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Introduction: Flavor, taste, odor and color of fresh apple juice is unstable during concentration process and

storage. Pectic substances and phenolic compounds are responsible for these physicochemical changes. So,
decreasing of these compounds is necessary to improve the appearance and marketability of apple juice. In fruit
juice industry, clarification is one of the most important steps which removes pectin, polyphenols and other
unfavorable components and prevents haze formation during storage. Enzymatic clarification (depectinization)
can be applied for removal of pectic substances by using pectinase. This enzyme can hydrolyze pectin and
produce pectin-protein complexes which would be settled easily. Also in depectinization step, some enzymes
such as amylase and amyloglucosidase can be used to degrade starch. Fining agents such as gelatin, bentonite,
activated carbon, silicasol or a combination of these compounds can be used in conventional clarification.
Sepiolite is a natural fibrous phyllasillicate clay mineral with a formula MgsSi12030(OH)4(OH,)s. nH,O(n=6-8)
which has specific physicochemical properties such as high porosity, surface area and adsorption capacity. This
clay clay has been used in several important applications such as decolorization of sugar juice, removal of
phosphorus from vegetable oil and enhancing decoloration of crude palm oil. In this research, efficiency of
Sepiolite for apple juice clarification was evaluated. First, the response surface methodology (RSM) was used to
optimize apple juice clarification conditions. Then, a comparison among Sepiolite and other commercial fining
agents in respect to clarification efficiency was accomplished. Finally, three types of zero-, first- and second-
order kinetic models were used for explanation of changes in turbidity, color, viscosity and total phenolic content
(TPC) during clarification process of apple juice.

Materials and Methods: The pasteurized and unclarified apple juice, Bentonite, Gelatin (Bloom= 80-100),
Amylase (Alphamyl MG) and Pectinase (Pectofruit XL) were gratefully obtained from Behnoosh Iran Co.
(Shahrekord, Iran). Sepiolite (with specific surface area of 105 m?/g) was purchased from Farapooyan lIsatis
Yazd Co. (Yazd, Iran). The kieselgel and chemicals with analytical grade were purchased from Merck Co.
(Germany). Sepiolite was activated with hydrochloric acid according to Balci’s method with slight modification.
For evaluation of Sepiolite changes, some analysis like pH, acidity, density and the moisture content of Sepiolite
clay were done before and after the activation by the method of Sabah and Celik. Specific surface area was
measured by using the BET method (Belsorp mini II, Japan). XRF method (PW148, Philips Co.) was used for
determining of difference between Sepiolite elemental compositions before and after the activation. A
pretreatment was conducted to improve the performance of fining agents according to Tiirkyilmaz et al.’s method
with slight modification. The swelling capability of fining agents in water increases their clarification capacity.
In the method of RSM, the independent factors at three levels were concentration of activated Sepiolite (0.05-
0.1% wi/v), temperature of clarification (50-60°C) and process time (2-10 h). Juice turbidity was regarded as
response. As the first step in clarification of apple juice, amylase and pectinase enzymes were applied (25 pl of
each enzyme per 100 mL juice at 20°C). The mixture was stirred and heated in an incubator at 55°C for 1 h.
Sepiolite was mixed with juice in certain concentrations, stirred and placed in definite temperature and time
according to each run of RSM. Finally, the juice was centrifuged (12000 rpm for 5 min) to remove the clay from
clarified juice. For kinetic studies, the above steps were done in the optimized conditions using 0.05% fining
agents at 50°C for 7 h. A portable turbidometer (MARTINI, Mi 415, Romania) and the capillary viscometer
(Ubbelohde-Viscometer, Fisher, USA) were used for measuring the juice turbidity and viscosity at 20°C and
expressed as NTU (Nephelometeric Turbidity Unit) and centipoise (cp), respectively. Color was measured at
20°C by using a color meter (ZE 6000, Nippon DENSHOKU). The parameters which used for color expression
were L* and a* parameters based on CIE Lab system. The Folin-Ciocalteu reagent was used for measuring the
total phenolic content of juice and expressed as mg gallic acid equivalent per 100 mL juice. To evaluate Sepiolite
performance in juice clarification, following fining agents were applied at optimal conditions: sepiolite (S),
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commercial bentonite (B), and combination of these agents with gelatin (G) and kieselgel (K) (S+G, B+G,
S+G+K, B+G+K). The used concentrations of bentonite, gelatin and kieselgel were 0.05%, 0.015% and 0.04%
(wiv), respectively. Sampling was conducted at 1 h intervals to evaluate the changes in juice turbidity, viscosity,
color and TPC during clarification process. The rates of changes were determined by three types of zero-, first-
and second-order kinetic models.

Results and Discussion: Results showed that the activated Sepiolite had less amounts of weight loss, density
and pH than the native sample. On the other hand, moisture content and acidity increased. Also, acid activated
Sepiolite had higher amounts of SiO, groups. The second-order polynomial (quadratic) model was suggested as
the best for describing the optimum conditions of clarification with insignificant lack of fit and high R?(0.9845).
Based on the results, process time had a significant (p<0.05) effect on turbidity in linear and quadratic terms.
The effect of temperature on turbidity was negative in quadratic term. The interaction effect between
temperature and clay concentration and between temperature and time was significant. The optimum condition
was obtained by using the 0.05% clay concentration at 50°C for 7 h. Application of all treatments caused to
decrease in turbidity, viscosity, TPC and the a" parameter, while the L™ parameter was increased. The findings
revealed that treatments of bentonite-gelatin-kieselgel and sepiolite-gelatin-kieselgel were the most active fining
agents that their use led to a reduction of 99.7% in turbidity of apple juice and produced a product with desirable
characteristics. Kinetic study for different features was performed and the results indicated that rate of changes in
turbidity, viscosity, total phenolic contents and color with time followed first-, zero-, first- and zero-order kinetic
models, respectively. Sepiolite can be recommended as a potential alternative for commercial bentonite in fruit
juice industry, although more studies are necessary.

Keywords: Activation, Apple juice, Bentonite, Clarification, Kinetic, Sepiolite
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Modeling of the some selected chemical properties of black Cumin seeds’ oil
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Introduction: Black Cumin seed (Nigella sativa L.) as one of the novel edible oil resources used commonly
nowadays as seasoning in food product industries due to considerable medicinal properties and high nutritional
impacts. Oil extraction by pressing method as an approach compared to other methods including solvent
extraction is faster, safer and cheaper. In the oil extraction process, the preparation of the seeds is a substantial
stage for obtaining oil with high quality and efficiency. Microwaves are electromagnetic waves that have a
frequency ranged from 300 MHz to 300 GHz with corresponding wave lengths ranged from 1 mm to 1 m. On the
other hand the artificial neural network as a powerful predictive tool in a wide scale of process parameters has
been studied on an industrial scale in this research in order to achieve a simple, rapid, precise as well as effective
model in the oil extraction of Nigella sativa L seed.

Materials and Methods: In the present study Black Cumin seeds after preparation including cleaning and
passing resistance of the samples in front of air and moisture were stored in a plastic bag until the day of
experiments. Then, they have been pre-treated with microwave within different processing times (90, 180 and
270 S) and powers (180, 540, and 900 W). Afterwards, seeds’ oil was extracted by screw rotational speed levels
approach (11, 34 and 57 rpm). Different selected parameters including extraction efficiency, oil acidity value,
color and oxidative stability were determined. To predict the alterations trend, the artificial neural network
(ANN) design in MATLAB R2013a software was used.

Results and Discussion: According to MSE and R? values obtained in this study, feed forward neural

network with transfer function sigmoid hyperbolic tangent and Levenberg- Marquardt learning algorithm with
topology of 3-10-5 (input layer with 3 neurons— a hidden layer with 10 neurons — output layer with 5 neurons)
were selected as the optimal neural network with R2 more than 0.995 and MSE equal to 0.0005. Also, the results
of the optimized and selected models were evaluated and these models with high correlation coefficients (over
0.949), were able to predict the changes' trend. According to the complexity and multiplicity of the effective
factors in food industry processes and the results of this research, the neural network can be introduced as an
acceptable model for modeling these processes. By determining the activation function in neural networks which
was a function of sigmoid hyperbolic tangent in this study and also, with having the amounts of weight and bias,
the connections created by the neuro-fuzzy model can be extracted. By defining this simple created mathematical
equation, in computer software such as Excel, we can have a useful, simple and accurate program for predicting
the desired parameters in the process of oil extraction by using microwave pre-treatment. Due to high accuracy
of neural model we can trust the prediction of these models with high confidence, and this model can be used to
optimize and control the process, which can lead to saving in energy and time, and on the other hand, can create
a better final product.

Key words: Artificial neural network, Oil extraction, Black Cumin seed, Screw rotational speed, Microwave.
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Introduction: Natural polymers have gained increasing attention for the development of packaging to reduce
ecologically-related problems caused by plastic packaging (environmental pollution). Among these natural
polymers, proteins such as gelatin is considered a good candidate for food packaging. However, several studies
have shown that gelatin films are brittle, and their hydrophilic nature connotes high water vapor permeability and
water solubility. Different solutions have been suggested to overcome these weaknesses, including adding
crosslinking agents and chemical modification, adding nanoparticles and developing bio-film blends and bilayers
with polysaccharides. Agar is a polysaccharide extracted from marine red algae, which is biocompatible, has
good mechanical properties and possesses good film-forming properties. Preventing food spoilage from light and
oxygen-induced oxidation is one of the greatest concerns in the food industry. Despite having good mechanical
and relatively good water vapor permeability properties, protein- or polysaccharide-based films don't have
sufficient barrier properties against oxygen and UV light that can't properly prevent the oxidation of food
products. Among nanoparticles, metal oxides like TiO2 (such as antiradiation and antimicrobial activities) and
Montmorillonite (such as improved mechanical and barrier properties against moisture, WVP and gases) have
evidenced good potential to improve functional properties of bio-films. Thus, the present study aimed to develop
a new biodegradable bilayer agar/gelatin film incorporating nanoclay and TiO, for food packaging, with
maximum water sensitivity and maximum UV light and oxygen barrier properties.

