy o ) Syt Bgys b sliel il ol (0<4/+0) o gme BWB )y (g o )3 Syidie By bslael ad lo JLSS 4w (5:80ke G0 4 gl
bl i (p<e/-0)
b: bacteriocin; 10A: L. plantarum strain 3360; V3 L. plantarum strain Heal 19; Se: L. plantarum strain 7232; Sa: L. plantarum strain 1b51; Ab: L.

plantarum strain Lan4.
The results were expressed as the average of three repetitions. Numbers with same letters in each column do not have significant differences (p>0.05).

Numbers with same letters in each row do not have a significant difference (p>0.05).
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Table 10- MIC and MBC of purified bacteriocins and Nisin against Gram positive and Gram negative indicators

025l il g ;50 cdale
( Indicator microorganisms) ‘-’“’9”75 b (Concentration- ppm)
Y+ CFU/mL (Bacteriocin) 650 480 240
b10A - MIC MBC
sig] w5 sS plilil bhS6 MIC MBC -
(Staphylococcus aureus) bSa MIC MBC -
ATCC25922 bAb - MIC MBC
Ol MIC MBC -
(Nisin)
b10A - MIC MBC
Al il bS6 MIC MBC -
(Escherichia coli) bSa MIC MBC -
ATCC25923 bAb - MIC MBC
Ot MIC MBC -
(Nisin)

65 pa)lidly oshsl M 5Y 256 HeAl 19 65 pg bl oshs M Y NBXYS « 855 pg, bl sl 5 5 Y LOA £ sy Sk D
LaNd 655 pg)lid ophesl 3 Y A VY

b: bacteriocin; 10A: L. plantarum strain 3360; V3 L. plantarum strain Heal 19; Se: L. plantarum strain 7232; Sa: L. plantarum strain
Ib51; Ab: L. plantarum strain Lan4.
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Fig. 6- Comparison of the effect of bacteriocins with commercial nisin in inhibiting the indicator strains in dilution 10% and

108
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Introduction

Wheat germ is a valuable nutritional supplement and a by-product of the flour milling industry used for animal feed
and oil extraction. Quinone compounds found in wheat germ have anti-cancer properties that are abundantly found in
wheat germ. The aim of this study was to investigate the effect of fermentation conditions on the bioactive compounds
in wheat germ with anti-cancer properties. For this purpose, the Saccharomyces cerevisiae 5022 and Lactobacillus
plantarum strain 1058 were used for fermentation of wheat germ under different pH levels (4.5, 6, and 7.5) over
different time (24, 48, and 72h). Response Surface Methodology was used to find the optimal fermentation conditions
and to investigate the effects of above-mentioned conditions on DPPH radical scavenging activity, total phenolics and
dimethoxy benzoquinone (DMBQ) content. Moreover, the amounts of bio-peptides and gamma aminobutric acid
(GABA) were also determined under optimum conditions.

