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Introduction

Ultrafiltration is one of the most common membrane processes in the dairy industry, especially for condensing and
separating milk components. Using this process, several products can be produced, including milk concentrate used for
cheese production, low-lactose dairy products, milk protein concentrate, and serum proteins for dietary supplements. The
efficiency and cost of a membrane process depend on the percentage of rejection of the soluble components. Therefore,
the use of concentrated milk made by ultrafiltration in the production of various dairy products depends on the efficiency
of the membrane process and the changes in milk components during this process. On the one hand, the physicochemical
properties of camel milk are different from those of cow milk, especially in terms of type and amount of protein. Because
significant differences exist between the physicochemical properties of camel and cow milk, likely, the membrane
processing conditions and the physicochemical properties of their products will be different completely. Although many
studies have been conducted on the efficacy of the ultrafiltration processing of cow milk, there is no information about
the efficacy of camel milk ultrafiltration, and most of the research done regarding optimizing is based on classical
algorithms, Therefore, in this study, the effects of transmembrane pressure and temperature on the solutes rejection
(protein, lactose, ash, and total solids) during camel milk ultrafiltration process were investigated, Then, these properties
were optimized using particle swarm algorithm. Also, because the performance of the particle swarm algorithm is highly
dependent on related parameters such as the number of iterations, the number of particles, accelerate constant, inertia
weight, and velocity of the particles, so before optimization, the effect of these parameters on optimal responses were
examined by partial least squares regression (PLS).

Materials and Methods

In this study, a pilot crossflow ultrafiltration system was used. A UF membrane (Model 3838 HFK-131, Koch
membrane systems, Inc., USA) made of polysulfone amid (PSA) with MWCO of 20 kDa was applied. Camel milk was
purchased from a local market in Mashhad and for camel skim milk production, its fat was separated by a pilot plant milk
fat separator in the Food Research Complex, Ferdowsi University of Mashhad. The weight percentages of protein, fat,
lactose, ash, and total solids of UF permeate samples were measured by 1SO 8968-1:2014, 1SO 1211: 2010, ISO
26462/1DF 214:2010, 1SO 5544:2008, and 1SO 6731:2010 at two replications, respectively. the process treatments were
performed in the form of a central composite design (CCD) (5 replications at the central point) for two independent
variables at three levels so that the total number of 13 treatments was obtained. The data were modeled using the statistical

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and reproduction in
ET any medium or format, as long as you give appropriate credit to the original author(s) and the source.
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software of Design Expert (version 11) based on the response surface methodology and each of the response variables in
the form of a regression model was presented as a function of independent variables.

Results and Discussion

The rejection of total solids and protein of the tested samples varied in the range of 45.4-51.03% and 94.09-97.51%,
respectively. It means that in each TMP and T, more than 45% of the total solids and 94% of the protein of camel milk
were kept by the membrane. The results also showed that none of the linear, quadratic and interactive effects of TMP and
T on the total solids and protein rejections were not significant. According to the results, the R reduced with increasing
T. Increasing the TMP also led to a reduction at high T and an increase in Ry rate of the samples at lover T. Also, the
effect of TMP on Ra showed a non-linear trend, so that TMP at high T led to an increase, and at low T, it led to a reduction
in the Ra of the samples.

Conclusion
The optimization results with the particle swarm algorithm showed that this algorithm has a high convergence speed
and by recognizing and analyzing its parameters, the optimal conditions can be easily found. The optimum ultrafiltration

conditions in this study with the lowest R and Ra were determined as 80 kPa TMP and 29.85°C T.

Keywords: Camel milk, Partial least squares regression, Particle swarm algorithm, Solute rejection, Ultrafiltration
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Table 1- The levels of independent variables of the central composite design of the ultrafiltration process of camel milk

samples
Joss sLis o ,e 50 Lid YA La
Treatment Transmembrane Pressure (kPa)  Temperature (°C)
1 80 40
2 120 30
3 120 20
4 80 30
5 120 30
6 160 40
7 120 30
8 160 20
9 120 40
10 160 30
12 80 20
13 120 30
14 120 30
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Table 2- Experimental models obtained using the central composite method for predicting the dependent variables of the
camel milk ultrafiltration process
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Fig. 1. The effect of temperature and transmembrane pressure on
lactose rejection of camel milk ultrafiltration
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Fig. 2. The effect of temperature and transmembrane pressure on
ash rejection of camel milk ultrafiltration
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Table 3- Variable levels of particle swarm algorithm parameters

gye Wt
Variable name

e z ol
Variable levels

S5 slas
Number of iterations
(Ni)
alydolas
Number of particles
(Np)
ol co o
Coefficient of inertia
(W1)

b (§ 5ok oy
Personal learning factor
(C1)

TSR E IEye
Social learning factor
(C2)

100 75 S50 25 5

100 75 S50 25 5
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Fig. 3. The coefficient of importance estimated by PLS regression between independent and dependent variables
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Table 4- Optimization parameters of lactose and ash rejections of camel milk ultrafiltration using particle swarm algorithm
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Factor name Ultrafiltration parameters (transmembrane pressure and temperature)
e b S5 S b §) e Jao
Target function Selected model of the central composite design (Table 2)
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Number of variables
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Maximum number of iteration
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Coefficient of inertia
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Personal learning factor
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Type of optimization algorithm
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Two variables
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Transmembrane pressure (x1)
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Temperature (X2)
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Due to convergence 50
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Passing a certain number of repetitions without seeing any significant improvement in the
result
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Fig. 4. Convergence diagram of the particle swarm algorithm in optimizing the lactose and ash rejections in camel milk
ultrafiltration
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Introduction

Yogurt is one of the most widely consumed fermented milk products, which, like any other dairy products, is prone
to spoilage and poor quality. On the other hand consumers have become more cautious about their diet and health. Their
is an increasing demand for food products with higher nutritional values and health benefits. The continuous improvement
of the production process and the quality of yogurt is at the heart of manufacturers’ concerns. Also, finding a safe, cheap
and affordable solution that, in addition to controlling blood sugar and preventing the complications of diabetes, relieves
the pain of diabetic patients; has always been of interest to researchers. The medicinal plant Bitter gourd (Momordica
charantia L.) from the cucurbitaceae family is used in traditional medicine to control blood sugar. Carla fruit is a rich
source of phytochemical compounds such as proteins, steroids, alkaloids, mineral compounds, lipids, triterpenoids and
polyphenols. Functional yogurt is one of the dairy products that can contain bioactive compounds in order to increase its
acceptability and improve its nutritional and medicinal properties. Therefore, this study was carried out with the aim of
producing colored yogurt containing Carla fruit powder in order to increase the variety of appearance, marketability of
the product and improve the nutritional characteristics of yogurt with emphasis on the consumption of novel product.

Materials and Methods

In this study, the effects of adding Carla powder to yogurt were investigated with the aim of producing a beneficial
food for diabetics. Carla fruit was collected from the medicinal plants collection of the Agriculture Institute, Research
Institute of Zabol, Zabol, Iran. Then it was washed with water and cut into thin layers. These parts were completely dried
in an electric oven at 40 °C for 48 hours and pulverized with an electric mill. Carla fruit powder was added to the samples
in four levels of O (control), 0.2, 0.4 and 0.6%. Physicochemical properties of samples such as pH, acidity, viscosity (using
Brookfield spindle viscometer) and water holding capacity were measured. Total phenol content was measured by Folin
Ciocalteu reagent method. Antioxidant properties were investigated by scavenging rate of DPPH free radicals. The results
were analyzed by SPSS version 21 statistical software at the probability level of 5% (P< 0.05). Duncan's multiple range
test was performed to determine the statistically significant difference between the means.

Results and Discussion

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and reproduction in
ET any medium or format, as long as you give appropriate credit to the original author(s) and the source.
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The results of this study showed that the highest pH (4.17) was detected in the control and the addition of Carla fruit
powder led to a decrease in pH. Storage time also lower the pH in yogurt samples. The highest acidity (1.3%) was
measured in the treatment containing 0.6% Carla fruit powder and the lowest (0.59%) was in the control. It means that
adding Carla powder to yogurt leads to an increase in acidity. The highest amount of phenolic compounds (475.63 pg
equivalent of gallic acid/ml yogurt), was calculated in a sample containing 0.6% of Carla fruit powder. However, extended
storage time, decreases the amount of phenolic compounds. By increasing the percentage of Carla fruit powder in yogurt
samples, the amount of antioxidant activity increased. So that the highest antioxidant activity (93%) was related to the
treatment containing 0.6% Carla powder on the 28™ day of the storage. In the present study, the highest percentage of
water holding capacity (84%) was observed in samples containing 0.6% Carla powder. The lowest water holding capacity
(57.61%) was measured in the control sample at the first day of storage.

Conclusion

According to the results of this study, adding Carla powder to yogurt at the level of 0.6%, in addition to maintaining
appearance properties, can increase its physicochemical properties and produce a novel food. In general, Carla powder
can play a significant role in improving the textural properties of yogurt, and by increasing the viscosity and the water
holding capacity, can reduce the negative effects of the storage period.

Acknowledgement
This research was conducted with the financial support by Research Institute of Zabol (Grant code: IR-RIOZ-GR-
9027).

Keywords: Antioxidants, Anti-diabetes, Bitter gourd, Medicinal plants, Viscosity



olnl 2188 glus g pole Gltrgly 4 245
https://ifstrj.um.ac.ir

PEr T
DAY 55 o VE-Y (g0 ,51  ojlet 14 als
YJ\S BLE) ‘5‘3‘9- M:y‘,ﬁ Cowle &W}Sﬁ}g QW}& WSy,
Fs ogim T el g aebl T (63588 LS e~ aSome )
LVA IR
L EVAL VAR SR
2>

3218 29 lyt (I )15 )18 S 2l g old (B ym0 50 S0d () Jpamo o Al 45 03g: i (6055 03518 (b pnyy | (S e
SxS5l> 9 o AB JRS g ogMle oS (yied 3 g i)l crielan ()8l (5 Iy e ABb e (50908 5yl e game cpl kS 20Vl 5 Mg
Momordica charantia) ¥,i5 5,5 oLS .l 6dg puiivee dg5 390 0ylgam 395 0bd ylew (6o )3 (uSiud Cage wobd (g)low (5 loe 595
550 diedgul B (glie Wgi Bua b Cunle 4y YIS 135y (13958 Wl 3l img s ol 3 3gu5 o malatul (o8 A8 S (gl tiw b jd l5eaS edlgils I (L.
b 3 odiged (olondoS 8 Cluogas Al 039381 1S5 dw 3 badiged & 20> /7 5 /¥ oIV (1ald) + s Jlaz 3 V) s 390 85 J118 (g
3o b 48 00> L5 Gllofl ol gulis B8 )18 () 590 el Caols g IS 8 (lsimo oo (50055 b b caty 55y sl PH
e i (DPPH SljT (ola JISGoly (S5,055k 03 AF) Sl 81 byl anle yd o | ol S slao 59,800 FVOIFY) Joib S 5
292 938 G5 ol @l Bl 35 Stories YIS 0g0e j5y oy #I5 (ssime digad )3 (56 JWsly TEF) oSy 5 (1 AT) O (ol e b
el g e Jpasme Sy g oddo g |y o abiessSasd oSy g el el L (958l oy I8 g 53 Cusle 4 Y

039Sy (Sl LS Gl (5938 wobdns ¢ a1 gl ojly

ided )l olesband bS5 5l b8 e Y, 0gue (2010 doo

5 dbdd (Game Sl 5 daaddST daadg sl deyiyy
Ahmad et al., 2016; Sung Goo et ) cula Jgb L ¢ laasen
- Solow Gloyd sly olS () slaogee I ldie 1,30 (al., 2016
ol jul (o> 5 by (Bl Vb g3 jLid ol i ol
Shobha et al., 2015; Perumal et al., 2015;) wlo,s
(Updhyay et al., 2015
32 )8l lam | Slee slalie b wiodguwl @ slalic ol
Y guasto (gl LolEs )50 g 0dd 2 jlae puiy (gley i CoMas Laos

oy 4 3o gyl &LS (Momordica charantia L.) Y,

ol sl Sl Sy Saass g (e )S Bblie (og 9 l59S
L;.’.S)b uo|9> 4.'4;.»‘5 aQ rb.:.\B )l PECY \fl.s u.sl.\.c L)"))‘ dl)l.) DLS
Li et al., ) Cowl 0dg o aslus ULQ) )...ul.s).w PN L)«J)Lo.qu
23,5 o kS )l ogae 5l edlitwl (glp 03,28 jeb 4 Y,IS.(2020
9 Olsh g Gl Gl )3 Logasis ¢l ) )3 oS cul G2y9
Sarani et al., ) cul a8l drwgs xpmwg pdaw jd SHUS ol o

Oyl ehly o il oling 3y «65y0lisS 0aSinghy «bls g Mol g sl 09,5 ¢ Joyld (LS Mol 5 (6551 58 )bkl =)

(Email: zaynabmohkami@u0z.acC.ir :Jstue sdiw g —)
u‘)'ll SLLS oLls UJLC u»)yo-‘ &elmo ‘F}LC 0uSiSly ‘@L&b F}l‘ (o -y

el b5 15 olSiingy cs5y5liS oxStmgy il ool g el 095 il pole oyblial ¥
o g (65y9liS 03zl ( SLEL pole 09,5 (6399iSigm batiwl g Glnl ey ¢ lj oSty «(65y9liS 0aSiimgy bl Mol g sl 09,8 «(659lgiSTgm jbokiul —F

https://doi.org/10.22067/ifstrj.2023.76410.1168

Oyl edwdyl o)l Base olKisly ¢ xubo


mailto:zaynabmohkami@uoz.ac.ir
https://doi.org/10.22067/ifstrj.2023.76410.1168
https://orcid.org/0000-0001-9814-2864
https://orcid.org/0000-0002-1320-9941
https://ifstrj.um.ac.ir/

VoY 60,57 B 0,lod I8 als oyl pf (I @lus g pole slotimgs arpis  O4F

Momordica ) b5 (6535 g (0938 S lddse
» 1, (Antidesma bunius) UXs 4 (cochinchinensis
)I L?-c 0ge0 9d u;l WLdged gwyy Cawlo Lglcb.\:u ul.uoa.\”
Sl o Cule 4 0900 93l )97 (193 i (g8 9 (559,
ol @l 3l e | by 298 o (B (lac)le dgute 5
bodds a8 Cunlo (xS yloj e 3l Ly &S 0 lis Budis
Yy (TSS) J9l>m ..\.n‘.> .319.4 9 ¥ pH LS‘)“) )‘.})‘.5 d9.}5 ogx0 )39y
Sk lgzme 9 8op3 ) SV dpul Slgoe 5 Sy 42y
5y U ogae Sl 5l clad Lol .ol CFU/ML £/V0
(Gonzales et al., 2019) 54 jlo)5 (5548
Lodgwld (S0) clacule Ao dyge 0 (g9 il )lE
Lodgulyd Casle Wlg ddllas oyl Lol Gun plpls )l 3959
st il gl £95 Al Cax Y g 39 (55l ()
o5 Mol (sl )3 Cunle gl dss (sl Shg 290 § Jgazne

W sog; 9 390
LS dd gad dags

S3ogliS euSiingy (Jo)l> QLS (gestS I VIS ogee
Soj o g (z=) plae ¥l dlag; aagols ;> dly L oimgs,
0P 9 Srb b Al YA g e PV oldlie Cusde)
o 5l e FAMY glasyl )0 g (Jloud @8> VY g a0 Y'Y Lljas
015 0313 gt Of Alowsg 43 g () JS5) 23,5 gl (12
09> ©llad pl b oals (B Sb sl @ Bl S w
bty el YA e d 3,5 il a3 )3 Fo glod b (S 5SUl
S odd g diges 35 g (B Sl SaS 4y g Sits JlS
O ) (slsko SES] )3 g 9 25 0215 e (5300 Lo ¥ S
Olej B cugh) 5599 5l y9 (15l a2 0 ¥ glod) Sis g Sis
B b 4 Y plerdgnd Cluogad b ()RS Spas
5 9518 (5 S 3a

& o) MolS g0 CulgS 05 /0 S 2395, lomiw C
e & digad (e A 0dwlw dojd Av gl i) Lo Ve ol per
olSuwd lawgi )8 LNAd Soaty jlu g0 Free Caopuw b Al V-
A ogiel 285 Oygo plogil Vo zge Jsb ) yiagibg Sl
Lichtenthaler, ) 15,5 solaiwl olSiwd 3908 pudlS Ca o)
.(1987; Khaleghnezhad et al., 2019

C= (1000 A470 — 1.82 Chl a -85.02 Chl b)/ 198 x
(V/(Wx 1000)) ()

O3B o 5 Sy 42 59y poye (BT Sl s 4 36 olie
o) (Siyasi pourphomani & Kohestani, 2015) <l
coe o apSles b jlile (lads Sl ogMe Y gae
4 Mol Jll g jlad (S L g i g Codhr Cumidg dgute
& pSdny ((Bajhan et al., 2018) wins o 5,3 b cov ¢ )low
oz 5l 435 L b je (yeje Slacs)lom oy 4 bagsjlon S35 5
Sgy b gy gyl g Bopem ol claglen wubs
3y BnyguiS yr (pSiow (slodia 3o 393 (B8 4 g g odind i
sblis Grae g oy 9 Wy (wlol g oses > S
(Abdollahi, 2018) cuul tedgusl b

Sl Slev o oS Canl i Y gao (S diedgul b Canlo
Sl Sh dose 9 Clgaie Gl jolate 4 Jld Cunj LS5
Mo alS leedyglyd ) edlatwl il o] ogyh ¢ cladss
(oo dSlo poie slaisylon s ialS cuw Sl o Cosle
ol 258 B agilen 5 el (o U Gl (S
(255 dagluosil M hinuS1 5 IS Lol Lno s
Amirdivani ) scws basgeMs Jie Slgd Gl 5 Ade5,l8
(etal., 2012

1S Oluogas 5 V)8 130 0o d Y B Y (3938 31 - ldisce
QA = Y10 g5y 30 iy At 9 PH 00505 (awy o 1y Cusle
W Mol W 6yl cdlad VLIS (00 390 Ao y> A/EY = Y/AY 4
o) Canle g1 Tl sl G211y S 5 Jljesls
s ol il Gl YIS 3e Jlde ilsél L (RP 5 DPPH
ol 0353l b eyl YIS jgs b o i sle &S oy L
Olgie 4 48 39,00 )l g ol SlaS| ] b 5 2315 gla
(Park et al., 2018) >q5 oolaiw] diodgul 8 (glie S

I, (Cucurbita pepo) juw 9.5 13538! 13U o) Ken ¢ (oMo
SIS (b 03j0n Cuslo (i g (olond —(S30 b Shg 2
5 3mglS Loy g Jbme Sl Sl bl @l o905 (b))
loj (b g <8l b 5wl PH 6yl ploj e
o 5 lajlas 1 S, g > 23l ials PH 5 il syl
Sol> ladiges Ol i A sdalde (SNl (5SS ol
SIS (b g 09 ST sl sladises I piier e 93
Ol Bl e ooy 9y B gl jg, 5l el il Bl i
395 U Lal g 0 odaline (e (yalS w23 4 oy o) (b g <8l
Loy g g9 2 G o)l el GhlEl cdl e @ad5l
w233 59y 53 (s S paS LS el oy yidi 9 B85 P8 juawgaS
JsilS 2o V¥ (gl cusle dacl)l jlas i ogllae diges g 35
(Salami et al., 2021) 35 jowgaS