Materials and Methods: Agar/gelatin bilayer films were prepared by a two-step casting technique. First, the
agar layer was produced by solubilization of 1.5 g of agar powder (agar-agar analytical grade were obtained
from Merck Co., Germany) in 100 mL of distilled water. Then, glycerol (obtained from Merck Co., Germany)
was added as plasticizer. The agar film-forming solution was casted onto petri-dish. In the next step, the gelatin
(obtained from cold water fish skin was purchased from Sigma-Aldrich, St. Louis, MO, USA) solutions were
prepared by dissolving 4 g of the fish gelatin in 200 mL of distilled water. Glycerol was also added as plasticizer.
The TiO- dispersions (in ratios of 0 and 2% of the gelatin) and MMT (Na+-montmorillonite (in ratios of 0, 3, 5
and 10% of the gelatin)) were added to the gelatin solution and stirred and sonnicated. Finally, produced
solutions were then casted. The agar/gelatin films, with or without TiO, and MMT, were characterized using
SEM analysis. Film transparency, water vapor permeability, water solubility, swelling, surface color and
mechanical properties of the bilayer films were also examined.

Results and Discussion: In this study, bilayer films based on agar and gelatin incorporated with TiO2-MMT
nanoparticles have been successfully developed. Results demonstrated that some properties of the bilayer films
were greatly influenced by TiO, and MMT nanoparticle content. So that, the addition of TiO, decreased water
vapor permeability of the bilayers more than 15%, upon increasing TiO, content to 2%. However, swelling ratio
and moisture content increased with the increase in the nano-TiO2 content, probably due to the hydrophilic
nature of the TiO. nanoparticles. Also, whiteness index (WI) increased by adding 2% of TiO, nanoparticles. As
shown in the surface photograph of the bilayer films, TiO, generated more opaque and whiter films, which might
be related to the white color of TiO, nanoparticles in solution form. Also, the addition of MMT (0, 3, 5, and
10%) to bilayer-2% TiO; significantly decreased water vapor permeability and transmission of UV light of the
bilayer films. However, tensile strength (TS) decreased with further increase of the nanoparticle concentration.
Increasing the concentration of nanoparticles’ MMT to 5%, the tensile TS of the agar/gelatin films increased
from 12.86 to 20.54 MPa; it might also be related to the interactions between sulphydryl and carboxylic groups
from certain amino acids in the gelatin structure with MMT and TiO- nanoparticles. However, the TS decreased
again with further increase of the filler content up to 10% MMT. Also, the addition of MMT from 3%-10%
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concentration significantly reduced the elongation at break value (EB) of the bilayer films from 41.77 to 28.90%
for the bilayer films (p<0.05). This might be related to the rigid nature of the nanoparticles, which restricts the
motion of the gelatin matrix in terms of the strong interactions between the fillers and gelatin matrix which can
reduce the EB of the polymeric matrix. Moreover, incorporating 2% TiO, and high concentration of MMT
(especially 10%) reduced films’ light transmission in UV light can be desirable for the food-packaging industry.
Thus, results suggest that the bilayer films containing nano-TiO.-MMT may have potential for preservation of
light-sensitive food. However, future studies on real food systems are required.

Keywords: Agar, Fish gelatin, Nanocomposite, Titanium dioxide, Nanoclay
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Introduction: The Phaseolus Vulgaris on a global scale of cultivation has been categorized in the first rank
and considered as the seventh staple food in the world. Proteins are usually classified into 3 groups including
flours with 50 to 65 percent protein, concentrate with 65 percent protein and isolates with over 90 percent
protein. Protein concentrate is produced by defatted flour through removal of soluble sugars, soluble fiber and
minor compounds by alcohol, water or diluted acid with pH around 4-4.8. Protein isolate is affected by further
refining processes compared to protein concentrate. In addition to the importance of the nutritional properties,
crop proteins have a key role as a functional agent in the formulation of food products. Solubility, water binding
capacity, oil absorption capacity, emulsifying and foaming abilities are noticed as the main functional properties.
One of the specific and unique varieties of beans is Phaseolus Vulgaris var (aroos bean). The aim of this study
was to determine the chemical composition of flour and bean protein isolate. In addition, some of the functional
properties such as emulsification properties, foaming and stability as well as the effect of pH and ionic strength
on above-mentioned characteristics were investigated.

Materials and Methods: The seed of Phaseolus Vulgaris and refined soybean oil (Oila) were purchased
from Sari local supermarket. Phaseolus Vulgaris protein isolate was extracted and obtained powder was kept in
impervious polyethylene plastic bags against moisture and air and placed at -18 ° C until analysis. The efficiency
was calculated based on the sediment. Also, chemical composition and purity of the isolates were determined.
Some functional properties, including emulsifying properties and foaming capacity at pH 4, 7, 8 and 10 were
tested; and impact of the ionic strength of NaCl in concentrations of 0, 0.5 and 1 molar were examined. The
results of all treatments were expressed based on the average of triplicate. Means were subjected to analysis of
variances (one way-ANOVA) using (SPSS Statistics version 16) software program. Differences among the mean
values of the various treatments were determined by Duncan test and the significance was defined at p < 0.05.
The graphs were drawn using Excel software.

Results and Discussion: Phaseolus Vulgaris had 9% protein isolate efficiency and purity of 89.06%. The
amount of protein in Phaseolus Vulgaris flour was less than the amount of protein that has been reported for
other crops. While in terms of purity, protein isolate was similar to legumes in other studies. Foaming ability and
emulsifying properties of Phaseolus Vulgaris protein isolate at 7 = pH were 42% and 65%, respectively. The
value of this parameter using exposure to alkaline region and keeping far from the isoelectric point at pH = 10
were risen to the highest amount of 70.23% and 77.33%, respectively. During 90 minutes, stability of emulsions
and foams were gradually decreased. With increasing of NaCl concentrations, foaming capacity and emulsifying
properties were significantly reduced. Considering the efficient functional of Phaseolus Vulgaris protein isolate,
further investigation required in order to be used in the formulation of meat products, cakes, cookies, crackers,
sauces and soups.

Keywords: Protein, Emulsifying properties, Foaming capacity, Phaseolus Vulgaris var (aroos bean)
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Introduction: Tomato is one of the most important vegetable crops in Iran and is grown commercially in
every state in the country. Tomatoes are climacteric in nature and climacteric fruits submitted to gamma
irradiation exhibit a delay of ripening. In the specific case of tomatoes, irradiation generally delays ripening
when the treatment is applied at the pre-climacteric stage. Mechanical properties are very important quality
property in tomato. Determination of the storage time effect on the evolution of this quality is a desirable
objective for producers, distributors and marketing agencies, who need reliable firmness measuring instruments
for commercial purpose. Previous studies carried out by different researchers show that impact techniques can be
used to evaluate firmness of fruits successfully. Quick and nondestructive methods for measuring texture are
critical for controlling postharvest quality of crops and fruits. Polymer films are ubiquitous in the food industry,
fulfilling a range of functions including a significant role in reducing food waste. Also, it can be possible to
extend shelf-life with some coatings, including polymer films.

Materials and Methods: In this study, tomatoes were irradiated in Atomic Energy Organization of Iran. For
irradiation of samples, cobalt 60 (Gamma Cell 220) was used. The samples were irradiated with doses of 0
(contral), 0.25, 0.5 and 1 kG, then transferred to the laboratory and kept in a refrigerator at 6 + 1 ° C and 65 +
4% relative humidity for 21 days. In order to pack, polyethylene film with medium density (thickness of 0.3 mm
and depth and width, respectively, 6.5 and 19 cm) were obtained from the Iranian Polymer Research Institute.
Experiments were performed on samples coated with polyethylene film in 7 days intervals. Acoustic tests were
performed using Impact Test System. The system was covered with aluminum chamber and inside with wood
and clouds. The system was internally equipped with the sample location on the floor, the impact mechanism and
the receiver of the signal. In this audio excitation system, samples were taken with the help of a blow. By
applying a blow to the sample surface, the audio signal was sent to the sample and then measured by a receiver
placed at a distance of 7 mm from the sample. The experiments were performed every 7 days. During the
experiment period, the physical and mechanical properties of the samples were measured. Data were analyzed
using SPSS.20 software. Correlation between hit parameters and firmness of penetration test were checked out
using regression in Excell .2013 software, and predicted a suitable model for determining the firmness of tomato.

Results and Discussion: The results showed that after 21 days of storage time, the amount of mass and
density for irradiated sample with a 0.5 kGy dose in polyethylene film compared to control sample (uncoated)
decreased to 22.53 and 12.34 %, respectively, and had more resonant frequency to 26.58%. Also, irradiated
sample with a 0.5 kGy dose in polyethylene film compared to samples irradiated with doses of 1 kg and non-
irradiated samples in polyethylene film had higher modulus of elasticity and firmness to 37.74, 26.48 % and 25%
and 18.12%, respectively. The maximum penetration force in destructive testing had strong relationship with the
parameters obtained from Acoustic test such as resonant frequency, Strength index and Modulus of elasticity
with a correlation coefficient to 0.893, 0.913 and 0.886, respectively. Combination of polyethylene film with 0.5
kG irradiation on the changes in mass and volume, strength coefficient, resonance frequency, elasticity modulus
and rigidity obtained from the impact test have the best results. Also, combination of polyethylene coating and
21-day storage time on mass and volume changes, strength coefficient, resonant frequency, elasticity modulus
and stiffness from the impact test reduced the storage performance. According to the results of this study, by
irradiation of a sample of tomatoes with a 0.5 kG and using a polyethylene film, it can be stored with a slight
change in stiffness and texture for a period of 21 days, and possibly more, which causes increase the shelf-life in
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the warehouse, reduce storage costs in the warehouse by conventional methods and increase the possibility to
export. As a summing up, irradiation in combination with Polyethylene films is a good way to preserve tomatoes
tissue and Acoustic textures is a useful way to be replaced with Penetration test.

Keywords: Acoustic, Gamma Irradiation, Polyethylene, Firmness, Tomatoes.



Iranian Food Science and Technology
Research Journal

Vol. 14, No. 1, Apr. May. 2018, p. 59- 68 3‘!‘ i

lnl 188 abus g pale Sleidgly a1 pid
59-68.p 1397 cuiuguusdsl- 105858 oL olants 14 k>

oS S oslas 95 Seded Sloo goas 5 S 53 DS 5 Ol p gl Al Gla s, S

(Pimpinella affinis) as ,u!