Materials and Methods

To accomplish the fermentation process, 10 g of wheat germ was suspended in 200 mL of sodium phosphate buffer
solution. Bacterial and yeast cells were then separated from the culture medium by a centrifugation at 6,000xg for 5 min
at room temperature. The harvested cells were then washed with sterile phosphate buffer multiple times, resuspended in
water to achieve a cell population of 108 CFU/mL, and finally homogenized using a vortex unit. The yeast and bacterial
cells were incubated at 28° C and 37° C, respectively, for 24, 48, and 72 h at pH levels of 4.5, 6.0, and 7.5. Upon the
completion of each fermentation process, the obtained samples were lyophilized. Total phenolic content (TPC) was
measured using the method adapted by Liu et al. (2017). Briefly, the Folin-Ciocalteu phenol reagent was diluted ten
times using distilled water. Subsequently, 0.1 mL of the extract was mixed with 0.75 mL of the diluted reagent. After 10
min, 0.75 mL sodium carbonate solution (2% wi/v) was added to the mixture and vortexed. The absorbance was
measured at 765 nm by a spectrophotometer. The antioxidant activity of fermented wheat germs was assessed using the
free radical scavenging activity of the samples evaluated through a DPPH radical assay. Briefly, 2 mL of wheat germ
extract was diluted with 100 mL 90% methanol aqueous solution. The methanol extract was then mixed with 4 mL of
DPPH stock solution. The tube was subsequently kept in the dark for 45 min. The absorbance of each sample was then
read using a spectrophotometer at 517 nm (Adedoyin et al., 2013). Dimethoxy benzoquinone (DMBQ) content was
measured by an HPLC system. Briefly, 10 g of lyophilized wheat germ sample was dissolved in 250 mL of distilled
water and extracted three times by shaking with 200 mL of chloroform. The chloroform layers were collected, washed
three times with distilled water, and exposed to sodium sulfate solution to induce drying of the sample. The filtrate was
then evaporated using a vacuum evaporator at 30° C to achieve a stable dry material. The dried sample was thereafter
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dissolved in the mobile phase and injected into the HPLC column to determine the DMBQ content. The HPLC system
was equipped with a C-18 column and a UV detector operating at 245 nm. The mobile phase consisted of 20%
acetonitrile-80% water (v/v) mixture at a flow rate of 0.5 mL/min and a temperature of 25° C.

Results and Conclusion

The highest biological activity was found when fermentation proceeded by L. plantarum under pH 6 for 48 h. Under
these optimal conditions, total phenol content (3.33 mg of GAE/Q), free DPPH radical scavenging (86.49%), dimethoxy
benzoquinone content (DMBQ) (0.56 mg/g), peptide content (607 pg/mL) and gamma aminobutyric acid (GABA)
(19983.88 mg/kg) were significantly higher than those of raw non-fermented samples. During the fermentation process,
increasing the pH levels led to enhancement of antioxidant activity, total phenolic and DMBQ contents up to 48 h
followed by a decline. Also, the fermentation time had a positive effect in the amount of the antioxidant activity, while
it allowed an increased followed by a decrease in the contents of total phenolic and DMBQ. These findings underscore
the importance of fermentation conditions of wheat germ by L. plantarum and Saccharomyces cerevisiae and can
potentially serve as a promising way for the development of valuable products with anti-cancer and antioxidant
functions.

Keywords: Gamma Aminobutyric Acid, Quinone, Lactobacillus plantarum, Saccharomyces cerevisiae
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Table 1- The points marked with the central composite design to investigate the characteristics of the fermented wheat germ

g pH (ol el g S0 99 TPC? RSA® DMBQ*
Sample Time Microorganism Type
1 75 24 o 1.80 50.01 0.069
Yeast
2 75 48 <5t 243 78.13 0.210
Bacteria
3 75 72 <5t 2.05 82.37 0.160
Bacteria
4 75 72 e 233 71.01 0.120
Yeast
5 75 48 oo 2.76 65.09 0.200
Yeast
6 6.0 48 5t 2.89 65.82 0520
Bacteria
7 6.0 24 5L 2.75 7778 0.098
Bacteria
8 45 48 o 2.53 77.53 0.150
Yeast
9 45 24 5L 1.83 59.49 0.088
Bacteria
10 6.0 24 o 2.46 75.44 0.076
Yeast
11 6.0 72 <5t 3.05 89.15 0.360
Bacteria
12 45 72 @St 226 80.19 0.210
Bacteria
13 6.0 48 <55t 295 83.24 0.530
Bacteria
14 45 72 oo 2.33 82.77 0.084
Yeast
15 75 2 <5t 1.64 61.08 0.079
Bacteria
16 6.0 48 <5t 341 85.64 0.600
Bacteria
17 45 48 $5b 2.54 75.85 0.400
Bacteria
18 6.0 48 $5b 3.62 86.88 0.620
Bacteria
10 6.0 72 o= 2.75 87.27 0.170
Yeast
20 6.0 48 o 2.90 80.19 0.230
Yeast
21 45 24 o= 159 61.08 0.065
Yeast
22 6.0 48 o 3.45 85.00 0.350
Yeast
23 6.0 48 o 3.10 81.80 0.250
Yeast
24 6.0 48 oo 3.20 82.34 0.270
Yeast
25 6.0 48 o 3.34 85.73 0.380
Yeast
26 6.0 48 <5t 3.99 88.95 0.640
Bacteria
o o 1 55 354 oS5 53 i o 7 DPPH S JIKpl, (S35, 55 3 el SIS Jsbar 25 o o JS U5 ol sl o
PSP eS