O‘W Y)ls)éx 65"’ ..\.L.oég.wbé Cawlo @M,S.v,d wa I ‘0')&“‘“3@';:“

SUEL £y dla po 2 V,I5 bgn0 —) JSUS
Fig. 1. Carla fruit at the horticultural maturity stage

25e s 59 iogiss Sl oS53 gy Gl s o] (sl
ool g el Slhamg S ol 03)S calB gl YAY
F ol 2l (oo ulul 52 g 905 5 (59 p)5 3415 )95
P gt Soygdlgwtenl 5 Ji5 sl 08 aal 3,5 Al

.(Rabiei & Jozghasemi, 2013) ¢l

S yhe g (g 43 & (el g (5 yaSe il

SEWS (SaS 4y g 03505 zly5cal (£ S ogmadl SoS 4 |y s
e Ul b ogeo Ol 51 2 o Vo 33,5 Glo NOIL (yedly Slo
35 4 TN s gl 05 55 il en Vo ol o
Dl 4 5 09938l oge0 ol 4y 1y aolis Jolomo 1 52d o ¥ g
23,5 ol (g, (5SS 55y b 03905 25 Sy Jpbro Lo
Jge s jl g o390 cudliol |y i Cue (Brae Ol Jsloo oo
oge ol ke Voo p S ke s g el e D
Rabiei &) 455 awbre (Mmg/100 ml fruit juice)
.(Jozghasemi, 2013
A= (SxNxFx88.1x100)/ 10 ()

S Jobre ko 1S wogee o)l 13 SoyeSsliul (im0 A
Braedy Jolome ;g B (- ) (Brae sy aidloy N (B pas
(- IAAD)

(TA) 0 g0 JS iaaal 5 538 031
O+ o &y plaie O il deo ¥O L oges 1 1 2 e 0 it
Jlogi + 1 3900 yto PH olStos (SaS by Jsloeo (! sy 52 oo
9w e Sile Coll A IV=A /Y oy o dtswl 4l B 00> ) jis
13 IS el Gymo a9 jl oo cpl 03,5 ool (B pas
(Rabiei & Jozghasemi, 2013) 34 09u0
(TSS) Jglao sola ol 9o (5 150 jlui
I orSor pa3ld) oo dab> Slge ol pSojlil ol
(Silvaetal., 2016) 1> )5 oolatwl yogS )3, olKiws

C oiwd buwgy ol <3l Cls e A 550 (galaily 5o
035 0jg W g A+ (yginl (go)las (ol o> V aisis)S 3o
Lol P)f o> 3 dﬁfo)La.c LS‘)’. u&l)

o $33T (5 S 310
o3lisl (gl Joilio gy 3l biagtl (i lomis Ca
Slbl S5 508 o)) 036 <8l jl oS - IV &S by oy 28
St sl pd oo V bole) gl Joilio yid oo Ve L (14
clu V¥ Ge & laojlas 03 ol (Jgilio il e A3 L Lalls
e 355 455 (S 5 31,5 il s> ¥ sles b gy
Jolore Gl 00,3 Geats il IPM Feee o0 b dddd Ve o
Unic, Jse) siegibyyiSoul busgs sioglh 00+ 30 Jsb 55 Jlish
Wls leie 4 (gdml Joilio Jole 1.5 ald (UV, 2100

.(Khaleghnezhad et al., 2019) 1,55 oalazl
A= Fhbc (v)

0oss D el Jgo TV v v Jolao (oBgels cups &
5 3 oo s p wlwogil e i€ e il Sy ply g8
el hde A

Gl g g o 3§ S sl
a5 sl JlnS gy 5 gt des coSolsl sl
O3 2o 3 F VD Joas cupo ol b (i oy

(Kjeldal, 1998) sl cuwts

Sl a8 935S (5 Syl
o Ve ol 4 0350 555 ) igad 03B 2l Jlp )5 ¢ IV e
2y A glod b gilogy plox 53 (g 9 039381 730 J5ibl 12
oybas jl il dee SO CBS S el S Gde @ 05 Sle
s ko 0 5 imys 10 Jgis 2l V Uy g
Slgie b g jl w9 03905 bglste all 4 ZAA 558l gus



V¥ 33T i o5l % ol oyl 10 qyliow g pole glociudgy &1 pii

8AA
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() () () (PS) (ng GAE/mg) DPPH free radicals)
@)Y o5 25 3 0523°  1270.94" 0.1372% 13963.66"  16107.43" 7060.97*
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Time (b)
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Intraction effect
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*Significance at 0.05 % probability level (P < 0.05) ** Significance at 0.01% probability level (P <0.01) "™ non Significance



V¥ 33T i o5l I8 ol oyl (0 qoliw g pole Glodudoly & plis oo

(i3 e iy lef ol 5 ol 1 S s 4 {1 JS)
L avolio )3 pIVA joy )3 1) PH (2 2e8 V) ogue 358 2oy <17
oM 31 gl L Lo tlosl gl (p<0.05) sl ntigas b
Cuslo & juw 538 39381 3,50 ,5 (Salami et al., 2021) ), Ko 4
4 bope PH 508 35 gl @i G cudlsy cdillas 03j0m
9 (19 22> (VL) Jow 935 90 Mo yd ¥ (s5re Cale diges
K905 o3l gl g (talel 55 3T) MRS w033k 39, 5
Jole 80,8 Iy ials PH 5 Gl anssl (loj (haljEl b &5
) ol S ] slogs 1Sl Sl lled ilsal o
5 4l Gl el JI ol Wi g 18 Gpae b by Sl
owliel s (Karami & Asadi, 2017) w0 PH ialS
|y Y, ogme 595 Mo Linl33l 51 55 ko PH il g a1
Olple 039 sl Laalpd Gy 093 oS58 dn g (i (g
Geiod gl 008 PH ials cely Wlgi o Cunle 4 ol (13438
JrogdS (LS slaoygr (139581 (9ol Sliios b @ls b pol>

(Ozcan & Yildiz, 2016) 5,ls il cuslo & L5 45

SN

pH
¢ ) N W
QUL OINCITWOITN 01O

[EN

o

1 7 14 21 28

(39,) L diged (5,1 Gliseo (s (o
Different storage times of samples (days)

Cowlo PH 1 (6,10455 oloj e ,3b -¥ IS5
Fig. 3. The effect of storage time on yogurt pH

pic) sals Hled 5 (4 +/03) ol Glise cpyieS g Y ogue g
Ol e YIS )39 (13938 9 48 6503l (Y17 )39, (139581
35 osmelyis BB anasl (Gilejl pl 0 0)8 a5
Olej GRIFBIL &S 5 yebay ol (i pH S 5y Jg arliie (5105
Ss) oloj AU 5 b iy ladiges (oled )3 el ¢S
5 oles e 5 s (P 0.05) 53 s ns i Sl

Yyl Hugs Alids slass ju G gla Cuule pH alsy
25 0938 odlw 31 &S ol L ledly wibyly 4o gl
sladios PH i p ()l oy e 5 Cusle 4 V)18 040
S Ll scusls 70 Jlis] pdaw 5 (gyhline S wyp 3590 Canle
Jpi) €l o sinn 5 diges PH oljzn L5 ol b
OSbe (n VL 35 e disMe ¥ SS 5 o5 jeblen (Y
0311 (V)5 0ga0 ydgs (19938) pac) dalis jlaus jo (F/VY) PH )50
0,5 PH 500 (ialS ay oo YIS 000 j3g (19938] g M (5 S
i & PH lise Caslo 10 V)8 0500 j0gs duopd Lyinl38l b i ya
sldo ) (o) be bl s o5 el ials oy
SRS ey (Y JS8) cudls 2929 V) ogee 39 il
Jlesl 5l G 59y 608 Cusle sladises o PH ials cely
5 5 ioris baiged )3 (FV) PH 5 (nke (2 5VL bojlas
Ssygbar <l il PH (50 pVA jo, b (loj 157 L oy 4
13,5 alia (11-7) PH (e 05050k (6 YA 335) 335 o 59

44 -
431 a
42
4.1 4
4 b b
39 b
o 38
3.7 1
= 36
3.5 1
34 ]
33
0 0.2 04 06

(o y5) ¥,)5 ogue ;591 oo pdlio
...Different amounts of Carla fruit powder

Cowlo pH 3 ¥,5 1399 oo slaauo o mili Y U5
Fig. 2. The effect of different percentages of bitter gourd
powder on yogurt pH

Yyls yo g Alids slass ju (s gl Cacule ddasscdl (b
Y 0500 y09s 0938 a8 by L Waodly il lg 4o ol

Ol 25556 9> ol Jlie Sl g o)l ploj e ccanle 4
Jloil ghaw )3 6l Sl (o) 3)90 Canle sladiges dt el
33,5 e dlisMe ¥ IS 5 oS jsboslan (Y Jgis) cudls +/+d
doyd o5 sgls Hles 3 (V) dndal (lie (6S5ke o 5YL



£ Y)lf)éx 65"" ..\.'még.wbé Cawlo dw,&rﬁ uww P ‘0')&"‘“5‘5”';:“

Bl Giali8l an il le; cubdS L g Cousle a4 VLS 1045 409358l 5]
355Y ez ald ashsl 55 g (ylaaSs Ll b & sl o] e
S U @ al Sy 9 Skl clagsl bwy
Bbieo OBl oyt g S0 p dl (S sl i plaal

(Park et al., 2018)

45

Y ogee diz ] e 01 L5 Al (gg; yline 15l 5 Lo
o> /oYY s solitul 35 ol adllas )3 45" JOUNpoOUry o8,
Cuslo (sladiges di il (S 13 ogo Jole Wilgh 0 255 &S !
5L YL g b o i
2,5 o odalin ¥ S5 )0 &S jeblen S anasl 3y50 1
Y8 050 539 203 (32 VL (e sla )3 Al (liee o yidie
o &S 3903 )1 35 5503 Gl b (6503l YA o) 53

s~ b 3
’135 S 4 . e L —0=08
= - 5
I B g 3

f @© - - Cd c nx 8
g 3 -7 fgh %

' 8 ghi ghgemmmmmeme s - 0.4
Xs 25 Ty % =

S o2 e hi cde c 94 Q9
o 2 i g =P
: “ : ¥ g8 0.2
3 £ 15 N =
3" 2 jk hi efg cd w 3
G = ! I oo @eerereneeenere @-eereecennenen @eererennnnnnes ™) ?—i %
N 4? 05 .- ........... e‘ E ."‘."0
S 2 g
—_ 2 0 3 uq:)
=2
= 1 7 14 21 28 =
SIS iz sy,

Different storage times of samples (days)

Cowlo 40 Al dwwl Ol pmai 1 (£S5 yloj o g V)15 0gr0 y0g Blises slans > il I -£ JSUS
Fig. 4. Interaction of different percentages of Carla fruit powder and storage time on changes in acidity in yogurt

IS g 42 & 53505 b3S 55 (Salami et al., 2021) ) lSan 5
Bl 0350m Cusle 6)loky 2 (ite U o 957 390 (1398

SA (slasio s b e d)gSuny (Sus L))
Yols oge yas

lisen Jole 5 ol asle S oy 5| (S 458
e Sl sles (Sid ole slgime ()5 lod (yonen
Ashrafi ) col gge ol p S5l cuiS g9 g pd Al
5 JSs oS jsbylea (Yourghanloo & Gheybi, 2019
& Cowd V)5 0gm0 109 (ol Cunle il joSiusg 30,5 o alanMs
Wged 50 do STl 0399 YL iolojl (sljg, colod )3 Aals diges
2 Ll 128l a3l Sy 505 o e sl L 20l
(7 JS) 39 J95 e 2l Y 0 59> sladiges

Blide slass ;s b e G (513 ad b (b3
Yols gm0 yas
P e claclale aS oly Lis odly uillg 4356 guls
Solgiae Bl Cusle sladiges )3 Ol (5)l0SS Cudyls VIS 05
il cladiges 1 Ol (6, cud b b JSs (P<0.05) cusls
Loyd Yl B S5 ) gydte @l 4 de g b s e ol
Y 39 oy ofF ggime sladiges p (4 AF) Ol (oS
Wged p (L OVIEYV) O ()55 cudybs o yieS 00,5 osmlie
Mishra, 2004 ) | jise g 5lesS .003,5 sdalite CunsS gy 40 5 Jald
Ol oo 9 oSl cbile o a5 Kdges ledl (Kumar &
s Ol plo iomed 315 3y weSiae daily Cunle (1l
Casle (HIT Gials g Ol Gl GialiEl cde 1) S (59057 )3 o
o (Karami & Asadi, 2017; Salami et al., 2021) sl



VoY 60,57 B 0,lods N8 aler oyl pf (210 @loo g pole Slesdidghs apis P oY

100
< 9 b
>z 80 eedd  $dn
8 7 inh NE W N is =
. o ih I . e ) =
w 8 % B e o e ~
60 v o 5l 3 = a7
= & i i e D e
v 35 50 o ! 1 b N IS Q14
5 2 | L \ L&
23 40 4 bRy NF =%  axu
» g 30 i s e 35
< A I e a O @28
= 20 - e il ]
:. :LL .\: . .\: - ~
10 o B i
o i e
0 o = ' - R ACA AN
0 0.2 04 0.6
(o y5) ¥,15 ogme 4591 Blisoo p5lio
Different amounts of Carla fruit powder (%6)
Colo Sdiged ;5 Ol (5SS Cud b -0 S
Fig. 5. Water holding capacity of yogurt samples
1200 a
N B g ——os
@ 800 b — efg é §_ — e--04
[T A\, gh \ [} .
~ ‘3 600 T~ —— — o _ Lg S —e—0.2
3 g d of 7 T ——e EAE=P
L I —c T oge o
= fg e [Gesesseessss ® v 3
200 [Geoeeccccccse Speececett” ?;\ %
“a =
0 y ¢
1 7 21 28 — :1“5’
o s . [a)
Cowlo (5l iz (sl

Diffrent storage time (Days)

Y, gm0 ydg Bliseo slano 0 b Cuwlo diy jSimrg (S -1 IS
Fig. 6. Viscosity of yogurt with different percentages of Carla fruit powder

S £S5, WAIFY) (L ClaS 5 (liee o yieS adlllas (il 5
Pg 181) aalls dges ) pIVA jo,y 3 (Cunle o)las p)5 duof sl
SIE p 59,50 YVOIFY) (L LS5l i 5 (V)8
V) 39 dopd oI5 syine diges 53 (Cusle oylac S ol sl
Ol L oS cul o ) (S ls 5 sanlis Canss gy 53
oilBl JS (8 LS plise canle K905 1> VIS 399 oy
(¥ JS3) 2o
Shiravani & ) g lail 5 Jlgps ol ol L Gl
ojlias LoD ¥ (gols Cunle diges &S Al Hpbsl (Ansari, 2021

Slide slasis yu sgiae Suuls IS S (sl giae (b))
Yols 0930 5u92

A g ol 5l St osls Guilly 4w ) Job @b
2o Jlu 3 )RS lej e g Cusle 4 V)8 050 350 (13958
Al oen g 3 gne 203 8 Jlusl g 3 JS S Gl
2oy S Jloinl daw p3 S5 b (g 9516 93 nl blie
(Y Jga2) 392 )l ine

L35 L badigas solos 5 sl odnliin JBY S 3 45 ol
ool @Bl prals (LS Sl 5 e ()l 0jl 958 I ole



sy Y)ls)éx 65"’ ..\.L.oég.wbé Cawlo gwss.vﬁ uww IR

Ol)od g oS0

Joung et) lKen 5 SSgn oS cunl Jb > opl e cisllas
ol Gl IS Usd sleie &S 58 5055 (al., 2016
Sl 3 9 <8l Ll (o) sl ()l (o canle (gl Lo
Canle )13 s g (5l e ) el S olee AVY) nuUcifera
ko 0 dwl SJB Jslee YY/A) Diospyros kaki oylas g5l
oy (b S Jb tals wzals 1y S S ol ot (2
L oials b byl s o8l (Sdgbie cld 4 Gl e |y (g5l
3 s o Gy b STy 40 08 85 Sl LS s
J(Shiravani & Ansari, 2021) s> cuuws L4

Pk [ sl SIE Jolao p59,500 AYANIF (i b 93,5 Sy
SIE Joleo 59,800 VVITY (500 b anld diges g oy (gl
L e ol 0351 (155 B 5 3m 508 (515 5 ol s
ol cuwle &5 55" Ly 5 (Allirezalo et al., 2015) ) San 4
Ver 3 pS ke OFY) (Sgid Sl 5 (e st b 0
Mo pole 35 )3 gy J5US g s Cawle b sl )3 (p)5
a5 & silwepsd 0)9> Job yd cusle syl (ol S i
¥ 53 65K 59, VA Jl e 9 (p<0.05) cdly (yialS (g)lolies
slal 5 Slopd b & sy e pyeS 4 dlS le
Casle 93,5 ojlac 3l 5,90 ;o (Shiravani & Ansari, 2021)

600

E” 500 - o1

S § g
5 < 3 400 '3, o o7
3 a Eg. D E Bl
: = \ -
% 32 Y 5 e
3 3§ 2% 5 5 s
B el o
3 98 100 BN

\‘I)‘-&) D

e o

3 = 0

J s

D+

(w2 y3) Cuwslo ay auud 239381 Y ,I5° 1399 ilisee yy3lie
Different amounts of Carla fruit powder (%)

Cowlo (8 glgms 1 (631005 ylo de g V,15 dgae 4399 Bl 51 -V JSUS
Fig. 7. Interaction of Carla fruit powder and storage time on yogurt phenolic content

Gl el (gl yob & (51085 o o 12,5 oanlia L
-8l el gt Sisd 4 9350 Sl BT el
2l (A JS) 48 cud adiged (oolos 3 pl VA gy 53 (Slaus]
Cuslo &y (o2 Y B V) V)8 1305 )3938] 45" L0505 ledl s o ldioee
Park et al., ) 5,5 o o SlanSl 5l canls (il 4 e
(2018

B sbyg boad i cunls GhauST il cleb 2138
Colld g (Bl olendsid (lpme s > 3L Jlesl 4
Sdalie cld (Thompson et al., 2007) wib o (29,500
o S5 M g b JeSgeg S e 0 55 carge Vlatsl (29)54e
cll ilsdl ass 55 5 DPPH Gyxo b STy cullf o 55
il (o )3 (2950 4B izmen L)l 1) Gl 5]
G bl 5 odls s 1y U Sl 5 5 gl Sme
(Blum, 1998) sa 1331 1, lsus]

1T XV BRI X | ENCVIN PR RUPIS i VY RCVV0 ENp PR
Yyls ju g Alids

g0 ;091 0938 1 &S oy L Woald wilyly 30 doeis
cilisee (sladiges s 5T cdld p )lgSS oy ode Y,
3 il (p<0.05) doyd 0 Jlais! maw 3 (gbline I cusle
doyd N Jleis] o 55 joline 31 eS8 o> (ol blize 1 a8 Jls
(Y Jods) casls (p<0.01)

g duopd ialidl b 23,5 o dasMe A S (5 S jebo lan
il Slas) ol clld e cusle cladiges 13 VLIS ogae
Loy (o> AY) Sl 5T cllad oy YL o8 6ok 4 tb o
2 g plalefl YA 595 0 YIS 300 diops +/5 (ggime slos &
g 48L5 wges ) (Loyd VD) Sl ol el oy 2eS o5 Jls
ohale] @l 5 man (A JS5) 03,5 € Glalejl Cuss g, 5