3&.:,"9. 40 goans —2¢wj1|..\.">:|..\> Sy dases —*zdé.".d e Bldes —leu 8 55 c\.@ﬂ
1395/07/13 : st 4s &b
1395/12/08 : s ., &b

2>

25 e (S g b s a5 ool ] dd b g,Siets LS 5l ealisl Lul3El a4 yoie yeal (sla 53938 (ol Lolis i3l

slaysg, b a8 ( pimpinella affinis) asu,bl olS o )las g,S0ebss cullsd oy oo b adlbae opl ciitad b 09,Se0ts LS 5 5|
Jolis 5 (MIC) _SatiS canlos clalé Joho 1 plosl g 005 ]Skl Sigud gl 5| o3litsl 5 e 553 Jlows 51 @2l cpgmasl ol iliso
053] s PPl gt pise i) (950 Slddigs i Bsk19See b9 3l 00litl L laolas (MBC) (Swsselale
laolas JS' Jgib polie a3 (e LC-MS olSauss sl oolizsl b (Jgib S 5 (psmSd 0 e a9 s Ll sl 5 35l yolisagoses
oS sy Jp LS 5 ol Yl Sgulyl b gl e, o5 ol gl 5 (MIGA/L00GE) 1502/25-1836/69 .y
oosog) esSSkillenaly L5 Sl 355 (B9) 9 Ngwl iyl (e b ead glmal slaeslas 4 i iy MBC g MIC y0lie (52t
3 a6 5 Jgib LS 5 (g Ll s & aom Ul ojlas idgs s Sy o teglio gl olisagisw o ATyl 5 581 o 5 ol
925 S 5 Sy gl Bl o g Casl (9,Send b g il 5 Jgpieels sl S359,18T sl SBB cspsl SYE 3

D555 1,8 ookl 350 (b

t9Sed Collad gl sl slaiyy (i 358 semlyole cigwl iyl o Ul 605 S bejly

ot Sads Sl 3l oaimd s 35568 lalllas g asgs log,l5 o
Cowan, 1999; ) ceul e e¥gmme » aLS olSy
Cow .(Gyawali& Ibrahim, 2012; Hayek et al.,2013
o 53 yods b3 Wojlgilufay glgil )3 (> Cuoglie jop S0
Oy JBls an cge w95 OluS i plulid
sl glaean gl jloslial 5 bojlgslgy) (9l cunglio
Celiktas et al., ) cul 03905 iz 93 1y olows (slvos)lnSs
(9ot DS 5 35 1l s & (LS (slao las (2007
s YL Ul o] s, oS i olge o otoluSTos
Tajkarimi) w15 1) b 0150655 o lgicds (65,5
cul »LS *as0 bl (et al.,2010; Hussain et al., 2008
Wl cilises gblis 5 4 e 5le 110-20 glis) | dlus,
bS5 S (oo 1) plpl Jlad 5 6350 (Al g 49w
oS pl.(Bozin etal.,2006) cul JS5 o sbogse g dubu
b ;> 4 (Mozaffarian, 1996) o34  o29,Swetds Camols (I

4 Pimpinella affinis

doddo

Lol 085 J (S 238 0lge L basye slacslow

Ol 4 orie a5 cawl Sl dlge BALS A5 g EALS B pae
Sk 45m 3 g (omb (29,Swend OLS 5l oolistel &) day
5500 Sgm 3l Canl 0ad € lge (B le jas il g cunsS
o3lail )90 (55t o010 3)90 3 AT S puae (SIS
P 3 L LIPS | PSS 11 IPVIC SR L S A KT PO
el g b o ) ;D (owl i iz g AS sla slo)b
ol b g9, Sl b Gl Sy gl Lsla il
b GgyShen s oS . (Tajkarimi et al.,2010)c !
el das ySL cblges ¢l wile 5SUsS mlie jlslss o

03Stils ¢ gli gl 5 ple 09,5 olil 5 (£y555 (symiily gy =2 51
el (g3, oSl (5598
Ao g, oSl epgle 01Kty whon 5 09,5 Lokl =3
(Email: habibi@um.ac.ir e o g5 = ¥)
DOI: 10.22067/ifstrj.v1396i0.59302



1397 il = 2393 oL oylesds 14wl oyl o218 @loo g pole Sleciing} 4 pis 00

4 yiamesl 100 ,Lz8 35°C (clos > Slymo 398 opySanSlied
(Suprex MPS/225 oS jl osliuwl L 5 aiid> 30 s
0l S bass M lgieds Joilio 1.0 plosl Multipurpose)
sy b Mo e 5l doy 00 elytal o lae 5 o3lizl
LS ol 2S5 -18°C Loy j> (45°C) 41l
(Tachakittirungrod et al., 2007)

Sgml gl (9,

100 b g 3 o595 9515 b as,bl oLS o 439y aiges p,5 20
by s (50:50) oz s & Ol = J5ibl (L5) I3l 2 Lo
30 wue 4 (Elmas model 690/H) 154wl gl plos 55 9 15,5
b (BLol Mo 5 <85 )15 55,mels' 35 s 6 9 35°C 5 aass
U 0 Laglis oylas 05y (45°C) gillel (o)) 31 o0z
Goli etal., ) 15 (6,0 -18°C lod b 3,8 55 odlitul o
(2005

I3 S 5 U a5 503151

Gyzo ;2 o 5 L ojluas l ad e 05 e g, (0l o
D9 0 §uby yhaie Ul L10 0 1 cuns @ &S godlS g oo
ol 4 (Ve 1) Sl i I s s 10,5 bglscs
Jy345°C clad U (o ples ;o aadsld e 4 g i adlis]
ol 165 )3 o] G s 9 2l (55208 (o B b aizb S
=i pwy (gl A ealed UV-VIS jiegids iSy wl bowgs
O L3 L diged Jgid jlade 5 s edlatnl ! SJE 51 5l
= (Y =1.02x +0.431) Lot abslee o oylac Glo Hlido
Albu et ) w5 ol oylas p)5 5 SIB sl o Ylg S Lo  wla
(al., 2004

29,500 S glowe ad
(ATCC19112) * st wsipe Lpiau] om29)Sun sLitsgu
S iijae] uligegdss AATCC25923) % yugtsg) yosS 58 philen!
Oygody s29y5ue (ATCC25922) 4 Ity il 4 (ATCCO027)
slaptmgg olojls og)See SOl (5maSIS lo3abdod (sla ol
A 3505 LaTSBS ot e bawg g ans (IROST) )l

1 Listeria monocytogenes

2 Staphylococcus aureus

3 Pseudomonas aeruginosa

4 Escherichia coli

5 Iranian Research Organization for Science
and Technology

6 Tryptic Soy Broth

291 Il g slslis ALS Ssiess GiAS plyied ol I st
3l oylbas glsiul (¢l (Gulcin et al., 2003) 3¢5, o0 o3l
ook 4y e o o 51 &S 05 o o0litl e sla by,
355 Jlw esa99,Sele L8 Ly lsei il ¢ygpmslyle
3 Ggel e (g 2905 o)Ll gl gl Elgal sl oslial o Sl
D98 e Canj lazme (S3gll 4 oo 5 3,0 (3L Hlws S &
o Sl S jlolatal b &8 Slhon 398 Jlew b gl
9 pLogl ()5 uSli6d Wle cow o8 5 Jlidl LByt
gloel SS' L glysaiwl gy ol Cannj lagee jlituwgs oo,
oS ol b LS 5 gl (5 sloiey 5 (S Syl
@ e (Ggelingls oddy dbul b @l loj pials  ogde
ly gl glosily 5 39500 (LS Glacdl (19,0 & S 35
(Razavi & Esmaeilzadeh kenari, 2016) sa> o !53]
cullad gl cilisee laghy) Sl ooyp adlas cpl l Gaa
09 OluS 5 (alulid 5 a0l olS Sy o)las (09 ,Seer

g 0ylas

Loy, 9 g0
Olall Sye &8 35 51 gy el 59 03litl 3550 (aload dlgo
3,555 HPLC as s 5l Ked 9 505 (o)l ,3 oyl LS 4
oS ol b sloolityg) ) (sglann 3l A o Ul elS L0
SyaliS aaSisly wlidolLS isy lawg flhale bl jo
5 St bap oo 3 (s (85 )18 a0l 350 (gl ol
Clowl b g a5 Sis ga by 3 9 My 595 51 590 4 SO
g 35 S (59,50 800) 80 i b Sl awgsg dal s y39) s yguas
slod b oy jd oy Y 90 bl b dwS 50 oolazwl 4oy b

A5 6, 4°C

4w Ul Sy 0 las ] Sl
Ogl ol (09

100) 5 a1 s &y aomy Ul oS 353 £)5 20 aods jobouy
gl I3 L (% 2 e 500 5 o 1 L5 5, 05
1600 ce po b S > el 48 e @ (50:50) oo cosnns
4y ALl M s e gl ojlias U ud oS )5 adds > 90
2 odlid ooy L 5 e (A5°C (sleo) s9lalsl ()55, s
(Tabanca et al., 2007) & (¢l -18°C slos b 5,8

Sl 398 o)
L 10 an 1 cuis 4 450 )bl oLS oni 390 4395 3l 4,5 10
bowg gy So,luac .0 by I (50:50) ol : Jgilst U >



BL . s sSeond Sluogas § Slgid SluS 5 lime 2 g ydciusl o sy i1

LncsiSL 3, SSMIC s, slockals 1 s See 5 i
ST fgtiun Jgo cutS b 4y 39 00 ciBgio Mol bl p
ol 24-22 coae a5 lncly o ploul o iS5 Jatie
aS ojlas clale oy 5wl a6l 8xe 5 3T°C clos
IS MBC jslie glyisy i asy gl )3 by (6,51
(Oroojalian et al., 2010) Wi