L by the hour; 2 The amount of total phenol in milligrams equivalent to gallic acid per gram; 3 DPPH free radical scavenging in
percentage; 4 Dimethoxybenzoquinone in mg/g
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Fig. 1- Comparison of the effect of the type of microorganism on the amount of total phenol in wheat germ during
fermentation at different pHs and fermentation times
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Fig. 2- Effect of pH and time on total phenolic content of wheat germ fermented by (a) yeast and (b) bacteria
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Fig. 3- Comparison of the effect of the type of microorganism on the DPPH free radical scavenging percentage of wheat germ
during fermentation at different pHs and fermentation times
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Introduction

Marinated chicken meat is one of the traditional foods in Iran which is an indoor and outdoor popular food in different
areas of Iran due to its convenience and pleasant taste. It is also one of the authentic foods which is categorized in Iranian
traditional kebabs. This product is constituted of fresh pieces of chicken meat, diced in different pieces, marinated with
salt, lemon juice, verjuice, vegetables, saffron, spices, fruits and oil and then supplied as fresh and/or frozen form. After
the seasoning, it is grilled using a skewer. Therefore, it is necessary to investigate its microbial load, shelf life, and quality
changes during storage. To the best of our knowledge, there are no reports on the chemical and microbial properties of
processed chicken meat used as a factor to predict its shelf life. Thus, the present study was designed to examine the
relationship between physicochemical, microbial and sensory properties of the marinated chicken meat during storage
using symmetric multivariate (determination of correlation coefficients and principal components analysis) and
asymmetric methods (partial least squares regression).

Materials and Methods

In this study, 30 samples of marinated chicken meat were collected from restaurants. Then, the asymmetric method
(completely randomized factorial and partial least squares regression) and symmetric method (coefficients of
determination and Principal components analysis) were used for the study of chemical (aw, TVN, pH, O/R) and microbial
(total count, Staphylococcus aureusand Escherichia coli) and organoleptic characteristics of samples on the storage days
of 0, 3, 6 and 9.An a, meter was used to measure the aqueous activity (aw), an automatic Kjeldahl device was used to
measure total volatile nitrogen (TVN) and a pH meter was used to measure pH and redox potential (O / R). The dilution
method was used to count the total bacteria. The cooked meat and bird parker media were used to identify Staphylococcus
aureus. The MPN method was used to identify Escherichia coli. Sensory evaluations were carried out by 10 trained
panelists. All assessors of the internal sensory panel assumed the basic odor test and color vision test. Each sample
contained 50g marinated chicken meat, which was given to panelists in plastic containers at room temperature. The color,
odor and overall acceptance of the marinated chicken meat were assessed. Each evaluator randomly evaluated the samples
and served drinking water before each evaluation. Each parameter was scored in a 5-point scaling ranging from 1 (lowest)
to 5 (highest). The data on the physicochemical, sensory and microbial properties of marinated chicken meat were
statistically analyzed using Minitab 15 software (Minitab Inc., State College, PA, USA). The mean values of the
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treatments were compared by Duncan's multiple range test at a confidence level of 95%. Each experiment was performed
in three replications. The PCA and PLSR modeling were also performed on the datasets.