VFoY (60— 53T b olouds I wlex ()l ] (2188 pobeo g pole linpgy a i £ Y

- 120

8 =1

E 100 3 =
% Z I 85
D a 80 3 2
3 “DS n \‘3 g L4
Jepg e Eg
n S © ~ <
B EE 4 fof < 52
3 5 s 2
S 20 28
b g

8 0

& 0

(0)3) Y15 39 iliSeo gl Lo
Different amounts of Carla fruit powder (%0)
Cowlo 0 ks Sl 5T Cllad g 6, loj e g Y, 435 Biliie 51 -A JSW5
Fig. 8. Interaction of Carla powder and storage time on the antioxidant activity of yogurt extract

Ol )RS ploj o3l LIS b &S ygbay cuils pel)ly cnl
s ) 55 sl el il Jials b ols
SIS Slej o3l jd 9 YIS j0g gYL polie (sgiee diodgul,y
FB 8 cwl 2B Y g (S5 jgba g sie i Ysb
w8y Rl b g A8 bl Canle (8L elsd d9m0 )0 (298
b e e Jsb i ol ol 6es by G

Aled b diedgul B (glie G w1y o Wlg e g amd LialS

8 )l Sl
Grant code: IR-) bl; o&izgsy Jbo colos b Gudos -yl
25 Colpe dlie ol B diuy g5 Conl oas ploul (RIOZ-GR-9027

Kyl Jos a bl olRiingly (imgls pyixe Cslae 1) 355

& 5 4o
IV )V ogn 39y il pdlie (39381 S Ligiy cnl 5
2 Goy YA oYY AF ¥ ) )l oy s g (1o )d <5 o /F
Ol @l 855 )13 (cw)p )90 Cule (plond= (38 (B S g
SIS ploj e Y5 y0g calisee pdlde &S By LS g
SRS byl el PH Sl 69y Wajloss ol blie 51
g fosne a1 T e 5 B OIS 5 ks ]
bcdl Gioliel answl 5 ials PH (o)l ooy e il 38l
Gde Bl Lol bl isli8l anjeSiung olise VSIS 139 Aoy il
Sdo Gl L S gyobdy D9 (e (Shy onl IS Olej
Y 00 oy iliél Ll ialS anjeSing syl o
osSan 1 52085 o 10 Ll 15 3 o 5 8 4 i

&bo

Abdollahi, Z. (2018). The effect of fasting on health and immune system. Publications of the Community Nutrition
Improvement Office of the Ministry of Health and Medical Education, No. 148041. (In Persian)

Ashrafi Yourghanloo, R., & Gheybi, N. (2019). Investigation the effect of dill extract (Anethume graveolens) using
on the antioxidant and physicochemial properties of set yogurt. Food science and industry (JFST), 84(15), 203-215.
Ahmad, N., Hasan, N., Ahmad, Z., Zishan, M., & Zohrameena, S. (2016). Momordica charantia: for traditional uses
and pharmacological actions. Journal of Drug Delivery and Therapeutics, 6(2), 40-44.
https://doi.org/10.22270/jddt.v6i2.1202

Alirezalo, K., Hesari, J., Sadeghi, M.H., & Bek Mohammadpour, M. (2015). Production of functional colored
yoghurts incorporating with blackberry and carrot extracts. Innovative Food Technologies, 3(2), 53-64.
https://doi.org/10.22104/J1FT.2016.278

Amirdivani, Sh., & Salihin Hj Baba, A. (2012). Herbal yogurt as a functional food to manage hypertension &
diabetes: Inhibitory effects of herbal yogurt on enzymes relevant to hypertension & diabetes. LAP Lambert
Academic Publishing, Germani.


https://doi.org/10.22270/jddt.v6i2.1202
https://doi.org/10.22104/JIFT.2016.278

Fe0

Y)lf )éx 65"" ..\.'mé,.wbé Cawlo @M,&vﬁ uwsm e ‘obl&m 9 ‘S»SJLQ

10.

11.

12.

13.

14.
15.
16.
17.
18.
19.

20.

21.

22.

23.

24,

25.

26.

27.

Bajhan, M., Kalantari, N., Keshavarz Mohammadi, N., Eini Zeinab, H., & Hosseini, H. (2018). Explaining the
facilitators of consuming useful dairy products. Iranian Journal of Nutrition Sciences and Food Industry, 52, 38-27.
(In Persian)

Barros, L., Baptista, P., & Ferreira, I.C.F.R. (2007). Effect of fruiting body maturity stage on antioxidant activity
measured by several biochemical assays Lactarius piperatus. Food and Chemical Toxicology, 45(9), 1731-1737.
https://doi.org/10.1016/j.fct.2007.03.006

Blum, U. (1998). Effects of microbial utilization of phenolic acids and their phenolic acid breakdown products on
allelopathic interactions. Journal of Chemical Ecology, 24, 685-708. https://doi.org/10.1023/A:1022394203540
Dalili, R., Khosrowshahi Asl, A., & Almasi, H. (2015). Effect of okra mucilage (Hibiscus esculentus L.) and guar
gum as fat replacers on viability of Bifidobacterium bifudum and some quality properties of low fat yoghurt. Journal
of Food Reaserch, 27(3), 77-89.

Gonzales Buckes, R.J., Algar, A.F., & Tayobong, R.R. (2019). Nutritional and functional properties of yoghurt drink
with Philippine Gac (Momordica cochinchinensis Spreng.) and Bignay (Antidesma bunius) fruits. International
Joint  Conference on  JSAM and SASJ and 13th  CIGR  Technical  Symposium.
https://doi.org/10.13140/RG.2.2.15188.35203

Institute of Standards and Industrial Research of Iran. (2006). No. 2852. Milk and its products -Determination of
acidity and pH - Test method.

Joung, J.Y., Lee, J.Y., Ha, Y.S,, Shin, Y.K., Kim, Y., & Kim, Sh. (2016). Enhanced microbial, functional and
sensory properties of herbal yogurt fermented with Korean traditional plant extracts. Korean Journal for Food
Science of Animal Resources, 36(1), 90-99. https://doi.org/10.5851/kosfa.2016.36.1.90

Khaleghnezhad, V., Yousefi, A.R., Tavakoli, A., & Farajmand, B. (2019). Interactive effects of abscisic acid and
temperature on rosmarinic acid, total phenolic compounds, anthocyanin, carotenoid and flavonoid content of
dragonhead (Dracocephalum moldavica L.). Scientia Horticulturae, 250, 302-309.

Kjeldahl, J. (1883). New Method for the Determination of Nitrogen. Chem. News. 48(1240), 101-102.

Karami, M., & Asadi, J. (2017). Rheological, physico-chemical and sensorial attributes of stirred yoghurt with
irradiated and autoclaved thyme. Iranian Food Science and Technology Research Journal, 14, 241-252.

Kumar, P., & Mishra, H. (2004). Mango soy fortified set yoghurt: effectof stabilizer addition on physiochemical,
sensory and textural properties. Food Chemistry, 87, 501-507.

Li, Z., Xia, A, Li, S.Sh,, Yang, G., Jin, W., Zhang, M., & Wang, S. (2020). The pharmacological properties and
therapeutic use of Bitter Melon (Momordica charantia L.). Current Pharmacology Reports, 6, 103-109.

Li, F.J., Liu, X.Y., Xu, G.J., & Guo, H.Y. (2015). Effects of extraction solvents on antioxidant activity of Bitter
Gourd (Momordica charantia L.) fruits in vitro. Innovations in Food Research, 1, 1-3.

Lichtenthaler, H.K. (1987). Chlorophyll and carotenoids: Pigments of photosynthetic biomembrane. Methods in
Enzymology, 148, 350-381.

Mohammadi Sani, A., Hassani, M., Sharifi, A., & Hassani, B. (2015). Investigation of the properties of moldy and
stirred flavored probiotic yogurt using seedless Barberry powder. Journul of Innovation in Food Science and
Technology, 7(2), 119-109. (In Persian)

Ozcan, T., & Yildiz, E. (2016). Determination of textural and sensory properties of yogurt produced with the
vegetable puree. Turkish Journal of Agriculture-Food Science and Technology, 4, 579-587.

Park, S., Lee, S., & Kim, M. (2018). Quality characteristics and functionality of yogurt added with Momordica
charantia L. Journal of the Korean Society of Food Science and Nutrition, 47(12), 1251-1258.
http://dx.doi.org/10.3746/jkfn.2018.47.12.1251

Perumal, V., Murugesu, S., Lajis, N.H., Khatib, A., Saari, K., Abdul-Hamid, A., Khoo, W.C., Mushtaqg, M.Y ., Abas,
F., Ismail, I.S., & Ismail, A. (2015). Evaluation of antidiabetic properties of Momordica charantia in streptozotocin
induced diabetic rats using metabolomics approach. International Food Research Journal, 22(3), 1298-1306.
Rabiei, V., & Joz Ghasemi, S. (2013). Horticulture and crop science laboratory practical methods. 1™ edition, Jihad
Daneshgahi Publications of West Azerbaijan Branch, Iran, 264 p.

Rufaghari Nejad, L., & Allahyari, N. (2016, October). Study of the effect of cinnamon extract application on
antioxidant and physicochemical properties of mold yogurt. Paper presented at the 2016 International Congress and
the Twenty-Fourth National Congress of Food Science and Technology of Iran. (In Persian)

Salami, M., Mehraban Sangatash, M., & Ehtiati, A. (2021). Effect of adding Zucchini (Cucurbita pepo) on the
physico-chemical and sensory properties of stirred yogurt during storage. Iranian Food Science and Technology,
17(1), 93-106.

Sarani, M., Fanaei, H.R., & Kuhkan, S.H. (2010). Evaluation of compatibility and performance of Momordica
charantia cultivars in Sistan region. Paper presented at the 2010 National Conference on Medicinal Plants. Iran. (In
Persian)


https://doi.org/10.1016/j.fct.2007.03.006
https://doi.org/10.1023/A:1022394203540
https://doi.org/10.13140/RG.2.2.15188.35203
https://doi.org/10.5851/kosfa.2016.36.1.90
http://dx.doi.org/10.3746/jkfn.2018.47.12.1251

V¥ 33T i o5l I8 ol oyl 108 qoliw g pole Gloduboly dapis P F

28.

29.

30.

31.

32.

33.

Silva, G.M.S.W., Premathilaka, U.L.R.R.W., Maduwanthi, S.D.T., & Uthpala, T.G.G. (2016). Development of
fermented Momordica charantia and analysis of biochemical properties. International Journal of Scientific &
Engineering Research, 7(3), 362-366.

Shiravani, M., & Ansari, S. (2021). Yogurt fortification with walnut leaf extract and investigation of its
physicochemical and sensory properties. Journal of Innovation in Food Science and Technology, 12(4), 1-17. (In
Persian)

Shobha, C.R., Vishwanath, P., Suma, M.N., Prashant, A., Rangaswamy, C., & Gowdappa, B.H. (2015). In vitro
anticancer activity of ethanolic extract of Momordica charantia on cervical and breast cancer cell lines. International
Journal of Health & Allied Science, 4, 210-217. https://doi.org/10.4103/2278-344X.167649

Siyasi Pourphomani, A., & Kohestani, N. (2015). Healthy foods: probiotics, prebiotics and synbiotics. Paper
presented at The First National Conference on Technological Achievements of Iranian Food Science and Industry,
Iran, Babolsar. (In Persian)

Sung Goo, K., Ashari S., Basuki, N., & Noor Sugiharto, A. (2016). The Bitter Gourd Momordica charantia L.:
Morphological Aspects, Charantin and Vitamin C Contents. IOSR Journal of Agriculture and Veterinary Science,
9(10), 76-81.

Thompson, J.L., Lopetcharat K., & Drake, M.A. (2007). Preferences for commercial strawberry drinkable yogurts
among African American, Caucasian, and Hispanic consumers in the United States. Journal of Dairy Science, 90,
4974-4987. https://doi.org/10.3168/jds.2007-0313


https://doi.org/10.4103/2278-344X.167649
https://doi.org/10.3168/jds.2007-0313

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

Research Article
Vol. 19, No. 5, Dec.-Jan. 2023, p. 607-616

Evaluation of Changes in Some Textured and Qualitative Properties of Cake
Enriched with Wheat Germ

S.M. Sadeghi!, M. Tayefe'='?", L. Fadayi Eshkiki®, K. Ghiasvand*

1- Associate Professor, Department of Agronomy and Plant Breeding, Lahijan Branch, Islamic Azad University, Lahijan,
Iran

2, 3 and 4- Assistant Professor and M.Sc of Food Technology, Department of Food Science and Engineering, Lahijan
Branch, Islamic Azad University, Lahijan, Iran, respectively.

(*- Corresponding Author Email: m.tayefe@liau.ac.ir)

How to cite this article:

Received: 2022.06.26 Sadeghi, S.M., Tayefe, M., Fadayi Eshkiki, L., & Ghiasvand, K. (2023). Evaluation of
Revised: 2023.02.15 changes in some textured and qualitative properties of cake enriched with wheat germ.
Accepted: 2023.03.12 Iranian Food Science and Technology Research Journal, 19(5), 607-616. (In Persian with

Available Online: 2023.03.14 English abstract). https://doi.org/10.22067/ifstrj.2023.77230.1185

Introduction

Bakery products such as cakes are consumed in a relatively large amount all over the world due to their ready to eat
format. Among different foods, bakery products provide a great opportunity to use edible portions of seeds, vegetables or
other unconventional food sources. On the other hand, cakes are susceptible to oxidation due to high amounts of fat and
consequently reduce shelf life. Therefore, due to the high nutritional value of cake, improving its characteristics seems
necessary. Wheat germ is the richest known source of vitamin E of plant origin. Consumption of wheat germ can prevent
artery- clogging and also helps fight against free radical damage and procrastination are effective in the aging process of
cells and preventing coronary disease. Despite the beneficial properties of wheat germ, it is difficult to keep it raw in the
formulation of crops due to the presence of high unsaturated fatty acids and lipase enzymes. However, by performing
thermal processes such as steam, fluidized substrate or thermal dryer, enzymes such as lipase and lipoxygenase can be
deactivated. In this study, the effect of adding wheat germ as a rich source of fiber, tocopherols and essential fatty acids
as well as ascorbyl palmitate as antioxidant compound on the qualitative and structural properties of cake was
investigated.

Materials and Methods

In this study, five treatments of oil cake including control, ascorbyl palmitate (100 ppm), wheat germ (5, 10 and 15%),
were prepared and physic-chemical properties including the moisture, firmness and volume of cake at the beginning of
storage period, peroxide number and acidity during 14-day storage period were investigated. In order to evaluate the
texture of the cake, texture analyzer was performed with dimensions of 25 mm and penetration of 50% in the sample at
a speed of 2 mm/s and a 30-second stop between the first and second compressions. The specific volume of the produced
samples and moisture of the middle part of the samples were measured 3 hours after baking.

Results and Discussion

The results showed that addition of L-ascorbyl palmitate had no significant effect on moisture content, hardness and
cake volume. However, wheat germ increased hardness (in amounts more than 5%), decreased moisture content and
specific volume of cake. Also, with increasing the amount of wheat germ, a significant decrease in peroxide and acidity
of the samples were observed during the storage period. However, the values of the mentioned indices in the sample
containing palmitate ascorbyl were lower than those containing wheat germ. According to the results, it seems that the
sample containing 5% processed wheat germ can be recommended as a suitable formulation for cake enrichment.

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and reproduction in
ET any medium or format, as long as you give appropriate credit to the original author(s) and the source.
https://doi.org/10.22067/ifstrj.2023.77230.1185
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Conclusion

Considering that oxidation of cakes and reduction shelf life in different type of cakes are probable due to the presence
of considerable amounts of fatty acids, in this study the effect of adding L-ascorbyl palmitate as a common antioxidant
and processed wheat germ due to its antioxidant behavior on the moisture content, hardness, specific volume, texture and
shelf-life characteristics of the oil cake was investigated. The overall results show that by adding L-ascorbyl palmitate,
there was no significant effect on moisture content, hardness and specific volume. However, processed wheat germ
increased hardness (in amounts more than 5%), decreased moisture content and specific volume of cake. Also, with
increasing the amount of wheat germ, a significant decrease in peroxide value and acidity of the cake was observed during
the storage period. However, the values of moisture content, hardness and specific volume in the sample containing
palmitate ascorbyl were lower than samples containing wheat germ. According to the results, it seems that sample
containing 5% processed wheat germ can be recommended as a suitable formulation for cake enrichment and artificial
antioxidant replacement.

Keywords: Antioxidant, Ascorbil palmitate, Bakery products, Oxidative, Processed wheat germ
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Table 1- Comparison of average measured textural properties

Properties

Treatmen ol Moisture(%)  Specific voltfme (cm3g?) Hardn?ss (N)
" Cagb, QP PAZ > o
slon
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In each column, the averages with the same letters do not differ significantly from each other.
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Table 2- Comparison of average acidity and peroxide

Treatment Peroxide (meq kg )  Acidity (uleic acid %)
o doST iy !
Blank 4,573 0.226°
Asfﬂzﬂ ii')r;i?te 4,020 0.166%
Wr(‘fg; Ei;ma(i%) 1.317° 0.2200
W'z/ei‘g?ifsn illg%) 1271 0.156%
Wheat germ (15%) 1111° 0.146°
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In each column, the averages with the same letters do not differ significantly from each other.
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Table 3- Comparison of average peroxide (meq kg-1) on storage days

Treatment Dayl Day7 Dayl4
sl Yoy Ve V€,
Blank
0.44Ac 2952 432/
Al
Ascorbil Palmitate
D Db c
il Jupgsal 02977 1147163
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(/5) puiS alg> 0.36 1.48% 211
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(/10) puiS a0 1458 202%
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The difference between capital and lowercase letters in each column indicates a significant difference between the mean peroxide in
each time period and a significant difference between the mean peroxide per add-on value, respectively.
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Table 4- Comparison of mean acidity (% of Oleic acid) on storage days

Treatment Dayl Day7 Dayl4
P Yoy  Viey V€,
Blank
0.059%¢ 0.31%  0.61%
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The difference between capital and lowercase letters in each column indicates a significant difference between the mean peroxide in
each time period and a significant difference between the mean peroxide per add-on value, respectively.

Ul puS dilgs Hlade (13l b usen ud SS o gaske LN

el 1 oanlie (51085 0,5 Jsb > Jpae stz 5 105,y

i Shially JupygSool (sl 45905 9 15500 Slagasls ol

Lol plis 0gs 5l paS ales (gols sladiges & Comd |y (55508

Sl Sy ) Bdne gliS 329 pie 4 Cylie by s 4 a2

9 03b Lol paiS Al 20> B (g9l ol (b 9 (L

A Sl STy 20 D0 Cpimed 9 Slinalls o yoSiwl (ool Lo
23,5 o iy pAS dilex duo)d O (g5l o

Elgil )3 ooyl yor alS g ygmnlipns] pboul asiyl 4y s

2 ol Joizme Cpmdwl alan Mo LB o0lie 3939 > 4 SS
S olsied Slily JopgSal I o938l 8E iagg ol
2 ol SPenS1Bl JB) & 4055 b paiS Ll g ol i) ol
Ol IS gulis ab (pyp S () 8ke 9 (Bl oS Sl Sy
agby ylie p oyld sine il Sliwedl oSl I 39380 L ol
wpﬁb]?blw‘o@b@‘“ﬁoswbw

> 9 Cugby (BB (10yd O I il polie ) (B il



£\0

PAS dilga boul S SO S g (8L b SS9 Ol i U5l ) g Solo

10.