LC-MS ;1 aalisus! b 8,las Joid oluS 35 cyomwSTy5 oyt
oK 3l dou )bl o)l il (sl oLl gl

ol&w> .5 edlawl (API 165Perkin-Elmer) xlo 81,5 5leg S
1100 Soslogsl L )8l 5 ySasges o ond Hl oy (sl
Oy 0351 g 5209l 220-500 ;Lo sl 651 39y 31,5 g3leg S
9o g 8o 100 55 oo g o shoe 150X 20 L 416
Sy 1SN gunil 599 39°C &)l amyd Jals ESI loglais
CEM L.l Bpsi® ,Ls L (curtain gas) ;L5 «Js 4500
s b o yiigial 1] )3 sl Sn L Jolona 2392 g 2300
= 2559550 12 Jgdomo s 5 0 s (9515) o
248> e 4y 5 4 Jarlowe ()53 oskee ) g Sim
LT (sl o3 43 Jobos 1 g Sum 5 15 i 5lr 13000g
(1 Joliss Sy 516 .28,5 1,5 oolil 5 )90 LC-MS olSwd )
%90 ;5 ol S0 )3 HO/L (& 9 T > dd ey %0/1
SlS 5 g 4idd g See 900 Gl £ b Ol r sl
S5 L olaS 5 bl gloj aunlie L ojlac )3 34290 Joib
A5 ko doyd s gyl e g s o lolis 5 lusliwl Jgid

o3y (5, kol Jowi g 4y 3205

MIC (yos ) odel Cannts @l (59, 2 (sylol Juloss g 4 jo
Mls” alegl 5o B > oo jlas Joib S 5 500 s MBC
aulio .85 &g 20 a5 SPSS l38le 5 5l ookl b bolas
S sl gy 5l oolinl b g oSSl 903l 51 edliul b laySSbie
IS5 aw p alislejl als las jialS jelaieds i plool ad )b
WP

osbat Iy S5 olee
sl bl alS plie 5l ods (gyglaen BLS (sloolas

4 Electrospraylonisation
5 Channel Electron Multiplier

3 el 18-24 cas 4 Lo iS¢ polo S lagomo angs |
(0Ls cusS) w5 03y (37°C slos) MHB! Lo

e SLSY g 0y las S sCE, and

Jlpmo i s Lno)Lae )5S o Syl (clo Jgle
= oS e 105 0/01 slacdalé b oo lae alisce clac,
a5 b g 5 15 225 0208 apuS lgus e (53 3 o
Syl o ylae (Minisart, NML) yiog,Seo 0/22 s yiuol <5 poo
whe dlao 3 )Lkl 65 )lg S5 eole loicds pydus LSY lLaad
(539 1 5359 20 60) s SLSY 019,500 305kl 05 o3l
slacd,y g as ool (oze/ o> %5) 2“599]9.\» o (60
b ag ke 8 (e 205 011 5l lisY s 55055
(Boziarin, et.al., 2011)

o las SuiSCailos Clilé JBlas cyuts

) J (SaS csilos e bile JBls s )5 lateas
NCCL) 5 o3l wl syl slasls 96 culy 5 3 sl Soo
LacsSioly 53 Sy ogiten e cai lagma il S 702000
70 Jolae) )6 So 015 15,Sem y5m sl 255 13
sdisbe 2 55 oSl 2 1/BX108CFUMMI gols oS 1ils Seo
cbale JBhis e g g 5l Sy (gl (Cl
5 a5 6Ll gl 96 claculis Koo & baojlas SauScaibes
Lol Saly ;b & ojlae dilisee lacd) 5l iy Seo 10 ups
210, ¢4Ls 48 > cuom 95 (Donald et al., 2001) s
J o W25 3 il Jito (55 MHB i Lama 25 S
Coly a9 St JYUS gty 092 0)lgjluofsy g (oo
39 ojbas yidg,See 10 s MHB Lo yis See 140 g5ls oS
s S 9 culys Ko 05 45 5 )5 ke Sy clgies
Singh et) wi ()liSalbe S an > 37 ,5ibsSil o el 24 ot
(al.,2000; Baghi, 1996

L s @l pliee pS0jluil dlusgay o)lgjlugy ) A jl cailas
ELISA Reader J; ¥l oa S e 51,8 oK 1 oali !
ol 9 23,5 )l (o936 630 ggo Jgbo o 2100- uSlisten)
(sl o5 o) MIC lises o5 015 0 a8 L sl
slaodly 1Sile 5 s plosl )5 aw p> Slislejl ples i yeuss
(Corbo et al., 2008) 13,5 ] MIC zuls lgieds ool sty

1 Mueller-Hinton broth
2 Dimethyl sulfoxide (DMSO)
3 Microdilution



1397 s = 2 )98 oL oylods 14 ol (ol (2138 @lio 5 pale Gleiidg}y i 02

L Sgl gl g Cogmlyple (29 93 3 (J98 OLS 5 29500
a0 gl o)luas il (ol s dme S [0S,
ol W el 1y (Joi8 LS5 slde op VL Sigul gl S5,
B eorp 2590 ogeaSTh 9 Jgib Ol 5 (olelid (6 o)las
‘_J}l_w D)IHb ¢U9A_wl.u9l§ LEERY) Jl}o] l) J.)9~.>|).Jsl Cl}ol A.,d)f
Jsls aly M 3a i ialidl U g o 50 1y alS clacdly
SeS ojlas (Joib LS 5 pier a2 pp gs S 4 2LS sla sl
9 o @l b bl ool (Hussain et al., 2008) .S -
Tt 5 45 5 (2014) 4, LSan 5 SsSlS (2008) oL San
Cdlls (LIS 0555 AS Sy ¢ sojpbls sy (sl (2014)
sy Joid OS5 wgwl gl wdges pMel byl (Ko a5 50

e gl il i oliee

A le (glod oy b OluS e is Ly 4y 4 S i wn
Lol Lo LU b sst GlaS 5 (aadsy ) gy )Sg ke
sl o Wyl Jgib g o Jgid a5y ol oS ola il
slao,las 3 39240 Joid oS 5 (Stefanakis et al.,2014)
el Laoylgjlosy (Joko o)lesd (siupdotnd Y 5 5L 2lS
Laojlgslassy sbadshu (som g9b 9 L cphideh (i3l
= STL ] a3 pgySeers Gl (S (pimen X9 oo
1S Jlesl Gan clamolgsluwgsy jMenS 91,8 swlyinal o351
940155 | edal Cwddy @l wlal » (Ojagh et al.,2010)
8 plogiby yiSe—ul (g, lawgs o)lias (Jgib Sl 5 (o5 Jiloo
1502/25 5565 (slaogy b o gyl Jgid oS 5 o lsme
sdalio 1 Jgio 13 a5 jghilen .54 (Mg GA/100g) 1836/69 b

(5 o5ty Sl gy &4 o T o buas 015 5 o3l S Jyid o1 Jyn

(mg GAJL00G E) JS Jgid

SxSo las iy £

1790/63+26/12
1502/52+19/40
1836/69+31/22

Ogelyule
S 3 Jle
Sl

ol U5 prdas )3 Iy gime MBI by (g o jd Gl g

93 SluS 5 )3 JanSgyhn oy S cuxdge ¢ dluw(al., 2015
Ol ilesTas e by Sge g (ol el o)lac )3 35200
Loy, S shiss iuli8l L ¢ (Ulte et al., 2002) coul el 5
Cowan, ) o Gliél ol (09)S00d Cllad JouS 5,000

(1999

Colile Jilas o F S wiSeebile JBla s 4w lio
Glisee (oo, las 2 Saus Cuailos
aS couwlojlias jl dale Blas ( Su)bjl clale Jols
Jolis g S 6,8 ols lae yiSL i) 5l ao > 90 lee 4 Wl oo
sl a8 cul ojlacyl (ale oo (ol Sl (Sais clale
a8 3l Lt ol 0 e s SL 5l aoyd 99/9 i) 5l 6,8 sl
S il oliagds s Sl il slmolysls
cbale BBl o syl usSsslslin] 5 pifpisgisels st
o)las sl o 6y S cdale Jils o SaScwles
2l YL g e p e Sl 10 (VL slackile 5w Ul
o Wgulydsl S8 L 5 (Slpm 398 gmlpule sl By Sl plsS
Bl cwl Sass algl gl b xS (g9, p 29 gl )il

1 Minimom inhibitory concentration
2 Minimom bacteriocidial concemtration

Az ,U1 o las ) sud (glwbd LS

15 LC-MS o183 b sgs 0 sylaslids oS 5 oy ytogeo
Jod SluS 5 ools a4z, bl oylas .l a3l (jLis 2 Jods
(2013) o) San 5 Simjlo sl Cpiummol ¢ ol S a5l
J) S o)luas (pg,Seers 5 (ialuSIad Gl pw)p ol
Al 1y ojlae 3 il § S s dg2g (b i odlgls
Adges

rt Ss5 ey )lS g Jsilio ojlas 53 yo ol adlllas >
595 lslisl (o )5 g St p)S (Sl ySL 0g)S 93 2 ()
e S5t b (il 5 sl olipegdpmo o soss]
= 2359550 156 o,lac aw o IpMIC i aisg SuS
, RNA 5 DNA i cyionn] 15536 B ails 59) y2) o
595 S 5 (Cushnie & Lamb, 2005) sl o 39450
b has ll & ag Jg 8l aom Ul o las )3 0ad Ll
2 Ylaas! oS 5 ol (Akroum etal., 2009) coul o ol o
JUye b oizmed 335 o 31 o 8L Jsho (slo)lins s
5L (e S ids (Stesed 035 Ont 5 T (903
olS 5 (Cowan, 1999) uS' o Jlael ) 393 (o9,Sweds <l
o)ae 3 o olaoli) Al LB 5 S jlogS- o o
Mianabadi et ) s og,Seeds Cyols gl (as,Ul



B3 .. s sSeend Sluogas § Slgid SluS 5 olime 2 ksl o sy i1

(2010) Lalzsle S 5 o libergye mmls Ly mls ol (3 Jsi)

Syh callas

2 Laoylgilug, Sudasceble fils 5 SusScele clale
01 gyl o jlas cuiga ol 5l am g 39 a8 gl gl g,
cusb )8 Show 398 gy 3l Jols ojlas g Ggmlpule (9)

@yl o,las gliowd cuS 5 =298

Sk sl (b cums ) e

41 5/09
5/03 0/04
6/1 1/59
7139 1/33
8/2 4/13
8/22 0/07
11/32 31/54
1173 0/24
12 0/1
13/4 0/84
13/9 0/03
15/10 011
15,12 0/02
15/22 1/34
15/54 0/14
16/04 12/73
16/1 3/26
16/8 1/05
18/3 1
18/42 8/14
18/54 0/06
18/6 0/54
18/63 6/68
1817 0/01
19/81 0/12
20/28 0/06
20/4 1/86
21/5 1119
21/69 0/07
22/45 5/62
34711 0/83

Gallic acid
3-O-Caffeoylquinic acid
4-O-Caffeoylquinic acid

3-caffeaylquinic acid (neochlorogenic acid)

5-O-Caffeoylquinic acid

5-caffeoylquinic acid (chlorogenic acid)

chlorogenic Acid
3-feruloylquinic acida

4-caffeaylquinic acid (cryptochlorogenic acid)