Results and Discussion

Results from the statistical analysis suggest that the microbial and chemical parameters of marinated chicken meat
were greatly capable of predicting its shelf life. Determination coefficients, principal components analysis (PCA), and
partial least squares regression (PLSR) models are able to extract relevant information and offer an easy and promising
approach for the interpretation microbial and chemical properties of samples and their correlation with shelf life. The
obtained results indicated that three parameters including pH, redox potential and total count had the highest correlation
with shelf life, recommended as the predictive components. The results of measuring water activity in chicken meat
samples during storage at refrigerator temperature showed that the ay parameter did not change significantly during
storage time in the samples while the pH, TVN and O / R parameters were significantly affected. Changes in the total
count, Staphylococcus aureus and Escherichia coli were also significant during refrigeration. Sensory evaluation
experiments showed that all samples had no signs of spoilage until the sixth day.

Conclusion

The obtained results indicated that three parameters including pH, redox potential and total count had the highest
correlation with shelf life, recommended as the predictive components. Overall, we can produce a product with higher
quality and shelf-life if high quality raw materials are supplied with suitable pH values and also, hygienic production is
considered.

Keywords: Marinated chicken meat, Principal component analysis, Regression, Shelf life
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Fig. 1- Results of a, measurement in 10 marinated chicken meat samples on first day (A) and at different times of storage in

the refrigerator (B)
The same letters indicate no significant difference at the confidence level of 95%.
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Fig. 2- Results of TVN measurement in 10 marinated chicken meat samples on first day (A) and at different times of storage

in the refrigerator (B)
The same letters indicate no significant difference at the confidence level of 95%.
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Fig. 3- Results of pH measurement in 10 marinated chicken meat samples on first day (A) and at different times of storage in the

refrigerator (B)
The same letters indicate no significant difference at the confidence level of 95%.
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Fig. 4- Results of O/R measurement in 10 marinated chicken meat samples on first day (A) and at different times of storage in

the refrigerator (B)
The same letters indicate no significant difference at the confidence level of 95%.
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Fig. 5- Results of bacterial total count measurement in 10 marinated chicken meat samples on first day (A) and at different

times of storage in the refrigerator (B)
The same letters indicate no significant difference at the confidence level of 95%.
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Introduction

Hydrocolloid is a term refers to all polysaccharides extracted from plants, seeds, and microbial sources that
regardless of their biological and nutritional role has various functional properties in food products such as
concentration and gel production of aqueous solutions, stabilization of foam, emulsions and dispersed systems,
prevention of ice and sugar crystals, control of the release of flavor compounds and consequently control and improve
food quality. Ultrasound has been widely used in the food industry due to its numerous physical and chemical effects.
The effect of ultrasound is due to cavitation, heating, dynamic mobility and shear stresses to the sample. Today,
ultrasound is used as a green new technology with unique effects on food storage and processing. One of the newest
applications of ultrasound is altering the structure of polymers such as polysaccharides. Changes in the structure of
hydrocolloids lead to modification in their functional properties.

Materials and Methods

In this study, effect of ultrasonic waves, time (0-90 min) and processing temperature (25-75 °C) on
physicochemical, rheological and functional properties of locust bean gum was investigated. In this regards, different
parameters including changes in pH, solubility, minimum gelatinization concentration, viscosity and emulsifying
properties (Emulsifying capacity, emulsion stability and particle dimensions) of treated locust bean gum were
determined. Response surface methodology in central composite design was used to evaluate the effect of independent
variables on qualitative properties of locust bean gum and model their changes. The best treatment condition was
determined and the optimum treated samples were evaluated and compared in microstructure using scanning electron
microscopy, rheological properties (rotational and oscillatory test) and Fourier transform infra-red.