11.
12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

&l
AACC. (1999). Approved Methods of the American Association of Cereal Chemists. Method 2005. The
Association, St Paul, MN.
Asadi, Z., Masoudnia, A., & Ziabari, F. (2021). Study of physicochemical and sensory properties of gluten-free
functional flat bread by replacing wheat germ flour, lentils, mash. Iranian Food Science and Technology Journal,
18(120). (In Persian)
Baiano, A., & Del Nobile, M.A. (2005). Shelf life extension of almond paste pastries. Journal of Food
Engineering, 66, 487-495. https://doi.org/10.1016/j.jfoodeng.2004.04.020
Baiano, A., Romaniello, R., Lamacchia, C., & La Notte, E. (2009). Physical and mechanical properties of bread
loaves produced by incorporation of two types of toasted durum wheat flour. Journal of Food Engineering, 95(1),
199-207. https://doi.org/10.1016/j.jfoodeng.2009.04.029
Brenes, M., Garcia, A., Dobarganes, M.C., Velasco, J., & Romero, C. (2002). Influence of thermal treatments
simulating cooking processes on the polyphenol content in virgin olive oil. Journal of Agricultural and Food
Chemistry, 50(21), 5962-5967. https://doi.org/10.1021/jf020506w
Esfandiary, M., Farajpoor, P., Bagheri, H., & Mirarab Razi, F.(2021). Investigating the possibility of low fat cup
cakes using of inulin and xanthan gum. Iranian Journal of Food Science and Technology, 12(18). (In Persian)
Gill, S., Vasanthan, T., Ooraikul, B., & Rossnagel, B.(2002). Wheat bread quality as influenced by the substitution
of waxy and regular barley flours in their native and extruded forms. Journal of Cereal Science, 36(2), 219-237.
Gomez, M., Gonzalez, J., & Oliete, B.(2012). Effect of extruded wheat germ on dough rheology and bread
quality. Food and Bioprocess Technology, 5(6), 2409-2418. https://doi.org/10.1007/s11947-011-0519-5
Hassanein, M.M.M.; & Abedel-Razek, A.G. (2009). Chromatographic quantitation of some bioactive minor
components in oils of wheat germ and grape seeds produced as byproducts. Journal of Oleo Science, 58, 227-233.
https://doi.org/10.5650/j0s.58.227
Hosensy, R.C. (1998). Principles of Cereals Sciences and Technology. American Association of Cereal Chemists,
St Paul, MN.
Iranian National Standardization Organization. 15813, (2018), Hazelnut butterSpecifications and test methods.
Iranian National Standardization Organization. 4179, (2017), Animal and vegetable fats and oils - Determination
of peroxide value - lodometric (visual) endpoint determination.
Javidipour, 1., Tiifenk, R., & Bastiirk, A. (2015). Effect of ascorbyl palmitate on oxidative stability of chemically
interesterified cottonseed and olive oils. Journal of Food Science and Technology, 52(2), 876-884.
https://doi.org/10.1007/s13197-013-1086-8
Karami, Z., Peyghambardoost, H., Hesari, J., & Akbari Adregani, B. (2018). Isolation and identification of
peptides with antioxidant properties from wheat germ protein using Pepsin enzyme, Iranian Journal of Nutrition
Sciences and Food Technology, 13(4), 39-50. (In Persian)
Keskin, S.0., Sumnu, G., & Sahin, S.(2004). Bread baking in halogen lamp—microwave combination oven. Food
Research International, 37(5),489-495. https://doi.org/10.1016/j.foodres.2003.10.001
Khodadadzadeh, M., & Nasehi, B. (2018). Evaluation of physicochemical properties, sensory and textural sponge
cake enriched with bagasse fiber powder, JFST, 78(15). (In Persian)
Kiakajoori, A., & Jafarian, S. (2019). The effect of different levels of L-ascorbyl palmitate on oxidative depravity
of oil cake. 3rd International and 26th National Iranian Food Science and Technology. (In Persian)
Matsakidou, A., Blekas, G., & Paraskevopoulou, A. (2010). Aroma and physical characteristics of cakes prepared
by replacing margarine with extra virgin olive oil. LWT-Food Science and Technology, 43(6), 949-957.
https://doi.org/10.1016/j.lwt.2010.02.002
Matucci, A., Veneri, G., Dalla Pellegrina, C., Zoccatelli, G., Vincenzi, S., & Chignola, R. (2004).
Temperaturedependent decay of wheat germ agglutinin activity and its implications for food processing and
analysis. Food Control, 15, 391-5.
Moghimi, M. (2017). Physicochemical, antioxidant and sensory properties of oil cake containing wheat germ and
sesame meal. Food Science and Technology of Iran, 14(69), 318-307.
Nasir, M., Butt, M.S., Anjum, F.M., Jamil, AM.E.R., & Ahmad, 1.J.A.Z. (2009). Physical and sensory properties
of maize germ oil fortified cakes. International Journal of Agriculture and Biology, 11, 311-315.
Pinarly, 1., Ibanoglu, S., & Oner, M.D. (2004). Effect of storage on the selected properties of macaroni enriched
with wheat germ. Journal of Food Engineering, 64(2), 249-256. https://doi.org/10.1016/j.jfoodeng.2003.10.005
Qavidel, R., Ghiafeh, M., Karimi, M., & Dehghan, M. (2014). The effect of adding processed wheat germ on the
quantitative and qualitative properties of oil cake. Journal of Innovation in Food Science and Technology, 3(6),
59-65.
Rahbari, M., & Alamy, M. (2014). Wheat germ from flour waste to health-boosting, 1st National Conference on
Snacks, Food Science and Technology Research Institute. (In Persian)


https://doi.org/10.1016/j.jfoodeng.2004.04.020
https://doi.org/10.1016/j.jfoodeng.2009.04.029
https://doi.org/10.1021/jf020506w
https://doi.org/10.1007/s11947-011-0519-5
https://doi.org/10.5650/jos.58.227
https://doi.org/10.1007/s13197-013-1086-8
https://doi.org/10.1016/j.foodres.2003.10.001
https://doi.org/10.1016/j.lwt.2010.02.002
https://doi.org/10.1016/j.jfoodeng.2003.10.005

V¥ 33T i o5l I ol oyl 10é qoliow g pole Glodudoly arpis  FVF

25.

26.

217.

28.

29.

30.

31.

32.

33.

Renzetti, S., Dal Bello, F., & Arendt, E.K. (2008). Microstructure, fundamental rheology and baking
characteristics of batters and breads from different gluten-free flours treated with a microbial
transglutaminase. Journal of Cereal Science, 48(1), 33-45. https://doi.org/10.1016/j.jcs.2007.07.011

Rosental, A.J. (1995). Application of aged egg in enabling increased substitution of sucrose by Littese
(polydextrose) on high ratio cakes. Journal of the Science of Food and Agriculture, 68, 127-31.
https://doi.org/10.1002/jsfa.2740680120

Sohrabi, Y., Mohammadzadeh-Aghdash, H., Baghbani, E., Dehghan, P., & Dolatabadi, J.E.N. (2018). Cytotoxicity
and genotoxicity assessment of ascorbyl palmitate (AP) food additive. Advanced Pharmaceutical Bulletin, 8(2),
341-346. (In Persian). https://dx.doi.org/10.15171%2Faphb.2018.039

Sowmya, M., Jeyarani, T., Jyotsna, R., & Indrani, D. (2009). Effect of replacement of fat with sesame oil and
additives on rheological, microstructural, quality characteristics and fatty acid profile of cakes. Food
Hydrocolloids, 23(7), 1827-1836. https://doi.org/10.1016/j.foodhyd.2009.02.008

Srivastava, A.K., Sudha, M.L., Baskaran, V., & Leelavathi, K. (2006). Studies on heat stabilized wheat germ and
its influence on rheological characteristics of dough. Journal of European Food Research Technology, 224, 365-
372.

Sudha, M.L., Srivastava, A.K., & Leelavathi, K. ( 2007). Studies on pasting and structural characteristics of
thermally treated wheat germ. European Food Research and Technology, 225(3), 351-357.
https://doi.org/10.1007/s00217-006-0422-x

Zarenejad, F., Azadmard-Demirchi, S., Peyghambardoost, H., Nemati, M., & Rafat, S. (2013), Changes in
functional compounds and some chemical properties in cake enriched with wheat germ, Journal of Research and
Innovation in Food Science and Technology, 2(2), 53-66. (In Persian)

Zarenejad, F., Peyghambardoust, H., & Azadmard Demirchi, S. (2014). The effect of adding raw and stabilized
wheat germ on the qualitative properties of mold cake. Iranian Journal of Food Science and Technology Research,
10(3). (In Persian). https://dx.doi.org/10.22067/ifstrj.v10i3.38297

Zhu, K., Lian, C., Guo, X., Peng, W., & Zhou, H. (2011). Antioxidant activities and total phenolic contents of
various extracts from defatted wheat germ. Food Chemistry, 126, 1122-1126.
https://doi.org/10.1016/j.foodchem.2010.11.144


https://doi.org/10.1016/j.jcs.2007.07.011
https://doi.org/10.1002/jsfa.2740680120
https://dx.doi.org/10.15171%2Fapb.2018.039
https://doi.org/10.1016/j.foodhyd.2009.02.008
https://doi.org/10.1007/s00217-006-0422-x
https://dx.doi.org/10.22067/ifstrj.v10i3.38297
https://doi.org/10.1016/j.foodchem.2010.11.144

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

Research Article
Vol. 19, No. 5, Dec.-Jan. 2023, p. 617-633

Pre-harvest Application of Chitosan with Carvacrol on Biochemical, Qualitative
and Shelf Life Characteristics of Strawberry (Fragaria x ananassa Duch.)

Z. Ghasemi Arshad!, A. Ehtesham Nia'='?*, E. Hazbawi®, H. Mumivand*, M. Soleimani Aghdam?®

1, 2 and 4- M.Sc. and Associate Professors, Department of Horticultural Sciences, Lorestan University, Khorramabad,
Iran, respectively.

(*- Corresponding Author Email: Ehteshamnia.ab@lu.ac.ir)

3- Assitant Professor, Department of Biosystem, Lorestan University, Khorramabad, Iran

5- Assoclate Professor, Department of Horticultural Science, Imam Khomeini International University, Qazvin, Iran

How to cite this article:

Received: 2022.07.21 Ghasemi Arshad, Z., Ehtesham Nia, A., Hazbawi, E., Mumivand, H., & Soleimani
Revised: 2023.01.29 Aghdam, M. (2023). Pre-harvest application of chitosan with carvacrol on biochemical,
Accepted: 2023.02.14 qualitative and shelf life characteristics of strawberry (Fragaria x ananassa Duch).

Auvailable Online: 2023.02.19 Iranian Food Science and Technology Research Journal, 19(5), 617-633. (In Persian with
English abstract). https://doi.org/10.22067/ifstrj.2023.77806.1192

Introduction

The increase in people's awareness of the negative effects of chemical preservatives has led to more research on the
antimicrobial effect of plant essential oils and their potential to be used as preservative compounds. Strawberry (Fragaria
ananassa cv. gingxiang) is one of the most popular and widely consumed berries due to its taste, sweetness and healthy
function. The taste of strawberry is related to its hardness, viscosity, sugars, protein, total soluble solid, titratable acidity
content and minerals like P, K, Ca and Fe. It is a good source of polyphenolic compounds such as flavanols and has
antioxidant activity. This, together with higher vitamin C content in strawberries, contributes beneficial effects on the
maintenance of consumer health. Strawberry has higher antioxidant activities than orange, grape, banana, apple, etc.
Strawberries are among the fruits sensitive to mechanical and physiological damage and have a fast metabolism and
deterioration during the storage period. For this reason, it is necessary to use safe methods to control spoilage and maintain
the quality of strawberry fruit during storage.

Materials and Methods

The experiment was conducted in a completely randomized design, in a 5 x 4 factorial scheme (5 treatments x 4
periods evaluated), with four replications The first variable was the type of material with different concentrations in five
levels including 0, 0.3%, 0.6% carvacrol, the combination of chitosan with 0.3% and 0.6% carvacrol, and the second
variable was storage time in four periods including 0, 10, 20, 30 days of storage. The harvested fruits were kept at 4°C
and with a relative humidity of 90+5% and parameters such as weight loss, pH, firmness of the fruit tissue, acidity (TA),
soluble solids (TSS) and taste index, vitamin C, phenol and flavonoid, fruit shelf life (number of days) during the storage
period were investigated and studied.

Results and Discussion

The ANOVA results showed that the effect of the type of treatment and storage time on all investigated traits except
for the firmness of the fruit texture was significant at the probability level of 1%. The fruits treated with the combination
of chitosan and carvacrol 0.6% had more texture firmness, vitamin C, total phenol content and the amount of soluble
solids and better shelf life than the control. In all four storage times, the highest content of total phenol (2.49 mg of gallic

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
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acid per 100 gr FW), total flavonoid (0.435 mg of Quercetin per 100 gr FW) and firmness (3.80 N) was related to the
combined treatment of chitosan with carvacrol 0.6% and the lowest amount was related to the control. The firmness of
the fruit tissue gradually decreased during storage, but this process was observed at a significantly slower rate in the
treated fruits.

Conclusion

Considering the increase of 10 and 12 days of shelf life post- harvest of the combined treatment of chitosan + 0.6%
carvacrol compared to other treatments and the control, hence the application of chitosan pre harvest and the use of 0.6%
carvacrol edible coatings can be recommended as a safe and low-cost strategy to increase the shelf life post harvesting of
'Parus ' strawberry cultivar.

Keywords: Carvacrol, Edible coating, Firmness of fruit texture, Shelf life, Vitamin C
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Fig. 2. Pre-harvest application of chitosan with carvacrol on total soluble solids of Paros strawberry fruit tissue during storage
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Introduction

Consumer demand for healthy food free of chemical preservatives and environmental concerns with plastic packaging
environments are analyzed, which can be replaced by aquatic environments that can be contaminated, for the development
of bio-based packaging materials. Natural polymers have the ability to be biodegradable due to the presence of oxygen
or nitrogen atoms in their main polymer chain compared to the dominant carbon-carbon bonds in fossil-based polymers.
Among the various biopolymers used to prepare multilayer films, polysaccharides are considered as the main components
of the film due to their abundance and non-toxicity. These films generally have good mechanical strength, moderate
physical properties, and most importantly, are edible and easily degradable. However, they are very brittle and
hydrophilic, and these properties are undesirable in food packaging applications. Among polysaccharides, agar,
commercially extracted from seaweed, is one of the most common and widely studied base materials. Agar is insoluble
in cold water, but soluble in water at 90-100°C. When making an agar film, the solution and casting surface must be kept
above the agarose gel setting temperature to avoid premature gelation. Compared to other biopolymers, agar is more
stable at low pH and high temperature. This thermoplastic and biocompatible polysaccharide creates films with high
mechanical strength, transparency and moderate barrier properties to carbon dioxide and oxygen, and most importantly,
it is edible and easily biodegradable. Mixing agar with other polymers such as polyvinyl alcohol (PVVA) and polyethylene
improves the mechanical, thermal and biodegradability properties of bio composites. The main goal of this study is to
make biofilms for use in packaging industries with agar polymer extracted from macroalgae species Acanthophora sp.
Agar was extracted by sodium hydroxide/heating method and the film was prepared in combination with industrial
polymer PVA and glycerol.

Materials and Methods

To make biofilms based on agar polymer, firstly, optimization of agar polymer extraction from macroalgae species
Acanthophora sp. was done by sodium hydroxide/heating method, and in the next step, total phenolic compounds and the
amount of soluble protein in extracted agar were measured. In the next step, glycerol with 30% by weight was used as a
softener and PVVA polymer with a weight ratio of 25% to the dry weight of agar powder was used to make bio composite
by solvent casting method, in order to strengthen the mechanical and physical properties of bio composites.
Characterization tests of the prepared composites included: XRD, FTIR and Tensile test. Laboratory tests include; The
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percentage of solubility in water and degree of swelling for all bio-composites were evaluated to determine the optimal
physical properties of bio-films.

Results and Discussion

he results showed that; 15% extraction efficiency was obtained for sodium hydroxide/heating pretreatment method.
The results of measuring the amount of total phenolic compounds in agar solution extracted by sodium hydroxide/heating
method showed that the number of phenolic compounds in agar solution was 0.077 + 0.004 in terms of mg of gallic acid/g
of agar. The results of measuring the amount of protein in extracted agar determined by Bradford method showed that the
agar solution contains 0.040 £ 0.019 mg/ml of protein. A decrease in the swelling rate and an increase in the water
solubility of the agar bio composite occurred with the addition of glycerol and PVA polymer. The results of the tensile
test showed that the addition of glycerol, a small hydrophilic molecule, to the agar bio composite leads to a decrease in
the elastic modulus and an increase in flexibility. Adding PVA to agar/glycerol biofilm caused a decrease in the amount
of elastic modulus and percentage of flexibility, which is the main factor of this phenomenon, the low values of elastic
modulus and flexibility of PVA. Finally, the results confirm the use of these coatings for packing fruits and vegetables in
tropical regions by increasing their shelf life for at least 5 days at 25°C.

Keywords: Bioplastic, Bio-polymer, Packing, Polysaccharide, PVA
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Fig. 1. Red macroalgae Acanthophora sp. Photo by the
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Fig. 2. Swelling ratio of(a) PVA, (b) agar, (c) agar/glycerol and (d) agar/glycerol/PVA bio composites
Each of the mentioned data is the average of three replicates with + standard deviation
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Fig. 3. Water solubility of (a) PVA, (b) agar, (c) agar/glycerol and (d) agar/glycerol/PVA biocomposites
Each of the mentioned data is the average of three replicates with + standard deviation.
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Table 1- Thickness and mechanical properties of tensile test of bio composites made: PV A, agar, agar/glycerol and
agar/glycerol/PVA
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Fig. 4. Comparison of X-ray diffraction (XRD) patterns of (a) PVA, (b) agar, (c) agar/glycerol and (d) agar/ glycerol/ PVA
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Fig. 6. Application of agar/glycerol and agar/glycerol/PVA biocomposites in packaging and appearance properties of
strawberry (Fragaria ananassa) and broccoli (Brassica oleracea) during 5-10 days at 25°C
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Introduction

Phycocyanin is one of the pigments used in the food industry due to its antioxidant and antibacterial as well as coloring
properties. This pigment is commercially produced from Spirulina platensis microalgae, in the form of photoautotrophic
cultures and in open environments in large ponds or pools in tropical or subtropical areas at the edges of oceans. Different
techniques are used in order to extract phycocyanin from spirulina microalgae.. Each technique has its own advantages
and disadvantages besides different efficiency. These methods include freezing-defrosting, enzymatic, ultrasound, high

hydrostatic pressure, ultracentrifuge, ultra homogenization, extraction using water and various solvents. Of course
recently, the production of recombinant phycocyanin has been considered as a suitable option for the production of
heterotrophic phycocyanin. The purpose of the current research was to cultivate Spirulina platensis, evaluation of the
microalgae growth process, and comparison of the efficiency of different methods in the extraction of phycocyanin
pigment.