Quercetin-3-O-glucuronide
1,5-O-Dicaffeoylquinic acid
5-feruloylquinic acida
3,5-O-Dicaffeaylquinic acid
Quercetin-O-dihexoside
1-feruloylquinic acida
Cafeic acid
Apigenin-7-O-glucoside
Quercetin-3-O-rutinoside (rutin)

Quercetin-3-O-galactoside (hyperoside)
Apigenin-acetyl-apiosylglucoside (acetyl-apiin)

Kaempferol 3-O-rutinoside

Quercetin-3-O-glucoside (isoquercitrin)
Apigenin-malonyl-apiosylglucoside (malonyl-apiin)

4,5-O-Dicaffeaylquinic acid
Kaempferol 3-O-glucoside

Quercetin-3-O-glucuronide (miquelianin)

Luteolin-7-O-glucoside
Apigenin-6-C-glucoside
1,5-dicaffeoylquinic acid

Rosmarinic acid
p-Coumaric acid derivative

oagl olas b &Sy gl ulisagdse 5 ugisgl posS 55 phidli
w905 pMlel o 25 e 20 510 sy g 0ss Lo
7125 45 s pans Sgmlyle ojlas sly pols Limgsy ,» a5
o) ol 0391wy 3590 0)las g BT LW g dal Cowday
Sl oslata b Saascbale s bdges pMel (2014) o o
Sy sl S5 p ol o jlas 3)90 53 (pBokldg See B
28l GlRlsifgn oligesdge 9 (Al pil iisimpipol st

9] esSSalksli] (sl MIC jpolio o] glis ol 2

oo Q013) easy 5 019 adllas o 35y ATty 51 208
oY, b Pimpinella tirupatiensis olS o,lac 9,S00is @l )il
A Cons (LT il YL Gl odimd lis Sad o L]
s Sl 4l cobiws 5 390 ugdysl s sSobslinl
cble pSlas (1393) oLSan ¢ obolgs g a8 LSTuit il
sbae s g (Sruasedils Bl Saiscsile



1397 sl = 2393 oL oylesds 14wl oyl o238 @loo g pole cleciing} 4 pii 04

b calles b gl U by 350 40 gl oy

Ciliseo (s, las  SuntS CllE JBlas o S8 Coilow il JBlas -3 Jooa

(S ko 32 015 o) 5 il il Jilo (A o 22 055 (o) 5 S Canilos il Sl
o OUSY - Wgwl gl Glow Bgd pamwlpwle  miaw SUSY Wawl gl Glou Ggd pgelpwle 05 8)l93lw3,
16£1/%  10+1/08%  12+1/38¢  10+0/6% | 13/5£1/3A  4+0/25%  5/5+0/56¢ BHOIBBE  t gl usSsSelélia
16£1/%  1040/9%  14#1/180 138 13/5£1/3%  4+0/25C0  G/5+0/5280  6/25+0/438>  + Sisimgio byt
18+1/2%  14#1/1Ba  18#1/3A%  15#(/758a | 16/5+1/14A  B+(/5BR  Q+(/5Ba  7/250/25C Fian] lisossse
18+1/3%  14#1/1Ba  18#1/3A%  15#(/758a | 16/5+1/14A  8+(/5Ba  Q+(/5BR  7/2540/25C: - Sl

ol 15 g > (ylol o ixe VB! odimd Ui ygi yo p> aliie pi SogS gy
ol U5 ans 3 (gylol I ime BB oimd L5 Ly ya p> aliie pt S5 gy

9 (s ) LSV 5 hay o8 slam 3 09,5 lnjliig
bjom slap il 09,8 5l 2js8ulS sinal oniiSaly jgind (slagy 5l
£S5 slos S 3yge 3 S 4o 1) 0l 3)ly (gla JoSle )28
o Hgiew Lid g Joko 0)lg0> (ol (29,5000 Blge oo
S ol Sl g muodlysipe ol 4y e &S 03,8 (55 |,
533 pwsilSo (Duffy& Power, 2001; Negi et al.,2003)
Sl 5 (25 o Lagl il J5b SlaS 3 (g )Semss
(slaai 5 0 55 S 5 i el b S o
lonl JHB L ppiig sy i 53 b S o)lgd (xbas
a4 L 11 (Singh et al.,2000; Almajano et al., 2008) xS
SaoasScedale fSlas sy YL s ond aiS Sl es 4

D9l dgl (5 4 i p)S Slaojlyilog)

(8 35 4ol

=l dilise glagty; )l oy p 4 adllae cpl
@Lu ) 4\_1'>|.))J &J)bl blﬁf L_?)J O)La.c u:g;.i.m.)uo wob
9ol d Cdlad 5 0jlias Joid LS 5 e e db lis
LY ')‘)9‘“’])'J9| uus) )I Job D)L\A_C ..))I.} d9>9 w.a.a:“»o 4]4)]) D)L\a_c
b ga SeaMe o Joid S 5 gV polae g )by Jds
Caus (£ 50SMBC g MIC j5ld0 g 3l ylis (5 5YL (09,800
il (Gl 398 5 gl pule sy, Sl Jol> slaojlas 4
w0l o)lasc 4l 4 dagi b 45 WS o dloidy 50 ol @l
S olssar ) ol Blge )8 ) it oy Siens Ol
2503 odlatnl e Caio 3 b g Shods

ly b Sy SausScdale J81(2014) oLKen ¢ lsdols
s il olisagipw 5 7S ade 1l e o p S e 1215
ol b calize glacclle » S slaoylac (0340
Jemedar et ) i ;59 0] wlisegdgw 1y p obSbas
s ySL YL ol (1394) l)Sen 5 55 05 (al., 2014
@ Comsd (LS (sboojlas 4 ugS oS shdlinl g by cute p)5
slacgls e an |y (Ll il w5le (ke 25 sl ySh
ool e p)S (Sl yS 5> s oo jlyslsyy (Slasle
yge Jobo o)lpd Gl lo L ojlias Cgdg)an Gl 5 walitene
sl 255 131 S 5 o ol Joun (5l 05 o
s L g gy (6043985 (ol ©pgots b 31 cpl )08 o
e SIPL ©jg0t SSIL g 30 &) Jobo Sl ClS
o L)) e Sl (5 S (e 9 (2 S e
L]y Lao)las 53 35290 e 12l 5l (S (oliond slajlis Lo
(Corbo et al., 2008) slo3g05 3,155 )] b ySbas cullad
J=l8 sg-bas i laojlas (b yShas Sl 38> puuilse
Fojlas 13 39290 (It Sl 5 sy oS3y sl ot S
395 (g Sandsd Sl b L Jae 5 5L s 32,0
ey yoria Lt 6 pbgigh il b S 5 ol 5 ol
Ziech et al.,2012; ) by o Joho A5 pygie 5 > i3l
= o9dle it p,5 clacc Sl . (Kalemba & Kunicka, 2003

» b olyser g aibie s2)Ble (o sladsSlgesl 2 o
(Kalemba & Kunicka, 2003) 18 . Jos lacSign ol ply

5 o jblind) oMy (slib )3 9290 slag 3] uimen

&l

U_KH”J._& o)La_c U)S)S.«AM CA.JL!B UM’))J-‘1393 £ ‘d)AA—C oS c))sluuf c.} “_gJLS ‘.} 6§y c.é ‘d)sb c.l.& 56)»44) w8 cob.)l?



05 .. s sSeend Sluogas § Slgid SluS 5 olime 2 gkl o sy i1

15-9 ()6 (5 Sloy Slessg (Ssi pole ol
(Artemisia aucheri) « ¢S aieyd oylac b Sbas Bl )y 1394 Lo pais odljiemms g ¢ SU (gdamxe p e iinygl wp cygs s
slis 5 pode aolilad ¢ olie Lide b 15 lew (slog S 5l 5 » (Hyssopus officinalis L.) b3, (Artemisia sieberi) s 4o

Akroum, S., Bendjeddou, D., Satta, D., & Lalaoui, K., 2009, Antibacterial activity and acute toxicity effect offlavonoids
extracted from Mentha longifolia. AmericanEurasian Journal of Scientific Research, 4,93-96.

Albu, S., Joyce, E., Paniwnyk, L., Lorimer, P. & Mason, J., 2004, Potential for the use of ultrasound in the
extraction of antioxidants from Rosmarinusofficinalis for the food and pharmaceutical
industry.Ultrasonics Sonochemistry, 11(3), 261-265.

Almajano, M. P., Carbo, R., Jimenez, J. A.,& Gorden, M. H., 2008, Antioxidant andAntimicrobial Activities of Tea
Infusions.Food Chemistry, 108(1),55-63.

Baghi, N., 1996, Study of antimicrobial effect of salvia leriifolia.Phdthesis.Pharmacology faculty.Mashhadmedical
science university.

Bozin, B., Mimica-Dukic, N., Simin, N., & Anackov, G., 2006, Characterization of the volatile composition of essential
oils of some lamiaceae spices and the antimicrobial and antioxidant activities of the entire oils.Journal of
Agricultural and Food Chemistry, 54(5), 1822-1828.

Boziaris, I.S., Kordila, A.& Neofitou, C, 2011, Microbial spoilage analysis and its effect on chemical changes and
shelf-life of Norway lobster (Nephrops norvegicus) stored in air at various temperatures. International journal of
food science and technology, 46(4),887-895.

Celiktas, O. Y., Kocabas, E .E. H., Bedir, E., Sukan, F. V., Ozek, T., &Baser, K. H. C., 2007, Antimicrobial activities of
methanol extracts and essential oils of Rosmarinus officinalis, depending on location and seasonal variations. Food
Chemistry, 100(2), 553-559.

Corbo, M. R., Speranza, B., Filippone, A., Granatiero, S., Conte, A., Sinigaglia, M., &DelNobile, M. A., 2008, Study
on the synergic effect of natural compounds on the microbial quality decay of packed fish hamburger. International
Journal of Food Microbiology, 127(3), 261-267.

Cowan, M. M., 1999, Plant products as antimicrobial agents. Clinical MicrobiologyReviews, 12(4), 564-582.

Cushnie, T. P., & Lamb, A. J., 2005, Antimicrobial activity offlavonoids. International Journal of Antimicrobial Agents,
26,343-356.