Results and Discussion

The results showed that with increasing the time of ultrasound treatment, pH, and viscosity of the hydrocolloid
decreased and its solubility and minimum gel concentration increased. However, with increasing temperature, pH,
minimum gelatinization concentration and hydrocolloid viscosity increased and its solubility decreased. Optimization of
treatment conditions was performed by considering the achievement of the best hydrocolloid performance
characteristics. Two different temperature and time conditions were proposed for the desirable treatment of the
hydrocolloid using ultrasound. In the first case, the selection criteria were to achieve the best solubility and emulsifying
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properties of the hydrocolloid, and in the second case, the selection criteria were solubility and emulsifying properties
improvement while maintaining the gelatinization properties of the hydrocolloid. Based on the desired quality factors,
optimization was performed and the results showed that in the first optimal sample (treated at 40 ° C and 48.9 minutes),
solubility and emulsifying properties and in the second optimal sample (treated at 66.67 ° C and 15 Min) by maintaining
the gelation properties of hydrocolloid, the solubility of the hydrocolloid increased significantly. The performance of
treated samples validated developed models. SEM results showed that the ultrasound increased three-dimensional
structure of gum. The smaller microscopic structure was observed in untreated sample and the larger one was in treated
with ultrasonic waves for 40.9 minutes at 40 ° C. Therefore, ultrasound caused agglomeration of treated freeze dried
gum. It is noteworthy that several holes observed in the structure of treated gum with ultrasonic, which can increase
solubility of the gum. The flow behavior of the sonicated and control samples showed that the viscosity of all samples
decreased with increasing shear rate, which indicates their pseudoplastic behavior. At low shear rates (about 0.01 per
second), the viscosity of the control sample was higher than that of the sonicated samples. However, at high shear rates
(about 40 per second), viscosity of the three samples were almost the same. Therefore, the control sample was more
affective to shear rate compared to the treated samples. The modulus of elasticity (G ') and viscosity (G' ) of the treated
specimens were lower compared to the control. Also, the frequency sweep of samples shown that in the frequency range
under study, G 'and G" were frequency dependent and with increasing frequency, the amount of these two parameters
increased. This observation indicates the influence of rheological properties of the samples on the frequency changes
that are commonly observed in suspensions. At low frequencies, the predominance of viscous behavior over elastic was
observed in all three control and ultrasonic samples (G "> G ') and this feature was higher in the treated samples than
the control. The modulus of elasticity and viscosity of the treated sample for 49 minutes was lower than other treated
samples for 15 minutes, which shows the effect of ultrasound on the rheological properties of the hydrocolloid.

Conclusion

The results of this study showed that ultrasonic waves provide a good opportunity to change the physical and
functional properties of carob seed gum. It is possible to significantly improve the solubility and emulsifying activity of
this hydrocolloid using ultrasound. It is necessary to determine the treatment conditions of the sample according to the
intended application.

Keywords: Locust bean gum, Rheology, Solubility, Ultrasound, Viscosity
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Table 1- Levels of independent variables in treatments of Locust bean gum using ultrasounic waves

Treatment number

Independent variables

slowi 8 )lows JEwo (g puiio
Time (min) Temperature (°C)

ol L
1 45 50
2 75 33
3 90 50
4 45 25
5 45 50
6 0 50
7 45 50
8 45 75
9 45 50
10 45 33
11 15 33
12 75 67
13 15 67
Blank 0 25
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Table 2- Coefficients of developed models on the quality characteristics of treated Locast been gum using ultrasounic waves

Sources Quality characteristics
pH Solubility Average  Emulsifying Emulsion Minimum Viscosity
(&ilio) (%) particle capacity (%)  stability gelling (cP)
’ Culils size (um) Cud b (%) concentration &, TCON
e . S 0/
b)l.).sl u::svlfﬂ 053“"“9‘" gg)ldq,L'g J ; ( ?)Jy»
odld
Constant 5.49 73.88 1.76 31.15 26.53 1.16 87.68
coefficient
(cab o)
A -0.045" 451" -0.68™ 0.18™ -0.79™ -0.025" -6.64"

B -0.056" -30.83" 1.33" -1.86" -1.90° -0.016" 4.82"