Materials and Methods
The pure sample of Spirulina platensis microalgae was prepared from Algaeology Laboratory, Biology Department
of Tarbiat Modares University. For the cultivation of spirulina, Zarrouk culture medium with different compositions was

used, and after cultivation in smaller scales (100 and 500 ml), the final cultivation was carried out in volumes of 5 and 50
liters. After cultivating the microalgae and exposing them to fluorescent light with appropriate light lux intensity (3500
to 8000) and a period of 12 hours of darkness and 12 hours of light, the samples were placed at 29 °C for 16 days. In
order to evaluate the growth process of the algal mass, the absorbance of the solution containing the algal cells was read
at a wavelength of 540 nm. After preparing the dry mass of spirulina microalgae, four methods of ultrasound, freezing-
defrosting, enzymatic and mineral solvent technique were used to extract phycocyanin. In the next steps, the efficiency
of each method was evaluated by measuring the concentration and purity of phycocyanin. In addition, the effect of
applying the purification process by ammonium sulfate on the concentration and purity of the extracted pigment was also
evaluated. This research was conducted in a completely randomized design and SPSS and EXCEL softwares were used

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and reproduction in
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for statistical analysis and drawing of diagram, respectively. Data were analyzed using one-way analysis of variance and
the difference between the means was evaluated by Duncan's test at 95% confidence level.

Results and Discussion

The results showed that microalgae growth from day 0 to 14 had an upward trend and the resulting changes were
significant at all times, except days 14 and 16 (p<0.05). Also, after passing the short resting phase (2 days), the microalgae
entered the logarithmic growth phase and continued to grow until the 14th day, but between the 14th and 16th days, the
growth was almost constant. In the following, it was found that the mass produced after 16 days is 1120 mg/l. The
concentration of phycocyanin extracted in enzymatic and ultrasound methods (1.815 and 1.786 mg/ml, respectively) had
no significant difference (p>0.05) and was at a higher level than the other two methods (p<0.05); In addition, the pigment
concentration was higher in the freezing-defrosting technique (1.535 mg/ml) than in the mineral solvent method (1.121
mg/ml). After purification of the pigment using ammonium sulfate, the pigment concentration and purity increased
significantly in each method (p<0.05). The results of this research showed that by choosing the optimal method and
applying the purification process using ammonium sulfate, the extraction efficiency of phycocyanin from Spirulina
microalgae (Spirulina platensis) could be increased.

Conclusion

Based on the results of this research, the growth trend of Spirulina platensis in Zarrouk culture medium was
ascending first and then constant (during 16 days). Ultrasound technique and enzymatic method (lysozyme enzyme) to
extract phycocyanin pigment from Spirulina platensis microalgae have more efficiency than freezing-defrosting and
inorganic solvent (hydrochloric acid) methods. Also, purification of the extracted pigment using 40% ammonium sulfate
increases the concentration and purity of phycocyanin in each method.

Keywords: Enzymatic technique, Lysozyme enzyme, Phycocyanin extraction, Spirulina microalgae, Ultrasound
method
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Fig. 1. Spirulina platensis microalgae cell culture
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Table 1- Contents of Spirulina platensis microalgae
culture medium
Composition of the culture medium  Amount (g)

CuiS o o ol
NaHCOs 8
K2HPO4 0.5
NaNO3 2.5

K2SO04 0.5
NaCl 2
MgSOa4 0.2
FeSOa4 0.05
Urea 0.2

5- Chlorella vulgaris
6- Nannochloropsis salina
7- Zarrouk medium
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1- Ulava fasciata
2- Sargassum vulgare
3- Porphyra acanthophora

4. Electroporation
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Fig. 2. Extraction of phycocyanin samples from Spirulina
platensis microalgae
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Table 2- Changes in light absorption of Spirulina platensis microalgae at different times

Time (day) Light absorption of microalgae at 540 nm wavelength
ob; ol 08+ Foo Job )3 SlagSe (5,95 2o

0 0.09+0.002"
2 0.21+0.0149
4 0.44+0.01°

6 0.83+0.02°

8 1.215+0.02¢
10 1.71+0.05°

12 2.165+0.09°
14 2.325+0.0772
16 2.35+0.0442
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Different letters indicate significant differences between the data (p<0.05).
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3- Photobioreactor
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1- Batch culture
2- Fed Bacth Culture
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Table 3- Comparison of phycocyanin concentration and purity in different extraction methods

Extraction methods

Phycocyanin concentration (mg/ml)

Purity (As20/A2s0)
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Hydrochloric acid 2140, 05 0.820+0.022
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Different letters in each column indicate significant differences between the data (p<0.05); for each treatment, 5 replications were
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1- N-Acetylmuramic acid
2- N-Acetylglucosamine
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Introduction

Carotenoids have many effects on human health. These compounds are produced by plants and microalgae. The
extraction of carotenoids from microalgae such as Chlorella has received much attention, since microalgae grow all year
round (regardless of the season) and at a much faster rate than plants in non-arable lands. The aim of this research was to
optimize the concentrations of nutrients (nitrogen and phosphorous) in the growth medium of microalgae with the
objective of maximizing carotenoids content. At the optimized nutrient conditions, the effect of phytohormones on
production of carotenoids using Chlorella sorokiniana 1G-W-96 was investigated.

Materials and Methods

Chlorella sorokiniana 1G-W-96 was cultivated in BG11 growth medium with light intensity of 25000 lux and light:
dark cycle of 16: 8 supplied with compressed air flow of 0.5 vwm containing 6% vol carbon dioxide. Under three
concentrations of nitrate (0.04, 0.25, 1.5 gL!) and three concentrations of phophate (0.01, 0.04, 0.16 gL™!) and
carotenoid concentration was measured. Full factorial experimnetal design was performed and the resuts of the
experiments were analyzed using Minitab (ver. 21.01.1). Finally, the best concentrations of nitrate and phosphate were
chosen for pigments production, and at that concentration, naphthalene acetic acid (0, 2.5, 5, 7.5, 10 and 12 ppm) was
added to the culture medium to check its effect on pigments production. By measuring the dry weight of C. sorokiniana,
its growth rate was determined. After extracting the pigments with solvent, the concentration of the pigments was
determined by measuring the amount of light absorption.

Results and Discussion
Dry weight

The results showed that the highest amount of dry weight was related to the treatment with nitrate amount of
0.25 g L™, and nitrate more and less than this amount caused a decrease in growth. This result was not dependent on the
amount of phosphate and was true for all phosphate concentrations. Nitrate reduction from 1.5 to 0.25 g L™tincreased the
growth of microalgae up to 81.8%, so that the dry weight of 0.88 g L reached 1.6 g L. However, reduction of nitrate
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from 0.25 t0 0.04 g L™ decreased the dry weight by 65.6%. In order to reach the maximum growth rate, it is necessary
to determine the appropriate concentration of each nutrient.

Carotenoids

Unlike the dry weight, not only the pigment production did not decrease with the excessive of nitrate concentration,
but also the maximum amount of pigment production was related to the treatment with the maximum amount of nitrate
concentration. Based on the results obtained, the concentration of carotenoids was higher in the concentration of 1.5 g L1
of nitrate and 0.04 g L~ of phosphate (6.7 mg L™1).

When the nitrate concentration was very low (0.04 g L™1), changing the phosphate concentration had no significant
effect on the production rate of any of the pigments. Only when the nitrate concentration was high (1.5 g L™1), change in
phosphate concentration caused a change in pigments concentration. The increase of phosphate concentration from 0.01
to 0.04 gL~ tincreased the carotenoids concentration to 1.65-fold. Of course, increasing phosphate concentration to 0.16
g L~1did not affect the pigments concentration.

Based on the statistical analysis, the P-value<0.05 indicated that the effect of the factors and the model was significant.
In this situation, in order to increase the production of carotenoids, naphthalene acetic acid was added to the phytohormone
culture medium. At the optimal concentration of 2.5 ppm of naphthalene acetic acid, the concentration of carotenoids
increased by 26.71% and reached 8.49 mg L™1. However, phytohormone had no significant effect on dry weight.

Conclusion

Carotenoid production using microalgae could be maximized through optimization of nutrients concentrations (nitrate
and phosphate) in the growth medium. Phytohormones could further increase the prodcution of carotenoids at optimum
concnetrations.
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Table 1- The considered levels for the nitrate and
phosphate concentration in the experiments

o=l NaNo, (%) K,HPO, (%)

Run
1 0.04 0.01
2 0.04 0.04
3 0.04 0.16
4 0.25 0.01
5 0.25 0.04
6 0.25 0.16
7 1.50 0.01
8 1.50 0.04
9 1.50 0.16
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Fig. 1. The effect of different concentrations of nitrate and phosphate on the biomass concentrations of Chlorella
N nitrate and P phosphate. The numbers show the concentrations. The results with the same letters are not significantly different.
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Table 2- The effect of nitrate and phosphate concentration on the production of pigments

g g. Chlorophyll a (mg/L) Chlorophyll b (mg/L) Carotenoids (mg/L)
1 0.04 0.01 2.11+0.01F* 0.73+0.16F 1.3440.02F
2 0.04 0.04 2.56+0.49F 0.97+0.25PF 1.45+0.08"
3 0.04 0.16 2.05+0.12F 0.85+0.05PF 1.37+0.04F
4 0.25 0.01 9.2340.32¢P 3.17+0.32¢ 3.87+0.2¢P
5 0.25 0.04 7.06+0.45PF 2.60+0.14¢P 3.43+0.1PF
6 0.25 0.16 5.64+0.07F 1.93+0.06°PF 3.09+0.13F
7 1.50 0.01 10.99+1.03¢ 5.13+0.648 4.05+0.35¢
8 1.50 0.04 24.5+0.84 12.59+0.424 6.70+0.144
9 1.50 0.16 21.91+0.898 12.49+1.094 5.55+, 0355
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Table 3- Statistical analysis of the results based on the concentration of carotenoids
Based on the results obtained from Minitab software, the value of R2-sq was equal to 99.68%.

Source DF Adj SS Adj MS F-Value P-Value
F) WOl anyd Wljgdome ggemme  Wljgdome (mile  F-jlade  P-jlade
Model
Jae 8 56.8355 7.1044 351.03 0.000
Linear 4 50.9913 127478 629.87  0.000
Nitrate
el 2 49.1379 24.5690 1213.95 0.000
Phosphate
A LEMB 2 1.8534 0.9267 45.79 0.000
2-Way Interactions 4 5.8442 1.4611 72.19 0.000
Sland g il Sl s pap ' ' ' '
Error
L 9 0.1822 0.0202
Total
17 57.0177
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The results with the same letters are not significantly different.
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Introduction

Today, carrots are widely used in freshly cut products, including ready to eat salads, however, its shelf life is reduced
due to the damage caused on the texture of the product which accelerate the reduction of nutritional value as well as the
growth of microorganisms, (Azizian et al., 2020). To increase the shelf life of freshly cut products, it is recommended to
use coatings on the surface of these products. Alginate is a hydrophilic biopolymer and having unique colloidal
characteristics, it demonstrates a suitable coating function. Olivas et al. (2008) showed that by coating fresh apple slices
with alginate and antimicrobial agents increased the shelf life of apple and decreased weight loss. Among the native plants

of Iran, we can mention the Oliveria plant, which belongs to the Amblifra family. The aerial parts of this plant have a
significant amount of essential oils (EOs). Researches by Amin et al. (2005) on the antimicrobial properties of Oliveria
essential oils have shown a broad-spectrum antimicrobial activity against all studied organisms, and this effect is
comparable to that of commercial antibiotics. Packaging with modified atmosphere is one of the best ways to increase the
shelf life of fruits and vegetables. The purpose of this study was to investigate the effect of alginate and Oliveria essential
oils on the physicochemical and microbial characteristics of grated carrots in polypropylene packages with modified
atmosphere during storage.

Methods

Essential oil of Oliveria plant was extracted, dehydrated by sodium sulfate and placed in sealed glass container and
stored at 4°C until using. Carrots prepared from Wilmoren cultivar. An industrial crusher crushed the carrots, and samples
were coated by treatment solutions. Two treatments of coating were prepared, one as control with 0% and the other one
with 1.5% alginate with stirring and moderate heat (50-60°C) (Lu et al., 2009). Then the Oliveria EO was added to the
alginate solution at the specified concentration. The resulting solution was deaerated at 25°C.

T1: control sample (without coating)

T2: 1.5% alginate

T3: 150 ppm Olivieria EO

T4: 250 ppm Olivieria EO

T5: 1.5% alginate and 150 ppm of Olivieria EO

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and reproduction in
ET any medium or format, as long as you give appropriate credit to the original author(s) and the source.
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T6: 1.5% alginate and 250 ppm of Olivieria EO
After weighing (250 g), the grated carrots (control and coated) were placed in 10 g polypropylene packages of suitable
food grade in dimensions of 50 x 190 x 144 cm and the package was injected with 5% O, 5% CO; and 90% N2. The

packages were then stored in the refrigerator for 12 days at 4+1°C. All experiments were performed on days 1, 3, 6, 9,
and 12.

Evaluation of Chemical, Microbial and Sensory Characteristics

A pH meter used for pH determination (Rad et al., 2020). The acidity measured based on Rocha et al. (2007) method.

The weight was reported using pre and post-storage weight. The carotenoid concentration calculated by Rocha et al.
(2007) method. Total soluble solids determined by refractometer (Rad et al., 2020). Ascorbic acid content measured by
Falahi et al. (2013) method. The L*, a*, b* and WI (white index) indicators of grated carrots evaluated by Hunter lab
system. A 5-point hedonic test was used to assess sensory attributes(Ajnevardi et al., 2002). The internal gas concentration
evaluated by Ullsten & Hedenqvist (2003) method. Total count microorganisms, mold, and yeast were counted according
to the method of Azizian et al. (2020).

Data Analysis

This study was conducted in a completely randomized design with factorial form to investigate the effect of
independent variables of type of alginate coating (2 levels), essential oil (3 levels) and time (5 levels) on the
physicochemical properties of grated carrots (3 replications) and total counting, mold and yeast (2 replications). Mean
comparison was performed using LSD test at 5% probability level and SPSS software was used to statistically analyze
data.

Result

The results showed that the level of acidity, carotenoid and acid ascorbic, the amount of L* and sensory (color, quality,
flavor, odor) scores reduced during time. By contrast the level of pH, weight loss, the amount of a*, b*, CO,, TSS and
total counts increased (P<0.05). Also, with increasing the concentration of essential oils and alginates, the amount of
acidity, carotenoids, ascorbic acid, L* increased and pH, weight loss, TSS, a*, b*, COzand total count decreased (P<0.05).
Escherichia coli, mold and yeast count of the samples did not show any growth from the mentioned treatments until the
12t day. Overall, the Oliveria essential oil and alginate were effective in improving the properties of grated carrots under
the modified atmosphere during storage.

Conclusion

The study showed that Oliveria EO and alginate added to grated carrots in modified atmosphere packaging during
storage was effective in reducing respiration, water loss, microbial load and increased the shelf life. Treatment containing
1.5% alginate and 250 ppm Oliveria EO showed the best chemical, microbial and sensory characteristics. The results
indicated that by packing under modified atmosphere and coating by alginate and Oliveria EO, a new carrot product
provided to the market with maintaining durability and quality characteristics during storage.

Keywords: Alginate, Modified atmosphere, Oliveria decumbens essential oil, Polypropylene
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Table 1- Mean comparison of Alginate and Oliveria decumbens Essential Oil on physiochemical properties and total count of
grated carrot

).Zol)l,! (59)) u"’)
Parameters Day
1 3 6 9 12
pH 622+ 0.00° 631+002° 641+008° 6.49+015° 655+ 0192
(22)3) 22 250+ 0.012  2.4440.04b  2.23+013°  1.95+0179  1.55+0.22¢
Acidity(%)
(x2,2) 0y L2 000+ 0.00¢ 061+023¢  1.04+047°  2.14+0.91°  2.92+ 0.982
Weight loss (%)
(3 2 5 9,500) 1595918
Carotenoid (mg/l) 35.84+ 0.00° 35.35+0.18P 34.84+0.33¢ 34.29+050¢  33.86+0.82
(1252) J8 Jghma 2ol lge 8.60+0.00° 8.89+007¢ 926+£021° 10.33+0.28P 11.36+0.712
Total soulable solid (%)
(ho3) S pgSl 8.13+0.00°  7.96+0.05°  7.17+0.33°  6.41+046¢  5.21+0.73°
Ascorbic acid (%)
L* 5233+0.01% 516140220 50.26+0.82¢ 48.63+1.30¢ 47.61+1.33¢
b* 3553+ 0,000 33.49+ 0229 34.60+0.63¢ 35.60+0.75° 37.01+ 1.152
a* 28.3240.01¢ 29.37+0.18¢ 30.80+0.51¢ 31.97+0.77°  33.06+1.10
o b 500+£0.00°  4.98+0.13%  4.42+050°  3.07+0.58°  2.20+0.55¢
Taste acceptance
> ) 50040000  5.00+0.00°  453+050°  3.45+0.50°  2.83+0.42¢
Color acceptance
(o she 500+£0.00°  5.00+0.00°  4.42+050°  2.63+0.49°  2.10+0.57¢
Flavor acceptance
Clghe 500+40.00°  5.00+0.00°  455+050°  2.8740.72°  2.35+0.48¢
Total acceptance
5 Sl s
(22) 2SSl St 524+0.16°  17.37£0.26° 27.86+0.48° 38.33+058>  47.63+0.29%
CO:2 (%)
(”’”)g”(j.j ') e 5.00£0.00°  0.00+0.00° 0.00+0.00P 0.00+0.00° 0.00+0.00b
2 (1]
(P51 A5 JSuis oy )R K Siled 5504 0000 00040000  0226037°  1.05£044°  1.82+0.61°

Total count (Log cfu/g)

L jle Gl il 2 Sikie olash
(P <0.05) 5950 LSD (y3051 Llod 1 5ls  sime O3] o dsliio pué g y> b slael -
Numbers are mean * standard deviation (three replicates).
Different letters indicate a significant difference at p<0.05
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035 Dl Ol plwnsS o Guilel 5 Sl clale il L
i oyt 4 GMisS & (P<-1+Y) il (g )bine Ll
0355 odnlie (FAY) anld diged 5 (£S5 VY 59, )5 (g paels
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Oiy JAS (b g sdvdien Shal p e Sl (S
= .(Larsen & Wold, 2016) il o 055 (sla g jmw 5 oguo
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Table 2- Mean comparison of Alginate and Oliveria decumbens Essential Oil on pH, acidity, ascorbic acid content, total
soulable solid and weight loss of grated carrot