Donald, S., Prenzler, P. D., Autolovich, M., & Robards, K., 2001, Phenolic content and antioxidant activity of olive
extracts. Food Chemistry, 73(1), 73-84.

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

Goli, A.H., Barzegar M., & Sahari M. A., 2005, Antioxidant activity and total phenolic compounds of pistachio
(Pistachia vera) hull extracts. Food Chemistry, 92(3), 521-525.

Gulcin, L, Oktay, M., Kirecct, M., &Ku frevioglu, O. 1., 2003.Screening of antioxidant and antimicrobial activities of
anise (Pimpinellaanisum L.) seed extracts.Food Chemistry, 83(3), 371-382.

Gyawali, R., &Ibrahim, S. A., 2012, Impact of plant derivatives on the growth offoodborne pathogens and the

functionality of probiotics. Applied Microbiology Biotechnology, 95(1), 29-45.

Hayek, S. A., Gyawali, R., &lbrahim, S. A., 2013, Antimicrobial natural products. InA. M_endez-Vilas (Ed.), Microbial
pathogens and strategies for combating them.Science, Technology and Education, 2, 910-921.

Hussain, A. I, Anwar, F., Sherazi, S. T. H., &Przybylski, R., 2008, Chemical composition, antioxidant and
antimicrobial activities of basil (Ocimum basilicum) essential oils depends on seasonal variations. Food Chemistry,
108(3), 986-995.

Izadi, Z., Sorooshzadeh, A., Modarres Sanavi, S.A.M., Esna-Ashari, M., & Davoodi, P., 2014, Investigation on
antimicrobial effects of essential oil of purple coneflower (Echinacea purpurea L.) and identification of its chemical

compounds.Iranian South Medical Journal, 17(1), 58-69.

Jemedar, S., Zarabi, M., Mehrnezhad, F., & Yavarpour —Kordestani, V., 2014, The study of antimicrobial effect of
Iranian plant extract on standard Pseudomonas aeruginosa. Journal of Medical Microbiology, 8(2), 51-54.

Kalemba, D., & Kunicka, A., 2003, Antibacterial and antifungalproperties of essential oils.Current Medical
Chemistry,10(10), 813-829.

Karabegovic, I.T., Stojicevic, S.S., Velickovic, D.T., Todorovic, Z. B., Nikolic, N. C., & Lazic, M. L., 2014, The effect
of different extraction techniques on the compositionand antioxidant activity of cherry laurel (Prunus laurocerasus)
leaf and fruit extracts. Industrial Crops and Products, 54, 142-148.

Marceti¢, M., Petrovi¢, S., Milenkovi¢, M., &Niketi¢, M., 2013, Composition, antimicrobial and antioxidant activity of
the extracts of Eryngium palmatum Panci¢ and Vis. (Apiaceae).Open Life Science, 9(2), 149-155.

Mianabadi, M., Hoshani, M., & Salmanian.S., 2015, Antimicrobial and Anti-oxidative Effects of MethanolicExtract of



1397 sl = 2 )9 8 oL oylods A4 ol (ol (2138 @olio 5 pale Gleiimg}y 4 pas 0O

Dorema aucheri Boiss.Journal of Agricultural Science and Technology, 17, 623-634.

Mozaffarian, V. A., 1996, Dictionary of Iranian Plant Names. Farhang Moaser, 473-478.

Negi, P. S., Jayaprakasha, G. K., & Jena, B.S., 2003, Antioxidant and AntimutagenicActivities of Pomegranate Peel
Extracts.Food Chemistry, 80(3),393-397.

Ojagh, S. M., Rezaei, M., Razavi, S. H., & Hosseini, S. M. H., 2010, Effect of chitosan coatings enriched with
cinnamon oil on the quality of refrigerated rainbow trout. Food Chemistry, 120(1), 193-198.

Oroojalian, F., Kasra-kermanshahi, R., Azizi, M., & Bassami, M. R., 2010, Phytochemical composition ofthe
essential oils from three Apiaceae species and their antibacterial effects on food-borne pathogens, Food
Chemistry, 120(3), 765-770.

Razavi, R, & Esmaeilzadeh kenari, R., 2016, Antioxidant activity of red onion (Allium cepa L.) peel extract
produced by maceration, ultrasonic assisted and supercritical extraction techniques. First International
Food Science and Technology Congress, Iran, Tehran.

Singh, P. K., Tack, B. F., McCray, P. B., & Welsh, M. J., 2000, Synergistic and additive killing by antimicrobial factors
found in human airway surface liquid. American Journal of Physiology-Lung Cellularand Molecular Physiology,
279(5), 799-805.

Stefanakis, M. K., Anastasopoulos, E., Katerinopoulos, H. E., &Makridis, P., 2014, Use of essential oils extracted from
three Origanum species for disinfection of cultured rotifers (Brachionus plicatilis).Aquacultre Research, 45(11),
1861-1866.

Tabanca, N., M, G., Pasco, D. S., Bedir, E., Kirimer, N., Husnu, K., Baser, C., Khan, I. A., &Khan, S. I., 2007, Effect of
Essential Oils and Isolated Compounds from Pimpinella Species on NF-B: A Target for Anti-inflammatory Therapy.
Phytotherapy Research, 21(8), 741-745.

Tachakittirungrod, S., Okonogi, & Chowwanapoonpohn, S., 2007, Study on antioxidant activity ofcertain plants in
Thailand: mechanism of antioxidantactionof guava leaf extract. Food Chemistry, 103(2), 381-388.

Tajkarimi, M., lbrahim, S., & Cliver, D., 2010, Antimicrobial herb and spice compounds in food.Food Control, 21(9),
1199-1218.

Tharun G., & Kumar Pindi, P., 2013, Evaluation of antioxidant potential andantimicrobial activity of successive
extractsof Pimpinella tirupatiensis.Journal of Pharmacy Research, 7, 817-822.

The, S., & Brich, J. B., 2014, Effect of ultrasonic treatment on the polyphenol content and antioxidant capacity of
extract from defatted hemp, flax and canola seed cakes. Ultrasonics Sonochemistry, 21(1), 346-353.

Ulte, A., Bennik, M.H.J., & Moezelaar, R., 2002, The phenolic hydroxyl group of carvacrol is essential for action
against the food pathogen Bacillus cereus. Applied Environmental Microbiology, 68, 1561-1568.

Ziech, D., Anestopoulos, I., Hanafi, R., Voulgaridou,G. P., Franco, R., & Georgakilas, A. G., 2012, Pleiotrophic effects
of natural products in ROS inducedcarcinogenesis: the role of plant-derivednatural products in oral cancer
chemoprevention,Cancer Letters, 327(1), 16-25.



Iranian Food Science and Technology ( ); ool il gbuo 5 pole cloingsy & i
. L b

Research Journal . . )
Vol. 14, No. 1, Apr. May. 2018, p. 59- 68 59-68. 0 1397 ol dyl-cn359, L ol 14 wle

Effect of extraction methods on phenolic content and antimicrobial properties of
pimpinella affinis leaf

E. Shekouh Saremit, M. B. Habibi Najafi?", M. H. Hadad Khodaparast?, M. Baheini®

Received: 2016.10.14
Accepted: 2017.02.28

Introduction: It has been well demonstrated that vegetables provide, in addition to other basic nutrients,
bioactive substances with beneficial effects on human health. In fact, the consumption of vegetables has been
associated with lower incidence and lower mortality rates of cancer and cardiovascular diseases in humans.
Increasing demand for natural additives has shifted the attention from synthetic to natural antimicrobial agents.
Leafy vegetables are found to be good source of antimicrobial agents. This study was aimed to examine the
antimicrobial activity of leaf extracts of pimpinella affinis. Pimpinella affinis is a member of the family
Apiaceae. This biennial herb grows up to 110 cm tall and is native in central and northern parts of Iran. In
traditional medicine this herb is being used as carminative agent, appetizer, diuretic, antispasmodic drug,
antimicrobial, sedative and lactation medication. It has also been distinguished as an antioxidant and
antibacterial agent. There are several methods of obtaining extract from plants including maceration, super
critical fluid extraction, subcritical water extraction, microwave and ultrasonic assisted method.

Materials and Methods: After collection from natural habitats of Pimpinella affinis in Mazandaran
Province, it was then approved by the Department of Botany of Faculty of Agriculture of University of Sari. The
plant was dried in a dry and dark place away from the sun and then was pulverized in the mill and sieved by a
mesh of 80 (800 microns). Pimpinella affinis extract obtained by using maceration extraction (ME), ultrasonic
assisted method (UAE) and supercritical fluid extraction (SFE). Ethanol: water in 50:50 ratio used as solvent for
extraction. Total phenolic content of different extracts was measured by Folin-ciocalteu method. The phenolic
compounds fractions were determined using Liquid chromatography—mass spectrometry system. After preparing
the mother culture medium, the bacteria were cultured in MHB medium (37 ° C) for 24-18 hours. Stock
solutions were prepared from each of the extracts. Serial dilutions of the extracts at concentrations of 0.01 to 10
mg / ml in 2.5% dimethyl sulfoxide were prepared and then sterilized with 0.22 pm pore size syringe filter.
Minimum inhibitory concentration (MIC) and minimum bactericidal concentration assay (MBC) were
determined by micro dilution method for listeria monocytogenes (ATCC19112), staphylococcus aureus
(ATCC25923), pseudomonas aeruginosa (ATCC9027) and Escherichia coli (ATCC25922). Antimicrobial
growth was inhibited by measuring the absorbance and ELISA Reader was used to determine the growth rate of
microorganisms, and the first house with the lowest absorption read as MIC (mg /ml) was determined. Statistical
analysis of MIC, MBC and phenolic compounds of extracts results was done in a completely randomized design
and using SPSS software version 20. The comparison of the means was done using Duncan’s test and one-way
ANOVA method. In order to reduce the error, all experiments were performed in triplicate.

Results and Discussion: Total phenolic content of extracts ranged between 1502.25 to 1836.69 mg GA/100g
E. The results showed that the ultrasonic assisted method have highest total phenolic content and the least
phenolic content was observed in extract which obtained by supercritical fluid extraction. Chlorogenic Acid,
Cafeic acid and Apigenin-6-C-glucoside were the predominant fractions in Pimpinella affinis which detected by
Liquid chromatography—mass spectrometry system. The least and highest amount of MIC and MBC were
belonged to ultrasonic assisted and supercritical fluid extracts, respectively. Staphylococcus aureus was most
sensitive and Escherichia coli and Pseudomonas aeruginosa were most resistance bacteria. Pimpinella extract
due to having phenolic compounds such as Gallic acid, Cafeic acid, Chlorogenic Acid, Kaempferol and
Apigenin showed antimicrobial activity and can be used as natural antimicrobial agent.