AB - -2.22" 1.14™ -0.35™ -2.02" 0.040" -

A? - -1.81" 0.79" -2.09" -1.65 - -

B’ - -1.04™ 1.147 -2.20° -1.92° - -

R? 0.7959 0.9481 0.7529 0.9090 0.9084 0.8159 0.8410
Lack of fit 0.2452"™ 0.0548™ 0.1113™ 0.0855™ 0.1004" 0.6848™ 0.0542m™
e slbs)

(%51
QLa)' A
L>:B
20,00 lisebl o yd (6l gxe i
A: Time

B: Temperature
*: Significance at the 95% confidence level



vy

CgiyS Al dowo (S99 9 69 o 5 UL s Ty p Dol Elgol pl oy o omlis g 0313 1

1.22
12
) 1.18
: = 1.16
Eg 70 .
;o} % 1.14
)
S 112
] 1 75
65 -
B :
§ E
&
o
\E .5
<5
66.67 i, 50
- 41.665 \
Temperature (oc) Temperagye c)

Mean droplet Size (pm)

Emulsion stability (o)

66.67

)y = 41.665
CMperap, re(°c)




VoY 5 — 0135 Y olo 8 s« 1l i qolio g pole Sleiibof 4 i FYY

Fig. 1- Interaction effect of temperature and time of ultrasonic waves on solubility, gelation, average particle size, emulsifying
capacity and stability of emulsion
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Table 3- Comparison of predicted and measured results of optimum samples

Parameters Temperature 40 °C-time 48.9 Temperature 66.67 °C-time 15 min
L ol by min
Predicted Actual Error percentage  Predicted Actual
numbers numbers [PESRVY numbers  numbers
o sy S5 01! RPN IS RY
X X X
Solubility (%) 76.50 75.07 1.87 64.80 66.33 2.30
s
Emulsifying 31.50 30.66 2.67 25.17 25.92 2.89
capacity (%)
SHS Ggdgel b o
Emulsion 26.70 26.66 0.15 19.83 19.58 1.27
stability (%)
Ogsdel ol
Viscosity (cP) 83.93 86.30 2.82 99.14 95.00 1.35
A oS
Minimum gelling 1.17 1.25 6.84 1.08 1.15 6.08
concentration
(%)
ool Jj cdale Jolus
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Table 4- Mean comparison of physicochemical properties of optimum and control samples

Parameters Optimum 1 Optimum 2 Blank
L %ol ) A Y aae KT
Solubility (%) 75.07%+1.41 66.30°+1.13 57.85°+2.83
e
Emulsifying capacity (%) 30.66%+0.71 25.92°+1.41 27.48%+1.98
SIS gpdgel b o
Emulsion stability (%) 26.66%+1.00 19.58°+1.41 26.92%+2.69
Osmdgel (ol
Viscosity (cP) 86.03°+1.41 95.00°+2.83 111.00%+1.41
Ay jgSnsg
Minimum gelling 1.25%+0.01 1.15°+0.01 1.05°+0.01

concentration (%)
o Jj clale sl

Gl o[+ paw 3 I bz OS] o dimd Ll ¢ cidy yb )3 Sy pf gy —

42,85 YA ol g 01,5 ol doyd ¥ gl 3 Kol gl lael b osds jlag faws 1V digs —

42,33 \0 (o) 9 31)S il do 3 FFIFY Lod 1 Sguol ol zlool b o jlos jous 1V gy —
- Non-common letters in each row indicate a significant difference at the 0.05 level.
- Optimum 1: gum treated with ultrasonic waves at a temperature of 40 °C and a time of 48.9 min.
- Optimum 2: gum treated with ultrasonic waves at a temperature of 66.67°C and a time of 15 min.
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Fig. 2- FTIR spectra of ultrasonicated locust bean gum in optimum and control samples
(1. blank; 2. time: 15 min, temprature: 66.6 °c; 3. time: 48.9, temprature: 40 °c)
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Fig. 3- SEM micrographs of ultrasonicated locust bean gum samples
(Magnification 200x at right column and magnification 500x% at left column) (1: Time: 48.9 min, temperature: 40 °C, 2: Time: 15
min, temperature: 66.67 °C, 3: blank)
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Fig. 4- Rheological properties of locust bean gum (0.5% w/w) solution in the control and the treated samples under optimum
conditions using ultrasonic waves
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Introduction