Jo il clile ials St oSl o Aol dlgo
~ T I TORPL S T W8 =J) S o e
(ppr_n)‘;,m; ULJT’”HH‘ olej Weight loss Ascorbic acid Acidity pH gt
Oliveria decumbens ~ Alginate(%) — Day (%) (%) (%) Total
Essential Oil (ppm) soulable solid
1 0.00+0.00¢ 28.31+0.00° 2.68+0.00? 6.22+0.00" 8.6+0?
3 0.9440.02k 29.70+0.07° 2.4740.01°  6.32+0.01mk 8.94+0.022
0 6 1.79+0.01" 31.57+0.41" 2.15+0.01! 6.55+0.01°¢ 9.56+0.022
9 3.86+0.03° 33.07+0.02¢ 1.84+0.02" 6.78+0.03" 10.85+0.042
0 12 4.63+0.03? 34.87+0.042 1.32+0.01" 6.91+0.022 12.61+0.822
1 0.00+0.00¢ 28.32+0.00° 2.68+0.00? 6.22+0.00" 8.6+0°
3 0.82+0.02' 29.47+0.03° 2.43+0.01%¢  6.31+0.01mk 8.88+0.16°
15 6 1.50+83.01 31.19+0.38 2.27+0.079  6.46+0.019% 9.37+0.28°
9 2.60+2.03¢ 32.71+0.02¢ 1.93+0.01'™  6.51+0.02¢ce 10.47+0.032
12 3.49+0.03¢ 33.87+0.02° 1.53+0.024 6.55+0.02° 11.55+0.042
1 0.00+0.00¢ 28.32+0.00° 2.68+0.00? 6.22+0.00" 8.6+0?
3 0.63+0.02™ 29.37+0.05% 2.43+0.02%¢  6.33+0.01mk 8.9+0.01°
0 6 0.95+0.01* 30.89+0.01k 2.24+0.01"  6.39+0.01i" 9.23+0.022
9 1.89+0.029 32.04+0.01° 1.96+0.01%  6.47+0.01%% 10.31+0.042
150 12 2.94+0.03¢ 33.05+0.02¢ 1.56+0.02%  6.53+0.01% 11.32+0.042
1 0.00+0.009 28.31+0.00° 2.68+0.00? 6.22+0.00" 8.6+0?
3 0.38+0.02° 29.23+91.05 2.41+0.02  6.31+0.01™ 8.88+0.022
15 6 0.65+0.01™ 30.46+0.01™ 2.26+0.02f  6.36+0.01ik 9.12+0.022
9 1.47+0.01 31.34+0.04' 1.98+0.01¢  6.40+0.0%" 10.12+0.05%
12 2.03+0.03f 32.29+0.03¢ 1.5740.01°  6.42+0.029" 10.88+0.032
1 0.00+0.00¢ 28.32+0.00° 2.68+0.00? 6.22+0.00" 8.6+0°
3 0.56+0.01" 29.26+0.037 2.45+0.02%  6.30+0.01™ 8.89+0.01°
250 0 6 0.82+0.03' 30.67+0.02' 2.36+0.019"  6.39+0.01ih 9.24+0.227
9 1.81+0.01" 31.74+0.03¢ 2.08+0.03k 6.44+0.019 10.24+0.062
12 2.64+0.04¢ 32.70+0.05¢ 1.79+0.02>  6.51+0.01%® 11.17+0.05%
1 0.00+0.00¢ 28.31+0.00° 2.68+0.00? 6.22+0.00" 8.6+0°
3 0.31+0.00° 29.20+0.01" 2.47+0.01°  6.30+0.01™ 8.82+0.022
15 6 0.54+0.01" 30.06+0.01" 2.38+0.01¢"  6.32+0.01mk 9.03+0.03?
9 1.18+0.03 30.90+0.03% 2.17+0.03"  6.34+0.01imk  10.02+0.02%
12 1.76+0.01" 31.58+0.01" 1.91+0.02™  6.36+0.01ik 10.62+0.042

Al e (OS5 dw) Hlae Gl ol E 1 Sle lael
(P £0.05) 345,00 LSD 905 Llod I I sxo 3] comr drliio pé g > L sl
Numbers are mean + standard deviation (three replicates).
Different letters indicate a significant difference at p<0.05
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Table 3- Mean comparison of Alginate and Oliveria decumbens Essential Oil on total soulable solid and carotenoid of
grated carrot

Ol s o) uiluo! e byl el Joloxa ol g0 985S
Oliveria decumbens Essential Oil (ppm) Alginate(%0) Total soulable solid Caretenoid (mg/l)
0 0 10.11+0.03% 34.55+0.03¢
15 9.77+0.03° 34.57+0.03¢
150 0 9.67+0.03% 34.71+0.03
15 9.52+0.03¢% 35.05+0.03%
250 0 9.63+0.03¢% 34.85+0.03%
15 9.42+0.03¢ 35.29+0.032
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Numbers are mean + standard deviation (three replicates).
Different letters indicate a significant difference at p<0.05
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Table 4- Mean comparison of Alginate and Oliveria decumbens Essential Oil on color change, and CO:

concentration of grated carrot

o il il o] il ok; ) yund
(PPM) (3L oS UL%}"" e (535) QCRWICA PN a* b* L*
Oliveria decumbens ~ Alginate(%) 7 GOSN
Essential Oil (ppm) Day €Oz (%)

1 5.37+0.00° 28.31+0.00° 35.53+0.00¢f 52.32+0.002

3 18.8+0.02' 29.70+0.02° 33.88+0.02 51.25+0.02%

0 6 30.43+0.02 31.57+0.02" 35.59+0.02f 49.07+0.02

9 40.70+0.04 33.07+0.04¢ 36.96+0.04¢ 47.20£0.04™

0 12 49.77+0.822 34.87+0.822 38.85+0.822 46.08+0.82"

1 5.32+0.00% 28.3240.00° 35.52+0.009f 52.3240.002

3 18.50+0.16™ 29.47+0.16P 33.64+0.16K 51.44+0.16%¢

15 6 30.27+0.28 31.19+0.28 34.98+0.28" 49.66+0.28

9 40.57+0.03f 32.71+0.03¢ 35.99+0.03¢ 47.40+0.03™

12 49.53+0.04° 33.87+0.04° 38.04+0.04° 46.28+0.04"

1 5.13+0.00% 28.32+0.00° 35.53+0.009f 52.33+0.00?

3 18.27+0.01" 29.37+0.01% 33.42+0.01™ 51.61+0.01d

0 6 30.32+0.02) 30.89+0.02k 34.62+0.02 49.98+0.02"

9 40.57+0.04 32.04+0.04 35.53+0.049f 47.96+0.04'

150 12 49.23+0.04° 33.05+0.04°¢ 36.88+0.04°¢ 47.20+0.04™

1 5.23+0.00% 28.31+0.05° 35.53+0.059f 52.33+0.00?

3 18.20+0.01" 29.23+0.00" 33.33+0.00™ 51.80+0.01°

15 6 30.00+0.01k 30.46+0.02™m 33.85+0.02K 51.03+0.22f

9 40.20+0.019 31.34+0.02 35.07+0.02" 49.60+0.06'

12 48.90+0.01¢ 32.29+0.05¢ 36.17+0.05¢ 48.58+0.05k

1 5.17+0.019 28.32+0.00° 35.52+0.009f 52.33+0.00?

250 0 3 18.2340.01" 29.26+0.02% 33.39£0.02" 51.69+0.02%

6 30.20+0.01! 30.67+0.03' 34.52+0.03' 50.46+0.029

9 40.20£0.01¢ 31.74+0.029 35.35+0.029 48.97+0.05)

12 49.00+0.01¢ 32.70+0.04¢ 36.58+0.04¢ 47.74+0.03'

1 5.13+0.011 28.31+0.00° 35.53+0.009f 52.33+0.00?

3 18.03+0.01° 29.20+0.02" 33.27£0.02™ 51.85+0.02°

15 6 30.00+0.01k 30.06+0.03" 34.05+0.03 51.35+0.03¢

9 39.93+0.01" 30.90+0.02k 34.71+0.02 50.68+0.029

12 48.30+0.01° 31.58+0.04" 35.55+0.049f 49.79+0.04"
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Numbers are mean + standard deviation (three replicates).
Different letters indicate a significant difference at p<0.05
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Table 5- Mean comparison of Alginate and Oliveria decumbens Essential Oil sensory evaluation of grated carrot

(PPM) Qlmdgs Jo) il Clile CluPleBle (o) oloj  Cdode  he b S
Oliveria decumbens Essential Oil (ppm) Alginate(%) Day Acceptance  Aroma Flavor Color
0 0 1 51082 51082 5+02 5+02
3 5102 5+0? 5402 5+0?

6 5224+04 4823104 4823104 4823+04

9 78.6+0.2 5325+0.2 5721+0.3 4833103

12 3221+0.2 6722+0 5721402 5226+0.2
1.5 1 5102 5+0? 5402 5402
3 5102 5+0? 5402 5402

6 5325+04 5224+04 5224+04 5226104

9 726+0.2 5226+0.2 5721+03 5224403

12 4222+0.2 6322+0.2 63%2+0.2 4827+0.2
150 0 1 5102 5+0? 5402 5402
3 5102 5+0? 5402 5+0?

6 5325+04 4823+04 5224+04 5325+04

7429402  4837+02 5721+03 5224403

12 4823+0.2 4722+0 6322402 4228+0.2
15 1 5+0? 5102 5+0? 5+02
3 5102 5+0? 5402 5402

5325+04 5325+04 5335+04 4827104

9 67230 5226+02 6723x0 5226+0.3
12 5325+0.2 5721+02 4222+0.2 3402
250 0 1 5+08 5408 5+02 5408
3 5102 5+0? 3229104 5402

6 522604 5224+04 5224+04 5325+04

9 7429+0.2 4827+02 5721+0.3 532503

12 5224+0.2 6322+0.2 5721+02 5729102
15 1 5+08 5408 5+02 5408
3 5+08 5408 5+02 5408

4228+04 5286+04 5335+04 5226104

9 792203 4827+0.2  3+0/672 5325+0.3
12 5226+0.2 5721+02 5224+0.2 3402
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Numbers are mean + standard deviation (three replicates).
Different letters indicate a significant difference at p<0.05
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Fig. 1. Mean comparison of Alginate and Oliveria decumbens Essential Oil on total Count of grated carrot
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Introduction

Free radicals originate from oxidation reactions decrease food quality and also promote incidence of various diseases
such as cancer. In this regard, the use of natural compounds with antioxidant properties, such as bioactive peptides, is of
interest to many researchers. Food-derived bioactive peptides, can play an important role in the oxidative systems.
Ultrasound, as a cheap and green technology, is widely used to extract proteins and antioxidant compounds. Ultrasound
pretreatment before enzymatic hydrolysis can open the protein structure and increase the intensity of proteolysis by
increasing the exposure of peptide bonds prone to enzymatic hydrolysis; which increases the production efficiency of
bioactive peptides. Ultrasound treatment changes the three-dimensional structure of proteins. Therefore, a combination
of pretreatment with ultrasound and sequential enzymatic hydrolysis can be a promising way to modify the function of
proteins.

Materials and Methods

In this research the effect of hydrolysis time and ultrasonic pretreatment on enzymatic hydrolysis of edible mushroom
protein by pancreatic enzyme to produce peptides with high antioxidant capacity was evaluated. First edible mushroom
was turned into powder and then, in order to optimize the production of hydrolyzed proteins with maximum antioxidant
activity, the hydrolysis was performed 30, 60, 90, 120, 150, 180 and 210 minutes with a ratio of enzyme to substrate of
1% (based on the result of previous research) and at 40°C in four conditions (1- without ultrasound pre-treatment, 2- with
ultrasound pre-treatment with 40% power, 3- with ultrasound pre-treatment with 70% power and 4- with ultrasound pre-
treatment with 100% power) by ultrasound probe in 5 minutes before adding the enzyme. In the next step, the antioxidant
capacity of hydrolyzed proteins was measured at different times by DPPH free radical scavenging activity, iron ion
reduction power, iron ion chelation and total antioxidant capacity.

Results

The results showed that the highest DPPH free radical scavenging activity in untreated and treated samples with 40,
70 and 100% ultrasound power were 69.1, 77.45, 79.07 and 80.27, respectively. In most of the hydrolysis times, DPPH
free radical scavenging activity in ultrasound treatment with 100% power was higher than the samples treated with 40
and 70% power. The highest total antioxidant capacity in untreated and treated samples with 40, 70 and 100% ultrasound
power were 0.871, 1.025, 1.05 and 1.2 (absorption at 695 nm), respectively. In most of the hydrolysis times, the total
antioxidant capacity in the samples treated with ultrasound with 100% power was higher than the samples treated with
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40 and 70% power. The results showed that the highest reducing power of Fe®* in untreated and treated samples with 40,
70 and 100% ultrasound power were 2.03, 2.40, 2.44 and 2.51(absorption at 700 nm), respectively. The highest iron ion
chelation power in untreated and treated samples with 40, 70 and 100% ultrasound power were 25.22, 30.40, 26.52 and
41.10%, respectively. By increasing the ultrasound power in most of the hydrolysis times, the chelating power of iron
ions in the ultrasound treatment with 100% power was higher than the samples pretreated with 40 and 70% power. The
results showed that samples pretreated with 100% power ultrasound have the highest antioxidant properties compared to
samples without pretreatment and pretreated with 40% and 70% ultrasound power. Based on the results, using ultrasound
treatment with 100% power and during hydrolysis time of 60 minutes, a product with high antioxidant capacity was
obtained and selected as a suitable treatment.

Conclusion

The ultrasonic mechanism is attributed to its thermal effects, cavitation and mechanical efficiency, so that it can
increase the mass transfer and increase the contact between the substrate and the enzyme or change the spatial structure
of the substrate. The results showed that samples pretreated with ultrasound with 100% power have the highest antioxidant
properties compared to samples without pretreatment and pretreated with 40 and 70% power. Therefore, the use of high-
power ultrasonic pretreatment shortens the hydrolysis time to achieve peptides with higher antioxidant capacity and thus
increases the efficiency of enzymatic hydrolysis.

Keywords: Antioxidant properties, Bioactive peptides, Mushroom powder, Pretreatment, Protein
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3- butylated hydroxyanisole

4- butylatedhydroxytoluene

5- propyl gallate

6- Tertiary butylhydroquinone
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Fig. 1. DPPH radical scavenging activity of hydrolyzed protein samples without ultrasound pretreatment (1a), hydrolyzed

protein with 40% ultrasound treatment (1b), hydrolyzed protein with 70% ultrasound treatment (1c) and protein hydrolyzed
by ultrasound treatment with 100% power (1d) at different hydrolysis times
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Fig. 2. Total antioxidant capacity in hydrolyzed protein samples without ultrasound pretreatment (1a), protein hydrolyzed

with ultrasound treatment with 40% power (1b), protein hydrolyzed with ultrasound treatment with 70% power (1¢) and
protein hydrolyzed by ultrasound treatment with 100% power (1d) at different hydrolysis times
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Fig. 3. The reducing power of iron ion in hydrolyzed protein samples without ultrasound pretreatment (1a), protein

hydrolyzed with ultrasound treatment with 40% power (1b), protein hydrolyzed with ultrasound treatment with 70% power
(1c) and Protein hydrolyzed by ultrasound treatment with 100% power (1d) at different hydrolysis times

Ggol s jiw & W) 555 (Liang et al.,, 2017)
) 2 FB b Ny rine USE - (sl 559 0
Pl ol oy SuSENs cd )l 5 oI SH (slaog)S (sdg,nn
& YK s oopl pogde 0l (iol38l odds 5oy (slapuiig
(ol oS o5 oty S5 ooy Sl ety a8
b gl oo oSl i b 5,5 latel il
Slallae amd o Lial38l 1y )3 oddjg hd gy (s ol
ol g5 o gl Hlaw i 45 ol odld ol S
Siall I abay S s |y (Zhu et al., 2011) puiS o548
SASlal 0,08 dogi JB (Ll 4 oxie gy 4250 9 olej
@S oyl dlan ) sl iz LY 4 Blgi e el ol oS 35 0
Sl B)S J8 eped 4 e o 4y il
o Ot 9 Bt i) A0l oaimd (9 S (slaaipel s
ol @05 T3l e a3l SsiSela] &) a3 33,8
bl b diel slatl (05 oy 1) 00 jg)den (g (SaiS
Jamdar et al., ) Klosls caws Bgi 5 g o) W5l SlasusT 1

(2010

» ol g Suslel ©pb Caga s g g o ¥ USS
oloj b Ve 5 Ve Xl b gl b ond )l claaisel
Oal g (S el )5 lise o VL Cul 0 039l Sl A
4 a8 Yo oy 0 ZFe g b gl d b oddjles (sladiges o
ol s awslie b .ad sdalin (egl Ver > Cls) Y/Fe e
)8 e & 29800 patuie oMl lesd sladiges b (i
odises > s slagley plei o ol g SuSlel
D 0 jless slddiges jI SYL ZFe e b Ggol )b b ol jless
lodiges > ool (g SuiSelol @05 e 025Vl Grizren
s V1Y cipa 2 g b Cgol bhug oad)led g ondijleg
@y ioliel 5l las ash wd ssalde (jegl Voo > Gls) /¥
29 Oyl o 1l cou al e (Susls]
ool og SuSlel @08 plie Yl g ¥ USE 4 2 L
Yo o oloj 2 AVe g b Ggolf b oadleg sladiged )
Ol 25V wizmed g (gl Vee )3 Q) YIFY (50 & ades
g b Sl yd b oss o (gladiges 3 ol e SSlal o8
Yoo 3 Gla) YOV lise 4 4iBy £o igiam loj 3 /)e-
(B slayles b auglie g quls pl 4 425 L A odabie (jegil
lagle; 2l 3 Gaolp g il b 4 398 e Lasbe
Verolg b gold jleg 5o ool e (SuiSelel )8 g e
Do Ve g ¥ Sgolyh oo g 00 jloss sladiges 5 YL



Vil sbaasiy adsi Sae i o2 3 Aoy 4 g 0us oy gl 3 sl i 15l (Sgale (Solo g gl

o Lo 5o ydd (pligy (V) Moy ¥e lgi b gl )b e b
sl b odd Jgpnm (Sgn g (7)) 2o Vo lg b gl
ol 035l 3dg,ud loj pSl o (3Y) doyd Voo g b ool

Gy (59, 2 gl jlasiphag g jalgyma Gle) il
O-“dez‘ SSaais aad

ey bdiges ol e SaSeMs @8 ¥

odd 39yt (pgy (W) Cgol ) Lo (9 0l gy

Cw)

30

25

a
b
C
o cd d

20 f
15
10

5

0

30 60 90 120 150 180 210

Time (minutes) sb;

WS Clled

OB g (SS

Iron ion chelating activity (%)

a wll
35
s a
3 5
23 b
2 3 25 . d cd cd ¢
Q
(G 3
=) ? 20
5 33 15
S R 10
g9
En
0
30 60 90 120 150 180 210
Time (minutes) 4b;
b
30 A
— b
o
8\,.3 25 d c C g
>
= '}* e
=920
-
g2
> 2 15
£9
g “}2 10
§2
c 9
g 0
30 60 90 120 150 180 210

Time (minutes) ;b



VoY 60,57 B 0,lod N4 alar oyl (il @ulis g pale lociangy 4y i

V£

45
40
35
30
25
20
15
10

cullad

o2l gy (SoS AW

Iron ion chelating activity (%)
o u

a
b
d I
30 60 90

Ce

C

120

c
d
I I e

150 180 210

Time (minutes) sb;

ds

slosi o 59y (g WV ) gl )3 loi i (19 805 5l e (i (Siged ;> (BT (90 (S WIS IS )08 €SS

b gl jlogi L od jlgyie (95 5 (2)) o3 Vo 0l b gl )3 jlowi b ol g )b (g 0 2)) o3 £ (lgF b gl
e judg e sl 40 (3Y) o yd Yoo ylgi