Keywords: Pimpinella affinis, Ultrasonic assisted, Maceration, Supercritical Extraction, Antimicrobial
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Introduction: Ohmic heating or direct resistance heating is one of the several electromagnetic based methods,

occurs when alternating electrical current is passed through a conductive material, with the primary purpose of
heating it due to the electrical resistance of the foods. There are many applications that can use ohmic treatment
technology, such as blanching, evaporation, dehydration, fermentation, extraction, sterilization and pasteurization
of foods (Saberian et al. 2015; Assiry et al. 2010). Pectins are complex heteropolysaccharides, consisting of a-1,
4-linked D-galacturonic acid units and interrupted by L-rhamnose residues with side chains of neutral sugars,
mainly L-rhamnose, L-arabinose and D-galactose. In the industrial extraction process, pectin is usually extracted
from waste plant material such as citrus peels, apple pomace, sugar beet pulp and sunflower head using hot water
(60-100°C) acidified with a mineral acid (such as sulfuric, phosphoric, nitric, hydrochloric) or organic acid
(especially citric acid) within the pH of 1.5-3 for 0.5-6 h. The aim of this study was to explore the effect of
enzymatic extraction on the yield and quality properties (degree of esterification, Galacturonic acid, emulsifying
properties and viscosity) of the pectin, and to compare this pectin with the pectins extracted by ohmic and
conventional methods. Finally, the best extraction method was selected.

Materials and Methods: Extraction of pectin was done with the assistance of an ohmic heating system at
working frequency of 50 Hz under different parameters including voltage gradient (7-15 V/cm), temperature (50-
90°C), and time (5-30 min). Then, the effect of enzyme dose (0-20% v/w) of Celluclast and Rohament CL,
solid/liquid ratio (S/L ratio) (1:10 to 1:50 g/ml) and extraction time (1-18 h) on the yield of the extracted pectin
from orange waste was investigated.

After the time of extraction (enzymatically, ohmically or conventionally), the sample was cooled to room
temperature and centrifuged (10000 rpm, 15 min), and the supernatant was precipitated with two volumes of 96%
(v/v) ethanol at 4 °C for 1 h. The precipitated pectin mass was washed twice with 96% ethanol in order to remove
impurities. The pectin was dried in a forced circulation oven at 55°C until a constant weight (14 h).

Galacturonic acid content was determined according to Scott (1979) with some modifications. The degree of
esterification (DE) of pectin samples was determined by titrimetric method according to Santos et al. (2013).

Emulsifying activity and emulsion stability were measured according to the method described by Yapo et al.
(2007).

The viscosity and the flow behavior of the selected pectin solutions (2%, w/v) extracted conventionally and
ohmically at 90°C for 30 min (the optimum extraction condition) and the highest pectins extracted enzymatically,
were measured at 25°C.

Pectin powder samples were mixed with KBr and pressed into KBr pellets before FTIR analysis. PerkinElmer
FTIR spectra (PerkinElmer, Frontier model, USA) was applied at the transmission mode in the frequency range of
4000-400 cm* at a resolution of 1 cm™.

Results were analyzed by analysis of variance (ANOVA) using SPSS 19 statistical software and the Duncan’s
test with 95% confidence interval was used to compare the means of the tests. The results which were presented
in this research, have been obtained from the average values of the minimal two replicate experiments.

Results and Discussion: first, the effect of enzyme dose, solid/liquid ratio (S/L ratio) and time of extraction
on the yield of the extracted pectin from orange waste by using Celluclast and Rohament CL enzymes was studied.
Then, the yield, of esterification, galacturonic acid, emulsifying properties and viscosity behavior of the pectins

1and 2. Ph.D Student and Associate Professor, Department of Food Science and Technology, Tarbiat Modares University,
Tehran, Iran.
(*- Corresponding Author Email: h_zohreh@yahoo.com)
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extracted in the optimum condition by enzymes were compared to the extracted pectins by ohmic and conventional
methods. Results indicated that the highest yield of pectin was obtained by using Celluclast and Rohament CL
enzymes at enzyme doses of 15 and 17.5%, S/L ratio of 1:20 and 1:40 (g/ml) and time of 3 h for both, which were
5.92 and 10.70 %, respectively. The highest yield of pectin by ohmic heating was obtained at the voltage gradient
of 15 v/cm, the temperature of 90°C during 30 min (14.33%), which was higher than the amount obtained by
conventional method (13.53%) may be due to the electroporation (disruptive pores which were made on the cell
membrane by the electric field) (Cho et al., 1996). de Oliveira et al. (2015) reported that the moderate electric field
(at 45°C, 50 and 100 V) extracted the pectin significantly (p < 0.05) more than the conventional extraction. The
emulsifying activity of the extracted pectins by ohmic and conventional methods were 65.47 and 67.18%,
respectively, although the pectins extracted by enzymatic method had not any emulsifying activity. It seems that
during the pectin extraction, enzymes hydrolyzate the pectins. The viscosity of the pectins extracted by ohmic and
conventional methods at the concentration of 2% was higher than those obtained from the enzymatic method.
Therefore, pectin extracted by ohmic and conventional methods had the highest yield, emulsifying properties, and
viscosity.

Keywords: Extraction of pectin Orange waste, Enzymatic method, Ohmic heating, Quality propertie.
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Introduction: In recent years special attention has been paid to the use of natural sources contain healthy
bioactive compounds. Fruit and vegetable juices are a good source of many biologically active compounds,
particularly vitamins, minerals and phenols. Phenolic compounds are secondary metabolites widely found in
fruits, mostly represented by flavonoids and phenolic acids. Phenols are known for their antioxidant, anticancer
and cardio-protective properties among bioactive compounds. The health benefits of these phytochemicals are
directly linked to a regular intake and their bioavailability. Berries with dark blue or red colors have the highest
bioactive compounds and antioxidant capacities among all common fruits and vegetables. Anthocyanins which
are one of the largest and most important group of water-soluble pigments in most species in the plant kingdom
are largely responsible for diverse pigmentation from orange to red, purple and blue fruits, such as: blackberry,
red and black raspberries, blueberries, bilberries. White mahlab (Prunus mahaleb L.) fruits with a dark red color,
which known also as English cherry, Rock cherry, St. Lucie cherry, of the Rosaceae family, subfamily
Prunoidae, is a deciduous tree with 1-2 m high. Mahaleb cherry tree which grows abundantly in West Asia such
as in Iran used just as basic link for cherry trees because of bitter taste of their fruits. In order to reduce the
bitterness and improve the taste of mahaleb juice, a debittering process is considered as an effective solution to
overcome the commercial application problem. Several debittering techniques have been used to reduce the
content of bitter compounds, such as biodegradation by enzymes, addition of bitterness suppressing agents,
ultrafiltration.

Material and Methods: All chemicals used were analytical grade and purchased from Merck (Darmstadt,
Germany) and Sigma-Aldrich (St. Louis, MO. USA).

Selected microorganisms including Staphylococcus aureus (PTCC: 1112), Escherichia coli (PTCC: 1338),
Aspergillus flavus (PTCC: 5004) and Penicillium chrysogenum (PTCC: 5037) were obtained from the Iranian
Research Organization for Science and Technology (IROST), Iran.

The ripened fruits of mahaleb were collected from the orchard of Zanjan University, and transported to the
laboratory. Harvest involved a random sampling from 5 trees. Stem and leaves were then discarded, and fruits
stored at -18 °C until further use.

Frozen fruits were removed from the freezer, thawed and pitted. The fruit juice was obtained using a
domestic juicer (Moulinex PC302, France). The juice was filtered through a stainless steel sieve (1 mm) to
separate pomace from juice. The juice obtained was placed in dark glass bottles until further analysis.

Vitamin C content was determined using spectrophotometric method. Total phenolic content of the fruit juice
was determined using Folin—Ciocalteu’s assay. Total flavonoid and anthocyanin contents of the fruit juice were
determined according to the colorimetric assay at 510 and 526 nm, respectively. Antioxidant activity was
determined using Diphenyl Picrylhydrazyl (DPPH) free radical scavenging and reducing power of H,O,
methods.

Antimicrobial activity of mahaleb juice against E. coli, Staphylococcus aureus, Aspergillus flavus and
Penicillium chrysogenum was evaluated using agar well diffusion, and minimum inhibitory concentration and
minimum bactericidal concentration was determined using broth microdilution and surface methods.

Results and Discussion: According to the result obtained, vitamin C, total phenolic, total flavonoid, total
anthocyanin content was 39.26+0.01 mg/100 mL, 303.00+0.06 mg GAE/100 mL, 17.00+£0.01 mg Rutin/mL and
871.63+0.93 mg Cyanidin/100 mL, respectively. Free radical scavenging activity and reducing power of H,O,
was 72.30% and 6.33%, respectively. Based on these results the white mahaleb juice had bioactive compounds
such as other fruits with blue and purple color. According to other researchers there was a higher positive
correlation between the amounts of carotenoids, total phenolics and anthocyanins and the antioxidant activity. Of
course, it should be noted that several factors such as the plant growth region and the harvest period might have

1 and 2. Former MS.c and Assistant Professor, Department of Food Science and Technology, Zanjan University,
Zanjan, Iran.
(*- Corresponding Author Email: zaringhalami@znu.ac.ir)
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an impact on plant growth and metabolite concentration. Some studies also showed that dark red sour cherries
contain higher total phenolic and total anthocyanin content compared to sour cherries with lighter red color.
Therefore, mahaleb juice which was used in the current research with dark blue color and high total phenolic and
anthocyanin content have high antioxidant activity.

The results also revealed that mahaleb juice had no inhibitory effect on Aspergillus flavus and Penicillium
chrysogenum whereas the minimum inhibitory concentration on 102 CFU/ml of E. coli and Staphylococcus
aureus was obtained at 0.9 and 0.8 % concertation of mahaleb juice. In addition, no minimum bactericidal
concentration was observed. So, mahaleb juice likely has no or little antifungal activity compared to antibacterial
effects. Previous studies also showed that antimicrobial activity of many extracts related to their phenolic
compounds and anthocyanins. Blueberry methanol extract was shown strongly inhibit the pathogenic bacteria,
such as E. coli O157:H7. The antimicrobial properties of blueberry morelikely is due to the compounds of
monomeric phenolics, anthocyanins and proanthocyanidins. Therefore, mahaleb juice as a source of natural
bioactive compounds such as vitamin C, phenols, carotenoids and anthocyanins is recommended as functional
food in industry, especially, after debittering.