Thermal process is the most prominent option for treating foods. During the heat treatment, food nutrients response
simultaneously but adversely under pH, temperature, moisture, and other provided conditions. It might result in an
irreversible transformation of composition and structure that influences oxidative stability and sensory properties. The
use of antioxidants is one of the most common methods to prevent edible oils oxidation. Safety concerns of synthetic
antioxidants including tert-butylhydroquinone (TBHQ) as food additives have led to increasing demands for natural
ones. Phenolic compounds such as Gallic Acid (GA) and Methyl Gallate (MG) represent to possess markedly high
activity to scavenge free radicals which are among the most powerful natural sources of oxidative inhibitors in foods.
Apart from their antioxidant activity, GA and MG also exhibit multiple biological characteristics such as anti-
atherogenic, anti-spasmodic, and anti-microbial activities. This study aimed to investigate the oxidative stability of the
in-use sunflower (S) and palm (P) oils as affected by the GA, MG, (GA+MG), and TBHQ to clarify their antioxidant
behavior.
Materials and Methods

Antioxidants Gallic acid, Methyl gallate and TBHQ (Purity>98%) were purchased from Sigma Aldrich, USA. All
solvents and chemicals were provided from Merck, Germany and Sigma Aldrich, USA with analytical grade.
Antioxidant-free sunflower and palm oil were prepared from Three Goals factory, Neyshabur, and potatoes (Agria
variety) from Fariman region, Khorasan Razavi.

Results and Discussion

Chemical changes, oxidative stability and quality indices of the in-use sunflower oil (S) and palm (P) (65:35 w.t. %)
were evaluated during 8-hour heat treatment at 180 °C through GA, MG, GA/MG (25:75, 50:50 and 25:75) and TBHQ.
All experiments were carried out in quadruplicate, and data were subjected to analysis of variance (One-way-ANOVA).
Mean data were compared based on Duncan's multiple range test at 5% level (p<0.05). Observations of the chemical
properties showed that sample S mainly contained Linoleic fatty acid (61.53%) and Oleic acid (25.50%) and for sample
P, Oleic acid (41.90%) and the saturated long-chain fatty acid of Palmitic acid (38.9%). Also, the total phenolic content
(TPC) and tocopherol (TTC) of sample P were 53.12 and 185(ug.g™), respectively, and sample S were 36.01 and 490

(Mg.gM). The results of oxidation stability test were analyzed based on Carbonyl value (CV), Conjugated diene value
(CDV) and acidity (FFA) parameters. According to our findings, all parameters increased significantly at different
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speeds during the heat treatment (p<0.05). Moreover, the oxidative stability of the in-use oil was significantly promoted
by the antioxidants added, meaning that the control treatment and the treatment containing synthetic antioxidant TBHQ
had the highest and lowest FFA%, respectively. The CDV of the antioxidant-free treatment was reduced by 68.6% in
the presence of GA75+MG25.1n addition, the CV change rate of the antioxidant-free sample in the presence of TBHQ
was reduced by 70.2%. It was concluded that the natural antioxidants were capable of being competed with TBHQ
antioxidants.