Fig. 4. Iron ion chelating power in hydrolyzed protein samples without ultrasound pretreatment (1a), protein hydrolyzed

with ultrasound treatment with 40% power (1b), protein hydrolyzed with ultrasound treatment with 70% power (1¢) and
protein hydrolyzed by ultrasound treatment with 100% power (1d) at different hydrolysis times

5 vt Iy Gl by Wil cpditens 5 Qg S
9 SISO LUlg (Jgihuesl gadls 35 Lls Jdoay oogin
5 oles Ltalsdl Yiazs ololy 15,1 1y ol el JISGol, (gjlulels 4
x50 g 00d S pl b pbbasiy g 4 oxie jg)a 4
g ylon .l 4l ial3sl b g oyl g SauSads )8
oher 5 KigwslS 4 (Jamdar et al., 2010) Ko
SMs colld 18l g 35 (Klompong et al., 2007)
L1y ale (o5 g (o) phl (g0ud jlg)am sy (SauS
W53)S S sdgrdeman )y (38l
2 oplog (SIS 6D Gy a5 g e ¥ USG
Oloj b 7V e g Ve ¥l b gold b oad lod slaiges
O SHSOAS )35 lie o0Vl ol 0ad 03yl Jlg)am
48> WWe loj 0 7F ol b gl b b odd o (sladigas )3 ol
=l dwlio b .ad sanlin (egl OFY (3 Cdo) Yo/¥e lea
8 e 45 09 00 aSuiie odilo sladiges b Sy
lodises > e slagley plei o el g SuSHlel
g2 ol jlass (gladiged Sl SYL ZFe ol b ol b o las
lodiges > ployg (SUSOMS 8 iee 005Vl Grizmed
g YOIVY Cl s Z¥ e g b Coguol b bawgs o jlass g 0l jlows

O SISO )18 e oYL AIF S @ aagily

i 4 4a3 Ve pdgpam ooy 50 oaiiled (sladiges > ool
o Gloj Gl L 035 odmliie (y1agll OFY 55 da) YO/VY
oS Bl il g g GRIB ool g SaSilel ©)08 L
S|l slosty 3y g g Cdpdey SR cal S
2 O w251 L 3gphen o 36 ) (Sl lnadly ol Al 0
w3l blee sl (uBion oplos (SaS S ©y8
Ngny Sd Bpb I sty ladl 0 man 4 xie (e
Sslog] el (slodasl 5 yog) wilo 2)Sl il (slosea ol
235 (o0 el (gl o b 955 5 st 5 T Juid asle
el duol (oS 5 )lade o103l g (S (Sunetal., 2011)
2295 g 4 48 )18 o 5L bl dizelisl Jlgs g g 5 213l
fop byl )35 e il lons gy glaST sl el
2 Haie oloj drgs LB 15U gosimdLis badiges (SaSads
S asba g ead ol oSy (SuSaMs el
@3] g9 b Cod ond jgyam (slacydgy (SuSHMS cull
3 B adl gy hlsiel Sl g o)k ol
0% 3Mlpha ClbB b g cuslie camlginel oS b olasiy
38 ) 58 SHBH el ofisn @)lse cnl epde S Wy o]

1- Selaroides leptolepis



VoV lasy sy e G o251 dlows & 59 008 oloj p waeol b sl iy 8 Ssalo (Blo g oLl

S 35 o
blie > cdadbre o Walie sld | oSty pslaie 4 059l
IS5 9 b gz gmlapns] 185 Conl (65900 baigslon Sl ()l
xS gl 0035 slaJoblo g (1Ae 03,9118 13 oel 39 g 4 olj1 IS5,
bl ol s T 51 o3l 353 g0 (sl el Alas 5 .35
g dodgwlp cbalie Cuwway HBuSGpas (]S 4 4 b
4 e )l 32 (S35 S]] 4o 1 & o IS5
S b (a1l Cow 4 Sdey g
355 By ol gt Gyl ) Jlb Cansj sy ol
Obg) Hen (2 HB GlenSIal pol b g wede
bl sl olidgyen 5l oslitel GlaSs opl Mg Jgene
w23 ol bl dex 1 anlro s ol 5g)nm claan] 2
Jpaso 4 g Jodd 0l 25 9 oyl 1l SYsb oloj
999,5le «golyd glgel plis aliio (glaydg) 1 ojgyal il
culre @) 9 oBign Jlesile slp opf 9 Vb LIS 1015 olao]
Oslizgls e 5yl Sl & gl B il 05 0 03litul 38
el Blg3 o 45 6 ygbds 345 00 03l i o SlKe LIS
2 i bl g Leage o ooled QR oy Jla Gl
oyt (fgn Mg Ghegh (pl )2 235 g glad L
Nesioter 09t 9 b ey el 1 oalisel L (slasSog B ons
0l jlowd i (gladiged oS 2l L uls .c8)F Oyge gl
Gl 9 LSl Ok Sladiged & Cand L)+ plgi b sl B L
S8l ol VLTV 9 ¥ 55 b ol B oo
olej b 97V g b gl o gls (elsl sl o 5
S8 CellB b Jpame olitod cage aidd Fo jgyum
ooll p domiyd 0 )3 Ll cuslio Hlog lgisdy 9 33,5 0 YL
OlF b gl p jlas iy Sl odlatul & 3505 Glo Gl @S
b sbassin 4 (olitwd Caa gy ploj (3505 obsS carge YL
@Dl Gl cege a3 5 90,5 o0 5V a5l el

235 o0 (s Bl jg)en

09 SSOMS &8 Ll 5 ol &8 b sanlie 7 Y- /F-
Dy Ggolyd le /wb cod oal
onlos SUSENE 0508 (i oV g ¥ Ko 4 2g b
Fe o olos AV i b pol osd o sladisal
A5 ©y08 e Yl uizmen g 4 YEIOY (lie & ddds
PN g b gl b bord jlod sladiges s (alos S1S
o 4 aegi b ab eaalia L EVY - lie 4 aids e jlgyam oo
Ol ORI L &S 358 0 et (S sbjlass b auslie 5 b
olog (S8 S )08 g )ae slaglej il > gl )b
g odijlas sladised I SYL L Vel b gl p jles g
a5 4> oo i Slidss guls g Ve 9 Fe Ggolyd b ol e
g0 5P G ESeny usd el ©gold jlas e
Ssigy 9 (ollyyly (Slag s dlo 5l 0nd o o3lom o oy
do g0 S S, (Dingetal., 2018) 5,5 o Sig,0n
Sl o Cogolp 4 )3 395 g0 it 9 23l o JUS! oS
(s yid OlalBl g Aty ojlal JLals (g slSle (15 5L el
Ly Labl.(Yang et al., 2017) 3,5 (i (slatign 4 ol
ol 48" sy ol {Abadia-Garcia et al., 2016) |,\Sen 4

oxii 9 g le Gl el cage Cpold YL Gy il
Ol 45 00 (LS (iomen 23,5 (o (o 3l g yden Slid 290
OlRimgh 35 o gy E5 GBI el gl jlas
5 O IS sy p Cgold Jlosi sy 45 53,8 ()15
9 3031 SH (slaog )3 gynn 42,3 g2y LB jobots (v XS
S ordidg)in slacnSan 1 1y ool g (SuSeNs cudjls
g du s 9 0 goyle slacans Lilisl o s a5 ol il
o 0San Ui 99 (Sl gnjle Cums g lndomio > (yialS

J(Liang et al., 2017) wil oo Ggol B Hlos i

&be

1. Abadia-Garcia, L., Castafio-Tostado, E., Ozimek, L., Romero-Gomez, S., Ozuna, C., & Amaya-Llano, S.L. (2016).
Impact of ultrasound pretreatment on whey protein hydrolysis by vegetable proteases. Innovative Food Science &
Emerging Technologies, 37, 84-90. https://doi.org/10.1016/j.ifset.2016.08.010

2. Aderinola, T.A., Fagbemi, T.N., Enujiugha, V.N., Alashi, A.M., & Aluko, R.E. (2019). In vitro antihypertensive
and antioxidative properties of alcalase-derived Moringa oleifera seed globulin hydrolysate and its membrane
fractions. Journal of Food Processing and Preservation, 43(2), e13862. https://doi.org/10.1111/jfpp.13862

3. Bhat, Z.F., Kumar, S., & Bhat, H.F. (2015). Bioactive peptides of animal origin: a review. Journal of Food Science
and Technology, 52(9), 5377-5392. https://doi.org/10.1007/s13197-015-1731-5


https://doi.org/10.1016/j.ifset.2016.08.010
https://doi.org/10.1111/jfpp.13862
https://doi.org/10.1007/s13197-015-1731-5

V¥ 3531 i o5l % ol oyl (3 qoliow g pole glodudoiy & piii V4 A

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Bougatef, A., Hajji, M., Balti, R., Lassoued, I., Triki-Ellouz, Y., & Nasri, M. (2009). Antioxidant and free radical-
scavenging activities of smooth hound (Mustelus mustelus) muscle protein hydrolysates obtained by gastrointestinal
proteases. Food Chemistry, 114(4), 1198-1205. https://doi.org/10.1016/j.foodchem.2008.10.075

Chen, L., Chen, J., Ren, J., & Zhao, M. (2011). Effects of ultrasound pretreatment on the enzymatic hydrolysis of
soy protein isolates and on the emulsifying properties of hydrolysates. Journal of Agricultural and Food
Chemistry, 59(6), 2600-2609. https://doi.org/10.1021/jf103771x

Chi, C.F., Hu, F.Y., Wang, B., Li, T., & Ding, G.F. (2015). Antioxidant and anticancer peptides from the protein
hydrolysate of blood clam (Tegillarca granosa) muscle. Journal of Functional Foods, 15, 301-313.
https://doi.org/10.1016/j.jff.2015.03.045

Dasgupta, N., & De, B. (2007). Antioxidant activity of some leafy vegetables of India: A comparative study. Food
Chemistry, 101(2), 471-474. https://doi.org/10.1016/j.foodchem.2006.02.003

Ding, Q., Zhang, T., Niu, S., Cao, F., Wu-Chen, R.A., Luo, L., & Ma, H. (2018). Impact of ultrasound pretreatment
on hydrolysate and digestion products of grape seed protein. Ultrasonics Sonochemistry, 42, 704-713.
https://doi.org/10.1016/j.ultsonch.2017.11.027

FitzGerald, R.J., & Meisel, H. (2000). Milk protein-derived peptide inhibitors of angiotensin-l-converting
enzyme. British Journal of Nutrition, 84(S1), 33-37. https://doi.org/10.1017/S0007114500002221
Guerra-Almonacid, C.M., Torruco-Uco, J.G., Murillo-Arango, W., Méndez-Arteaga, J.J., & Rodriguez-Miranda, J.
(2019). Effect of ultrasound pretreatment on the antioxidant capacity and antihypertensive activity of bioactive
peptides obtained from the protein hydrolysates of Erythrina edulis. Emirates Journal of Food and Agriculture, 288-
296. https://doi.org/10.1016/j.ultsonch.2019.104787

He, J. Z., Ru, Q.M., Dong, D.D., & Sun, P.L. (2012). Chemical characteristics and antioxidant properties of crude
water soluble polysaccharides from four common edible mushrooms. Molecules, 17(4), 4373-4387.
https://doi.org/10.3390/molecules17044373

Horwitz, W., Chichilo, P., & Reynolds, H. (1970). Official methods of analysis of the Association of Official
Analytical Chemists. Official Methods of Analysis of the Association of Official Analytical Chemists.

Jamdar, S.N., Rajalakshmi, V., Pednekar, M.D., Juan, F., Yardi, V., & Sharma, A.(2010). Influence of degree of
hydrolysis on functional properties, antioxidant activity and ACE inhibitory activity of peanut protein
hydrolysate. Food Chemistry, 121(1), 178-184. https://doi.org/10.1016/j.foodchem.2009.12.027

Je,J.Y., Lee, K.H., Lee, M.H., & Ahn, C.B. (2009). Antioxidant and antihypertensive protein hydrolysates produced
from tuna liver by enzymatic hydrolysis. Food Research International, 42(9), 1266-1272.
https://doi.org/10.1016/j.foodres.2009.06.013

Kadam, S.U., Tiwari, B.K., Alvarez, C., & O'Donnell, C.P. (2015). Ultrasound applications for the extraction,
identification and delivery of food proteins and bioactive peptides. Trends in Food Science & Technology, 46(1),
60-67. https://doi.org/10.1016/j.tifs.2015.07.012

Klompong, V., Benjakul, S., Kantachote, D., & Shahidi, F. (2007). Antioxidative activity and functional properties
of protein hydrolysate of yellow stripe trevally (Selaroides leptolepis) as influenced by the degree of hydrolysis and
enzyme type. Food Chemistry, 102(4), 1317-1327. https://doi.org/10.1016/j.foodchem.2006.07.016

Lavi, I., Nimri, L., Levinson, D., Peri, I., Hadar, Y., & Schwartz, B. (2012). Glucans from the edible mushroom
Pleurotus pulmonarius inhibit colitis-associated colon carcinogenesis in mice. Journal of Gastroenterology, 47(5),
504-518. https://doi.org/10.1007/s00535-011-0514-7

Li, X.R., Chi, C.F., Li, L., & Wang, B. (2017). Purification and identification of antioxidant peptides from protein
hydrolysate of scalloped hammerhead (Sphyrna lewini) cartilage. Marine  Drugs, 15(3), 61.
https://doi.org/10.3390/md15030061

Liang, Q., Ren, X, Ma, H., Li, S., Xu, K., & Oladejo, A.O. (2017). Effect of low-frequency ultrasonic-assisted
enzymolysis on the physicochemical and antioxidant properties of corn protein hydrolysates. Journal of Food
Quiality, 2017. https://doi.org/10.1155/2017/2784146

Matmaroh, K., Benjakul, S., Prodpran, T., Encarnacion, A.B., & Kishimura, H. (2011). Characteristics of acid
soluble collagen and pepsin soluble collagen from scale of spotted golden goatfish (Parupeneus heptacanthus). Food
Chemistry, 129(3), 1179-1186. https://doi.org/10.1016/j.foodchem.2011.05.099

Meshginfar, N., Sadeghi, M.A., Ziaiifar, A.M., Ghorbani, M., & Kashaninejad, M. (2014). Optimization of the
production of protein hydrolysates from meat industry by products by response surface methodology. Journal of
Food Research, 24(2), 215-225.

Nourmohammadi, E., Sadeghi Mahoonak, A., Ghorbani, M., Alami, M., & Sadeghi, M. (2017). The optimization of
the production of anti-oxidative peptides from enzymatic hydrolysis of Pumpkin seed protein. Iranian Food Science
and Technology Research Journal, 13(1), 14-26. https://doi.org/10.22067/ifstrj.v1395i0.45423


https://doi.org/10.1016/j.foodchem.2008.10.075
https://doi.org/10.1021/jf103771x
https://doi.org/10.1016/j.jff.2015.03.045
https://doi.org/10.1016/j.foodchem.2006.02.003
https://doi.org/10.1016/j.ultsonch.2017.11.027
https://doi.org/10.1017/S0007114500002221
https://doi.org/10.1016/j.ultsonch.2019.104787
https://doi.org/10.3390/molecules17044373
https://doi.org/10.1016/j.foodchem.2009.12.027
https://doi.org/10.1016/j.foodres.2009.06.013
https://doi.org/10.1016/j.tifs.2015.07.012
https://doi.org/10.1016/j.foodchem.2006.07.016
https://doi.org/10.1007/s00535-011-0514-7
https://doi.org/10.3390/md15030061
https://doi.org/10.1155/2017/2784146
https://doi.org/10.1016/j.foodchem.2011.05.099
https://doi.org/10.22067/ifstrj.v1395i0.45423

V.4

SPIFRVCRU S SOV S NUVIPULS| Y IORPP VS N PRV PY PRI P S PUCHE VRO { QR PP PR K RPN T[]

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Nadeem, M., Ubaid, N., Qureshi, T.M., Munir, M., & Mehmood, A. (2018). Effect of ultrasound and chemical
treatment on total phenol, flavonoids and antioxidant properties on carrot-grape juice blend during
storage. Ultrasonics Sonochemistry, 45, 1-6. https://doi.org/10.1016/j.ultsonch.2018.02.034

Paisansak, S., Sangtanoo, P., Srimongkol, P., Saisavoey, T., Reamtong, O., Choowongkomon, K., & Karnchanata,
A. (2020). Angiotensin-I converting enzyme inhibitory peptide derived from the shiitake mushroom (Lentinula
edodes). Journal Food Science and Technology, 58(1), 85-97. https://doi.org/ 10.1007/s13197-020-04517-z

Pan, X., Zhao, Y.Q., Hu, F.Y., & Wang, B. (2016). Preparation and identification of antioxidant peptides from
protein hydrolysate of skate (Raja porosa) cartilage. Journal of Functional Foods, 25, 220-230.
https://doi.org/10.1016/j.jff.2016.06.008

Sun, Q., Shen, H., & Luo, Y. (2011). Antioxidant activity of hydrolysates and peptide fractions derived from porcine
hemoglobin. Journal of Food Science and Technology, 21, 6646-6652. https://doi.org/10.1007/s13197-010-0115-0
Vioque, J., Clemente, A., Pedroche, J., Yust, M.D.M., & Millan, F. (2001). Obtencion y aplicaciones de hidrolizados
proteicos. Grasas y Aceites, 52(2), 132-136. https://doi.org/10.3989/gya.2001.v52.i2.385

Wali, A., Ma, H., Shahnawaz, M., Hayat, K., Xiaong, J., & Jing, L. (2017). Impact of power ultrasound on
antihypertensive activity, functional properties, and thermal stability of rapeseed protein hydrolysates. Journal of
Chemistry, 2017. https://doi.org/10.1155/2017/4373859

Walters, M.E. (2019). Effects of Ultrasonication on the Antioxidant and Anti-diabetic Properties of Hydrolyzed Oat
Proteins (Doctoral dissertation, Carleton University). https://doi.org/10.22215/etd/2019-13844

Wen, C., Zhang, J., Zhang, H., Dzah, C. S., Zandile, M., Duan, Y., et al. (2018a). Advances in ultrasound assisted
extraction of bioactive compounds from cash crops-A review. Ultrasonics Sonochemistry, 48, 538-549.
https://doi.org/10.1016/j.ultsonch.2018.07.018

Yang, X., Li, Y., Li, S., Oladejo, A. O., Wang, Y., Huang, S., ... & Ye, X. (2017). Effects of low power density
multi-frequency ultrasound pretreatment on the enzymolysis and the structure characterization of defatted wheat
germ protein. Ultrasonics Sonochemistry, 38, 410-420. https://doi.org/10.1016/j.ultsonch.2017.03.001

Yu, L., Sun, J,, Liu, S., Bi, J., Zhang, C., & Yang, Q. (2012). Ultrasonic-assisted enzymolysis to improve the
antioxidant activities of peanut (Arachin conarachin L.) antioxidant hydrolysate. International Journal of Molecular
Sciences, 13(7), 9051-9068. https://doi.org/10.3390/ijms13079051