Keywords: White mahaleb Juice, Bioactive Compounds, Antioxidant capacity, Antimicrobial activity
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fluidized bed double microencapsulation on thermal stability of Lactobacillus
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Intoduction: Probiotic products have been used worldwide in the last decades. They are significantly gaining
popularity and their consumption is associated with increasing levels of health-consciousness. Probiotics can be
defined as microbial cells that have a beneficial effect on the health and wellbeing of the host. In this sense
different probiotic products have appeared on the market with different formulations and applications. Bread is
the major type of bakery products and a staple food in most part of the world. Despite attempts to develop
functional breads containing viable microorganisms, this has not been fully developed yet because of the high
temperature during baking process. Viability of probiotic bacteria in the product at the point of consumption is
an important consideration for their efficacy, as they have to survive during the processing and shelf life of food.
Lactobacillus reuteri which naturally occurs in the human intestine possess probiotic properties with good
colonization potential. The main purpose of probiotic encapsulation is to protect cells against an unfavorable
environment, include high processing temperatures and storage. The fluid bed encapsulation process consists of
spraying a coating solution into a fluidized bed of solid particles. After several cycles of wetting-drying, a
continuous film is formed. The main parameters affecting the process are flow-rate and pressure of the spraying
liquid, composition and rheology of the coating solution, flow-rate and temperature of the fluidizing air. Double
microencapsulation for probiotics by air-suspension fluidized-bed coating is a good alternative method to
achieve greater resistance to high temperatures during bread baking. The aim of this study was to evaluate the
survival of Lactobacillus reuteri that had been double layered using chitosan, calcium chloride and Arabic gum
for microencapsulation and which had been exposed to bread baking conditions.

Materials and Methods: Pure freeze-dried Lactobacillus reuteri PT-1655 were obtained from Persian Type
Culture Collection (Tehran, Iran) and were activated by inoculation in the MRS broth at 37°C for 36-48 h. The
air-suspension process was performed in a Wurster coater system with a bottom spraying atomizer. In various
pretests, the fluidization pressure, the atomization pressure and the spraying rate of the microencapsulation
process were varied to examine their influence on process conditions, especially on the particle development. In
this study, chitosan, calcium chloride and Arabic gum at concentrations (0.5, 1 and 1.5% wi/v), 5% w/v and (1.5,
3 and 6% wi/v) were used as second layer in double microencapsulation, respectively. Heat resistance of
unencapsulated and double encapsulated microorganisms was determined by placing in an oven which was
preheated to 80°C for 15 and 30 minutes. The prepared dough after adding of unencapsulated and double
encapsulated bacteria was shaped into loaves of 50 g each, placed in aluminum pans, and baked in a preheated
oven at 180°C for 20 min and 70 — 80% relative humidity and then cooled at room temperature. The temperature
during baking process was checked by putting a thermocouple at the crumb center. The viability of bacteria at
controlled conditions was measured after 1 and 24 h after baking process. Experimental data have been
represented as the mean with standard deviation (SD) of different independent determinations. The significance
of differences was evaluated by analysis of variance (ANOVA). Differences were considered statistically
significant at p <0.05.

Results and Discussion: The Survival of encapsulated bacteria with chitosan and arabic gum at

1. Former M.Sc. Student of Food Science and Technology, Iranian Research Organization for Science and Technology
(IROST), Tehran, Iran

2. Assistant Professor, Food Technology and processing Faculty, Department of Chemical Technologies, Iranian
Research Organization for Science and Technology (IROST), Tehran, Iran.

3. Assistant Professor, Biosystems Engineering Faculty, Department of Agricultural research, Iranian Research
Organization for Science and Technology (IROST), Tehran, Iran

(*- Corresponding Author Email: bassiri@irost.ir)



1397 ot sl = 5598 d o Loy 14l (ol (213é aylio g pale sleciiday 4 pis 106

concentration of 1% and 6% wi/v after heat treatment (80°C for 15 min) was 7.31% and 3.7% and after heat
treatment (80°C for 30 min) was 0.63% and 0.31% respectively and was significantly higher in comparison to
other samples and control. Study of effect of coating time (45 and 90 min) on cell viability (%) after heat
treatment (80°C for 30 min) showed that encapsulated bacteria with 5% wi/v calcium chloride for 90 min after
heat treatment (80°C for 30 min) was 9% and was significantly higher compared to other samples. Longer
coating time led to an increase of microcapsule diameter which results in lower heat transfer to the core and
increased cell viability. Cell viability of encapsulated bacteria with 5% wi/v calcium chloride in baked bread after
1 and 24h storage was 0.56% and 0.52% respectively and was significantly higher compared to sample
encapsulated with 1% w/v chitosan 0.47% and 0.44% respectively. The final counts of viable cells in both
samples after 1 and 24 h storage were higher than 106 CFU/g.

Keywords: Lactobacillus reuteri, doublemicroencapsulation, fluidized bed coater, thermal stability,
probiotic bread.
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Introduction: Value-added products, referring to the fact that a raw commodity or commodities are
transformed into a processed product through use of materials and technology, may have different appearances,
textures, tastes and smells than their raw material. Fried product is one of the most popular ready to eat foods all
around the world. They have excellent sensory qualities due to their appealing flavor and texture. Products such
as shrimp usually coated with breading before frying to induce additional sensory and quality attributes. The
process of battering and breading provides special functions in food products, including improved appearance of
the products, increased texture crispness, reduced oil uptake during the frying process and increased the shelf life
of the coated products.

Hydrocolloids are used extensively in food technology as thickening and gelling agents, stabilizers, and
emulsifiers. In addition, the hydrocolloid coatings are of great interests due to their desirable barrier properties to
gas/moisture and good mechanical characteristics. Thus, a variety of foods have been coated with hydrocolloids
to prevent moisture loss, preserve texture, and maintain color, consequently extending the product shelf-life.
Specifically, the hydrocolloid coatings are often known to reduce the oil uptake of fried foods. The mechanisms
of the oil uptake during frying are associated with heat transfer from the frying oil to the food and the migration
of water and oil. Various hydrocolloids have been tested as an oil barrier coating material and the effectiveness
of hydrophilic and thermo-gelling hydrocolloids in reducing oil uptake during frying has been well reported in
previous studies.

Material and Methods: Fresh peeled shrimp (Litopenaeus vannamei) was purchased from Gomishan city,
Golestan province, Iran. Xanthan gum was bought from Asia Research Petrochemisry (Iran). White flour, corn
flour, breading powder, oil and salt were prepared from the local supermarket. All other chemicals used in this
study had analytical grade and were gained from Fluka or Merck companies.

The freezed shrimps were thawed at room temperature before processing. Four different formulations were
applied in pre-dusting and battering as following:

Control= without xanthan in pre-dust and batter,

A=2% xanthan in predust,

B=2% xanthan in batter,

C=1% xanthan in predust + 1% xanthan in batter.

The batter formulation was consisted of wheat flour (75%), corn flour (24.5%), salt (0.5%). The dry
ingredients were blended for 3 min at speed 2 m/s in a Kenwood Major Classic mixer (Kenwood-BL460) with
water (1:1.4 solid to water ratio). In each treatment, firstly, pre-dusting was done and then, battering. Afterwards,
it was allowed to drip additional batter for 30 s. For final coating, orange bread crumbs were used (Gols
Company). The samples were pre-deep-fried by sunflower oil at 190 °C for 30 s (Fritaurus Professional 3
domestic fryer, Barcelona, Spain). The treatments were cooled to room temperature for 30 min. Then, they were
placed in plastic freezer bags (LDPE film, thickness 150 p) and stored at -18 °C.

Moisture content in the samples was determined in quadruplicate according to the Association of Official
Analytical Chemists (AOAC) (2000) method. Fat content of fried products was distinguished using Soxhlet
extractions according to the AOAC (2000) method No. 992.15.

Batter pickups (%) were determined as following equation:

. Weight of coated shrimp—Weight of uncoated shrim|
Batter pickup (%) = g P Px100

Weight of coated shrimp
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Product yield (%) was calculated by weight of the cooked shrimp block/ weight of the raw shrimp block x
100.

Quantitation of fatty acid methyl esters in raw and fried breaded shrimp was carried out by gas
chromatography (Unicam-4600) with 30 mmx0.25 mm column (Film Tekness-0.22 pl) and FID detector, using
glyceryl tritridecanoate (C13:0) as an internal standard (Sigma, Barcelona, Spain). Fatty acids were expressed as
percentage of total fatty acid methyl esters or in absolute content (mg/100 g food).

Fried shrimp coated with the selected formulations was evaluated by a trained sensory panel of 12 members.
Each sample was randomly numbered and presented to the panel member. A hedonic panel was also performed
by the same panelists, who evaluated aroma, taste, texture, color, appearance and overall acceptability
characteristics. A hedonic 5-point scale was used, 1s unusable, 2s dislike, 3s acceptable, 4s like and 5s like very
much. All data are reported as meanz standard deviations of triplicate. One-way analysis of variance (ANOVA)
was used to compare the means of all evaluated parameters. Differences were considered significant at P<0.05.

Results and Discussion: The results of chemical compositions were represented the lowest fat and the most
moisture in the A and C treatments, respectively. After the control sample, the most batters pick-up were related
to the A treatment. Furthermore, the highest product yields after the control sample were belonged to the A and
B treatments that the differences were not significant. According to essential fatty acid groups (SFA, MUFA,
PUFA, o-3/0-6 MUFA+PUFA/SFA PUFA/SFA and DHA/EPA), the best sample was the C treatment. Also,

evaluating nutritional quality indices (P1.Xh/H.Al and TI) was shown that the C sample had the best

performance. The results of sensory evaluation also indicated that there were no significant differences in color,
odor, taste, texture, appearance and overall acceptability. Considering the results, treatment C (1% xanthan in
predust + 1% xanthan in batter) has had a better performance in maintaining the quality of fried shrimp.

Keywords: Breaded shrimp, Xanthan, Chemical composition, Oil uptake, Nutritional quality indices.
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