Conclusion

The results of this study showed that the heat treatment affected the nutritional value, quality indexes and chemical
structure of the treatments, decreasing the quality and stability of the oil. As observed, all FFA, CDV and CV
parameters increased significantly at different speeds during 8-hour frying process. The analysis also indicated that the
oxidative stability of the treatments increased at the presence of antioxidants during the heat treatment at 180 °C. Thus,
the control treatment and the treatment containing synthetic antioxidant TBHQ had the highest and lowest acidity,
respectively. Also, the CDV of the antioxidant-free treatment decreased by 68.6% in the presence of GA75+ MG25. In
addition, the rate of CV changes was declined by 70.2% through the TBHQ. The results indicated the key role of this
synthetic antioxidant in preventing the formation of secondary compounds in the advanced stages of oxidation.
It is evident that most synthetic antioxidants are volatile and heat sensitive. Furthermore, there are some limitations in
applying TBHQ to promote oxidative stability of food products due to its toxic potential. Evidences have also been
reported on the mutation caused by the synthetic antioxidant TBHQ in the living organism's body. Compared to
synthetic antioxidants, natural polyphenolic antioxidants such as MG and GA which widely distribute in plants mainly
have antioxidative properties. Compared to GA and MG, GA+MG antioxidants have a longer induction period and
higher oxidative stability. Promoting oxidative stability with such an arrangement of antioxidants is a good option in
taking advantage of this class of natural antioxidants. According to the results of this study, it can be inferred that with a
slight increase in natural antioxidants levels, we might be able to obtain the oxidative stability level comparable to the
behavior of synthetic antioxidant TBHQ. Of course, it is worth noting that the addition of natural antioxidants to food
such as edible oils should also be done according to national and international standards.

Keywords: Carbonyl value, Conjugated diene value, Gallic acid, Fatty acids, Methyl gallate, Oxidative stability,
TBHQ
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3- Polyunsaturated fatty acids (PUFA)
4- Monounsaturated fatty acids (MUFA)
5- Saturated fatty acids (SFA)
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Table 1-Fatty acid composition (%) of the in-use sunflower (SO) and palm (PO) oils
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Fatty acid
C18:2c 18:1c C18:0 Ci7:1 C17:0 Ci16:1 C16:0 C14:.0 C12:.0 C18:3c
SO 61.53 25.50 3.83 0.02 0.03 0.09 6.95 0.08 - 0.22
PO 11.82 41.90 4.37 0.02 0.09 0.18 38.91 1.03 0.22 0.22
@ Sl
Fatty acid
C24:.0 C22:1 C22:.0 C20:2 C20:1 C20:0 C18:3t C18:2t C18:1t
SO 0.25 0.04 0.76 0.03 0.16 0.26 - 0.24 -
PO - - 0.08 - 0.16 0.36 0.05 0.42 0.08
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Table 2- Total phenolic content (TPC) and tocopherols content (TTC) of the oils before the heat treatment*.
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CODEX-STAN210- o CODEX-STAN210- ol
1999 1999
I3 S
Phenolic compounds - 53.12+0.14 - 36.01+1.03
(h9.9%)
J9A5 Y OlS

Tocopherol compounds 4-193 185+1.01 403-935 490+99

(h9.9%)

* Mean + SD (standard deviation) of duplicate determinations.
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Fig. 1- Free fatty acids (FFA) (%) of the in-use oil as affected by antioxidants during frying at 180 °C.
Different letters over bar indicates significant difference between treatments according to Duncan’s multiple range test (p<
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Fig. 2- Conjugated diene value (CDV) of the in-use oil as affected by antioxidants during frying at 180 °C. Different letters
over bar indicates significant difference between treatments according to Duncan’s multiple range test (p< 0.05).
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Fig. 3- Conjugated diene value (CDV) of the in-use oil as affected during 8-hour frying at 180 °C
Different letters over bar indicates significant difference between treatments according to Duncan’s multiple range test (p< 0.05).
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Fig. 4- Carbonyl value (CV) of the in-use oil as affected by antioxidants during frying at 180 °C
Different letters over bar indicates significant difference between treatments according to Duncan’s multiple range test (p< 0.05).
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Fig. 5- Carbonyl value (CV) of the in-use oil as affected during 8-hour frying at 180 °C
Different letters over bar indicates significant difference between treatments according to Duncan’s multiple range test (p< 0.05)
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