Zhang, Y., Ma, L., Cai, L., Liu, Y., & Li, J. (2017). Effect of combined ultrasonic and alkali pretreatment on
enzymatic preparation of angiotensin converting enzyme (ACE) inhibitory peptides from native collagenous
materials. Ultrasonics Sonochemistry, 36, 88-94. https://doi.org/10.1016/j.ultsonch.2016.11.008

Zhou, C., Hu, J., Yu, X., Yagoub, AEE.A., Zhang, Y., Ma, H., ... & Otu, P.N.Y. (2017). Heat and/or ultrasound
pretreatments motivated enzymolysis of corn gluten meal: Hydrolysis kinetics and protein structure. LWT, 77, 488-
496. https://doi.org/10.1016/j.Iwt.2016.06.048

Zhu, K.X., Su, C.Y., Guo, X.N., Peng, W., & Zhou, H.M. (2011). Influence of ultrasound during wheat gluten
hydrolysis on the antioxidant activities of the resulting hydrolysate. International Journal of Food Science &
Technology, 46(5), 1053-1059. https://doi.org/10.1111/j.1365-2621.2011.02585.x

Zhu, L., Chen, J., Tang, X., & Xiong, Y.L. (2008). Reducing, radical scavenging, and chelation properties of in vitro
digests of alcalase-treated zein hydrolysate. Journal of Agricultural and Food Chemistry, 56(8), 2714-2721.
https://doi.org/10.1021/jf703697¢

Zou, Y., Yang, H., Li, P.P., Zhang, M. H., Zhang, X.X., Xu, W.M., & Wang, D.Y. (2019). Effect of different time
of ultrasound treatment on physicochemical, thermal, and antioxidant properties of chicken plasma protein. Poultry
Science, 98(4), 1925-1933. https://doi.org/10.3382/ps/pey502


https://doi.org/10.1016/j.ultsonch.2018.02.034
https://doi.org/ 10.1007/s13197-020-04517-z
https://doi.org/10.1016/j.jff.2016.06.008
https://doi.org/10.1007/s13197-010-0115-0
https://doi.org/10.3989/gya.2001.v52.i2.385
https://doi.org/10.1155/2017/4373859
https://doi.org/10.22215/etd/2019-13844
https://doi.org/10.1016/j.ultsonch.2018.07.018
https://doi.org/10.1016/j.ultsonch.2017.03.001
https://doi.org/10.3390/ijms13079051
https://doi.org/10.1016/j.ultsonch.2016.11.008
https://doi.org/10.1016/j.lwt.2016.06.048
https://doi.org/10.1111/j.1365-2621.2011.02585.x
https://doi.org/10.1021/jf703697e
https://doi.org/10.3382/ps/pey502

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

Research Article
Vol. 19, No. 5, Dec.-Jan. 2023, p. 711-721

Investigating Physical and Mechanical Properties of Bionanocomposite Film
Based on Flaxseed Mucilage and Cellulose Nanocrystal

E. Safaei !, H. Lashkari"='?", S. Ansari 3, A. Shirazinejad*
1- Ph.D. Student, Department of Food Science and Technology, Sarvestan Branch, Islamic Azad University, Sarvestan,
Iran
2- Assistant Professor, Department of Food Science and Technology, Zarrin Dasht Branch, Islamic Azad University,
Zarrin Dasht, Iran
(*- Corresponding Author Email: hannan.lashkari@iau.ac.ir)
3- Associate Professor, Department of Food Science and Technology, Kazerun Branch, Islamic Azad University,
Kazerun, Iran
4- Assistant Professor, Department of Food Science and Technology, Sarvestan Branch, Islamic Azad University,
Sarvestan, lran

How to cite this article:

Received: 2022.11.09 Safaei, E., Lashkari, H., Ansari, S., & Shirazinejad, A. (2023). Investigating
Revised: 2023.01.24 physical and mechanical properties of bionanocomposite film based on flaxseed
Accepted: 2023.02.05 mucilage and cellulose nanocrystal. Iranian Food Science and Technology

Available Online: 20.23.02.08 Research Journal, 19(5), 711-721. (In Persian with English abstract).
https://doi.org/10.22067/ifstrj.2023.79467.1214

Introduction

Manufacturers are trying to replace plastic materials in the food packaging industry with biodegradable and edible
films. Biodegradable edible films and coatings are mainly made from carbohydrates, lipids and proteins and their
mixtures. In recent decades, various carbohydrates from plant sources have been investigated and introduced as new
compounds for the preparation of these films. Flaxseed gum is a white to cream-colored powder that dissolves in water
and produces a gel, and is a desirable compound for forming films and coatings. Recently, through the integration of
reinforcements or fillers with at least one nanometer dimension in the substrate of one or more natural biopolymers, the
physicochemical, mechanical, optical, thermal and barrier properties of pure biofilms have been improved. The use of
cellulose nanoparticles in biofilms as a reinforcing agent for polymer materials leads to the creation of composite films
with better quality characteristics and leads to the creation of functionalization activities in film production. Therefore,
the aim of this research was to produce and characterize edible and biodegradable film based on the combination of
flaxseed gum and cellulose nanocrystals.

Materials and Methods

Cellulose nanocrystals (Degree of crystallinity: 42% and average particle size: 58 nm) were extracted from cotton
linters. Glycerol and other chemicals used for this research were obtained from Merck, Germany. Flaxseeds were
purchased from the local market of Shiraz (Iran). Bionanocomposite films were prepared from different ratios (0:100,
30:70, 50:50, 70:30 and 100:0) of flaxseed mucilage (2% w/v) and cellulose nanocrystal (6% w/v) solutions. The prepared
solutions were poured on a petri dish with a diameter of 15 cm and dried in an oven at 80°C for 4 hours. Their physical,
color and mechanical properties were investigated and the best ratio was selected for the preparation of bionanocomposite
film. The produced films were subjected to different analysis to determine thickness, solubility, water absorption capacity,
permeability to water vapor, tensile strength, elongation at break point, and colorimetry. The microstructure of the
produced film was studied using a scanning electron microscopy (SEM).The average data were analyzed by analysis of
variance in a completely randomized design using SPSS 22.0 software. Differences between treatments were expressed
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in Duncan's multiple range test at the 95% probability level (p<0.05) and the corresponding graphs were drawn with Excel
2013.

Results and Discussion

The results of the film thickness test showed that the film containing 100% mucilage has the lowest thickness and
with the addition of cellulose nanocrystals, the thickness increased significantly (p<0.05). The results of the water
solubility and water absorption capacity of the film samples showed that the addition of cellulose nanocrystals to the
flaxseed mucilage film initially led to a significant decrease in the water solubility and water absorption capacity (p<0.05),
so that the lowest level ofthese two physical parameters were obtained in the film containing the combination of 70%
flaxseed mucilage and 30% cellulose nanocrystal, and then with the increase of cellulose nanocrystals, an increase in
water solubility and water absorption capacity of the films was observed. Nanocrystal cellulose at low levels (30%) acted
as a filler and was uniformly dispersed in the network of the film and by filling the empty pores of the biopolymer film
based on flaxseed mucilage, it caused the transfer of water vapor more complicated and reduced the permeability to water
vapor. However, its higher amount increased the permeability of the film to water vapor.The results showed that by adding
cellulose nanocrystal to the film based on flaxseed mucilage and increasing its amount, the brightness of the films
decreased and the intensity of redness, yellowness and turbidity of the films increased significantly (p<0.05). By
combining flaxseed mucilage and cellulose nanocrystals in a ratio of 30:70, the best film was produced in terms of
mechanical strength and stability against moisture and water vapor. The SEM image of this film showed a smooth, even
surface and a uniform distribution of cellulose nanocrystals in the film network.

Conclusion

The results finally showed that the combination of flaxseed mucilage and cellulose nanocrystals in a ratio of 30:70
was able to produce a biodegradable and edible film with favorable structural and barrier properties. The characteristics
of this film include; thickness (0.313mm), solubility (53.42%), water absorption capacity (44.44%), permeability to water
vapor (0.350 g.m%s?Pa! x 10 -19), tensile strength (0.973 MPa), elongation at break point (30.52%) were obtained. The
colorimetric indices L*, a*, b* and turbidity were determined as 79.73, 1.95, 3.48 and 1.335 mm-* respectively.
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Table 2- Data obtained from examining the mechanical properties of films based on flaxseed mucilage and cellulose

nanocrystals
Treatments Tensile strength (MPa) Elongation at break point (%)
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T1 0.691 + 0.037 d 26.88+0.81¢c
T2 0.780+0.051 ¢ 28.69+097b
T3 0.892+0.023 b 29.88 +1.05ab
T4 0.973+0.045a 30.52+0.59 a
T5 0.851 + 0.034 bc 30.89+0.77a
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*The results are reported as mean + standard deviation. The presence of at least one common Latin letter indicates that there is no
significant difference between the values of each column at the 5% probability level. T1: 100% cellulose nanocrystals; T2: 70%
cellulose nanocrystals+30% flaxseed mucilage; T3: 50% cellulose nanocrystals+50% flaxseed mucilage; T4: 30% cellulose
nanocrystals+70% flaxseed mucilage; T5: 100% flaxseed mucilage.

(V) 8* fism 05508 3 (M) L® fion s & 539k 4
doyd Voo ggls GLd > (VYA mmt) @ yea8 4 (Y/0A) b*
5 (VW/A%) L* e (pyieS 9 b odalin LS b jMuwge
(VA¥s mm?) yeuS 5 (0/Y+) b* (YY) @* (e oyt
ORIE g Hoke Jlay Sl aops Ver gols ol 4 bgiye
oS (o3 oo (sl S56 03958 31 55 ks &35
b Jlis S5 Lo 99 (SuSTy Slogas 5 baks lidy)
bareld 51595 sgee dapld Jidlo )3 geod sk jl ldgil sl o

(Abdollahi et al., 2013) W ;ls 0 JSuie I

JUess 55530 9 S ge by 3 slaplsd (S5 ol 9a
Jyamme Giply 3 e JB b (sanai Glaghd )
Jols Wl sladiges () slayasls )y Baus'Gpas bwy
S g (%) S5y G sierd ©ud (LT) S, olidyy b
2 kb ladiges 09 Glie rizren 5 (D7) ) o)
Il Sl (99381 b oS wmd o L g Cawl 0ad 029l ¥ o
Gad oS b Plusge slagkd )3 ol gaw Gl g sl
S5y S8 9 83y) b g el g lapld S, oL,
(P /0) <8l Ghaljl gy gime yobo & lapld ©)9iS (pizman

P Sl 593U g G il ewge 4l 2 laphd () (ol (o) 2 @S Y Jgoa

Table 3- Data obtained from examining the color properties of films based on flaxseed mucilage and cellulose nanocrystals

Treatments L* a* b* Opacity (mm?)
W) lo S by, Ky S-S50 58 Ky 263y 98

T1 73.96+1.09d 257+011a 520+0.18a 1.946 +0.015a
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*The results are reported as mean + standard deviation. The presence of at least one common Latin letter indicates that there is no
significant difference between the values of each column at the 5% probability level. T1: 100% cellulose nanocrystals; T2: 70%
cellulose nanocrystals+30% flaxseed mucilage; T3: 50% cellulose nanocrystals+50% flaxseed mucilage; T4: 30% cellulose
nanocrystals+70% flaxseed mucilage; T5: 100% flaxseed mucilage.
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Fig. 1. SEM images: (A) Surface section of film based on 100% flaxseed mucilage; (B) Surface section of film containing 30%
cellulose nanocrystals; (C) Cross section of film containing 30% cellulose nanocrystals
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Introduction

As a useful fruit for humans, apple (Malus domestica) is a good sourceof antioxidants, minerals, ascorbic acid,
vitamins, polyphenols, fibers and other essential elements with medicinal properties. Improving the storage time of apple
juice and maintaining the stability of extracts with high Brix value (during transportation and storage) and its marketability
by removing the remaining water as well as reducing the turbidity, viscosity and brown color caused by colloidal
suspended solids. Large (pectin, protopectin, pigments, polymeric carbohydrates, tannin, starch, cellulose, hemicellulose,
fibers, etc.) is of great importance. Due to the presence of colloidal suspended solid particles and compounds that settle
over time (mold, bacteria, plant cell fragments, pectin-tannin complex), apple juice must be clarified before concentration.
Due to the high-energy consumption, time-consuming, degradation of thermo-sensitive components, and reduction of
nutritional value in traditional methods, recently, the use of membrane concentration in food and beverage production
holds great potential.. Despite all the benefits of membrane processes, one of the critical problems is permeate flux decline
due to the concentration polarization and membrane fouling. In this study, an innovative mechanical motion was
developed to remove the cake deposits on the membrane surface towards mitigating adverse effects of polarization and
fouling.

Materials and Methods

Membrane scraped surface module was designed and made with polyethylene material. The membrane was enclosed
between the lower and upper parts of the module. These two parts are connected with screws and create a cylindrical part.
Also, two caps are pressed axially to this cylindrical part by a metal frame to eliminate any unwanted leakage. The rotor
shaft was coupled with an electric motor and the rotation of the output shaft was regulated by an inverter. A pump
transferred the fresh fruit juice to the module through the inlet port and then it was divided into two output streams,
permeate and retentate. The permeate was collected from the bottom of the module for further investigation and the
retentate was returned to the juice tank. A polyethersulfone (PES) membrane with molecular weight cut-off (MWCO) of
4 kDa was used to clarify apple juice. Effects of the blade rotation speed (0, 600, 1400 and 2200 rpm), transmembrane
pressure (TMP) (0.5, 1 and 1.5 bar), feed flow rate (FFR) (10, 15 and 20 ml/s) and the distance of the blade from the
membrane surface (2 and 5 mm) on volumetric concentration factor (VCF) and fouling phenomenon were evaluated.

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
International License (CC BY 4.0), which permits use, sharing, adaptation, distribution and reproduction in
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Hermia model was used to study the main fouling mechanism and it was verified by scanning electron microscopy (SEM)
images.

Results and Discussion

Results showed that rotating the blade with speed of 600 rpm at TMP of 0.5 bar, FFR of 10 ml/s and 2 mm distance
from the membrane surface had the best performance in VCF and reducing fouling. The main mechanism of fouling was
cake formation. Rotation of the blade decreases the intensity of cake formation and its thickness on the membrane surface
and enhances the standard pore blocking. Also increasing the blade rotation speed changes the main fouling mechanism
to the standard pore blocking due to the cake disintegration on the membrane surface and the penetration of fine particles
into the membrane pores. As a result, the rotation of blade had a significant positive effect on increasing the VCF. On the
other hand, the total resistance decreased with the rotation of the blade and by increasing the distance of blade from the
membrane surface, the intensity of cake formation reduced. Also, the SEM images showed that in without blade rotation
mode, the accumulation of cake particles on the membrane surface is thicker and denser than in with blade rotation mode.
On the other hand, the low thickness of the cake layer formed on the membrane surface in the process of blade rotation
is due to the turbulences resulting from the rotating blade. These observations confirm the results of the Hermia model in
the previous sections.

Conclusion

In conclusion, the TMP 0.5 bar, FFR of 10 ml/s, blade rotation speed of 600 rpm with a distance of 2 mm from
membrane surface were considered as the best conditions for ultrafiltration of apple juice using scraped-surface membrane
unit.

Keywords: Apple juice, Concentration polarization, Fouling, Membrane clarification, Scraped surface, VCF
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Fig. 3. Effect of different parameters on volumetric concentration factor (VCF) during UF-processing of apple juice with
scraped-surface system; a: blade speed, b: TMP, c: FFR and d: blade distance from membrane surface
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Fig. 4. Effects of a: TMP, b: FFR, c: blade speed and d: blade distance from membrane surface on different fouling
resistances during membrane clarification of apple juice with scraped surface unit
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Table 2- Relation between permeate volume (v) and process time (t) to determine the dominant fouling mechanisms in
scraped-surface membrane unit during UF processing of apple juice
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Introduction

Tomato paste is one of the processed tomato products that has a long shelf life and is used as an important food
ingredient all over the world. According to global statistics, Iran is among the top ten producers of tomato paste in the
world, Iran ranks fourth to fifth in the world in the field of aseptic paste production. Alicyclobacillus bacteria are
considered as a risk for pasteurized acidic food industries. These bacteria enter the product through soil-contaminated
fruits, production equipment of the factories and finally produce metabolites such as guaiacol, causing an unpleasant taste
in the product.

Materials and Methods

In order to investigate the microbial contamination of canned tomato paste in the country, 46 samples of canned
tomato paste in the amount of 184 cans of 800 grams were purchased from the market. Regarding the purchase of samples
from the market, we tried to buy a different production date and production series for each sample (approximately 4 cans
for each brand from each production series). The purchased samples were sent to the Microbiology Department of the
Standard Research Institute laboratory for microbiology tests. At the same time, the culture media of thermopbhilic bacteria
(Orange Serum Agar, Thermoacidurans Agar from 4 available brands) were tested for performance control. The canned
tomato paste samples were incubated at 30°C + 1°C for 14 days and 55°C + 1°C for 7 days.

Results and Discussion

The contents of both examined samples were tested separately for thermophilic bacteria, mesophilic bacteria, mold
and yeast. Out of the 46 samples prepared with different production dates and production series, which were 46 cans of
tomato paste, 28 samples were positive in terms of contamination with thermophilic bacteria. According to the number
of contaminated samples, it was found that 60.86% of the samples were contaminated. Colonies grown on
Thermoacidurans Agar medium were examined morphologically. For further investigations, gram staining was
performed. All the stained colonies morphologically showed the form of gram-positive rod-shaped bacilli. Biochemical
tests including catalase and oxidase were performed to identify Alicyclobacillus species. All the grown colonies were
catalase positive and oxidase negative. The final identification of the species was done by performing molecular tests
based on specific primers designed from Alicyclobacillus gene. These tests were performed in three stages: genomic DNA

©2023 The author(s). This is an open access article distributed under Creative Commons Attribution 4.0
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extraction, polymerase chain reaction and electrophoresis. Using the PCR method, the grown colonies were analyzed for
two types of bacteria, Alicyclobacillus acidocaldarius and Bacillus coagulans. According to the results obtained from
sequencing with designed primers in the NCBI database, it showed 100% similarity with the registered sequences, which
are all different strains of the Alicyclobacillus acidocaldarius species. None of the colonies were detected as Bacillus
coagulans species. Since Alicyclobacillus acidocaldarius was isolated from soil for the first time, the presence of these
bacteria in the product indicates the contamination of raw materials with soil.

Conclusion

In this research, the presence of Alicyclobacillus bacteria in canned tomato paste was confirmed. Due to the high heat
resistance of this bacteria, there is a possibility of the presence of Alicyclobacillus in the all stages of tomato paste
production, which have entered the product through the soil, and 95°C + 3°C pasteurization temperature in 30 minutes is
not effective in removing this bacteria completely. Most acidophilus thermophilic bacteria, such as Alicyclobacillus
family, are not pathogenic bacteria. Their presence in food may make the food taste bad or smelly, but it does not pose a
risk to the health of the consumer. Therefore, in order to reduce the risk of spoilage and to prevent the growth of bacterial
spores in the product, it is essential not to expose the product to high temperatures for a long time. It is also necessary to
perform rapid cooling after heat treatment and keep the product at a temperature below 30°C.
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